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La permeabilile dans le plan des geotextiles comprimes 

An apparatus wa.s eonstrueted to measure the transmissi v
ity and thiekness of geotextit~s under a range of normal 
eompressions between 2.5 kPa and 330 kPa. Water flowed 
radially in the plane of a ring-shaped specimen of the 
geotextil e. Res ul ts al'e presented for fi fteen different 
fa.bries for the transmissivity and the derived permeabil
ity con~tants. The transmiss;vity values ranged from 
5~1O-4m {.S fo~ ~ thick need~ed fab!';e under low compres-
510n to 2X10- PI /5 for a tl11n, eompt'essed \'Ioyen fabr;c. 
ThezcorresPOnd!ng derived permeability constants were 
10- m/s to 10- m/s 
Ca1culation of permeabi1;ty constants using the channel 
theory developed by Fowler and Hertel gave excellent 
agreement for the experimentally observed values for 
thick, needled geotextiles. 

INTRODUCTION 

Geotextiles can be considered as having two impor
tant hydraulic characteristics: The ability to transport 
water across the fabric, i.e. the permittivity and the 
ability to conduct water along the plane of the fabric, 
i .e. the transmissivity. The latter has received rela
tively little attention particularly as a function of the 
compression normal to the plane of the fabric. This con
tribution is intended to supply more information on this 
subject. 

The transmissivity of geotextiles is of importance 
in many applications, not only where the transport of 
water by the geotextile is its primary function such as 
in drains in earth damsj the ability of a geotextile to 
transport water in its plane can also affect the perform
ance and endurance of structures where the fabri c acts 
primarily as a reinforcement or as a filter. 

The dependence of transmissivity on the normal (com
pressive) forces on a fabric has been measured in the 
past 0) but a more comprehensive investigation seemed in
dicated. The present tests were designed to cover a pres
sure range from 2.5 kPa to 332 kPa (equiva1ent to O.lm to 
15m of overburden, respective1y). 

2 DEFINITION AND FORMULAE 

2.1 Transmissibi1ity and Inp1ane Permeabi1ity 

The transmissivity, e, of a fabric is a measure of 
the ability to transport water in the plane of the fabric 
and is expressed as a volume rate of flow q20 (referred 

On a construit un appareil pour mesurer la perm~abilite 
en plan des geotextiles sous des crompressions normales 
entre 2.5 kPa et 330 kPa. L'eau 5' ecoule radialement 
dans le plan de l'echantillon du textile en forme d'an
neau. On mesure 1e debit de 1 'eau et 1 'epaisseur du 
textile a diverses charges hydrau1iques et compressions 
norma~es. On a ~tudie divers g~otextiles y inclus des 
feutres aigui1letes de polyester et polypropylene, des 
non-tisses de liaison thermique ou chimique et des tis
ses de monofilaments de polypropylene. 
La valeur de 1a transmissivite s'etend de 5X10-"m2/s 
pour un non-tisse, aig~i11ete et epais sous une compres
sion faible, a 2X10-~m /5 pour un tiss~ bien comprime. 
Le~2coefficients de permeabi1ite correspondants sont 
10 m/s et 10-sm/s. Oe p1usieurs theories pour ca1cu1er 
les coefficients de permeabilite pour les arrangement de 
fi bres au hasard et d' une poros i te determi nee, 1 a theori e 
de canaux de Fow1er et Hertel a donne des coefficients 
en tres bon accord avec les resultats des experiences 
avec 1es non-tisses aigui11etes. 

to a standard temperature of 20°C), per unit fabric width 
Bg• and unit hydrau1ic gradient, i. Hence: 

(1) 

The transmissivity can be converted to the inp1ane perme
ability coefficient Kp if the thickness of the geotextile, 
Hg, is known. This results in the well known Darcy's 1aw 
(~) : 

(2) 

If experiments are carried out at another temperatureTOC 
then the va1ues of qT observed must be converted to q20 
to a110w for variations of water viscosity, nw' whichare 
imp1icit in Darcy's law. 

2.2 Linear and Radial F10w 

The form of Darcy' s 1aw given in equation 2 describes 
linear flow. The present apparatus uses radial f10w. It 
consists of a centra1 water reservoir, a ring-shaped spec
imen with inside diameter di and outside diameter do. 
After suitable mathematical manipulation the equation for 
laminar, radial f10w can be given as: 

Q20 (ln do - In di ) q20 ln(do/di) 2 
e; = m /s 

27T(d6 - di) i 27T h 

where h hydrau1ic head (m of water). 

