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FOREWORD

The Office of Federal Lands Highway (FLH) of the Federal Highway Administration (FHWA)
promotes development and deployment of applied research and technology applicable to solving
transportation related issues on Federal Lands. The FLH provides technology delivery,
innovative solutions, recommended best practices, related information, and knowledge sharing to
Federal agencies, Tribal governments, and other offices within the FHWA.

The current design process for soil nail earth retention systems is inefficient because multiple
tools are needed for facing, internal, external, and global design. These tools do not
communicate with one another, and are often used by different staff members. The main
objective of this work was to develop a single State-of-Practice computer program for designing
the entire soil nail earth retaining structure, including nail elements, facing elements, global
stability, and evaluation of internal and external wall stability based on the current AASHTO
design standards. By combining all these assessment tools into one package, we take another
step towards assuring high quality and efficient designs and accelerating project delivery.

. David Zanetell, P.E., Director of Project Delivery
ederal Highway Administration
Central Federal Lands Highway Division

Notice

This document is disseminated under the sponsorship of the U.S. Department of Transportation
in the interest of information exchange. The U.S. Government assumes no liability for the use of
the information contained in this document.

The U.S. Government does not endorse products or manufacturers. Trademark or
manufacturers’ name appear in the document only because they are considered essential to the
objective of the document.

Quality Assurance Statement

The FHWA provides high-quality information to serve Government, industry, and the public in a
manner that promotes public understanding. Standards and policies are used to ensure and
maximize the quality, objectivity, utility, and integrity of its information. The FHWA
periodically reviews quality issues and adjusts its program and processes to ensure continuous
quality improvement.
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS

Symbol When You Know Multiply By To Find Symbol
LENGTH
in inches 254 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
ft2 square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
t® cubic feet 0.028 cubic meters m®
yd® cubic yards 0.765 cubic meters m®
NOTE: volumes greater than 1000 L shall be shown in m®
MASS
oz ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric ton") Mg (or "t")
TEMPERATURE (exact degrees)
“IF Fahrenheit 5 (F-32)/9 Celsius °C

or (F-32)/1.8 |
ILLUMINATION

fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela/m? cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in® poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft2
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet t®
m® cubic meters 1.307 cubic yards yd?
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds b
Mg (or "t") megagrams (or "metric ton") 1.103 short tons (2000 Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in?

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.
(Revised March 2003)
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CHAPTER 1 - METHODOLOGY OF THE MODEL

CHAPTER 1 - METHODOLOGY OF THE MODEL

INTRODUCTION

Soil nail walls are internally stabilized earth-retaining structures. The use of these structures has
substantially increased in the United States in the last decade. Soil nail walls use a top-down
construction method with installed reinforcing elements to support temporary or permanent
excavations. In certain soil conditions, soil nail walls can be more feasible and cost-effective
alternatives to conventional retaining structures. Soil nailing has been extensively used for
highway applications as excavation support and for permanent retaining wall systems where top-
down construction is advantageous. Soil nailing consists of installing closely spaced epoxy-
coated steel bars (nails) which are subsequently encased in grout. As construction proceeds from
top of cut to bottom, shotcrete is applied to the excavated face to provide stability. In certain
conditions, soil nailing is a viable alternative to other ground anchor systems, considering
technical feasibility, cost, and construction duration.

Although the use of soil nailing for highway applications has increased dramatically, computer
programs for designing soil nail walls have not kept pace with the industry. Currently two
computer programs are available for determining the length and specifications of the nail
components. SNAIL (DOS-based, developed by CalTrans, 1991) and GOLDNAIL (Windows-
based, developed by Golder and Associates, 1993) are the primary programs available for the
designer. Both programs have limited use and are mainly designed for checking the soil nail
wall stability by varying nail types and sizes, spacing and bond strengths. Neither program is
capable of designing wall facing elements or shotcrete; global stability evaluation in both
programs is done by limiting slip surfaces to those that pass the through the toe of the wall, and
cannot evaluate a system with a complex slope profile above or below the wall. These programs
also are used primarily with the Allowable Stress Design (ASD) method and older Load and
Resistance Factor Design (LRFD) methods which may or may not be applicable to more recent
guidelines.

Because of the advantages of soil nail walls, the Federal Highway Administration (FHWA) has
sponsored and coordinated the development of several technical reports and research on soil nail
wall projects since the early 1990s, including a comprehensive design and construction manual
for soil nail walls (Manual for Design and Construction of Soil Nail Walls, Report No. FHWA-
SA-96-069R), guidelines for analyzing, design, construction and monitoring of soil nail walls
(Geotechnical Engineering Circular No. 7 - Soil Nail Walls, Report No. FHWA-IF-03-017), and
a research project underway for developing LRFD Soil-Nailing Design and Construction Factors
and Specifications (NCHRP Project 24-21). These technical reports, specifications, and
research, together with engineering practice, provide highway engineers and contractors with a
better understanding of the mechanisms, structural principles, and guidelines for soil nail
retaining wall design and construction.
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PURPOSE AND SCOPE OF THE PROGRAM

The objective of this work is to develop a computer program that follows the current State-of-
Practice for designing the entire soil nail earth retaining structure. This includes the design of all
soil nail system components such as 1) nail elements, 2) facing elements, 3) external stability,
and 4) global stability for more complex slope geometries. All design and evaluation procedures
were developed in general accordance with the FHWA guidelines presented in 1) The Manual
for Design and Construction of Soil Nail Walls, Report No. FHWA-SA-96-069R, and 2)
Geotechnical Engineering Circular No. 7 - Soil Nail Walls, Report No. FHWA-IF-03-017.

The computer program analysis follows the current service load design guidelines including
internal and external stability evaluation for static and seismic loading. External failure modes
include global stability, sliding, and bearing capacity analysis. Internal failure modes include
nail pullout and nail tensile failure analysis, along with nail head and facing element analysis for
temporary and permanent conditions.

LIMITATIONS

This program has been tested and is believed to be a reliable engineering tool. No responsibility
is assumed by the authors, Yeh & Associates, Summit Peak Technologies LLC, FHWA, or any
employees of the above for any errors, mistakes or misrepresentations that may occur from any
use of this program.

SYSTEM REQUIREMENTS

Minimum System Requirements:

2.0 GHz or faster processor

Intel Pentium 4, Penium M, Pentium D processor or better, or AMD K-8 (Athlon) or better
4 GB internal RAM

Windows 7, Windows Vista, Windows XP Professional or Windows XP Home

NVIDIA GeForce FX 5200, ATI Radeon 9600, or better graphics card

Recommended Requirements:

2.5 GHz or faster processor

Core 2 Duo or Athlon X2.

8 GB internal RAM

Windows 7, Windows Vista

NVIDIA GeForce 8000, ATI Radeon 9600, or better graphics card with 512 MB dedicated RAM

INSTALLATION

The SNAP (Soil Nail Analysis Program) can be installed from the accompanying CD ROM disk,
or installed from an internet web link. Either way, some files will be copied to your location
during the installation process. Before installing SNAP, ensure that you have at least a minimum
recommended free space of 300 MB.
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CD Installation

From your CD drive, select and double click the file named "SNAP 1.0 Self Extracting
Executable.exe”. A window will open asking to where you wish to extract the executable files.
A suggestion would be C:\SNAP. This will download all the files to a folder called SNAP on the
root directory of your C drive. To run the SNAP program, click on "SNAP.exe" in C:\SNAP or
whatever directory you chose. For convenience you can create a desktop shortcut to SNAP.

Internet Installation

This public version of SNAP 1.0 can be found at www.cflhd.gov/programs/techDevelopment.
Navigate to "Completed Projects" under the "FHWA CFLHD Technology Development"
website. From under the "Geotechnical” section, select "SNAP (Soil Nail Analysis Program) -
2010." Click on “Self-Extracting Executable Program — SNAP (Soil Nail Analysis Program)”
and “save” it onto your hard drive. Once downloaded, follow the CD Installation directions
shown above.

BASIC THEORY

SNAP (Soil Nail Analysis Program) evaluates the internal (facing and nail) components of a soil
nail wall, external stability, and global stability. The calculations are based primarily on two
FHWA publications: 1) The Manual for Design and Construction of Soil Nail Walls, Report No.
FHWA-SA-96-069R, and 2) Geotechnical Engineering Circular No. 7 - Soil Nail Walls, Report
No. FHWA-IF-03-017. The differences and similarities between these two manuals are diverse.
The primary differences include methods for calculating the active earth load for internal
stability and facing design, overall (global) stability, and external stability failure modes. Further
discussion related to the two publications can be found in Appendix A.

The following sections discuss how each component including groundwater is treated.

Wall Facing Analysis

SNAP (Soil Nail Analysis Program) evaluates the internal stability of a soil nail wall for both a
shotcrete-only facing type and a permanent cast-in-place (CIP) concrete facing type.
Calculations are based on FHWA Report No. FHWA-SA-96-069R, “The Manual for Design and
Construction of Soil Nail Walls,” and on AASHTO Standard Specifications for Highway
Bridges, 17" Edition.

For a shotcrete-only facing, the program determines the nominal nail head strength by evaluating
“Flexure” and “Punching Shear” failure modes, based on input from the user. SNAP will
calculate the nominal nail head strength for both failure modes, and use the appropriate
(controlling) value in subsequent global stability calculations. Input parameters include
information on the wire mesh, horizontal waler bars, vertical bearing bars, bearing plate, and
shotcrete. Permanent applications of shotcrete facing can be troweled to an acceptable fagade or
faced with pre-cast panels (Figure 1).
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For a cast-in-place (CIP) facing type, typically soil nail walls are constructed with a temporary
shotcrete facing only, then the permanent CIP concrete facing is installed and connected after
completion of the wall. When a CIP concrete facing is evaluated in SNAP, the strength of the
shotcrete facing is neglected under the assumption that the shotcrete is a temporary facing only
and its long-term strength cannot be relied upon. In addition to flexure and punching shear
failure modes, headed stud tension failure is also evaluated for a permanent cast-in-place facing
type. The program will calculate the nominal nail head strength for all three failure modes in the
permanent facing, and use the appropriate value in subsequent global stability calculations.
Input parameters include information on cast-in-place concrete, horizontal and vertical
reinforcement bars, and the headed-stud connection system.

In addition to determining the nail head strength, SNAP performs required design and
serviceability checks for both shotcrete and CIP facings as outlined in FHWA Report No.
FHWA-SA-96-069R and AASHTO Standard Specifications for Highway Bridges, 17" Edition.

Figure 1. Photo. Installation of a peranent pre-cast concrete facing over a structural
shotcrete soil wall.

Internal Stability Analysis

SNAP evaluates maximum nail loading along the length of each nail using methods outlined in
FHWA-SA-96-069R. This method is based on applying the Coulomb active earth load
uniformly at the back of the wall facing. The program uses the nail head strength determined
from the facing analysis, the nail tendon strength entered by the user, the grout-ground pullout
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strength entered by the user, and the reduction factors entered by the user to generate a nail
support diagram for each nail (Figure 2). The reduction factors should be selected by the user
based on Tables 4.4 and 4.5 in FHWA-SA-96-069R.

SNAP then uses the nail support diagram for each nail in the global stability calculations. For
each slip circle evaluated for global stability, the program determines the nail loads at the
locations where the slip circle intersects each nail, according to each nail’s support diagram.
These loads are applied as “resisting forces” to their respective slices in the global Factor of
Safety calculations for each slip circle.

