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ABSTRACT: A summary of currently available criteria for the design of geosynthetic-reinforced walls, geo-
synthetic-reinforced slopes, and embankments founded on soft soils was compiled. The objective is to evalu-
ate the consistency among different design criteria put forth by agencies worldwide, including evaluation of
different performance criteria, backfill criteria, reduction factors for geosynthetics, and design methods. This
compilation includes criteria established by Australia, Brazil, Canada, Germany, Hong Kong, Italy, Japan, the

United Kingdom, and the United States.

1 INTRODUCTION

The use of inclusions to improve the mechanical
properties of soils dates to ancient times. However, it
is only within the last three decades or so that
analytical and experimental studies have led to the
contemporary soil reinforcement techniques. Soil
reinforcement is highly attractive for wuse in
embankment and retaining wall projects because of
the economic benefits it offers in relation to
conventional retaining structures. Moreover, its
acceptance has also been facilitated by a number of
technical factors, which include aesthetics, reliability,
proven durability, simple construction techniques,
good seismic performance, and the ability to tolerate
large deformations without structural distress.

As a consequence of the significant growth in the
use of geosynthetic-reinforced systems, government
agencies and industry agencies (e.g. NCMA) have
developed guidelines for the design of reinforced
soil walls, reinforced soil slopes, and reinforced
embankments over soft soils. The purpose of this
work is to evaluate the consistency among different
design criteria that are currently available on
reinforced soil design. This effort was coordinated as
a task of subcommittee 3 Design and Parameter
Determination of the Technical Committee 9 (TC9)
Geosynthetics and Earth Reinforcement Committee,
International Society of Soil Mechanics and
Geotechnical ~ Engineering  (ISSMGE).  The
information was gathered from members of the
Society and compiled in a tabulated format. The

details of the information are briefly discussed
below. It should be noted that although the design
criteria could be the same for two different agencies
(e.g., same factor of safety for a particular design
aspect), the calculations needed to dimension the
structure accordingly could be different. Therefore,
the same design criteria may lead to different design
outcomes.  Nevertheless, the summary tables
reflect the perceived level of conservatism assigned
for each design aspect by each agency.
Furthermore, when the computations are the same,
comparison then is direct. By the time of
compilation of these summary tables, several
additional agencies were undertaking efforts to
compile standards in geosynthetic-reinforced soil
design. This includes the BNSR (Bureau National
Sols-Routes, France) that is preparing the French
Standard NFG 38064, as well as the Nordic
Geotechnical Societies that are preparing the Nordic
handbook for soil reinforcement.

2 GEOSYNTHETIC-REINFORCED SOIL
WALLS

Table 1 provides a comparison of the design criteria
for geosynthetic-reinforced soil walls. The compiled
information from government agencies includes
Australia, Brazil, Canada, Germany, Hong Kong,
Italy, Japan, the United Kingdom, and the United
States. In addition, the National Concrete Masonry
Association (NCMA) is an industry agency that has
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also compiled guidelines for the design of reinforced
soil walls.

Guidelines for performance criteria (tows 1.4 to -

1.11 in Table 1) reveal a significant consistency
among the different agencies. The minimum factor
of safety against sliding is typically 1.5, with the
exception of Australia (FS = 2.0). Design criteria
from Germany account explicitly for internal sliding
(i.e. sliding between reinforcement layers). Several
agencies do not consider overturning as a feasible
mode of failure, as indicated in Table 1 (row 1.6).
Yet, factors of safety ranging from 1.35 to 2.0 were
adopted by agencies that consider this mode of
failure. The guidelines provided by NCMA focus on
the design of segmental retaining walls.
Accordingly, they provide guidelines not only
against overturning of the overall reinforced soil
mass, but also against local facing overturning, crest
toppling, and facing shear (bulging). Eccentricity at
the base of the reinforced soil wall is limited to L/6
in most guidelines, where L is the width of the
reinforced soil mass. The factor of safety values
adopted against bearing capacity range from values
as low as 1.35 (U.K.) to values as high as 3.0
(Brazil). However, most guidelines recognize the
flexibility of the geosynthetic-reinforced systems by
adopting a factor of safety value of 2.0 against
bearing capacity, which is lower than values
typically adopted for most geotechnical systems.
Consistent with guidelines adopted for unreinforced
systems, the factors of safety adopted for compound
and deep seated stability range between 1.3 and 1.5.
Most agencies have not established guidelines
regarding seismic stability. US agencies (FHWA and
NCMA) have typically established pseudo-static
approach methods to deal with seismic design and,
accordingly, have established factors of safety as
design criteria (typically 75% of the corresponding
static values). Finally, pullout factors of safety are
reasonably consistent among different agencies.
They range from values as low as 1.35 in the British
guidelines to values as high as 2.0 in the Brazilian
and Japanese guidelines. Not all methods specify
global and compound stability although such
stabilities could control the design in complex walls
(e.g., tiered wall systems).

