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Use of GeotextiJes in Dam Construction 

Utilisation de geotextiles dans Ja construction des barrages 

Seepage erosion and p~p~ng are responsible for a 
major part of embankment dam failures. Use of 
Geotextiles can prevent piping due to internal 
erosion, especially if natural material is not 
available in the quality and quantity desired 
and soil-cement diaphragm walls are used as sea
ling elements. The application possibilities-for 
geotextiles as self-healing elements to avoid 
erosion through cracks are described. For the 
investigation of the properties of geotextiles, 
different laboratory tests are usual. In this 
paper, some test procedures and test results are 
reported. 

In Bavaria, geotextiles were used as a self-hea
ling filter for the "dry trench diaphragm walls" 
of two dams. Those are the 33 m high Förmitz dam 
in northern Bavaria and the 86 m high Frauenau dam 
in eastern Bavaria. Some details of the pro
jects, especially for the diaphragm walls and of 
the measurement results of both dams are reported. 

INTRODUCTION 

In constructing fill dams the required dam buil
ding materials are not always available in natu
re in the quantity and quality desired. There
fore, low-grade or artificially prepared material 
must sometimes be used. In recent times core 
sealing elements have been produced using the 
trench diaphragm method and including geotexti
les. Geotextiles can contribute to the raising 
of the safety of an earth dam primarily against 
erosion, if it is warranted, that their qualities 
remain essentially unchanged for a sufficient 
period of time. 
There are two options for the execution of the 
trenches and the subsequent introduction of the 
sealing material together with the geotextile. 
In the "wet method" the trench is filled and 
propped with a suspension followed by the sea
ling element material inserted mostlyon the 
tremie method under displacement of the grout. 
The insertion of the geotextile follows a par
ticular arrangement whereby it is pressed against 
the excavation wall. The problems of the install
ation joints are solved separately using this 
method. The "wet method" is able to be used af
ter the dam has been partially or fully filled. 

According to the so-called "dry method", an open 
continuos trench is formed in the dam core zone 
once the fill has reached a depth of one tothree 
metres, the core fill being ccnposed of more or less co
hesive loose material.After the installation of a lap-
ped geotextile on the downstream face of the trench, the 
trench i5 filled with soil-cement. 

La formation de renards par erosion est respon
sable pour un grand part des ruptures des barra
ges en remblai. L'erosion interne peut etre evi
tee par geotextiles, especiallement en cas d 'uti
lisation des parois-noyeux en sol-ciment comme 
elements d'etancheite. Les possibilites d'appli
cation des geotextiles pour eviter l'erosion au 
travers des fissures sont traitees. Les characreris
tiques des geotextiles sont etudees normalement 
en laboratoire. Ce rapport trai te quelques essais 
et leurs resultats. 

En Baviere, dans la construction de deux bar ra
ges en remblai, geotextiles sont etes utilises 
po ur la protection des parois-noyeux. Ce sont: 
la barrage de Förmitz en Baviere du nord, d'hau
teur de 33m et la barrage de Frauenau, d'hauteur 

de 86 m. Quelques details des projects, espe
ciallement des parois-noyeux et resultats de 
mesures sont rapportes. 

There are no problems of forming joints using 
this method. 

Because of the small thickness of the wall, larg<;l" 
hydraulic gradients occur. The geotextile has a 
particular function to fulfill concerning safety 
against erosion. In order to compare the various 
geotextiles and to check their performance for 
particular uses, this department carried out a 
series of tests. Tests were made on the mat weight, 
the water intake, the effective opening width. 
the permeability vertical to and parallel to the 
geotextile surface, the deformability, the sea
ling action and the friction angle of the geo
textiles. The three-layer, sewn geotextile pro
duced by the firm Naue, type 1902 NS from PES/PA 
with a mat weight of 1200 cm/m proved to bepar
ticulary well suited because of its ability to 
accept large deformations without structural 
change and without change in the effectiveness of 
the filter. 

Independent of the method chosen for the construc
tion of trench diaphragms as a sealing element 
of adam, the stiffness of the sealing element 
must largely match that of the adjacent dam ma
terial. The achieved compatibility of any defor
mations, which may result from stressing due to 
the building operations and later due to the wa
ter retention, leads to the avoidance of stress 
concentrations and associated possible ruptu r lng 
of the sealing element. Nevertheless, tests Nlth 
failure of the sealing were carried out. It LS 

recornrnended that sealing walls have higher ::le-
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formability and because af the associated low 
strenght, in this case the geotextile in the 
core zone is mainly employed as a safeguard 
against erosion. In other dam zones the geotex
tiles are used for drainage purposes or for the 
joining of fill layers. In Germany, geotextiles 
have been used in the construction of two large 
dams and the methods used are reported below. 

