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Some considerations on the design methods of reinforced earth 
retaining walls 

Remarques sur les methodes de dimensionnement de murs en terre 
armee 

Au cours des dernieres annees, la terre arrnee a ete largernent utilisee pour la realisation 
des rnurs de sQutenement. 
Le principe de la terre armee est bien simple, rnais la prevision de son comportement par 
calcul slavere plutot compliquee. 
On dispose maintenant d'un grand nombre de procedes, autant manuels qu'automatises - par la 
methode des elements finis - pour calculer la stabilite interieure ou exterieure d'un mur 
en terre armee. L'article passe brievement en revue ces procedes, dent la validite est veri
fiee par voie theorique et par confrontation avec les resultats des experiences sur modeles. 

INTRODUCTION 

The term of "reinforced earth structure" was 
introduced by Casagrande to represent the 
natural stratification of alternate soft and 
stiff material horizontal layers that common
ly occurs in soil deposits (21). 

More recently, an artificial reinforced earth 
was created by Henri Vidal (20). Reinforced 
earth is a soil mass composed of fill streng
thened in critical directions by metal or 
plastic reinforcing strips. The material has 
been widely adopted in the civil engineering 
during the past few years. 

The concept of strengthening soil with added 
rods or fibers is not new. Some animals and 
birds use straw and branches mixed with soil 
to build their habitations. The beneficial 
effect of plant roots in stabilizing soil 
has been recognized for a long time, and is 
recetly beginning to receive careful analy
tical study (8). Since Roman times, builders 
have been aware of the beneficiating effects 
of the inclusion of reinforcing elements in 
earthwork. A paper by Lee et al. (9) descri
bed some of the early concepts of reinforcing 
a soil as a construction technique. 

In 1963 Vidal first published his results 
but it was not until 1965 that Vidal was able 
to design and construct a small reinforced 
earth wall at Prageres in the French Pyrenees. 
In 1968, the first large scale reinforced 
earth wall was built at Nice Menton in 
Southern France. This same year the full 
scale instrumented wall was constructed at 
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Incarville, France (14). The successfull com
pletion of this test has inspired the erec
tion of several hundred reinforced earth 
walls in Europe (3, 13, 15), United States 
(5, 9, 10) and Japan (19) since then. In 
Romania the first reinforced earth walls 
were-completed in 1973 in Iasi and Timisoara 
areas. A scale model investigation is being 
conducted by the Hydrotechnical Research 
Institute (4). 

Because of its early use in road projects, 
reinforced earth is generally associated 
with retaining walls built to carry road 
beds over slides or valleys. But other appli
cations include quay walls~ darn or cofferdam 
works, bridge abutments and foundation rafts 
(15) • 

A cost comparison between reinforced earth, 
concrete and metal crib, and reinforced con
crete walls indicated that reinforced earth 
wallS offer a distinct economy for all wall 
heights (5). When foundation soil conditions 
suggest that considerable settlement may 
occur during the placing of backfill, rein
forced earth construction offers an additio
nal advantage over conventional walls. Since 
the reinforced earth wall is built up as the 
fill is placed~ whereas the conventional 
retaining wall is cast first and then back
filled, the reinforced earth wall can take 
differential settlement better than conven~ 
tional retaining walls. 



REINFORCED EARTH RETAINING WALL ANALYSIS 
METHODS. 

In considering reinforced earth for the pur
poses of design certain similarities with 
reinforced concrete can be identified. Like 
reinforced concrete, the beneficial effects 
depend on a combination of the tensile 
strength of the reinforcing and the shear 
bond with the surrounding soil. Reinforced 
earth is complicated by the fact that both 
the shear strength of the soil and the bond 
strength with the reinforcing are frictional 
in nature and are thus directly dependent on 
the normal effective stress distribution, 
which, in turn depends on the size, geometry, 
and type of loading of the structure as well 
as the types oE materials, and other factors 
(9) • 

The major components of the reinforced earth 
walls are soil backfill, reinforcing flat 
strips or ties, and face covering skin ele
ments (fig. la). 
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Because the reinforcing action requires good 
trictional bund betweeu Lhe Lies al'l.d Lhe 
soil, only free draining granular soils are 
conSidered, and the strips are oriented with 
the wide side horizontal. 

