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DESIGN CRITERIA FOR GEOTEXTILES BEYOND THE SANDTIGHTNESS REQUIREMENT 

CRITERES OE DESSIN POUR DES GEOTEXTILES EN PLUS DES EXIGENCES OE RETENTION DU SOL 

ENTWURFSREGELN FÜR GEOTEXTILIEN JENSEITS DES BEREICHS DER SANDDICHTIGKEIT 

Conservative design criteria for geotextiles applied for 
erosion control are based on the requirements for sand
tightness. When these are satisfied the erosion of the 
base material is prevented even under extremely high 
hydraulic loads. For very fine base materials, however, 
it is difficult to meet these requirements. The present 
design criteria are generally considered to be too con
servative and the present investigation forms the first 
stage in the establishment of less stringent design 
rules, taking into account the influence of hydraulic 
loads. 
Model tests have been performed to determine the critical 
filter velocity in the granular material on top of the 
geotextile at which the base material under the geotex
tile begins to erode. The model measurements are used to 
test and verify the theory presented. 

1. INTRODUCTION 

Geotextiles are frequently applied in civil engineering. 

The most important application areas are bank and bed 
protection, and foundations. The main purpose of the 
fabric in these construetions is to prevent the fine base 
material being washed out. Geometrical sand tight geotex
tiles are used in practicej this means, that sandtight
ness is reached because the sand particles can not pass 
the apertures in the geotextile purely based on their 
dimensions. This kind of sandtightness is called geomet
rical sandtightness and is independent on the magnitude 

of the hydraulic load. 
The present conservative design rules based on this prin
ciple originate from the criterion that erosion of the 
base material through the geotextile can not be allowed 
even under extreme (unrealistic) hydraulic loading con
ditions. For the application of these rules it is not 
necessary to have proper knowledge of the hydraulic loads 
in the structure, which inevitably leads to overdimen
sioning. Design rules based on the principle of sand

tightness are determined by various authors (see (1) and 

(D). Those for woven fabries on non-cohesive 
soils aeeording to Ogink (1) are present~d as a short 
review: 

Statie load eonditions 
Dynamic load conditions 

The charaeteristic aperture size, 090 , is defined as 

foliows: 
090 is equivalent to the average sand diameter of the 

495 

Konservative Entwurfsregeln für GeotextUien, die zur 
Verhinderung der Erosion des Untergrundes angewendet 
werden, beruhen auf der Forderung der Sanddichtigkeit. 
wenn dies Forderung erfüllt ist, kann die Erosion des 
BasiSI!B.terials auch unter extrem hohen hydraulischen Be
anspruchungen verhindert werden. Für feinkörnigen Unter
grun<J ist es jedoch schwierig, diese Forderung zu erfül
len . Die derUlitigen Entwurfskriterien werden allgerrein 
als zu konservativ angesehen. Die vorliegende Untersu
chung stellt den ersten Sohritt in der ForTIulierung we
niger strender Entwurfsregeln dar, die den Einfluß hy
draulischer Belastungen berücksichtigen. Es wurden l'b
dellversuche zur Bestinlllung der kritischen Filterge
schwindigkeit im körnigen Material oberhalb des Geotex
tus durchgeführt, bei denen das Basismaterial unterhalb 
des Geotextils erodiert zu werden begann. Die Messungen 
am M::ldell werden dazu verwendet, die vorgelegte 'lhecrie 
zu überprüfen und zu erhärten. 

sand fraetion, 90% of whieh remains on the geotextile 
after a eieve test under defined conditions. 
In practice, however, there are situations in which it is 

very diffieult to meet the requirements of this conser
vative design rule. As an example ean be mentioned: 

geotextiles on a subsoil of very fine material (very 
fine sand, silt, etc.) 
geotextiles whieh forms part of a "block mattress". 

During construction the total weight of the mattress 
hangs on the geotextile. For this function, if no 
expensive measures are taken, a network of strong and 
thiek threads is required with a relatively open 

strueture wich is contradictory to the dense strueture 
required for sandtightness. 

