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STABILITY OF EARTH STRUCTURES REINFORCED BY GEOTEXTILES
SUR LA STABILITE DES MUR DE SOUTENEMENT RENFORCE AU GEOTEXTILE

SYNCPSIS

The stability of retaining walls or embankments can be improved by means of hori-

zontal layers of inclusions. Several authors have analysed the method theoretically and have pro-
posed calculation methods based on circular slip analyses. Failure occurs in a very narrow zone sur-
rounded by rather stiff soil bodies. This failure mechanism has been studied in a special shear box
using a sand-gectextile element. The long term creep of the geotextile has also been investigated in
a test series including a very long lasting plane strain tensile test with constant load.

INTRODUCTION

Use of geotextiles as a reinforcing element in

earth retaining structures or in embankments is
rather attractive because of its low cost and

uncomplicated installation. However, such struc-
tures have so far mainly been built for experi-
mental purposes. Geotextiles have until now been
used in temporary roads and some small roads si-=
tuated on soft subsoils to improve the bearing

capacity of the road and to separate the subsoil
from the road base. The reason is, that the long
term reduction in the strength of the geotextile

is still an open guestion, which must be answered

before use of geotextiles in important permanent
constructions, or the allowable tensile forces
should be reduced considerably making the con=-
struction tcc expensive.

Design of an earth retaining structure reinforced

by several layers of geotextile comprises

construction of surface elements

calculation of stresses in the circular
shaped geotextile membranes behind the surface
elements

calculation of overlapping length and anchor

length
calculation of the vertical spacing of the

geotextile layers.

This paper restricts itself to the stability
problem shown in the circle in Fig. 1. Since the

failure takes place along a curved surface the
plane of shear failure may assume different
angles o relative to the horisontal layer of the
geotextile. This problem also appears in the de-
sign of embankments and slopes.

The soil used in reinforced earth structures is
normally sand. The failure mechanism has there-
fore been studied in the laboratory by performing
tests with sand and a non-woven geotextile in a
special shear box developed for this purpose (Fig.
5) . The same phenomenon has been studied earlier
in tests performed on clay-geotextile specimens
(Snaith, Bell and Dubois 1979} .

PROPERTIES OF THE SOIL

The sand used in all tests is a pure gquarts sand
with fairly angular grains, called Lund no 0.
The grain size distribution is guite uniform as
can be seen in Fig. 2. The void ratios in the

loosest and densest state are Crime © 0.82 and

€ in = 0.56. The tests are performed with a mean
void ratio of 0.57. Since the sand is very dense
and the stress level rather low the internal

angle of friction is high. The angle of friction

measured in the triaxial apparatus is ¢ = 50° at

Gé = 5 kPa and ¢ = 48° at ey # 10 kPa.

The angle of dilatation v ~ 17°.
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Fig. 2. Grain size distribution of sand.



H. Moust Jacobsen

x
Z

G 16C
t = 30 min

3|

€

0 o T T —- 3
0 10 20 30 40 % Q 16 20 %

Fig. 3. Flane strain tensile tests with gessextiles.

PROPERTIES OF THE GEOTEXTILE

The gectextile used are all made by Fibertex in
Denmark. They are non-woven, needle-punched and
thermic bonded under compression and are com-—
posed of polypropylene. The quality mainly used
in the test series is the so-called 5300 with a
unit weight of 300 g/m*. In a few tests a weak
geotextile, G100, were used with a unit weight
of only 100 g/m?. The short term tensile
strengths of $300 and G100 in plane strain is 12
and 4 kN/m, respectively.

Plane strain tensile tests have also been per-
formed at a stress rate corresponding to that in
the shear box test. The lcad was applied step-
wise and kept constant for half an hour and af-
ter five to six steps the geotextile broke.
(Fig. 3).

