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M, LE PRESIDENT

Ladies & Gentlemen,

T am honoured to have been asked to preside
over Session II of this important conferen-
ce. The subject we shall be dealing with
this afternoon - the application of fabrics
to earth fills and embankments - is one of
considerable potential importance to civil
engineers throughout the world for roads,
railways and hydraulie works. Although, for
the vast majority of our work, we have lit-
tle diffieculty in achieving well-compacted
Fills at low cost and at high speed, the
use of fabrics might help us to overcome
some of the problems which do occur.

The main problems which the civil engineer
encounters in earth f£ills can be summarised

(i} a weak subscil, giving rise to diffi-
culty in placing and compacting the
super-imposed £ill and, subsequently,
large settlement in the £ill due to
consclidation of the subsoil.

wet conditions, giving rise to diffi-

(ii)
culty in moving construction plant
over a site.

(iii)} Unsuitable local fill material, ei-

ther poorly graded gravels or rocks
or cohesion soils above optimum for
compaction, resulting in high costs of
importing suitable material to the
site.

The six papers presented to us this after-
noon deal with certain aspects of these

problems and I am particularly pleased that
they provide some well-documented evidence
of full scale trials using fabrics under a
variety of circumstances. I hope that con-

triputors to the discussion will be able to

add further evidence of this type. Theory
and small-scale laboratory test results are
necessary and helpful to explain the likely
performance of fabrics in earth £fills, but

s

La session est ouvernte & 14 h 30
sous La prisdidence de M. BLAKE.

full-scale practical results are essential

to satisfy an engineer that he would be ta-
king a responsible decision to use fabrics

to golve a particular problem.

I am not expert on fabrics but, fortunately,
I am supported on this occasion by two real
experts. Professor Bell, of the Oregon
State University and Monsieur Puig of the
Bridges and Highways Laboratory at Toulouse.
I thank them for their support and advice.

Before calling on each of the authors in
turn to present their papers, I should like
to apologise in advance to them and to any
contributors that I may have to cut short
of time. We have a lot to do in the time
available.

COMMUNICATIONS

Remblais routiers sur terrains compressibles
exécutés 3 1'aide de textiles synthé&tigques

Communication présentée par M. BELLONI

Armature de traction en tektile, un nouveau
procéddé pour améliorer la stabilité des
grands remblais sur sols mous

Communication présentée par M. KREKT

Einbhau von Textilvliesen unter Erd&mmen -
Vergleich verschiedener Fabrikate

Communication présentée par M. WILMERS

Construction and analysis of a fabric rein-
forced low embankment on muskeg

Communication présentée par M. MAAGDENBERG
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Discussion

M. le Président

Je crods que nous sommes arrivés & La fin des expo-
484,

Nous avons défd quelques questions.

J'espine qué nows powkons fes traiten pendani Les
douze minutes qui nous restent.

Question de M. PASQUET & M. BELL

Comment est modélisé le textile ?
Quelle est son &paisseur ?

Quelles sont les hypothé&ses de contact éol/
textile ?2

M. BELL

The fabric characteristics are given in the
paper. The thickness depends somewhat on
the pressure on the fabric, but it is about
3 mm.

I believe that in an applicaticon such as we
describe in our 'paper the fabric has two
main reinforcing functions. First, it brid-

ges over local weak areas in the foundation.

In this function the mechanism is probably
similar to that discussed by Nieuwenhuis in
Session I. Second, the fabric provides ten-
sile reinforcement to the bottom of the
granular £ill and thus prevents tensile
failure of the fill and lateral spreading.
In this case the stress transfer is by
friction between the fabric and the granu-
lar f£ill.
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Question de M, MIANO & M. KREKT

1. Did your ever construct actual embank-
ments over nonwoven fabrics which failed
and the woven fabrics you talked about per-
formed satisfactorily ? i.e., is there con-
trolled experiment which could support your
woven vs. non-woven conclusion ?

2. When reporting tensile properties for
fabrics, what strain rate did you choose ?
What was your rationale for choosing that
strain rate ?

