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ABSTRACT: The German Geotechnical Society (DGGT) is publishing a second edition of "EBGEO - Rec-
ommendation for Reinforcement with Geosynthetics" in 2010 that covers updates of already published appli-
cations like reinforced steep slopes, waste disposals and embankments over weak subsoil as well as newer 
topics as reinforced embankments over pile-similar elemets, covered colums, overbridging systems and sys-
tems under dynamic loadings. This paper gives a short introduction to EBGEO while there will a further pa-
per after the conference to present the results of the international comparison of reinforced walls and slope 
and piled embankments. 
 
 
1 INTRODUCTION 

The German Geotechnical Society (DGGT) had 
published the first edition of "EBGEO - Recommen-
dation for Reinforcement with Geosynthetics" in 
1997, which was prepared by its working group AK 
5.2. Meanwhile a lot of new experience with rein-
forcement applications of geo-synthetics are avail-
able that are incorporated in the new edition pub-
lished as a draft in the beginning of 2009. The final 
editing is in progress now and the final version will 
be published in the first half of the year 2010. 

2 INTRODUCTION TO EBGEO 

2.1 Content 
The more than 40 members and guests of the work-
ing group AK 5.2 come from university, governmen-
tal departments, consultants, manufacturers and con-
tractors, which form a wide spread and experienced 
group to look at the specific problems from different 
points of view. 

The work of the group was organized within sev-
eral subgroups dealing with the different chapters of 
the recommendations, the construction and mate-
rials. The following topics were discussed and 
formed the chapters of the new edition: 

• General recommendations 
• Design principles 
• Embankment over weak subsoil 

• Layers for improved bearing capacity in 
road constructions 

• Reinforced foundation cushions 
• Steep slopes 
• Waste disposals 
• Reinforced embankments on pile-similar 

elements (punctual/linetype) 
• Geosynthetic covered columns 
• Overbridging systems in areas prone to 

subsidence 
• Dynamic loadings 
 

As EBGEO will be a book with more than 300 pages 
only a quick overview is possible within the restric-
tions of this presentation. 

2.2 Design Principles 
In Germany the fundamental standard for all soil 
mechanics work is DIN 1054. This standard was 
published in 1976 and is based on a global safety 
concept. Meanwhile the DIN 1054 is published with 
its edition January 2005, which has been officially 
acknowledged in most states of Germany mean-
while. In this edition the partial safety concept is 
fixed and also the necessary partial factors for per-
manent and variable actions as well as for resistance 
are given. Also the principles for the design calcula-
tion are shown mostly in accordance with EN 1997-
1, the so called Eurocode EC 7. 

The actual version of the EBGEO 2010 is based 
on this new partial safety concept of DIN 
1054:2005-01 and uses those specifications. This 
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means a simplification and harmonization of the de-
sign work and a better attraction for the geosynthetic 
way of reinforcement in Germany. 

There are two fundamental approaches in design: 
Calculations with the ultimate limit state (GZ 1) en-
sure the construction against failure and the servi-
ceability limit state (GZ 2) leads to suitable and usa-
ble constructions. Within GZ 1 mainly used are the 
limit states GZ 1B, where the failures of the compo-
nents of the construction are looked at, and GZ 1C 
where the overall stability of the structure is calcu-
lated. Problems occur, where geosynthetics are 
touched or cut, because the assignment of failure 
mechanism (GZ 1B and/or GZ 1C) is not clarified 
within DIN 1054. Finally it has now been fixed in 
EBGEO to ensure safe, easy and certain use by the 
designer. 

Within GZ 1B characteristic values for the deter-
mination of characteristic actions Ek and resistance 
Rk are used. The characteristic actions Ek are multip-
lied by the partial factors for actions to receive the 
design values for the actions Ed. The same is done 
for the resistance by dividing the characteristic val-
ues by the appropriate partial factors to receive the 
design value Rd. The limit state is fulfilled with the 
equation Ed < Rd. 

The calculation of GZ 1C applies the partial fac-
tors to the parameters of the soil strength and takes 
these design values of the soil strength to calculate 
the limit state conditions. 

2.3 Geosynthetics 
For the calculation of the design strength of the geo-
synthetics the meanwhile widely accepted procedure 
is used. The short term strength RBi,k0 retrieved by 
tests with DIN EN ISO 10319 is divided by several 
reduction factors (A1 to A5) to get the characteristic 
value of the long term strength RBi,k. The design 
strength RBi,d results by dividing RBi,k by the partial 
factor of safety γM. 
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The partial safety factor for the geosynthetic ma-

terials is actually fixed to γM = 1.4 / 1.3 / 1.2 for the 
three load cases LF1 (permanent) / LF2 (temporary) 
/ LF3 (extraordinary). 

The reduction factors (not: factors of safety!) are 
dealing with the following topics: 

A1  long term behaviour 
A2  installation damage, compaction 
A3 connection and overlapping 
A4 environment 
A5 dynamic influence 
 
Within EBGEO the reduction factors shall be cer-

tified by laboratory or field tests otherwise certain 

fixed minimum values have to be used for the calcu-
lation (table 1). 
 
