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Project: Minimum Factors of Safety:
Static Seismic Static Seismic

Location: Overturning: 1.5 1.1 2.16 1.46
IGES, Inc. Project No: Sliding: 1.5 1.1 1.78 1.30

Engineer: JWW Bearing Capacity: 2.0 1.5 2.56 1.83
Date: Internal Sliding: 1.5 1.1 1.87 1.34

Internal Overturning: 1.5 1.1 2.76 1.86

Rockery Section Description: 8-ft Rockery Section Top Tier

1. Enter Geometric Parameters:
Backslope (for flat backslope V=0): Toeslope (for flat toeslope V=0): Rockery Batter (for vertical stacking H = 0):

10 H. : 1 V. 4 H. : 0 V. 1 H. : 2 V.
� = 5.71 degrees �� = 0.00 degrees �front = -26.57 degrees

surcharge, qB = 250 psf surcharge, qT = 0 psf Number of Rocks (8 max): 4
Appr. Rockery Length, L = 80 ft

2. Enter Soil, Foundation, Rock and Seismic Properties Will geotextile fabric be used along the back soil cut?
Retained Soil Properties: Foundation Properties: Rock Properties:

�retainined = 125 pcf �foundation = 125 pcf �Rock Boulder = 150 pcf
�retained = 30 degrees �foundation = 30.0 degrees �Boulder Interface = 0.55 degrees
cretained = 0 psf cfoundation = 0 psf Rockery Embedment, D = 1.0 ft
�retained = 30.00 degrees �foundation = 0.6 Rock Stacking Red. Factor* = 0.70 *Height to Width Ratio

Ka = Kah = Depth to Groundwater, z = 50.0 ft

Seismic Properties: 2 % Exceedance Prob. kv = 0.000 g KAE =
50 years Exposure Time 2 PE 50 PGA: 0.150 g kh = 0.075 g FAE = lb/ft

2475 -yr Recurence Interval 	 = 4.29 degrees 
FAE = lb/ft

3. Enter Rock Diamaters in Table Below 6. Calculate the Factor of Safety against Base Sliding (Min. FS = 1.5)
Actual Back of Rock Batter, �: 17.2 degrees from vertical (CW) Resisting Force, Pres = lb/ft Pres-E = lb/ft-dyn

Driving Force P h1 = lb/ft P h1 E = lb/ft dyn

Interactive Rockery Minimum Rock Size Stability Calculations

Powder Mountain Resort Allowable Actual
Rockery Analysis and Design
Weber County, UT

October 28, 2013

Foundation Soil Type:

0.195 0.190

0.247
1,348.0
282.5

2,665.6 2,703.0
1 495 0 2 086 1

YES
NO

Sand
Silt or Clay
Gravel
Bedrock
Structural Fill

Driving Force, Pah1 = lb/ft Pah1-E = lb/ft-dyn
4. Calculate Hinge Height do not use FSsld = Pres/Pah1 = static seismic

Avg. rock diameter: 3.1 10.1 ft
7. Calculate the Factor of Safety for Bearing Capacity (Min. FS = 2.0)

5. Calculate the Factor of Safety against Overturning (Min. FS = 1.5) Eccentricity, e = 0.593 ft OK eE = 1.17 ft FAILS!
Wall Weight, W1 = lb/ft Bearing Stress, �vb = psf �vb-E = psf-dyn

Acting At: x = 2.48 y = 4.16 Max. Allow., qULT = psf qULT-E = psf-dyn
Resisting Moment, Mres = lb Mres-E = lb-dyn FSbearing = qULT/�vb = static seismic

Driving Moment, Mdrv = lb Mdrv-E = lb-dyn
FSovt = Mres/Mdrv = static seismic 8. Calculate the Factors of Safety for Internal Buldging (Min. FS = 1.5)

Values tabulated below

Approximate Maximum Exposed Rockery Height: 8.4 ft

(from top) Static Seismic Static Seismic Static Seismic Static Seismic Static Seismic Static Seismic
(ft) (ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) 1.5 Min. 1.13 Min. lb lb lb lb 1.5 Min. 1.1 Min.

