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1. Introduction

Several methods have been employed to stabilize slopes
and excavations, such as retaining walls, driven and cast-
in-place piles, soil nailing, soil anchorage, etc. Among
these methods, the soil nailing technique is prevalent in
Iran. During the design of a soil-nailed wall, geotechnical
engineers attempt to provide an optimal economic design
by modifying various design parameters, including the
length, inclination, diameter, and spacing of nails.

The optimization of soil nailing designs has been the
subject of many researches. Nevertheless, most previous
studies assumed that the length, diameter, and spacing of
nails would remain constant throughout the depth of
excavation. The assumption is based on the conventional
design method outlined in the FHWA guidance for soil-
nailed walls. This assumption does not necessarily result
in an optimal economic design. The main objective of the
this study is proposing a practical method for designing
soil-nailed walls, which allows the length, diameter, and
spacing of nails to be varied throughout the depth of the
excavation.

2. Method

Calculating the global factor of safety (FOS) and wall
displacement are the key steps in the design of a soil-
nailed wall. In this study, FOS and wall displacement
were computed using GEOSLOPE and FLAC3D
software, respectively. The adopted numerical modeling
method was verified by comparing the experimental and
numerical profiles of lateral displacement and tensile
force distributions along the nails of a soil-nailed wall
constructed during the Clouterre project.

In the conventional design method for soil-nailed
walls, the length, diameter, and spacing of nails are
assumed to remain constant throughout the excavation
depth. Figure 1(a) illustrates the conventional soil nailing
design with a FOS of 1.50 for a wall with a height of 20
m. The length, diameter and spacing of nails are
respectively 14 m, 40 mm, and 1.8 m. The soil properties
were assumed to be: y=17.8 kN/m?®, Eso=57 MPa, v=0.30,
¢=36°, y=6°, ¢=10 kPa, K¢=0.412 and q,=400 kpa (the
pull-out resistance). Moreover, the ground surface
surcharge was presumed to be Q=10 kpa.

The length, diameter, and spacing of nails could vary
depending on the excavation depth in the proposed design
method for soil-nailed walls presented in this study. Using
this method, the design process is carried out from top to
bottom of the excavation wall in a step-by-step manner.
The soil nailing design illustrated in Figure 1(b) was
achieved using the proposed design method and the same
FOS for the excavation model considered. According to
Figure 1(b), the proposed design method redistributes the
volumetric nail density through the excavation depth so
that it increases as the excavation depth increases (i.e., by
increasing the weight of the critical failure wedge).
Accordingly, the nails vary in length, diameter, and
spacing from top to bottom of the wall, ranging from 14
to 7.5 m, 25 to 2x32 mm, and 2 to 1.6 m, respectively. As
a result of this redistribution, soil-nailed walls will be
more economically designed.

The volumetric nail densities of the conventional and
proposed soil nailing designs were estimated 0.0054 and
0.0037, respectively. In comparison with the conventional
design method, the proposed design method reduced
volumetric nail density by about 31%, which is a
significant economic benefit. In terms of the wall
displacement, the total displacements at the wall crest for
conventional and proposed designs were computed 35 and
36 mm, respectively, which are approximately equal. As
a result of this, it would appear that the proposed design
method will increase wall displacement marginally
despite reducing volumetric nail density significantly.

3. Results and discussion

In order to compare the conventional design method with
the proposed design method, a parametric study
comprising 54 analyses was conducted. This parametric
study examined the effects of excavation depth, soil

cohesion, soil density, surcharge, and required FOS.

Figure 2 illustrates the variations in displacement
ratios and volumetric nail density differences for various
soil types as a function of excavation depth. In this
context, the volumetric nail density difference is defined
as a percentage difference between the volumetric nail
densities of the proposed and conventional soil nailing
designs. Furthermore, the displacement ratio represents
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the ratio of the total displacement at the wall crest for the
proposed soil nailing design to that for the conventional

soil nailing design.

Figure 2(a) shows that volumetric nail density
differences increase with increasing excavation depth (H),
irrespective of soil type. As H is increased from 10 to 20
m, the volumetric nail density differences for the loose,
medium, and dense soils increase from 24% to 36%, 28%
to 38% and 12% to 43%, respectively. Therefore, the
dense soil exhibits the most significant increase.

In Figure 2(b), it can be seen that displacement ratios
versus H do not follow the same trend for various soil
types. In the case of loose soil, the displacement ratio
remains almost constant with an increase in H. For
medium soils, the displacement ratio decrease from 1.22
at H=10m to 1.04 at H=15m, and then remains roughly
constant with increasing H. The displacement ratio for
dense soil remains roughly unchanged when H is
increased from 10 to 15 m, and then decreases from 1.26
at H=15 m to 1.05 at H=10 m. According to Figure 2(b),
the dashed lines represent the average volumetric nail

density differences and displacement ratios of the various
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soil types. When H is raised from 10 to 20 m, the average
volumetric nail density difference increases from 21% to
39%, whereas the average displacement ratio decreases
from 1.20 to 1.08.

4. Conclusion

A practical design method for soil-nailed walls was

proposed and compared with the conventional design

method in the present study. The main conclusions are as
follows:

1) The proposed design method for soil-nailed walls
reduced the volumetric nail density from 8% to 43%
(on average 30% for all models in the study), which is
very significant from an economic point of view;

2) As compared to the conventional design method, the
proposed design method increased the total
displacement from 1% to 27% (on average 11% for all
models).

In accordance with these results, it can be concluded that

the proposed design method does not significantly

increase the wall displacement despite the substantial
reduction in drilling length and the weight of rebar used.
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Figure 1. Soil nailing designs with the FOS=1.5 for a wall with a height of 20 m: a) the conventional design method and b) the
proposed design method
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Figure 2. Variations of a) volumetric nail density difference and b) displacement ratio versus H for various soil types
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Proposal of a Design Method for Soil-Nailed Walls and Compare it with the Conventional Design Method
Mohammad Hazeghian

Abstract In the conventional design method for soil-nailed walls that is based on the FHWA guidance, the nails
properties (the length, spacing and diameter of nails) through the excavation depth is usually assumed constant. However,
in the design method introduced in the present study (the proposed design method), the nails properties are varied through
the excavation depth by step-by-step control of the factor of safety for each row of nails. In the present study, first
numerical assumptions are explained and then the numerical modelling methodology is verified through the Clouterre
project. Afterwards, the details of the conventional and proposed design methods are described. Next, a parametric study
is performed to compare the conventional and proposed design methods. In the parametric study, the effects of the
excavation depth, soil density, soil cohesion, surcharge and required factor of safety are investigated. The results of the
present study show that the proposed design method compared with the conventional one would decrease on average
30% the nails volumetric density (i.e. the volume of nails divided by the wall area), which is considerable from the
economical point of view. Moreover, the results show that the total displacement at the wall crest for the proposed design
method is comparatively 10% higher than that of the conventional design method.

Keywords Excavation, soil nailing, Conventional design method, Proposed design method, Nails volumetric density and
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