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ABSTRACT: Efficient traffic routes form the basis for a brisk economic trade and a close economic and social relationship of the
European countries. Thus, the massive development of the national and international traffic routes is correspondingly important.
Especially in densely populated areas the routes have to be designed and constructed in such a way that emissions remain compatible
for the direct surroundings. In this case the modern construction management requires solutions which are well-engineered and which
can be carried out economically. The visible parts of the constructions should correspondingly suit to the landscape in an ideal way.
Thus, geosynthetics are used for the static design of high dams and noise protection barriers, in case of a foundation on extremely 
weak subsoils and for ground water protection measures. Large-scale projects actually realized as well as constructions monitored
since years stand representatively for the possibilities and the importance which geosynthetics provide for the use in important
infrastructural projects. 

RÉSUMÉ : L’efficacité d’un réseau routier est la base d’échanges économiques rapides et de relations étroites en matière économique
et sociale entre les pays européens. Ainsi, le développement massif des infrastructures routières nationales et internationales est par
conséquent important. En particulier dans les zones fortement peuplées, les routes doivent être conçues et construites de sorte que les
nuisances restent acceptables par le milieu environnant. Dans ce cas, la programmation de construction moderne exige des solutions
qui soient bien conçues et réalisables de façon économique. Les parties visibles d’ouvrages devraient, également, s’adapter au
paysage environnant de manière la plus naturelle possible. Pour ce faire, les géosynthétiques entrent dans la conception statique de
grands ouvrages de retenue et des barrières anti-bruit, dans la construction de remblais sur des sols d’extrêmement faible portance et
dans les ouvrages de protection des eaux souterraines. De grands projets aujourd’hui achevés ainsi que des ouvrages sous monitoring
depuis plusieurs années sont représentatifs de l’étendue des possibilités qu’offrent les géosynthétiques dans les grands projets
d'infrastructure. 
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1 INTRODUCTION 

The reconstruction of existing and the design of new roads has 
to accept the geographic situation and has to take political and 
social based decisions into consideration. So not only bridges 
and tunnels, but also dams and cuttings are required in areas 
where the subsoil is not well suited and noise barriers have to be 
built using local soils. 

Geosynthetics as modern construction material are relatively 
new in terms of understanding and are still not part of the 
standard education. Problems of understanding synthetics are 
often linked to the fact, that synthetics behave different 
compared to well-known materials as concrete and are not ideal 
elastic as e.g. steel. On the other hand, synthetics and wood, one 
of the eldest construction material ever used by civil engineers, 
are both polymers and comparable in many aspects. 
Additionally, synthetics are already used in many applications 
where concrete is not suitable and has to be protected against 
chemicals e.g. in pipelines. 

It will be shown that geosynthetics have already become an 
important construction material in infrastructure applications 
and allow for modern and economic constructions, saving costs 
by lean structures, combining local soils, concrete and steel.  

The significant reduction of the carbon footprint in many 
cases seems to be a future topic, but it has started right now. 
Several studies have been worked out actually, comparing 
classical solutions and structures using geosynthetics, as e.g. by 
Corney et al. (2009). Not only the economic effect becomes 
clear in this study by requiring less energy, but also the 
reduction of CO2 during the whole process.  
Egloffstein (2009) shows an example for an executed steep 
slope with an inclination of 60° for a road in a hilly region of 
Germany, using geosynthetics (Fig. 1). This construction had 
been planned with conventional cantilever walls, but had to be 
redesigned using a fully greened facing due to political reasons. 
Nevertheless, the budget for the construction has been reduced 
by factor 1.6 (Wessling & Vollmert). The carbon footprint - not 
being a topic in 2004 - has been calculated for the well 
documented wall respectively slope by Egloffstein (2009) as 
given in Fig. 2. The result 6:1 stands for its own. 