Zone A Zone B Zone C
A
S\OQG Slope =
[ T“
x1 < %
.':11 head Nail Length >

Tr = Allowable Nail Head Load = Ten*or
Tx = Allowable Nail Tendon Load = (bar area)*(bar Fy)*on
Q = Allowable Pullout Resistance, force per unit length

Nail support to slip circles intersecting the Nail in Zone A at point x; = Tr + QX
Nail support to slip circles intersecting the Nail in Zone B =Ty
Nail support to slip circles intersecting the Nail in Zone C at point X, = Q'X»

Figure 2. Schematic. Nail Support Diagram used in SNAP, reproduced from publication
FHWA-SA-96-069R.

External Stability Analysis

External stability of a retaining structure refers to the potential failure or deformation modes
which are typically associated with conventional gravity or cantilever retaining structures. These
failure modes include horizontal sliding of the retaining wall along its base, and foundation
bearing failure of the retaining wall associated with overturning. FHWA Report No. FHWA-
SA-96-069R recommends use of the “slip surface” limiting equilibrium technique, which does
not entail separate evaluation for sliding stability or overturning stability about the toe of the
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wall; these failure modes are accounted for in the general slip surface evaluation, which also
includes global stability analysis. Foundation bearing failure is evaluated separately, but a
complete evaluation as per AASHTO Section 4.4.7.1 is not required for all soil conditions.

SNAP performs a complete bearing capacity evaluation for all cases, rather than the rough initial
check outlined in FHWA-SA-96-069R. Sliding failure along the base of the wall and
overturning about the toe of the wall are also evaluated, based on guidelines for Mechanically
Stabilized Earth (MSE) walls given in the AASHTO Standard Specifications for Highway
Bridges, 17" Edition. These failure modes are highly unlikely to control stability of a soil nail
wall, and are provided primarily for the designer’s own information and conformance with the
AASHTO. For bearing capacity evaluation, FHWA publication No. FHWA-SA-96-069R points
the designer to AASHTO 15™ Edition, which is more than 15 years old; the more recent 17"
Edition was used for the purposes of this program to evaluate bearing capacity as well as sliding
and overturning failure modes.

The user may choose to include the effects of seismic forces in external stability calculations.
Seismic forces are taken into account by including, in addition to the static forces, a horizontal
inertial force and a dynamic horizontal thrust force, as outlined by AASHTO 17" Edition,
Section 5.8.9.1. The dynamic horizontal thrust force (shown in SNAP as Pg) is calculated with
the use of the Mononobe-Okabe method (Mononobe , 1929; Okabe, 1926), rather than the
equation given in AASHTO. This method is applicable to all values of the friction angle, ¢, and
introduces an additional angle into the calculations for the active earth pressure coefficient, K,,
based on the horizontal and vertical seismic coefficients. The user input for seismic loading can
either be the peak ground acceleration, A, or the horizontal seismic coefficient, k,. For
conservative calculations, SNAP always assumes that the vertical seismic coefficient, ky, is zero,
for both external and global stability calculations. This is common for pseudo-static analysis,
and is done because the vertical component of seismic forces is generally significantly smaller
than the horizontal component, and may act upwards on the nailed soil mass. This would
decrease the loads on the wall and result in a less conservative analysis.

For all external stability calculations, the active earth pressure behind the nailed soil mass is
calculated using Coulomb’s earth pressure coefficient, K,. The wall-soil interface friction angle
is taken to be 2/3 of the friction angle, ¢. The surface on which active earth pressure acts (the
back surface of the wall) is always assumed to be vertical. SNAP evaluates external stability for
the long-term drained case rather than the short-term undrained case; therefore, saturated unit
weight of the reinforced soil and groundwater uplift forces are not incorporated into the external
stability calculations.

Sliding stability is evaluated along the base of the nailed soil mass. Since SNAP has the
capability to evaluate both uniform and non-uniform soil nail lengths and vertical spacings, the
base width of the wall is taken as the horizontal distance between the toe of the wall and the
average end of nail, as shown in Figure 3. This method allows the calculation to be consistent
whether the user selects uniform or non-uniform nail geometry. The cohesive strength of the
foundation soil is included in the resisting forces, but not the shear strength of any nails that may
extend below the base of the wall.
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UNIFORM NAILS:

NON-UNIFORM NAILS:

Average horizontal
distance

A

1
Average hbrizontal
distance

Figure 3. Schematic. Wall base length, B, used for external stability calculations.

Overturning (moment) stability is evaluated about the toe of the wall, at the ground surface.
Although this is not generally considered for soil nail walls, it has been included for the wall
designer’s information and conformance with AASHTO. This failure mode is highly unlikely to
control stability of a soil nail wall.

Bearing capacity is evaluated using the method outlined in AASHTO Standard Specifications for
Highway Bridges, 17" Edition, Section 4.4.7.1. The user must enter bearing capacity factors N,
N,, and N, on the Soil input tab. This allows the user to adjust the bearing capacity calculation
to account for sloping ground in front of the wall. At this time, groundwater below the base of
the wall is not accounted for in the ultimate bearing capacity calculations; if groundwater is
anticipated below the soil nail wall, SNAP accounts for this condition in the global stability
evaluation.
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Global Stability Analysis

SNAP evaluates limit-equilibrium global stability using Bishop’s Simplified (Modified) Method
(Bishop, 1955). This method accounts for interslice normal forces but ignores interslice shear
forces, and satisfies vertical force equilibrium for each slice and overall moment equilibrium
about the center of the slip circle. SNAP evaluates circular-shaped failure surfaces only. The
soil mass is divided into approximately 100 vertical slices, and stability is assessed for an
average of 5,000 slip circles to find the 100 most critical failure surfaces and Factors of Safety
(FS). SNAP can evaluate stability under seismic loading conditions using a pseudo-static
analysis. This is done by multiplying the mass of each slice by the horizontal seismic coefficient
and modeling this as an applied horizontal force at the centroid of each slice.

The slip circles for which SNAP calculates a Factor of Safety (FS) are generated automatically
by the program, with some minimal user control of the search limits. Slip circle centers are
located inside a pre-defined grid area, which is located above the top nail and to the left of the
wall face at the top of wall, as shown in Figure 4 below. Circle center points have equal
horizontal and vertical grid spacing. The spacing is scaled according to the height of the wall.
For this reason, the number of total center points varies for different walls. Slip circles are
generated when SNAP selects various radius values, in 1-foot increments, for each center point.
The radius range for each center point can either be automatically limited to the slope geometry
entered or the user can control the search by choosing a permissible X-coordinate range for the
top and bottom of each failure circle. When the radius range is automatically calculated, the
minimum radius for each center point must pass only through the top nail of the wall, and the
maximum radius passes through the point on the ground surface furthest from the center point
which will still result in the circle passing through both the toe slope and the backslope of the
wall (Figure 4).
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SNAP Example 1

Pre-defined grid for

&; A "2]0 M 9, [ circle center points (grid
! | i | -spacing scaled with wall
=T = . o
7 e
g iMinimum radius for g
, icircle search must pass . .
o oL . Ethlough op nail _Maxm}ym radius for
el Sitpreirgle center | circle §earch must pass
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o = = : | ~
@i, : o
Maximum r%diué for N — o
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Figure 4. Schematic. SNAP generates slip circles (green) using a grid of center points and
a range of radii. (Only the pink portion of the circle is actually relevant to FS calculations.)
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SNAP calculates a FS using Bishop’s Simplified Method for all radii at all center points
generated in this manner.

For Bishop’s Simplified Method, and the interslice force assumptions, each FS calculation is
iterative; SNAP chooses an initial “guess” FS of 1.0 for each slip circle evaluated. The global
stability calculation includes surcharge loading, nail support loads, pseudo-static seismic loads
(if selected), and uplift force at the base of each slice due to groundwater.

SNAP uses the Nail Support Diagram discussed above to determine how the nails contribute to
global stability of the wall. For each slip circle, the program determines where along each nail
the circle and nail intersect, and in which slice the circle and nail intersect. Then the program
pulls the corresponding nail support load for each nail from its nail support diagram, and applies
that force as a resisting force to the appropriate slice, oriented in the direction of the nail
inclination. In this way, the global stability calculation incorporates a resisting force based on
the allowable nail bar tensile strength where circles intersect the nail closer to the facing, but for
nails that are intersected near the back end of the nail, the calculation will reduce the resisting
force according to the allowable pullout strength. The effects of lengthening particular nails can
thus be seen directly in the program display.

Groundwater

SNAP uses a phreatic surface (water table) groundwater model (as opposed to a piezometric
model). The pore pressure from any point is computed from the difference in head between that
point and the phreatic surface. Figure 5 illustrates a phreatic pore pressure calculation. SNAP
only uses pore water pressure for calculating global stability. Global stability calculations use
the buoyant unit weight (saturated unit weight - water uplift force) for soil below the phreatic
surface. SNAP can only accommodate an unconfined aquifer groundwater model. Groundwater
is not accounted for in facing, internal, or external stability calculations, including bearing

capacity.

10
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Figure 5. Schematic. Method of pore pressure calculation in SNAP (from Abramson et al.,
1996)
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PROGRAM CONVENTIONS

SNAP Main Menus

The menu in SNAP consists of 4 options: File, Units, and Help (Figure 6.)

;ﬂﬂ.SNAP-SNAF‘E:ampIe'
File  Units Help

Figure 6. Screen Shot. SNAP main menus.

File Menu Items

The File menu contains standard operations found in other Windows-based computer programs:
New, Open, Save..., Save As..., and Exit (Figure 7). The Rename operation allows the user to
rename the current file, by right-clicking on the folder name. The Clear Data operation will
erase all the inputs in the current file so the user can start over. The Default Data operation fills
data fields with values for Example 1 (the complete Example work-through can be found in
Chapter 4).

#5 SNAP - SNAP Example ]

File | Units  Help
| [] MNew Ctrl+M
[ Open.. Cir+0
= Save Ctrl+S
s SaveAs.
Rename Alt+R
Clear Data
Example 1
Example 2
Exit Alt+X
I .

Figure 7. Screen Shot. File menu items.
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Units Menu Items

The Units menu allows the user to enter project data in either Customary US units (i.e. ft, 1bf,
psi, etc.) or SI units (i.e. m, N, kPa, etc.) (Figure 8). The default setting for a new project is
Customary US units. If the user has input data in SI units and accidentally enters those values
while the units are set to US units, then the user can simply select S7 from the units menu. The
input values will remain the same, but the program will perform calculations in SI units.

#2 SNAP - SNAP Example 10D
File | Units | Help
SNAP us

Projec S &

f Convertto US 1
Pré Convert to Si

Figure 8. Screen Shot. Units menu items.

Convert to US and Convert to SI are used when the user has entered data in US units and now
wants to see the equivalent problem in SI units. For example, after entering a unit weight of 110
1b/ft3, when the user selects Convert to SI, this will be converted to 17.28 kN/m®. The SI units
designation in the top part of the menu will then be automatically checked. Please be aware that
repeatedly converting back and forth between US and SI units will result in slight round-off
errors.

Help Menu Items

On the Help menu, select Topics to open the Help file’s Table of Contents.

A SNAP - SNAP Example 1

File Units | Help |
SNAP | Proof/Ve  Topics

Project Geome Edit

About

=

| Project Na

Braicet hlismmbher [ nn

Figure 9. Screen Shot. Help menu items.

The Help function is navigated by clicking on links in the Table of Contents listing, and clicking
on Return to Table of Contents and other links within each Help section. No Search function is
currently available. To hide Help, drag the frame all the way to the right side of your screen
(Figure 10)

14
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SNAP Help

About
Disclaim

<

Parameter Des

Table of Confents:

>

criptions

Example Walk:T hrough
Quick Infroduciion
Create a new Froject
» B0 55 B0 o Enter Project [3ata
= Enter Geometfy Data
Enter Soil Datf

Figure 10. Screen Shot. Show/hide the Help frame.