1 4.0 9.4 4,208 1,348 282 1,495 2,086 2,666 2,703 5,370 8,227 11,623 11,981
2 3.5 6.6 2,702 662 139 829 1,167 1,550 1,568 1.87 1.34 2,159 3,294 5,968 6,113 2.76 1.86
3 3.0 4.1 1,538 259 54 400 568 870 878 2.18 1.55 683 1,034 2,666 2,711 3.90 2.62
4 2.0 2.0 600 62 13 145 203 336 338 2.32 1.67 129 189 713 720 5.52 3.80

0.0 0 0 0 0 0 0 0 0 0 0 0
0.0 0 0 0 0 0 0 0 0 0 0 0
0.0 0 0 0 0 0 0 0 0 0 0 0
0.0 0 0 0 0 0 0 0 0 0 0 0

Calculations Based on Rockery Design and Construction Guidelines , FHWA Publication No. FHWA-CFL/TD-06-006

1,495.0 2,086.1
1.78 1.30

ft Hinge Ht., Hh =

4,208 2,098 2,936
5,368 5,368

11,623.0 11,981.0 2.56 1.83
5,369.9 8,226.8

2.16 1.46
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Rock 
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Accm. 
Weigh
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FAEi 
FAEi
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F.S. Internal 

Sliding
Mdrv Mres

F.S. Internal 
Overturning

See Base Sliding See Ext. OT
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Project: Minimum Factors of Safety:
Static Seismic Static Seismic

Location: Overturning: 1.5 1.1 2.53 1.60
IGES, Inc. Project No: Sliding: 1.5 1.1 2.00 1.40

Engineer: JWW Bearing Capacity: 2.0 1.5 3.16 2.13
Date: Internal Sliding: 1.5 1.1 2.17 1.49

Internal Overturning: 1.5 1.1 3.37 2.09

Rockery Section Description: 8-ft Rockery Section Middle Tier

1. Enter Geometric Parameters:
Backslope (for flat backslope V=0): Toeslope (for flat toeslope V=0): Rockery Batter (for vertical stacking H = 0):

8 H. : 1 V. 4 H. : 0 V. 1 H. : 2 V.
� = 7.13 degrees �� = 0.00 degrees �front = -26.57 degrees

surcharge, qB = 150 psf surcharge, qT = 0 psf Number of Rocks (8 max): 4
Appr. Rockery Length, L = 80 ft

2. Enter Soil, Foundation, Rock and Seismic Properties Will geotextile fabric be used along the back soil cut?
Retained Soil Properties: Foundation Properties: Rock Properties:

�retainined = 125 pcf �foundation = 125 pcf �Rock Boulder = 150 pcf
�retained = 30 degrees �foundation = 30.0 degrees �Boulder Interface = 0.55 degrees
cretained = 0 psf cfoundation = 0 psf Rockery Embedment, D = 1.0 ft
�retained = 30.00 degrees �foundation = 0.6 Rock Stacking Red. Factor* = 0.70 *Height to Width Ratio

Ka = Kah = Depth to Groundwater, z = 50.0 ft

Seismic Properties: 2 % Exceedance Prob. kv = 0.000 g KAE =
50 years Exposure Time 2 PE 50 PGA: 0.150 g kh = 0.075 g FAE = lb/ft

2475 -yr Recurence Interval 	 = 4.29 degrees 
FAE = lb/ft

3. Enter Rock Diamaters in Table Below 6. Calculate the Factor of Safety against Base Sliding (Min. FS = 1.5)
Actual Back of Rock Batter, �: 17.2 degrees from vertical (CW) Resisting Force, Pres = lb/ft Pres-E = lb/ft-dyn

Driving Force P h1 = lb/ft P h1 E = lb/ft dyn1 336 0 1 937 5

0.198 0.194

0.252
1,377.6
293.2

2,668.1 2,706.9

October 28, 2013

Foundation Soil Type:

Interactive Rockery Minimum Rock Size Stability Calculations

Powder Mountain Resort Allowable Actual
Rockery Analysis and Design
Weber County, UT

YES
NO

Sand
Silt or Clay
Gravel
Bedrock
Structural Fill

Driving Force, Pah1 = lb/ft Pah1-E = lb/ft-dyn
4. Calculate Hinge Height do not use FSsld = Pres/Pah1 = static seismic

