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A search for reliability of the mechanism of geotextile-reinforced soil wall

Y.Tsukada

Public Works Research Institute, Ministry of Construction, Tsukuba, Japan

ABSTRACT: Recently, Geotextile Reinforced Soil Wall is widely constructed instead of conventional retaining
walls such as gravity type concrete walls due to the establislunent of design manuals and the development of
geotextile materials and methods. In Japan, Public Works Research Institute established the design manual in
1992. However, there are still unknown factors on the design which should be solved. This paper points out the
comparison between design assumption and actual behavior which include earth pressure on the facing, tension

generated by the reinforced materials etc.

1 INTRODUCTION

The reinforcing finction of reinforced soil walls is
achieved by a combination of the tension effect ofthe
reinforcing material, the resistance effect of the
facing, and the virtual retaining wall effect of the
monolithic reinforced zone. In other words, [1]
embanlement with a steep slope is supported by a
_facing in which the reinforcing material links the
resistance forces required to maintain embankment in
stable. condition, and {2] the reinforcing material
provides tensile resistance force based on the friction
tesistance in the stable embankment to guarantee
balanced conditions. And [3] the soil reinforced by
the reinforcing material is integrated as the virtual
retaining wall, and it acts as the retaining soil for the
backfill soil behind it. In line with this concept, Jones
C.J.F.P. (1984)" and Jewell RA. (1984) ? proposed
- a design method for reinforced soil walls or steep
slope reinforced embankments reinforced with a
geogrid, and defined [1] and [2] as the internal
stability, and [3] as the external stability. Assuming
. that it was necessary to evaluate the overall sliding
stability including that of the foundation ground to
provide external stability, the design method was
completed from a rigid plastic body. However, their
design methods do not necessarily fully apply in
Japanese design criteria, for examples, their design
methods have not considered stability during
earthquakes, the application of the safety factor in
various stability evaluations differs from that in Japan.
Therefore some experiences have been conducted on

these issues. Fig.1 shows the evaluation modes for
design of reinforced soil wall. This figure also shows
evaluation of the stability of reinforcing material near
facing as internal stability (partial stability), and an
overall stability evaluation of a case where the
foundation ground is weak sandy ground. Many
structures are constructed based on design work
done in accordance. with the evaluation modes
explained above, but measurements of various
experiments have confirmed that their design
assumptions do not necessarily fully explain actual
behavior.. The subjects such as the comparison
between design assumption and reality and effects of
facing in geotextile reinforced wall are described as
following based on by some experimental researches.

-~

2 COMPARISON BETWEEN DESIGN ASSUMP-
TION AND REAL BEHAVIOR '

In fact, reinforced soil structures require a certain
degree of deformation in order that resistance forces
act between the soil and the reinforcement material
(in the case of a soil wall, the facing is included). In
other words, reinforced soil walls are flexible
structures which can maintain their stability while
undergoing deformation because they can follow the
deformation. Consequently, their characteristics
differ from those of conventional concrete retaining
walls; namely on the condition that the foundation
ground remains stable in a case where the bearing
ground under a reinforced soil wall is soft, it is
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Fig.1 = Failure patterns and analysis points on the design of reinforced soil wall
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Designed
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K,: Coefficient of active earth pressure

(a)Band steel soil wall.
. (Two-part wedge slip)
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(Circular slip:The shortage of
resisting force is assume to take
a triangular pattern)

K: Coefficient of earth pressure, v : Unit welght of backfill soﬂ z: Vertical distance from the top

Fig2 Analysis concepts of required tensile strength

possible to construct a structure which remains stable _

while it follows deformation. This characteristic as a

-flexible structure causes actual behavior which differs

from that assumed for design purposes explained in
the above. The following is a summary of comparison
between design assumption and its actual
phenomena : :

2.1 Earth Pressure Acting on the Facing

It is assumed that the earth pressure acting on the
rear of the facing is distributed as shown in Fig2.
along with the slip surface. In the case of flexible
facing on the other hand, the backfill soil reinforced
close to the facing work is deformed and resistance
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Fig 5 Distribution of maximum tensions experiments
of geotextile reinforced soil walls(H=6m) at PWRI

force is generated by the reinforcing material. The
tension distribution, which is presented schematically
in Fig.3, results in a reduction of the earth pressure
acting on the facing,

In this fig.3, when the friction stress in the active
pressure ‘area is distributed as in [1], the earth
pressure is reduced, and when it is distributed as in
[2], there is no friction stress between the soil and the
reinforcing material, so the earth pressure is not
reduced. Fig.4 represents the results of measurement
results obtained in reinforced soil walls in
demensionless earth pressure K/Ka vs WH ¥

For design purposes, this earth pressure reduction
mechanism is not sufficiently understood and is not
used for safe side judgments right now.