At any time, selecting Help = About from the main menu provides version information.

Toolbar

The toolbar at the top of the screen (Figure 11) gives access to common menu commands,
including:

File >New Input File
File > Open

File = Save

File = Save As

Help > Help Topics

PSR @

Figure 11. Screen Shot. Toolbar.
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Tabs and Option Selection

Input parameters and output results in SNAP are organized into a series of tabs and sub-tabs.
These tabs are used for organizing inputs and outputs (outputs are shown shaded in green). In
addition to the tabs, some options can be changed by selecting radio buttons within the tabs
(Figure 12). For example, under the Wall Facing tab, the user must select either Shotcrete or
Cast-in-Place facing type. When Shotcrete is selected, two sub-tabs appear listing the inputs and
outputs for that facing type. When Cast-in-Place is selected, two sub-tabs appear listing the
inputs and outputs for the cast-in-place concrete and for the headed stud connection system.

sz_sr_ mw—s_
File Units Help EdR File Units Help OEHR
SNAP | Proof /Verfication Testing [ SNAP [ ProcVertication Testing
|Prqed4LGeometry|Sod [ Ground Water | Nails |Se|sm|c .; [ Project | Geometry | Soi | Ground Water | Nails | Seismic
o i I () Shot @ Castin Place
|..I I ‘..EHead Strength Design Checks
Square @ Offset |..I I (0) Square @ Offset
T T I — N
Ay | 0.009 vr| 12 in
Ag i | 0058 |II h| 8 in |I
Mesh_Fy £0000 J H_ReBar_MNo | 4 3
H_Bar_lo | 4 |.. J V_ReBar_No | 4 # |.
V_Bar_No | 4 [ 1 ]| = (I
Waler F, | 75000 |_._.i‘l (=3 |. i.
et [ [ [ T[]
VB 2 [ [ T[] o
i T
oL R -
b by ||
- NN -
Lc vb 5 |.. .
o B [ [ ]l
e ]
G oo
TFN F
Try p | 430899
Try, | 148347
Tr

Figure 12. Screen Shot. Selecting tabs, radio buttons, and sub-tabs.
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Problem Geometry

In SNAP, the soil nail wall face is on the left, with the global failure occurring from right to left
on the screen. The coordinate system in SNAP is 3-dimensional so the user can view 3D
graphics. However, a 2D view is always available by tilting or spinning the graphical wall
representation until it returns to its original position on the screen. In 2D, the X-axis is along the
bottom of the wall, and the Z axis is the vertical axis (Figure 13). The toe of the wall (at the
ground surface) is always located at the origin point, (X, Z) = (0,0). Problem geometry is
therefore entered in X,Z coordinates. The Y-axis forms the base of the wall in the 3D view; no
problem geometry is entered for the Y-axis. See the Graphics section on page 24 for more
information.

SNAP

th)

=30 -20 =10

i
40

oe

30

14
20

Z(ft)

oL
10

-10

0L

-30 -20

Figure 13. Schematic. Problem geometry in SNAP.
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Additional Navigation Information

Many input parameters in SNAP are shown with a mathematical variable in the left column.
When the mouse is placed over the box with the variable, a more detailed description of what the
variable stands for will appear after a few seconds:

File  Units Help L

SNAP | Proof/Vesfication Testing |
| Project | Geometry | Seil | Ground Water | Nails | Seismic Coefiicients
@ Coordinates () Angle-Length

Figure 14. Screen Shot. Hovering over a variable will show its description.

Additionally there is a complete list of parameter descriptions used in SNAP under Parameter
Descriptions in the Help section.

When more information is available about one of the output results, or a serviceability check
does not pass minimum FHWA criteria, an icon will appear to the right of that result. This icon
may be a blue “information” bubble or a yellow “caution” icon:

SMNAP - SNAP

File Units Help

SNAP | Proof/Verification Testing |

[ Project | Geometry | Soi | Ground Water | Nails
@) Shotcrete () Castin Place

| Nail Head Strength | Shoicrete Design Checks |
Fr
Te

MaxDevlLenMesh | 6.0

Figure 15. Screen Shot. Blue icons display additional information.
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File  Units Help

SNAP | Proof/Verfication Testing |

| Project | Geometry | Soil | Ground Wate

Figure 16. Screen Shot. Yellow icons display warnings for Factors of Safety or
serviceability.
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PROGRAM EXECUTION

Quick Introduction

Click on the desktop icon to start SNAP. The program will take several minutes to start up. A

“splash screen” is displayed during program initialization each time the program runs; a
“Loading” progress indicator is shown at the bottom:

SNAP=

DI A ANALTYE FROGEAM J—

.5, Department
of Transportation
Federal Highway
Administration

"‘ Yeh and Associates, Inc.

Consulting Engineers & Scientists

Summit Peak Technologies, LLC

Loading 40% 98%
Figure 17. Screen Shot. Splash screen shown on startup.

The program loads showing the Project tab. For an immediate example of how the program

looks and works, select “Example 17 from the File menu for a sample data set like that shown in
8. This example is discussed in further detail in Chapter 4.
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SMAP - SMNAP EH,EII:IEIE -

Units  Help
Mew Cirl+M

¥'
L]
3 Open. Ctr+0 round Wate
|
e

F

Save Cirl+5
el

Save As...
Rename Al+R

Clear Data o
.@ k
Example 2 hang, P
! Exit Alt+X

Figure 18. Screen Shot. Select “Example 1” to see how the program works using sample
data.

You can now go through each tab to see what typical inputs and outputs might be. Select the
Report tab to generate a sample report (Figure 19). Please wait until the report generation is
complete. This may require up to a minute. A progress indicator will be displayed at the bottom
of the screen. After clicking a different tab and then clicking the Report tab again, the program
will re-generate the report, assuming some inputs or outputs may have changed.

SNAP - SNAP Example

File Units Help NEHR @
SNAP | Proof /Verfiication Testing |

| Project | Geometry | Soil | Ground Water | Mails | Seismic Coefficierts | Wall Facing | Edemal Stabilty | Global Stabil'rtyd F{eport) '

l Generate ] l Page Setup ] [ Print Preview ] ’ Print ]
Soil Nail Analysis Program—SNAP 1.0 =
SNAP Analysis ;

PROJECT INFORMATION

Project Name SNAP BExample 1
Project Number 001
Company Name John Doe

Location Parker, CO
Designer D. Ziner
Reviewer A. Checker
Date 82809

Figure 19. Screen Shot. Generate a sample report by clicking on the “Report” tab.
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Create a New Project

To start from scratch and create a new project file, Select File = New:

SMAF - SNAP ExamEIe -

Units  Help
Cirl+M
Open.. Cirl+0 Tk

S[ Create a new, blank project
rir

[l - i Vi

Save As..
Rename Al+R
Clear Data
Example 1
Example 2

Exit Alt+X

Figure 20. Screen Shot. Create a new project file from scratch.

You can browse to the location where you would like your new project to be stored, or just click
on the default SNAP folder (located where you installed SNAP), and select Make New Folder to
create a new project.

Browse For Folder

Select Project Folder

> W Protected Web Pages a

. Rockery
. Palettes

. Test

o Test?
W Test3
0 Testd
. Testh

Saectomn Waliwne Inforenatinn

Croerenraser 1y [ [ concd ]

|

Figure 21. Screen Shot. Select “Make New Folder” to create a new project.
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A new folder will appear:

Browse For Folder @
Select Project Folder
> Protected Web Pages o
. Rockery
. b
s E
o Test
. Test2
. Test3
o Testd
Tact§ i
[ Make New Folder ] [ OK ][ Cancel ]

Figure 22. Screen Shot. A new project folder, ready to be renamed.

Type in a new project name, such as Rocky Mountain National Park, and click OK:

Browse For Folder (3]

Select Project Folder

| Rockery o

4 | SMAP
e, R0cky Mountain National Parkl_J2

. Palettes

. Test

. Test2

. Test3

) Testd

. Testh

Coertarn Walimne Infarmmating

m|

-

Figure 23. Screen Shot. Type a new name for your new project.

Now you can begin filling in the input data for your new project.
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GRAPHICS

Summary of Graphical Presentation

SNAP displays the soil nail wall in three dimensions, but all analyses are done in two
dimensions. Display capabilities can be useful for producing reports and presentations.

Figure 24 summarizes how the various scroll bars surrounding the display area can be used to
manipulate the image and see all aspects of a soil nail wall. The axes will automatically adjust as
the image is manipulated. You can always go back to a 2D display by moving the Tilt and Spin
scroll bars back to their original positions in the center.

Rocky Mountain National Park
= =20 4] XM 20 40 =
B o -~ . NE
Tilte— o |E
/ Move Y
= 20 20 40 &
X{ft) ]
Move £
H Zoom
d [ JMove X
: |l Spin J5dI5e

Figure 24. Screen Shot. Six scroll bars surrounding the display control the zoom, pan, tilt,
and spin.
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Zoom enlarges the image on your screen:

E &

Zojom in

1 I 3

ERdE = 315d 5

Figure 25. Screen Shot. Zoom in to see the problem geometry more easily.
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Tilt rotates the image about the X-Axis:

a) |

CHAPTER 2 — SNAP INPUT PARAMETERS

1 L1 I,Jl'lfl]'fii}j—'ﬂr[" 4 A

i1 1 |
||I

k' !
44 ljll

Ml |

II 1 I ==
1
1 ] |I 1 I! l| |L|. \I lll'-
] [T 3
- |E! 4 |_| [ . 2

Figure 26. Screen Shot. Tilt will show the ground surface above the wall, or the view from
below the wall.
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Spin rotates the image about the Z-Axis:

Figure 27. Screen Shot. You can “spin” the image to see the wall facing or view the
stability analysis from left to right.

“Move X,” “Move Y,” and “Move Z” translate the image along the corresponding axis, without
tilting, zooming, or spinning. This is similar to Pan commands in other programs (e.g.
AutoCAD).

INPUT TABS

Project

The Project tab contains basic information about the project you are working on, such as the
Name, Number, and Location. When the Report is generated, this information will be displayed
on every page.
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SMAP - SNAP

File  Units Help

SNAP | Proof/Veerification Testing |

[ Proiect’) Geometry | Soil_| Ground Water | Nais
Project M SHAP Example

b Pro umber

Comygany Name | John Doe

N

Location | Parker, CO
De=igner | 0. Ziner /u
iewer | A Checker /
I 8-28-09

Figure 28. Screen Shot. Enter basic information about your problem on the Project tab.

Select the Geometry tab to enter data for the wall and backslope. Hold the mouse over any
variable to see a description of that input parameter, such as Wall height for H (there is also a list
of parameter descriptions used in SNAP under Parameter Descriptions in the Help section).

SMAF - SNAP

File  Units  Help

SNAP | Proof/Verification Testing |

Project] Geometry | Soil | Ground Water
@ Coordinates () Angle-Length

Wall height

Figure 29. Screen Shot. Hold the mouse pointer over a variable to see its description.