M. KREKT

A notre avis, 4L n'est pas bon de procider de cet-
e facon-£&.

Nows sommes d'avis, en effet, qu'il faut un faible
allongement & module 2Leve poun atteindre des rup-
funes de ce gente.

C'est probablement L& une nEponse & gaire powr £a
seconde question.

Avant que Lo glissement se produdse, Lorsque vous
avez une déformation horizontale ajfoutée & La dE-
formation d'exploifation que vous pouvez donnet au
fextile poun Bviten La fonmation de ce plan de
glissement, fe vous al présents une diapositive.

Lonsqu'il n'y a pas de déformation horizontale,
Lonsque L'on a ajfaine & une couche extrémement
cohBrente dans La partie sup@riewre, relatfivement
cohBrente et homogine, vous devez Lewin compfe d'u-
ne certaine Efongation qui empiche La fommation des
cnigues dans Le sol,

J'esplre aveir aépondu & vos questions.

Question de M. RUDDOCK & M. WILMERS

In model studies there is a wide divergence
of results, some authors finding structural



improvement and cothers finding none in si-
milar systems. The point at which all au-
thors agree is that structural improvement
requires large deformation. Deformation of
what ? Is it deformation of £ill or subbase,
which should be obtained during compaction ?
Or is it deformation of fabric ? And does
the benefit last if a stiff pavement is
placed on top of the fill or subbase after
deformation ? It might explain why some mo-
del tests show benefits and other do not.

Question de M. MARIOTTI & M. WILMERS

Question & poser sur efficacité des texti-
les pour route provisoire et inefficacité
pour route normale.

M. WILMERS

Bel steigender Deformation des Gesamtsys-
tems Untergrund + Textil + Schiittung zeigen
sich Vorteile gegeniliber Systemen aus Unter-
grund + Schiittung. Diese Vorteile - relativ
geringere Deformation bei gleicher Belas-
tung - dilrften wohl in erster Linie auf den
Deformationswiderstand des Textils zuriick-
zufiihren sein, denn hier gibt es graduelle
Unterschiede zwischen Vliesen von unter-
schiedlichem Last-Dehnungsverhalten. Vor-
ausgesetzt wird eine Deformation von Unter-
grund und Schiittung. Das erkldrt, warum
Vliese unter Schiittungen auf weichem Unter=-
grund einen messbaren Effekt haben, aber
nicht bei steifem Untergrund.

Damit kann wohl die positive Erfahrung bei

provisorischen Strassen bzw. beim Schiitten

der unteren Lagen eines Dammes auf weichem

Untergrund erklidrt werden, denn hier werden
hohe Verformungen toleriert.

Anderseits geht der Einfluss des Textils
zurlick, wenn durch gr8ssere H8he eines Dam-
mes oder durch eine steife Fahrbahnbefesti-
gung Lasten so weit abgebaut werden, dass
sie nicht mehr zu entsprechenden Verformun-
gen des Untergrundes fiihren. In diesem Fal-
le verliert das Textil seine sichernde
Funktion, behidlt aber die Bedeutung als
Trennschicht.

Question de M. KIELBASSA 3 M. WILMERS

1. In welcher Tiefe wurde der Porenwasser-
Uberdruck gemessen ?

2. Die Deutung des Belastungsversuches
steht im Widerspruch zur Konsolidierungs-
theorie, weil die Grdsse einer Konsolidie-
rungssetzung nicht vom Porenwasserdruck ab-
h&ngt.

M. WILMERS

zu 1 : Die Anordnung der Porenwasserdruck-
geber unter dem Probedamm Bisses geht aus
Bild 1 zum Referat in Band 1 der Proceedings
hervor. Der Porenwasseriliberdruck wdhrend

der Belastungsversuche wurde aus gerdtete-
chnischen Griinden nur an den tiefen Gebern
(1,80 m unter Gelédnde) registriert.

