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RETAINING STRUCTURES MADE OF EARTH REINFORCED WITH TEXTILES 

STÜTZBAUWERKE AUS TEXTILBEWEHRTER ERDE 

OUVRAGES DE SOUTENEMENT EN TERRE AVEC ARMATURES TEXTILES 

In this paper the design and erection of re­
ta1n1ng struetures made of text11e-re1nforced 
earth are deseribed and the main features of 
indicat1ng the inner and outer stab11ity are 
out11nsd. To ensure stability 1n the erect10n 
phase, stabi lizing elements are required whieh 
are generally used as erection aids. For main­
tain1ng the strengh of the geotextiles at the 
external wall of the reta1ning strueture, it 
is neeessary to use UV-proteeted material 
whie h i s .m~er vio u s to light . FU l ther speo i ­
lications ~OI t he design , d1mens10n1ng and 
erection 01 r eta1ning stluctur es are conta1ned 
in a specitic bul1ding regulation . The first 
major s t r ucture was a ver y st eep embankment 
6 . 5 m in height made 01 geotexti l e-reinforoed 
earth the oons t r uc t ion of whic h 1s deseribed 
1n the follow1ng. 

1. DESIGN AND ERECTION 

Retaining structures made of earth reinforeed 
with textiles eonsist of the follow1ng con­
struet10nal elements: external wall, reinfor­
eements and backfill material (fig.1). The ex­
t er na l wa ll and t he reinforoements are made up 
of geotext 1les . The geotex tiles t ake up the t en-
6ile f oroes which aris e from tbe earth pressure 
a cting on the ext ernal wall and transm1t t hem 
to the baokfill material by frioUon . A oerta i n 
roughn ess , high t ensile strengtb. at minimum ex­
pansion as we ll as good long-t e:rm behaviou:r all e 
the pr er equisites fOI the s Uita bility cf geo­
t exti l es as re infor eing material . Tue bao ktill 
ma t ertal should consi st of non- o.ohesive eaxt h 
the gr ain size pi whioh is requi r ed to eompl y 
with partio ular spec1fteations ( ,1) . 
Due to the fact that geotextiles are only able 
to t~ke up tensile forces, but not any compres ~ 
s1ve forees or be nding moments, stabi11ty pro­
blems arise in the ereetion phase of struetu­
res. Therefore rig1d stab11izing elements are 
required which temporarily take up the active 
earth pressure from t he earth layer to be pla­
eed, until the friotion meehanism begins to be­
eome effeet1ve. These stabilizing elements are 
called stab i lizers. They help to ereet retai­
ning struetures made of text1le-re1nforeed 
earth without any shoring on the outside ( fig.1~ 

The stabilizers may be left in the structure 
and are designed in this ease as edged rigid 
metal lengths (f1g.2). But it i s also possible 
to use them only temporarily as erection aids, 
then to extraet them after the layer has been 
finished, and to reuse the m for the ereeti on 
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Fig.1 Sehematie repre s entation of the des1gn 
of reta i ning wells made of textile-rein­
for ced earth 

of the follow1ng layer ( f it.J). 

Between the angular stabilizers whieh will not 
rema in in the struoture and the external wall, 
shutterlng boards ean be used as eddi t 10nal 
ereotion aids. Through the temporary installa­
t10n of shuttering boards, tbe dimensi onal sta­
bi l i ty a nd overall quallty of the strueture 1n­
orease eonslderably . . 
Reta1ning stru ctures reinf orced by textiles are 
ereeted layer by layer. Generally the thickness 
of the eertb layer and hen ee the vertieal spa­
eing of the reinforcing layers Ä H are JJO m. 
After pre paration of the foundat10n s oil end, 
if neeessa ry, instal l ation of a drainage system, 
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Fig.2 Edged rigid metal lengths used as stabi­
lizers which remain in the structure 

the following procedure is repeated in each 
layer (fig. 1): 

Laying the reinforcement strips of rein­
forcement layer i on earth layer i + 1 and 
installation of the stabilizersj 

- Forming the external wall by pulling the 
reinforcement strips up by the stabilizersj 

- Placing and compacting the earth layer ij 
- Turning the geotextile strips over in the 

direqtion of the structure and cover1ng 
them with backfill materialj 

- Placing and compacting the complete earth 
layer i and laying the reinforcement strips 
of the reinforcement layer i-1. 