Avg. rock diameter: 3.1 10.1 ft
7. Calculate the Factor of Safety for Bearing Capacity (Min. FS = 2.0)

5. Calculate the Factor of Safety against Overturning (Min. FS = 1.5) Eccentricity, e = 0.415 ft OK eE = 1.00 ft FAILS!
Wall Weight, W1 = lb/ft Bearing Stress, �vb = psf �vb-E = psf-dyn

Acting At: x = 2.48 y = 4.16 Max. Allow., qULT = psf qULT-E = psf-dyn
Resisting Moment, Mres = lb Mres-E = lb-dyn FSbearing = qULT/�vb = static seismic

Driving Moment, Mdrv = lb Mdrv-E = lb-dyn
FSovt = Mres/Mdrv = static seismic 8. Calculate the Factors of Safety for Internal Buldging (Min. FS = 1.5)

Values tabulated below

Approximate Maximum Exposed Rockery Height: 8.4 ft

(from top) Static Seismic Static Seismic Static Seismic Static Seismic Static Seismic Static Seismic
(ft) (ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) 1.5 Min. 1.13 Min. lb lb lb lb 1.5 Min. 1.1 Min.

1 4.0 9.4 4,208 1,378 293 1,336 1,937 2,668 2,707 4,598 7,513 11,644 12,015
2 3.5 6.6 2,702 676 144 714 1,057 1,551 1,570 2.17 1.49 1,772 2,927 5,977 6,127 3.37 2.09
3 3.0 4.1 1,538 265 56 325 496 871 878 2.68 1.77 528 884 2,669 2,716 5.05 3.07
4 2.0 2.0 600 63 13 108 166 336 338 3.11 2.03 92 153 714 721 7.77 4.73

0.0 0 0 0 0 0 0 0 0 0 0 0
0.0 0 0 0 0 0 0 0 0 0 0 0
0.0 0 0 0 0 0 0 0 0 0 0 0
0.0 0 0 0 0 0 0 0 0 0 0 0

Calculations Based on Rockery Design and Construction Guidelines , FHWA Publication No. FHWA-CFL/TD-06-006

See Base Sliding See Ext. OT

B-2

Pahi Presi
F.S. Internal 

Sliding
Mdrv Mres

F.S. Internal 
Overturning

Row, i

Min. 
Rock 
Dia.

H1,i
Accm. 
Weigh

t
FAEi 
FAEi

4,597.5 7,513.1
2.53 1.60

5,699 5,699
11,643.7 12,015.3 3.16 2.13

1,336.0 1,937.5
2.00 1.40

ft Hinge Ht., Hh =

4,208 1,805 2,673

Copyright IGES, Inc. 2012



Project: Minimum Factors of Safety:
Static Seismic Static Seismic

Location: Overturning: 1.5 1.1 3.71 2.24
IGES, Inc. Project No: Sliding: 1.5 1.1 2.54 1.70

Engineer: JWW Bearing Capacity: 2.0 1.5 4.83 3.40
Date: Internal Sliding: 1.5 1.1 2.72 1.79

Internal Overturning: 1.5 1.1 4.96 2.94

Rockery Section Description: 6-ft Rockery Section Lower Tier

1. Enter Geometric Parameters:
Backslope (for flat backslope V=0): Toeslope (for flat toeslope V=0): Rockery Batter (for vertical stacking H = 0):

8 H. : 1 V. 4 H. : 0 V. 1 H. : 2 V.
� = 7.13 degrees �� = 0.00 degrees �front = -26.57 degrees

surcharge, qB = 150 psf surcharge, qT = 0 psf Number of Rocks (8 max): 3
Appr. Rockery Length, L = 80 ft

2. Enter Soil, Foundation, Rock and Seismic Properties Will geotextile fabric be used along the back soil cut?
Retained Soil Properties: Foundation Properties: Rock Properties:

�retainined = 125 pcf �foundation = 125 pcf �Rock Boulder = 150 pcf
�retained = 30 degrees �foundation = 30.0 degrees �Boulder Interface = 0.55 degrees
cretained = 0 psf cfoundation = 0 psf Rockery Embedment, D = 1.0 ft
�retained = 30.00 degrees �foundation = 0.6 Rock Stacking Red. Factor* = 0.70 *Height to Width Ratio