2.2 Tension Generated by the Reinforcing Material

Fig.5 shows the distribution of tension of reinforcing
material during a full-size experiment using a
specimen with a height of 6 m at the Public Works
Research Institute (hereinafter PWRI) “. In this
experiment, a comparison was made of various facing
categories: EPS, integrated concrete panels, divided
concrete panels, and block type. In the design, the
earth pressure acting on the facing was distributed in
triangular form and the tension generated by the
reinforcing miaterial did, similarly, increase towards
the bottom, but actual measurements have shown
that the values of tension were either identical or

- smaller. The values of tension were particularly low

towards the bottom.

2.3 Subgrade Reaction and the Stability of the
Bearing Ground

The reinforced and integrated zone is assumed to
have the same earth retaining effects as those
provided by a gravity retaining wall, and ground
reaction with the trapezoidal distribution shown in
Fig.6 acted against the external force acting on it
Measurements of existing reinforced soil walls” and
the experiment performed at PWRI explained in the
above” have revealed that the distribution of
subgrade reaction at the bottom surface of the
reinforced zone is approximately the overburden
pressure, and clearly indicate that large reaction force
is generated at the bottom of the facing by the dead
weight of the facing (Fig.7).

1101



-~z
4

REEE
p=rH
(7 : Unit weight of backti]l)

(b) Practical tendency

(a)Design assumption

Fig.6 Assumption and practice of ground reaction

400 for--smes [ et ~0O- EPS block
: : o -0O- Concrete panel
' ' ' Discrete-panaj-wall
: ' ' (Cuncrete % )
300 fr---romoromT e A

{ Self-weight of Concrete blocks o =135 kN.v'm E
Q; Self- welght of Concrete panels o =135 KN/m? '

200 f" """" :'"‘ -------- R Fessstes '
;‘ ' Overburden ressure of embankment |
N ‘ _0—1001 m? l

. O -

Subgrade reaction (IMNVm?)

Distance from front face of the wall (m)

Fig7 Distribution of subgrade reaction force

(experiments of geotextile reinforced soil walls -
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In the design, the allowed bearing capacity was
satisfied for this trapezoidal distribution ground
reaction, but according to the results of a full scale

. reinforced ‘soil wall on-site experiment using block

type with a height of 8 m, the foundation ground
consisted of relatively soft sandy soil at the surface

and a soft clay layer deposited beneath-the sand,

conditions which do not satisfy bearing capacity
conditions, but nevertheless, stability was clearly

maintained. The value of the reaction force at the-

bottom edge of the facing was also greater than the
dead weight of the facing as it was in the laboratory
‘experiments (Fig.8). :

Fig9, Fig.10 and Fig.11 show the results of
measurements of a full scale reinforced soil retaining
wall conducted over a period-of about 550 days. The
results indicate that unlike an extremely stiff structure
“such as a concrete retaining wall, a reinforced soil
wall will maintain stability while it deforms. It also
suggests that as far as the overall stability including
that of the foundation ground is concerned, because
the main body of a reinforced soil wall is an
embankment, it may be concluded that, as an

~ embankment, it satisfies safety conditions based on

its rotational slip.
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3 EFFECTS OF THE FACING

In the current design method, it was assumed that the
effects of the facing work of a reinforced soil wall
included the prevention of leakage of the soil and
support for the earth pressure acting on the facing, In
contrast, Tatsuoka proposed that according to the