To widen the areas of application of geotextiles an in 
ship-induced water level fluetuations. Strong eyclle 

flows are caused by wind-induced wave attack and oceur, 
vestigation has been initiated to determine a sandtight
ness criterion related to the hy~raulic load whieh oecurs 
in practice. 
The hydraulic loads to be resisted ean be of various 

kinds. Pure flow attaek occurs, for example, in irriga
tion canals as a result of the discharge. The hydraulic 
load in a navigation channel results mainly from the 
for example, in the underlying layera of sea dikes or in 
the foundatlons of elosure works. 
The various flow situations which can occur can be sche

matized as foll"ows: 
steady flow parallel to the plane of the geotextile 

cyelie flow parallel to the plane of the geotextile 
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steady f10w perpendicu1ar to the geotexti1e 

cyc1ic f10w perpendicu1ar to the geotexti1e 
Of course, combinations of all four situations may occur. 

The situation of steady f10w parallel to the plane of the 
geotexti1e has been studied first and is treated in the 
fo11owing chapters. As is shown the transport mechanism 
at the interface between the base material and geotexti1e 

is comparab1e with that in granular filters. Many tests 
have a1ready been csrried out on granular filters (1) to 
find a relationship between the hydrau1ic load and the 
initiation of movement of the base material. The purpose 
of these tests was to reduce the total thickness of a 

granular filter and consequent1y the costs. The theoreti
ca1 background derived for the granular filters has been 
tested and verified by measurements in the present series 
of tests. 

The presentation of the theoretica1 background is seen as 

a first start to the derivation of design ru1es for geo
textiles. 

The theory presented and tests discussed serve to c1a

rify, that the app1icabi1ity of a geotexti1e increases if 
the hydrau1ic load is taken into account. 

2. THEORETICAL BACKGROUND 

In practice geotexti1es are often app1ied at the inter

face between coarse granular material (filter) and much 
finer base material, the purpose being to protect the 
base material against erosion. In the present investi

gation attention is concentrated on a situation in which 
a non-cohesive sand with a steep sieve curve is protected 

by a geotexti1e with 1arge 090/d90 ratio. 

Since the mesh width of the geotexti1e is chosen to be 

much 1arger than the sand grains the geotexti1e will on1y 
be ab1e to prevent erosion up to a critica1 water ve1o
city in the filter. The hydrau1ic gradient, i, in the 
filter causes a pore velocity, vp ' between the filter 

grains. Due to the re1ative1y low geotexti1e permeabi1ity 
compared to the filter permeabi1ity the f10w activated in 
the geotexti1e will be slower than that in the filter. 
At a critica1 ppore velocity, vpcr ' the sand grains under 
the geotexti1e will start to move. Pore ve10cities higher 
than vpcr will eventua11y lead to unacceptab1e erosion. 

The fai1ure mechanism of a geotexti1e with 1arge 090/d90 
ratio, described a'bove, is comparab1e to the fai1ure 

mechanism of a granular filter with pores much 1arger 
than the sand grains being protected. 

A we11 designed granular filter is ab1e to prevent scour 
by means of one or both of the fo11owing mechanisms: 

The water motion in the granular filter is slower than 
that in the medium above it, which means that the 
filter decreases the hydrau1ic load. 

The po reS between the grains of the filter are suff i
cient1y sma11 to prevent the passage of sand grains. 

Conventiona1 design criteria for granular filters re1y 
comp1ete1y on the second mechanism. Model tests on gra
nular filters have been carried out which demonstrated 
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that the conventiona1 design criteria are too stringent 

in many cases 1eading to overdesign. A filter which is 

not geometrica11y sand tight can, in fact, perform its 

duty up to a certain filter velocity (and accompanying 
pressure gradient in the filter). 

