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STABILISATION DE TALUS PAR RENFORCEMENT TOUT TEXTILE: OUVRAGES EXPERIMENTAL ET REEL 

The early application in France of the geotextile rein
farcement methcd in soil reinforeement is up to 1971 cn 
A 15 rrotarway When horizcntal layers of f<;!brie were 
incorporated in soil as reinforcing element. 
Since, others structures were constructed with various 
methcds of design and constructicn techniques. 
In 1984 an experimental embankrnent is construeted by the 
Lal::oratoire Central des Pents et Chaussees aimed to ap
preciate the theoretieal and practical design aspects. 
This paper reports cn results from this experiments with 
informations cn aonstruction technique (mdbile shutter, 
cubie pillOW" ... ) and observations on the deformation 
behaviour of the structure. It is OJmpleted by an appli
caticn cn site. 'llie new technique developped in this 
case is the cnly-use of geotextile as reinforcing ele
ments and faeing unit wall (cubie pillows). Experience 
shows that this construction technique is a gcod respcn
se to prcduce eccnomic structure of esthetic appeal. 

INrffiOOcrION 

It has been demonstrated that geotextile-reinforced 
earth methcd can be an interesting aonstruction techni
que. In the case of the geotextile-reinforced earth
retaining structures or reinforced erribankment slopes, 
advaneed developnents of this applications necessary 
invol ve the irrprovement of appropriate construction 
methcd, the possibility of use of local materials and 
the better requirements for geotextile fitted for pur
pose. 

Oansequently, the Lal::oratoire Central des Fants et 
ClJaussees (FRANCE) was carried out at Rauen an experi
~tal embankment in order to investigate the rein force
ment mechanisms and the construction procedure . A 
construction procedure based cn cubic gabion arrangement 
was used. Gabicn arrangement was provided in this case 
the shutter and the face wall during and after the 
construction pericd. 

Experimental investigation was followed by an applica
ticn cn the site of TROUVllLE SUR MER. 

A - EXPERIMENl'AL EMBANKMENI' OF ROUEN 

Sinee 1971, When was constructed the first geotexti
le reinforced structure ( 1), others similar structures 
were realized. However, according to various placement 
technologies and design methods used, many difficulties 
have been encountered, particularly the esthetic appea
rance. 

The aim of experimental e~t is to point out a 
comprehensive knowledge of reinforcement mechanisms and 
to study sorne specific construction problems. 
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A-l- Description 

Four test sections of 10 m length each were 
realized (!*toto 1). Each test section presented a 45° 
inclined slope and a vertieal slope. 'lhe feature of this 
experimental embankment was the use of a weak soil at 
wet condition for fill material (figure 1). 

IiJoto 1 : Experimental embankrrent of Fouen 
slope angle of 45° 

M'lterials used 

'lhe soil tested is a loam with the following properties: 
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figure 1 : Thbankment cross-section 
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Triaxial test results 

(CD test-Degree of compac
tiCCl = 0, 94 of max 
dry density) 

Soil properties 
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(standard PL<JCtor Test) 
Optimum moisture content 
W = 14 % 

Four geotextile types were tested in this investigation: 
- a woven geotextile of polypropylene fibrilated tapes 

um 44 614 
- a woven geotextile, closely-woven polyester 

'!ER 2013 R 
- a woven geotextile, open-weave srABII..ENKA AJOUR 135 
- a needle-punched non-woven geotextile bonded onto a 

polyester grid BIDIM R 2224 

C>l..f kN/m tf % 
module masse f'urf 
J( kN Im g(m2 

UCO 44 614 90 9 % 1000 500 
TER 2013 R 120 17 % 700 300 
STA AJOUR 135 130 11% 1100 290 
BD R 2224 70 15 % 450 500 

la1:x:Jratory tests were achieved to determine the short 
term soi1-geotextile coefficient of friction. Figure 2 
gives test resu1ts. It is shown that CCle of geotexti1e 
was presented a low adhesion upon the saturated loam. 

