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Fabric reinforced earth retaining walls - Results of model tests

Murs en terre armée par des textiles - Résultats d’essais sur modéles

Le fonctionnement des murs renforcé&s par des textiles a &té& &tudié par une série d'essais. Le
modé&le du mur avait une hauteur de 672 mm et une longueur de 1800 mm. On pouvait tourner le
mur autour de son bord intérieur. Le mur &tait arcré enarriédre avec le textile placé horizon-
talement en trois niveaux. Les &ssals montrent gu avec le remblai et la densité utilisés on
peut cbtenirun mur en &guilibre avec une longueur du textile, d'environ 20 cm ce gui corre-
spond & environ 30% de 1'hauteur du mur. Pour cbtenir un facteur de g&curité& au renversement
1,3 - 1,5,une longeur de textile de 26-32 cm est n&cessaire,ce qui correspond 8 la moitié& de
la hauteur du mur. Un modé€le de calcul a &t& établi et un bon accord a &t& obtenu entre les
résultats de calcul et les r&sultats de mesures concernant aussi bien les mouvements dans le
remblai qgue les forces d'ancrage.

INTRODUCTION : Fabric

The fabric was a woven peoclyester No 600 from
AB Fodervivnader. The stress-strain relation-
ship for the fabric is as fcollows: at 1%
strain the force in the fabric is 500 N/m,

The Swedish Geotechnical Institue {SGI} has
performed a series of model tests with a
fabric reinforced earth retaining wall in co-
operation With.AB ngervﬁvnader,_qués, . at 1.5% strain 1700 N/m and at 2% strain
Sweden. A fabric reinforced retaining wall 18 4200 N/m. The tensile strength of the fabric
a retaining wall anchored by layers of fabric ;.7 504165000 N/m. The fabric was placed in
on different 1eV61S in the backfill behind three layvers between the four elements and
the wall..The aim of the tests was to study rigidly fixed on the front side of the re-
the behav19u; of this type of reinforced taining wall. The fabric was placed in the
:?rth ri;aén;ng walis and ti dezglope a de- sand when the backfill had reached the upper
19n metho or such a conscructlon. level of one wall element. The sand was then
) . b
TEST EQUIDMENT Egziegeigwlayers over the fabric as can be

Model wall

The tests were performed in the laboratory. Backfill

The retaining wall was made of four wooden The backfill used was a uniform medium fine
planks each of the height 168 mm and a thick- dry sand from the island cof Bornholm, Den-
ness of 58 mm. This construction was chosen mark {(Silver sand No 553} with grain size be-
in order to imitate a wall made of precast tween 0.2 and 1,0 mm. In order to get a uni-
concrete elements. The elements were placed form density the sand was poured from a cer-
upon each other in a frame of U shaped steel tain height into the model box. The density
beams to a total height of 672 mm. The total used was 1.5%9 t/m3 corresponding to a rela-—
length of the model wall was 1800 mm. At the tive density of 0.70. The angle of internal
lower edge of the wall a horizontal axis was friction of the sand at this density was de-
mounted. The wall could be rotated around termined by triaxial tests to 409, For the
this axis by two screw anchors mounted in the actual stress conditions the angle cof inter-—
upper part of the frame. The three other nal friction should be increased by 4© ac-
walls of the model box were fixed., A window cording to Bjerrum and Kumeneje (1961). Con-
was mounted beside the retaining wall in one sequently an angle of internal friction of
of the side walls. Through this windew the 449 has keen used in the analysis of the
movements in the backfill could be studied test results. According to previously per-
and measured. formed tests (Holtz, 1973} the angle of
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friction between the fabric and the sand has
been assumed to be equal to the angle of in-
ternal friction of the sand.