The basic idea behind the new design criteria is that 
there is a simi1arity between the f10w in open channe1s 

and the f10w in the pores of a filter at the thresho1d of 
sediment transport. It is assumed that, given a granular 

filter with pores much wider than the grains in the base 
1ayer, the bed shear over the sand interface is equa1 to 

the shear in a channe1 with the same bed material (at the 
thresho1d of sand transport). 
The thresho1d of sediment motion in open channe1s has 
been investigated very thorough1y by various scientists 

in the past. Shie1ds ~ for examp1e, found the fo11owing 
(empirica1) formu1a for the critica1 shear: 

'cr = Vsl!. g d50 P 

P 

Ps 

= critica1 shear (N/m2) 
Shie1ds parameter 
relative density of sand grains, = (ps-p)/p 
gravity (m/s 2 ) 

grain size corresponding to 50% by 

weight of finer partic1es (m) 
= mass density of water (kg/m3 ) 

mass density ?f sand (kg/m3 ) 

(1) 

The coefficient Vs was determined empirica11y by Shie1ds. 
It depends among other things on the grain size and spe

cific weight of the base material. 

~s' valid for a sand bottom with submerged density l!. = 

1.65 and viscosity v = 10-6 m2/s is plotted against d50 
in Figure 1: 
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Figure 1. Shie1ds parameter re1ated to d50 

By introducing the shear velocity, v* 
tion (1) can be rearanged as fo11ows: 

NP , the Equa-

(2) 

Based on this equation an equation for the critica1 filt

er velocity in a granular filter can be derived, assuming 
a simple v*/vp ratio: 
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n • v = ~ I~ 6 g d 
per K s SO 

vfer eritiesl filter velocity (m/s) 
n porosity of filter 
K = eoeffieient v*/vp 
vper eritieal pore velocity (m/s) 

The magnitude of K, determined empirieally, is: 

v* 0 2 
K = V = 0.8/Re· for 0.1 < d50 < 0.3 mm 

K 

K 

Re = 

Re 
dfSO 
v 

p 

0.2 for O.S < dSO < 1 mm 

0.3S for dSO > 2 mm 

vf • dfSO 
v 

Reynolds number 
dSO of filter material (m) 
water viseosity (m2/s) 

(3) 

Substitution of the permeability law for granular mate
rial aeeording to Cohen de Lara (2) into the formula 
derived for vfer' (3), leads to the determination of the 
eritieal hydraulie gradient, i cr : 

i cr 

i 
cr for dSO > 2 mm 

Caleulated values of i er are presented in Figure 2 

together with the results of model tests. The close ag
reement between measured and calculated values is clearly 
seen. 

.2 .3 A .5.6 .7 1 2 3 4 567 10 

- n
3

d'15 /d50 

= colculotad; AVX = maosur'tld 

Figure 2. Critieal hydraulie gradient for non 

geometrieal aandtight granular filters 
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The same basic approach has been followed for a geotex

tile with a large 090/d90 ratio. It is aasumed that the 
water velocity i6 deereased eonsiderably by the geo
textile before the flow attacks the sand surface under 
the geotextile. The threshold of sediment transport will 
therefore be reached at relatively higher filter velo
eities eompared to the situation without a geotextile. 
The introduction of a coefficient, Kg, has been eonsi
dered which contains the vper/v*cr ratio in the same way 
as the coeffieient used for granular filters (see 

Equation (3» and which takes into aceount the influenee 
of the geotextile on the loeal water velocity at the base 
layer surfaee. 

