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ABSTRACT: The Limit State design method is established as a comprehensive and logical approach to the
design of complex structures; the method is particularly suited to the design of reinforced soil. The philosophy
of the method is to design against the occurrence of either ultimate or serviceability limit states. The limit states
are conveniently identified as limit modes of failure. Over the years the method, originally identified in BS8006
and recently in Hong Kong Geoguide 6 has produced reliable safe structures using a wide range of materials and
structural forms.

1 INTRODUCTION

The first limit state code of practice for the design
of reinforced soil was published in 1995 as British
Standard 8006. BS 8006 was written by a group of
experts between 1985 and 1995, but in reality the doc-
ument was finalised in 1990, and the next five years
were spent in getting industry to agree the contents.
BS 8006 is therefore a document which is now nearly
20 years old.

BS8006 is used not only in the UK, as the basis for
the design for reinforced and strengthened soils, but is
also used in some European countries, and a number
of counties in the Far East or has been the inspiration
for other national design codes such as Hong Kong
Geoguide 6 (2002).

The art of reinforced soil design has moved on
significantly since BS8006 was originally published
and the document is currently being revised to reflect
recent developments. In the absence of the new ver-
sion of BS 8006, Geoguide 6 as the currently the most
modern code and is used in this paper to illustrate the
limit state concept.

The use of limit state design for reinforced soil is
logical in that it is compatible with current civil and
geotechnical engineering design documents such as
Eurocode 7, EN 1997-1 Geotechnical Design, Hong
Kong Geoguide 1 and BS 5400 for the design of
bridges. The advantage of being able to use a common
design philosophy can be illustrated by considering
the design of a bridge. With a simply supported bridge
it is possible to adopt different design philosophies
for the substructure (abutments) and the superstructure
(deck) but in the case of an Integral bridge, which is the

favored form of construction in many situations, the
use of different design philosophies for different parts
of the structure can lead to conflict in design logic.

2 LIMIT STATES

The philosophy followed in Geoguide 6 and similar
codes is to design against the occurrence of a limit
state. For the purposes of reinforced soil design a limit
state is deemed to be reached when one of the following
occurs:

(a) Total or partial collapse;
(b) Deformation in excess of acceptable limits;
(c) Other forms of distress or minor damage which

render the structure unsightly, require unforeseen
maintenance, or shorten the expected life of the
structure.

The performance of reinforced soil structures and
slopes are considered in accordance with the ultimate
limit state and the serviceability limit state criteria.The
ultimate limit state and the serviceability limit state are
defined as:

ultimate limit state – a state at which failure mecha-
nisms can form in the ground or within the reinforced
soil structure or slope, or when movement of the rein-
forced soil structure or slope leads to severe damage
to its structural elements or in nearby structures or
services.

serviceability limit state – a state at which move-
ments of the reinforced soil structure or slope affect
its appearance or its efficient use or nearby structures
or services which rely upon it.
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The condition defined in (a) above is the ultimate
limit state and (b) and (c) are serviceability limit states.
The use of the limit state methodology permits various
limit states to be considered separately in the design
and their occurrence is either eliminated or is shown
to be sufficiently unlikely.

3 MODES OF INSTABILITY

The modes of instability (i.e. failure mechanisms)
relating to the external and internal ultimate limit states
are illustrated in Figures 1 and 2 respectively. The
modes of failure relating to the compound ultimate
limit states are illustrated in Figure 3. The limit states
relating to serviceability are shown in Figure 4.

Other modes of failure may be appropriate in certain
circumstances and have to be checked accordingly, for
example:

(a) three-dimensional effects could influence the
overall failure mechanism;

(b) modes of failure could be governed by seismic or
cyclic loading; and

Figure 1. Ultimate limit states – external instability (from
Geoguide 6, 2002).

(c) complex modes of failure could be caused by
excessive movement of the structure.