The Geometry tab includes three sub-tabs: Down Slope, Wall, and Back Slope. For each of these
geometry segments, the user must select one of two data entry methods: point-by-point using
X,Z coordinates (Coordinates radio button) or by entering the horizontal distance and angle from
horizontal for each segment (4Angle-Length radio button (Figure 31). When Coordinates are
chosen, the program will automatically fill in the Angle-Length numbers, and vice-versa. For
any geometry segment, points may also be added by clicking in the display area at the location a
point is desired, or deleted by right-clicking on the yellow dot at that point. Points may also be
moved by clicking and dragging them around the display area.
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File Units Help File  Units Help
SNAP | Proof /Verification Testing | SNAP | Proof /Verfiication Testing |
Project | Geometry | Seil | Ground Water | N; Project | Geometry | Soil | Ground Water
(® Coordinates © Angle-Length : © Coordnates (@) Angle-Length
 Down Siope | Wall | Back Slope | Down Slope | Wall | Back Slope |
Xft Z#f  Angle deLength, f X.f Z.ft  Angle delLength,f
-5 |0 ‘n 25 11-25 0 0 x )
27 "

Figure 30. Screen Shot. The problem geometry can be entered using X,Z coordinates or a
horizontal distance and angle from horizontal.

LEHdR @

SNAP | Proof/Verfication Testing

| Project | Geometry | Soi | Ground Water | Nais | Seismic Coeficierts | Wall Facing | Extemal Stabity | Giobal Stabilty | Repot|
) Coordinates @ Angle-Length AA

Down Slope | Wall | Back Slope

X.ft Zf Angle, Length.q, Ibff
b 1| 1528 3319 115 0
2 006 | 49720
G SNAP Example 1
g 20 15 10 5 5 10 15 90 25 30

N

L
1]

[
=

s
A

[ %)
=
Rk

Figure 31. Screen Shot. You can also click and drag on the pink circles to adjust the
problem geometry.

Complex slope geometry may be added in this way; however, only single-tier walls are available.

The program also allows a surcharge load to be specified for any ground segment behind the wall
(in the back slope). The surcharge is displayed graphically by yellow arrows:
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Figure 32. Screen Shot. Surcharge loading on the top of the wall is shown by yellow
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Soil Layers

Select the Soil tab to enter soil strength data, pullout resistance (grout-ground bond) data, and
bearing capacity factors.

SNAP - SNAP

File
SNAF

Units  Help

Proof /Verffication Testing |

l o |

Project | Geometry| Soil | Ground Water

P pect

M4 deg

of 104 psf

q,| 15 psi
Q, | 4524
Mc)| 422
My ] 41.1

N (204

Figure 33. Screen Shot. Enter soil strength information, including pullout strength, on the
Soil tab.

The ability to model only one soil layer is provided in this version of the program. Bearing
capacity factors are entered by the user to allow for reductions due to an inclined toe slope, if
required. Q, is the ultimate pullout resistance per unit of nail length, and is calculated based on
the hole diameter entered on the Nails tab.
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Groundwater Data

Points specifying a phreatic surface may be entered by selecting the Groundwater tab:

5 SNAP - SNAP Example

File Units Help NEdHdR @

SNAF | Proof /Verfication Testing
| Project | Geometry | Soil | Ground Water | Nails | Seismic Coefficients | Wall Facing | Extemal Stabilty | Global Stabily | Report |
Point X, ft Point Z, ft ol o
= p SNAP Example 2
X
2| -12 -4 @ -30 20 -10 10 % 2 40 50
3|87 25
4217 3
e
5| 80 13 =
- SRTRT AUV Sy RN ey
w il
(=]
3 \§
. ‘\\
ae \ I
(=] : My
3

Figure 34. Screen Shot. Enter phreatic surface information on the Groundwater tab.

Points on the phreatic surface may be added either by entering X, Z coordinates into the table, or
by clicking within the display area. Groundwater is not used in external stability or facing
(internal) stability; it is used only in global stability.

Nail Data

Nail geometry and strength information is entered on the Nails tab. Nail lengths and vertical
spacing can be either uniform or non-uniform, by selecting the radio button next to Uniform of
Non-Uniform. When Non-Uniform is selected, only the nail lengths and vertical spacing can be
non-uniform; other nail properties will still be uniform throughout the wall.

For both uniform and non-uniform nail geometries, a Properties tab allows the user to enter
general data about the nails. This includes the nail length (for uniform nails only), horizontal
nail spacing, vertical nail spacing (for uniform nails only), nail inclination, drill hole diameter,
nail bar size, nail bar yield strength, nail bar shear strength, cantilever distance between the top
of the wall and the top nail, and the strength factors for nail pullout, tendon tensile failure, and
head strength. Both nail bar cross-sectional area and diameter must be entered, which allows for
the use of hollow-bar nails in all subsequent calculations.
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Please note: nail length in SNAP is defined from the back of the shotcrete facing to the end of
the steel nail tendon, for both shotcrete and cast-in-place facing types. Nail length is measured in
the direction of the nail inclination.

In the display area, the variation of allowable nail bar load along the length of the nail is shown
as a blue line just above each nail (similar to Figure 2 in Chapter 1). Depending on the location,
this line may correspond to the allowable nail head strength, the allowable nail bar tensile
strength, or a reduction of the tensile strength based on the allowable pullout strength between
the grout and the soil. This line is essentially a small graph, based on the nail and soil properties
entered on the Soil, Nail, and Wall Facing tabs. (The nail head strength will be zero until wall
facing information is entered on the Wall Facing tab.) When SNAP calculates global stability
for the wall, these graphs are used to determine the resisting forces contributed by each nail.

For uniform nail geometry, the user may change the length or inclination of a nail by entering
values into the Properties tab, or using the mouse to drag the end point of the top nail (displayed
in bright purple) around the display area. The lengths and inclinations of all of the nails will
automatically change.

% SNAP - SNAP _
File Units Help NEHH @
SNAP | Proof/Verfication Testing

Project | Geometry | Soi | Ground Wafler | Nais | SYsmic Coefficierts | Wall Facing | Edemal Stabilty | Global Stabiity | Report |

Properties | Uniform Nail Settings |
Syl 5 it
Syl 5 ft
515 deg
p|s = SNAP Example 1
Xt
Bar Area | 0.79 i B =20 15 3 50 5 1015 2(0) 25 30 3
D, | 1 in
Bar F, | 60000 psi &
F, | 36000 psi o
c,| 328 ft = '
ag | 05 ) e I
o f iy
[ 5] H
o :
— N !
S :-._""--..________"
13 %! —
tn _-'. -"“'&..__.
. P —

Figure 35. Screen Shot. Change uniform nail lengths by clicking and dragging the top nail
around the display area.
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For uniform nail geometry, the Uniform Nail Settings tab displays the height of each nail above
the toe of the wall (the toe of the wall is by default Z = 0). When the user selects a nail in the
table on the left, the allowable nail support load variation is summarized in a table in the lower
portion of the frame. The nail support load diagrams are also shown in the display area, along
the length of each nail.

] File Units Help DEHR @

| Project | Geometry [ Soil | Ground Water | Nais | Seismic Coefficients | Wall Facing | Extemal Stabiliy | Global Stabilty | Report |
@ Uniform () Mon-Uniform | =

| SNAP Example 1
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r
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S

= -20 15 10 -5 0 5 10 15 20 25 30 35
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Nail X-Coord, ft ~ T-Force, Ibf

Figure 36. Screen Shot. The “Uniform Nail Settings” tab displays nail heights above the
toe of the wall and support load diagrams.
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For non-uniform nail geometry, the Nail Settings tab allows the user to change the length and
height above the toe of the wall for each nail (the toe of the wall is by default Z = 0). Individual
nail inclination may also be adjusted if a different orientation is required for any row of nails
(e.g. in the case of an underground utility in conflict with wall construction). The overall nail
inclination value on the Properties tab will show the minimum inclination value from the Nail
Settings tab.

All settings values may be entered into the table or the user may click in the display area where
the end point of a new nail should go, and a nail will be added. When a nail is selected in the
table or when the user hovers over a nail in the display area with the mouse, the nail support load
diagram for that nail is summarized in a table in the lower portion of the left frame. The nail
support load diagrams are also shown in the display area along each nail.

File Units Help DEHR @
SNAP | Proof /Verfication Testing

o
| Project | Geometry | Sol | Ground Watff | Nails  Yeismic Coefiicients | Wall Facing | Edemal Stabilty | Giobal Stabiity | Report |
N,

(7) Uniform @) Non-Uniform alla
P i Mon-Urniform Nail Setti
T ] S SNAP Example 2
Length, ft Height, ft Xéﬂ}
wm 30 -20 -10 1] 10 (1) a0 4
1| 3357 59 =

oy

13.69
3 10.51
. 5.06

222 RNYY
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=
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Figure 37. Screen Shot. The “Non-Uniform Nail Settings” tab displays nail lengths,
heights, and inclinations, as well as support load diagrams.

Additional Information on Nail Support Load Diagrams

FHWA Publication No. FHWA-SA-96-069R includes a helpful example of a nail support load
diagram, reproduced as Figure 2 on page 5 above. This diagram is used to visualize how a soil
nail’s contribution to global stability varies along the length of the nail. Where a potential slip
circle intersects the nail along the nail’s length determines how much additional strength will be
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available to resist failure. The closer the intersection is to the front or the back, the more likely
the nail is to fail in pullout. If the nail is long enough, then the nail’s tendon tensile strength may
be the contributing force at locations near the center of the nail tendon, rather than the pullout
strength between the soil and the grout around the nail. The nail head also contributes some
strength near the front of the nail.

Nail Length Handicapping in SNAP

FHWA-SA-96-069R outlines a procedure for “handicapping” or “shorting” soil nails near the
bottom of a wall during design, in order to ensure that adequate nail reinforcement is installed in
the upper portion of the wall. Performance monitoring of several instrumented soil nail walls has
demonstrated that the top-down construction method of soil nail walls generally results in the
nails in the upper part of the wall being more critical than the nails in the lower part of the wall
in developing resisting loads and controlling wall deformation. If stability calculations overstate
the contribution from the lower nails, then this can erroneously specify shorter nails or smaller
tendon sizes should be used in the upper part of the wall. This is detrimental and could result in
poor wall performance. The procedure given by FHWA (in Section 4.7.1) is summarized in
Figure 38 below.

In SNAP, this can be done manually by the user, by using the Non-Uniform Nails feature in the
Nails tab. The user can select appropriate lengths to analyze global stability based on artificially
shortened nails.

Please note that this design procedure is only for use in designing the wall; it does not indicate
that the installed nail pattern should correspond to this pattern. Soil nail walls are normally
constructed with uniform nail lengths to simplify cost estimation and construction, although it is
possible to install shorter nails in the lower part of the wall if external and global stability
requirements are met.
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Seismic Data

Seismic effects are ignored when “Include Seismic Loading in Analysis” on the Seismic
Coefficients tab is not checked:

A sNAP - SNAP Example 2NN

File Units Help B!

SNAP | Proof /Verfication Testing |

[ Project | Geometry [ Soil | Ground Water | Nais_(_Seismic Coefficients) |

Include Seismic Loading in Analysis [ 2

Figure 39. Screen Shot. Un-check this box to do a normal analysis without seismic effects.

To include seismic effects, check the box next to Include Seismic Loading in Analysis. Enter a
value for the horizontal seismic coefficient Ky, or enter the peak ground acceleration, A, and
obtain Ky, from the Calc Kh from A button.

A SNAP - SNAP Example ZINN

File Units Help L]
SNAP |PmofNa1'ﬁcation Testing|

| Project | Geometry | Soil | Ground Water | Nais (| Seismic Coefficients }
nclude Seismic Loading in Analysis =

Calc Kh from A

[

0%

Am

K, ] 0.1

Figure 40. Screen Shot. You can enter two types of seismic coefficients: K; or Peak
Ground Acceleration.