The eoeffieient Kg depends probablyon the following 
geotextile and base material eharaeteristies: 

where 

function of ••• 
normal geotextile permeability (m/s) 

= thickness of geotextile (m) 

Model investigations have been performed to determine the 
eoefficient Kg• 

3. MODEL SET-UP AND TEST PROGRAM 

Model tests have been performed on various geotextiles 
which focussed on measuring the critieal hydraulie gra
dients and filter veloeities. The critical hydraulie 
gradient, i er , is the gradient at which the base material 

motion begins. It is measured in the filter layer over
lying of the geotextile. The critical filter velocity is 
the velocity in the filter layer at which the base mate
rial begins to move. 
The tests performed ean be considered as the first step 
towards obtaining a full set of design rules, applicable 
to all geotextiles in all eireumstances. For praetieal 
reasons a non-cohesive base material was used with a 
grain size dSO = O.IS mm and steep sieve curve (Cu = 

d60/d 10 = 1.S; d90 = 0.22 mm). The test rig i8 shown in 
the figure 3. 

The ehoice of the filter material placed on top of the 
geotextile was based on the consi~eration that the in
fluence of the geotextile on the eritieal hydraulic gra
dient would be very distinct. The filter material was a 
round gravel with grain diameters in the range 17 mm to 
35 mm (dfSO = 24 mID; Cu = 1.2). From earlier experiments 
(l) i .t was known that this grain size range would guar an
tee a negligibly low critical hydraulie gradient for the 
situation without geotextile. Test no. 4 was performed 
with gravel with dfSO = 14.3 mm (Cu E 1.3S) to eonfirm 
that the eritical filter velocity does not depend on the 
grain size of the filter material. 
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Figure 3: Test rig (schematized). 
measures in m. 

The test section was designed in such a way as to mini

mise boundary effects (see Figure 1). The filter velocity 
in the first half of the test section was considerably 
lower than in the second half of the section due to the 
decreasing filter layer thickness in the flow direction. 
This model set-up ensured that incipient sand motion took 
place away from the model boundaries. The suitability of 
this set-up was investigated by using (unpaint.ed) yellow 
sand in the first 10 cm of the test section and (unpain
ted) dark grey sand in- the remainder of the section. 
These sands had exactly similar sieve curves. It was 
observed that the yellow sand eroded only when flow con
ditions were far beyond the threshold of sediment motion. 
The vertical hydraulic gradients in the base layer in the 
second half of the test section were very 10101 and conse
quently did not influence the critical filter velocity. 
The top and bottom of the test section were watertight. 
700 kg of ballast were mounted on top of the test sec
tion. 
A geometrically sandtight geotextile at the upstream and 
downstream boundaries of the test section (see Figure 2) 
ensured an undisturbed inflow in the base layer and out
flow at the downstream end. 
During each test the hydraulic gradient was increased 
step by step until considerable erosion took place under
neath the geotextile. Each step las ted half an hour after 
which the eroded sand was sucked away from the bottom of 
the downstream end of the test rig. The test consisted of 
about ten steps and was completed without interruption. 

The sediment transport was plot ted against the filter 
velocity and agsinst the hydrsulic gradient. AB a 
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criterion for threshold of sediment transport a transport 

rate of 150.10-6 kg/s/m was chosen. This criterion 
corresponds roughly with the criterion used by Shields. 

The back wall of the test rig was fitted with 16 
piezometer tubes which supplied the information required 
about the flow in the filter and base material. The 
dis charge through the filter was measured by using a 
Rehbock weir. 
The test program and typical test results sre listed in 
table 1. 

Table I, Test results 

Test geo- 098 T kn k i cr 

090 
nr. textile Type 090 g vfer d90 

mm mm mm mm/s m/s mm/s - -
1 N66336 A 0.37 0.39 0.45 6.8 0.11 63 0.35 1.68 
2 N66339 A 0.40 0.42 0.72 6.0 0.11 65 0.35 1.82 
3 N66373 A 0.52 0.55 0.68 5.0 0.11 52 0.23 2.36 
4 N66373 A 0.52 0.55 0.68 5.0 0.085 49 0.32 2.36 
5 R425 B 0.44 0.53 1.2 1.6 0.11 140* 1. 6* 2.00 
6 8147 C 0.65 0.74 2.0 2.1 0.11 78 0.48 2.95 
7 - - - - 0 - 0.11 21 0.05 

N - Nicolon 
R - Robusta 
A Mesh-netting 
B = Tape fabric 
C - Mat 

c No geotextile 
kn = filter velocity through geotextile without sand 

or gravel at i = h/Tg = 1. 
k - permeability of gravel (vIii) (m/s) 
h - potential head over geotextile (m) 
* The maximum hydraulic gradient which could be crea

ted was insufficient to cauae the threshold trans
port rate of 150.10-6 kg/s/m du ring Test 5. The 
given values have been found by extrapolation. 