Table 1 Reduction factors without special investigations 
 
A1 long term behaviour

for permanent structures 
PP / PE 6.0 
PES / PA 3.5 

A2 installation damage, 
compaction 

mixed/coarse round 
material 

2.0 

fine grained round 
material 

1.5 

A4 environmental condi-
tions 
(permanent structures 
with lifetime  
< 100 years) 

DIN EN 13249 ff 
annex B4 
only new polymers 
proved by tests for 
25 years 
PES/PVA:  
AR/PP/PE:  

 
 
 
 
 
2.0 
3.3 

 
For the calculation the shear parameters have to 

be considered. If there are no appropriate test results, 
the interaction parameters have to be reduced as fol-
lows: 

geosynthetic / soil      fsg,k = 0.50 tan ϕk´ 
geosynthetic / geosynthetic  fgg,k = 0.20 
 
The values for the reduction factors derived from 

tests are usually much less than the values given in 
the table. It is always worth to ask producers for 
specific values of their product. On the other hand it 
is difficult for the designer to calculate the costs for 
constructions leaving the geosynthetic "neutral". 

2.4 Soil 
In EBGEO there are very few restrictions for the soil 
that can be used for reinforced constructions. The 
idea behind this is that taking the values for the 
strength of the soil to the calculation and getting suf-
ficient terms of safety from it, is the important point 
to be obeyed. 

Restrictions for the soils are only given to ensure 
that they will get and keep these values for the life 
time of the construction: 

• compactability,  
• maximum grain size according to layer 

height, 
• drainage conditions 
• pH value in respect of the reinforcement 

used. 
This approach allows the use of soils available at 

site according to the standard regulations for earth-
work and ensures that reinforcing with geosynthetics 
provides a high cost efficient construction. 

2.5 Execution 
For the execution of the constructions in Germany 
the DIN EN 14475 Execution of special geotechni-
cal works – Reinforced fill is used. For special top-
ics recommendations for road, railway and waterway 
works are used. 
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3 DESIGN CONSIDERATIONS FOR CERTAIN 
APPLICATIONS 

3.1 Steep slopes and Walls 
For steep slopes and walls there is no longer a diffe-
rentiation in EBGEO doing the calculation. The 
search for failing mechanism is the same indepen-
dent from the angle of the front. Only the different 
types of facing systems lead to different calculations 
at this part of the system. 

The calculation method for steep slopes and walls 
is shown in EBGEO 1997 with a clear distinction 
between "internal" and "external" stability. This di-
vision of the calculations led to problems, as not all 
possible failure mechanisms were found and makes 
no longer sense as the way of the calculation is the 
same for both. The designer has to think about all 
mechanisms with failures of the whole structure, 
failure mechanisms crossing the reinforced structure 
or not and sliding mechanisms along the geosynthet-
ics at each layers (figure 1). This led to the actual 
state for the new edition of EBGEO to urge the cal-
culation for all mechanisms without distinction in 
"internal / external". The calculation are done by us-
ing the limit state GZ 1C mainly. 

 

Figure 1 Potential failure mechanism for steep slopes
 
For the serviceability (GZ 2) of those structures 

there are hints for possible calculations given. These 
procedures are still under discussion and cover the 
possibility of the observational method and learned 
experience from former sites. The parameters of in-
soil-tests may be taken into account. The possible 
deformations that should be calculated are shown in 
figure 2. 

 

 
Figure 2 Possible deformations (GZ 2) 

vU settlement of subsoil 
vE settlement of fill material 
vhi horizontal deformations at reinforcement layer i 
vS shear deformation 

 

3.2 Reinforced embankments on pile-similar 
elements 

For the construction of embankments over weak 
subsoil sometimes the standard procedure with one 
single layer beneath the embankment is not suffi-
cient to get a low deformable earthwork with high 
bearing capacity. To solve this problem, in the re-
cent years reinforced embankments with a pile-
similar support were developed. The system consists 
of pile-similar elements in a regular distance in the 
weak subsoil. Over these elements at least one rein-
forcement layer is placed, followed by the rest of the 
embankment figure 3. 
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Figure 3 Geosynthetic-reinforced pile-supported embankment 

 
Meanwhile several applications, especially for 

highway and railroad embankments showed the 
practicability and performed well regarding both 
bearing capacity and serviceability. 

The design method is based on the arching effect 
in the reinforced embankment over the pile heads 
and a membrane effect of the geosynthetic rein-
forcement, taking into account also the support of 
the soft soil between the pile-similar elements.  

The design method is based on field and laborato-
ry tests and further investigations that are presented 
in in Kempfert et.al. (2004), Zaeske & Kempfert 
(2002) and Heitz (2006). 
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3.3 Columns coated with Geosynthetics 
Sand or stone columns are used to improve the bear-
ing capacity of soft soil. Without a geosynthetic 
coating the material of the columns and the sur-
rounding soil will mix and a regular behaviour is not 
possible. With the use of geosynthetic coated col-
umns the absolute and relative settlements can be 
reduced, the reduction of pore water pressure and the 
resulting settlement is accelerated and the safety dur-
ing construction and in the final state is increased. 
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Figure 4 Scheme of calculation modell for geosynthetic coated 
columns 

 
The design principle used in EBGEO is shown in 

figure 4 for a simplified system with one soil layer 
(for more complex systems see Raithel 1999). The 
calculation result in maximum radial strain and force 
in the geosynthetic reinforcement and shows the 
primary settlement of the head of the columns. 

3.4 Overbridging systems in areas prone to 
subsidence 

Another new topic in EBGEO is the design of over-
bridging systems with geosynthetics in areas prone 
to subsidence and sinkholes (figure 5).  

The systems are used to preemptively secure 
highways, motorways and railway constructions at 
least for a short period until the rehabilitation could 
take place. As the geosynthetics are not in service 
for most of their time installed and only necessary 
for that short time, special design considerations are 
given in EBGEO to find cost-effective solutions. 

 
Figure 5 Schematic view of possible reinforcement systems for 
overbridging systems 
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