
Properties and Tests 

78/5 

Third International Conference on Geotextiles, 
1986, Vienna, Austria 

DE GROOT, M. and JANSE, E., Delft Soil Mechanics Laboratory, Netherlands 
MAAGDENBERG, T. A.C., Rijkswaterstaat Road and Hydraulic Engineering Division, Netherlands 
VAN DEN BERG, C., Nicolon B.V., Netherlands 

DESIGN METHOD AND GUIDELINES FOR GEOTEXTILE APPLICATION IN ROAD CONSTRUCTION 

METHODE DE DIMENSIONNEMENT ET RECOMMANDATIONS POUR L:EMPLOI DE GEOTEXTILES 
EN CONSTRUCTION ROUTIERE 

ENTWURFSVERFAHREN UND RICHTLINIEN 'FÜR DIE VERWENDUNG VON GEOTEXTILIEN IM STRASSEN BAU 

In this paper the general procedure is elaborated for 
the application of the geotextiles in unpaved low volume 
roads. Specifications and guidelines for geotextiles are 
derived according to the following procedure: 

Identification of relevant functions. 
Identification of relevant geotextile parameters. 
Specification of the geotext11e parameters with the 
aid of proper calculation or design methods. 
Selection of the most approp1ate test method. 

Special attention is given to the description of mecha
nisme and calculation methods. The final guidelines and 
spec1fications have been compiled into a set of tables 
and a handy design manual. 
These guidelines may be used as weIl for paved high 
volume roads under certain conditions. 
Considering the use of geotextile in railway construc
tion, only a synoptic state of the art has been given. 

1. ROAD CONSTRUCTION 

1.1 Separation 

Separation is defined as the function that prevents the 
penetration of aggregate into the subRoil. So the origi
nal dimensions and strength of the aggregate layer i6 
preserved, which reduces maintenance costs. Separation 
is a very important function of a geotextile in the un
paved road application. 

Geotextile parameters, which are relevant in connection 
with the separation function, are: 

puncture strength, since the geotextile should not 
be punctured by the aggregate; 
tear strength, since an accidental initial damage 
should not cause tearing of the geotextile; 
stress-strain energy (i.e. product of mobilized 
stress and strain), since this parameter is decisive 
for the compatibility and thus the integrity of the 
geotextile in the soil geotextile aggregate (s.g.a.) 
system, especially when the subsoil is very weak. 

1. 2 Filtration 

Filtration is defined as the function that prevents the 
migration of subgrade into the aggregate. This migration 
is mainly due to the high pore pressures that are gene
rated by the traffic load (the so called "pumping" 
effect). This function is very important, since fine 
particles from the subgrade will increase sensitivity of 
the aggregate to moisture and frost. 

Geotextile parameters, which are important in connection 
with the filtration function are: 
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Die allgemeine Prozedur für die Verwendung von Geotexti
lien in unbefestigten Strassen wird ausgearbeitet. Nie
derländische Anforderungen und Richtlinien für Geotexti
lien werden anhand folgender Prozedur festgelegt: 

die Bestimmung relevanter Funktionen; 
die Bestimmung relevanter geotextiler Parameter; 
die Spezifizierung der geotextilen Parameter mittels 
geeigneter Berechnungs- oder Entwurfsverfahren; 
die Auswahl der geeignetesten Untersuchungsmethode. 

Besondere Aufmerksamkeit wird der Beschreibung der 
Mechanismen und der Berechnungsverfahren gewidmet. Die 
endgültigen Richtlinien und Anforderungen sind in eine 
Anzahl von Tabellen und in ein handliches Handbuch auf
genommen. Diese Richtlinien können ebenfalls unter be
stimmter Bedingungen für befestigte Strassen mit einer 
hohen Verkehrsbelastung angewandt werden. Hinsichtlich 
der Verwendung von Geotextilien in Eisenbahnbauten wird 
ein kurzer Uberblick über die derzeitigen Kenntnisse 
gegeben. 