In general, all agencies are conservative regarding
the selection of default soil-reinforcement
interaction properties. Several agencies, though,
provide default coefficient of interactions that
designers can use in the absence of project-specific
test results (Brazil, Canada, Germany, Japan, US).
Differently than regarding the design criteria, default
values are not consistent among different agencies

(Table 1, rows 1.13 to 1.14). The default values
range from coefficient of interactions as low as 50%
(Germany) to as high as 100% (Japan). Nonetheless,
their selection typically depends on the type of
reinforcement (geogrid, geotextile) and in some
cases on the type of backfill (granular, cohesive).
Little guidance is provided regarding selection of
default coefficients of interaction under seismic
conditions. FHWA guidelines ask for 80% of the
static values, while NCMA accepts 100% of the
static value.

Regarding selection of backfill properties, most
agencies preclude the wuse of any cohesive
component of the shear strength of the backfill soil.
Only Japan, FHWA, and NCMA provide default
values of friction angles, while most of the agencies
indicate that such parameters should be design
specific. Regarding selection of peak or residual
friction angle values for design, most agencies
indicate explicitly the use of peak friction angles for
design (Germany, Hong Kong, UK, FHWA,
NCMA). Only Australian guidelines explicitly call
for constant volume friction angle values in the
design. Gradation requirements are typically
stringent, and do not allow the use of cohesive
backfill soils. British and FHWA standards require
no more than 10 and 15 % fines, respectively. On the
other extreme, Brazilian and NCMA standards allow
up to 30 and 35% fines, respectively. NCMA has
provisions under which soils with up to 50% fines
can be used in reinforced soil walls. There is also
considerable  discrepancies among  agencies
regarding the maximum value of Plasticity Index to
be allowed for reinforced soil wall design. FHWA
standards require a Plasticity Index of no more than
6 %, while Brazilian and Hong Kong guidelines
allow Plasticity Index values up to 15 and 20%,
respectively. It is likely that gradation and plasticity
criteria are related to local availability of backfill
soils and local experience. Most of the guidelines
indicate restrictions regarding soil pH. Many of them
establish more stringent requirements for PET than
for PP and HDPE.

In relation to geosynthetic reinforcement
properties and reduction factors, most agencies have
already identified standard tests to define the
ultimate tensile strength. Although typical and/or
default reduction factors on creep, degradation, and
installation damage are typically provided by the
agencies, there is no consistency regarding the
magnitude of these factors. Creep reduction factors
(RFcg) of 2.5 for Polyester products and of 5.0 for
Polypropylene products have been typically
established in the absence of test results. Although
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German standards penalize the ultimate tensile
strength with default reduction factors for
degradation (RFp) as high as 2.0, most guidelines
indicate degradation reduction factors ranging from
1.0 to 1.1. Finally, regarding reduction factors to
account for construction damage (RFcp), minimum
values of 1.1 have been generally adopted by the
different agencies. The factor of safety FS, typically
adopted in addition to the reduction factors to
penalize the ultimate tensile strength of the
geosynthetics ranges from values as low as 1.0
(Japan) to values as high as 1.7 (Hong Kong).

While most of the agencies use coherent gravity
approaches for the design of geosynthetic-reinforced
soil walls (similar to traditional gravity structure
analyses), German and British standards adopt a
more generic limit equilibrium approach for external
stability analysis. Regarding internal stability, all
agencies adopt some type of Rankine- or Coulomb-
type surface through the reinforced soil mass. Not all
agencies provide guidelines regarding seismic
stability, but those that provide it adopt a
pseudostatic (Mononobe-Okabe type) analysis. Most
agencies adopt a minimum length of reinforcements
equal to 70% of the structure height. However, Hong
Kong guidelines ask for a length as low as 50% of
the height, while Brazilian guidelines ask for a
minimum of 80% of the height. The minimum
reinforcement length is typically on the order of 2 m,
while the minimum active reinforcement length is
typically on the order of 1 m. The distribution of
maximum reinforcement force with height adopted
by all agencies is typically a Rankine-based
triangular distribution. Some guidelines establish
factors of safety and reduction factors to be used in
the analysis of the connection of the reinforcement
to facing. Detailed modes of failure have been
identified by NCMA, with factors of safety of 1.5
adopted for connection to facing, interface shear
(bulging), internal sliding, and toppling.

