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Practical Construction Techniques for Retaining Structures Using Fabrics and Geogrids 

Techniques pratiques de construction pour les structures de soutement, utilisant des textiles 
et des geogrids 

Early examples of geotextile structures generally had a 
mis-shapen form and it was often suggested that the role 
of geotextiles in retaining structures and 50il rein force
ment was limited to temporary works or to applications 
in which appearance was of secondary importance. Coupled 
with the early trial structures has been the fear, 
expressed by some authors, that the relatively low elastic 
modulus of geotextiles (compared with steel) would theo
retically result in distortion of any retaining structure. 

The paper illustrates, using case histories of both full 
scale trials and completed retaining walls and bridge 
abutments, that geotextiles can be used on the most 
demanding sites to produce economic structures of high 
aesthetic appeal with no defects or distortion. It has 
been fa und that the critical element to the successful 
development of geotextile structures is the construction 
technique and that the theoretical reservations are 
groundless. 

INTRODUCTION 

Early examples of geotextile structures generally have a 
mis-shapen form and it has been suggested that the role 
of geotextiles in retaining structures and soil reinforce 
ment should be limited to temporary works or to applica
tions where appearance 1s of secondary importance. 
Coupled with the early trial structures has been the oft 
expressed fear that the relatively low elastic modulus of 
geotextiles would result in distortion of any retaining 
structure using fabrics. 

Al-Hussaini (1977) (~), in a field trial, conducted at the 
US Army Engineer Waterways Experiment Station (WES), of a 
wall reinforced with nylon fabric in the form of a strip, 
postulated that the collapse of the structure was the 
result of excessive deformation, even though the safety 
criteria for reinforcement tie breakage and tie pullout 
were satisfied. In a separate trial conducted in Oregon 
Bell and Steward (1977) (2), found no evidence of creep in 
a fahric retained wall a;d concluded that creep may not 
be as major a problem with this form of structure as 
originally anticipated. 

From a cursory inspection, the results of these two field 
trials are completely contradictory. However, there were 
differences between the two trials, perhaps the most sig
nificant being the form of the reinforcement used. The 
WES trial used lOOmm(4") strip reinforcement laid at l200m 
(4 1

) centres, giving a reinforced ratio in a horizontal 
plane of 1:12. The strain to failure of the reinforcement 
appears to have been approximately 20%; however, the 
strain in the reinforcement at failure can be calculated 
as varying from 2.8% at the foot of the wall to 5% at the 

Les premiers exemples de structures geotexti1es avaient 
generalement une forme peu satisfaisante et on suggerait 
souvent que le r81e des geotextiles dans les structures 
de soutenement et le renforcement due sol etait limite a 
des travaux temporaires ou ades applications ou 
l'apparence etait d'importance secondaire. Les premiers 
essais de structure out aussi engendre 1a crainte 
exprim~e par certains auteurs, que 1e caefficient d1elas
ticite relativement faible des geotextiles (compare a 
l'acier) entralnerait theoriquement une deformation de 
toutes les structures de soutenement. 

Cette COIDmWlication illustre, a l'aide de cas cl. la fois 
d'essais a grande echelle et de murs de soutenement et 
de culees de pants termines, que les geotextiles peuvent 
etre utilises sur les sites les plus difficiles, peur 
produire des structures econorniques d'un grand attrait 
esthetique, sans defaut ni deformation. On a constate 
que l'~lement critique a 1a reussite du developpement 
de structure geotextiles est 1a technique de construc
tion et que les reserves theoriques ne sont pas fondees. 

top. 

In contrast the fabric reinforcement used by Bell and 
Steward (3) had a reported failure strain varying between 
(60-166)%~ However, complete layers of reinforcement 

were used, and, the reinforcement ratio in the horizontal 
plane was (1:1). Although significantly greater areas of 
reinforcement were used by Bell and Steward this does 
not satisfactorily account for the differeut canelusions 
reached in the two trials. 