Effective Opening Size (E.O.S.), since the size of 
the openings in the geotextile should be sufficient 
small to retain the fine particles of the subgrade. 
Permeability, especially the long term permeability. 
This should exceed the permeability of the sub grade 
to avoid pore pressure build up underneath the geo
textile. 

1.3 Reinforcement 

A geotextile can reinforce a s.g.a. system in different 
ways. Which way depends on geometry, bearing capacity of 
the subsoil, traffic load and number of load coverages. 
If the axle load is heavy, the subsoil very weak or the 
aggregate layer thin, the subsoil will fail at the first 
load passes. Generally this failure will involve rather 
large deformations. The geotextile has to follow these 
deformations and is consequently stretched. The membrane 
or catenary action of the geotextile will give a resul
tant uplift force underneath the wheels and a resultant 
downward force in the zone between the wheels (fig. 1). 
This type of reinforcement is called "membrane action". 

If, on the other hand, the load and subsoil conditions 
are more favourable, the subsoil will not fail, but only 
show some deformation. This deformation will grow 
slightly with each new load coverage. 
The aggregate will also be deformed for reasons of com
patibility, which will induce larger shear stresses and 
load spreading in the aggregate. The geotextile takes 
lateral stresses and hence reduces shear stresses in the 
aggregate. This "lateral restraint" effect or more pre
cisely "base restraint" effect enlarges the load sprea
ding capacity of the base. Further also lateral movement 
of the subgrade is restraint by the geotextile due to 
the shear stresses between geotextile and subgrade. This 
reinforcement effect is called "subgrade restraint". 
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Due to this effect rutting will be reduced or more load 
coverages can be applied before the same rutting occurs. 

Geotextile parameters which are important in connection 
with the reinforcement function are: 

Modulus of elasticity, since a high modulus geotex
tile will show more load spreading at the same rut 
depth, especially in case of "membrane action". 
Tensile strength, since it should be checked that 
the maximum stress occurring in the geotextile 
should not exceed its tensile strength. 
Creep and relaxation behaviour, which is especially 
important for the rutting and load redistribution in 
case of many load coverages. 

Generally the "membrane action" is rather sensitive for 
geotextile parameters mentioned above, while the 
"lateral restraint" is less affected. 

1.4 Lateral drainage and "sound board" function 

Lateral drainage is defined as the ability of the geo
textile to drain off water in lateral direction through 
its plane. However, it is rather doubtful if a geotex
tile can contribute sign1ficantly to lateral drainage 
especially on a long term. 
·The "sound board" function is defined as the action of 
the geotextile that improves the compactibility of the 
aggregate. It is most probably a mixture of separation 
and lateral restraint. 
Both functions are rather unimportant, and will there
fore not be treated here in more detail. 

2. CALCULATION AND DESIGN METHODS FOR ROAD CONSTRUCTIONS 

2.1 Calculation of "lateral restraint" reinforcement 

Lateral restraint effects are reported explicitly many 
times in literature, e.g. Haliburton [1) and Potter and 
Currer [2J. Also in many papers reinforcement effects 
are mentioned, which should be ascribed to lateral res
traint, since the used geotextiles were not stiff and 
strong enough to give significant membrane type reinfor
cement (e.g. Robnett et al (3), Barenberg l4) and part 
of the tests of Webster and Watkins [5J). 
Steward (6J modifies the results of Barenberg somewhat 
according to his own experie~ce gained from field tests. 
In his guidelines ~ uses Nc = 2.8 in the case without 
a geotextile and Nc m 5.0 for the case with a fabric 
inclusion. 

"However, a calculation method with a proper theoretical 
background has not been made yet. Therefore quantifica
tion of the lateral restraint effeet must be bease pure
lyon empirical data. 
FrQID the~e it ean be stated that the bearing capacity 
faetor Ne for the load point at which prograssive defor
matl:on starts to oeeur, is about 3 without geotextile 
and about 5 with geotextile. This inerease is due to 
lateral restraint effeets. 