In recent years research was conducted to 
adapt computer finite element techniques to 
more accurately portray the true mechanism 
of reinforced earth (7). There are two general 
approaches to the finite element analysis of 
reinforced soil systems involving respective
ly composite and discrete or dense tie-buck 
representations of the constituents. 

In a composite representation (6, 11) it is 
assumed that if the reinforcing pattern is 
repeated a sufficiently large number of times J 

the material can be considered homogeneous 
at the structural level (or as an inhomoge
neous material in which the changing proper
ties ·are due to changes in the reinforcing 
spacing and/or properties). The reinforced 
material when viewed, at the composite level, 
exhibits orthotropic behaviour. The composite 
properties assigned to the continuum elements 
reflect the properties of the matrix material 
and the reinforcing members and their compo
site interaction. Once the appropriate compo
site properties are determined, standard 
finite element procedures are used to analyse 
complicated structures of the reinforced ma
terial. 
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The advantage of a composite representation 
is the economy of analysis achieved by not 
having to discretely represent each and eve
ry reinforcing member. The disadvantage is 
that the analysis does not directly yield 
detailed information .about the stress and 
strain states at the interfaces of the soil 
and the reinforcing members nor about loca
lized deformations near the edges of the 
reinforced mass. 

In a discrete representation (I, 16) the 
reinforced system is treated as a heteroge
neous body, and the soil and each and every 
reinforcing element is considered in detail. 
The advantage of a discrete representation 
is that detailed information is directly ob
tained about the interaction of the soil and 
the reinforcing members (e.g. bound stresses, 
stress concentrations, edge effects etc.). 
The chief disadvantage is excessive computa
tional cost for real structures containing 
large numbers of reinforcing elements. 

A comparative study performed by Herrmann and 
Al Yassin (7) demonstrated that the two appro
aches yield very similar results and conse
quently·they can be applied with equal accu
racy to the analysis of reinforced soil sys
tems. However, in general for large two-dimen
sional and three-dimensional configurations, 
only the composite approach is economically 
feasible. 

While finite element computer programmes have 
opened up a possibility of obtaining improved 
solutions to the prOblem of reinforced earth, 
they are still not developed far enough to be 
used for design purposes. However the results 
obtained by finite element analyses can he 
L1:'al1s1ated into p.1:'Upel' htil1U dUd-lysIs rneLhods 
(17). 

As with the finite element analysis methods, 
there are two mechanisms involved in hand 
analYSis methods : (a) composite behaviour 
and (b) dense tie-back behaviour. 

The design procedure advocated by the French 
parent company Terre Armee is based on an 
assumed composite action between the granular 
Goil ba.ckfill and the reinforcing ties (14, 
20). It is accepted that if a failure wedge 
develops, it will occur in the unreinforced 
fill immediately behind the reinforced fill. 
Treating the reinforced fill as a single 
unit, the earth pressure distribution is 
calculated as if the reinforced fill was a 
rigid gravity retaining structure (fig. 2a). 

The tensile force in a tie at any depth h 
below the surface of the reinforced zone is 
calculated assuming equilibrium with the to
tal lateral earth pressure force acting on 
the tributary area of the wall pertaining 
to this tie : 
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where Ka is the active earth pressure coeffi
cient, 0 is the vertical pressure at depth 
hand 5x

v
and Sy are the horizontal and verti

cal spacing of the ties. The vertical pres
sure is simply taken as overburden pressure, 
0v :::: y-h. 

Schlosser and Long (15) have also considered 
the effect of the thrust from the retained 
filIon tensile forces in the reinforcement. 
This requires an assumption about the dis
tribution of vertical stress and they have 
assumed a trapezoidal distribution and a 
Mayerhof distribution which depends on the 
eccentricity, e, of the reaction at the le
vel considered, as shown in fig. 2a. When 
the reinforcements are sufficiently long the 
equations based on the trapezoidal and 
Mayerhof distribution can be replaced by the 
first equation given in fig. 2a, correspon
ding to an uniform distribution of the ver
tical stress. 

Two types of inconSistency develop in the 
Terre Armee procedure, namely: (1) while 
the failure wedge is assumed to act behind 
the reinforced zone, the horizontal earth 
pressure within the reinforced soil is cal
culated using the plastic equilibrium coef
ficient Ka ; (2) while the procedure is 
based on composite material properties, cal
culations involving internal equilibrium of 
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the reinforced zone are not'performed. Based 
on considerations for the overall stability 
of the reinforced zone and on field observa
tions, the tie length, L, is arbitrarily 
assumed to be not less than O.SH for high 
walls and somewhat greater than H for low 
walls, where H is the total height of rein
forced zone. 