3 GEOSYNTHETIC-REINFORCED SOIL
SLOPES

Table 2 provides a comparison of the design criteria
for geosynthetic-reinforced soil slopes. The
compiled information from government agencies
includes Brazil, Hong Kong, Italy, Japan, the United
Kingdom, and the United States. In a general sense,
there have been fewer efforts by government
agencies in compiling design criteria for
geosynthetic-reinforced  soil slopes than for
geosynthetic-reinforced walls.

As for the case of geosynthetic-reinforced walls,
performance criteria for geosynthetic-reinforced
slopes (rows 2.4 to 2.12'1n Table 2) are reasonably
consistent among the different agencies. The factors
of safety against sliding, local bearing failure, deep
seated stability, and compound failure are typically
1.3. Eccentricity at the base is typically not
considered in the design. Factors of safety against
internal slope stability are also typically 1.3, while
factors of safety against pullout range from values as
low as 1.2 (Hong Kong) to values as high as 2.0
(Brazil, Japan). Most agencies have not established
guidelines regarding seismic stability. Yet, FHWA
and Japan establish minimum factors of safety of 1.1
and 1.0, respectively, in pseudo-static analyses. It
should be noted that in lieu of the conservatism of
the pseudostatic stability analysis, FHWA
recommends to use a design seismic coefficient that
is half the maximum ground acceleration.

Agencies are conservative regarding the selection
of default soil-reinforcement interaction properties.
Several agencies, though, provide default coefficient
of interactions that designers can use in the absence
of project-specific test results (Brazil, Japan,
FHWA). The values selected by these agencies are
the same as those adopted for geosynthetic-
reinforced soil wall design. Little guidance is
provided regarding selection of default coefficients
of interaction under seismic conditions.

Regarding selection of backfill properties, there is
less guidance on the selection of backfill material for
geosynthetic-reinforced soil slopes than in the case
of geosynthetic-reinforced soil walls. However,
agencies are in general more permissive regarding
the use of cohesive soils, with FHWA standards
allowing up to 50% fines and Brazilian standards
typically up to 30% fines. There are also more
relaxed requirements regarding the Plasticity Index
to be allowed for reinforced soil slope design, with
most agencies allowing up to a Plasticity Index value
of 20 %. Most of the guidelines indicate restrictions
regarding soil pH.

Criteria adopted by different agencies regarding
geosynthetic reinforcement properties and reduction
factors for geosynthetic-reinforced soil slopes are
consistent with those adopted for geosynthetic-
reinforced soil walls. Regarding methods of design,
most agencies adopt some type of limit equilibrium
analysis. A triangular distribution of maximum
reinforcement tension with depth is typically
adopted in the design considerations. As noted in
Table 2, FHWA adopts a uniform distribution of
reinforcements with depth for walls lower than 6 m.
Not all agencies provide guidelines regarding
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seismic stability, but there is a tendency in adopting
pseudostatic limit equilibrium analyses.

4 EMBANKMENTS OVER SOFT SOILS

Table 3 provides a comparison of the design criteria
for embankments founded on soft soils. Only three
agencies (from Brazil, Japan, and U.K.) were
identified that provide guidelines regarding the use
of reinforcements to support embankments over soft
soils. Because of the typically site-specific nature of
these projects, less guidance is provided by the
different agencies on criteria for embankments over
soft soils than for geosynthetic-reinforced soil walls
and geosynthetic-reinforced soil slopes.
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NOTATIONS

AR: Aramid

Ci:  Coefficient of interaction (C; = tan 8 / tand)
e: Eccentricity

FS:  Factor of safety

GG: Geogrid

GT: Geotextile

H: Height of the slope or wall
HDPE:High density polyethylene

L: Reinforcement length at base

La:  Anchorage length for pullout evaluation
NW: Nonwoven geotextiles

PA: Polyamid

PET: Polyester

PE: Polyethylene

PP:  Polypropylene

RFcp : Creep Reduction Factor

RFp : Installation damage reduction factor
RFp : Durability Reduction Factor

W:  Woven geotextiles

o Interface friction angle

(3 Peak soil friction angle
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