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APPENDIX A — SOIL NAIL DESIGN COMPARISON

The reports FHWA-IF-03-017 (Lazarte et. al., 2003) and FHWA-SA-96-069R (Byrne et al.,
1998), hereafter referred to as [REF1] and [REF2], respectively, contain specific
recommendations pertaining to the analysis and design of soil nail walls with a reinforced
concrete facing (shotcrete and cast-in-place concrete). The comparison was limited to those
sections of each manual providing specific design recommendations that influence or otherwise
direct the efforts of engineers engaged in the prescriptive practice of designing and analyzing soil
nail walls. Likewise opinions or corrections to the manuals are beyond the scope of the
comparison. The design items considered are listed in Table 1 and include external, internal and
facing calculations. Where convenient, equations are sometimes shown in Table 1 as a means to
illustrate the similarity or difference of the recommendations in the respective manuals; however,
the reader is referred to the appropriate report for a complete list of the variables, their
definitions and specific discussions on the guidance or limitations of the listed equations. Based
on the review of the design methods, a discussion of the main differences between the two
manuals is provided.

ACTIVE EARTH LOAD FOR INTERNAL STABILITY AND FACING DESIGN

For estimating the “internal” active earth load resisted by the nails, [REF1] recommends
using the slope stability software, SNAIL (CALTRANS, undated). SNAIL is capable of
estimating the available nail resistance intersecting a given slip surface based on the
controlling condition of grout-soil pullout, facing punching shear or nail tensile yield. The
analysis determines the internal “maximum average nail load” that provides a factor of
safety of 1.0 (active failure condition). Once the “maximum average nail load” has been
determined, the active earth load occurring at the back of the shotcrete is empirically derived
using an equation, based on earth pressure measurements at the shotcrete-soil interface done
on walls in Germany and France using total stress cells (Clouterre, 1993). The maximum
average active earth load applied to the head of the nails may vary from approximately 60%
to 100% of the “maximum average nail load” depending on nail spacing.

In contrast, [REF2] applies the full coulomb active earth loading uniformly behind the
shotcrete facing. In complex terrain or layered soils, a slope stability analyses can be
conducted to determine the magnitude of an external load against the facing. The external
load that provides a factor of safety of 1.0 (active condition) is then distributed uniformly
along the back of the shotcrete. [REF2] does not rely on any particular software package to
complete these calculations.

OVERALL (GLOBAL) STABILITY

Both manuals emphasize the use of global stability analysis to design soil nail walls.

[REF1] relies heavily on the software program SNAIL to determine both active earth
pressure loading applied to the wall facing (Factor of Safety equal to 1.0) and a search for
the critical slip surface producing a minimum factor of safety for a given nail layout
(spacing, orientation and lengths). [REF2] has a design procedure that reduces the lengths
of the nails towards at the middle and lower elevations in the wall to account for “top down”
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loading of the soil nails. [REF2] is concerned that after construction of a soil nail wall the
nails in the upper part of the wall are more heavily loaded than the middle to lower nails.
This is the necessary result of the staged, top-down nature of soil nail wall construction. In
order to adjust the engineering calculations to account for this condition, [REF2] has a
procedure to reduce the lengths of the nails in the middle to lower portion of the soil nail
walls thereby reducing their contribution to slope stability. This procedure is not
demonstrated in [REF1].

EXTERNAL STABILITY ANALYSES

Both methods use earth pressure type equations to estimate the factors of safety for external
modes of failure (bearing capacity, etc.). However [REF1] considers bearing capacity and
sliding, while [REF2] considers bearing capacity and eccentricity of the soil reaction
(overturning). Also the pseudo-static seismic coefficient is much larger using [REF2] than
[REFT1].
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APPENDIX A — SOIL NAIL DESIGN COMPARISON

Existing Structure
| A = H[1-tan ]k
-
— —J
Displacement __
of Facing
By, = Horizontal top of well deflection (L)
£, = Vertical top of wall deflection (L)
b = Horizorial distance behind top of wall
which may be influenced by constructon
Induced wall deformation (L)
n = Face bafier (dagrass)
L = Mai lengih
¥ = Dampening Coelcient
Type of Soil ‘Weathered Rocks Sandy Soils Clayey Soils
Stiff Soils
By and 5, E H /1000 f 2 H/ 1000 3 H /1000
coefficient x 0.8 | 1.25 1.5

Figure 87. Schematic. Deformation Estimate at Top of Wall and Extent of Influence.
[REF2]
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________ (... R

1 ” | L— 1
e [T
-- M.,

R; = Nail Tensile Capacity
R: = Facing Capacity
Ry = Pullout Capacity

Q,, q, = Ultimate load transfer rate and bond strength
To ~ 0.6-1.0 Tpax

1) Rz < R; <= R; (pullout controls, shown in example above )
2) R; < R: < R; (tensile failure controls)
3) Rg < R; or R; (facing failure may control depending on T,T_,,}

Figure 88. Schematic. Illustration of Distributed Nail Tensile Loads (T,, Tax, €tc.) and the
Limiting Nail Capacities (Tensile, Facing, & Pullout). [REF1]
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Fone A foneB Fone C

[T Mail Length i
Mail Head

Mail Support to Slip Surfaces intersectingthe Mail in Zone A at Point X =T +Qx
Mail Suppaort to Slip Surfaces intersecling the Nailin Zone B=Ty,
Mail Support to Slip Surfaces intersecting the Mail in Zone C at Point ¥ = Qy

Tg =strength of nail head-facingconnector = Allowable Nail Head Load (SLD

Ty = nail tendon tensile strength Allowable Mail Tendon Load (SLD)

2 = naikground pullout resistance

Allowable Pullout Resistance (SLD)

Figure 89. Schematic. Illustration showing the Distributed Nail Capacities. [REF2]
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