Additional design procedures have been deve
loped (5, 9, 15) assuming that a plastic fai
lUre wedge develops immediately behind the 
face of the wall as is assumed in conventio
nal retaining wall design. This would imply 
that the reinforced earth system acts as a 
densely reinforced tie-back system and not 
as a composite material. These procedures 
are based on either the Coulomb or Rankine 
methods of computing the active thrusts on 
the wall. 

The Coulomb methods consider the overall 
force or moment equilibrium of the entire 
wall, whereas the Rankine method considers 
the eqUilibrium of a single element of soil 
at any depth. In the Coulomb method a trian
gular distribution of reinforcement force 
with depth is assumed whilst in the Rankine 
method it is assumed that the major princi
pal stress acts in a vertical direction. The 
equations obtained by above mentioned methods 
for the tensile force in the strip element 
"i" are given in fig. 2b. For large values 
of i and large number of reinforcement beds, 
n, the three methods provide similar values 
of the tensile forces (IS). With a good 
approximation the tensile force at depth h 
below the surface of the wall can be taken 
as : 

(2 ) 

which is equivalent with the equation provi
ded by the Terre Armee procedure for an uni
form 0v distribution~ 

The equations derived by Rankine and Coulomb 
methods for tensile force in the reinforcement 
were based on the assumption of a failure pla
ne inclined at 45 + 0/2 degrees to the hori
zontal. This wedge of pressure is greater than 
the pressure wedge defined by measuring, in 
full scale experiments, the position of the 
points of maximum tension in the reinforce
ment strips (fig. 2c). The pOints of maxi-
mum tie tension lie on a parabolic failure 
surface that separates the reinforced mass 
into an active zone, where the shear stresses 
are directed towards the facing, the soil 
having the tendency to pullout the strips, 
and a passive or resistant zone, where the 
shear stresses are directed towards the in
terior, soil having the tendency to restrain 
the strips. Tests on models and calculations 
using the finite element method have shown 
that the shear stress exerted by the earth 
on the reinforcement does not, at a given 
pOint, have identical values on both faces 
of the reinforcement (15). 



Using the above mechanisms, Schlosser and 
Long (15) have proposed a design procedure 
based On -the equilibrium of a soil element 
located in the active zone, as shown in 
fig. 2d. The proposed analysis considers the 
soil element abc d acted upon the tie ten
sion, T, at the active zone boundary, the 
reaction, F, of the passive zone and the 
shear stresses on the faces ab and cd. An 
approximate procedure is used to derive the 
tie force. equation given in fig. 2d. 

In the design of a reinforced earth wall the 
problem of both internal and external stabi
lity must be considered. 

INTERNAL STABILITY CONDITIONS 

Internal stability of reinforced earth retai
ning walls depends on the stability and per
formance of both the reinforcing strips and 
the skin elements. 

To insure adequate performance, the ties 
should not fail in tension or due to lack 
of frictional resistance under applied loads. 

If the yield or failure stress of the tie ma
terial is cry, the width of the tie is b, and 
the thickness is t, then the factor of safe
ty against failure or breaking in the ties, 
based on Eq. 2, is 

F 
Y 

"y b t 
(3) 

For an uniform rectangular diotribution of 
reinforcing elements of equal tensile strength, 
the lateral strains in the strips are likely 
to increase with depth. Thus near: the t:op or 
the wall the soil between the strips will be 
close to an !!at rest!! condition whilst near 
the base of the wall the soil will approach 
the active failure condition (fig. Ib). On 
the other hand, model tests carried out by 
different authors (9, 10) appeared to par
tially substantiate the lateral earth pres
sure theory based on a Ka condition. As the 
elastic and strength properties of the test 
models are several orders of magnitude smal
ler than the field models, the observed fai
lure mode within the test model reinforced 
earth may not actually take place in the 
field. Tie force measurements on full-scale 
tests ~2, ~) s~ggest that an at rest Ko pres
sure ?lstrlbu~lon may by more appropriate 
for,tle breakln? analysis. Based on the pre
cedlng observatlons and on analytical finite 
element studies, Shen et al. (17) proposed 
the Ka coefficient in Eq. 3 to be replaced 
by the Ko coefficient. 