2.EXPERIMENTAL STRUCTURE MADE OF TEXTILE-RE IN­
FORCED EARTH 

In 1981 an experimental structure made of tex­
tile-reinforced earth was erected in the GDR 
(2). The structure is H = 3.26 m in height and 
L-= 9.0 m in length. As reinforcement and ex­
ternal wall element a polyamide texture was 
used with ultimate tensile strength of 44 kN/m 
and a breaking value at extension in longitudi­
nal direotion of 40 percent. With vertical spa­
cings of flat-spread geotextile reinforcements 
of AH = 0.33 m, a reinforcement length of 
L = 3.50 m was required. The subsoil consisted 
of glacia 1 loam with ~ = 28 0 , 6' = 21 kN/m3 and 
c = 5 kN/m2 • As backfill material a medium sand 

with ~ = 32.5 0 and 15' = 18 kN/m3 was used. 
The finished structure is shown in fig. 4. Half 
of the structure was erected without UV-protec­
tion and the other half with UV-protect10n 
through corrugated asbestos sheets, so that it 
was possible to carry out long-term investiga­
tions into the influence of the ultraviolet 
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Fig. 3 Angular rigid stabilizers which are 
only used temporarily as erection 
aids 

Fig. 4 Completed experimental structure with 
partly UV-protected external wall 

radiation of the sunlight in the change of 
geotextile strength. For 3 years geotextile 
samples are taken at regular intervals from 
the external wall with and without UV-protec­
tion and tested in the laboratory. The results 
of the investigations obtained to date are re­
presented in fig.5 as a functio. of the global 
solar radiation. Fig. 5 shows that the streng~ 
of geotextlles wi.thout UV-protection is redu-
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ced in proportion tc the global solar radiation 
t. about 30 percent of the initial strength up 
to the 2nd year. Subsequently strength remains 
constant for a short time, to show a further 
reduction in the 4th year. The affected sur­
faoe of the textile seems to form a oertain 
proteatlon, at least for a sbort time, tor the 
underlylng texture. The xeduetlon of stxength 
1s eonslderably slower in the UV-pxotected ma­
terial. Thus after a perlod of ) years tbe re­
sidual strength sill amounts to 9).5 per cent 
of the initial shength. Therefor e, ·the UV-pro­
tectioo must be oonsidexed tbe declsive struo­
tuxel measure fox .eintainlng the stxengtb of 
geotextlles. For tb.at leason textlle-xelnfor­
ced xetainlng structuxes must a lwa ys be eree­
ted wlth OV-pxoteotion at the external wall. 
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stress the breaking strength E>B of UV-pxo-r. 
tected geotaxtiles is reduced by a time-depen­
dent factor k as a function of the planned ser­
vice life of the structure and the basic mate­
rial of the geotextile. For the dimensioning 
cf reinforoements the reduced strength EJ;r. = 
k • EI Br. is used. The values of kare given 
in !ig. 6. 
The time-dependent faotor k sets a time limit 
for the application of retaining structuxea 
made of textile-reinforoed aarth. These k-va­
lues, however, still include broad confidence 
intervals, and it can be expected that further 
investigations of the long-term behaviour of 
geotextiles will help tc indrease the reduction 
factor k. 
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Fig. 5 Time-dependent change of tbe strengtb 
of geotextiles in the external wall 
with and without UV-protection 

J. BUILDING REGULATION "REINFORCED EARTH -
REINFORCEMENT WITH GEOTEXTlLES" 

For tha design, dimensioning and erection of 
retaining structuras made of textile-reinfor­
ced earth the regulation "Reinforced Earth­
Reinfoxcement with Geotext11es" is valid in 
the GDR 3inoa 1983 (1). 
This regulation is obligatory for statieally 
and dynamically (i.e. by road vehioles) loaded 
ritaining structures in civil engineering for 
building and traffic structures. 
As it is still difficult to predict the long­
term behat10ur of geotext11es under tens11e 
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For the dimens10ning of retaining structures 
made of textile-reinforced earth a distinotion 
must be made between inner and outer stability. 
Inner stability is realized if it is impossib­
le to extract the reinforcements from the back­
fill material (dimens10ning of reinforcements 
with regard to extraction) and if the xeinfor­
cements do not break (dimensioning of reinfor­
cements with regard to failure). If these re­
quirements are fulfilled the retaining tex­
tile-reinforced structure can be regarded as 
a massive body which is stable in itself. For 
this body the outer stability must be indica­
ted. 
With a view indicat1ng the inner stability, 
the active earth pressure on the external wall 
is caloulated according to the conventional 
earth pressure theory b~ means of the frictio­
nal angle of the wall da = O. In order to in-
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Fig. 6 Reduction faetors k for the strength 
of geotextiles 

dicate breaking of reinforcements the reduced 
breaking strength of the given geotextile is 
compared with the maximum partial earth pres­
sure whieh must be transmitted from the rein­
forcement to the backfill material. 
Henee safety against breaking of 
eements is given by 

where 

* ZBr . o _ _ _ 
Br. - Z1 

area reinfor-

(1 ) 

Zi is the maximu~ tensile force in the rein-

forcements and eah,max the greatest ordinate 
of the active earth pressure taking into ac­
count all loads (fig. 7). 
Safety against extraction of the reinforcements 
is not indicated for each particular reinfor­
cing layer but for the whole system. The total 
earth pressure Eah,max acting on the external 
wall is eompared with the sum of all frictio­
nal foroes Z between the backfill mate-r,ges. 
rial and the geotextile reinforcements. For the 
determination of Z one should only set r,ges. 
up the reinforcing lengths Lai outside the ae-
tive sliding wedge according to fig. 7. Then 
the safety against extraction becomes 