55 



Session 3A: Drainage 11 

2.3 Porosity 

The definition of the porosity, n, of a geotexti1e 
is analogous to that of soi1: It is the vo1ume fraction 
of air in the fabric and can be re1ated to the area den
s ity, )lg' the fabri c thi ckness, Hg, and the vo 1 urne den
sity of the constituent fibers, Pf' by 

n = 1 - ~g/Hg Pf 

This quantity can also be expressed as a percentage. 

3 THEORETICAL 

Severa1 theories have been proposed to ca1cu1ate 
the permeabi1ity of fiber assemb1ies. They all assurne 
a minimum fabric thickness in excess of 20 fiber diame
ters. Assuming in addition random distribution of fi
bers, the theories can be genera1ized as 

(3) 

where CI is a fiber shape factor and equa1 unity for cir
cular ffbers and f(n) is a function of the porosity, n, 
the form of which depends on the theory used. 

" For the channe1 theory deve10ped by Fow1er and Her-
tel (l) 

3 2 
f(n)c = n /(l-n) . 

For the drag theories of Happe1 (i) and Kuwabara (~) the 
functions are, respective1y 

-I 2 2 
f(n)H = [41n(l-n) -n(8-4n+n )/(2-2n+n )]/(l-n) 

and 
_ I 

f(n)K= [21n(l-n) -n(2-n)]/(l-n). 

Fig. 1 shows the shape of these three functions from 
n = 0.1 to n = 0.96 ~overing a predicted range of perme
abi1ities of over 10 . 

-I 

f(n) 

Fig. 
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Log Porosity permeabi1ity function, f(n), vs. 
Porosity, n, for channe1 and drag theories. 
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The region of greatest interest for geotextiles lies 
between n = 0.7 to 0.95 and thus inc1udes a portion (above 
n = 0.85) where there are significant differences between 
the three theories. As will be seen the experimental data 
favored the mathematica11y simpler, channe1 theory. 

4 EXPERIMENTAL 

4.1 Apparatus 

As a1ready stated the test specimens were in the 
shape of a ring and a section of the specimen support is 
shown in Fig. 2. The geotexti1e. A, is sandwichedbetween 
thin rubber gaskets, B. of a simi1ar shape and which act 
to form a seal against the base p1ate C and the upper part, 
shaped 1ike a dome D. The base p1ate has a centra1 access 
tube E containing a thermometer T and 1eading to manometer 
M (in Fig. 3). 

E 

Fig. 2 Diagram of samp1e support and water co11ection 
groove. 

Surrounding the specimen support area, the base p1ate 
has a sloping circu1ar groove. F, which collects thewater 
passed through the geotexti1e and leads it to the discharge 
tube G to be co11ected over measured time interva1s. 

M 

F 

E 

Fig. 3 Schematic of permeameter for inp1ane water f1ow. 

Fig. 3 shows the comp1ete apparatus with the upper 
dome having been 10wered onto the specimen assembly using 
10cating pins for better a1ignment. The knur1ed screws. 
F, act as adjustab1e anvi1s to the micrometers. K, which 
are rigid1y connected to D. The micrometers are set to 
read zero when no fabric is between the rubber gaskets 
and subsequent1y read the fabric thickness under various 
compressions. They are also used as acheck to assure 
uniform pressure app1ication to the specimen. 
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Deaired water is admitted via a constant head reser
voir, H, to the cavity of the dome. The water inlet pipe 
ends inside a diffuser to assure uniform distribution of 
water to the specimen. A bleed pipe and valve, J, are 
used to fill the cavity at the start of the run. 

The compress i on to the geotextil eis app 1 i ed by means 
of a pneumatic ram, R, ending in a hemispherical shape 
which fits into a conical depression in the top of the 
dome. The pressure on the ram, displayed on a gauge, to
gether with the weight of the dome and the hydraulic up
thrust due to the water in the cavity, are used to calcu
late the compressive force on the geotextile. 

The compressive stress varied from 23 kPa (when only 
the weight of the dome acted on the fabric) to 332 kPa 
when the pneumatic plunger was pressurized to 1380 kPa. 

Flow readings were taken 5 minutes after any change 
in pressure. The water was collected over a convenient 
time interval (usually 60 seconds) and repeated twice. At 
the same time the temperature, pressure and fabric thick
ness were also recorded. 

4.2 Geotextiles Tested 

Fifteen geotextiles, obtained between 1976 and 1978 
from commercial suppliers, were tested. They are listed 
with some of their characteristics in Table 1. 