This calculation is based on a tolerable seismically-induced lateral wall movement, as outlined
by FHWA-IF-03-017, Section 5.4.5.3. Including seismic loading will affect results for external
stability and global stability. For conservative calculations, SNAP always assumes that the
vertical seismic coefficient, ky, is zero, for both external and global stability calculations.
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Facing Data

The Wall Facing tab provides the user with two options for facing types: Shotcrete and Cast-in-
Place. When Cast-in-Place is selected, the strength of any shotcrete facing that would be
constructed behind the cast-in-place facing is neglected. FHWA guidelines recommend this
since a shotcrete facing is often only designed for a temporary loading condition.

Two common nail spacing patterns can be selected: Offset and Square. This does not affect any
calculations, and is for display purposes only. Both nail patterns may be selected for either
Shotcrete or Cast in Place facing types. An offset pattern is shown in Figure 41.

2 SNAP - SNAP Exam
File Units Help

SNAP | Proof AVerfication Testing

3

Figure 41. Screen Shot. An “Offset” nail installation pattern is selected on the Wall Facing
tab.
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Selecting a square pattern results in the following:

2 SNAP - SNAP Exan
File Units Help HUEHR @
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Figure 42. Screen Shot. A “Square” nail installation pattern is selected on the Wall Facing
tab.
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For a shotcrete facing, the user enters input information about the wire mesh, horizontal waler
bars, vertical bearing bars, shotcrete, and bearing plate. SNAP calculates the nominal nail head
strength for both punching and flexure, selects the controlling mode, and calculates the allowable
nail head load based on this value. All of these are displayed at the bottom of the list.

2 SNAP - SNAP Exar

File  Units

Help

SNAP | Proof/Verfication Testing |

DEHR @

| Project | Geometry | Soil
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Figure 43. Screen Shot. The nominal nail head strength, Trxn, and allowable nail head
load, T are displayed at the bottom of the list for a shotcrete facing.
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Design checks for the shotcrete facing are included in a separate Shotcrete Design Checks tab, in
the rows with small blue “information” icons. These can be viewed by holding the mouse over
the icon for a few seconds:

File Units Help e H R E
SNAF | Proof/Verfication Testing |

| Project | Geometry | Soi | Ground Water | Nais | Seismic Coefficierts | Wall Facing | Exte
@ Shotcrete ) Castin Plage

MaxDevlenMesh

Figure 44. Screen Shot. Design checks for the shotcrete facing are viewed by holding the
mouse over the blue icons.
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For a cast-in-place concrete facing, the user enters input information about the horizontal and
vertical concrete reinforcement, the concrete itself, and the headed-stud connection system
between the concrete facing and the shotcrete facing. SNAP calculates the nominal and
allowable nail head load and displays it at the bottom of the list under the Cast-in-Place tab.

o SNAP - SNAP Example TN
File Units Help dE R
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Figure 45. Screen Shot. The nominal nail head strength, Trxn, and allowable nail head
load, Tr are displayed at the bottom of the list for a cast-in-place facing.
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Design checks for a cast-in-place concrete facing are included in a separate CIP design checks
tab, in the rows with small blue “information” icons. These can be viewed by holding the mouse

over the icon for a few seconds:

File Units Help DEdR|
SNAP |Mn;ﬂm i Tm|
| Project | Geometry | Soi | Ground Water | Naiis | Seismic Coefficients | Wall Facing |
() Shotcrete @ Castin Place

Figure 46. Screen Shot. Design checks for the cast-in-place facing are viewed by holding
the mouse over the blue icons
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CHAPTER 3 - SNAP OUTPUT

RESULT SCREENS

Wall Facing Design and Serviceability Checks

As ment

ioned above, SNAP calculates the nominal nail head strength for all applicable facing

failure modes for both shotcrete and cast-in-place concrete facing types, then selects the

controlli
All of th

ng value for the nominal strength (Tgy) and calculates the allowable nail head load (Ty).
ese values are shown in the program under the Nail Head Strength tabs for both

shotcrete and CIP facing types. When a Cast-in-Place facing is chosen, the strength of the
shotcrete facing is neglected, as recommended by FHWA.
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47. Screen Shot. The nominal nail head strength and allowable nail head load are
shown under the Wall Facing tab, on the Nail Head Strength sub-tab.
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Design and serviceability checks appear in the Wall Facing tab, on the Shotcrete Design Checks
or CIP Design Checks sub-tabs, with small icons to the right of the values. Hold the mouse over
the icon for a few seconds to view messages:

7 SNAP - SNAP Example T
File Units Help NDEedR|
SNAP | Proc/Verfication Testing|

| Project | Geometry | Soil | Ground Water | Nails | Seismic Coefficients | Wall Facing | Ex
@ Shotcrete () Castin Place

[ Nail Head Strength | Shotcrete Desian Checks

Lyg
L

MaxDevlenMesh

Figure 48. Screen Shot. Design and serviceability checks are shown on the Design Checks
sub-tab for the appropriate facing type.
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External Stability Analysis

External stability results, including sliding, overturning, and bearing capacity, can be reviewed
on the External Stability tab. Some intermediate calculation values are shown in the table.
Safety factors for external stability failure modes are given, as well as the eccentricity, vertical
effective stress at the base of the wall, and ultimate and allowable bearing capacity values for the
wall. Certain results have icons to the right of the numbers, indicating whether AASHTO
minimum factor of safety requirements are being met (The program will change these minimum
FS values depending on whether seismic coefficients are being used). Hold the mouse over the
information or warning icons for a few seconds to read what they say:

<A SNAP - SNAP Example 1
File Units Help NMegdR @

SNAF | Proof/Verification Testing |

[ Project | Geometry | Soil | Ground Water | Nals_| Seismic Coefficients | Wall Facing( Extemalﬂabilitr:)

Figure 49. Screen Shot. External stability output results are shown on the External
Stability tab.

These results are provided for the designer’s reference, even though overturning and sliding
failure are very unlikely to control stability of a soil nail wall.
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Global Stability Analysis (Simplified Bishop Method for circular failure surfaces)

The Global Stability tab is divided into two sub-tabs: Failure Circles and Radius Control. The
Failure Circles tab is an output-only tab, which provides the lowest 10 Simplified Bishop factors
of safety (FS), along with information on the location and radius of each slip circle associated
with these factors of safety. The slip circles for the lowest 10 FS values are also shown in the
display area, with the color of each circle corresponding to its calculated FS, according to the
legend bar at the bottom of the display area. Select a specific circle by clicking anywhere in that
row to see the selected circle highlighted in the table, and in the display (the circle will be
displayed as a much thicker line):
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Figure 50. Screen Shot. The 10 lowest Factors of Safety, and their associated slip circles,
are shown under the Global Stability tab.
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When the Show Nail T Force box is checked, the variation in tensile force along the length of
each nail will be shown in the display area as blue lines above the nails. This is a graphical
representation of how the tensile force in each nail increases or decreases with distance from the
wall face, similar to Figure 2 in Chapter 1. This gives the user the ability to determine how each
nail is contributing to global stability, or whether the nails are failing in pullout.

These forces are numerically summarized under the Nails tab (See Chapter 1 and the Nail Data
section in Chapter 2 for more information.)

o SNAP - SN N
File  Units NEEHR @

SNAF | Proof /Verfication Testing

| Proect | Geometry [ Soil [ Ground Water | Nails | Seismic Coefficients | Wall Facing | Extemal Stabiity | Global Stability | Report |
Failure Circles Codmi| - .

'~ Show Nail T Force

SNAP Exxample 1

i
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Figure 51. Screen Shot. Display the nail support diagram for each nail by checking the
“Show Nail T Force” box.
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The program analyzes slip circles with centers in a certain range and radii within a certain range
(see Chapter 1 for a discussion). The Radius Control tab allows the user to change the limits of
where slip circles can intersect the entire zone (down slope, wall, or back slope). This allows the
exclusion of slip circles that only intersect the top nail, or slip circles that are too far away from
the wall, for instance. Upper Fail. Circle Min and Max indicate a user-defined acceptable range
of failure circle intersections with respect to the upper part of the slope given in terms of X
coordinates. Likewise Lower Fail. Circle Min and Max indicate a user-defined acceptable range
of failure circle intersections with the lower part of the slope given in terms of X coordinates

To have manual control over this aspect of the program, uncheck the box next to Auto Calc
Ranges. The limits can be changed either by typing the values into the table, or by clicking and
dragging the left and right points (shown in bright purple). These limits will be automatically
selected if the Auto Calc Ranges checkbox is checked (See Chapter 1 for how this is done).

File  Units  Help NEEHR @
["SNAP | Procf/Verfcation Testing|
[ Profoct | Geomelry | Soil | Ground Water | Nals | Seismic Cocfiigents | Wall Facing | Exiemal Stabilty | Global Stabilty | Report |

Failyre Circles | Radius Contrl | alfa -
(171 Auto Calc Ranges
» Upper Fail. Circle Min X SNAP I%jgcl}ample 1

2 15 100 - £ 1 15 25 30 35 M 45 80 55 &0 =
-

Upper Fail. Circle Max X
Lower Fail. Circle Min X| -
Lower Fail. Circle Max X| 5.
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Figure 52. Screen Shot. The user has some control over how the program searches for slip
circles.
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REPORT GENERATION

On the Report tab, click on Generate to generate and view the report. This may take up to a few
minutes to generate. The report includes all of the input information, as well as all of the output
results, in a format that is easier to print or copy into another program. Tables and text can be
copied and pasted into other programs for use in documents, presentations, etc.

5 SNAP - SNAP Example

File Units Help NEEHR @

SNAP | Proof /Verfication Testing
| Project | Geometry | Soil | Ground Water | Nais | Seismic Coefficients | Wal Facing | Bdtemal Stability | Global Staburty@
’ Generate ] [ Page Setup ] [ Print Preview ] ’

Pit |

Boil Nail Analysis Program--SNAP 1.0

SNAP Analysis

PROJECT INFORMATION

Figure 53. Screen Shot. Select the “Report” tab to generate, view, and print all input and
output information in a format that is also easier to copy into another program.

Project Name SNAP BExample 2
Project Number 18-3584
Company Mame ABC Engineering
Location Anytown, USA
Designer Jane Doe
Reviewer Kris Kringle

Date 7409
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Within the report, information or warning messages will appear in text below tables, with yellow
or red backgrounds:

2 SNAP - SNAP Example

File  Units Help DNEEHR @
SNAP | Proof /Verfication Testing

[ Project | Geometry | Soi | Ground Water | Naiis | Seismic Cosffiients | Wal Facing | Extemal Siabilty | Giobal Stabilty | Report |
[ Generate ] [ Page Setup ] [ Prirt Preview l [ Prirt ]

Soil Nail Analysis Program—-SNAP 1.0

Project Name: SNAP Example 1 Project Number: 001 Company Name: John Doe Location: Parker, CO Designer: D. Ziner Reviewer: A. Checker Date: 8-28-09

Static case (no seismics):

Facing Nail Head Strength Properties

English Units S/ Unis
S [3 in 7524 mm
Auive 0.029 in? 1871 mm?
As ot 0.058 inft 122765 mmrin
Mesh_Fy 60000 psi 4136856 ks
H_Bar No 4 # 4 &
V. Bar_No 4 # 4 El
Waler £y 75000 psi 517107 kPa
H Bars 7 Z
V Bars 2 2
i 4060 psi 27992726 kPa
S 4 in 1076 mm
b E] in 2256 mm
b 1 in 254 mm
Lew 5 ft 152 m
de 05 in 27 mm
Cesc 1 7
[ 1 7
Ten e 15030.681 Ibf 56858776 N
Ten e 43818.1 Iof 1345124 N
Tew 15030.7 Iof 66359.8 N
Te 10070.56 Ief 4479605 N

dn. Stud head diameter OK: dn == 1.57 * dhs
tn: Stud head thickness OK: th == (dn - dhs) / 2
Ten: - Controlling mode for Nail Head Strength

Figure 54. Screen Shot. Warning messages and other information are highlighted in the
report.
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While viewing the report, standard printing functions are available, such as Page Setup, Print
Preview, and Print.

o SNAP - SNAP Example 1T oA SNAP-SNAPExample 1

File Units Help OB File Units Help S |

SNAP | Proof/ Verfication Testing SNAP | Proof/Verification Testing |

Project | Geometry | Soi | Ground Water | Nais | Seismic Coefficients | Wi | Proiect | Geometry | Soil | Ground Water | Nais | Seismic Cosfficients | V

(oo oy (o [ ||| L) (Fomsi (Coepmss] o]
==

Soil Nail.