zu 2 : Das dargestellte Ergebnis ist durch
mehrfache Messung unter verschiedenen Las-
ten und zZu unterschiedlichen Stadien der
Xonsolidierung gesichert. Es handelt sich
im iibrigen um einen Lastverformungsversuch,
der nicht dem klassischen Lastsetzungsver-—
such vergleichbar ist, sondern den Deflek-
tionsmessungen unter kurz wirkender Last
entspricht, wie sie auf Fahrbahnbefestigun-
gen mit dem Benkelmanbalken oder dem De=-
flectograph ausgefihrt werden. Hierbei wird
in erster Linie das quasi - elastische Ver-
halten, nur untergeordnet das gquasiplasti-
sche Verhalten einer Schicht untersucht.
Die dargestellte maximale Verformung bei
Belastung entspricht der "Deflexion" unter
dem anrollenden Rad wie sie in Frankreich
gemessen wird, die Riickfederung bei Entlas-
tung dem "Einsenkungswert" wie er in
Deutschland registriert wird. Fiir diese
Verformungen ist der Wassergehalt der ge-
priiften Schicht und damit der Porenwasser-—
{iberdruck bei Belastung von wesentlicher
Bedeutung.

M. LE PRESIDENT

12 ne nous reste guénre de temps. IL nous reste en-
coke a4x ou sepl questions, dond certaines sont
trhop diffdleiles. D'auires padfugent peut-étre des
séances de tout a £'hewre.

Je chods que maintenant, nous devons clone cetfe
session, mais avant, fe voudrals §aire deux cho-
seh.

D'abord, fe voudnais inviter tous Les ornateurs des
sBances fufurnes & prendre confact avec fa présiden-
ce de cet aprs-midi.

Je voudrais Egalement nemencien Les autewrs de cet-
te sdance, pour avolir prisents avee tant de clarnté

Leun congérence, et pour avedn bien voulu rBpondne
aux questions qui Lewn ont EXE posées.

[La sance est Levie & 16 h 10)
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Discussion écrite
Written discussion

Question de M. DOERR & M. KREKT

Have you experiences or did vou make tests,
of how long a fabric can stay in an embank-
ment ? Can it only be used, until the soil

is consolidated ?

M, KREKT

Depending on the applied load the fabric
can act as a reinforcement for quite a long
time.

In our opinion however the fabric is only
necessary during the construction period
and the primary compression time.

During this period the soil gradually takes

over the function of the fabric and provi-
des enough shearing resistance.

Question de M. BJERIN a4 M. KREKT

Have you made any studies on the size of
the deformation of the textile and in the
soil 2

M. KREKT

In our test in Zewenhoven we have examined
in detail the deformation of textile and
soil.

Deformations in the fabric up to 12% have
been measured. For the elongation measure-
ment the device described by Mr. Den Hoedt
in session VIII was used.

A detailed report of this test entitled :

"An exploration of the constructive func-
tion of Stabilenka in an embankment" can be
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obtained from Enka Glanzstoff bv, depart-
ment IEN, Velperweg 76, Arnhem, Holland.

Question de M. GIEULLES 3 M. KREKT

Peut-on obtenir sous forme de "tiré 3 part”
plus de détails pratiques gque n'en compte

la note écrite. Notamment le graphique pré-
senté en preojection lors de l'exposéd qui
permet de faire le choix du textile en fonec-
tion de la cohésion recherchée pour 1l'en-
semble (textile-sol de fondation) ?
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M. KREKT

Oui, il est possible d'obtenir le tiré i
part de 1'exposé.

Ci=-joint, le graphique indiquant la résis-
tance nécessaire au STABILENKA (R) (f£ig 1).

Pour calculer la cohésion requise, nous
avons retenu les abaques établies par Pilot
et Moreau (Editions Eyrolles, Paris 1973).

En soustrayant la cohésion du sol de la co-

hésion requise, on trouve la valeur de co-
hésion & prévolr pour le textile.

Question de M. GYSSELS 34 M. BELL,

What do you consider more important

1) Elongation of 50/70% on basis of non-wo-
ven ? - Oy

2) Elasticity of 10/15% on basis of woven
fabrics ?