Ca~culation f?r the factor of safety against 
sll~page requlres an estimation of pullout 
resls~an~e of the ties. If the small amount 
of frlctlonal resistance against the edges 
of the tie is neglected, the total frictio
nal resistance of a -tie at depth h may be 
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considered as 

(4) 

in which i is the effective length of the tie 
which resists the pullout force and f is the 
coefficient of friction between the reinfor
cement and the soil. 

For a rectangular reinforced earth wall, the 
following equation for the factor of safety 
against slippage is obtained on the assump
tion t = L, the total length, that is the 
whole length of the reinforcement strip is 
involved in pulling out through the soil : 

2 L b f 
(5) 

However, a more realistic assumption would 
be that only the length of reinforcement 
extending beyond the theoretical failure line 
is active in preventing this mode of failure 
(9). As the factor of safety based on this 
assumption increases with depth, the top 
layer of reinforcement is the most critical 
and has a factor of safety given by the fol
lowing equation : 

2 b f [L - H tan (45 - 0/2)] (6) 

where 0 is the angle of shearing resistance 
of the soil. 

AI-Hussaini and Perry (2) approximated the 
shear stress distribution, beyond the theo
retical failure line, by a parabola and on 
this basis evaluated the total effective 
resisting force due to friction and corres
ponding factor of safety against pullout 
failure as : 

4 b f [L - H tan (45 - 0/2)] 

3 Ka Sx Sy 
(7) 

Based on the finite element results and field 
performance$ Shen et al. (17) consider that 
the stress state within the reinforced earth 
wall is approximately the Ko condition, 
whereas in the backfill just behind the wall 
approaches the Ka condition. It is also as
sumed that a linear force gradient develops 
in the reinforcing strips between the Ka 
state at the face, where they are bolted to 
the skin plate, and the Ko state in the in
terior~ At the back edge of the strips the 
force must start from zero and build to its 
maximum value over a finite length. Thus, the 
total length of the strips must exceed the 
development length at both ends ! 

(8) 



where 
face 

(Ko -Kal Sx Sy 

£1 =-----
2 b f 2 b f 

and 6 = an assumed desirable distance of 
constant force in the interior of the wall. 

Field pulling tests performed by Chang (51 
using galvanized reinforcing steel strips, 
put into evidence typical load-deformation 
curves as shown in fig. 3a with yielding, 
peak, and residual load points clearly defi
ned. The yielding load, representing the 
proportional limit of the load-deformation 
relationship, is the yield capacity of the 
steel or the maximum possible frictional 
grip of the compacted soil without the intro
duction of strain in the soil. The peak load 
represents the maximum mobile pulling resis
tance of the composite material of the rein
forcement and soil. After the peak load, the 
strip becomes partially loose and progressi
vely, the whole length of the strip starts 
sliding when the· pulling loads drop to the 
residual level. If the strips break there 
will be no peak load or residual load. 

Because the peak load represents the maximum 
mobilized friction grip, the pullout factors 
of safety were evaluated by Chang (5) using 
the peak loads as failure loads and the ten
sile strip loads from Eq. 2. The relation
ships between overburden height, h, strip 
length, L, and the factor of safety, F , 
which can be used as a gUide for selec~ing 
the minimum length of reinforcement required 
for a given wall height, are given in fig.3b. 
Because the residUal load, representing a 
complete slippage failure, is much lower 
than the peak load, a conservative factor of 
safety of 4.0 is recommended for design pur
poses. 
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The skin plat.e which provides restraint for 
the soil between individual rows of reinfor
cing strips must be rigid enough to resist 
anticipated impact or shocks and flexible 
enough to tolerate a certain degree of defor
mation to conform with the settlement of the 
soil mass upon loading. The standard shape 
of the metal, skin plate used by Terre Armee 
com·l?any consists of semi-eliptical element 
of 25 to 33 cm high with a thickness of 
about 3 mm. 

