
Soil Nail Analysis Program

SNAP

Yeh and Associates, Inc.
Consulting Engineers & Scientist

Rick Andrew, Yeh & Associates, Inc.

Khamis Haramy, FHWA Central Federal Lands

Ben Arndt, Yeh & Associates, Inc.

Sara Hansen, Yeh & Associates, Inc.

Alan Rock, GAP Engineering, Inc.

Runing Zhang, PhD, Metro State College



Program Objectives

• Develop a complete soil nail analysis package 
following AASHTO requirements
– Soil nail elements

– Facing Elements

– External Stability Analysis

– Slope stability analysis (Modified Bishop)

– Seismic analysis

• Manual for Design and Construction of Soil Nail Walls

Report No. FHWA-SA-96-069R



FHWA Guidelines
 Manual for Design and Construction of Soil Nail Walls

Report No. FHWA-SA-96-069R 

Calculates the coulomb active earth load and uniformly distributes the 
load to the nails with consideration of nail spacing (tributary area).

 Geotechnical Engineering Circular No. 7 Soil Nail Walls

Report No. FHWA-IF-03-017

Uses the SNAIL program, searching for “internal” slip surfaces with 
consideration for available nail resistances (controlled by facing, tensile 
yield or pullout) to determine the maximum average nail loading at a 
FS=1.0 (active state). 



Project Information

Input all 

project 

information

Soil Nail Wall Station 750+00

All inputs can be in 

SI or English units or 

at any point can be 

converted



Slope Geometry

Input slopes and wall 

geometries

1.(X,Z) coordinates

2.Angle and length

3.Point and click

Down Slope

Back Slope

Wall

Soil Nail Wall Station 750+00



Slope Geometry

Input traffic 

surcharge on back 

slope

1.Normal Traffic

2.Construction Traffic

Traffic Surcharge

Soil Nail Wall Station 750+00



Soil Layer 

boundary

Soil Layer Boundary & Properties

Input each soil layer 

boundary and soil 

properties

1.(X,Z) coordinates

2.Point and click

Soil Nail Wall Station 750+00



Ground Water Elevation

Input ground water 

elevation

1.(X,Z) coordinates

2.Point and click

Ground water 

elevation

Soil Nail Wall Station 750+00



Soil Nail Properties

Uniform Nails

Input nail length, 

location and 

properties

1.Use data sheet

2.Point and click

Soil nails

Soil Nail Wall Station 750+00



Soil Nail Properties

Soil nails

Soil Nail Wall Station 750+00

Non-Uniform Nails



Nail Stress vs. Stage Cut

Soil nails

Soil Nail Wall Station 750+00



Soil Nail Wall Station 750+00

Seismic Loading

Input seismic 

coefficients and 

calculate Kh



Soil Nail Wall Facing



Soil Nail Wall Facing Checks



Interactive Display



External Stability Analysis

Soil Nail Wall Station 750+00



Global Stability Analysis

Soil Nail Wall Station 750+00

Nail tensile stress

at the point of intersection is 

accounted for in the 

Global stability Calculations



Global Stability Analysis

Soil Nail Wall Station 750+00



Soil Nail Wall Design Report



Numerical Modeling

Soil Nail Wall Station 750+00



Numerical Modeling Results



Verification & Proof Test Results

Soil Nail Wall Station 750+00



Verification & Proof Test Results



Verification & Proof Test Report



Summary
1. SNAP 1.0 is completed and was internally tested by the 

developers.

2. Beta testing by Dr. John Turner, University of Wyoming is in 

progress

3. The program should be available for free distribution once all 

testing is completed.
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Program Objectives

• Develop an analyses and statistical predictions of 
rockfall behavior, providing the user with both 2D 
and 3D hazard characterization and mitigation 
tools.
• Accept three-dimensional terrain data

• Analysis of the final dispersion of rocks along slope

• Ability to designate multiple rockfall origin locations 

• Incorporate rock and slope parameters 

• Ability to place analysis segments along the slope of user-
defined dimension to evaluate mitigation alternatives

• Incorporate lessons learned from CRSP v1.0 – 4.0



Program Calibration
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Program Calibration
Rock Runout Distance

After Coe et al., 2005
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The visco-elastic contact model is the most popular 
constitutive contact model used a Discrete Element 
Model.  Because of its simplicity, the calculations are 
very efficient. The assumption of a linear elastic 
contact force-displacement relationship between two 
impact bodies is a good approximation. 

Geostructural Analysis Package



Project Information

Input all 

project 

information

All inputs 

can be in SI 

or English 

units or at 

any point 

can be 

converted



Slope Geometry

Input slope 

geometry

LiDAR or 

Manual

Set 

resolution 

for LiDAR 

data 

reduction



Slope Geometry

Manually fill in 

surface points



Slope Mechanical Properties

Delineate 

zones on 

slope

Roughness

Hardness 



Analysis Segments

Identify analysis 

segments on slope

X or Elevation 

Segment



Falling Rock Properties

Source area 

location and rock 

properties

1.Unit weight

2.Tensile strength

3.No. of rocks

4.Shape

5.Size



Model Settings

Set viewing 

properties



Model Output

Site location 

coordinates 

identified on 

Google Maps



Model Output



Model Output



Model Output

Animated and fixed 

Slide Show to 

communicate rockfall 

behavior





Summary
1. CRSP 3D is nearing completion (June 2010).

2. Beta testing by rockfall panel.

3. The program should be available for free distribution once all 

testing is completed.