M. BELL

For low fills for low class haul roads as
discussed in our paper, I presently believe
that the high elongation non-woven fabrics
give the most economical and most convenient
solution. Our analysis shows that for the
same loading the high elongation non-woven
fabrics develop lower stresses than the
higher modulus fabrics. Therefore, weaker
cheaper fabrics can be used.

Extra strength costs extra money. The high
elongation fabrics, also, are not eagily
damaged during construction.

For haul roads the live load is usually ve-
ry large. With an adequate factor of safety
against the live lcad the sustained stres-
ses due to the dead load of a low £ill are
usually small. Therefore, creep will not
normally be a problem for low fills and ex-
tra money spent for low creep fabrics is an
unnecessary expense.

Question de M. RUBITSCHUNG 3 M. BELL

Lors des remblais de matériaux anguleux

L

a) est-1l arrivé que le non-tissé soit
transpercé par les matériaux de remblai ?

H

b} si ouid quel fut le comportement du non-

tissé "A" vis-3i-vis du type "B" face a la
résistance & la dé&chirure amorcée ?

NB : Les feutres "rigides" sont le plus sou-
vent & fibres bloquées (thermofiXées ou
lides chimiquement) alors dgue les non-tissés
"mous" sont généralement aiguilleté&s uni-
quement.

M. BELL

There was no observed damage to the 400 g/m2
needle punched polypropylene fabric (Fa-
bric A) used in the Alaska tests due to the
placing of the large sharp rocks in the
fills. Fabric B was a hypothetical fabric
used in the analysis. Such a fabric was not
used in the field. Experience on other jobs,
however, indicates that for fabrics with
similar strengths the ones with higher mo-
duli are more easily damaged during cons-
truction.

Question de M. PRINZL & M. WILMERS

1. BEs wlirde mich doch der Untergrund des
Probefeldes interessieren. Wenn ein derartig
grosser Unterschied beim Grundwasserspie-
gel vorhanden ist, miisste doch auch ein Un~
terschied im anstehenden Boden gegeben sein.

2. Wie erklirt Herr Wilmers den auffdlligen
Sprung der Verformungen beim Belastungsver-
such, obwohl der Dammaufbau kontinuierlich
abnimmt.

M. WILMERS

zu 1 : Der Unterschied im Grundwasserspiegel
erkldrt sich darauns, dass kurz vor dem Bau
des Probedammes ein guer dazu verlaufender
Bach begradigt und abgesenkt worden ist.

Der Grundwasserspiegel ist der Boden im
vVersuchsfeld weitgehend gleichfdrmig, wie
durch eine Flille von Bohrungen, Fliigel und
Rammsondierungen nachgewiesen worden ist.

zu 2 : Aus Bild 1 zum Referat in Band 1 der
Proceedings geht hervor, dass der Damm ge-
stuft aufgebaut ist. Jeweils vier Setzungs-
messpegel stehen in einer Stufe und sind
somit untereinander wvergleichbhar. Der Sprung
zu Pegeln in benachbarten Stufen ist tat-
sdchlig deutlich. Eine gegenseitige Beein-
flussung benachbarter Stufen konnte ausge-
schlossen werden.
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Question de M. MAUDUIT i M. MAAGDENBERG

L'auteur indique qu'il v a int&rét i em-
ployer un textile qui présente une &longa-
tion faible (la dernidre phrase de son ex-
posé) .

Est=il plus intéressant d'utiliser un tissu
plutdt qu'un non-tissé (la force pour la
méme déformation doit &tre plus &levée) ?

Y aurait-il encore plus intérét i utiliser
un tissu de verre (3 trés faible allonge-
ment pour effort &levd) plutdt qu'un texti-
le présentant un fort allongement ?

M, MAAGDENBERG

On account of the test~results and calcula-
tions is concluded, that the membrane only
improves the stability considerably, if the
fabric is able to develop a much higher
strength by substantial smaller deforma-
tions.

An impression of the size of this strength
can be obtained by means of figure 5 of my
paper. To achieve such a stability-improve-
ment, that at test-stretch-circumstances in
‘one run a sandthickness of 2.50 m can be
made, the inlay must bear forces greater
than 50 klN/m .