2 EUROPEAN REGULATIONS – ACTUAL STATUS AND 
LINK TO GEOSYNTHETICS 

Actually, Eurocode 7 (EC7) has become the decisive regulation 
in geotechnical works for all European countries linked to EU 
by law, but has not become well established up to now. All 
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national standards have to be reduced to additional regulations, 
not being in any conflict to EC7. For Germany, the actual status 

for the normative range of regulations is given in Fig. 3. The 

Figure 1.  Steep slope in Idstein, under construction 2001 (left) and in service 2004 (right) 

Cantilever Wall Geogrid-reinforced steep slope
CO2: 101 tCO2: 542 t 

Production Secugrid 
Production Steel-Elements 

Figure 2.  Carbon footprint comparison, example Idstein; cantilever wall (left) and executed geogrid reinforced steep slope (right) 

current national standard DIN 1054 will be used as 
supplementary rule, but being reduced to fragments. The three 
parts of the rules will be combined to a normative handbook 
with blended text for practice aspects. DIN 1054:2010 refers to 
recommendations published by the German Geotechnical 
Society (DGGT).  

The latest recommendation EBGEO dealing with 
geosynthetics is directly linked to DIN 1054:2010 and therefore 
also according to EC7; special hints are given how to use 
EBGEO in the EC7 concept. This recommendation is available  
as English translation (EBGEO, 2011). Substantial design 
instructions which meet the requirements of numerous practical 
applications are offered. These reflect the state-of-the-art 
considering the proven scientific findings. 

In Great Britain, the comparable recommendation is called 
BS 8006. BS 8006 can also be read as a supplementary annex to 
the European Regulation and also hints are given how to use it 
in the EC7 context. So actually two finalized recommendations 
dealing with the use of geosynthetics are available and allow for 
design in accordance to EC7. 

As it is well known, that EC7 allows for three different 
design approaches DA1, DA2 and DA3, used in different 
countries of the EU, it is of general interest whether the British 
and German recommendations lead to comparable results. Fig. 4 
gives an example for a typical steep slope reinforced by 
geogrids. In both calculations the full set of partial factors as 
given by EC7 added by specific partial factors for geosynthetics 
as given by EBGEO and BS 8006 in addition to EC7 and the 

supplementary national regulations are used (Klompmaker & 
Werth, 2011). 

It has to be stated here, that EC7 gives no full set of partial 
factors for the usage of geosynthetics. Therefore the authors 
strongly recommend the use of EBGEO in combination with 
DA3 and BS 8006 in combination with DA1 as long as no 
national regulations or recommendations exist in the other 
countries of the EU. Disregarding additional partial factors as 
given by EBGEO or BS 8006 can lead to significant excess of 
the ultimate and serviceability limit state. 

For EBGEO and BS 8006 it can be stated that the outcome 
indicates that the codes are validated against practice, current 
scientific experience and result in well comparable utilization 
ratio. 

3 LONG-TERM EXPERIENCE ON GEOSYNTHETICS 
REINFORCED WALLS AND CONCLUSIONS FOR DESIGN 

Reinforced soil as one of the eldest construction techniques 
already used 1400ac in Iraq (Tower of Babylonia) has become 
popular with the availability of high strength wovens and the 
today's use of geogrids with perfect geosynthetic-soil-
interaction properties. Herold (2007) documented seven high 
loaded structures that are under continuous supervision. The 
documented strain within the geosynthetic reinforcement is 
measured within the range of 0.05 % … 0.4 %. Various 
measurements  from  literature  (Pachomow et al., 2007)   show 

Installation
Concrete Beam 
Brickwork 
Transport 
Soil and Installation 
Transport Soil

Production Contrete B25 
Production Steel ST500/550 
Transport Concrete / Steel 
Installation
Soil and Transport 
Transport Soil 
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Technical Committee 307 / Comité technique 307

Eurocode 1  
Actions on Structures Normative Handbook (blended text)

Figure 3.  Normative  range designing with geosynthetics (according to Kempfert, 2011) 

Figure 4.  Example of a calculation of a steep geogrid reinforced slope, using BS 8006 (left) and EBGEO (right) with the same parameter set except 
partial factors according to the used Design Approach (according to Klompmaker & Werth, 2011) 

also low strains less than 1.5 %. The strain therefore is less as 
expected by Ultimate Limit State Design (ULS), but in 
accordance to scientific approaches and actual understanding of 
compound material (Heerten et al., 2009). 