Z I72
HC 

Er,ges. (2) 
ah,max 

It should be noted that the maximum frictional 
force aeting in a reinforcement layer can only 
be at the most the breaking force of the geo­
textile. If there are problems Of indicating 
the safety against breaking, the reinforcement 
strips can also be double-laid. In the case of 
static load the safety factors 11( Br. = 'l? HC=2.5 
must be indicated and in the case of dynamic 
load ~ He'" ~ HC= J. 0 for the uppermost 2 meter s 
of the structure. Independent of dimensioning, 
the minimum lengths of the reinforeements must 
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Fig. 7 Designations for indicating inner and 
outer stabil1ty 

be assumed to be 

Lmin .= H. cot 4 a = 1,50 m (J) 
As regards the degree of the frietional angle 

er s between geotextile and earth, extensive 
tests were carried out with different materials 
0) giving 

cf = 0.8 ~ s 
Considering outer stability the active earth 
pressure acting on the imaginary back wall of 
the retaining structure (connecting line for­
med by the ends of the reinforeement strips) 
must be ealeulated with a wall frietion angle 
of cls = ~. Outer stability is ensured if there 

is sufficient safety against base failure, sli­
ding and ground failure. Sliding safety indiea­
tions ere based on the idea thet the structure 
slides on a reinforeement layer. Therefore the 
frictional angle Os must be again set up with 

ds = 0.8 ~ 

4. ERECTION OF A VERY STEEP EMBANKMENT SLOPE 

MADE OFTEXTILE-REINFORCED EARTH 
For the construction of an industrial plant a 
ground fill of ca 7 m in height was neeessary. 
On space grounds it was planned in the first 
design phase to ereet an angular retaining wall 
of prefabrieated units. At the same time alter­
native light-weight construetion methods were 
studied, and 8S a result of these investiga­
tions, a very steep slope of textile-relnfor­
ced earth was built up. This is the first lar­
ger structure in the GDR made of textile-rein­
foreed earth. It is 140 m in length and 6.5 m 
in height. The eonstruction of the textile­
reinforeed slope is shown in fig. 8. 

At a vertical distance of every 2 meters a 0.5m 
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Fig. 8 Variant of a very steep slope made of 
textile-reinforced earth 

wide bench was built to allow subsequent wal­
king along the slope. Each earth layer is 0.4m 
in thickness. The length of the reinforcement 
strips 1n the bottom layer is 5.0 m and tuat 
1n the top layer J.5 m. 
A permanent proteot10n of the geo t exiile 
egainst UV-ra diat ion was reached by co ver i ng 
1 t over wi t h agrioultuxal 5011, sow1ng w1th 
wild grass and planUng bushes. To imlllove the 
stabi11ty of the agricultural soil and to speed 
up t he ~rbwth of grass and bushe5 the agr1cul­
tural s011 15 oovered wi th a r ottab l e geotex­
t11e 1n which grass seeds are conta1ned. Due 
to previous exper1ence ga1ned with this vege­
tation we came to the conslusion that an in­
clinat10n of 600 represents a maximum. There­
fore, with a protect10n of the external wall 
just described, 500 should not be exceeded. 
As the re1nforc2ng element, a polyester tex­
ture of 155 g/m mass per unit area was used 
w1th a breaking strength of 26 kN/m length­
w1se and JO kN/m crosswise, and a break1ng 
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extension of 20 percent langthw1se and 15 per­
cent crosswise. The ageing resistance of this 
geotextile is indicated to be 50 years. The 
earth f111ed in 1s a gravel sand w1th a f1ne­
grained fract10n of 10 to 15 percent. 
The total mass of earth is machine-filled 
layer after layer. The laying of the geotex­
tile and the construction of the auxiliary 
shutters are done manually. For shuttering 
wooden planks 40 mm thick were taken held by 
special stabi11zers (fig. 9). The shuttering 
construct10n is only used ternporarily and 
moves upwards with the erection of the struc­
ture. The auxiliary shutters have to take up 
the active earth pressure due to compaction. 
Earth layer compaction is effeoted by means 
of vibrating plates which are moved up to the 
shutters thus obtaining a standard (Proctor) 
density of 90 percent. By compaction and auxi­
liary shutterin~ a uniform external wall is 
formed (fig. 10). 
After th~ agricultural soil has been mechani­
cally distributed, pressed and graded, the 
grassing mat conta1ning the grass seeds 1s 
unrolled. The mat is fixed to the slope sur-
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Fig. 9 Arrangement of tne stabilizers and 
auxiliary shutters on the external 
wall 

face with earth nails. Subsequently tne slope 
should be sprin~led for about one month to en­
sure rapid rooting and growth of the vegeta­
tion. In summary it can be said that the buil­
ding contractors were able to build up a very 
steep slope reinforced with textiles at a con­
stant rate and without any problems. When com­
paring this type of slope with the variant of 
an angular retaining w~ll it w~s possible to 
prove savings in cost, material snd transport 
services. Moreover the time of construction 
was much shorter than the comparative per iod 
required for the other variant. 
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Fig. 10 View of the external wall of a very 
steep slope during the state of 
construction 
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