
 
 
 

249

 
1 INTRODUCTION 

Whereas fleece materials have been used for many years 
in earthworks, environmental technology and hydraulic en-
gineering, their use beneath concrete carriageway pave-
ment only began in the 1980s on experimental and test 
routes. Due to the favourable experiences gathered on 
these routes over the last 20 years, the design comprising 
fleece material between concrete carriageways and base 
courses with hydraulic bonding agents was incorporated 
into the new guidelines for standardizing the superstruc-
tures of traffic-bearing surfaces (RStO 01). 

2 PROBLEMS OF COMPOSITE DESIGNS 

The guidelines for standardizing the superstructures of 
traffic-bearing surfaces valid until 2002 (supplemented 
version of RStO 86 from 1989), only approved the use of 
base courses furnished with hydraulic bonding agents or 
comprising asphalt as direct substrates for concrete car-
riageway pavements in construction classes SV and I to III. 
A common feature of all these designs is the bonding of 
the concrete pavement to its substrate. Hydraulic bonding 
agents result in a hydraulic bond, asphalt in an adhesive 
bond. 

A detailed consideration of the supplementary contrac-
tual conditions and guidelines reveals that they do not pre-
clude a long-term ingress of water through transverse and 
longitudinal joints or from the sides into the boundary re-
gion between the concrete pavement and base course. 
Problems occur when the bond starts to loosen at the slab 
corners, giving rise to small gaps permitting an ingress of 
water between the concrete carriageway slab and the 
bonded base course. 

Figure 1 Hydraulic  pumping effect  

Because the base courses with hydraulic or bituminous 
bonding exhibit almost no permeability at the bottom, water 
accumulates at the points where the bond still exists and 
remains in a free state between the concrete pavement 
and base course for extended periods. Deformations oc-
curring in the slabs, especially at their edges, as a result of 
truck tyres rolling over them exert pressure on the water 
and displace it. This gives rise to a hydrodynamic pump ef-
fect involving extremely high flow rates capable of a high 
degree of erosion. The consequences range from washout 
of the base course under the highway lanes used by heavy 
vehicles to an emergence of water with an elutriation of 
fine particles from the base course; this generally takes 
place via the longitudinal joint between the right-hand lane 
and the lower-lying hard shoulder, the more durable bond 
here preventing a drainage of water. 
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Figure 2 Signs of erosion 

According to the latest surveys, even relatively new 
concrete carriageway pavements exhibit signs of erosion 
after just a few years, despite hydraulic bonding agents 
with high strengths of up to 25 N/mm². Erosion of the base 
course inevitably leads to a deterioration in load-bearing 
capacity as the load on the concrete pavement rises. This 
can result in fissures and - at an advanced stage - steps as 
well as tilting of entire slabs or parts thereof, often accom-
panied by broken corners. This decisively impairs the flat-
ness and - therefore - operational worthiness of the af-
fected carriageway. As a consequence, maintenance 
requirements rise and the concrete pavement's service life 
is shortened.  

3 ACTION OF FLEECE MATERIAL BENEATH 
CONCRETE PAVEMENT 

Figure 3 End – to – end installation of fleece material 

 
Installation of an end-to-end fleece material on bonded ba-
se course has proven to be a promising and non-
destructive technique of draining water which has in-
gressed below concrete pavement. 

In Germany, fleece material was installed for the first 
time in 1981 beneath concrete pavement on a test route 
managed by the Federal Highway Research Institute. The 
initial purpose of the fleece material was a lateral drainage 
of water which had pervaded the pavement to prevent ac-
cumulations of water from giving rise to the pump effect 
and consequential erosion of the base course. Lateral, 
longitudinal drainage channels and measurement ducts 
made it possible to verify that the fleece material fulfilled 
this purpose. 

An end-to-end installation of fleece material between 
concrete pavement and hydraulic bonding agents inevita-
bly gave rise to a new construction principle in which the 
hydraulic bond between the pavement and base course 

was cancelled from the very start. According to experi-
ences so far, the geo-textile (fleece) performs the following 
functions: 

 
Separation: 
Complete separation prevents an occurrence of strain 

between concrete slabs and hydraulic bonding agent while 
reducing internal stress in the concrete pavement. It also 
prevents a propagation of cracks from the base course to 
the concrete pavement, thus eliminating the need for 
notches in the hydraulic bonding agent beneath the joints 
in the concrete pavement. The interlock between the con-
crete and fleece material produced by an ingress of con-
crete mortar and the relatively high coefficient of static fric-
tion between fleece material and hydraulic bonding agent 
minimizes the susceptibility of the transverse joints to tear 
in packs; experience has shown that the joints open 
evenly. 