Andrawes and McGown (1978) (4), have shown that the mech
anisms originally used to d;seribe the reinforcement of 
soils are simplistic, and argue that rather than refer
ring to materials plaeed in soils are 'reinforcements', 
they should be termed as 'Inclusions', as their 
influence may not always be one of strengthening soil 
struetures. For solid reinforcement such as steel, and 
also perhaps same particular generie forms of reinforce
ment such as strips formed from any materials, the insitu 
and in-isolation properties are likely to he the same. 
However, for materials having a composite construction 
such as fabrics and geogrides, and which are laid in such 
a manner that sheet and abutment effects are evident, 
their insitu properties are known to be different to 
those in-isolation. Moreover, the insitu properties will 
vary depending upon the particular application and the 
reinforcement-soil ratio. In some applications, it can 
be shown that low deformation characteristics, low 
hysteresis and low creep are important. In other condi
tions the need for low creep and good hysteresis is not 
significant. Where an 11 Inclusionl has a higher or lower 
insitu rupture deformation within the soil determines, 
to some extent, the character of the soil-inclusion 
interaction. 
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A CQII\Plf,.w.ens:Lve l).I1da:r:stij.nding of the behaviour of earth 
re!inforcr6'ld sU'lrnc;turas has not been developed and the 
desigm::!r of fahric reinforced structures has few texts 
for assistance. The majority of current design methods 
for earth reinforced structures takes na account of the 
magnitude of the strains induced in the tensile members 
as these have, in the past, been manufactured fram high 
modulus materials such as steel, glass fibre, or the 
higher range of molecular or~entated polyolefins. 
Murray (1980) (5), using force-equilibrium considerations, 
has produced d;sign equations relating to fabric rein
forced earth walls, but these rely upon in-isolation 
material properties and, in the Author's opinion, grossly 
over estimate the probable strains. However, in the 
absence of other information, they form a guide. 

Trial Structures 

An alternative to theoretical systems is to use empirical 
methods based upen experience. In order to use this 
approach, general experience, including insitu material 
behaviour, is required of those applications where fabric 
or goegrid structures can be economically employed. This 
experience can be obtained through trial applications. 

To study the use of fabric structures in an urban 
environment, conventional low retaining walls were iden
tified as worthy of construction. The majority of these 
are gravity structures con~ructed in brick or masonry. 
The principle adopted with ~ fabric wall was to replace 
the mass of the wall using a fabric stabilised granular 
fill, whilst retaining the conventional facing, Fig 1. 

rAMPfT 
~IALL r 

A full scale trial has beenkcenducted in West Yorkshire 
using conventional materials. The trial consisted of 
two fabric reinforced walls built alongside an unrein
forced wall, Fig 2. The reinforcement used in the trial 
was leI 'Terram 100' the properties of which are detailed 
in Table 1. The length of the reinforcement was 1m and 
the height of the walls 2m. All three structures were 
backfilled in 15Om(6 11

) layers, using crusher run stone 
and hand ramming. On completion of filling, all sections 
of the wall remained standing including the 112mm(4'>") 
wall formed fram a single skin of brickwork and having no 
reinforcement. After 6 months the unreinforced wall 
collapsed by overturning about the toe. After 12 months 
the reinforced earth walls were still showing no signs of 
distress and accordingly, the 112mm (4'>") reinforced wall -
was surcharged with 1m of unbonded building bricks. 
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The movement of the walls is recorded in Fig 3. 
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Fig 3. 

This indicates: that the reinforced earth walls have 
rota ted backwards in the manner postulated by Jones and 
Edwards (1981) (6), There is no evidence of large exten
sions of the re~forcement having taken place, although 
Table I shows that the fabric is very extensible (an 
expansion of 45% at full load would result in a movement 
of 225nun (9") in 500nun). 

IIHEELIIRIGHT RETAINING WALL 

"TENSAR" REINFORCING SI-EETS 

Fig ~4~. __________ ~ 
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TABLE 1. !".BC1WlIt"-At. PitOPERrlES Qf' 'TtsI:.AAx· 

/"Terram ll Praduct, 1000 

I " · Tensile Strength , 
~ 

Max load 

~ Newtons/200nin 
000 

Extension at 
45 · Max. load -% 

0 · Load at " ~ ext' n - Newtons 500 

~ Rupture Energy 
100 - Joules 

u Max load 
850 · Newtons 

u 
.a Ext'n to Max 

80 , load -% 
15 

~ 
Load at 5% 

160 ext I n - Newtons 

Tear Strength 
250 

Wing - Newtons 

" Bursting Load · 110 
~ Newtons!cm2 

· Distension at 
15 

li tlu:nt - ~ 

In order to use this form of structure for permanent 
works a satisfactory appearance is essential. This can 
be obtained using a construction technique sympathetic 
with the material and material behaviour. 

From a serviceability approach, the walls are perfectly 
adequate, although the existing theories would not pre
dict that the reinforced earth walls would have behaved 
as recorded. Similar measurements on a second brick 
retaining wall have been undertaken; in this ca se the 
reinforcement was a molecular orientated polymer geogrid 
(Tensar). The properties of the reinforcement are shown 
in Table 2. The wall was built in an urban environment 
to support a small road fOllowing the collapse of a 
gravity structure. The structure consists of 224nun(9") 
brickwork with the reinforcement laid between courses at 
300mm(l2") levels, Fig 4. The wall has been manitored 
for aperiod of 2 years, during which no movements in 
excess of 2mm have been recorded. 

