
1 INTRODUCTION 
 
New technologies allow new building systems. 

Coming from segmental reinforced walls a technol-
ogy including concrete knowledge, geosynthetic in-
novations, new measurement features and new sta-
bility evaluation approach is used for an 
experimental work. (Rossi et al, 2006) 

 
 

 
 

Figure 1 : The Saint Saturnin abutment 
 
The Saint Saturnin abutment, in the west part of 

France, was chosen for a full scale experimentation 
including segmental walls, geosynthetic reinforced 
soil, up to date measurement of geosynthetic defor-

mation by woven glass fibres and a new approach in 
stability computation. 

This paper describes these four technologies and 
presents the experimental abutment, now in use, 
supporting a new road with heavy traffic. 

2 CONCRETE BLOCKS FOR AN EASY USE 
AND QUICK SETTING 

 
Segmental walls reinforced by geosynthetics are 

more and more used in road construction. They have 
technical and economical advantages in comparison 
with other techniques. 

Technical improvements are: 
 Easy furnishment as concrete blocks and geo-

synthetics can be delivered rapidly. 
 Easy building works, as workers can be quickly 

operational and all blocks being man transportable, 
without any special system. The possibility of curved 
walls and architectural aspect are easy to set. 

 Strong links between two blocks allow taking in 
account the shear strength of the wall. The code de-
scribed here uses this strength, limited as experiment 
show, by the overburden stress at the joint level. 

 Massive resistance of the wall to shocks when 
boulders in a river may be projected on the wall 
gives to the builder a better confidence in its work.  

Figure 2 shows an extruded concrete block, cu-
table allowing wall more than 10 meters high. With 
very strong lugs this kind of blocks may be also used 
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in seismic zones. Trials were made by Japanese 
(Mori et al, (1999)) on seismic table with very strong 
seismic solicitations, until 1g horizontal. Figure 3 
shows a French static experiment leading the wall to 
failure. 

 
 
 
 
 
 
 
 
 
 
Figure 2 : A concrete block for high wall. This block may be 
cut in two or four parts for smaller wall. 
 

 
 
Figure 3 : experimental wall to failure. 

3 ENLARGED GEOSYNTHETICS CHOICE 
FOR REINFORCEMENT. 

 
During these last years the choice in geosynthetics 

for civil engineering increases with knitting technol-
ogy and specific use of new molecules. 

Warp knitting technology with weft and warp in-
sertion offers high strengths. Other geosynthetics 
may be used following the requirements, with other 
material and other characteristics.  

 
We have : 

Product Material Mass 
g/m2 

Tensile 
strength at 
break kN/m 

Elonga-
tion at 
break 

% 
PP 150/50 Polypropylene 390 100 20 
GX07 Polyester 380 150 11 
GX05 Polyester 365 100 11 
GX01 Polyester 490 200 11 
PP450/50 Polypropylene 1050 450 20 

Mass per unit area is obtained following NF EN 
ISO9864, tensile strength and elongation following 
NF EN ISO 10319. 

At Saint Saturnin abutment PP150/50 was used. 

4 WOVEN GLASS FIBRE INTEGRATED IN 
GEOSYNTHETIC FOR DISPLACEMENT 
EVALUATION. 
 
The Geodetect system®, a glass fibre woven in-

side the geosynthetic and scarred by Bragg nets (Fi-
bre Bragg Gratings), allows the measure of the de-
formation inside the abutment. (Nancey, 2004) 
Classical topography gives the displacements on the 
face of the wall. Inside the abutment three layers of 
geosynthetics are equipped with Geodetect ® and 
give deformation measures when the apparatus is 
connected. Measurement is done at every important 
step of the abutment life. (Wall erection, bridge con-
struction, bridge testing with lorries loads). 
Figure 4 gives a profile of the abutment and the 
equipped layers position.  
 

 
 
Figure 4 : Saint Saturnin abutment profile 
 
Figure 5 gives the evolution in time of layer1 defor-
mation, and Figure 6 the distribution of a layer de-
formation at a given time. These measures will be 
used in the definition of the field displacement given 
to the computational code. 

 
 
Figure 5 : Layer 1 deformation 

 



5 A NEW CODE FOR TAKING IN ACCOUNT 
SOIL DEFORMATION 

A new computer code, taking in account the dis-
placement at each point of the potential surface fail-
ure, quantify a global safety factor and also a safety 
margin that give to the engineer an accurate knowl-
edge of safety. 