2.2 Caleulations of membrane type reinforeement 

Literature review 
Nieuwenhuis [7] eonsidered the equilibrium of the mem
brane and so the resulting membrane equation for a num
ber of loading eases. The soil reaction was obtained by 
means of a modulus of subgrade reaction. As the plastic 
deformation of the subsoil below a geotextile is usually 
quite large, it is difficult to represent the soil de
formation behaviour by a modulus of subgrade reaetion. 
:Furthermore, the ultimate bearing capacity of the sub
soil was not taken into aeeount. 
Nieuwenhuis, Bakker [8] , Ludwig [9], Giroud and Noiray 
[10J use a method based on the ultimate bearing capacity 
theory of the soil. 
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However, in his method the equilibrium conditions are 
not fulfilled for the membrane since the deflection of 
the membrane is represented in an arbitrary way by 
broken straight line. 
They restriet the plastie wedge to the zone directly 
below the wheel and they assume the weight of the aggre
gate at both eides as a eounteracting surcharge. How
ever, especially on very soft soil plastic wedge will be 
much larger due to the load spreading effect of the geo
textile. In that ease the weight of the aggregate is a 
driving force together with the traffie load, which 
should be balanced by the plastic soil reactions. This 
means that the calculation methods mentioned above are 
most probably unsafe for very bad subsoil conditions. 
The calculation method of Sellmeijer et al [1~ is used 
for the derivation of Duteh specifieations for geotex
tile parameters related to the reinforcement funetion. 
Sellmeijer's method also includes right plastie soil be
haviour and an empirical dependency of the number of 
load cycles. The method is deseribed in detail by Kenter 
and Sellmeij er [14J. The method has been checked a. o. in 
two test sections, one of which was instrumented with 
electric strain gauges. Further caleulation results were 
eompared with results of test eections of Webster and 
Watkins [5] and Webster and Alford [11], mentioned in 
literature • Very good agreement was found. Therefore 
this calculation method will be described in detail in 
following paragraphs. 

Deseription of ealeulation method 

1-?1 

t,. ~ 

I '-------/ 
I ~!!-t i 
h-rJ-J-~J-~~h,-J 
I • 

Figure 1: Principle of membrane type reinforcement. 

Sellmeijer assumed that the truck drives in the middle 
of the road. However, the calculation method ean easily 
be adapted for excentric loading cases. The method is 
two-dimensional, which covers the extreme situation 
whereby a long file of trucks is driving on the road. 
The assumption agrees weIl with the fact of the two 
dimensional character of rutting. 
It is assumed that the geotextile has no flexural stiff
ness, that it is loaded at the upper side by a traffie 
load qO and supported at the lower side by a subsoil 
reaction q1. The subsoil and the geotextile will deform 
under the influence of the wheel loads. The geotextile 
will elongate and is subsequently stressed. This causes 
a stress relief of the zone directly below the wheel 
load but the adjoining zones will be additionally 
stressed. This means that a geotextile will spread the 
wheel load over a larger area than when no geotextile is 
used. 
The following equations deseribe the state of equili
brium of the geotextile: 

so (d 2w/dx2 ) ~ -(qO - q1) - rH 

S = SO )/(dw/dw)2 + 1) 
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where: 
S tensile stress in geotextile 
SO horizontal eomponent of s 
w vertieal displacement of geotextile 
x horizontal distanee to the eentre of the truck 
r unit weight of aggregate 
H aggregate height 

It is assumed that the stress-deformation behaviour of 
the soil is bilinear, so it has an elastie phase and a 
plastie phase. However, the membrane reinforeement 
effeet of a geotextile is almost negligible when the 
subsoil is in the elas tie phase. So it is not furt her 
deseribed. 
The width of the plastie zone - the so-ealled failure 
width B - ean be found from the vertieal equilibrium 
requirement, whereby the sum of the subsoil reaetion 
stresses q1 must be equal to the wheel load F/2 plus 
the weight of the aggregate y H: 

Bq1 = F/(2(a + 2eH)) + yHb 

or: 

B F/(2(q1 - r H)(a + 2eH)) 

where r is the unit weight of the aggregate and Hits 
thiekness. 