4 FACTORS OF SAFETY

The reliability of reinforced soil design depends not
only on the method of analysis, but also on the way
in which factors of safety are defined, the reliabil-
ity of the geotechnical model and the built quality
required to be achieved. Limit state codes can accom-
modate any accepted analytical procedure and it is
usual to use a tie back wedge analysis for extensible
(polymeric) reinforcements and the empirical coherent
gravity hypothesis for steel reinforcements.

4.1 Overall stability

When designing against overall slope instability,
Figure 1, the global-safety-factor approach is usually
adopted.

4.2 Partial safety factors

4.2.1 General
The current approach to applying factors of safety
for reinforced soil structures and slopes uses partial
consequence factors, material factors and load factors.

Figure 2. Ultimate limit states – internal instability (from
Geoguide 6, 2002).
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The partial factor format is appropriate to reinforced
soil design where a range of materials may be used
for structures of different design lives and where the
consequence of failure depends upon the end use.

Design values of reinforcement parameters, geotech-
nical parameters and loading, as defined below, are
used directly in the design calculations:

where,
RD = design value of reinforcement parameters, R
GD = design value of geotechnical parameters, G
FD = design value of loading, F
γn, γm, γf = partial consequence factor, material

factor and load factor respectively.

The geotechnical parameters include shear strength
of the fill and the permeability of drainage materials.

Figure 3. Ultimate limit states – compound instability (from
Geoguide 6, 2002).

The reinforcement parameters include tensile strength
of the reinforcing elements, fill-to-reinforcement
interaction, facing unit-to-unit and facing unit-to-
reinforcement interaction.

4.2.2 Partial factors for consequence of
internal failure

In order to account for the consequence of internal
failure, both BS 8006 and Geoguide 6 apply a partial
consequence factor γn to the reinforcement parameters
in accordance with Equation 1. As the application of
increased (factored) external loads to a reinforced fill
structure or slope is not always unfavourable due to
the fact that increased stresses in a granular fill results
in an enhanced shear strength, the application of γn
to the reinforcement parameters is a more consistent
approach to a margin of safety than if it was applied
to the loads.

The values of γn for the different consequence cat-
egories are given in Table 1. Typical examples of
failures relating to the consequence-to-life category
and the economic consequence category are provided
in Tables 2 and 3 respectively.

Figure 4. Serviceability limit states (from Geoguide 6,
2002).
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Table 1. Recommended partial consequence factors for
the design of reinforced soil structures and slopes (from
Geoguide 6, 2002).

Consequence-to-life
Category

Economic consequence 1 2 3

Category A 1.1 1.1 1.1
Category B 1.1 1.0 1.0
Category C 1.1 1.0 1.0

Table 2. Examples of failures in each consequence-to-life
category (From geoguide 6, 2002).

Consequence -to- Life

Examples Cat 1 Cat 2 Cat3

1. Failure affecting occupied
√

buildings
2. Failures affecting buildings

√
storing dangerous goods

3. Failures affecting recreational
√

facilities
4. Failures affecting heavily

√
trafficked roads

5. Failures affecting country
√

parks
6. Failures affecting low

√
trafficked roads

4.2.3 Partial factors for reinforcements
The required minimum value of the partial material
factor γm for reinforcement should cover the effects
of material variability, construction damage, environ-
mental effects on material durability and other special
factors including hydrolysis, creep and stress rupture
that are related to polymeric reinforcements. Typical
recommended minimum values for the partial material
factor, γm, prescribed for reinforcements are given in
Table 4.

For polymeric reinforcement, the partial material
factor, γm is given by:

where,
γd = partial factor on reinforcement to allow for

durability
γcr = partial factor on reinforcement to allow for creep
γcd = partial factor on reinforcement to allow for

construction damage.

The partial factors γd and γcr on the reinforcement
to allow for durability and creep respectively are not
only governed by the design temperature but also the
design life of the structure or slope.

