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ABSTRACT : Some techniques of earth reinforcement are based on geocells. This paper deals with the inter-
action between the geoceélls and the mechanical properties induced by the reinforcement. After the stage of
soil densification, geocells can be roughly considered as blocks. Since the different cells are overlapped, the
finction of the mechanical connections between the cells must be clarified. To answer this question, an ex-
perimental and numerical analysis has been performed. The mechanical behaviour of the cellular layers will
be presented in this paper and illustrated with the main results of the experimental and numerical studies.

1 INTRODUCTION'

Areinforced soil is a composite material made of in-
clusions resisting to the traction forces and placed

into a compacted soil. The interaction between the’

soil and the reinforcement is essential for a good
transmission of the stress. This interaction is usually
created by the use of granular materials which per-
mits to generate a rubbing intcrface between the soil
and the rcinforcement. The concept of soil rein-
forcement with geocells gives some morc complex
interactive mechanisms and features confined soil.
Among the different techniques of .cellular rein-

forcement, the Sol Solution walls made of three-

dimensional geocells is studied. This geocell rein-
forcement technique has contributed to realize more
than thirty walls in France. For example, Sol Solu-
tion has developed an innovative technique consist-
ing in tank confinement based on a complete stabil-
ity study carried out with earthquake resistant data
(see Figures 1, 2).

The present new research consists in an analysis
of the mechanical behaviours of the geocell wall.
The structural behaviours of geocell reinforcement,

geocell

concrete sl

Figure 1. Confining transverse section.
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Figure 2. Building site scheme.

the interaction between the geocells and the influ-
ence of the textile modulus are studied to optimise
the type and the repartition of the inclusions. It is

expected to better understand the mechanisms of this

process.

2 | BEHAVIOUR OF ONE GEOCELL LAYER

2.1 Experimentation

This first experiment allows to analyse the interac- -
tion between nonconnected geocells. The filling ma-
terial is a two-dimensional granular medium (Schne-
ebeli 1956, Mezghani 1987). The layer rests onto an
inclined plane so that it is mainly subject to the force

. of gravity (Fig. 3).

This experiment is useful to study the compaction

" effect of the structural behaviour. When the force of

gravity is applied to the geocell layer, the lack of
density of the granular medium creates voids inside
the geocells. After the stage of densification, geo-
cells can be roughly considered as blocks. The com-
paction effect is clearly pointed out by the small de-
formation (less than 1%) of the layer with an import-
ant densification.



Figure 3. Experimental setup.
2.2 Numerical approach

The numerical model uses the finite difference
method (Billaux 1992). This model built with the
FLAC package allows to study qualitatively of the
"nonconnected geocells’ behaviour. Geocells are
modeled with the cable elements (Fig. 4). This nu-
merical approach permits to better understand the in-
teraction between the different cells.

The gravity force is applied to the geocell layer
which is fixed at the top by beam elements. The mesh
and boundary conditions are shown in Figure 4.
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Figure 4. Geometry and boundary conditions.,

—

Figure 5. Horizontal stress repartition.

The interaction between the different cells is em-
phasized by the repartition of horizontal stress. The
stress concentration in the middle of each cell is pre-
sented in Fig. 5.

This stress repartition shows that the geocells cre-
ate a rubble mechanism.

2.3 Conclusion

Those experimental and numerical approaches allow
to analyze the interaction between the geocells. This
interaction depends on the density of the filling mate-
rial as well as on its compaction. With an important
density, geocells can be roughly considered as blocks.
Their interaction creates a self-blocking balance.

3 STRUCTURAL STUDY OF REDUCED-
SCALE WALLS '

3.1 Experimental approach

Many experimental analysis of geocell reinforced
walls show that the reinforcement leads to a shear
strength increase which can be assimilated to an ap-
parent cohesion (Breuil 1993, Gourvés 1996, Reiff-
steck 1996). The object of these new experiments is
to study the effect of geocells without connections.
Two reinforced reduced-scale walls have been built
up with several nonconnected geocell layers. The
only difference between those reduced-scale walls is
the mechanical properties of the reinforcement. The
filling sand has a friction angle of 38° and has no
cohesion. '

3.2 Paper reinforcement

The wall to be tested is reinforced by paper noncon-
nected geocell layers. The young’s modulus of the
paper is 3GPa. The geocell layers dimensions are
hight 1.7cm, depth 70cm and length 83cm. The di-
ameter of each cell is roughly Scm. The loading is
applied to the wall through a metal load repartition
plate. A 100kN jack and its hydraulic power station
are used.

3
ERsurement
device

Figure 6. Wall instrumentation.
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The measurements of the external behaviour are
based on the analysis of the facing strain and the
sheet displacement. The measurement device helps
us to control nine displacement sensors (from Ato I)
and one force sensor (sensor J) (Figures 6, 7).

Friction occurs between the soil and the lateral
plates. To avoid this effect, the lateral plates are lu-
bricated (the soil is protected by a thin plastic mem-
brane and grease). Sensors D and E permit to study
the lateral effects. The loading increases at a fairly
linear rate, as can be observed in Figure 8 No
boundary effect is obtained (see Fig. 8-a).

83cm

s

Figure 7. Facing instrumentation.
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Figure 8. Displacement measurements.

