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SPT Consistency T .

(N) (KN/m’) (kN/m?)
0-2 Very soft 0-12,5
2-4 Soft 1,6 12.5 =25
4 -8 Medium stiff | 25-50
8-16 Stiff 1,9 50 - 100
16 - 32 Very Stiff 2.2 100 - 200
> 32 Hard > 200

[14]
Japan (MPa) USA and Kussia Es (KPa) Mongolia (MPa)
g;?:sf)?::]r;zgl)y Es = 1 4N Es =0.5(N+0.015)

Lj;‘f;’h‘(;’:tzz) Es = 2.8N Es = 40 + 1.05N .

Gravelly sand IF,N>15 Es=0.6(N +0.06) +2 Itis found in case of all

IF,N <15 Es=0.6(N +0.06) saacy anc gue 1y sotk

Clayey sand Es = 0.32(N+0.015)

Sihséljt,nc(:,yg?li[m or Es = 0.3(N+0.006)

Type of Soil Modulus Elastisity (E;

(kN/m?)

Gravelly sand E; =1200 (N + 6)
Sand normaslly consolidated E; =500 (N +15)
Sand saturated E; =250 (N +15)
Sand overconsolidated Es =40000 + 1050 N
Clayey sand Es=320 (N +6)
Silts, sandy silt, clayey silt E; =300 (N + 6)
Clay, clayey silt E. =300 (N + 6)
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Source: Porterfield et al. (1994).
Figure 4.3: Typical PVC Centralizers Attached to a Nail Bar Prior to Nail Installation.

Figure 4.4: Nail Bars (in light color at end of nails) Encapsulated by Sheathing (dark color)
Prior to Nail Installation.



Source: Porterfield et al. (1994).
Figure 4.10: Headed-Studs Welded to Bearing Plate.

EXTERNAL FAILURE MODES

SoIL
STRENGTH
NAIL
RESISTANCE
7P % FAILURE
77 \_SURFACE &7 AT BASE
(a) GLOBAL STABILITY (b) SLIDING STABILITY (c) BEARING FAILURE
FAILURE FAILURE (BASAL HEAVE)

INTERNAL FAILURE MODES

.
$ FAILURE
SURFACE
A

7z
(d) NAIL-SOIL (e) BAR-GROUT (f) NAIL TENSILE (g) NAIL BENDING AND/OR
PULLOUT FAILURE PULLOUT FAILURE FAILURE SHEAR FAILURE
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FACING FAILURE MODES

HEADED-STUD

(h) FACING FLEXURE (1) FACING PUNCHING () HEADED-STUD
FAILURE SHEAR FAILURE FAILURE

Figure 5.3: Principal Modes of Failure of Soil Nail Wall Systems.

Minimum
Failure Mode Resisting Component Symbol Recommended
Factors of Safety

Global Stability FSg 1.35

External Global Stability FSg 1.2-13
Stability Sliding FSst 1.3
Bearing Capacity FSu 2.5
Internal Pullout Resistance FSp 2.0
Stability Nail Bar Tensile Strength FSt 1.5
. Facing Flexure FSkr 1.35
Slif:rllgfh Facing Punching Shear FSgp 1.35
Headed-Stud Tensile (A307 Bolt) | FSyr 1.8




Empirical data show that for soil nail walls with typical L/H between 0.7 and 1.0, negligible
surcharge loading, and typical global factors of safety (FSg) values of 1.5, the maximum long-term
horizontal and vertical wall displacements at the top of the wall, 8, and d,, respectively, can be
estimated as follows:

3y, =(%“) xH (Equation 5.65)
where:
(8y/H); = aratio dependant on the soil conditions “i” indicated in the table below; and
H = wall height.

The size of the zone of influence (Figure 5.3), where noticeable ground deformation may take place,
is defined by a horizontal distance behind the soil nail wall (Dpgr) and can be estimated with the
following expression:

DEIEF =C(1-tan o) (Equation 5.66)

where a: is the wall batter angle; and C coefficient indicated in Table 5.2.

Table 5.2: Values of (5,/H), and C as Functions of Soil Conditions.