2S 

STA AJOUR 135 
Deo 44 61 '1 
BO R 2224 
TER 2013 H 

contrainte normale 
°O~----~~~"------~~~----~7=5~--~1~OO~--~kPa 

figure 2 
a - Typioal curves 

of BD R 2224 

Friction test results 
Force-displacement relationship 

b - Comparative test results 
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Design method 

Für design oalculations, the thickness of the layer was 
fixed and equal to 0,80 m, according to specified 
compaction criteria for fill ernbankrrent and earthworks. 
Design with different method of analysis was achieved 
(~). 

The results indicate a theoretical rate of tension 
developing in the reinforcement geotextile ( the lowest 
mat) of : 

theoretical rate 

BD R 2224 . . ..•...... . ....... ... • 
'!ER 2013 R •••••••••••• ••••••.••• 
srA AJOUR 135 .................. . 
um 44 614 ..................... . 

of tension 
35 % of the 
27 % breaking 
27 % load 
30 % 

CalculatiCCl was based on the long term triaxial test 
results of loam (C' = 0 kPa, lD' = 30°). To take account 
of the geotextile anchorage at the fabric-soil 
interface, a coefficient of 0,67 was be applied to the 
tg '/!' value. 

Instrumentation 

All the test sections were instrurrented (fiqure 3). 

1 ci" 
i---;j(-+-*""""'~lI::---".>-l-1 N A P P E 7 

1> tensiometre 
~ nivelle + repere tapa 

t capteur de-contrainte 
totale 

figure 3 : Vertical side-slope 
instrumentation 

location of the 

The observation and measurements were concerned with : 
- the deformation dharacteristics of ernbankment by means 

of : 
* bench-rrark 
* inclincmeter 
the internal stability by means of : 
* displacement transducer focused at the Rouen la1:x:Jra

toire des Ponts et Chaussees . Transducer was atta
dhed to the geotextile mat by sticking and 001 ted 
joint (photo 2) 

* strain gauges 'lDKYO SOKKI YL 60 large deformation 
(the calibration procedure was realized under the 
standard NF G 38014) 

* Glötz pressure cells 
* tensicmeter : measurements of positive or negative 

pore water pressure. 

A-2- Oonstruction (l) 

'Ihree construction methods were tested in this 
experimental investigati~ (figure 4). 

In the oase of two sections BD R 2224 and um 44614 it 
was used a standard placement technique (type a) as it 
is shown in the diagram of the figure 5 
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nroile shutter hold by textile straps. 
'Th.o types of nobile shutter were used according to slope 
angle (photo 3). 

photo 2 : LCPC displacement transducer - s=-- - -----~t 

rt 11"'"" & .-. - -u - __ -=a"L 
----- -- -------- ---, 

----lo-1.'I! , type b 

figure 4 : Three typical cross-sections of enbankment 

parement incline parement vertical 

figure 5 : Standard technique : type a 

In the case of the two others sections '!'ER 2013 and 
srABILENKA MOOR 135. the standard placement technique 
was used for the inclined side-slope construction and 
two special techniques were performed for the vertical 
facing,construction. The" latter aonsists "of pillow and 
gabion arrangement playing the role of "shutter and 
facing" (photos 4 and 5). 

1087 

Third International Conference on Geotextiles, 
1986, Vienna, Austria 

, .. -.. 

photo 3 Mobile shutter hold by textile straps 
(inclined side-slope) 

'Ihe advantage of this method (types bande) is to 
furnish the need of shutter during the placement stage 
(figure 6) and the pemanent facing units of the wall at 
the oompletion of the embankment construction. 'Ibis 
procedure was allowed to realize high fill enbankments 
without contact of the underlying Sub60il. 

photo 4 "Shutter and facing" : elongated-shaped 
container (ENKA procedure) 

figure 6 "Shutter and facing" construction procedure 
in the case of the vertical facing 
Type b Cubic container 
Type c : Elongated-shaped container 
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moto 5 Cubic container 

Cbntrol at placement 

'Ihe density and moisture oontent measurements are 
realized after each soil layer was laid and oompacted. 
'Ihe results sha.-m a oompaction degree of 92 % to 95 % of 
the maximum dry dmsity (standard Proctor test) and a 
range of moisture content of 19 % to 21 % (Optimum 
moisture oontent + 5). 