(8 /211

[Mo

Margins {inches)

Left: 1

1

Gy o

Figure 55. Screen Shot. Standard print functions such as Page Setup and Print Preview
are available.
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oA SNAP-SNAPExample1 RS
File Units Help DEEHR @

SNAP | Proof/Verfication Testing |

| Project | Geometry | Soi | Ground Water | Nais | Seismic Coefficients | Wall Facing | Bdemal Ste
>
[ Generate ][FageSdL.p][ Print Preview n Print

Soil Nail Analysis

g Fm

T —

General

Select Printer
o= HP 8000

KM C351 VXL
Microsoft XP5 Document Writer

4 i | »

Status: Print to file

Location:

Commert:

Page Range

@ Al Mumber of copies: 1 El
) Selection () Cumert Page

) Pages: 0

[Jcoliate I I I
. i ) 1 2 3
Enter either a single page number or a single 1 2 3

page range. For example, 512

Figure 56. Screen Shot. Select “Print” to print the entire Report.
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CHAPTER 4 - EXAMPLE PROBLEMS

EXAMPLE 1

The following is a demonstration of the application of SNAP for design of a soil nail wall
support for a 31.2 foot high cut. This Example can be loaded in SNAP by selecting File 2>
Example 1.

Geometry

The slope in front of the wall will be horizontal and 25 feet long. The wall will be battered at an
angle of 10 degrees from vertical, and will be 31.2 feet high. The Geometry tab shown below
indicates that the backslope angle directly behind the top of the wall is chosen to be horizontal,
and that the slope behind the wall will extend for 59.5 horizontal feet and remain flat.

|F'r|:|iec:t| Leometry |S|:|il | Ground 'water | Mails ||E Praject | Geametty | Sol | Graund water | Nals "E
@ Crrmielss {:} &ngle-Length (%) Coordinates ) Angle-Length

| Dowin Slnpe| b all | Back Slope |

 Down Slope | wall | Back Slope |
b
.1 Z.ft Angle, dea Lenath, f
S zgiz
125 0 0 i "
=]

Project | Geometry |S|:|il | Ground 'Water | Mails ||E
() Coordinates ) Angle-Length

#, f 2Rt Angle, desLength, £t q. IoF A

1 E5 nz 1] 595

Figure 57. Screen Shot. Example 1, the Geometry tab.
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The display area shown on-screen should look like this:

SNAP Example 1

X{ﬂ]
o -30 -20 -10 0 30 40 50 &0 o
= i}
8 S
2 o
& S
[ ] -
- =
2 R
= =
= )
- o
= -
B =
= =30 =20 =10 g 10 20 20 410 S0 &0 o
X

Figure 58. Screen Shot. Example 1, the display area.

(Note: when you start a problem from scratch, the display area won’t show any nails until you
have entered information on the Nails tab.)
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Soil

As shown on the Soil tab below, the soil behind this wall has a moist unit weight of 114.5 lbf/ft3,
a friction angle of 34 degrees, and an ultimate cohesion of 104 Ibf/ft>. The ultimate grout-ground
pullout resistance is 15 Ibf/in®, and the bearing capacity factors are N, = 42.2, N,=41.1,and Ng
=29.4. SNAP uses the drill hole diameter entered on the Nails tab to calculate the ultimate
pullout resistance per foot of nail to be 4524 1btf/ft (when you start a problem from scratch, Q,
won’t be displayed until the drill hole diameter is entered on the Nails tab).

SHAP | ProofAYerfication Testing|

| Ground Water | Mails _'

Project | Geometry [ Soil |

Figure 59. Screen Shot. Example 1, the Soil tab.
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Nails

Groundwater is not used in this example, so let’s skip to the Nails tab. A trial nail pattern is
input on the Nails tab. Trial nail lengths, vertical spacing, and nail inclination are Uniform, and
selected to be 25 feet, 5 feet, and 15 degrees, respectively. The horizontal nail spacing is
selected to be 5 feet as well. The drill hole diameter is selected to be 8.0 inches. A bar diameter
of 1 in and a cross-sectional area of 0.79 in” is chosen, which corresponds to a solid #8 bar (Both
area and diameter must be entered to allow for the use of hollow nail bars under certain
circumstances). Bar yield strength of 60 kip/in” and shear strength of 36 kip/in® are chosen. An
upper cantilever distance of 3.28 feet (1 meter) is chosen, and the standard recommended
resistance factors of 0.50, 0.55, and 0.67 for nail pullout, nail tendon strength, and nail head
strength, respectively, are used.

SHAP | ProofAferification Testing|

| Project | Geometry | Soil || Ground ‘water | Mails Seis

(® Uriform ) Mon-Uniform
Properties | Uniform Mail Settings |
L| 25

5, 5

5| 5

Barfrea 079

O, 1

Bar F_-.J B0000

F'-u'

Cy 328
By A&
oy
i

0.55
0.67

Figure 60. Screen Shot. Example 1, the Nail Properties tab.
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The Uniform Nail Settings sub-tab displays the nail heights (vertical distance from the bottom of
the wall to the nail) and summarizes the nail support diagram for each nail in table form. For
example, nail number three has a nail head x-coordinate of 3.16 ft.

File  Units Help

SNAP | Proof/Verfiication Testing |

| Project | Geometry | Soil | Ground Water | Nails
@ Uniform ) Non-Uniform

Properties | Uniform Nail Settings

Height, ft

Figure 61. Screen Shot. Example 1, the Uniform Nail Settings tab.
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Wall Facing

Seismic coefficients are not used in this example, so let’s skip to the Wall Facing tab. This
example includes inputs for both a temporary shotcrete facing and a permanent cast-in-place
concrete facing. Beginning with the Shotcrete facing type, select the Shotcrete button at the top
of the Wall Facing tab. The Shotcrete sub-tab includes 2 options for the nail installation pattern:
Offset and Square. An offset pattern is chosen for this Example.

Shotcrete facing inputs are selected for the wall. The welded wire mesh is 6 in. by 6 in., with a
wire cross-sectional area of 0.029 in’, a reinforcement area of 0.058 in per vertical foot of mesh,
and an ultimate yield strength of 60 kip/in>. Horizontal waler bars and vertical bearing bars are
chosen to be #4 bars, with an ultimate yield strength of 75 kip/in” and two of each type of bar.
The program looks up the vertical bearing bar diameter from the bar number, which is 0.5 inch
for a #4 bar. 60-inch long vertical bearing bars are chosen. The shotcrete is specified with a
compressive strength of 4060 1bf/in®, and a shotcrete thickness of 3.95 inches is chosen. In reality
it is difficult to control the thickness of shotcrete during construction to better than about half an
inch but 3.95 inches (rounds to 4) has been chosen purely for the purposes of illustration. The
bearing plate is chosen to be 9 inches on each side, and 1 inch thick. The standard recommended
pressure factors of 1.0 and 1.0 for flexure and shear, respectively, are used.

A SNAP - SNAP Exampic 1IN

File Units Help

SNAP |F‘roofNariﬁcation Tasting|
| Project I Geometry I Soil I Ground Water I MNails
@ Shotcrete () Castin Place
Nail Head Strength | Shoterete Desian Checks |
() Sguare @ Offset
S, |8 in
A | 0.029 i
Be owf | 0,058 irfift
Mesh_F, | 60000 psi
H_Bar No | 4 #
W _Bar No | 4 #
\'-J’ailer_F3r 75000 psi
H_Bars | 2
W Bars | 2
T, [ 4080 psi
bpy [ 9 in
by 1 in
Lc_vb 5 ft
dg | 05 in |
Cr o |1
C5 oo | 1
Tey_F | 14834881
Teyy p | 43069.9
Ty | 148347 i
Tp (933924

Figure 62. Screen Shot. Example 1, Wall Facing tab, Nail Head Strength for the shotcrete
facing.
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SNAP calculates the nominal nail head strength and the allowable nail head load for the
shotcrete facing on the same tab as all of the inputs. The nominal nail head strength with respect
to facing flexure is calculated to be 14834 Ibf, and the nominal nail head strength with respect to
facing punching shear is calculated to be 43070 Ibf. Facing flexure controls, so the maximum
nominal nail head load is 14834 Ibf. Based on the Nail Head Strength Reduction Factor of 0.67
entered on the Nails tab, the maximum allowable nail head load is 9939 1bf.

On the Shotcrete Design Checks tab, the program calculates a predicted nail head service load,
using the input nail head service load factor, Fg, entered by the user. This is usually selected to
be 0.5. The remainder of this tab includes design and serviceability checks for the shotcrete
facing. These indicate that the allowable nail head load is acceptable based on the estimated nail
head service load (as outlined in FHWA-SA-96-069R), the one-way unit shear and flexure in the
upper cantilever section are acceptable, vertical bearing bars meet minimum length and
embedment requirements, and that minimum horizontal waler splice length requirements are
met.

2 SNAP - SNAP Exam
File Units Help DEHE

SNAP | Proof Verfication Testing |

| Project | Geometry | Soil | Ground Water | Nails | Seismic Coefficients | Wall Facing [
@ Shotcrete () Castin Place -0~ i=-l
I

| Mail Head Strength | Shotcrete Design Checks

MaxDevlenMesh | 810

Figure 63. Screen Shot. Example 1, the Shotcrete Design Checks tab.

This example also includes an evaluation of a permanent cast-in-place concrete facing
constructed in front of the shotcrete facing for this wall. These inputs are entered by selecting
the Cast-in-Place button at the top of the Wall Facing tab. Now the Nail Head Strength sub-tab
includes data on the cast-in-place concrete, reinforcement components, and the headed-stud
connection system for this facing type. The CIP Design Checks tab includes design and
serviceability checks relevant to a CIP wall facing, which are similar to those for the shotcrete
facing.

On the Nail Head Strength sub-tab, the concrete reinforcement spacing in Example 1 will be 12
inches both horizontally and vertically, and #4 bar with a yield strength of 60,000 psi is chosen
for the reinforcements. A CIP facing thickness of 8 inches and a concrete compressive strength
of 4060 psi are chosen. The standard recommended pressure factors of 1.0 and 1.0 for flexure
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and shear, respectively, are chosen. The headed-stud tensile failure factor is chosen to be 0.50,
as 1s recommended.

For the headed-stud connection system, the stud body diameter is chosen to be 0.875 (7s) inches,
and the stud head diameter is chosen to be 1.375 (1 3%) inches. The stud head thickness is 0.375
(3%) inches. The stud length is 5 inches, and the stud spacing is 4.2 inches. Grade 60 steel is
chosen for the studs. The plate thickness is 1 inch.