LONG TERM STRENGTH OF A GEOTEXTILE

In order to study the long term reduction of the
strength of a geotextile stressed by a constant
load a test series has been carried out in the
plane strain tensile apparatus. The geotextile
was loaded stepwise until failure and during a
test the duration of each step was as constant
as possible. But the step length t, varied from
test to test beginning with tg = 4 min., succed-
ing with tg = 16, 60, 1400 and 4000 min. and
ending up with a test, which is still continuing
after t = 1000000 min. (2 years). The time curve
is shown in Fig. 4 and the test seems now to be
very near its end. In Fig. 4 is also plotted the
strength of the geotextile against tg. The rela-
tionship between the strength of the geotextile
P, and the duration of the constant lcad is a
logarithmic function:

Py B8
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Pmax is the strength of the geotextile, when

loaded with time intervals of 1 min. It is found
to correspond closely to the short term tensile

strength measured at the factory. The long term

reduction s is 7% per decade. With an estimated

life time for a retaining wall or an embankment

of 20 years the strength should be reduced with

50%.

It is worth noting that this result could have
been achieved even if the maximum duration of
the constant load had been only one to three
days. In other words, a standard method compris-
ing tests with t = 4 min., 100 min. and 1000 -
4000 min. could be a practical tool for design
purpcses.
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Fig. 4. Long term behaviour of gestextile 5300.

THE TESTING APPARATUS

A special shear box has been developed in order
to study the stabilizing effect of a geotextile
embedded in sand. The sand specimens were dry

and prepared by the pluvial compaction technique.
The surface of the specimen was horizontal during
the layering and therefore the geotextile has to
be mounted horizontally, just as in practice.

The sand-geotextile specimen represents an ele-
ment in the backfill of a retaining wall (compare
Fig. 5 and 1) or in an embankment. The sand spe-
cimen is 175 mm x 100 mm x 150 mm in size. It is
situated between two circular end platens, which
can be rotated in such a way that the shear sur-
face assumes angles of 30°, 60° or 90° with the
horizontal plane. Inside the two end platens

some small wheels prevent deformations in the
transverse direction of the geotextile. The geo-
textile can be fixed by two jaws corresponding

to a perfect anchoring of the geotextile, or the
two jaws can allow the geotextile to move freely
into the sand corresponding to a very short an-
chor length. The sand specimen is loaded by means
of weights, representing typical overburden
pressures corresponding to the load of 3-5 m of

Fig. 5. Shear bor with inclining Ffzilure surjace.
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sand. It is possible to prevent horizontal move-
ments between the upper pressure head and the
end platens in order to study the effect of the
movements in the sliding soil mass. The sand-
geotextile specimen was sheared at a deformation
rate of 0.12 mm/min. The maximum shear deforma-
tion was 28 mm. Fig. 5 also shows the principle
of calculation. The known gquantities are the
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ig. 6. Tests with a = 30° and o, X~ 40-45 kFPa.

e

dead load of weights O, the weight of the sand
and the moving part of the apparatus G, the ex-
ternal shearing force D producing shear deforma-
tions. Unknown guantities are the shearing force
T in the failure surface and the force N normal
to the failure surface. T is easily calculated
from

T = (@ + G)sina - D

but N remains unmeasured.
A test series includes four test types

1. Dummy tests.

2. Sand tests without any gectextile.
3. Tests with fixed geotextile.

4. Tests with movable geotextile.

EXPERIMENTAL RESULTS

The tests carried out until now are grouped into
six test series, including tests with 2 = 30°,
60° and 90° and vertical loads o, ~ 40-45 kPa and
80-85 kPa. A test series includes as a minimum
four test types and ten tests: Dummy tests with-
out sand and geotextile, control tests with sand,
tests with movable geotextile and tests with
fixed geotextile. A test series with o = 30° and
op v 40-45 kPa is shown in Fig. 6.