E X A M P L E S o F U S E 

Förmitz Dam. 

For the construction of the Förmitz Dam, 3311 high 
and approximately 700 m long, there was no sui
table core material conveniently available; there
fore, after through testing, the so-called dry 
trench diaphragm method was used for the produc
tion of the dam sealing element (1). In Fig. 1 
is shown adam cross section giving the arrange
ment of the geotextile. The sealing element was 
formed in 3 m high wall lamellas; in the central 
part, where the dam was higher, the element was 
connected to an inspection gallery, whereas at 
the flanks it was founded on and connected to a 
cut-off wall. Seepage water was collected in a 
concrete trough on the air side. 

Fig. 2 shows how the pressure is reduced thraugh 
the geatextile. The functian af the geatextile 
was cansequently twa-fald. Firstly, it was used 
as a safeguard against erosion af the sail-ce
ment so that fine particles cauld not migrate 
fram the sealing element inta the adjacent fill 
material and secandly, it was used ta lead away 
incaming dam seepage water. The geatextile per
farmed bath functians weIl. The entire seepage 
water flow fram the 240 m long middle sectian 
amounts to anly 0.4·~ec and has remained con
Btant far years. 

In the illustrated canstructian example it was 
observed that the sail-cement wall perfarmed an 
impartant sealing function; thus strang claims 
should be made for soil-cement. These are: low 
permeability, sufficient flexibility, adequate 
strenght and safeguard against erosion. After 
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Förmitz dam, cross section 

1 Dry diaphragm wall 
2 Semi-impervious material 
3 Rockfill shoulders 
4 Grouting and controll gallery 
5 Alluvium 
6 Bedrack 
7 Geotextile 
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Fig . 2 Förmitz dam, phreatic line 

extensive laboratory testing the optimal mix for 
the soil-cement was chosen as folIows: 

85% sand with approximately 20% silt content, 
10% clay flour and about 5% cement, as weIl as 
a plasticiser. 

The dry density of the soil-cement amounted to 

1600 kg/m3 ; for an addition of 400 1 water the 

wet density was 2000 kg/m
3

. The permeability co

efficient obtained by the tests was 5 x 10-9m/ 
sec for a hydraulic gradient of i = 100. The 
triaxial cell was used to seek the stress and 
strain behaviour of the soil-cement. Fram this 
it was seen that axial strains of up to 4% could 
be accommodated without fracture or change ofthe 
k - value. In order to check that the deforma
tions were free af fractures it was necessary to 
also carry out tests of the extendibility of the 
geotextile together with the soil-cement. From 
these tests it was shown that, after the pro
duction of artificially prepared fractures in 
soil-cement by the presence of a geotextile on 
the air side of the soil-cement a drop in the 

k - value to k = 1.10-5m/sec soon occured which, 
however, for a small addition of sil t quickly re-

turned to a value of k = 10-8 or 10-9m/sec, 
whereas without a geotextile no decrease in the 
k - value was observed. The erosion impedance or 
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Fig. 3 Self-healing by geotextiles: 
test aparatus and test results 
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Fig. 4 Mechanical testing machine for 
geotextiles 

1 Frame 
2 Spring 
3 Spindle 
4 Steel Plates 
5 Sphere 

6 Hemisphere 
7 Geotextile 
8 Clamp-ring 
9 Cylinder ß 30 cm 

self-healing effect of geotextile was seen, that 
by suitable strong water movements in front of 
the network of the geotextile a fresh supply of 
appropriate fine material was deposited to cause 
a sealing and self-healing effect. In Fig. 3 the 
testing arrangements and the test results are 
shown. 

In F1g. 4 1s shown the test arrangement for the 
determination of the deformability of the geo
textile. According to this, this type ofinstalla
tion of geotextile within the sealing element as 
part of the construction serves to hinder the 
leaching and erosion processes wi th all their most 
grave manifestations. A further constructive and 
effective technical function applies, and that 
is to bind the diaphragm wall and the geotextile 
to the core foundation. In Fig. 5 is shown the 
connection of the sealing wall to the inspection 
gallery. Here, small movements should beaccarno
dated without fracture. Therefore 2% bentonite 
was added here to the soil-cement. The effective
ness of the geotextile as a drainage course was 
tested by colour tests (in which colouring was 
introduced at the crown of the dam) • 

Frauenau Dam. 