Chang (5) developed a stress analysis of 
skin plates assuming a semicircular section 
of skin plate and hinged end conditions 
(fig. 4): The load P represents the resul
tant force, transfered from an uniform ver
tical pressure acting along an effective 
length of reinforcing strip, causing a ver
tical deformation, Sv. For design purposes, 
a value of Sv can be determined by estima
ting the structure settlement for one of the 
major design functions. Once the unknown 
load, P, is determined, the stresses develo
ped in the skin plate can be readily calcu
lated. Field performance studies have shown 
that the coml?uted circumferential stresses 
based on this procedure agree reasonably 
well with the measured data. 

F.eg. 4 - Load.ing d.iagfLam and df06-ign 'Qua
ti~ n 06 '-> k.en pfafL 

EXTERNAL STABILITY CONDITIONS 

The overall stability of a reinforced earth 
wall may be analysed by considering the 
reinforced earth mass as a solid block or a 
gravity type of concrete retaining wall. 
Resistance to bearing ca9acity, sliding at 
the base of the structure and overturning 
of a reinforced earth wall is investigated 
by Terre A.rmee procedure in the same manner 
as is done for design of retaining walls. 
Overturning due to lateral earth pressure 
behind wall is probably the least important 
and most dubiou·s mode of failure. The analy
tical and field performance studies indica
ted that the shear effect at the back edge 
of the wall negated the overturning effect 
(17). However, if this shear could not be 
mobilized due to shear failure or time re
lated relaxation, then this mode of failure 
may be applicable. 

As in any retaining structure, the stabili
ty analysis should include calculations to 
identify the possibility of a general fai
lure which would take out the reinforced 
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earth mass along i .. Ii th a portion of the embank
ment. ~lhen failure surface intersects the 
reinforced earth structure, the internal re
sistance forces mobilized "d thin the reinfor
ced earth mass must be considered. 

An interesting approach of -this problem \olaS 

recetly presented by Ramstad et al. (12). 
The approach is basically a modification of 
conventional slope stability analysis incor
porating the influence of the metalic rein
forcement. The hypothesized failure surface, 
premised upon the finite element studies, 
consists of two straight lines with the tran"
sition occuring at the back edge of reinfor
cement (fig. 5). The strip resultants are 
assumed horizontal at failure. Solutions were 
developed in terms of two nondimensional 
design parameters, Cl and C2, as defined in 
fig. 5, permitting the rapid estimation of 
wall heights for a wide variety of parametric 
design conditions. 
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As observed in fig. 5, the value of H/L 
ratio increases with the increasing of both 
Cl and C2' A.n increase of Cl is equivalent 
with decreasing of reinforcement horizontaJ 
and vertical s9acing, while an increase of 
C2 is equivalent vlith increasing the yield 
capacity of the strips, when all other para
meters are hold constant. The solution for 
any given value of Cl with increasing C2 
becomes horizontal when pullout becomes the 
mechanism of failure for all strips. 

Generally, the larger values of Cl and C2 
which represent greater percentages of rein
forcement relative to the contributing area 
of soil, result in decrease the value of 81 
and increase the value of 82. Normally, 
laboratory tests (9) are designed for small 
values of C1 and/or Cz because of low over
burden stress, and hence they fail with the 
classical Rankine failure plane, while pro
totype systems (2) are designed with much 
larger values of Cl and CZ' and thus the fai
lure begins to represent merely a sliding of 
the entire reinforced earth mass as a mono
litic unit. This is clearly illustrated in 
the lower .",?art of fig. 5. Consequently, small 
scale models can only provide an approxima
tion of the actual behaviour of the modeled 
l?rototYJ:1e. 

CONCLUDING REMARKS 

In recent years reinforced earth has been 
widely used for construction of earth retai
ning structures. 

The concept of reinforced earth is simple, 
but the mathematical predictiun uf it.s beha
viour is complex. As a result, consideraLle 
experimental and theoretical work was done 
to improve analysis, design, and construction 
methods of this system. 

Numerous, both hand calculation and computer 
finite element methods are now available for 
internal and external stability analysis of a 
reinforced earth wall. The paper gives a short 
comparative review of these methods. The me
thod validity is r.hp.r.ked by theoretical consi
derations and by comparison with data from 
experimental model tests. Because of the dif
ficulties in exact scaling in laboratory model 
tests, it is concluded that a reasonable way 
of providing a realistic approach for desi
gning reinforceq earth walls is to study the 
performance of large-scale models in the field. 

It a:opears that many complexities and unknowns 
still remain before reinforced earth walls 
may be designed and constructed using smaller 
factors of safety. 
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