The normal permesbility of the geotextile was measured 
using a perspex pipe (cross-sectional area 19.62 cm2). 

The geotextile was placed in the pipe and the discharge 
through the pipe, v, and the potential head ac ross the 
geotextile, h, were measured (provisioned Dutch Standard 
Q)). The results yield the following permeability formu
las for the fabrics tested: 

N66336: v = 6.8 • 10- 3 • i 

N66339: v = 6.0 • 10- 3 • i 

N66373: v = 5.0 10- 3 • i 

R 425 v = 1.6 

8147 

v - discharge veloeity through the geotextile (m/s) 

i - h/Tg 
h = potential head acrOBS geotextile (m) 
Tg - geotextile thic~~ess (m) 

-
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From the test results it is elear that the eritieal fil

ter velocity, vfer' is not dependent on the grain size of 
the filter (see Tests 3 and 4 in Table 1). This is in 
agreement with the theory presented in Chapter 2. Conse
quently it is obvious to foeus the attention on the eri
tieal filter velocity. The eritieal hydraulie gradient 
ean be ealeulated from the eritieal filter velocity by 
using a permeability law for granular material. 

Sinee the flow in the filter ean be eharaeterized by the 
filter velocity (eoneerning th~ threshold of sand motion) 
it is elear that there is a resemblanee between the 
threshold for flow in a granular filter and that in an 
open ehannel. As has been deseribed extensively the inei
pient sand motion takes plaee when a eertain eritieal 
shear velocity at the interface (bottom) i9 exeeeded. 
From Shields we know the magnitude of the eritieal shear 

velocity: 

v ~ .; 'I' 
*cr s (4) 

Presently it is stated that, at the threshold of sand 
transport, the shear velocity at the sand surfaee, whieh 
is protected by a geotextile, equals 

v*er as given by Equation (4). 

Based en Equation (3) (the derivation of the eritieal 

filter velocity, vfer, for granular filters) use has been 
made of the assumption, that there i9 a relationship 

between vfer and v*er as foliows: 

v = n v ~ ~ v = ~ 1 'I' t. g d
50 fer per Kg *er Kg s 

(5) 

The value of v*er for the base material used in the pre
sent investigation has been ealeulated as foliows: 

Ws 0.063 (Shields) 

(6) 

- 10 .063 • 1.65 • 9.8 • 0.15 • 10- 3 

0.012 m/s 

The eoeffieient Kg in Equation (5) equals the ratio 

v*er/vper and ineludes the damping influenee of the 
geotextile. The eoeffieient K in Equation (3) ean be 

regarded as a boundary eondition for Kg in the situation 
that there is no geotextile: 

kn = 00, Tg = 0 and OgO/d gO = 00. 

The influenee of the geotextile on the eritieal filter 
veloeity is bas ieally eharaeterized by: 

the flow damping of the geotextile 
the geotextile/soil geometry 

Both of these basic eharaeteristies are diseussed below: 
The normal hydraulie gradient, i h/Tg, in the geo

textile at a diseharge veloeity v, whieh equals v*er' 
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has been suggested as a dimensionless eharaeteristie 

parameter for the geotextile flow damping at the 

threshold of sediment transport. The dimensionless 

flow damping parameter ean be derived by using a gene
ral permeability law for a geotextile (v = kn • im): 

v* l/m 
( k

er
) 

n 
(7) 

It is obvious that the vfer/v*er ratio inereases with 
inereasing flow damping. 