In the oase of the vertical slope, the levelling measu
rements were displayed an overturning of the wall during 
the oonstruction period . It was oaused by the deflation 
of the edge of the layering sheet (figure 7) (type a). 
It has been alsa demanstrated that the use of prefabri
cated textile gabions was provided a good manner to. 
salve this problem. In other respects, the gabion must 
be well designed to obvious it ta move under carpaction 
effort (figure 8). 

r 
I • 
\ 
\,,, _ ;;r-'" 
,-
I 
\ 

'~~--------~------~~ 
figure 7 

A-3- Internal stability control 

Displacement 

Strains recorded show that a large part of total defor
mation of geotextile was developed during the construc
tion. The reason of these displacements , Which were 
raised to about ten centimeters near the vertical 
facing, was explained in the diagram of the figure 8. W compoeteur' 

d~placment 

~=="'" relati f 10'" 
Je I 'utilisdtion 
Ju COmfhJcteur 

figure 8 
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In the case of the test section equiped with the lowest 
adhesion geotextile (figure 2) it was observed a slip 
displacement of geotextile within the sail (for the 
lowest geotextile mat) caused by a low degree of the 
möbilization of the short term geotextile-sail friction. 
The geotextile used has not allowed ta dissipate the 
excess pore water pressure generated by cx:.mpaction 
effort and overburden pressure. 

Relative deforrration 

It has been noted that the displacement transducers 
(mota 2) were more suitable for the measurements of ge
otextile deformation While the strain gauges were often 
rendered inoperative at the placement stage. For the 
latter, a scattered difference between inposed strain 
deforrration and measured deforrration has been occured 
during the laboratory calibration test. Figure 9 gives 
the rates of relative deforrration of the geotextile 
sheets n° 3 measured in the case of vertical face 
(figure 3). The following table summarizes maximum elong 
eltaon measured values and calculate tensile force based 
on the stiffness value of geotextile at the laboratory 
tests. 

Deformation Tension Pourcentage 

maximale maximale de la force 

e % kN/m de rupture 

UCO 44 614 3 % 30 33 % 
TER 2013 R 3% 21 18 % 
STA AJOUR 135 2,7 % 29 22 % 
BD R 2224 2 % 9" 13 % 

* calculate tensile force developed in the BD R 2224 was 
probably under-estirrated. The carparaison with the 
tensile force developed amont the steel reinforcement 
used in reinforced earth indicates that the take-up load 
in the twD cases was oorrparatively' close While the 
stiffness of steel strips bed was 50 times as high as 
the stiffness of geotextile. 

• dJ 0 tonce par rapport 
.u pare.ent 

figure 9 : Relative deforrration measured 
(geotextile mat n ° 3 - vertical face) 

Pore presures analysis 

AB it may be seen previously, an excess pore water 
presure was generated during the placement of the wet 
and plastic loam (coefficient of permeability of 
10-9 m/s and in-situ moisture oontent near to the 
plastic limit Wp ). Then it was measured, at the 
oompletion of errbänkment oonstruction and at 4 m depth a 
pore water pressure value of 60 kPa. The ratio of the 
pore water pressure to the overburden pressure of 86 kPa 
was of 0, 70. A year after, this. ratio was decreased ta 
0,35. The tensianeter measures near of two geotextile 
sheets ( figure 3) indicate the influence of geotextile 
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type. At 3,50 m from the wall face (figure 10 a) and in 
the case of SI'A AJOUR 135 section, positive pore water 
press ure of 20 kPa was observed at the completion of 
crnstruction enbankment it was dissipated in 350 days. 
For the sarre location and in the case of BD R 2224, 
negative pore water pressure was measured at the end of 
the oonstruction period. The dissipation of excess pore 
water pressure was achieved by the non~oven geotextile 
during the oonstruction period . At 2,50 m fran the wall 
face, no significant differences in pore water pressure 
were observed ( figure 10 b). At 1, 50 m fran the wall 
face (figure 10 c), the pore water pressure recorded 
values were greatly depended on the draining proportie 
of geotextile tested. In the case of the non-woven geo
textile BD R 2224 with high coefficient of permeability, 
its oontribution to the stability of the reinforced mass 
was concerned with : 

1) the decreasing of the pore water pressure withinthe 
soil and consequently the mcreasmg of its shear 
strength r. n::= c' + (cr- u) tg ~') 

2) the inprovement of the geotextile-soil adhesion When 
excess pore water pressure can be rapidly dissipated. 