This code is an extension of Nixes-Mur, a code 
devoted to the calculation of blocks wall reinforced 
by geosynthetics and issued from the experimental 
norm XPG38064. One of its possibilities is to take in 
account non circular failure surfaces like the one that 
partially follow a layer of geosynthetics. (Faure et al, 
1976), (Faure et al, 1988) 

 

 
Figure 6 : Deformation along the three layers with Geodetect. 

 
This new code Nixes-Mur-Dep still uses elements 

from Nixes-Mur and adds the possibility to take in 
account the displacements given as a field, from 
which local displacement is interpolated. (Faure et 
al, 1988). 16 dots are enough for a good determina-
tion of this maximal displacement and like in the 
CARTAGE code (Delmas et al, 1986), 10 steps of 
calculation are done. The operator have so, a good 
idea of the necessary displacement leading to an 
adequate equilibrium.  (Faure et al, 2006) 
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Figure 7 : Soil behaviour representation 

 

Behaviour law of the soil follows the usual repre-
sentation of strength strain curves for soils. Figure 7 
shows this representation obtained from simple shear 
tests. By the Coulomb law τmax is obtained and the 
two other parameters Rf and εr are given by the op-
erator. 

 
Rf is defined as : Rf = τ résiduel / τ max 

 
For the geosynthetics two sets of fives points give 

their behaviour in term of shear strength and tensile 
strength. σn , at each point of the surface failure, is 
computed in a static manner using the perturbation 
method (Faure et al, 1996), (Faure, 1985). 

 
A local safety factor is computed at each point of 

the surface failure following : 
 
τmax / τ = (c’ + σ’n tan φ’) / ( τ red on the curve)  
  
and allows the computation of a global safety fac-

tor as :  
 
F1 = Σ ( τ max / τ) dl / Σ dl 
 
When a geosynthetics crosses the failure surface 

its contribution is evaluated using the given dis-
placement and is integrated in the equilibrium bal-
ance. 

 
One can also compute the ratio 
 
 ri = (τmax - τ )/ Wi sin αi  
 
This ratio can be called ‘safety margin’ better 

than ‘safety factor’. This safety margin vanishes as 
the 10 displacement steps are considered. The code 
gives the summation of this expression following: 

 
F2 = Σ ri / Σ dl 
 
that is a global safety margin, vanishing as the 

displacement increases. 
 

6 ABUTMENT SPECIFICATIONS AND 
RESULTS.  

In case of bridge abutment technical features must 
minimize the displacements. The authorities asked 
for a strong survey of displacements. The equipment 
of three layers by Geodetect system gives a satisfac-
tory answer. Although the authors were confident 
with displacement calculation, it was decided to 
double the number of geosynthetics layers. It was 
also for creep reason, because it is still a research 
subject. What is the behaviour of geosynthetics for 



the next 100 years (the predicted life of French 
works) must be evaluated. 

 
The abutment was loaded and measures done at 

each step. The analysis of the numerical results 
shows that the reinforcement by geosynthetics, might 
be divided by two, giving in these conditions, an ex-
tra deformation of one centimetre. 

 

 
 

Figure 8 : global factor of safety (increasing curves) and global 
safety margins in case of 23 layers 

 
This interesting result is presented on Figure 8 

and figure 9 which show global factor of safety (in-
creasing curves) and global safety margins (decreas-
ing curves) in two cases, with 23 layers of geosyn-
thetics and with only 12 layers.  

 
For a target value of global safety factor of 1, one 

can see that this value is reached at 30% of maxi-
mum displacement for 23 layers, and at 60% for 12 
layers. That can be interpreted saying that using half 
of layers, for the same safety, the displacement 
should be twice. 

 

 
 

Figure 9 : global factor of safety (increasing curves) and global 
safety margins in case of 12 layers 

 
The Saint Saturnin abutment was elected by the 

French ministery of publics works as a reference 
work, giving it the IVOR label. 

7 CONCLUSIONS 

This abutment is an important step in the use of 
new technologies for civil works. If some questions 
(how taking in account more accurately creep behav-
iour of geosynthetics?) remains open, and ask for 
new laboratory experiments, full scale experiments 
are for the engineers the best way to integrate and 
check new ideas. 
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