 
Bedding: 
The fleece material provides the concrete pavement 

with uniform support which - due to the material's perma-
nent elasticity - is maintained in the long-term despite de-
formations and displacements in the concrete slabs. The 
fleece material exhibits a low degree of permanent defor-
mation. Brief shocks from dynamic loads exerted by truck 
traffic are attenuated by being transmitted to the base over 
its entire cross-section. The fleece material's consistency 
should permit it to evenly fill any gaps arising in the long 
term between the concrete pavement and hydraulic bond-
ing agent. Furthermore, a limit needs to be imposed on the 
fleece material's thickness due to the additional bending 
loads exerted on it. 

Figure 4 Frequency distribution of the maximum deflections at the 
transverse joints, load: 50 kN 

Drainage: 
The fleece material permits a non-destructive, lateral 

drainage of water seeping in through joints and elevated 
edges. Water conveyance is aided by the pressure exerted 
by truck traffic, the total drainage capacity remaining low. 

An essential function here is a reduction in flow rates. 
This results in an almost complete absence of erosion at 
the boundaries to the concrete and hydraulic bonding 
agent. For this purpose, the fleece material must com-
pletely fill all gaps between the concrete slabs and the 
base course. 

The advantages of fleece-based design are also evident 
in the results of deflection measurements using a falling-
weight deflectometer on the right-hand lane of an 11-year 
old highway (A 3 near Hilden) consisting of three different 
designs. Figure 7 shows an example of the frequency dis-
tribution of maximum deflection at transverse dummy joints 
for structures comprising (A) concrete pavement on fleece, 
(B) concrete pavement on hydraulic bonding agent and (C) 
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thick concrete pavement on crushed-stone base course. 
Evidently, the smallest and most even deflections at the 
transverse dummy joints are exhibited by fleece, the larg-
est and least even deflections by hydraulic bonding agent. 

Investigations performed as part of the research pro-
gram titled "Behaviour of Concrete Pavement with Geo-
textile Inlay" on older test routes revealed no signs of 
damage to concrete pavement through a use of alkali-
resistant fleece material with a weight per unit area of 500 
g/m², as opposed to comparative routes not furnished with 
fleece. A comparison here with deflections ascertained by 
means of a modified Benkelmann bar showed that - in the 
decisive load cases involving slab edges - the largest and 
sometimes correspondingly critical deflections occurred on 
sections devoid of fleece material. 

Certain test sections established without any joint filling 
for experimental purposes have not shown any signs of 
damage so far either. Nor has there been any significant 
chipping at the edges, as shown by the photograph of a 
17-year old concrete pavement on fleece with unsealed 
joints. 

In view of the - without exception - favourable experi-
ences gathered on the test routes, the design comprising 
concrete pavement on fleece material on hydraulic bond-
ing agent was incorporated into the new Guidelines for 
Standardizing Road Superstructures 01 according to Sheet 
2, Rows 1.1, 1.2 and 1.3. 

4 REQUIREMENTS FOR FLEECE MATERIAL 

The test routes in the 1990s were furnished nearly exclu-
sively with a mechanically stabilized (needled) polypropyl-
ene fleece material possessing a weight per unit area of 
approximately 500g/m². As this fleece material has proven 
itself consistently, appropriate requirements have been 
formulated on the basis of the 1994 edition of the instruc-
tion leaflet regarding the use of geo-textiles and geo-
lattices in road earthworks. 

Section 2.4.1.10 of the new supplementary technical 
contractual conditions and guidelines for concrete car-
riageway pavement (ZTV Beton – StB 01) stipulates these 
requirements as follows: 

Fleece material as defined by TL Geotex E-StB is be 
used as geo-textile underneath concrete pavement. This 
material must meet the following specifications: 

Mass per unit area:. Minimum 450 g/m² to maximum 
550 g/m² 

• Raw material comprising 100% polyolefins, in-
cluding material designation 

• Alkali resistant (no polyester) 
• Stabilization: Mechanical 
• Maximum transverse and longitudinal tensile 

force: > 10 kN/m 
• Maximum transverse and longitudinal tensile ex-

pansion: < 130 %  
• Minimum thickness under a test load of 20 kN/m²: 

2 mm. 
• Minimum water permeability coefficient k: 5 x 10-4 

m/s with a hydraulic gradient i = 1 
• Minimum water permeability coefficient k perpen-

dicular to the geo-textile plane under a test load 
of 20 kN/m²: 1 x 10-4 m/s with i = 1 

Fleece installation does not pose any fundamental prob-
lems even in the presence of traffic at the construction site. 
The fleece strips are generally installed longitudinally with 
respect to the carriageway axis. Installation can be per-
formed manually or with suitable devices which are used to 
unroll the fleece under controlled pre-tension. The strips 
should be installed starting at the lower carriageway edge. 
Cross joints with four-fold overlap are to be avoided. 