The geotextile/soil geometry is eharaeterized by the 

OgO/d90 ratio. Obviously the vfer/v*er ratio deereases 
with inereasing OgO/dgO ratio. 

The above theory leads to the following formula for eri

tieal filter velocity: 

v A2/m ° -A 3 
( ( *er) • (~) +!!.) /w v f er = Al k r, t. g d50 n d90 K s 

(8) 

in whieh Al' A2 and A3 are positive eoeffieients. 

Equation (8) beeomes similar to equation (3) in the ease 
of no geotextile. This ean be seen by substituting k n = 

00 and 0gO = m into eq. (8). 

Sinee the number of tests performed in the present inves

tigation is only small, it is not possible to give aeeu

rate values for eoeffieients Al' AZ and A3 , whieh would 
lead to a design formula for geotextiles. On the other 
hand it is possible to verify the theory whieh has lead 

to the ehoiee of the given basic parameters (v*er/kn)l/m 

and OgO/dgO' 
The parameters are presented in Table 2. The values of 

Al' A2 and A3 have been determined by trial and error, 
various values belng eonsidered. With Al = 4, A2 = t and 
A3 = 1 a formula was found whieh agrees very weIl with 
the results of the tests. 

vfer v l/m 
.;{.v:e r 

1/m 
Test Geo- ( :er) °90/d9O ) No. textile vfer -- . 

v*cr n n 

mm/s - - - -
1 N66336 63 5. 1 1.8 1.7 0 .80 
2 N66339 65 5. 2 2 . 0 1.8 0 .78 
3 N66373 52 4. 2 2. 4 2.4 0 .66 
4 N66373 49 4. 0 2. 4 2.4 0 .66 
5 R425 140 11. 3 17 . 8 2.0 2.1 
6 8147 78 6. 3 10 . 9 3 .0 1.1 
7 - 21 1. 7 0 00 0 

Table 2. The eritieal filter veloeity, vfer ' related to 
geotextile and subsoil eharaeteristies. 

The va lues given in Table 2 have been used to plot 
Figure 4. 

d
90 

°90 
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Figure 4. The critical filter velocity, vfcr' as a 
function of geotexti1e and subsoi1 

characteristics. 

From Figure 4 it is c1ear that there is good agreement 

between the straight 1ine, which is drawn on the basis of 
Equation (8), and the measurements. It can be concluded, 
therefore, that the given basic parameters, (v*cr/kn)l/m 
(f1ow damping) and 090/d90 (geometry), inc1ude all of the 

geotexti1e characteristics relevant to the incipient sand 
motion phenomenon. 

However, it is stressed aga in that the va1ues of Al' A2 
and A3 presented are first approximations based on a 

sma11 number of tests. Further basic research must be 
undertaken to conform the approach used. 

4. CONCLUSIONS 

The fo11owing conc1usions can be drawn, even though on1y 

a number of tests have been undertaken on woven geotex
tiles: 

Geotexti1es with large 090/d90 ratio can be used for 
erosion contro1 provided that the hydrau1ic load is 
limited. 
The transport mechaniem at the interface between the 
geotexti1e and the base material appears to be eompa
rable to the transport meehanism in granular filters. 
The eritieal filter ve10eity at the thresho1d of se
diment motion of the base material seems to be inde

pendent of the grain aize of the granular material 
1aid on top of the geotextile. 
The eritiea1 filter ve10eity (vfer) depends on the 
eritiea1 shear ve1oeity, v*er' of the base material 

and the geotexti1e properties. A first approximation 

of this relationship has been presented. 

It is very c1ear that the theory presented must be tested 

and verified with a more extensive series of measure

ments. On1y then will it be possib1e to give a proper set 

of design ru1es for geotexti1es. 
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The tests to be earried out in the near future shou1d 

cover: 
different geotexti1es, espeeial1y non-wovens. 
different base material. 
different flow eonditions. 
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