Three possible loeations of the plastie subsoil zone ean 
be distinguished, whieh is illustrated in figure 2. 

I 
J 

I 
I~entre [me of rood 

-----. 
edge of rood 

Figure 2: Possible loeation of plastie zone. 

It is supposed that the geotextile is fixed at the edge 
of the road and ean therefore not be pulled inwards to 
the eentre of the road. If it ean be expeeted that the 
geotextile will be subjeeted to large forees then proper 
attention has to be paid to the anehoring at the edges. 

The rut depth is obtained as a funetion of all intro
dueed parameters. It is also possible to start from an 
aeeeptable rut depth to determine the required modulus 
of elastieity and strength of the fabrie. When this is 
done for aseries of aggregate heights, an optimum road 
design ean be made in an eeonomieal sense with regard to 
aggregate and fabrie eosts. 

Equivalent axle load for many load eyeles 
In most eases, many load eyeles will be applied, eaeh of 
whieh is far below the bearing capacity of the road. But 
aeeumulated they ean eause eumulative deformation that 
is de~isive for the road design. N~w one should design 
with the bearing capacity faetor Ne of progressive de
fonmH il'>~. For road foundations without geotextile this 
faetor Ne is*about 60% of the ultimate bearing capacity 
faetor, so Ne = 3. 
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If a geotextile is applied, it is stil1t possible to 
design with a bearing capacity faetor of Ne = 5, beeause 
of lateral restraint effeets. 

In all eases of eumulative deformation due to many load 
eyeles, an equivalent axle load should be introdueed. 
From the results of a test seetion that was set up 
espeeially to test the ealeulation method, it eould be 
derived that: 

6.2 
F 

e 
= F V-N~ 

s 
where: 
Fs real axle load 
Fe equivalent axle load 
N number of load eoverages 

3.3 Separation funetion 

Tear strength 
It is always possible that a small damage of a geotex
tile oeeurs. For instanee by a sharp stone punehing 
through. In general such a small damage eauses no harm, 
often the stone fills up the hole whieh it made in the 
geotextile, as long as the initial damage will not eon
tinue in the form of tearing. 
The tear strength of the geotextile as used here is the 
force needed to eause eontinuous tearing of a geotex
tile when an initial damage oeeurs. The initial damage 
width is eonsidered to be 0.02 m. The required tearing 
strength W (kN) = 0.01 S (kN/m) in whieh S is the 
required working stress of the geotextile. 

Puneture resistanee 

Figure 3: Stones punetu
ring geotextile. 

Figure 4: Stress due to 
puneturing. 

Aggregate partieles, stones, ean punch through the geo
textile into the subgrade . The pressure p, from the 
aggregate is equal to the distributed wheel load and the 
weight of the road subbase. 

F/2 
pI + r . H (na + 2eH)(a + 2eH) 

in whieh: 
~ F 

a 
axle load ~ p. 4 
tire width 

n number of tires at eaeh end of the axle 
H aggregate thiekness 

The pressure p2 from the subgrade is equal to pI dimi
nished by the load distribution by the geotextile. In 
ease there i8 no load distribution by the geotextile 
(due to membrane type reinforeement) pI p2 = p. 
At the eontaet point aggregate partiele - geotextile is: 
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So it is possible to determine the required geotextile 
stress along the eireumferenee of the aggregate par
tiele. The stress is related to the tangens of the geo
tex·tile at the eontaet point, the pressure on the geo
textile and the partiele shape and size. 
This stress S ean be translated to a praetieal yalue P 
(N) of the puneture resistanee by multiplying S (kN) by 
the eireumferenee of a eontaet eirele. 