Dummy tests

The friction between the different parts of the
apparatus which pass cover each other during the
test is minimized by using rubber membranes and
silicone grease. The lasting friction is measured
in special tests without sand and geotextile as
shown in Fig. 6 or after a normal test in an un-
cleaned apparatus.

Control tests

Tests performed with sand specimens serve as con-
trol tests. The angle of internal friction can
be calculated and compared with results from tri-
axial tests. However, it is a little complicated
since the two guantities measured is a normal
stress on a horizontal surface and a shear stress
in another surface inclining o degrees, as indi-
cated in Fig. 7.

First 1, can be plotted against o, as shown in

s
Fig. 7. Propertionality between 15 and ¢, can be

obtained by adding the attraction ccot¢ = 11 kPa
to all values of °h
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Fig. 7. Contrcl tests wit#s sand.
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Assuming homogeneous stress distribution in the
specimen the Mohr's circle can be used to illu-
strate the problem (Fig. B). The inclining sur-
face is the plane of zero extension, which is
represented by the point F. The angle v in Fig.
8 is the angle of dilatation. The point repre-
senting the horizontal surface is found by turn=-
ing F 2a clockwise. For a fixed value of o and
Ts/cn ¢ depends on the choise of v as shown in

Fig. 8. The intersection between the curves with

different values of & gives ¢ = 54° and v = 14°.

This agrees well with triaxial test results men-

tioned earlier in this paper, taking into account
the differences between plane and axisymmetrical

states. The apparent cochesion is 8 kPa and may

be effected by testing technique.
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Fig. 8. Determination of strength propertics of sand.

Tests with fixed geotextiles

The maximum reinforcing effect is obtained when
the ends of the geotextile don't move. As ob-
served in Fig. 6 the shearing resistance of sand
1. decreases during the test while the shearing
resistance of sand with fixed geotextile 1, is
slightly increasing. The improvement factor
Tr/Ts is then increasine during the test.

are shown in Fig. 9, corre-

sponding to a shear deformation ¢ = 10 mm. It is
seen, that the sand-geotextile element acts as a
frictional material with an increased internal
friction, but with the same cohesion as that of
the sand.

The improvement factor Tr/TS is alsc shown in

Values of 7, and 1
s

Fig. 9 and compared with test results from [6].
The improvement factor depends on the intersec-
tion angle o. It is interesting to notice that
the plane of principal tensile strain is horizon-
tal for o = 45 + v/2 % 52°, theoretically caus-
ing maximum of improvement.
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Fig. §. Corzarison between tests with sand, tests with
reinforced sand and tests with reinforced clay.
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Fig. 10. Retraczicn ¢f mevable geotex:zile.

Tests with movable geotextiles

The minimum reinforcing effect is obtained if

the anchor length is very small, for instance if
the cverlapping length between twc textiles is
too short. Tests with an anchor length of half
the length of the sample result in a minimum im-
provement factor (Fig. 9). The difference between
the improvement factors for fixed and movable
geotextiles increases when ¢ exceeds 10 mm.

The movement of the geotextile into the sample

is shown in Fig. 10. At a = 30° the movements
begin after a shear deformation : of 2 mm, for
@ = 60° after I = 8 mm and for z = 90° the move-

ments are very small even after 20 mm. In agree-
ment with these observations the test series
shows that the improvements for z = 30° takes
place almost from the beginning; but for a = 60°
the improvement begins after ¢ = 2-3 mm.

These tests show that even if the ancher length
is very short the geotextiles still improves the
soil. A possible failure plane near the border
of the reinforced zone will thern be forced to
take place outside the reinforced zone.

INTERACTION EETWEEN SAND AND GEOTEXTILE

When the shearing resistance of sand beneath
shallow foundations or behind smooth retaining
walls is exceecded the failure takes place in
failure zones of considerable extent. It is pos-
sible to place the geotextiles inside the fail-
ure zone, mMost conveniently orientated in the
direction of principal tensile strain (McGown et
al. 1978), although the most practical location
is horizontal. In this case the effect of rein-
forcement can be measured in triaxial tests with
horizontal layvers of geotextile {(Broms 1977) or
in the unit cell (McGown and Andrawes 1977} .