1102



Compretion of filling

'AP 3] T 7 0 O g g . : 0 O T
Overloading(§- D&
. 100t verloading(@ M“y T S S R W S O, " S S S e B 1)
g g} 2 s &
of 5
% .
S - e
& E O |
s & g
- 40k 8
- g
£ & 3
[~ ~
=%, g
E-. 201
— _40 L.
T8 !
o B
g3 -S0F : Earth quake 17-Feb. 1
g8 TM.A.scale : 4 yE
g o -80} .
@ 8
P2 1oof j |
i L) I A VT I 1 v B0
Start of "0 50 100 150 200 250 300 350 400 450 500 550
filling 28/Apr 17/Tun 6/Aug 25/Sep 14/Nov 3/Jan. 22/Feb 12/Apr 1Jun 21/Jul 9/Sep 29/Oct
UMar/95 Elapse time(days) from complation of filling
Fig.10 Horizontal displacement with Elapsed time
(An experiment of geotextile reinforced soil walls(H=8m) at PWRI)
The values from No.2 to 5 are modified due to the B .M. settlement {27mm).
20/May/1995~18/Mar/1996
0 50 100 150 200 250 300 -350 400 450 500 550
" 0 a ] plate'No. " » LI 0
before modify Nol ~®- h=0.0m 1
20r X B0 00 © J No2 —@- h=3.5m .
< No.3 —A— h=8.0m
40} POy %o ¢ ° 2 < (near thefacing) o 2
g oe EX X Nod4 —%— h=8.0m )
g 60} uk Cook:gr h_@x gg g o 0.5 —0— h=8.0m . 30§_
T BT it € s
= - (2] 7 ), a7 -
] % L Settlement of base concrete . © @ ,:V___ YN g
.2 100} Completion of fitli T 158
2 o0 1] compmorns CEEEE %
o 120k h’l Overloading(8-May.} . 6%
' OO oo oo o . =
140} B bo B8 oo oo 172
e Bt g v 5
16 0 i . Flm - - M.A. H . Sv
L] . n
180} m 0 o 9
200} kbl 1 ! ! Al :J 1 [:l - l l.lli_hLLl ; 'I‘“ . 410

Start of 0 50 100 150 200 250 300 -350 400 450 500 550
filling 28/Apr.17/Jun 6/Aug 25/Sep 14/Nov 3/Jan 22/ng 12/Apr  YJun 21/Jul  9/Sep 29/Oct

12/Mar/95 Elapse time(days) from completion of filling

Fig.11 Settlement of embankment with elapsed time
(An experiment of geotextile reinforced soil walls(H=8m) at PWRI)

1103

- 20

- 200
- 180

T
—
[\
o o

(Aeppuaw) uonesrd

L 10
[ 80
L 60
L 40

-0

T
—
=)
o

1991 [BUINIY

- 140

(Aepyunu) uoyyeids

- 20



—&—EPS block

— 0 ~ Concrete block

Height of wall (m)
w

0 20 40 60 80 100
Honzontal displacement of wall surface (mm)

Fig.12 Horizontal displacements of an EPS block and
concrete block(experiments of geotextile reinforced soil

'_ walls (H=6m) at PWRI)

type of facing, the effects can be classified local

rigidity, overall longitudinal rigidity, overall shearing -

rigidity, overall bending rigidity, and gravity
comparison of the horizontal displacements of an
EPS block and concrete block based on an
experiment conducted by PWRIL

Although deformation was restricted by the facmg,
in case of EPS block the weight effect of the facing

work was small regardless of the presence of
. longitudinal rigidity”. And the tensile stress acting on

the reinforcing material is. shown to reach its
maximum value near the facing This trend has also
been confirmed by a full scale experiments of
reinforced soil wall using block facing.. And when
designing a reinforced soil wall such as a block type
wall, it is possible to reduce the tension acting on the
reinforcing material by accounting for the weight
resistance of the blocks and the friction resistance
between the blocks. Similar proposals have been

offered by Gotteland et al” (1993) and

Leshchinsky®.

4 CONCLUSION

This paper is an outline focused on the reinforcement
effect mechanism and design concepts of reinforced
soil walls or reinforced embankments as geotextile
reinforced soil structures. Based on numerous

experiments, analyses, and on-site measurements, a

design method has been created based on a concept
of ultimate balance. But it has also been shown that

design and execution stages. As the point of contact -
between the limit equilibrium method and the
deformation analysis method, it is important to
conduct model experiments which are able to
analyzed by all researchers and designers who are

- concemed.
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this design method can not necessarily fully explain =~

“actual behavior.

While on one hand, real reinforced soil structures are
flexible structures, one important question is how to
predict the deformation, then control it through the
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