Stress and strain 
If the distributed wheel load transmits a greater load 
to the sub grade than the bearing eapaeity of that sub
grade, signifieant rutting ean oeeur eomparable with 
general shear of the subgrade under the distributed 
wheel load area. 
This meehanism is only valid if a geotextile in situ has 
a Young's modulus smaller than 100 kN/m, so no signifi
cant load distribution due to membrane type support 
would oeeur. 
If the previously deseribed meehanism of failure oeeurs, 
there will be a relatively high strain over a small 
area. Thus the loeal strain ean be very high whilst the 
aetual elongation is small. If the loeal aetual elonga
tion is not great enough to follow the settlements of 
the subgrade due to exeessive rutting, is is neeessary 
to prevent tearing of the geotextile, so that an addi
tional elongation is provided from the areas on both 

'sides of the overstrained zone whieh forms the outer 
edge of the part of the sub grade affeeted by the dis tri
buted wheel load. 
This area, from whieh the required elongation of the 
geotextile is provided, is in fact the anehorage length 
over whieh the stress, that has been developed by the 
strain in the limited zone, will be redueed to zero due 
to frietion on both sides of the geotextile. 
Figure 5 gives a sehematie representation of this phe
nomenon. 

L2 

\[0/ 
I \ 

Wheel 

Aggregate lay 

I \ 
\ 

\ ' 
I 

T \{ 4J 

Geot:ext:ile 

Subgrade 

L1 
L

2 
-i 

zone where a great loeal strain oeeurs. 
area next to the distributed wheel load over 
whieh the stress developed in the more vertieal 
zone is redueed to zero (eomparable with the 
anehorage length). 
area of the geotextile under the distributed 
wheel load over whieh the stress developed in 
the more vertieal zone is redueed to zero (eom
parable with the anehorage length). 

Figure 5 : Anehorage length of geotextile . 

Pull-out test 
To quantify the mobilized elongation of the geotextile 
along the anehorage length, use has been made of a pull
out test. This test eonsists of a strip of material 
elamped into a soil mass from whieh it is pulled out. 
With the measured force needed to pull the strip out of 
the soil mass and the anehorage length, one ean deter
mine the frietion between the soil and the strip of 
material. 
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Dev,eloprnent of stress . strain and elongation a l ong the 
anchorsge lengt h 
Assurne ehst there is a linear Young' s modulus of the 
geotextile. Alghough this assumption is made, it is 
quite possible to use any non-linear stress-strain be
haviour of the geotextile, frietion between geotextile 
and soil depending on relative movement (elongation) and 
even time effeets due to ereep and relaxation. The 
mathematieal model and required information on geotex
tile properties will be more eomplex (figure 6). 

4 L 

,~ 
L'12E. 2.T 

o---X 

AL = SXE dx 
o 

= 112E . yf' • 2 . T 

Figure 6: Development of stress, strain and elongation 
along the anehorage length. 

To determine the total developed elongation over the 
. whole anehorage length, the value of L when x = L is im
portant. The equation for ealeulating this value L, is: 

l::, L = F • f: F • 1/4 r 

ßL (m) developed elongation along the whole aneho
rage length 

F (kN/m) developed stress in the geotextile at the 
edge of the soil mass 

r (kN/m 2 )= mobilized frietion between the geotextile and 
the surrounding soil mass 

EF (-) strain of the geotextile at the edge of the 
soil mass 

So the total elongation of a geotextile elamped in a 
soil mass is direetly proportional to the multiplieation 
of the stress and strain in the geotextile, whieh in 
fact eoineides with the multiplieation of the Young's 
modulus of the geotextile and the strain raised to a 
square of the geotextile at the edge of the soil mass. 