Instrumentation

Two vertical rows of four dial indicators
were used to measure the movements of the re-—
taining wall (Pig 1). The indicators were
placed in the middle of each wocden element.
The necegsary forces to hold or push (rotate)
the wall was measured by transducers mounted
in the two screw anchors (Fig 1) . These trans-—
ducers could measure both compression and
tension forces. (The earth pressures against
the wall elements were too small to be di-
rectly measured by existing eguipment.) The
total movement and the extension in the
fabric were measured by a magnetic sensor in-—
serted in a plastic tube buried in the sand.
This sensor indicated the movement of small
magnets glued to the fabric. (Fig 1). The
total movement of the backfill was measured
on steel plates placed in the sand at dif-
ferent levels and at different distances from
the retaining wall (Fig 1). These measure-
ments were performed after the termination of
cach test., The movement of the sand could
also be observed through the window in the
side wall by placing thin vertical and hori-
zontal coloured sand layers close to the win-
dow. The occuring failure surfaces could alsc
be observed through the window.

PERFORMED TESTS

Five model tests have been performed, four
with fabric and one reference test without
a fabric. At each test the length of the
fabric has been the same in the three fabric
layers. The lengths of fabrics have been
chosen to 275, 330, 420 and 1000 mm.

In all tests the wall was rotated arcund the
horizontal axis through the base of the wall.
The rotation was carried out in small steps
until a constant force necessary to rotate
the wall was reached. At each step forces
and deformations were measured and the move-
ment in the sand was followed and registra-
ted at the side wall window.

TEST RESULTS

The fabric was not pre-stressed at the in-
stallation but the filling of sand caused
minor movements ¢f the wall. The movements
were 1-2 mm. These movements correspond to
an extension of the fabric of 0.2-0.8% or a
force in the fabric of about 200 N/m.

At the first test, No 1, performed as a pilot
test, the length of the fabric was 1000 mm.
At the end of the test the movement of the
top of the wall was 40 mm. From the extension
measurements in the fabric it could then be
seen that only 500-550 mm of the fabric had
been active anchors. In the rest of the
fabric no extensicn was measured. The maximum
movement in the middle layer of fabric was

9 mm corresponding to an extension of 1.0% of
the active length of fabric and a force of
about 300 ¥M/m,
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FIG 1. Plan and section of model box.

Test No 2 was performed as a reference test’
without any fabric. Test number 3, 4 and 5
were performed with 420, 275 and 330 mm
length of fabric respectively. The test re-
sult is shown in Fig 2. In the figure is
shown the pesition of the wall and the sur-
face of the sand kefore and after the rota-
tion of the wall. Furthermore the measured
movement vectors of the steel plates in the
sand and the observed rupture surfaces are
shown. Finally the failure surfaces accord-
ing to calculations are shown.

The result of the test without a fabric shows
an inclined plane rupture surface through the
axis of rotation. The angle between the fail-
ure surface and the horizontal was 45 + ¢/2
degrees. At the tests with fabric the
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LEGEND measured extension in the fabric pieces vari-
x STEEL PLATE BEFORE ROTATION ated between 0 and 1.6%. Due to the accuracy
OF THE WALL of these measurements the calculated exten-
sions are somewhat uncertain.

The measured forces in the anchor screws of
the wall are shown as a function of the wall
rotation in Fig 3, From this figure it can

be seen that at the test without a fabric the
measured anchor forces were positive. That
reans it was necessary to support the wall

to prevent it from overturning. At all tests
with fabric reinforcements the measured
anchor forces were negative, which means that
the walls were stable. The difference in mea-
sured anchor force in the transducers A and

B is mainly due to friction between the sand
and the side wall close to the transducer B
as the sand there was filled against a rough

~a MOVEMENT OF STEEL PLATE
IN ACTUAL SCAALE

= FABRIC AFTER ROTATION OF THE WALL

— POSITION BEFORE ROTATION OF THE WALL

——— POSITION AFTER ROTATION OF THE WALL

—-— RUPTURE SURFACE OBSERVED THROUGH
THE SIDEWINDOW

FIG 2. Observed movements and rupture surfaces
and calculated failure surfaces at

test No 2-5.
concrete wall.