TABlE [ FABRIC CONSTRUCTION ANO PROPERTIES 

Fabric Bond Polymer P f Af ". Hg 

CO+de kg/m J mg/rn kg / m2 *mm 

'X106 Kp XI0 4 

'*m 2 j 5 * m/s 

BI N PET 1380 9.3 .167 .68 .82 123 18.1 
82 9. 4 .225 .93 .825 160 17.2 
B3 9.0 .276 1.10 .825 152 13 .8 
BlJ 8.9 .331 1.38 .83 215 15.6 
B5 9.4 .523 2.26 .83 410 18.1 

F2 pp 910 7.0 .351 1.86 .79 223 12 . 0 
CO 10.3 .302 1.29 . 7lJ 114 8.8 
SlJ 3.5 .121 .64.79 5lJ 8.5 
PlJ B, N PP,N 4.6 .143 .52 .70 11 2.0 
MlJ B, N pp 11.8 .132 .lJ7 .69 27 5.5 
TlJ B 12. 5 .13lJ . /jO .63 9 2 .2 
T6 B .202 .51 .565 6 1. 2 
L8 W .2lJl .lJ5 .41 27 6.0 
P8 W .235 .43 .35 8 1.9 

Al w PAN 980 .104 .30 .65 2.8 
" Bond; n9 Code: Needled, B Heat or chemical bonding 

Woven 

Polymer Code: PET Polyester, pp Polypro pylene 
PAN Acrylic fiber, N Nylon 

* Values given under a compression cf 100 kPa 

t 81 through 85 are 8idim l!l (reg;stered trade mark of Monsanto 
Company) nonwoven polyester fabrics 

L The specimens were selected at random from 1 m sam-
ples and cut in a die press. The outer diameter was 108mm 
and the inner diameter 57mm, hence the test length in the 
direction of flow was 25.5mm. Most tests were carried out 
in quintuplicate. Reproducibility for individual speci
mens was less than 5% but variability between specimens 
was typically ±15% although this varied with the geotex
til e tes ted. 

4.3 Applicability of Darcy's Law 

Preliminary calculations had indicated that laminar 
flow was expected in the tests. This was verified experi-
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mentally by a test series at 23 kPa compression. The flow 
rates were varied by chanaing the height of the water res
ervoir over the range of 20mm to 1 m. The 5 polyester fab
rics and 6 polypropylene fabrics of various thicknesses 
and constructions were tested. In all cases the results 
showed good linear behavior. The correlation coefficients 
were all 99.9% or greater and the flow axis intercepts lay 
within ±0.2X10- 6m3/s thus confirming within experimental 
error that Darcy's law was applicable. 

Subsequent tests were carried out at a constant hy
draulic head of 300mm of water, so that the transmissiv
ity was related to the volume flow (corrected to 20°C) by: 

e = 3.374 X 10-
7 

Q20 m2/s. 

4.4 Supplemental Tests Under Very Low Compression 

8ecause of the large weight of the apparatus describ
ed earlier it was decided to build an alternate light
weight head to do additional runs at much lower fabric 
compressions. The compressive stress in this tester was 
2.52 kPa and the tests were carried out under a falling 
head mode with time and volume readings being taken at 
intervals of 25mm hydraulic head from 356mm to l05mm. 
These readings were temperature corrected and appropriate
ly transformed for the different geometrical arrangement 
and the transmissibility calculated. These readings were 
well in line with the trends observed in the constant head 
apparatus and are included in the following plots. 

The fabric thickness was not measured during these 
low compression permeability tests but calculated from 
independent thickness measurements under various compres
sions. 

4.5 Transmissivity Measurements 

The experimental results of 5 different test speci
mens are plotted in Fig. 4 and show the decrease in trans
missivity of the family of needled polyester geotextiles. 
They were produced by the same manufacturing process and 
only differed in their area density (mass per unit areal. 
Under lower compressi ons the transmi 55 i viti es were in the 
order of the area densities, but at higher compressions 
some divergencies were observed. These differences lay 
within specimen to specimen variations and are therefore 
not unexpected . 