Comparison of various geotextiles 
In the previous seetion frietion r (kN/m 2 ) was the same 
on both sides of the geotextile. With the applieation of 
geotextiles under a road foundation this is generally 
not the ease. Moreover the frietion between the geotex
tile and the surrounding material is not the same in the 
areas under and next to the distributed wheel load on 
the 8ubgrade. To make the eomparison between the various 
geotextiles as realistie as possible, the eomparison 
will be made for the geotextile under and next to the 
distributed wheel load on the subgrade . In both eases 
the situation is deseribed in whieh the applied geotex
tile is tearing. So E F = strain at break and F = stress 
at break. 
To involve the frietion on the lower and upper side of 
the geotextile in the ealeulation the formula: 

.6L=F.€F.l/4T 

ean be ehanged into: 

ßL = F. E.F. 1/2(TO + Tb) 
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in which: 

TO (kN/m2
) 

Tb (kN/m2 ) 

developed friction between the geotextile 
and the subgrade 
developed friction between the geotextile 
and the aggregate layer 

Filtration function 
The principle of the filtration function is the preven
tion of soil particles intruding in the subbase while 
water is allowed to pass freely. 
.In general under a road foundation it consists of the 
cohesive soil. It appears from practice that geotextile 
with an 0

90 
smaller than 700,um and the gradient smaller 

than 100.10-a m perform weIl considering their filtra
tion function. The 090 and the gradient are determined 

with the well-known Ogink procedures of the Delft 
Hydraulics Laboratory. 

3. SELECTION PROCEDURE 

The selection procedure is based on the three dominant 
functions of geotextiles in road foundations: 
1. reinforcement function 
2. separation function 
3. filtration function 

The required properties of a geotextile are determined 
referring to these functions while considering the typi
cal construction data: 
A. traffic load on the road 
B. road foundation 
C. subgrade conditions 

Based on the theories mentioned a step by step procedure 
for designing the geotextile characteristics have been 
developed. A detailed description is given in the Manual 
on Geotextiles and Geomembranes in Civil Engineering 15. 

SPECUlCATtON SH'EE't' G!QTEXTILES IN ROAD roUNDATIONS 
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Table IV: Puncture resistance P 002 N) Dmax :11 0.04 

aggregate fo::-m sharp 

Cu (kN/m') 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 I 

H a 0.) m2 23 23 23 23 23 .3 23 23 23 23 23 23 23 23 23 23 ~ 

H - 0.4 m2 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 

H - 0.5 m2 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 

H_0.6m2 II 11 II 11 II II II II II l! II II l! II II ll ! 

Table V: Breaking stress x breaking strain S. E (kN/m) e - 0.5 

Cu (kN/m') 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 

R "" 0.3 m2. X X 10 10 2 2 2 2 2 2 2 2 2 2 2 2 

H ... 0.4 m2 X X 10 2 2 2 2 2 2 2 2 2 2 2 2 2 

H "" 0 . .5 m2 X X 10 2 2 2 2 2 2 2 2 2 2 2 2 2 

H a O.6m2 X X 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Selection procedure 

The relevant data concerning traffic load, road founda
tion and subgrade as weIl as the required properties of 
the geotextile should be filled in on the "specification 
sheet geotextiles in road foundation". 

1. 

2. 
3. 
4. 

5. 

6. 
7. 

8. 

9. 

10. 

What is the load distribution factor of the aggre
gate? 
What is the aggregate thickness? 
~~at is the Cu of the sub grade? 
Determine, inclusive reinforcement functions, what 
the geotextile requirements are for E-modulus, E 
CkN/m), breaking stress, S (kN/m) and the tearing 
strength, W (kN); tables I, 11, 111. 
What is the maximum particle size of the aggregate? 
For all cases in which Dmax ~ 0.02 m a minimum 
P = 500 N is required. 
What is the particle shape of the aggregate? 
Determine the separation function and the required 
geotextile puncture resistance P (N); table IV. 
Determine the separation function and the required 
ability of the geotextile to provide elongation 
expressed as breaking stress x breaking strain, 
S . E (kN/m); table V. 
Determine the separation function and the required 
tearing strength, W (kN), of the geotextile. Compare 
with the strength found at point 5; the greatest one 
must be taken; table III. -6 
Determine the required sand tightness, 090 (10 m) 

and water permeability D. H 00-3 m) of the geotex
tile. 