Table 3. Examples of failures in each economic conse-
quence category (from geoguide 6, 2002).

Economic consequence

Examples Cat A Cat B Cat C

1. Failures affecting buildings
√

causing excessive structural
damage

2. Failures affecting essential
√

services
3. Failures of strategic roads

√
4. Failures affecting essential

√
services for a short time

5. Failures affecting country
√

parks

Table 4. Partial material factors for the design of reinforced
soil structures and slopes (after Geoguide 6, 2002).

Partial material factor

Material parameter ULS SLS

Fill: unit weight, γ 1.0 1.0
effective shear strength, tan φ1 1.2 1.0

Ground: effective shear strength 1.2 1.0
base friction, tan δb 1.2 1.0

Granular fill and drainage material: 10.0 –
Permeability, k

Structural elements:
Reinforcement strength 1.5 –
Facing strength as per relevant

Structural code –

Fill-to-reinforcement interaction:
Sliding resistance 1.2 –
Pullout resistance 1.2 –

Facing units interaction:
Unit-to-unit resistance 1.2 –
Unit-to-reinforcement
Resistance 1.2 –

4.2.4 Partial factors for fills
The minimum value of partial material factor γm on
the shear strength of fill should cater for possible dif-
ference between the shear strength of the fill measured
in laboratory samples and that mobilised in the field.

4.2.5 Partial factors for fill-to-reinforcement
interaction

Two possible fill-to-reinforcement interaction mecha-
nisms are usually considered

(a) fill-to-reinforcement interaction where a potential
failure surface crosses a layer of reinforcement.
The fill-to-reinforcement interaction mechanism
in this case is related to tensile and pull-out
resistance.
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Table 5. Partial load factors for the design of reinforced soil
structures and slopes (from Geoguide 6, 2002).

Partial factor, γf

Loading ULS SLS

Dead load due to weight of fill 1.0 1.0
Dead load due to weight of facing 1.0 1.0
External dead load 1.5 1.0
External live load 1.5 1.0
Seismic load 1.0 1.0
Water pressure 1.0 1.0

1. γf should be zero for loads which produce a
favourable effect

2. The external loads to which the partial load factors are
associated should be characteristic values in the original
unfactored state.

3. The worst credible water pressure loading should
be considered.

(b) fill-to-reinforcement interaction where the poten-
tial failure surface coincides with a layer of
reinforcement. The fill-to-reinforcement interac-
tion mechanism in this case is related to sliding
resistance.

Typical recommended minimum values for the partial
material factor, γm, prescribed for pull-out resistance
and for sliding resistance are given in Table 4.

4.2.6 Partial factors for facing units interaction
In the design of reinforced segmental block retain-
ing walls, stability checks are required to ensure
the column of block units remains intact, hence, the
available shear capacity at any unit-to-unit or unit-to-
reinforcement interface level will have to be assessed.
Typical recommended minimum values for the par-
tial material factor, γm, prescribed for unit-to-unit and
unit-to-reinforcement interactions are given inTable 4.

4.2.7 Partial load factors
Typical minimum values of partial load factor γf rec-
ommended for use in the design of reinforced soil
structures and slopes are listed in Table 5.

The most adverse loads and load combinations
likely to be applied to reinforced soil structures and
slopes should be considered in design. Different load
combinations are identified with different scenarios.
Typical partial factors to be applied to each com-
ponent of the different load combinations for rein-
forced soil retaining walls and bridge abutments are
recommended in Table 6.

In Table 6 Load combination A considers the max-
imum values of all loads and normally generates
the maximum reinforcement tension and foundation
bearing pressure; Load combination B considers the
maximum overturning loads together with the min-
imum self weight and superimposed loading: Load

Table 6. Partial load factors for load combinations for
reinforced soil walls and slopes (from Geoguide 6, 2002).

