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The =structure of non-woven heat-bonded gestextiles is

analysed using a geometrical probability approach. An

expressicn of the pore size distribution of these fabrics
15 derived, involving only the basic manufacturing parame-
with fabric structure
of fluid through

flow are applied to

ters, Fermeability measurements,

analysis are used to anaiyse the flow

these media. Two models of
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res using
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Far une approche basée sur les prcobabil.tés gécméirigques,
nous avons analysé la structure des geéctextiles non-tisses
Une

thermoiiés, expression de la distribution en taille

intervenir que les para-
Une étude de 1 écoul-

des pures est obtenue, ne faisant

métres édlémentaires de fabrication.
ent flurde & travers ces matériaux poreux est reéaliseée, en

utilisant des mesures de perméabilité et l'analyse struc-

turale, Deux modeéles d'écoulement sont appliqués pour
prédire la perte de <charge: écoulement au travers de
capillaires (lo: de Hagen-Poiseuille pour un tube droit)

at des fibres (théorie de la trainée)
A la lumiere de cette étude, il

le comportement hydraulique des géotextiles thermoliés

écoulement autour

apparait que la structure

et
rne peuvent B8tre décrits par des modéles uniques,

1, INTRODUCTION

Geotextiles are now recognized as integral parts cf many

and hundred of commercial products are
inzstalled 1n

engineering works
The total

aprrozimated

quantity of geotextiles
and 200 millions of square

produced.
1984 is
meters respectively in Eurcpe and in America
their properties they are used in many applica-

tions for reinforcement, drainage and filtratian.

Lafed
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at 1
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Beczuse of

specific

In spite of their utilizations, the hydraulic behaviour af

new materials has not been related to their struc-

these
ture parameters. This is generally due to the very complex

structure of Non-woven needled-

punched, chemical-bonded and heat-bonded textiles

non-woven products.

present
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Die Struktur der durch Hitze gebundenen Geotextilien
wird geometrisch und mathematisch gemdB der Wahrschein-
lichkeitstheorie behandelt. Es wird eine Formel flir die
Verteilung der PorengrdBe abgeleitet, die nur die Fabri-
kationshauptparameter enthdlt. Durchldssigkeitsanalysen
sowie Gewebestrukturanalysen werden angewendet, um die
Flissigkeitsstromung durch das pordse Medium zu analy-
sieren. Zwei Str&mungsmodelle werden vorgeschlagen, um
den Druckverlust vorauszusagen: Str&mung durch Kapilla-
ren entsprechend dem Gesetz von Hagen - Poiseuille fiir
die Strdmungen durch gerade RShren sowie fiir die Vertei-
lungen der PorengrdBe und die UmstrSmung von Fasern, wo-
bei die Schleppwiderstandstheorie angewendet wird.

Diese Analyse zeigt, daB die Struktur sowie das hydrau-
lische Verhalten dieser Geotextilien nicht durch ein
einziges Modell zu beschreiben ist.

rather unigue st-ucture ss compared to woven fabrics.
the structure of non-woven textiles have been

Studies of

pertormed for industrial filters such as air and liquid
filters and recently for geotextiles. The structure
medels proposed are usually simple {4, 7, 13) with a
regular arranagement of the fibres such that the random
distribution of the elements 1n non-woven needled-punched
and thin heated-bonded textiies is not entirely taken irto
account.

Mcre sophisticated models based on probabilistic approach
have been proposed (i, 3, 12). ©f all these studies, the
non-woven heat-honded geotextiies were not really consi-
dared intensively even though they are widely usad 1n
North America and in Europe. Because of this lack of
stuidies cancerning the relationship between their

we undertooke

to predict their

structure and their hydrau- lic behaviour,

their analysis and elaboratad models

filtration behaviour and their

2, STRUCTURAL ANALYSIS

hydraulic properties.

fabrics with a

different

Heat-bonded are calendered
resulting thin and stiff structure
textiles. Usually polyester or poly-

distributed

geotextiles
quite from
the needled-punched
unevenly
of

leads

propylene filaments are used and

their
to

infinite

Microphotographs
to 4,

textiles as made up of layers of

throughout their thickness.

structure, as shown on Figures 2 us

cansider these
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axis lying in

perpendicular to the bulk flow direction.