SHAP | ProofAferification Testing|

| Project || Feomety || Soll || Ground W ater || Mails || Seismic Eaefficientsl wall Facing E
() Shotcrete (8) Cast in Place )

Nail Head Strength | CIP Design Checks | .I
) Square (8 Offzet .I
hr

W7

h, 8
H_ReBar_Mo | 4
YW _FReBa_Mo | 4

ReBar_F o

[
[
EREEEEEN

Figure 64. Screen Shot. Example 1, the Cast-in-Place Nail Head Strength tab.
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Output information for the cast-in-place concrete facing is displayed in a similar manner to the
shotcrete facing. The nominal nail head strength for flexure, punching, and headed-stud tension
are calculated and displayed on the Nail Head Strength tab. For Example 1, these are calculated
to be 61682 Ibf, 51253 1bf, and 144317 Ibf, respectively. SNAP selects the lowest of these to use
for calculating the allowable nail head load: in this case, the controlling failure mode is punching
shear failure at 51253 Ibf. Based on the Nail Head Strength Reduction Factor of 0.67 entered on
the Nails tab, the maximum allowable nail head load is 34,340 Ibf.

Design and serviceability checks, shown on the CIP Design Checks tab, indicate that the
allowable nail head load is acceptable based on the estimated nail head service load (as outlined
in FHWA-SA-96-069R), the one-way unit shear and flexure in the upper cantilever section are
acceptable, that the facing meets minimum reinforcement ratio and minimum reinforcement
cover requirements, and that reinforcement distribution in the upper cantilever is satisfactory.

o SNAP - SNAP Example
File  Units Help L.1 = Q ﬂ
SNAP | Proof /Vesification Testing |
| Project | Geometry | Soi | Ground Water | Nails | Seismic Coefficients | Wall Facing [
(7) Shotcrete @ Castin Place
Nail Head Strength | CIF Design Checks

v 119.1
V| 20236
Mg

Figure 65. Screen Shot. Example 1, Cast-in-Place facing Design Checks tab.
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External Stability

The next tab is the External Stability tab. This is only an output tab, and it provides Factors of
Safety on sliding, overturning, and bearing capacity, as well as the eccentricity used in the
bearing capacity calculation, the effective stress at the base of the wall, and the ultimate and
allowable bearing capacity values. Small icons to the right of certain values indicate whether
these values meet AASHTO minimum criteria.

A SNAP - SNAP Example I
File Units Help DEHR @

SNAP | Proof/Verfication Testing |

| Project | Geomelry | Sol | Ground Water | Nails | Seismic Coefficients | Wal Facing | Extemal Stabifty |

B s .
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o, = =20 15 16 -5 0
= .
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Figure 66. Screen Shot. Example 1, External Stability analysis results.
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Global Stability

The Global Stability tab (uses the Simplified Bishop Method - circular surfaces only) includes
results for global stability, organized into two sub-tabs: Failure Circles and Radius Control. For
this Example, using the Auto Calc Ranges feature for selecting the search limits for circular
failure surfaces does not provide realistic results, showing all 10 lowest FS values on slip circles
in the slope above the top nail. By unchecking Auto Calc Ranges on the Radius Control tab, and
increasing Upper Fail. Circle Min X to 9.0, all of the 10 lowest FS circles will pass near the base
of the wall.

After making this change, the Failure Circles tab indicates that the minimum FS for our example
problem is 1.93. The slip circles are shown in the display area, with the selected circle displayed
as a much thicker line.

2 SNAP - SNAP Example 1
File Unils Help DEHR @
SMAP | Proof/Verification Testing

| Project | Geometry | Soil | Ground Water | Nails | Seismic Cosfficients. | Wall Facing | Extemal Stabiity | Global Stabiity | Report |
Failure Circles | Radius Control | -
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Figure 67. Screen Shot. Example 1, Global Stability tab.

Further adjustment of the values on the Radius Control tab will change the minimum FS
calculated on the Failure Circles tab. Try adjusting these values, and observe how the minimum
FS changes.

65



CHAPTER 4 - EXAMPLE PROBLEMS

Report

On the Report tab, click Generate to create and view the report. It usually takes several seconds
to a minute to generate the report; text at the bottom of the screen indicates the progress of report
generation. The report will be approximately 13 pages long for this Example problem. The
project information from the first tab is displayed on every page, and the report includes all of
the input parameters and output results discussed above, as well as graphics from the problem.
The last five pages give complete definitions for all the input parameters and output results in the
program.

2 SNAP - SNAP Example

File Units Help DEHR @
SNAP | Proof/\eification Testing

[ Project | Geometry | Soi | Ground Water | Nais | Seismic Cosfficierts | Wall Facing | Extemal Stabiity | Global Stabiity | Report |

[ Genemate ] [ Page Setup ] [ Print Preview ] [ Prirtt ]

SNAP Analysis

PROJECT INFORMATION

Project Name SNAP Example 1
Project Number 001

Company Name John Doe
Location Parcer, CO
Designer D. Ziner
Reviewer A. Checker
Date 8-28-09

Wall Properties

English Units St Linis
X 5.5 ft 168 m
4 Nz ft 457 m
H 32 ft 45 m
2l 100 deg g deg
DownSlope Points
English Units S Linis
Point 1 X -25 ft -762 m
Z 0 fit a m
Ange | O deg [0 deg
length | 25 ft 762 m
BackSlope Points
English Units S/ Linés
Paint 1 X 65 fit 7887 m
Z 312 fit a57 m
Ange [ 0 deg [ @ deg
Length 59.5 ft 1814 m
gs 0 Ibf /At a Nem

Figure 68. Screen Shot. Example 1, Report generation tab.
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EXAMPLE 2

The following is a demonstration of the application of SNAP for design of a different soil nail
wall support, for a cut approximately 31 feet high. This example also includes groundwater and
seismic loading, but is designed with only a shotcrete facing. It can be loaded into the program
by selecting File 2 Example 2.

Geometry

The ground surface in front of the wall first slopes down, and then becomes flat, extending a
total of 32 feet in front of the wall. The wall will be battered at an angle of 9.5 degrees from
vertical, and will be 30.6 feet high. The Geometry tab shown below indicates that the backslope
angle directly behind the top of the wall is chosen to be 12.88 degrees from horizontal, or a slope
of about 4.4:1, extending 14.87 horizontal feet. Above this inclined portion, the slope behind the
wall is flat, 24 feet long, and supports a surcharge of 250 psf. After that, the ground slopes
upward again at an angle of 9.46 degrees for 36 horizontal feet.

Project | Geometry |S|:ui| || Ground Y ater || I ailz ||
(%) Coordinates ) Angle-Length

| Project | Geometry | Soil || Ground "W ater || Hailz ||_E
(%) Coordinates ) Angle-Length |

Down Slope | wall | Back Slope|

=, f 2Rt Angle, deg  Length, ft b

U SCHECT zame
2 -3z -3 1] 20 H
5]

-

Project| Geometry |S|:ui| || Eround Y ater || I ailz
) Coordinates (%) Angle-Length

| Dravan Slope || W all | Back Slope l

o, | .t Angle, deLength, fq_, Ibf/ft
20 24 1288 | 14587 | O

2 44 24 0 24 250

3 80 40 9.48 36 0

-

Figure 69. Screen Shot. Example 2, the Geometry tab.

—
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The display area shown on-screen should look like this:
SNAP Example 2
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Figure 70. Screen Shot. Example 2, the display area.
Soil

As shown on the Soil tab below, the soil behind this wall has a moist unit weight of 125 Ibf/ft’, a
friction angle of 36 degrees, and an ultimate cohesion of 150 Ibf/ft>. The ultimate grout-ground
pullout resistance is 20 Ibf/in®, and the bearing capacity factors are N, = 50.6, N, =56.3,and Ng
=37.8. SNAP uses the drill hole diameter entered on the Nails tab to calculate the ultimate
pullout resistance per foot of nail to be 3958 1bf/ft.

SHAP | Proof Aferfication Tesling|

| Project | Geometry | Soil Ground \water || Mailz

Figure 71. Screen Shot. Example 2, the Soil tab.
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Groundwater

This Example problem includes groundwater. The phreatic surface information entered on the
Groundwater tab indicates that the groundwater surface is shallow at the toe of the wall, and
becomes higher within the reinforced/retained soil mass.

File Units Help DEHR @
SNAP [ Proof/Verfication Testing
Project | Geometry | Soi | Ground Water | Nails | Seismic Coefficients | Wall Facing | Bdemal Stabilty | Global Stabity | Report |
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Figure 72. Screen Shot. Example 2, the Groundwater tab.
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Nails

A trial nail pattern is input on the Nails tab. Trial nail lengths, vertical spacing, and nail
inclination are Uniform, and selected to be 35 feet, 4 feet, and 15 degrees, respectively. The
horizontal nail spacing is selected to be 7 feet. The drill hole diameter is selected to be 5.25
inches. A l-inch diameter bar with a cross sectional area of 0.79 in” is chosen, which
corresponds to a solid #8 bar. Bar yield strength of 75 ksi and shear strength of 36 ksi are
chosen. An upper cantilever distance of 2.0 feet is selected. The standard recommended
resistance factors of 0.50, 0.55, and 0.67 for nail pullout, nail tendon strength, and nail head
strength, respectively, are used.

oA SNAP - SNAP Exampie NN

File  Units Help

SNAP | Proof /Verification Testing |

[ Project | Geometry | Soil [ Ground Water | Mais |

@ Uniform ) Mon-Uniform

Properties | Uniform Nail Settlngs|

L| 35 it
Sy 4 ft
Sul 7 ft
a| 15 deg

in
2
1]

D| B25

Figure 73. Screen Shot. Example 2, the Nail Properties tab.
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The Uniform Nail Settings sub-tab displays the nail heights (vertical distance from the bottom of
the wall to the nail) and summarizes the nail support diagram for each nail in table form. For
Example 2, the allowable nail tendon tensile load (Ty) is smaller than the allowable nail head
load (TF), so the program reports Ty as equal to Tr.

File Units Help O

SNAP | Proof /Verification Testing |
| Project | Geometry | Seil | Ground Water | Nails | Seismic Coefficients |

Uniform ) Mon-Uniform ol
Properties | Uniform Nail Settings
Height, ft w
1) 286
2
B
b3 =
4
51126 ]
6
7146
b2
P [
#*
_,'\,_!_1
Nail X-Coord, ft T-Force, Ibf = o

Figure 74. Screen Shot. Example 2, the Uniform Nail Settings tab.

Note that when you create a new file from scratch and go through the data entry, the Nail T-force
diagram and corresponding values will not be correct until information about the wall facing is
entered.
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Seismic Effects

Example 2 demonstrates the use of seismic coefficients in SNAP. A horizontal seismic
coefficient (Ky) of 0.18 is entered directly on the Seismic Coefficients tab, indicating that a
horizontal seismic acceleration equal to 18% of gravity may act on this wall. The Factors of
Safety for External Stability and Global Stability will be displayed with the effects of seismic
loading as long as the checkbox on the Seismic Coefficients tab is checked. To view the static
loading FS, you must return to the Seismic Coefficients tab and uncheck the checkbox.

28 SNAP - SNAP

File Units Help B
SNAP | Proof/Verfication Testing |
| Project | Geometry | Soil | Ground Water | Nails | Seismic Coefficients
Include Seismic Loading in Analysis e
Calc kh from A
pA g
A
K, | 0.18 s

Figure 75. Screen Shot. Example 2, Seismic Coefficients tab.
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Wall Facing

This example includes inputs for only a shotcrete facing. The Shotcrete button at the top of the
Wall Facing tab is selected. The Shotcrete sub-tab includes 2 options for the nail installation
pattern: Offset and Square. An offset pattern is chosen for this Example.

