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Abstract Geotechnical design is carried out according to one of two main methods; the Working

Stress Design (WSD) and the Limit States Design (LSD) methods. The LSD can be carried out

according to two main approaches; the Factored Strength Approach (FSA), and the Factored

Resistance Approach (FRA). The use of LSD in Egypt is limited to the design of reinforced con-

crete structures. The geotechnical design is still based on the WSD method. The updated Egyptian

Geotechnical Code will include both methods for a transition period before fully adopting the LSD.

This study describes the methodology and results of determination of the partial factors for the limit

states FSA for cantilever walls in dry cohesionless soils such that the LSD matches the WSD. These

calibrated values are essential for the transition period when both the WSD and LSD design

philosophies are applicable. The study recommends a partial factor of 1.25 in the future version

of the Egyptian Code for the limit states FSA design of cantilever walls in dry cohesionless soils,

which agrees with the current state of practice in different international codes.
� 2018 Housing and Building National Research Center. Production and hosting by Elsevier B.V. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The use of the LSD method in Egypt is limited to the design of
reinforced concrete structures [1]. Although widely applied and
accepted in the structural design in Egypt, the LSD approach

is not yet implemented in the geotechnical design, and the
Egyptian Code of Practice for Soil Mechanics and Design
and Construction of Foundations (ECP 202 [2]) is still based

on the WSD method. Engineering projects involve close
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interaction between structural and geotechnical engineers.
Hence, the use of different design methods may lead to confu-
sion with respect to the design basis of the whole project.

Therefore, updating the geotechnical code of practice in order
to adopt the LSD becomes an important design requirement.

The WSD method adopts a ‘‘global” factor of safety con-

cept, while the LSD method adopts the concept of ‘‘partial”
factors. The WSD method does not differentiate between the
different uncertainties associated with different loads and

material resistances, and lumps all the design uncertainties in
a single value, which is the global factor of safety. On the other
hand, the LSD method allows for assigning different (partial)
factors for different loads and material resistances, thereby

considering the different sources and levels of uncertainty.
The LSD method has been adopted in the geotechnical

engineering design for a number of years in many international

codes like Eurocode 7 [3], CFEM [4] and AASHTO [5].
El-Mossallamy et al. [6] developed a LSD framework for the
geotechnical design of deep foundations by evaluating the

required LSD partial factors such that the LSD results match
the outcome of the WSD method.

This paper aims at developing the required LSD partial fac-

tors for the design of cantilever walls embedded in dry cohe-
sionless soils using the FSA, which is also termed the
Material Factor Approach (MFA). The partial factors are
determined such that the design outcome is compatible with

the WSD method currently adopted by the Egyptian Code
[2]. The deduced factors are compared with the currently
adopted factors in some design codes. Finally, the recom-

mended LSD partial factors for use in the ECP [2] are
provided.

Overview of the limit states FSA

The LSD method in geotechnical engineering can be divided
into two main approaches; the FSA and the FRA, which is

also known as the Load and Resistance Factor Design
(LRFD) approach. The FSA is applied in this study to the
geotechnical design of cantilever walls embedded in dry cohe-

sionless soils.
In the FSA, partial factors are applied with respect to the

shear strength parameters, i.e. cohesion (c) and internal fric-
tion angle (tan /). According to Brinch Hansen [7] and the

Danish Code [8], the partial factors are applied to the soil
cohesion (c) and internal friction angle (tan /). According to
the basic LSD concept, the factored resistance (Rd) using the

factored strength parameters must be equal to or greater than
the factored load effects (Sd) using the factored load
parameters.

Fig. 1 illustrates the FSA concept, where partial safety fac-
tors are applied to the shear strength parameters. In the can-
tilever wall problem, reducing the internal friction angle

leads to increasing the active earth pressure and decreasing
the passive earth pressure, thereby increasing the load effects
and reducing the resistance.

Problem configuration and parametric study

This study investigates the effects of all the influential param-

eters on the partial factors (PF) to be considered in the LSD of
cantilever walls in dry cohesionless soils. The investigated
parameters included the excavation depth (H), angle of inter-

nal friction (/) and bulk unit weight (c). The investigated exca-
vation depths were taken 3, 4 and 5 m, and the internal friction
angle values ranged from 30 to 40 degrees. Bulk unit weights

ranging from 16 to 20 kN/m3 were utilized in some cases in
order to investigate the unit weight effect.

WSD of a cantilever wall

The current version of the Egyptian Code of Practice for Soil
Mechanics and Design and Construction of Foundations
(ECP-202 – Part 7, 2001 [2]) adopts the WSD method to deter-

mine the safe penetration depth of in-situ walls. The global
safety factor with respect to penetration depth is taken in the
range of 1.2–1.4. This depth factor corresponds to a factor

of safety of 1.5–2.0 with respect to passive resistance according
to ECP [2]. The calculation model in the ECP [2] is based on
Rankine’s [10] earth pressure theory, and is illustrated in

Fig. 2.
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Fig. 1 Illustration of the factored strength approach (modified after Ovesen and Orr, 1991) [9].
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Fig. 2 Illustration of the active and passive earth pressures

acting on a cantilever wall.
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