Weathered Rock Fine-Grained
Variable and Stiff Soil Sandy Soil Soil
8./H and &, /H 1/1,000 1/500 1/333
C 1.25 0.8 0.7
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INITIAL CONFIGURATION

SOIL NAIL
(TYP)

Modified after Byrne et al. (1998).
Figure 5.23: Deformation of Soil Nail Walls.
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(a) L/H=053 (b) L/H=0.61 (c) Ly/H=0.72
SL/H=4.24 IL/H =445 IL/H = 4.66
IL,= 8L, = Tot. Length for case (a) Tot. Length = 1.045L, Tot. Length = 1.105L,
S Soil unit weight ” 120 pef
N \L/ Sail friction angle ¢ 35 degrees
~ Note: Potentially \ ) Sail cohesion ¢ 100 pst
'n.SUfﬁc'em nail length T~ n=1 Drillhole Diameter Dpy 41nch
in lower partof wall \ Ultimate Bond Strengfh [ 20 psi
\ ~ = 0.85 Pullout Safety Factar FS; 20
\ \ ' =070 Global Safety Factor FSe 1.35
7 e —__—I'\\ . g
( k)y =050 Note: Nails and critical slip
TS LS surfaces are drawn to scale
(d L/MH=078
SL/H=4.78

Tot. Length = 1.125L,

Figure 6.3: Effect of Different Nail-Length Patterns.



Table 5.3: Minimum Recommended Factors of Safety
for the Design of Soil Nail Walls using the ASD Method.

Minimum Recommended Factors of Safety

1 (2)
Failure Mode Resisting Component Symbol Static Loads"’ Seismic Loads
(Temporary and
Temporary | Permanent Permanent
Structure Structure Structures)
Global Stability (long-term) FSq 1.35 1.5M |
External Global Stability (excavation) FSg 1.2-1.39 NA
Stability Sliding FSs. 13 1.5 .1
Bearing Capacity FSy 2.5® 3.0 2.3®
Internal Pullout Resistance FS;p 2.0 1.5
Stability Nail Bar Tensile Strength FSr 1.8 1.35
Facing Flexure FSgr 1.35 1.5 B |
. Facing Punching Shear FSgp 1.35 1.5 1l
Facing Strength
H.-Stud Tensile (A307 Bolt) FSyr 1.8 2.0 1.5
H.-Stud Tensile (A325 Bolt) FSyr 1.5 1.7 1.3




Step 1.

INITIAL SOIL NAIL WALL DESIGN CONSIDERATIONS

Wall layout (e.g., wall height, wall length, face batter)

Soil nail vertical and horizontal spacing

Soil nail pattern on wall face (e.g., square, staggered, other irregular patterns)

Soil nail inclination

Soil nail length and distribution

Soil nail material type (e.g., selection of steel bar grade)

Selection of relevant ground properties for design (e.g., soil shear strength; location
of groundwater table, etc.)

H. Other initial considerations

oMmYN®p

Step 2.

PRELIMINARY DESIGN USING SIMPLIFIED CHARTS
These charts are used to preliminarily evaluate nail length and maximum nail force.

Step 3.

FINAL DESIGN

A. External Failure Modes
1) Global stability
2) Sliding stability
3) Bearing capacity

B. Seismic Considerations

C. Internal Failure Modes
1) Nail pullout resistance
2) Nail tensile resistance

D. Facing Design
1) Nail head load
2) Wall facing type and thickness
3) Facing materials
4) Flexural resistance
5) Facing punching shear resistance
6) Facing head stud resistance
7)  Other design facing considerations

Step 4.

ESTIMATE MAXIMUM WALL DEFORMATIONS

Step 5.

OTHER DESIGN CONSIDERATIONS

Drainage

Frost protection

External loads

Support for facing dead load (e.g., foundation support for precast wall facing)

Sowp




Ultimate Bond

Material Construction Method Soil/Rock Type Strength, q,
(kPa)
Marl/limestone 300 - 400
Phyllite 100 - 300
Chalk 500 - 600
Soft dolomite 400 - 600
; Fissured dolomite 600 - 1000
B Sty Dnllod Weathered sandstone 200 - 300
Weathered shale 100 - 150
Weathered schist 100 - 175
Basalt 500 - 600
Slate/Hard shale 300 - 400
Sand/gravel 100 - 180
Silty sand 100 - 150
Rotary Drilled Silt 60 - 75
Piedmont residual 40 - 120
Fine colluvium 75 - 150
Sand/gravel
low overburden 190 - 240
Cohesionless Soils Driven Casing high overburden 280 - 430
Dense Moraine 380 - 480
Colluvium 100 - 180
Silty sand fill 20 - 40
Augered Silty fine sand 55- 90
Silty clayey sand 60 - 140
Sand 380
ot SSvonind Sand/gravel 700
Rotary Drilled Silty clay 35 - 50
Driven Casing Clayey silt 90 - 140
Loess
25 - 75
Fine-Grained Soils Soft clay 20 - 30
Stiff clay
Augered . g 40 - 60
Stiff clayey silt
Calcare d 40 - 100
alcareous sandy 90 - 140
clay
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