Practical Construction Techniques 

The above trials indicate that post construction distor
tion does not occur and that design for overall stability 

Fig 5. 
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TABLE 2. TENSAR 

STRUCTURAL CHAR)"CTERISTICS 

\'Üdth (m) 

Weigh~ (grnS/lIl 2) 
Grid pitch (lIll'J) 

Colour 

MECHANICAL C/-fAP.ACTERISTICS 

SR1 

1.0 
872 

':'1>:54 
Slack 

SR2 

1.0 
338 

2Jxl08 
slack 

Tens~le strength - IlJaX (k.."I/m) <34.0 79.0 
Extension @ max load ~.,) 12.:; 12 
Extension @ .j0~ ioad (1; 1 

M:.:ldulus ~n Tension (~/m~ ' 
Thermal Stab~li ty 

3.0 
4.1xlO J 

Stahle cver temperll
ture :!:"ange of 
-600C to aooc 

POLYMER CHARAcrERISTICS - SRl and SR2 

Raw mater~.:I.l 

Chem~cal Resl.stance 

Biulogl.CCi.l Resis::ance 

SunlLght:. Res~stal1ce 

I High Densl.ty 
Polythene 

I Resis tant to all 
na tur aloecu:!:" ing 
alkal~ne and acidie 
so~l conditl.ons 

(Le. < p1:l2) " 
Resi~tant to atta(:k 

:~d B::~:~a fungl. I 
~esistant to uv I 
attack 

The propert~e~ of t.'1.is LJaterial have been ilDproved since th~s 

may be the most critical factor, Jones and Edwards (1980) 
However, previous constructions built using fabrics have 
been mis-shapen and their use, particularly in an urban 
environment, has not been seriously contemplated. In 
order to use this form of structure for permanent works 
a satisfactory appearance is essential. This can be 
obtained using a construction technique sympathetic 
with the material and material behaviour. 

It has been found that contral of the distortion of the 
face can be easily achieved by introducing a regular 
shaped backing block around which this fahric can be 
wrapped and against which the compaction plant can 
operate. Suitable materials for this backing block 
have been found to be redundant kerbstones, although 
no fines masonry blockwork is the easiest to upe and 
produces the most regular structures. It has been found 
that little distortion of the fabric reinforcement occurs 
during construction and that what does occur can be 
easily accommodated in the facing skin which is applied 
following the construction of the fabric elements of the 
structure, Fig 5. 
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This system Ras also been adopted for the construction of 
bridge abutments in an area of mining subsidence. 
Conventional structures such as masonry arehes cannot 
accommodate the ground strains resulting from roining. In 
the Yorkshire Coalfield these strains typically amount to 
settlements in excess cf 1m and campressive and tensile 
strains in excess cf 3mm per meter. An arrangement for 
a fabric reinforced abutment is shown in Fig 7(a). 

Fig 7(a ) 
NEWTON lANE BR IDGE 

.. .... 

------------ --:..;-::;.;""" 
la1""" ..... :b~=·~= =--..= =-- / 

Fig 7 (bJ 

-------~>--
..:r;> ~::;::::::r:::r:=;:;::;:::;::::;::::;:::::;=;:::::;:::::;:::r::;::::;::::;::::r_,_r_'/ ' ~ 

Fig 8. 
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Fig 7(b) shows that an element of curtailment of a 
reinforcement towards the top cf the abutment can be 
obtained. Geogrids can also be used to form successful 
structures, particularly where subsoil conditions are 
very paar. Fig 8, shows a reinforced earth structure 
constructed using cohesive colliery shale as fill rein
forced with Tensar geogrid. The facing is formed from 
prestressed concrete panels. 

Since construction the mov~t of the facing has been 
recorded, Fig 9. The measurements show little movement 
even though the 5tructure is heavily surcharged every 
few minutes during a 24 hour period. The critical 
element of the construction of this particular structura 
is that the facing is propped and held in position 
during back filling. In addition, during the filling, 
the reinforcement i5 held taut. Upon removal of the 
props from the face, a small degree of readjustment is 
possible within the structure in order that an equili
brium state can be obtained. The bold architectural 
treatment of the double Tee facing effectively disguises 
this movement. The theoretical considerations of this 
application, which involves the reinforcing of a cohe
sive soi1, have been described elsewhere, Jewell and 
Jones (1981) (~) • 

CONCLUS I ONS 

The use of fabries and geogrids in practical warks i5 
attractive beeause of the lew cast structures which can 
be constructed. It has been found that using simple 
construction techniques which permit same adju5tment of 
the facing during construction, constructions free from 
any distortion problems can be produced. Fears based 
upon theoretical studies that these structures will 
distart after construction appear groundless. provided 
that the internal design is adopted from current 
proeedures using a reinforcement soil ratio elose to 
(1:1) in the horizontal plane, the dominant design 
criteria appears to be that of overall stability . 
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