randomly distributed filaments with their
the

camparison, the structure of a needled-punched

plane For
geotextile

i5 shown on Figure 1

Fig. 1: Needle-punched structure

. D40k x

Fig. 3: Heat-bonded structure (TES)

layer, wich thickness is chosen
D¢, defined
apalytical on geometrical probabilities.
The Peisson polyhedrons theory developped by Matheron (10}
can be applied the case of polygons induced by the
implantation of randomly distributed lines in a plane.

at each
fibre

approach

The structure

equal to the an

diameter is using

based

for

Using this development, an expressian of a granulometric

curve of circles inscribed in the polygons of the fila-
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Fig. 2: Heat-bonded structure (TY33)

(TE3O)

Heat-bonded structure

ments network can be obtained, using G(d}, the cumulative

prabability for an inscribed circle diameter to be equal
or greater than "d":
2
nhd =ahd
G(d) = -E- + ]

d: inscribed circle diameter

A: fibre density = g2/n (10)
72: ratio of the total length of deposited fibres
to the filter area, usually called specific

length of the fibres
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Since the elementary plane thickness was set to the fibre 2 (1-n) d To/Ds -4 (1-n) d Tq
diameter, the mass per unit area of ane layer is Bld¢) = [ a D +1 ] ex [ “Th D=2 ]
W/ {Tg/D¢). The fibre density can then be obtained by:
A= 1B = 3 Sizn) de: the pore diameter of the filter
n2 pe Tg De n2 D¢

u: mass per unit area of the geotextile The pore size distribution for the filter is expressed

p¢: density of the polymer then by the following equation:

Tq: geotextile thickness Fide) = 1 - Blde)

n: porosity of the geotextile Elde) = 1 - [ [ 4 (1-n) d 1 ]T,/Df exp[ -4 (1-n) d To ] ]
=1~ ulpeTy n De n D2
For the elaboration of the model of flow through capilla-
The equation representing the porometry of such a struc- ries (see 3.1), we need to define differently the cumula-
ture can be expressed as an equivalence to the cumulative tive distribution fonction Fide¢). Therefore, we consider
probability for a pore diameter to be egual or smaller this fonction as a granulometric fonction with Fibre
than "d": density M. The parameter MA¢ 1is calculated using two
Fad) = 1 - B(d} properties of granulometric fonctions:
Frd) = 1 = [Z_SL:E’__E e ]2 exp [ :i-ii:ﬂl_'i] Fldea) = 0.923
n D« n De Ae = 1.623/denm
The diameter dsm is defined as the intersection between
This expression gives the pore size distributien aof an the diameter axis and the tangent to the curve f(de) at
elementary plane of the fabric. The textiie is constitu- its inflexion point (see Fig. &). The fonction f(de) is
ted of a certain number of elementary layers and 21t is calculated as:
assumed that the pores in the fabric structure are $(de) = d Flde)/dde
straight tubes perpendicular to the filter plane and of For each geotextile, dsm was calculated and the cumulative
length equal to elementary plane thickness De. The filter distribution curve Fzids) was pbtained using As as:
is than constituted of Tg/De 1ndependant elementary
oA . n Ae ds 2 -n Ae de
planes. Fatde) =1 = |[ 252001 ] e

The cumulative probability for a filter pore to be equal

i iz istributi FVES as for
or greater than "d" is given by the following equation: The theorsticsl pore siZe distribation CHrYES,

exanple for the TES fabric illustrated on Figure 3, are

Brdfr = | 6 T Tl
a8) = L 6(d d zhown on Figure 5. As we can see, the assumption that
Fide) is equivaient tc a granulometric fonction Fa(de) is
acceptable.
100 T Y
F'z(df
F(s
: )' TE5 fabric
L A=1.96 mn!
I l Ag = 10.14 mm~!
o F(dg) 120
£(%)
I £(
I _/‘1 4 10
e A A O
y 1500
0 dgm 500 1000 T

Fig. 5t Theoretical porometric
distribution curves
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3. FLOW MODELS

The flow of a fluid medium has been

extensively studied using a model of flow through capilla-

through a porous

model of fiow bundle of cylinders.