At these forces the admissible deformations
must be in connection with the avoiding of
forming a crack in the subscil in the order
of 2 till 4%.

Generally there is no preference to use a
woven fabric over a non-woven fabric if
both have the same strength-strain proper-
ties, The difference in production proces-
ses of both types of fabric i.e. the range
of the threads, involves that probably a
woven fabric can meet the mentioned requi-
rements of strength-strain ratio sooner
than a non-woven fabric.

Glass fibre in itself is a material with a
high modulus of elastiecity, yet it has of a
great fragility. The woven glass fibre fa-
bric, for which the fibres generally are
protected because of the fragility, will
therefore meet the mentioned requirements
concerning the strength-strain ratio.

The prcblems concerning the use of glass
fibre fabric under a sand embankment are
related to the execution.

On account of the fragility such a fabric
has a too small deformation-buffer to
orient itself into the load direction.

The glass fibre fabric shall be exactly
build in the load direction. Moreover the
flexibility of the fabric is too small to
follow the unevenness in the ground on
which it has to be placed, without collap-
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sing. The use of glass fibre fabric demands
a very even ground surface.

Without the hecessary precautions the glass
fibre fabric is useless for the mentioned
application.

The chance of collapsing of the fabric in

the execution phase because of its too
small deformation buffer is very great.

Commentaire de M. BQULARD

Les communications présentées traitent du
probléme d'un "bon" remblali érigé sur une
"mauvaise" fondation. La Direction des Tra-
vaux Maritimes de BREST a l'expérience du
probléme "inverse" sur le chantier du Bas=-
sin 10 du Port Militaire de BREST {(cf Revue
"Travaux" n® 475 ~ Octobre 74) un filtre
en non-tissé& est utilisé pour prévenir le
départ de matériau fin (sable maritime mis
en remblai par voie hydrauligue) & travers
une digue de retenue en matériaux rocheux
assez ouverts et contenant des gros &léments
(jusqu'a 50 cm). Dans ce cas, la résistance
mécanigque du filtre est mobilis&e gquand il
forme "pont" entre les enrochements, et les
risques de déchirure sont élevés. Il est
nécessaire de prévoir 3 la pose des possi=-
bilités d'extension du filtre textile pour
gqu'il épcuse au mieux la surface du subs-
tratum d'une part, ne se déchire pas sous
l'effet des frottements tendant 3 le faire
glisser le long du talus d'autre part. Ce-
ci nécessite l'utilisation de soufflets
cousus avec des fils cassants et répartis
gsur la surface des lés, et le recours & un
"cloutage" du textile en t&te du talus de
la digue (4 l'aide d'aciers & béton).

Le remblai sableux devant recevoir un com-
pactage dyvnamique violent, le filtre est de
surcroit soumis & des efforts verticaux im-
portants. Des planches d'essai ont montré
que le non-tissé prévu (Bidim U 44) résis-
tait mal (dé&chirures et poingonnements) sur
un talus "naturel" et sous remblai sableux
peu épais compacté 3 120 mt/m2 en surface.
La solution retenue aprés essais complémen-
taires comportait un réglage des talus de
la digue & l'aide de matériaux 20/40 assu-
rant une meilleure surface d'appui, avec
interposition en partie supérieure d'une
couche de textile "xxx" tissé&, dont le réle
&tait de "ponter" les petites imperfections
en conférant une certaine résistance méca-
nigue aux zones sollicitées par le compac-
tage dynamique et de faciliter le glisse-
ment du filtre en Bidim lors du remblaie-
ment sableux, et passage en U 64 (600 g/m2)
en dessous de la cote -Tm.

Le chantier a &té par ailleurs contrarié



par le colmatage excessif du Bidim, gui a
marée montante occasionnait des ballonne-
ments des voiles déja posés sur les talus
des digues, Un lestage des lés dé€ja posés
et un renfort de cloutage ont ét& nécessal-
res et n'ont pas empéché& la création de
certaines déchirures sous-marines entre lés
jointifs, occasionnant ainsi des points
préférentiels de départ du sable qui ont di
étre traités par injections.