Ka = Kah = Depth to Groundwater, z = 50.0 ft

Seismic Properties: 2 % Exceedance Prob. kv = 0.000 g KAE =
50 years Exposure Time 2 PE 50 PGA: 0.150 g kh = 0.075 g FAE = lb/ft

2475 -yr Recurence Interval 	 = 4.29 degrees 
FAE = lb/ft

3. Enter Rock Diamaters in Table Below 6. Calculate the Factor of Safety against Base Sliding (Min. FS = 1.5)
Actual Back of Rock Batter, �: 17.0 degrees from vertical (CW) Resisting Force, Pres = lb/ft Pres-E = lb/ft-dyn

Driving Force P h1 = lb/ft P h1 E = lb/ft dyn888 5 1 338 5

0.200 0.195

0.254
868.2
184.1

2,256.7 2,281.5

October 28, 2013

Foundation Soil Type:

Interactive Rockery Minimum Rock Size Stability Calculations

Powder Mountain Resort Allowable Actual
Rockery Analysis and Design
Weber County, UT

YES
NO

Sand
Silt or Clay
Gravel
Bedrock
Structural Fill

Driving Force, Pah1 = lb/ft Pah1-E = lb/ft-dyn
4. Calculate Hinge Height do not use FSsld = Pres/Pah1 = static seismic

Avg. rock diameter: 3.2 10.3 ft
7. Calculate the Factor of Safety for Bearing Capacity (Min. FS = 2.0)

5. Calculate the Factor of Safety against Overturning (Min. FS = 1.5) Eccentricity, e = 0.224 ft OK eE = 0.64 ft OK
Wall Weight, W1 = lb/ft Bearing Stress, �vb = psf �vb-E = psf-dyn

Acting At: x = 2.33 y = 3.42 Max. Allow., qULT = psf qULT-E = psf-dyn
Resisting Moment, Mres = lb Mres-E = lb-dyn FSbearing = qULT/�vb = static seismic

Driving Moment, Mdrv = lb Mdrv-E = lb-dyn
FSovt = Mres/Mdrv = static seismic 8. Calculate the Factors of Safety for Internal Buldging (Min. FS = 1.5)

Values tabulated below

Approximate Maximum Exposed Rockery Height: 6.4 ft

(from top) Static Seismic Static Seismic Static Seismic Static Seismic Static Seismic Static Seismic
(ft) (ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) (lb/ft) 1.5 Min. 1.13 Min. lb lb lb lb 1.5 Min. 1.1 Min.

1 4.0 7.4 3,608 868 184 889 1,339 2,257 2,281 2,465 4,186 9,146 9,367
2 3.0 4.6 1,898 336 71 396 607 1,076 1,086 2.72 1.79 712 1,221 3,532 3,593 4.96 2.94
3 2.5 2.5 938 99 21 151 242 525 528 3.48 2.18 157 276 1,395 1,409 8.88 5.11

0.0 0 0 0 0 0 0 0 0 0 0 0
0.0 0 0 0 0 0 0 0 0 0 0 0
0.0 0 0 0 0 0 0 0 0 0 0 0
0.0 0 0 0 0 0 0 0 0 0 0 0
0.0 0 0 0 0 0 0 0 0 0 0 0

Calculations Based on Rockery Design and Construction Guidelines , FHWA Publication No. FHWA-CFL/TD-06-006

See Base Sliding See Ext. OT

B-3

Pahi Presi
F.S. Internal 

Sliding
Mdrv Mres

F.S. Internal 
Overturning

Row, i

Min. 
Rock 
Dia.