t a.b Le I e.. f) ,5 E-;a.Qdule.~ E (k~/m) "!'a.ble II 111·0,' IIru.kiru St.t'UII 5 (kN/III) 'Iabh tU tau'ins strensC:" Q (k1f) 

I';u (1o;~l/mZ ' S 10 IS 20 2S JO I JS '0 I,s I so 1 S (kN/ra) 1 S 110 IU 20 

" . 0, J • X 
. 

X X < .JOO t 60 01700 1';1 ° 1 1 J " . o .l .1 x I x I x 1 x 
H • 0.' a X X X ~uO 1000 190 I 1 I I 8 • 0.4 '1 X Ix I x 100 

Ii • o .S "I x 1 x x 000 I ' I I I H • 0.5 -rX I x I I 00 

Ii • 0.' " x x 900 1 1 I I H • O. , .1 x 'X I, , 0 

Nac:e: X indi.e.aC4s ;:hat. :h.e c.anditions (subirade) are mora cricic.ll and 
aseparaca, mare dec:ailed, design approa~h is advis~d. 
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2S JO lB 40 4S I so wo (k~) S , 10 IS 20 2S )0 JS , 40 4' 150 
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11. If applicable, note special requirements for the 
endurance of the geotextile. In general for the 
application in road foundations, geotextiles have 
sufficient endurance properties, considering chemi
cal and bacteriological attack. 

4. RAILWAY CONSTRUCTION 

In railway terminology embankments refer to the sub
structure of the railway line. The ballast, sleepers and 
railway track are referred to as the superstructure 
(figure 7). 

r-----~-1Q9 m - - 1 
I I 

I.fJO 

1-waterpermeability factor:' 1.1O-4m/s 

2-waterpermeability factor N 0.3.10-4 m/s 

Figure 7: Railway cross-section (double track). 

Train loads are transferred via the rails to the 
sleepers, which in turn transfer the loads to the 
ballast and, via the embankment, to the subgrade. In 
this system the embankment forms the actual foundations 
of the railway line. The ballast bed is a critical link 
in the load absorption and transfer chain. It must dis
tribute the loads to prevent the track being displaced 
and it must also provide good drainage, since the super
structure is an open construction from which water must 
be drained as quickly as possible. Most of the Nether
lands railway system is over 100 years old. 
Continual maintenance and strengthening was required be
cause of the settlement of the subsoil and the settle
ment of the embankment itself, resulting from these in
creasing train loads. 
In the last 50 yeare the embankments of new railway 
lines have been constructed almost exclusively of sand 
and strict requirements are set in order to be able to 

-4 guarantee good permeability, namely a k-value of lx10 

m/s for the upper 0.75 m and 0.3x10-4 m/s for the re
mainder, down to the original ground level. 
In recent years a 0.1 m thick layer of fine gravel has 
been laid between the ballast and the sand of the 
embankment to act as a filter layer. 

From the previous it is obvious that in the Netherlands 
there should generally be very permeable sand under the 
ballast bed of railway lines. Because stone had to be 
imported, the ballast bed in the Netherlands is relati
vely light compared with neighbouring countries. In con
trast, these countries have much less sand and embank
ments have to be constructed from less permeable mate
rials such as loam and clay. 
The problem of the ballast being contaminated used to be 
widespread in the Netherlands but now occurs only occa
sionally because of the conventional construction 
methods used. As a result, there has been almost no in
vestigations by the Netherlands Railways into the appli
cation of geotextiles as a separation ~ayer. 
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