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Use of reinforced soil structures in foundation engineering
has become an accepted practice in the last three decades,
using physical, analytical and numerical techniques. To date,
the theoretical approach is the most widely used to analyze
seismic stability of reinforced earth structures. In the last
few years, several analytical methods have been formulated
and some parametric studies have been carried out to show
the importance of the main design parameters.

The analytical approaches are widely used to analyze
the stability of reinforced slopes, although the numerical
approach may certainly be more comprehensive to analyze
the performance of soil structures subjected to seismic
loading. It is because the use of numerical methods usually
requires high numerical costs and accurate measurements of
the properties of the component materials, which are often
difficult to achieve. In addition, further difficulties arise
with modeling failure in frictional materials. The use of this
method is not very attractive for current applications.

The most common analytical method used for design
of reinforced structures is the ‘limit equilibrium’. Different
algorithms by this approach have been proposed for seismic
analysis of geosynthetic-reinforced soil structures based on
pseudo-static limit equilibrium and internal and external
stability analyses have been conducted to determine the
required strength and length of the reinforcement.

This report focuses on reinforced slopes; in particular, the
required strength and length of the reinforcement to avoid
collapse during seismic events by consideration of a certain
factor of safety (FS).

In the present study, seismic analyses of reinforced
embankments under static and pseudo-static loading are
studied by upper bound limit analysis method. The kinematic
approach of limit analysis, with a quasi-static seismic force
in the horizontal direction, is used to arrive at reinforcement
strength and length. Limit analysis has mainly been applied
to reinforced soils in the last two decades. The theorems of
limit analysis (upper and lower bounds) constitute a powerful
tool to find the limit loads for different stability problems.
The upper bound theorem states that the ‘rate of work done
by traction and body forces is less than or equal to the rate

B
—

D934 Tho S sl S slo) P (5 5ll b ) o
YU 350 oo 36T

S sSms Az 3

askari@iiees.ac.ir KSTsl;  wdigo odSiogsy Luiils
P2 pley

Olee 4 a8 Wil glrosle alax 5l xae S (sloily s

5 Jolaw 3 o LS slal da by deosl> LS s Ladl=e
C;‘o)’)J f‘;b 9 \))S-LQ.C cels J))jsa )‘)3 oolaul S)y90 LQA.;L‘}Og)
J;.ibls 9 ‘5‘>‘)Ja ) solazdl déj.a NEH (5‘)-.’ C‘l"“‘" S ‘_ngo)'l..»
30 gy ol 3oyl sl cueal (S5 syl 5l LU ol s
oS e S lslo et soll samgy Jolod pole Gaies
el aBSIE s p Sy9e Sl 4l g Skl 6l80L
Sl sl 51aS Sl YU 5 e (a5 IUT g cosliiinl 5590 (b
(B Ol 50 a0 S Sl 50 (6l Blae gy (51 e 18
2 45 od eolarul M ple S gl sl oSl
(V) U el oo Setisnssy iz 3l 0aisS e Y G ol STl
5 S Sype 4 Glopd gl 0 eaSEles mje
Silwooles el ol ol a5 Cl oo 48,5 s o ol sl Jsb
2 S e Wil o Gobs Jlesl cdses g aee¥ge b
g5 3l naSsl 3o whte 5l LIRS RRGE RS R
(V) IS5 el 00yo )8 ooliul g b oy Sl
3 Se2 g BB Wl Jsb a5 L ol oSl Cunglie
dlns i) (o0 095 2l G285 Cd)b Sl a4 glbl Gl
Ol 28,5 i o b boaiSalas Job K8 om0
P CE JOW S| B V- I T PRVEL YT US| R C T L S T SO (O E Y
S g boaisSmlas b Sl 49l colaS pae Jdoy 9 ais
(V) U ] onlds ailee wigd co 00lS Hgm S ooy )
O35 Joe b &S end oW «5‘*33.);*” (38 Slee sl 2

Iy boaSmluw Job g Jlode dosl (gilwacue ¢ (o3 slooses
sl Griman A5 e dpmlone e (slaglianbl ey ol
Sy )l Olebl cupd oy5lp jelie 4 sl 9w
Al 0018 sl (Kt 03080 £95 90 2 Gl 39250 e S
Ndle s 5l Jeols ol b ols Guiios 5l sdel Cavsy gl duslio
(b plo Olidss mls yizes g Plaxis 2D sgase !
slaJudzs colgs o 039y ool 5 g0 by, gl (ol S g Coo Kl
b 5 e AT o 5 gl S coleailyad cay 5 sdeis
ol 5 <o ool (Saliul s 5 Sl Bl 88 8
Glise gl ol hil 5 an gan llogel Sge el Cunny
soslie sla ey ¢ Sy (wiin slo bl 156 s loges
Sl 5o el o)l plsebl oo 59, 2 | W55 clyo 5 S

International Institute of Earthquake Engineering and Seismology

Sp.10d2Y] Yo.4pas2Yy Jo Lavunung



=
=<

g i S o

of energy dissipation in any kinematically admissible failure
mechanism’.

Formulation is derived based on two main mechanisms:

(a) Horizontal layer blocks, which were employed
to establish the failure mechanism in order to simplify
the formulation and facilitate the exertion of earthquake
accelerations. The applied mechanism consists of several
laminar blocks and one triangular (pentagonal) block at the
bottom for overall failure mechanism, Figure (1).

(b) Two pentagonal blocks for direct sliding mechanism,
Figure (2).

Each slice contains a geosysnthetic reinforcement layer.
The distribution of the reinforcement in embankment
height is considered to be homogenous with fixed length.
Calculations were performed assuming the Mohr-Coulomb
failure criterion for the soil.

Required reinforcement strength was calculated assuming
the reinforcement fails by plastic flow referred to as tensile
rupture. This may happen when the reinforcement length is
sufficient. The length of the reinforcement was calculated
based on collapse mechanisms shown in Figure (3), which
include rupture in some layers and pullout in others. For
each mechanism, a nonlinear equation was optimized.

The results of this study are compared with other
researchers and the results obtained by Plaxis finite element
software, which was very satisfying.

Eventually, the results that obtained in this study were
presented as dimensionless charts, which can be used in
design and to evaluate the effect of different parameters
such as geometrical parameters of a slope, soil strength
characteristics, and seismic coefficient on the stability of the
reinforced soil slopes (for instance, Figure (4). In addition,
these results are applicable to walls, although design of
walls requires consideration of additional failure modes not
presented here.

The calculations carried out by the pseudo-static
approach indicate that both reinforcement force and length
increase with an increase in seismic force. In other words,
for large values of the seismic coefficient, the design of
reinforced soil structures would be too expensive. Further
studies would be performed for these circumstances in order
to reduce the amount of the reinforcement considering that
the structure would experience permanent displacement
during earthquakes.

Keywords: Reinforced soil slopes, Overall failure, Safety
factor, Direct sliding, Limit analysis, Upper bound,
reinforcement strength, Reinforcement length
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