 

Figure 5 Concrete pavement on fleece material on hydraulic bond-
ing agent according to RStO 

The strips installed at the carriageway edges are to pro-
trude approximately 15 centimetres beyond the outer edge 
of the planned concrete pavement. The strips must overlap 
by 15 centimetres longitudinally and transversely. The 
fleece strips must be secured against displacement and 
lifting by wind, preferably at their edges and overlapping 
sections. Usually, this anchorage is achieved by means of 
nails and washers positioned at intervals of no more than 2 
meters. Bolt-firing or pneumatic tools are used for this pur-
pose, depending on the type of hydraulic bonding agent 
involved. 

Exposure of the fleece strips to traffic must be mini-
mized. Tight turns, reversals as well as rapid deceleration / 
acceleration on the geo-textile should be avoided.  

5 RECENT INVESTIGATIONS AND OUTLOOK 

So far, applications involving designs with fleece inlays 
have been limited almost entirely to mechanically stabi-
lized (needled) polypropylene fibre with a weight per unit 
area of 500 g/m² which first proved itself during investiga-
tions of drainage on concrete pavement and later during 
operation of the test routes as well. 

Furthermore, it was established that thick textiles with a 
higher weight per unit area, for instance, 800 g/m², are not 
as suitable, due to the excessive resultant subsidence in 
the concrete pavement. 

The requirements for fleece material underneath con-
crete pavement stipulated in the supplementary technical 
contract conditions for concrete were derived from the 
1994 edition of the instruction leaflet regarding the use of 
geo-textiles and geo-lattices in road earthworks and tai-
lored to the type of fleece material used up to that point. 
What has not been clarified yet is the extent to which these 
specifications optimize the three functions (refer to Section 
3) making up the action of fleece material beneath con-
crete carriageway pavement. 

 
Figure 6 Fleece installation  
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In addition to whether other fleece types are also spe-
cifically suitable for designing concrete pavement, it is also 
necessary to clarify techniques of monitoring fleece quality. 

In the year 2000, the research society for roads and 
traffic established a work group comprising representatives 
of fleece manufacturers, road administration authorities 
and research institutes to deal with open issues and pre-
pare an instruction leaflet regarding the use of geo-textiles 
beneath concrete carriageway pavement. 

This instruction leaflet is intended to explain the func-
tionality and action of fleece material underneath concrete 
pavement and define the properties required to handle this 
specific load type. Furthermore, the leaflet is to list the in-
dividual specifications to be fulfilled by fleece as well as 
the related material and application tests. It will also pro-
vide details concerning the installation of geo-textiles and 
concrete as well as contract formulation and quality assur-
ance. 

At the same time this work group was established, the 
Federal Highway Research Institute commenced a project 
to investigate the action of fleece material underneath con-
crete pavement; this project involves a conduction of ex-
periments in the laboratory and on a test route. 

Figure 7 Selected fleece materials 

From the multitude of fleece materials currently avail-
able on the market and in development (offering numerous 
more possibilities than those existent on  

establishment of the first test routes in the 1980s), the 
following nine were selected in agreement with the work 
group for further examination: The former standard product 
polypropylene (multi-coloured and monochromatic), the 
same product retreated thermally on both sides, a fleece 
with an additional fabric at the top, two double-layer fleece 
materials whose upper fleece layer has been stabilized 
purely thermally, two double-layer, needled fleece materi-
als with different apertures, and a product possessing a 
lower weight per unit area (300g / m²). 

Because the fleece materials come into direct contact 
with concrete, their resistance to alkalis is an important cri-
terion. Consequently, the supplementary technical contract 
conditions for concrete (ZTV Beton – StB 01) only approve 
100% polyolefins and no polyester (polypropylene is gen-
erally used for constructing concrete pavement). 

Figure 8 Measurement of water permeability 

The selected fleece materials were examined by means 
of infrared spectrometry. A qualitative analysis revealed 
that only the monochrome fibres - i.e. the new ones - con-
sist of 100% polypropylene. Multi-coloured fleece compris-
ing residual products from the carpet industry consisted 
not of 100% polypropylene, but also contained proportions 
of polyamide and polyester. As infrared spectrometry does 
not permit a quantification of the individual ingredients, the 
work group is presently debating whether to exclude multi-
coloured polypropylene fibre. 