Ruiken et al. (2010) managed to visualize the shear rotation 
of granular material in the front of a reinforced wall. The 
required deformation of the facing is very low and is depending 
on the degree of reinforcement respectively the vertical layer 
distance of the reinforcement. Secondary shear planes develop 
during deformation, showing significant differences as to be 
expected by active earth pressure theory. EBGEO has already 
used these findings on the basis of the publication by 
Pachomow (2007), allowing for a reduced earth pressure on the 
facing of a reinforced earth wall. 

From back analysis of the constructions documented by 
Herold (2007), taking the actual design codes into 
consideration, general conclusions can be drawn and 

recommendations for further design are given concerning the 
expected deformation of a construction, see Table 1. 

4 WORKED EXAMPLES FOR INFRASTRUCTURE 
DESIGN USING HIGH STRENGTH GEOGRIDS 

The high ductility of reinforced soil structures and its economic 
benefit have raised a certain increase of usage in the last decade 
in Europe. Vollmert et al. (2010) document a structure, using 
approx. 6 ha of geosynthetics for noise barrier walls and 
embankments on weak subsoil in the Netherlands. Fig. 5 gives 
an partial overview of the construction with a total length of 
2 km. The costs of the geosynthetics used are less than 1% of 
the total budget. 

The visible and to environmental influences exposed part of 
the construction is the facing. Several facing types as gabions, 
wrap-around method as well as concrete blocks and panels are 
commonly used. 
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Table 1. Deformations to be expected for reinforced walls (according to Herold, 2007) 

Max. horizontal deformation: 
Total:      htotal = 0.005 … 0.01 * H 
Post-construction:   hpost = 0.15 … 0.3 * htotal = 0.00075 … 0.003 * H 

Max. vertical deformation: 
Total:      vtotal = 0.01 … 0.02 * H 
Post-construction:   vpost = 0.15 … 0.4 * Vtotal = 0.0015 … 0.008 * H 

- H: max. height of construction;  
   h: horizontal deformation;  
   v: vertical deformation 
- all deformations within the construction;  
- to be added by subsoil settlements; 
- lower boarder for walls without surcharge,  
  upper boarder with surcharge. 

Figure 5.  De Krul, Netherlands, overview (Vollmert et al., 2010)        Figure 6. Double wall system (System NAUE DW) 

The long-term serviceability depends therefore on usual and 
well known construction materials as steel and concrete. 
Nevertheless, the stability of the construction shall be ensured 
even in case of partial damage, e.g. following accidents, fire or 
vandalism or the construction has to be designed properly and 
protected by crash barriers. 

It is the unique characteristic of reinforced walls that the 
internal stability can nearly never collapse by stress on the 
facing. Providing facing systems that can be repaired easily 
therefore give additional benefit for the maintenance of the 
structures. 

An intelligent and lean facing system, combining the aspects 
of economic design and easy to maintain, has been realised at 
the project Wien (Fig. 6), differentiating the static support 
system on the soil side and the galvanised steel grid on the 
facing side. The gap is filled with natural stone in analogy to 
gabions. In case of a damage of the outer steel grid, the structure 
remains stable and just the filling and outer steel grids have to 
be reconstructed. 

5 FINAL REMARK 

Extending and reconstructing the infrastructure within the 
European countries as well as the international routes, structures 
for noise barriers and embankment foundations are required, 
fulfilling the economic requirements. Geosynthetics, namely 
geogrids, allow to use local soils and can be combined with 
steel elements as well as concrete and wooden elements.  

The experience and scientific findings gained in the last two 
decades ensure a sophisticated level of engineering as 
documented in the design codes EBGEO and BS 8006, both in 
accordance with Eurocode 7. Nevertheless it should be noted 
that Eurocode 7 alone does not provide full sets of partial 
factors, so additional factors provided by EBGEO and BS 8006 
are strongly recommended to be used depending on the specific 
national used design approaches. 
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