This paper dezls with instability of a normal re-
taining wall cr embankment. The failure takes
place in very narrow failure zones surrounded by
rather stiff soil bodies and is normally assumed
to follow a circle or a logarithmic spiral. The
failure mechanism around the gectextile is rather
shown in Fig.

complicated as 11. During failure

2TLOn DOLNT.
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the geotextile is forced into the direction of
the failure plane. At point A the bending of the
geotextile increases the normal shear stresses
between geotextile and sand and reduces the ten-
sile forces in the geotextile outside the failure
area. When the failure plane is very steep the
necessary anchor length is reduced essentially.
(Fig. 10 o« = 90°). At point B the bending redu-
ces the stresses between the geotextile and the
sand below. If the geotextile and the sand above
is removed, it results in a sand slope loaded
with the interaction forces from the geotextile.
The removed part can be seen by turning Fig. 11
upside down. The slope may during the overall
stability failure be unstable and the rotation
of the geotextile reduced.

STABILIZATION BY GEOTEXTILES

The development of the additional shear force AT
produced by the gectextile can be studied in the
shear box as already shown in Fig. 6. The results
of extensive test series are shown in Fig. 12 a)
and b), whereas Fig. 12 c) and d) show results
from a few more tests carried out to obtain
further information.

Fig. 12 a) and b} show AT corresponding to a
movement of & = 10 mm and 20 mm respectively.
The stabilization is evidently a friction pheno-
menon. The strength of the geotextile limits the
value of AT but does not normally influence its
actual value.

Tests with sand in its loosest state can be seen
in Fig. 12 ¢}, and shows some reduction of AT.

It is also observed in tests with mcre extensible
geotextile (Fig. 12 d)). The reduction is of
course expectable, but it seems to be very small,
only 10-20%. If further investigations show the
same tendency, it should then be possible to use
such results as shown in Fig. 12 over a wide
range of sand densities and geotextile modules.

CONCLUSIONS

The stability of a slope, a retaining wall or an
embankment can be improved by horizontal layers
of geotextiles. The spacing of the layers depends
on the long term creep strength of the geotex-
tile and the interaction between gectextile and
soil which takes place in a narrow failure zone
surrounded by rather stiff soil bodies.

The long term creep strength has been studied in
a plane strain tensile apparatus, showing that
the strength is a logarithmic function of time.
After a lcading period of 2 years the strength
is reduced to 60% of its initial strength speci-
fied by the factory.

The interaction between soil and geotextile in a
narrow failure zone has been studied in a special
shear box developed for this purpese. The main
result is that the reinforcing mechanism is a
fricticnal phencomenon as shown in Fig. 12. It
means that the local influence of a geotextile

is proportional to the overburden pressure until
the additional shearing force AT reaches its
maximum value at a certain depth, where the
strength of the geotextile is fully utilized.

The strength cof the geotextile limits the size

of the reinforcing construction, but the improve-
ment of the soil has to be taken into account by

Shear Force Imtroduces by Fixed geotextiie.

Fig. 12.

calculating the additional mean shear stress be-
tween every two layers, and then determine higher
angles of internal friction in the soil-geotex-
tile elements.

strength improvement of a dense sand like that
mainly used in this study is not possible in
practice. The impcsed deformations in the geotex-
tile are bigger than the peak strength deforma-
tion in the sand. The improvement caused by geo-
textiles is then followed by a reduction in the
strength of the sand. In the tests which corre-
spond to a heavily reinforced sand the strength
of the sand-geotextile system nearly kept its
strength during shearing (Fig. 6).

Strength improvement of a loose sand is easy,
since the strength of both the sand and the geo-
textile still increases continuously even after
large deformations.
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