ANALYSIS :OF RESULTS

Initial stage
The measured anchor force in transducer A

{(at the window side wall) transformed to
force per meter wall after filling but before
rotation of the wall was at the test without



+300
+200 ;7r———4
b\k‘ﬁ_J///,//A W|(mrmmu:t
+100 L\ - “‘/r‘_—‘_—_
\MALLMJUVEMENT AT THE UPPER
DIAL GAUGE, mm
o[ i 1 k3] [ii] 50)
= g __ﬁ__Jr ______ L. A,
o
4 FORCE NECESSARY| T0 ROTATE THE
g N WALL ITSELF DUE TO FRICTION
] }(\
E -1004 \\-\—\
£ O
= \
- \' h \‘\\
B 3 N, "~
k4 A ‘-..__“ .
S -200 =
u N ..
[ N, -
% \ —
I R\ —— e
(=] K,
F oo LEPGTH OF FABRIC, 275 mm
2 el SR B N
& -300 e '
2 L. L
¥ ~~~.__LENGTH OF FABRIC 330 mm
\ ‘-'-_‘—‘—‘_'_—AL' ‘‘‘‘‘‘ -
»
—0 o ~7 e
ENGTH DF FABRIC 420) mm
A L]
. A FORCETRANSDUCER AT |waLL : .
-500-——wWI(TH WINDOW —
+B  FORCETRANSDUCER AT WALL
WITHOUT WiNDOW
-600
FIG 3. Measured anchor forces as a function

of wall rotation.

a fabric 235 N/m. The calculated force accord-
ing to earth pressure at rest is 325 N/m. The
difference can be explained by the above men-
ticned movement of the wall during filling.

The measured anchor forces at the tests with
fabric reinforcements were 215, 180 and 150
N/m respectively (test number 3, 4 and 5).
The differences between tests without and
with fabric are 20-85 N/m. These forces have
been taken by tension in the fabric. The
overturning forces have conseguently been re-
duced already during filling.

Failure stage

The measured anchor force at a rotation of

the wall giving active earth pressure is 160
N/m at the test without a fabric. This can be
compared to the calculated active earth press-
ure with consideration of an assumed wall
friction of 230°. The calculated force
corresponding to active earth pressure is

170 N/m. Calculated and measured forces agree
cguite well.
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Total stability

At test Nos 3-5, with fabric reinforcements,
the anchor forces are negative, which means
that it was necessary to apply a turning
force to get the wall to rotate., By comparing
the measured anchor force at the wall with-
out a fabric¢ with the anchor forces at the
walls with fabri¢ reinforcements the total
overturning stability of the wall can be cal-
culated. Such a calculation results in a fac-
tor of safety of 3.3 with 420 mm length of
fabric, 2.2 with 330 mm and 1.8 with 275 mm.
By a rectilinear extrapolation of the rela-
tionship between the factor of safety and the
fabric length the factor of safety 1.0 is ob-
tained with a length of fabric of about 210
mm. To get a factor of safety of 1.5 the
necessary length of fabric is about 260 mm

or 40% of the total height of the wall.

Calculated and measured anchor forces

As mentioned above the earth pressure was too
small to make direct earth pressure measure-
ments against the wall at different levels.
To be able to compare measured and calculated
forces a resultant of the earth pressure has-
been calculated. The calculations are based
on the assumption that a plane fallure sur-
face 1is going through the axis of rotatien
as shown in Fig 4. On the upper part of a
certain failure gurface an active earth
pressure zone 1s assumed. In caces when the
failure surface is crossing a fabric the
force in the fabric has been calculated in
the following way.
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FIG 4. Principle of earth pressure calcula-
tions.



Before rotation of the wall the force in the
fabric has been based on the measured exten-
sion in the fabric during filling. In case
of rotation the force in the fabric has Ioeen LENGTH OF FABRIC, mm
calculated from the vertical stress and fric- . 4000 200 400 600 -
tion between fabric and sand. This force was
assumed to act on the part of the fabric out- ——
side the failure zone. As the elevation of L. ]
the resultant of the earth pressure not can A
be obtained by this calculation a certain 0 > N T
earth pressure distribution has been asswumed. AN \
The earth pressure was assumed to increase

LN

-2

lineary with depth to the fabric top laver,
and below that to be constant.

By these assumptions a force acting in the
anchor screws of the wall could be calcula-
ted. The results of these calculations are
shown in Fig 5. The agreement between calcu-
lated and measured forces is relatively oood,
especially for the longest pieces of fabric.