Au total 29.000 m2 de Bidim U 44 et U 64 et
6.600 m2 de xxx ont été utilisés sur ce

chantier § la mer, en pose aérienne ou
sous-marine.
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LARS BJERIN

Swedish Geotechnical Institute

Results of deformation measurements on woven polyester fabric used as

reinforcement in a road embankment

Introduction

In 1974 a new road was constructed north of Stockhoim
passing a 1 km long area of soft ¢clay. The road was designed
to carry vehicles for transformer transports with a tota! load
of 700 tons, To increase the stability of the road a woven
polyester fabric was put into the embankment in two layers
and ancored in adjacent loading berms on both sides of the
road.

By order of the National Road Authorities measurements of
the deformation of the fabric were carried out, on one hand
of the long-term deformations and on the other hand of the
deformations due to one of the named transformer transports.

Presumptions

The heavy transport vehicle, with a total load of 700 ton, in-
duces two load areas, 3.656 m wide and 17.6 m long, with a
load of 60 kPa.

The soil consists of soft clay down to a maximum depth of
12 'm. The undrained shear resistance of the clay varies be-
tween 7 and 15 kPa.

The road embankment was 1.2 m high and 7 m wide with 8 m
adjacent loading berms (of the same height as the road} on
both sides of the road, '

The fabric reinforcement consisted of two layers of fabric
of hardened woven polyester with a total length of 17 m, The
fabric was prestressed by 1% when put into place to reduce
the initial tension in the fabric. Each layer of fabric has a
thaoretical strength of 85 kN/m at a tension of about 15%.
The reinforcement was ancored in the loading berms on both
sides of the road and was calcufated to get a maximum load
of 70 kN/m.

In figure 1a and 1b the calculated most dangerous slide-circles
are shown without and with consideration of the reinforce-
ment. By introducing a horizontal force in the reinforcement
the centre of the most dangerous slid-circles are displaced
downwards and the factor of safety increases from 1.0 to the
desired 1.3. For ordinary traffic load (10 kPa) the factor of
safety is 2.3 (figure 1c).
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Results

Long-term deformations

The horizontal deformation of the fabric was measured with
the help of small magnets (27 pieces) fixed to the fabric. The
positions of the magnhets were determined through a pipe
close to the fabric.

Figure 2 shows the horizontal tension of the fabric related to
the centre-line of the road at different times up to one year
after the completion of the road.

The largest tension 0.3 — 0.4% was registered under the pave-
ment while the tension under the loading berms was 0.1%.
The speed of the tension was largest in the beginning with
continuing decrease.

The vertical deformation during the above named period was
0.30 m under the centre of the road and 0.22 m under the
berms.

Deformations due to heavy transport load

Figure 3 shows the measured maximum deformations in the
fabric at the passing by of the 700 ton vehicle. Under the
centre of the road the settlement was 17 mm while a small
heave {1.5 mm} tock place in the loading berm. The tension
under the road surface was 4 mm which corresponds to 0.06%.
Locally under the edge of the traffic load the tension was
0.1%. The vertical deformation was almost retrogressive while
the horizontal deformation seemed to be permanent.

Conclusions

The long-term tension in the fabric is not due to differential
settlements under the road embankment as these only could
contribute to a tension in the order of 0.002%. The tension is

therefore probably an effect of creep movement in the soil -

despite the high factor of safety. Evidently the fabric does
not resist these creep deformations from the permanent load
as a continuing tension was measured. The load in the fabric
is very small compared with its total strength.

The small measured deformations during the passing by of
the vehicle show that the reinforcement has affected the sta-
bility of the road very little. This depends probably partly on
the short loading period (about 1 minute} and partly on the
fact that the factor of safety without considering the fabric is
about 1.0.

In order to get an obvious contribution from the fabric to
the stability of the embankment the soil has to deform to
such a degree that the fabric stress is mobilized. Then it is im-
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not take place in the soil. The allowed deformation in the soil
should be the base for the discussion of the necessary defor-
mation modulus in the fabric.
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