Load combination
Partial load factors, γf

Loading A B C

Dead load due to weight of fill 1.0 1.0 1.0
Dead load due to weight of facing 1.0 1.0 1.0
External dead load on top of 1.5 1.0 1.0

structure
External earth loading behind 1.0 1.0 1.0

structure
External live loads:

(i) on reinforced soil block 1.5 0 0
(ii) behind reinforced soil block 1.5 1.5 0

Temperature effects on external 1.5 1.5 –
loads

combination C considers dead load only with unit par-
tial factors. This combination is used to determine
foundation settlements and reinforcement tension for
checking the serviceability limit state.

5 DESIGN STRENGTHS

5.1 Steel reinforcement

For steel reinforcement the design tensile strength, TD,
per unit width of reinforcement is given by:

Where;
ar = cross sectional area of the reinforcement min

potential corrosion losses
σt = the ultimate tensile strength of steel
b = width of the reinforcement
γn = partial factor to account for consequence of

internal failure (Table 1)
γm = partial factor on tensile strength of reinforcement

(Table 4)

For design, the selected value for σt should be the
minimum ultimate tensile strength guaranteed by the
manufacturer.

5.2 Polymeric reinforcement

The design strength of polymeric reinforcements
should be derived on the basis of the following
principles:

(i) During the life of the structure, the reinforcement
should not fail in tension.

(ii) At the end of the design life of the structure, the
strain in the reinforcement should not exceed a
prescribed value.
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Thus, the design tensile strength, TD, per unit width
of reinforcement is given by:

where,
Tult = ultimate tensile strength per unit width of the
polymeric reinforcement.

5.3 Fill materials

For good quality fill materials which satisfy required
grading and plasticity requirements it is generally
sufficient to adopt a c′ = 0 soil strength model for
design purposes, (BS8006 accepts the use of cohe-
sive – frictional fill where c’ does not exceed 5 kPa).
Such a model gives a conservative estimate of the
shear strength of the backfill and is simple to apply
in design. The design shear strength parameters, φ′

des,
can be determined from:

where,
γm = the partial material factor on the shear strength
of fill, Table 4.

5.4 Fill-to-reinforcement interaction

The design coefficients of interaction µpD and µdsD
relating to pullout and direct sliding instabilities
respectively are given by:

where,
µpD = design coefficient of interaction against pullout
µds D = design coefficient of interaction against

direct sliding
γn = partial factor to account for consequence of

internal failure, Table 1
γm = partial factor for fill-reinforcement interaction,

Table 4
αds = interaction coefficient relating to direct sliding
αp = interaction coefficient relating to pullout.

In the case of the proprietary reinforced soil
products the partial factors γm may be identified in
certification procedures.

5.5 Facing units interaction

The stability of segmental block retaining wall facing
depends on the shear capacity between block units and
the resistance mobilised at the block-to-reinforcement

interface. The ultimate shear capacity at any unit-to-
unit or unit-to-reinforcement interface can be calcu-
lated using the following equation:

where,
Vu = ultimate shear capacity per unit length of wall

acting at the interface
Nu = normal load per unit length acting at the interface
au = ultimate adhesion at the unit-to-unit or unit-to-

reinforcement interface
λu = peak friction angle at the unit-to-unit or unit-to-

reinforcement interface.

The design coefficients ades and λdes for the
design shear capacity at any unit-to-unit or unit-to-
reinforcement interface can be determined from:

where;
γn = partial factor for consequence of internal failure,

Table 1
γm = partial factor for interaction between facing

units, Table 4

6 CONCLUSIONS

The Limit State design method is established as a
comprehensive logical approach to design of com-
plex structures, the method is particularly suited to the
design of reinforced soil. The approach is flexible in
being able to accommodate different structural forms
and analytical procedures and with different and new
construction materials.

The first limit state design code BS8006 has been
used widely throughout the world and has been shown
to be a robust design document which produces safe
durable structures, the current revisions will bring
the code up to date. Other limit state codes such as
Geoguide 6 have been developed or are in preparation.
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