In this way, the difficulties encountered and caused by 
an excess pore water pressure can be overcome m using 
the geotextile with high mechanical strength . and high 
coefficient of permeability. 

2~ 11 .(.v 
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-12 
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figure 10 Pore water pressure recorded near of the 
geotextile sheet n° 3 
a - at 3,50 m from vertical face 
b - at 2,50 m from vertical face 
c - at 1,50 m from vertical face 
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B - APPLICATIoo 00 SITE EMBANKMENI' OF 
TOOUVILLE SUR MER 

B-l- Description 

Slope stability analysis and calculations m 
the case of a draining mass provided a factor of safety 
of 1,50 m. It has been adopted the geotextile remforced 
slope embankment technique with using local material for 
fill embankment ( figure 11 ) (dredged sand fran the 
Riviere T<XJQUE). CUbic container procedure as it may be 
seen previously was used for construction. 

figure 11 Wall face 

Design procedure 

Design calculation was based upon the standard rrethod 
(2). 'Ihe reinforced block presented two zones (figure 
12'). The active zone Which attenpted to slide but was 
retained by geotextile sheets and a passive zone Which 
sustained the geotextile sheet anchor. In this case, the 
locus of the maxinrum tensile strength was the Rankine 
failure line. The theoretical rate of tensile force 
developed withm the geotextile was of 20 % of the 
breaking load. The required length of the layering sheet 
(4 m) was determined according to the overturnmg 
stabilityanalysis. 

Test procedure 

Ccntrol tests were perforrned on the reinforcement geo
textile under the standard NF G 38014 : 

UOO 44 614 woven geotextile 
Mass per unit area 550 g/m2 

Breaking load % kN/m 
Ccefficient of geotextile-
soil friction tg ~'Gltg ~' = 0,8 

~'G : angle of geotextile-sand friction 

q 

',5K o ·q+Ko ·'3"H 
I, 

Zone 
possiv(' 

ß 

E 
~ 
on 

" I 

figure 12 : Principle of the design method 

B-2- Construction 

Embankment construction was split up into 
three steps : 
- At the first stage filling the gabions with sand and 

its stockpiling near the construction site. 
- At the second stage : excavation and preparation of 

bedding course for gabions. 



Siope Protection and Retalning Walls 

3A/S 

- At the third stage : aonstruction of the reinforced
soil structure by laying of a 0, 70 m thick each of 
soil . The aonstruction of this embankment of 60 m 
length and 5 m heigth was taken one week (photo 6). 

fhoto 6 Placement : layering anchor sheets with cubic 
gabions to form the wall face 

'Ihis manner of stepped construction was revealed as a 
great interest, a=rding to the ease and the high speed 
of aonstruction. 

Far this type of structure, it has been shown that the 
technique and aonstruction method used was allowed to 
realize a wall face in gaod esthetic aspect (Ii1oto 7). 

photo 7 flnbankment of TOOUVILLE-SUR-MER 

1090 

Third International Conference on Geotextiles, 
1986, Vienna, Austria 

B-3- Conclusion 

The geotextile reinforced slope embankment 
technique used in the case of slip failure of the 
Trouville-sur-Mer cornice was contributed to a low-aost 
structure with a satisfied esthetic appearance. The use 
of cubic gabions to form the wall face were allowed to 
dispense with the shutter, and can be considered as an 
original procedure. 
This type of reinforced structure were advisable in 
order to reduce the land required for constructing the 
enbankment and in the case of retaining wall structures. 

C - AN AOVANCED TECHNlQUE 

The aonstruction of the ROUEN and TROUVILLE-SUR-MER 
enbankments made the following may be concluded. 

* Marginal or locally available soils can be used for 
fill materials. The range of suitable soils was wider 
than those specified for others tec1miques . Ha.rever 
attention must be paid in the case of the use of weak 
soils. Laboratory test must be performed to measure the 
geotextile-soil adhesion characteristics at in-situ 
conditions. 

* The cubic textile containers were shawn as very inte
resting for the placement and the construction method of 
the geotextile reinforced embankment and its aontribu
tion to the general appearance was to be confirmed. 
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