The type of fleece inlay used determines the functional-
ity of the concrete design. Of significance here the fact that 
the cement mortar more or less pervades the fleece mate-
rial, thus influencing the water permeability. In addition to 
the drainage function, fleece material underneath concrete 
pavement must also provide the separation and bedding 
functions. Samples with fleece inlays were prepared to re-
alistically simulate this situation in the laboratory. Forming 
the basis for all future laboratory tests, these samples con-
sist of a concrete pavement 25 centimetres thick, a fleece 
material, and a base course 25 centimetres thick. The 
base has an area of 50 x 50 square centimetres. The con-
crete pavement was poured on fleece material which had 
either been left dry or pre-moistened with water to one of 
two different levels. 

The techniques listed in the instruction leaflet regarding 
the use of geo-textiles and geo-lattices in road earthworks 
for the purpose of ascertaining water permeability on the 
horizontal and vertical planes (tests are conducted here 
according to DIN 60500 on a stack of 10 fleece materials) 
cannot be incorporated as such into concrete pavement 
design because the ingress of cement mortar is not taken 
into consideration here. On the basis of DIN 60500, a test 
was configured which permits the water permeability of 
fleece on the horizontal plane to be measured directly on 
the samples. 

Initial results show that permeability is notably influ-
enced by a moistening of the fleece prior to pouring of the 
concrete pavement. The largest drainage capacity is ob-
tained if dry fleece is installed before pouring of the con-
crete. Pre-moistening lowers the permeability. 

The samples are also used to investigate bedding prop-
erties on fleece and adhesion to the base. 

For this purpose, the samples are loaded dynamically 
along the vertical axis, and the resulting dynamic and per-
manent deformations in the fleece are measured, with and 
without an introduction of water into the fleece layer. This 
experimental section is currently being configured. 

Fleece properties under horizontal load between the 
concrete pavement and base course are also investigated. 
For this purpose, the concrete pavement and base course 
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are sheared off by means of hydraulic cylinders. A load cell 
and displacement sensor are used to register key parame-
ters here. Preliminary investigations have shown that the 
adhesion between the concrete pavement and hydrauli-
cally bound base course increases significantly with the 
water/cement ratio. Adhesion is very low at the value of 
approximately 0.45 commonly prevailing in road construc-
tion.  

Figure 9 Falling Weight Deflectometer 

Conduction of the laboratory tests was accompanied in 
2002 by the establishment of test routes on interstate 
highway A5 (section: Grünberg South) which were 
equipped with the selected fleece materials and also in-
cluded a bonded section for the purpose of comparison. 

The load-bearing capacities of the individual test sec-
tions were ascertained by means of a falling-weight deflec-
tometer (FWD). A zero measurement performed shortly af-
ter release to traffic revealed - except for very small 
deviations - identically favourable load-bearing capacities 
on all sections. 

A further task was to measure the pump effect and flow 
rates described in Section 3. For this purpose, water tem-
perature sensors were installed in the fleece layers of the 
individual sections. Following separation of the bond on 
the comparative section without fleece, this section was 
also equipped with water pressure sensors, thus allowing a 
direct comparison between the two designs. 

Joint movements are observed regularly on measure-
ment pins. Warping on slabs is registered by means of a 
laser profilometer. In addition, the Grünberg South test 
route was equipped with three temperature measurement 
stations as well as moisture measurement stations for con-
tinuously registering concrete pavement data. 

Actual operational routes as well as certain sections of 
the Grünberg South test route have shown that fleece ma-
terial cannot always be installed flat and free of creases. 

Accordingly, the work group is examining whether 
creases exert negative influences on concrete pavement 
and how such creases can be avoided during installation. 

One alternative here is to specify installation machines 
with a defined tensile force and formulate special require-
ments concerning this force as well as the expansion it re-
sults in. 

In its sessions, the work group regularly reports on the 
current status of the Federal Highway Research Institute's 
project and discusses further procedures. 

The findings of these investigations are to be consid-
ered by the instruction leaflet which has now been finished 
for the most part. 

Completion of the investigations and publication of the 
instruction leaflet on geo-textiles underneath concrete car-

riageway pavement are expected to guarantee an exclu-
sive use of functional and quality-controlled fleece mate-
rial, which would ensure high durability and low 
maintenance requirements of designs comprising concrete 
pavement on fleece. 
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