10-7 Normal pressure, a , kPa 

B5 
84 
82 83 
61 

Fig. 4 Log Transmissivity, e, vs. log normal pressure, 
a, for needled polyester geotextiles. 
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Fig. 5 shows the corresponding plot for the group of 
need1ed and bonded pOlypropylene fabrics and the woven 
geotexti1es. The need1ed polypropylene fabrics are very 
simi1ar to the need1ed polyester fabrics but the trans
missivities tend to decrease somewhat more rapid1y at 
higher compressions. Some of the other fabrics showed 
some surprising trends. The woven fabrics P8 and L8 were 
of simi1ar structure, construction, appearance and 
transmissibi1ity at 10w compression. However at higher 
compressions they differed by a factor of 30. Neither of 
these materials nor the geotexti1es designated Al, P4, T4, 
T6 can be considered suitab1e as drainage geotexti1es. M4 
and S4 are of intermediate transmissivity at 10w compres
sions but must be inc1uded in this list of unsuitab1es, 
especia11y at higher compressions . 

Fig. 5 

Pressure, a, kPa 
10- 9 ..J.._"""""""'T--r-,-..,..,..r-....--,r-r-." 

Log Transmissivity, s, vs . log normal pressure, 
a, for polypropylene and woven geotexti1es. 

The fabrics best suited for transporting water in 
their plane are t2ick, need1ed fabrics with area densi
ties of .250 kg/m or higher. 

As Figs. 4 and 5 also show, the decrease in trans
missivity tends to be more gradual for 10wer compressions 
but acce1erates as the pressure are increased. It is 
therefore advisab1e when estimating transmissivities for 
press ures beyond those for which experimental data exist 
to a110w for this factor. 

Over the range of normal compressions tested the 
transmi ss i vi ty decreased to 1 ess than 10% of the 10w com
pression va1ue for all fabrics. In one case it dropped 
to 1ess than 0.2%. 

4.6 Fabric Thickness under Press ure 

When using geotexti1es as a drain the va1ue of the 
transmissivity of the fabric under the anticipated com
pressions is the most important parameter for the geo
technica1 engineer. However, the va1ue of the permeabi1-
ity of the geotexti1e can be used to gain insight into 
the behavior of fabrics. It has been possib1e to link 
it to theories using fabric properties easi1y measured 
and which may make extensive hydrau1ic testing of new 
fabrics unnecessary. A few key tests can then be extra-
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po1ated beyond the range of experiments and yie1d reason
ab1y assured estimates. 

The thickness of fabrics was measured under two dif
ferent conditions: One series was measured wet in the 
permeabi1ity test as a1ready indicated. In another series 
the polyester fabrics were tested dry in a compression 
tester. Fig. 6 shows the two series combined as therewas 
no significant difference between the two when the sli~ht-
1y different area densities of the samp1es were taken 1n
to account. 
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Thickness of geotexti1es, Hg vs. log normal 
pressure, a. 

On the basis of the thickness tests the porosity of 
the geotexti1es was ca1cu1ated and as Fig. 7 shows it de
creased as the pressure was increased. The B fami1y of 
fabrics showed a range of porosities from .906 to .946 at 
500 Pa (the press ure recommended by ASTM for thickness 
measurements of geotexti1es). At this press ure the thin
nest fabric was also the most porous. At the highest 
pressure measured the porosity had decreased to .748 to 
. 772 with the thickest fabric showing the highest poros
ity. 

1.0 

n 

.8 

Fig. 7 

B'S;;;";;:i:St~ 
- -~4 ' __ -::-::~~ 

-'-. --~~--- ' -- .. :!.~ -- '" __ . -- . __ - ... :.:. .. ~~ 1 Bis 
- ~ " . ' - . ",>-: F8 

~ __ -- '" - . .,:::-- CO ..... .... .. --;-...... -.......... P4 
. .. .. . .. ~" .. ". T4 

- - -- --...:..:..'~'" M4 
---_ -- Al 

- - .. T6 

Porosity of geotexti1es, n, vs. log normal 
pressure, a. 

The concept of porosity for woven or very thin, 
compressed nonwoven fabrics is not rea11y appropriate 
but inc1uded here to show how the properties of geotex
ti1es are quite gradual and any statement of cut-off 
between porous and nonporous fabrics is to some extent 
arbitrary. 



Session 3A: Drainage 11 

4.7 Inplane Permeability Constants 

The values of transmissivity shown in Figs. 4 and 5 
divided by the thickness of the fabric at the same nor
mal pressure yield the value of the inplane permeability 
constants. They are shown in Fig. 8. They can be seen 
to cover a narrower range than the transmissivity values 
since both the thickness as well as the porosity of the 
fabrics decrease with pressures. 

Bis 

Normal pressure, a, kPa 

LB 
M4 
T4 
P4 
CO 
Al 
PB 

Fig. 8 Log permeability constant Kp vs. log normal 
pressure, a for geotextiles. 