After the construction method had proved itself 
on the Förmitz dam, it was used also for the 86 m 
high Frauenau Dam. For this project there was 
available core material of adequate permeability, 
though it was inhomogeneous. The Frauenau Damwas 
formed as a rockfill dam with a central sealing 
core. Additionally in the core centre, as alrea
dy mentioned, was built a trench diaphragm foun
ded on the injection and inspection gallery. On 
both sides of the core there are filter or tran
sition zones. The main body of the fill is com
posed of broken rock material. Details of the 
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constructive shaping of the dam, particularlyin 
the region of the thick permeable overlayer at 
the right hand side of the valley can be seen in 
Fig. 6. Here the trench diaphragm acts as an im
proved zone for the loam core sealing and pro
vides, due to the inbuilt geotextile, additional 
safety for the structure against possible darnage 
from occurences of leaching and erosion. For 
this dam, geotextiles were employed for three 
various functions: 

a) Geotextile in the core as a safeguard against 
erosion following fracturing, 

b) Geotextile as a sheet filter and separator~ 
ween the weathered rock overlayers and rock
fill shoulders, 

c) Geotextile for the safety of the core exca
vation and as a filter. 

Fig. 5 Connection of the diaphragm wall 
at the controll gallery 

A. Frauenau B. Fcrmitz 
1. Soil-cement diaphragm wall 
2. Groung and controll gallery 
3. Geotextil e 
4 . Joint tape 
5. Soft soil-cement 

During ballasting of the geotextile in core cen
tre, eight sections were created, joined so,that 
the water pressure and seepage water can be con
trolled in each section separately. Here were 
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Fig. 6 Frauenau dam, major cross section 

Core 
1a Dry diaphragm wall 
2 Transition zones 
3 Rockfill shoulders 
4 Geotextile for core 
5 Geotextile for drainage 
6 Geotextile for escavation slope 
7 Cofferdam 
8 Weathered rock 
9 Bedrock, gneiss 
10 Grouting and controll gallery 
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also extensive laboratory investigations carri
ed out on the clay-cement which had been pro
duced from weathered sand, clay f lour and ce
ment. In the triaxial test, rupture free defor
mations of up to 10% were achieved without 
changes in the nominal value of the k - value. 
The tests proceeded with shear stresses of 

~-t5.;up to 18 bars. For the execution of the dry 
trench diaphragm the height of individual la
mellas was limited to 1.2 to 1.5 m, which brought 
advantages to the construction. Moreover, this 
facilitated the perfect connection between the 
geotextiles and the wall elements. By means of 
control borings, the homogeneous condition of 
the trench diaphragm material and the connections 
of the wall elements were able to be verified. 

In order to supervise the condition of the dam 
and the dry trench diaphragm both during the 
construction period and in later working opera
tion, an extensive measurement and control sy
stem was installed. With the conclusion of the 
filling per iod in 1981 the dam was completed 
(2). From the many measurement resul ts taken, 
only those connected with the trench diaphragm 
are treated in this paper. It should be menti
oned here, that in 1981 a longer storage test 
was carried out with a r e servoir water head of 
about 40 m. In Fig. 7 is shown the distribution 
of settlement of the dam height at cross section 
2 at the end of the filling period. Noteworthy 
are the relatively small settlement differences 
between the trench diaphragm and the adjacent 
core material, amounting to approximately 10 cm. 
Since the settlements of the trench diaphragm 
are less than that of the natural core material, 
since it i5 stiffer than the core. 

The development of the vertical soil stresses 
in the sealing core during the course of the 
filling procedure matches the rise of the over
burden load 2r. h: 

<Sv = o. h. 

Because of the relatively small settlements in 
the dam core and fill body, no nominal stress 
redistribution occured. On the basis of the 
stress condi tion in the central part of the core 
and according to the measured deformations one 
can conjecture that the dry trench diaphragm 
was not to date, an object of disadvantageous 
changes. This is also confirmed by the results 
of the test filling of reservoir. According to 
this, one can conclude that the soil-cement wall 
is effective. This shows itself by the strong 
water pressure difference through the wall and 
by the very small seepage water discharge mea
sured in the inspection gallery. This is as wa
tertight as one could reasonably expect of a 
dam section lenght of 50 - 90 m, discharging 
0.02 I/sec. 

192 

Second International Conference on Geotextiles, 
Las Vegas, U.S.A. 

Fig. 7 
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Frauenau dam, Settlement distribution 
in diaphragm wall (1), c ore (2) and 
differential s e ttlement (3) 

C LOS I N G REM A R K S 

According to experiences made up to now, the 
application of the dry trench diaphragm method 
with soil-cement - provided that appropriate 
core material of adequate quality is not avai
lable - has proved to be an economic construc
tion, as compared to the preparing and artifi
cial upgrading of the core material . Use of this 
constructing method has shown good harmonization 
of the deformation condition between the wall 
material and the adjacent dam. Installing a geo
textile on the downstream side of a dry trench 
diaphragm can be seen to be of particular ad
vantage, because by this means is produced an 
additional protection against possible erosion. 
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