Example 2 demonstrates how to design a facing using 2 layers of welded wire mesh
simultaneously in the shotcrete facing. In this example, one layer of 4x4 inch, W4.0 x W4.0
mesh is selected, along with one layer of 6x6 inch, W2.9 x W2.9 mesh. To enter these in SNAP,
the wire spacing is entered as 4 in., with a cross-sectional area of 0.04 in’, a reinforcement area
of 0.178 in” per vertical foot of mesh, and an ultimate yield strength of 60000 1b/in” i.e. the 2
layers are:

(1) 4x4 W4.0 x W4.0  Area=0.120 in*/ft

(2) 6x6 W2.9x W2.9  Area=0.058 in*/ft

The opening size input to SNAP is the smaller of the two (4 inches). The wire cross-sectional
area input to SNAP is that of the W4.0 (0.04 in?). The total cross-sectional area of reinforcement
per unit of width is the sum of the areas of the two layers = 0.120 +0.058 = 0.178 in*/t.

Horizontal waler bars and vertical bearing bars are chosen to be #4 bars, with an ultimate yield
strength of 60 kip/in®>. Two horizontal waler bars and one vertical bearing bar are used. The
program looks up the vertical bearing bar diameter from the bar number, which is 0.5 inch for a
#4 bar. A 60-inch long vertical bearing bar is chosen. The shotcrete is specified with a
compressive strength of 4000 1bf/in®, and a shotcrete thickness of 8.0 inches is chosen. The
bearing plate is chosen to be 8 inches on each side, and 1 inch thick. The standard recommended
pressure factors for an 8-inch shotcrete thickness are used: 1.0 for flexure and 1.0 for shear.
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A SNAP - SNAP Example 2N

File  Units Help 1@

SNAP | Proof/Verfication Testing |
| Project | Geometry | Soil | Ground Water | Nails | Seismic Coefficients | W
@) Shotcrete () Castin Place T | 1]
Nail Head Strength | Shoterete: Design Checks |

) Square @ Offset

» S, in
Ao || 0.04 it
Ag | 0178 it
Mes_h_Fy 50000 psi
H_Bar Mo | 4 3
W _Bar_MNo | 4 -3
Waler_Fy 60000 psi
H_Bars | 2
V_Bars | 1
f0| 4000 psi
h.| 8 in
3 .
]
5

Figure 76. Screen Shot. Example 2, Wall Facing tab, Nail Head Strength for the shotcrete
facing.

SNAP calculates the nominal nail head strength and the allowable nail head load for the
shotcrete facing on the same tab as all of the inputs. The nominal nail head strength with respect
to facing flexure is calculated to be 103853 1bf, and the nominal nail head strength with respect
to facing punching shear is calculated to be 113972 Ibf. Facing flexure controls, so the
maximum nominal nail head strength is 103853 Ibf. Based on the Nail Head Strength Reduction
Factor of 0.67 entered on the Nails tab, the maximum allowable nail head load is 69581 1bf.

The design and serviceability checks for the shotcrete facing are shown on the Shotcrete Design
Checks tab. These indicate that the allowable nail head load is acceptable based on the estimated
nail head service load (as outlined in FHWA-SA-96-069R), the one-way unit shear and flexure
in the upper cantilever section are acceptable, vertical bearing bars meet minimum length and
embedment requirements, and that minimum horizontal waler splice length requirements are
met.
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SNAP - Sl

File  Units Help

SNAP | Proof /Verification Testing |

lEdR

| Proiect | Geometry | Sol | Ground Water | Nails | Seismic Coefficients | Wall Facing |

Shotcrete ) Castin Place

MaxDevlLenMesh

| Nail Head Strength | Shotcrete Design Checks

Figure 77. Screen Shot. Example 2, the Shotcrete Design Checks tab.

External Stability

The next tab is the External Stability tab. This is only an output tab, and it provides Factors of
Safety on sliding, overturning, and bearing capacity, as well as the eccentricity used in the
bearing capacity calculation, the effective stress at the base of the wall, and the ultimate and
allowable bearing capacity values. To see the results for when seismic loading is included, make
sure the checkbox on the Seismic Coefficients tab is checked. To see the static FS results, make
sure this box remains unchecked. Small icons to the right of certain values indicate whether
these values meet AASHTO minimum criteria. These criteria change depending on whether

seismic loading is included.

File Units Help N |

SNAP | Proof/Verification Testing

File Units Help O

SNAP | Proof/Verfication Testing

| Project | Geometry | Soil | Ground Water | Nails | Seismic Cosfficients |

s

E
=

(@)
Figure 78. Screen Shot. Example 2, External Stability tab showing (a) the results for
seismic loading conditions and (b) the results for static loading conditions.

| Project | Geometry | Soi | Ground Water | Nails | Seismic Coefficients |

as

.
£

(b)

75



CHAPTER 4 - EXAMPLE PROBLEMS

Global Stability

The Global Stability tab applies the Simplifed Bishop Method of Slices to obtain results for
global stability, organized into two sub-tabs: Failure Circles and Radius Control. The Failure
Circles tab indicates that the minimum FS for our example problem is 0.77 for seismic loading,
with the lowest 10 FS all less than or equal to 0.81. The minimum FS for static loading is 0.80,
with the lowest 10 FS all less than or equal to 0.83. The slip circles are shown in the display
area, with the selected circle shown as a much thicker line. Note that the Auto Calc Ranges
option was used for this stability calculation.

A SNAP - SNAP Example 21—
File Units Help MEHH @
SNAF | Proct, Testing

| Project | Geometry | Soil | Ground Water | Nails | Seismic Coefficients | Wall Facing | E¢emal Stabity | Global Stabilty | Report

§Fai|ure[irdas§|ﬂa@gcofm| - .
) St e e SNAP Example 2
-30 -20 -10 1] 10 Xég} 30 40 50 60 70 o=
o
__..--'"Q
TR ETRTR ST ey
el
3 “ L]
o — Z 7
E "’-’ &
4 o - E R i
Ty
z\"-ﬁ-_ =)
\.-. .
8
-30 -2l -10 o 10 20 30 40 S0 60 70 3.
Ay
4
Factor of Safety, mFS

Figure 79. Screen Shot. Example 2, Global Stability tab for seismic (pseudo-static)
conditions (k,= 0.18).
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Figure 80. Screen Shot. Example 2, Global Stability tab for static loading conditions.
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The Radius Control tab allows the user to adjust the range of radius values the program will
search within. See Chapter 1 for more information on how SNAP searches for circular failure
planes. Adjusting these values will change the minimum FS calculated on the Failure Circles
tab. Try adjusting these values, and observe how the minimum FS changes. For this example
problem, selecting “Auto Calc Ranges” gives good results.

A SNAP - SNAF
File Units Help NEHR @
SNAP | Proof /Verification Testing |
| Project | Geometry [ Soi | Ground Water | Nails | Seismic Coefficients | Wall Facing | Extemal Stabiliy | Global Stabilty | Report
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Figure 81. Screen Shot. Example 2, the Radius Control tab.
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Report

On the Report tab, click Generate to create and view the report. It usually takes several seconds
to a minute to generate the report; text at the bottom of the screen indicates the progress of report
generation. The report will be approximately 21 pages long for this Example problem. The
project information from the first tab is displayed on every page, and the report includes all of
the input parameters and output results discussed above, as well as graphics from the problem.
The last five pages give complete definitions for all the input parameters and output results in the
program. When seismic loading is evaluated, such as in this Example, the Report will include
output results for both the static and seismic cases.

A SNAP - snaP exampie 21—
File Units  Help NEsHKE @
SNAP |PrcofNeriﬁsahon Testing‘

‘ Project | Geometry I Soil | Ground Water | Nails I Seismic Coefficients I Wall Facing I Extemal Stability I Global Stabllrr_vl Report ‘

[ Generate ] [ Page Setup ] [ Print Preview ] [ Prirtt ]

Soil Nail Analysis Program-—-SNAP 1.0
Project Name: SNAP Example 2 Project Number: 18-3584 Company Name: ABC Engineering Location: Anytown, USA Designer: Jane Doe
Reviewer: Kris Kringle Date: 7-4-09

Static case (no seismics):

Facing Nail Head Strength Properties

English Units 51 Lings

S 4 in iore mm

Aniva 004 in2 25806 .

Ag wwr 0178 int 376773 mEsin E
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Note: Dy is stud diameter and Dy is stud body (reversed from document FHWA-SA-96-069R)

Figure 82. Screen Shot. Example 2, Report tab.
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CHAPTER 5 - PROOF/VERIFICATION TESTING

SNAP can assist a wall designer or engineer with verification and proof testing of soil nails
during construction. The Proof/Verification Testing tab at the top of the screen (the same level
as the main SNAP tab) is divided up into three sub-tabs: Design Test Load, Test Loading Data,
and Report.

DESIGN TEST LOAD

The Design Test Load tab will determine the appropriate design test load for proof testing or for
verification testing. The user must select Verification Test or Proof Test at the top of the tab by
selecting one of the radio buttons. The user must enter the grout/ground pullout strength, the
drill hole diameter, the appropriate pullout bond strength factor of safety, the nail tendon yield
strength, the cross-sectional area of the nail tendon, and the actual nail bond length for the nail
being tested. None of this information is taken from the other tabs of the SNAP program, since
field testing is often done completely independent of the wall design process.

A SNAP - SNAP Example S NG

File Units Help

|5NAP | Proof /Verfication Testing |

Design Test Load | Test Loading Data | Report

@ Verfication Test ) Proof Test  (fa

Figure 83. Screen Shot. Proof/Verification Testing, Design Test Load calculation tab.

The program will select the appropriate nail yield strength factor, C, based on the user-entered
nail bar yield strength (0.8 for yield strength less than 75,000 psi or 0.9 for a yield strength
greater than 75,000 psi). The program also selects the appropriate pullout resistance factor, Py,
based on whether a Verification Test or a Proof Test is chosen. The ultimate and allowable
pullout resistance per foot of nail length are calculated and shown as Q, and Qq, respectively.
The maximum test bond length to avoid overstressing the nail, Lgycaic, 1S calculated, and checked

81



CHAPTER 5 — PROOF/VERIFICATION TESTING

against the user-input actual as-built bond length, Lgyyseq. The design test load for the current
test is calculated based on the actual as-built bond length, Lgvysed.

TEST LOADING DATA

On the Test Loading Data tab, the user may enter actual test data from a proof or verification
test. The design test load from the Design Test Load tab is used, and the user must enter the
bond length of the nail, the unbonded (free) length of the nail, the cross-sectional area of the nail
bar, and the elastic modulus of the nail bar steel. The user then enters all of the test load and
average dial gage data, and the program will produce a graph and determine if the nail passes
creep and total movement acceptance criteria, which are calculated and shown in the upper left
frame.
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Figure 84. Screen Shot. Proof/Verification Testing, Test Loading Data tab.
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PROOF/VERIFICATION TESTING REPORT

Clicking Generate on the Report tab under the Proof/Verification Testing tab will generate a
report for the single test currently entered on the first two tabs. The report will be approximately
4 pages long which can be sent directly to a printer, or the information in the report can be
copied and pasted into another program for presentation purposes.

A SNAP - SNAP Exampie 2 IR
CFile Unts Hlp 0 g HARe
Proof /Verfication Testing

| Design Test Load I Test Loading Data | Report |

[ Generate ] [ Page Setup ] [ Print Preview ] [ Print ]

Soil Nail Analysis Program-—-SNAP 1.0
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PROJECT INFORMATION

Project Name SNAP Example 2
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Reviewer Kris Kringle
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Figure 85. Screen Shot. Proof/Verification Testing Report.
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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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APPENDIX A — SOIL NAIL DESIGN COMPARISON

________ (... 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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APPENDIX A — SOIL NAIL DESIGN COMPARISON

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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