The needled polyester fabrics are essentially inde
pendent of the area density of the fabric, which merely 
indicated that the structure of these fabrics was very 
similar and not affected by the thickness. This fabric 
group showed the highest permeability constants. The 
values of the needled polypropylene fabrics F8, CO and 
S4 were similar at low compressions but decreased more 
rapidly with pressure. Most of other fabrics were sig
nificantly less permeable at all pressures, and the dif
ferences increased with higher compressions. 

Typical values for permeability constants for nor
mal pressures of 100 kPa are listed in Table I, others 
will be found in the next section. 

4.8 Comparison with Theory 

The extensive data available on the needled polyes
ter geotextiles were used to test the relative fit of 
experimental data with the three theories discussed in 
section 3. To this end the derived values of f(n) were 
compared to the values of f(n)C' f(n)H and f(n)K' From 
equation (3) 

f(n) = (24TInwAf/gpwAf)Kp = A Kp 

the factor A can be calculated from the data contained 
in Table I. Fig. 9 shows the points for the thick needl
ed fabrics: the needled polyesters and polypropylenes 
F8 and CO. The fit with the channel theory is excellent 
for the polyesters and FB and not unsatisfactory for CO. 
The latter shows a significant deviation from the theory 
but the fit with the channel theory is better than for 
the drag theories. 
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From this evidence the channel theory was used to 
calculate permeability constants for several of the non
woven geotextiles tested. They are shown in Table 11 
and illustrate that the fabrics M4, T4 and T6 are too 
thin for the theory to be appropriate. Fabrics S4 and P4 
also show significant deviations which may be due to 
their non-uniformity of structure. 
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Fig. 9 Log porosity permeability function, f(n) vs. 
porosity, n. Theory and from experiments. 

TABLE Ir EXPERIMENTAL VS, CALCULATEP PERMEAB ILI TY 

CONSTANTS 

Experimental/Calculated, Kp ' lQ,4~/s at: 

Fa. br;c a· 2.52 kPa a'23kPa a·137kPa a=332kPa 

BI 75,5/103,5 32,1/27,1 13 :2/10,9 6,8/5.7 
B2 83,8/ 90,7 30,q /27,1 12,3110,9 6,216,8 
B3 76,9 / 78,9 33,8 / 33,0 lq,3/11,9 {,3/6,8 
Bq 68,2/ 90.7 31. 2 / 33,0 12,6/11,9 6,q /8,0 
85 6q, q / 86,0 32.7 / 33,0 12,9/11,9 6,6/8,0 
F8 59,2 / 58,3 25,5 / 27,3 8,1/10,0 3,9/5,0 
CO 64,2/ 77,q 24,5/36,3 5,7110,6 2,7/4.7 
54 54.7 / 28,8 18,1 / 15,8 6,1/ q,9 2,5/1.8 
pq 24.7/15,8 8.7 / 5,3 1,Q / 3,3 0,312.0 
MQ 83,2·/ 13,Q 20, o· / 7,0 3,2/ 3,8 1,2/2,3 
H 31,1*/ 5.7 6,4 / Q,7 1,7/3,Q 0,8 /2.7 
T6 26,8*/ 2,9 U / 2,5 0,8/ 1,8 0,3/U 

'111" Suspected ;nadequate seal between rubber gasket and specimen 
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SUMMARY AND CONLUSIONS 

These tests on the transmissivity and inplane per
meability eonstants showed that for thiek, bulky (needl
ed) fabries the observed values agreed remarkably well 
with those ealeulated from the ehannel theory developed 
by Fowler and Hertel. The theory, being based on the 
assumption of eomplete (3 dimensional) istropy of the 
fi ber ar rangement wi 11 therefore predi et the same perme
ability eonstant for water moving normal to the fabrie 
plane. Within 20 per cent that appears to be the case 
for values reported for B-3 (1). 

The theoretical development shows that if the fab
ric porosity and the fiber shape, linear and bulk densi
ties are known,then the permeability and hence the trans
missivity and permittivity can be calculated. 

For bulky fabrics that use binders orhavesignifi
eantly nonisotropic or non-uniform construction the 
theory may still yield a useful approximation but must 
be used with great caution. It may give an upper or 
lower limit to actual permeabilities depending on the 
nature of deviation from assumed structure. 

The transmissivity of thin fabrics is so low that 
the drainage function of such geotextiles is essential 
ly negligible and correspondence with this or any other 
theory is of no interest to the design engineer. 
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