of flow
for media of low porosity (n ¢ 40 %) as

ries or a across

Simulation through capillaries can be applied

conventionnal
and the study of drag around immersed

qranular materials

objects of different shapes «can be applied for
with a

materials,

poraus

medium very large porosity as non-woven fibrous

The structures of non-woven heat-bonded ogeotextiles are

such that both model could be applied. As presentecd in
Table 1, their parosity is lower than the needled-punched
textiles (n % R0%; but still high encugh to allow to use

the drag approach (approximately a porosity of 70%3. On

the other hand, their thicknesses are small such that th:is

approach  would mean using capillaries of very small

length. In the following sectian, the two approachs are

znalyzed,

3.1 Model of flow through capillaries

The model of flow through capillaries is used with
the pore size distribution curve ({(F{d¢}} obtained
from  the theoretical analyeis. The Hagen-FPoisaville
foraula representing flow through a straight tube 1s

given by {3I):

A s gL | -9-55'1 Cve> = g]

AF: pressure drop 1in the porous medium

pwi density of the fluid

vwi kinematic viscosity of the fluid

L: capitilary length

R: capillary radius

{vr 't mean velocity of the fluid in the capiliary
g: gravitational acceleration

tubes of length

Since the capillaries are not straigth

zqual to the fabric thickness, a tortuosity coefficient T
is introducad sc that the mean wvelocity of +the 4fluid
becomes:
g RZ (AH+Ty)
CVpd i Sm—m me——mEe
T B e T T
T = (L/Tg)2

aH: hydrostatic head

The hydraulic property that is of concerned for engineers
is the permeability or the permittivity e<pressed as the
ratio of the permeability to the fabric thickness. Using
the Darcy equation, the permittivity can be
the ratio of the discharge velocity to the hydraulic head.
over the whole

eipressed as

Integrating the mean velocity expression
distribution of pores f(de¢), the discharge velocity ve can
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that the

section is circular in shape, the following expression can

be calculated. Assuming capillaries Cross

be obtained:

]
@ = vpo§ = IONR n R {ver?> dR

=

: volumetric flow rate
St cross section offered to flow

Nr: number of capillaries of radius equal to “R"

Using Epiegel (14) analytical integration method, the
discharge velocity can bhe expressed as:
39 n
Vp & ===sSes ————o——— {AH+Tg)

b r% v T Tg As®

Finally, if the hydraulic head is very large as compared

to the porous medium thickness, as it is the «case for

geotextile, the permittivity of the fabric can be

eipressed as:
Sg n

¥ o= —mmmlten e

6 n2 v, T Tg Ae?

3.2 Model pf flow around immersed cylinders

« When a fluid 1is flowing around immersed cylinders, a

force is exerted in the direction of flew by the action
of the

force",

fluid on the objects and is defined as "drag

This dforce can be determined by experimental

tests and can be expressad for immersed cylinders as

(11):
w ke De va® C
Fpi & E ————————————— il
2
Let length of the eyiinder
D.: diameter of the cvylinder
¥m: approach wvelocaity
Cpit drag coefficient
For a geotextile, the cylinder are the fibrss and the
total length of the fibres by’ unit volume can be
calculated using the following equatian:
4 A
Le = =10 0.
n De? P+

A: superficial area of the geotextile

pe: polymer density

The drag coefficient expressed by this equation represents
the drag for one fibre of very large length. I7 a geoctex-
tile

fibres will

interactions between
that the
influenced by the prozimity or the
this

be taken intoc account by the replacement of Cp,

structure, the hydrodynamic

influence the flow pattern so drag
coefficient will be

concentration of fibres. Let us assume that infiu-

ence  can
by an other drag coefficient Cp2. The force is equivalent

to the product of the hydrostatic pressure by the filter

618
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area, and Cpz is then:
water
ngn® De pe (AH+TQ) infets,
2y vo?

Co2 =

overflow
- .

plexiglass

=

Experimental works have indicated that the relationship
between the drag coefficient and the Reynolds number, for

non-woven needled-punched geotextiles, is linear on a

logarithmic scale for Reynolds numbers smaller than 10
(13). In an another study, Gourc {(3) has shown the sanme
relationship for a few non-woven heat-bonded textiles.
Using this hypathesis the expression for the discharge
velocity is expressed as
ngn De2 pe (AH+TG)
2v.Cy

Vo =

C: a constant obtained from the experimental curve

representing the log of the drag coefficient
versus the log of Reynolds number
= Nraw:Co
Re = vpDe/nva
Fipally, 1if the nydraulic h=ad is very large compared te

. L, . ) ) Fig. &1 Apparatus for peraeability test
the fabric thickness, the following expression can be

usad for the geotextile permittivity:

¥ = 5—5-—= ————————
Vi i
] Te D, n A
Bample 1g/e%) | (an |rya et nty
4, RESULTS AND DISCUSSION TES 76 [0.493) 35 | 83,1 | 10.14

hi14 130 10,771 39 | 81.5 | 12,11

A large riumber of permeability tests were performed with
tere | ot fo.737| 35 | 79.0 | 15.76

nine different non-woven heat-bonded geotextiles using a
permzameter designed and built at the Ecole Folytechnigue
o+ Montreal (Fig., &}. The fabric properties are presented reso | 259 iase] 35 | a3 | 2z.e7
in Table 1. Eamples of each selected geotextile were used

TE20 220 [1.04&| 35 | 76.9 | 21.08

HiZe 308 |1.248) 39 | 72.5 | 22,84

tc determine, under a range of hydraulic heads, the flow
rate of water. The discharge velocity and permittivity T¥33 ) M3 J0.398] 39 )| 48.8 | 13.99
were calculated wusing both models. More details on the e | ouan osre| 39 | ss.s | 45,9

apparatus can ke found elsewhere (B).
tvie | 205 fo.sss| 39 | se.z | 22,33

Tab. 11 Characteristics of the
studied geotextiles

4,1 The model of flow through capillaries

Different values of the tortuosity coefficient have been
oktained exprimentaly, ranging from 2.5 (&) to 5.5 {2) or
4/n (&), and depending on the nature and the structure of
the material. MWe have determined T by plotting vp versus \
AH for the different samples; the slope of the lines is

proportional to T. The values of T are represented versus

TY fabrics

the porosity on Figure 7.

We can observe two distinct structures, caracterized by
two different behaviours. For the very dense fabrics (TY ¢
samples), with lower porosity, ihe relatively high tortuo- +

sity coefficients decrease with increasing perosity. The \Q /
others heat-bonded geotextiles (TE and MI  samplesi have a
loust Lortuosity coefficients, which increase with 1

potusiiy, AY TEs MI fabrics
-

0.5 0.6 0.7 0.8 0.9 1.0

n
Fig. 71 Tortuosity coefflclent versus porosity
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For the TY samples, a relatively simple expression can be
derived:
(1-n)=2
T ® 1§ ======
n!
and therefore, an expression for the permittivity invol-

ving basic manufacturing parameters and fibre density:
g n*
18 n2 vu (1-n)}2 Tg A%

In the case of TE and MI samples, the relationship between
T and n is not so simple. An empirical relation for ¥ has

nct been obtained.

4.2 Model of flow around immersed fibres

For each permeability test performed, the drag coeffi-
cients and the Reynolds numberzs were calculated. As
indicated previously, the specimens were tested under a

range of hydraulic heads, The abtained data are presented

in Figure 8.

10° ¢—

T T
o TE, MI fabrics

\\\\\\ .

s TY fabrics

¢ 1

Lot saiasl ia s sl PR S R T | PO )

02 10 1 10

Fig. B: Drag coefficient versus Reynolds number

1 102

Re

fall

which is a straight line {(logarithmic scale)

for the TY samples, all data peints on a
curve
correspanding to the following relation:
Co = 60/Nra

The permittivity can then be e«pressed by the following
equation:

n De® pe

120 v @

For Reynolds numbers smaller than 5, the data chtained for
TY type straight lines of
which position depends on the of the
This the different (8)
geotextiles and carrespond to different C values
120 to 530, Rollin (13) has obtained Cx10 with
needled-punched geotextiles and (3)

Cx25 for a few heat-bonded fabrics.

each geotextile are also on

material.
of the TY
ranging

density

iz due to structure

from

Gourc hazs found

5. CONCLUSION
An analytical approach based on geometrical

probabilities
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to
heat-bunded geotextiles.
of

basic manufacturing paramziers (thickness, mass

Was used support a structural model for non-woven

An expression for the pore size

distributian these materials wWas obtained from the

per unit
area, fibres diameter and the polymer densityl.

Fermeability measuremente of samples together with fabric

structure analysis were used Lo develop flow models. The
mode! of flow of water through capillaries describes well
the hydraulic behaviour measured through the densier of
the samples investigated. #An empirical expression of the
permittivity is then proposed. On the other hand, the
model of flow of water arcund fibres indicated that some

cf the geotextiles have similar structure while ather

strucktures are gquite different.
will

structure

Further studies shaw 1f, whatever are the manufactu-

ring conditions, and nydraulic Sehaviowr of

heat-bonded geotewtiles can he described by unique modeles.
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