The stress-strain relation applied to the loading
distribution plate permits to determine the stiffness
defined by the ratio between applied loading and
displacement : 7kN/mm. ,

At a load of 80kN, a sudden collapse of the wall -
occurred. The failure line (Mohr-Coulomb type) un-
derlines that the soil-geocells composite exhibits the
same friction angle as the filling sand. The cells
have an effective strength which can be interpreted
as an apparent cohesion (Fig. 9).

With the limit equilibrium method of the Cou-
lomb corner, the tension sum of the reinforcement
can be determined.

cos(7 /4 — ¢/2) - tan(@).cos(z/4+ ¢[2)
sin(7 /4 - ¢/2) + tan(p)sin(z /4 + ¢ /2)

where W is the weight of the Coulomb comner, F the.
vertical loading and ¢ the friction angle of the filling
soil. ' _

The block method gives the average tension in
each reinforcement. A comparison betwcen the av-
erage tension and the strength can be performed with

T=(F+W)

. the tensile test. The reinforcement of the wall broke

with the traction forces and did not with the shearing
strength. It is important to notice that the passive an-
chorage has not been deformed.

3.3 Polyan reinforcement

The Young’s modulus of the polymer used in the

‘second experiment is thirty times less important than

the modulus of the paper (Fig.10).

reinforced

Figure 9. Shear strength increase.
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Figure 10. Stress/strain curve : Paper and polyan specimens.
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In this second experiment the usual displacement
sensors could not be used to measure the facing
strain. The dimensions and the design of the wall are
the same as the paper reinforcement’s one. Only the
distribution plate is equipped with displacement and
force sensors (Fig.11).

The facing displacement is captured and taped by
a video system (Peuchot 2000). Following the ob-
servation of the gravity center of some marks
(Fig.12) the three-dimensional measurements of dis-
placement is obtained.. The distribution plate is also
determined by the cameras. The accuracy of this
technique is 1/10000 of the distance between the in-
strumented object and the video camera. In this ex-
periment, the accuracy is therefore of 0.lmm (the
camera is 1 m far from the wall).

The measurements of the facing obtained with the

. forty-two. marks show that the global displacement
of the facing is homogeneous (Fig.13).

This second structure is softer than the paper geo-
cell reinforcement. An homogeneous displacement
of the plate and an initial stiffness (ratio between ap-
plied loading and displacement) of 1.4kN/mm
(Fig.14) are observed. :
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Figure 11. Experimental shape.

Figure 12. Experimental setup.

The shearing zone is observed for each layer
(Fig.15). The passive anchorage has not been subject
to any strain.

The failure surface and the distortion of the rein-
forced soil are presented in Figure 16.

The shearing zone is bounded by the passive an-
chorage and the active block. The failure of Mohr-
Coulomb type shows that the .composite reinforced
soil exhibits the same friction angle as the filling
soil.

Figure 13. Displacements evolution.
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Figure 14. Plate displacement.
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Figure 15. Layer’s distortion.
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Figure 16. The failure surface.

3.4 Comparison between the two reinforced walls

gebcell reinforced wall. Cells’ interactions are ana-

lysed with a geocell layer without connections. This

The only difference between the paper and the plas- -

tic reduced-scale walls is the nature of the reinforc-
ing material. The ratio between their elastic modulus
is about thirty. The behaviour of a reinforced soil
depends on the mechanical characteristics of the re-
inforcement. In this case, the initial stiffness of the
composite soil-reinforcement is 7kN/mm for the
rigid structure and 1.4kN/mm for the soft wall. The

magnitude of the displacement is very sensitive to

the Young’s modulus of the geotextile.

Nevertheless, the failure mechanism is the same:
no passive anchorage movement is detected, the
same phenomenon is observed. We have an active
block comer.

4 CONCLUSION

The mechanism of a geocell layer under loading is

analysed to better understand the behaviour of a

approach is useful to observe the rubble mechanism.
The reduced-scale wall experiments show that geo-
cell reinforcements can be assimilated as an apparent
cohesion. Failure mechanisms are not different if a
soft or a rigid structure is used. Some previous tests
carried out on reinforced soils with connected geo-
cells gave similar results in termns of displacement
and strength. Consequently, the geocells without
connections exhibit the same properties as the geo-
cells with connections in this type of test. -

REFERENCES

Billaux, D. & P. Cundall. 1993. Simulation of geomaterial with
a lagrangian elements method. Revue Frangaise Geotech-
nique. N 63:296-303. .

Breuil, D. 1993. Etude du comportement de mur de souténe-
ment réalisés 4 I'aide d’un géotextile tridimensionnel
alvéolaire. technical report. Blaise Pascal University.

Gourves, R, P. Reiff'steck. & J.F. Vignon 1996. Design of geo-
cells reinforced soil structure through a homogenization
method and a finite difference method: Comparison and
charts. International symposium on Earth Reinforcement,
Kyushu. 357-362.

Mezghani, A. 1987. Milieu granulaire : Analyse statistique de
état de contrainte macroscopique au sein d’un milieu
analogique. doctoral dissertation. Blaise Pascal University. .

Peuchot, B. 2000. 3 D video measurement material brochure.
Vidéometric. '

Reiffsteck, P. 1996. Etude du comportement mécanique du
géotextile tridimensionnel alvéolaire ARMATER®. doc-
toral dissertation. Blaise Pascal University.

" Schneebeli, G. 1956. Une analogie mécanique pour les terres

441

sans cohesion. Compte rendu des scéances de 1'Académie
des Sciences, Tome 243 : 125.