Length of fabric at a factor of safety ol 1.3

\
At design of earth retaining walls normally 1200

a factor of safety of 1.3 is used on the tan-
gent of the angle of internal friction of the
scil. Calculated forces in the anchor screws
of the wall according to the above described
method with plane failure surfaces and with
this factor of safety is presented in Fig 5.
The necessary length of fabric at a factor
of safety of 1.3 is about 32 cm correspond- \
ing to about 50% of the height of the wall, 2000

1600 \

MEASURED AND CALCULATED ANCHORFORCE N/m

Comparison with Lee's method

The design method proposed by Lee (1973) has LEGEND

also been applied to the test results., Accord- BEFORE ROTATION OF WALL
ing to this methed an active failure zone e MEASURED FORCE
with a plane failure surface through the o CALCULATED FORCE
base of the wall is assumed. Besides a maxi-
mum force in the fabric outside the failuwyre W =—=——fo o 00

surface is used. The earth pressure is as- = MEASURED FORCE .

sumed to increase lineary down to 2/3 of the CALCULATED FORCE ACCORDING TO
height of the wall and below that to be con- = PLANE RUPTURE SURFACES

stant, Calculated forces according to this PLANE RUPTURE SURFACES AND F=1,3
. method is also shown in Fig 5. A meodified N kEE'g mEE'lT}[l-Igg MODIFIED

i method with forces in the fabrics based on

! the measured extensions in the fabrics has
also been used and the results of this cal-
culation are alsc shown in Fig 5. The con-
clusion of this comparison is that there is
a substantial difference between calculated
and measured forces. This design method, also
the modified one, gives unsafe length of

x

FIG 5. Compariscn between calculated and
measured anchor forces.

Movements of the waill

fabric.
: . : The tests performed have also shown that a
Calculated failure surfaces and measured certain movement of the wall is necessary to
i movements in the sand get equilibrium of the wall. This movement
; For each test the calculated failure surface 1S ?bout 3 m@"l‘z mn during filling and 1-2
: has been compared with observed failure sur- duylng rotation) corresponding to 0.5% of the
! faces and the measured movements in the sand. hELQhF of th? wall..Thg necessary movement to
! As can be seen from Fig 2 both the movement mobilize maximum frlctlon between the fabric
1 vectors in the sand and the settlements of and the backfill is about 30 mm or about 5%
i the sand surface agree very well with the of the height of the wall. The movement of
; calculated failure surfaces, All failure 3 specific wall is depending on among other
surfaces could not be observed through the things the compaction of thg backfill, the
window in the side wall because they were necessary force in the fabriec and the chosen
outside the window. The small size of the factor of safety. The model tests have also

shown that a minor creep between the fabric
and the backfill has to be considered. The
reduction of the anchor force due to creep is

side window is also the reason why some ob-
served failure surfaces are not complete.
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in the order of 5-10%.

PROPOSED DESIGN METHOD

According tc the agreement between measured
and calculated forces and movements the
following design method is proposed for
fabric reinforced earth retaining walls.

1. The angle of internal friction of the
backfill is determined by laboratory tests
or 1s chosen based on experiences.

The friction between the fabkbric and the
backfill can be chosen as the angle of
internal friction of the backfill if this
consists of sand. In other cases the fric-
tion between fabric and backfill has to

be determined separately.

2., A factor of safety of 1.1-1.5 on the tan-
gent of the angle of internal friction is
chosen. Normally 1.3 could be applied.

3. The earth pressure resultant is calcula-
ted for scome length of fabric according
to the above mentioned method.

Necessary length of fabric is obtained by
interpolation between calculated earth
pressure resultants and applied fabric
lengths. The applied factor cf safety is
reached when the resgsultant is zero.

4. A control is made that the necessary force
does not exceed the acceptable force in
the fabric. The acceptable force is among
other things depending cn the acceptable
deformations of the wall.

The proposed design method is valid for
fabric reinforced earth retaining walls with
the same length of fabric in all layers. The
test results indicate that the upper layers
of the fabric are not active when calculating
the stability of the total wall. This means
that the best design probably is one with
longer fabric pieces in the upper layers.

At design of 3 wall built of elements the
stability of esach element has to be checked
too,
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