H1,i
Accm. 
Weigh

t
FAEi 
FAEi

2,465.4 4,186.1
3.71 2.24

6,060 6,060
9,145.6 9,367.1 4.83 3.40

888.5 1,338.5
2.54 1.70

ft Hinge Ht., Hh =

3,608 1,256 1,784

Copyright IGES, Inc. 2012





1.6021.602

250.00 lbs/ft2150.00 lbs/ft2

150.00 lbs/ft2

150.00 lbs/ft2

1.6021.602

Material�Name Color
Unit�Weight
(lbs/ft3)

Strength�Type
Cohesion
(psf)

Phi
(deg)

Cohesion
2�(psf)

Phi�2
(deg)

Angle
(ccw�to
1)�(deg)

Fill 125 Mohr�Coulomb 50 34

Rockery 150 Anisotropic�strength 4000 0 0 45 10

GC 125 Mohr�Coulomb 100 36

Support�Name Color Type
Friction

Angle�(deg)

Shear
Strength
Model

Anchorage
Strip�Coverage

(%)
Tensile�Strength

(lbs/ft)

Mirafi�3XT GeoTextile 24 Linear Slope�Face 96 1918

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

60
40

20
0

-2
0

-40 -20 0 20 40 60 80 100 120

Analysis Description Spencer's
Company IGES, IncScale 1:200Drawn By Justin W
File Name 25H Static.slimDate 10/28/13

Project

Powder Mountain - Max Section - Static

SLIDEINTERPRET 6.025



Slide�Analysis�Information�
Powder�Mountain���Max�Section���Static�
�
Project�Summary�

�
���File�Name:�25H�Static��
���Slide�Modeler�Version:�6.025��
���Project�Title:�Powder�Mountain���Max�Section���Static��
���Analysis:�Spencer's��
���Author:�Justin�W��
���Company:�IGES,�Inc��
���Date�Created:�10/28/13��
�
General�Settings�

�
���Units�of�Measurement:�Imperial�Units��
���Time�Units:�seconds��
���Permeability�Units:�feet/second��
���Failure�Direction:�Right�to�Left��
���Data�Output:�Standard��
���Maximum�Material�Properties:�20��
���Maximum�Support�Properties:�20��
�
Analysis�Options�

�
Analysis�Methods�Used�
Spencer�
���Number�of�slices:�25��
���Tolerance:�0.005��
���Maximum�number�of�iterations:�50��
���Initial�trial�value�of�FS:�1��
���Steffensen�Iteration:�Yes��
�
Groundwater�Analysis�

�
���Groundwater�Method:�Water�Surfaces��
���Pore�Fluid�Unit�Weight:�62.4�lbs/ft3��
���Advanced�Groundwater�Method:�None��
�
Random�Numbers�

�
���Pseudo�random�Seed:�10116��
���Random�Number�Generation�Method:�Park�and�Miller�v.3��
�
Surface�Options�

�
���Surface�Type:�Circular��
���Search�Method:�Grid�Search��
���Radius�Increment:�10��
���Composite�Surfaces:�Disabled��
���Reverse�Curvature:�Create�Tension�Crack��
���Minimum�Elevation:�Not�Defined��
���Minimum�Depth:�Not�Defined��

�
Loading�

�
���4�Distributed�Loads�present��
�
Distributed�Load�1�
Distribution:�Constant�
Magnitude�[psf]:�250�
Orientation:�Normal�to�boundary�
�
Distributed�Load�2�
Distribution:�Constant�
Magnitude�[psf]:�150�
Orientation:�Normal�to�boundary�
�
Distributed�Load�3�
Distribution:�Constant�
Magnitude�[psf]:�150�
Orientation:�Vertical�
�
Distributed�Load�4�
Distribution:�Constant�
Magnitude�[psf]:�150�
Orientation:�Vertical�
�
Material�Properties�

�
Property� Fill� Rockery� GC�

Color�� ___ ___ ___

Strength�Type�� Mohr�Coulomb� Anisotropic�strength� Mohr�Coulomb�

Unit�Weight�[lbs/ft3]�� 125�� 150�� 125��

Cohesion�[psf]�� 50�� 100��

Friction�Angle�[deg]�� 34�� 36��

Cohesion�1�[psf]�� 4000��

Cohesion�2�[psf]�� 0��

Friction�Angle�1�[deg]�� 0��

Friction�Angle�2�[deg]�� 45��

Angle�from�1�[deg]�� 10��

Water�Surface�� None�� None�� None��

Ru�Value�� 0�� 0�� 0��

�
Support�Properties�

�
Mirafi�3XT�
Support�Type:�GeoTextile�
Force�Application:�Passive�
Force�Orientation:�Bisector�of�Parallel�and�Tangent�
Anchorage:�Slope�Face�
Shear�Strength�Model:�Linear�
Strip�Coverage:�96�percent�



Tensile�Strength:�1918�lb/ft�
Pullout�Strength�Adhesion:�0�psf�
Pullout�Strength�Friction�Angle:�24�degrees�
�
Global�Minimums��

�
Method:�spencer�
FS:�1.601890�
Center:�0.539,�55.069�
Radius:�57.498�
Left�Slip�Surface�Endpoint:��7.472,��1.868�
Right�Slip�Surface�Endpoint:�50.148,�26.000�
Resisting�Moment=2.8359e+006�lb�ft�
Driving�Moment=1.77035e+006�lb�ft�
Resisting�Horizontal�Force=42723.4�lb�
Driving�Horizontal�Force=26670.6�lb�
Total�Slice�Area=464.539�ft2�
�
Valid�/�Invalid�Surfaces��

�
Method:�spencer�
Number�of�Valid�Surfaces:�3889�
Number�of�Invalid�Surfaces:�962�
�
Error�Codes:�
Error�Code��106�reported�for�11�surfaces�
Error�Code��108�reported�for�298�surfaces�
Error�Code��111�reported�for�653�surfaces�
�
Error�Codes�
The�following�errors�were�encountered�during�the�computation:�
�106�=�Average�slice�width�is�less�than�0.0001�*�(maximum�horizontal�extent�of�soil�region).�This�limitation�
is�imposed�to�avoid�numerical�errors�which�may�result�from�too�many�slices,�or�too�small�a�slip�region.�
�108�=�Total�driving�moment�or�total�driving�force�<�0.1.�This�is�to�limit�the�calculation�of�extremely�high�
safety�factors�if�the�driving�force�is�very�small�(0.1�is�an�arbitrary�number).�
�111�=�safety�factor�equation�did�not�converge�
�
Slice�Data��

�
���Global�Minimum�Query�(spencer)���Safety�Factor:�1.60189��

Slice��
Number��

Width��
[ft]�

Weight��
[lbs]�

Base��
Material��

Base��
Cohesion��
[psf]�

Base��
Friction�
Angle��
[degrees]�

Shear��
Stress��
[psf]�

Shear��
Strength�
[psf]�

Base��
Normal�
Stress��
[psf]�

Pore��
Pressure�
[psf]�

Effective�
Normal�
Stress��
[psf]�

1�� 2.3088�� 123.317�� GC�� 100�� 36�� 123.03�� 197.081� 133.621�� 0�� 133.621��

2�� 2.3088�� 356.367�� GC�� 100�� 36�� 182.947� 293.061� 265.725�� 0�� 265.725��

3�� 2.3088�� 562.38�� GC�� 100�� 36�� 230.058� 368.528� 369.598�� 0�� 369.598��

4�� 2.3088�� 717.262�� GC�� 100�� 36�� 259.973� 416.448� 435.555�� 0�� 435.555��

5�� 2.3088�� 788.684�� GC�� 100�� 36�� 267.103� 427.869� 451.272�� 0�� 451.272��

6�� 2.3088�� 830.927�� GC�� 100�� 36�� 266.759� 427.319� 450.518�� 0�� 450.518��

7�� 2.3088�� 930.955�� GC�� 100�� 36�� 278.967� 446.874� 477.432�� 0�� 477.432��

8�� 2.3088�� 2102.29�� GC�� 100�� 36�� 515.966� 826.521� 999.97�� 0�� 999.97��

9�� 2.3088�� 2639.9�� GC�� 100�� 36�� 675.46�� 1082.01� 1351.62�� 0�� 1351.62��

10�� 2.3088�� 2329.2�� GC�� 100�� 36�� 591.046� 946.791� 1165.51�� 0�� 1165.51��

11�� 2.3088�� 2314.56�� GC�� 100�� 36�� 565.903� 906.515� 1110.07�� 0�� 1110.07��

12�� 2.3088�� 2504.86�� GC�� 100�� 36�� 544.406� 872.078� 1062.67�� 0�� 1062.67��

13�� 2.3088�� 3732.37�� GC�� 100�� 36�� 705.935� 1130.83� 1418.81�� 0�� 1418.81��

14�� 2.3088�� 4348.5�� GC�� 100�� 36�� 825.594� 1322.51� 1682.64�� 0�� 1682.64��

15�� 2.3088�� 3816.06�� GC�� 100�� 36�� 720.998� 1154.96� 1452.03�� 0�� 1452.03��

16�� 2.3088�� 3632.54�� GC�� 100�� 36�� 664.072� 1063.77� 1326.52�� 0�� 1326.52��

17�� 2.3088�� 3511.3�� GC�� 100�� 36�� 601.489� 963.52�� 1188.53�� 0�� 1188.53��

18�� 2.3088�� 4401.77�� GC�� 100�� 36�� 665.751� 1066.46� 1330.22�� 0�� 1330.22��

19�� 2.3088�� 5119.93�� GC�� 100�� 36�� 729.913� 1169.24� 1471.69�� 0�� 1471.69��

20�� 2.3088�� 4323.05�� GC�� 100�� 36�� 627.237� 1004.77� 1245.3�� 0�� 1245.3��

21�� 2.28877�� 3680.27�� Fill�� 50�� 34�� 476.91�� 763.957� 1058.49�� 0�� 1058.49��

22�� 2.28877�� 3029.94�� Fill�� 50�� 34�� 385.942� 618.236� 842.446�� 0�� 842.446��

23�� 2.28877�� 2299.3�� Fill�� 50�� 34�� 310.38�� 497.194� 662.992�� 0�� 662.992��

24�� 2.28877�� 1470.11�� Fill�� 50�� 34�� 213.52�� 342.036� 432.962�� 0�� 432.962��

25�� 2.28877�� 514.079�� Fill�� 50�� 34�� 114.386� 183.234� 197.528�� 0�� 197.528��

�
Interslice�Data��

�
���Global�Minimum�Query�(spencer)���Safety�Factor:�1.60189��

Slice��
Number�

X��
coordinate��
[ft]�

Y��
coordinate���Bottom�
[ft]�

Interslice��
Normal�Force�
[lbs]�

Interslice��
Shear�Force�
[lbs]�

Interslice��
Force�Angle�
[degrees]�

1�� �7.47209�� �1.86802�� 0�� 0�� 0��

2�� �5.16329�� �2.14541�� 320.583�� 159.375�� 26.4339��

3�� �2.85449�� �2.32866�� 790.87�� 393.174�� 26.4339��

4�� �0.545689�� �2.41868�� 1354.3�� 673.279�� 26.4339��

5�� 1.76311�� �2.4159�� 1952.18�� 970.512�� 26.4339��

6�� 4.07191�� �2.32031�� 2524.57�� 1255.07�� 26.4339��

7�� 6.38071�� �2.13144�� 3054.22�� 1518.38�� 26.4339��

8�� 8.68952�� �1.84837�� 3561.94�� 1770.79�� 26.4339��

9�� 10.9983�� �1.46969�� 4372.29�� 2173.65�� 26.4339��

10�� 13.3071�� �0.993442�� 5285.15�� 2627.47�� 26.4339��

11�� 15.6159�� �0.41713�� 5975.49�� 2970.67�� 26.4339��

12�� 17.9247�� 0.262407�� 6525.26�� 3243.98�� 26.4339��

13�� 20.2335�� 1.04906�� 6943.86�� 3452.08�� 26.4339��

14�� 22.5423�� 1.9476�� 7295.79�� 3627.04�� 26.4339��

15�� 24.8511�� 2.96381�� 7488.43�� 3722.81�� 26.4339��

16�� 27.1599�� 4.10471�� 7493.31�� 3725.24�� 26.4339��

17�� 29.4687�� 5.37892�� 7333.38�� 3645.73�� 26.4339��

18�� 31.7775�� 6.79697�� 7034.09�� 3496.94�� 26.4339��

19�� 34.0863�� 8.37197�� 6473.18�� 3218.09�� 26.4339��

20�� 36.3951�� 10.1204�� 5582.06�� 2775.08�� 26.4339��

21�� 38.7039�� 12.0635�� 4607.82�� 2290.74�� 26.4339��



22�� 40.9927�� 14.209�� 3426.25�� 1703.33�� 26.4339��

23�� 43.2815�� 16.6097�� 2285.52�� 1136.23�� 26.4339��

24�� 45.5702�� 19.3167�� 1277.45�� 635.074�� 26.4339��

25�� 47.859�� 22.4063�� 427.58�� 212.568�� 26.4339��

26�� 50.1478�� 26�� 0�� 0�� 0��

�
List�Of�Coordinates�

�
Line�Load�

X� Y�

62.156�� 26��

43�� 26��

�
Line�Load�

X� Y�

43.0223�� 26��

37�� 26��

�
Line�Load�

X� Y�

31�� 18��

25�� 16.5��

23�� 16.5��

�
Line�Load�

X� Y�

19�� 8.5��

13�� 7��

11�� 7��

�
External�Boundary�

X� Y�

�16�� �20��

98�� �20��

98.005�� 27.116��

72�� 23��

62.156�� 26��

37�� 26��

35�� 26��

31�� 18��

25�� 16.5��

23�� 16.5��

19�� 8.5��

13�� 7��

11�� 7��

9.27164�� 3.54328�

8�� 1��

0�� 0��

�16�� �4��

�
Material�Boundary�

X� Y�

8�� 1��

8�� 0��

12�� 0��

12.4935�� 3.45431�

13�� 7��

�
Material�Boundary�

X� Y�

19�� 8.5��

19�� 7.5��

23�� 7.5��

25�� 16.5��

�
Material�Boundary�

X� Y�

31�� 18��

31�� 17��

35�� 17��

37�� 26��

�
Material�Boundary�

X� Y�

12.4935�� 3.45431�

72�� 23��

�
�
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Material�Name Color
Unit�Weight
(lbs/ft3)

Strength�Type
Cohesion
(psf)

Phi
(deg)

Cohesion
2�(psf)

Phi�2
(deg)

Angle
(ccw�to
1)�(deg)

Fill 125 Mohr�Coulomb 50 34

Rockery 150 Anisotropic�strength 4000 0 0 45 10

GC 125 Mohr�Coulomb 100 36

Support�Name Color Type
Friction

Angle�(deg)

Shear
Strength
Model

Anchorage
Strip�Coverage

(%)
Tensile�Strength

(lbs/ft)

Mirafi�3XT GeoTextile 24 Linear Slope�Face 96 1918
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Project

Powder Mountain - Max Section - Pseudo Static

SLIDEINTERPRET 6.025



Slide�Analysis�Information�
Powder�Mountain���Max�Section���Pseudo�Static�
�
Project�Summary�

�
���File�Name:�25H�P�Static��
���Slide�Modeler�Version:�6.025��
���Project�Title:�Powder�Mountain���Max�Section���Pseudo�Static��
���Analysis:�Spencer's��
���Author:�Justin�W��
���Company:�IGES,�Inc��
���Date�Created:�10/28/13��
�
General�Settings�

�
���Units�of�Measurement:�Imperial�Units��
���Time�Units:�seconds��
���Permeability�Units:�feet/second��
���Failure�Direction:�Right�to�Left��
���Data�Output:�Standard��
���Maximum�Material�Properties:�20��
���Maximum�Support�Properties:�20��
�
Analysis�Options�

�
Analysis�Methods�Used�
Spencer�
���Number�of�slices:�25��
���Tolerance:�0.005��
���Maximum�number�of�iterations:�50��
���Check�malpha�<�0.2:�Yes��
���Initial�trial�value�of�FS:�1��
���Steffensen�Iteration:�Yes��
�
Groundwater�Analysis�

�
���Groundwater�Method:�Water�Surfaces��
���Pore�Fluid�Unit�Weight:�62.4�lbs/ft3��
���Advanced�Groundwater�Method:�None��
�
Random�Numbers�

�
���Pseudo�random�Seed:�10116��
���Random�Number�Generation�Method:�Park�and�Miller�v.3��
�
Surface�Options�

�
���Surface�Type:�Circular��
���Search�Method:�Grid�Search��
���Radius�Increment:�10��
���Composite�Surfaces:�Disabled��
���Reverse�Curvature:�Create�Tension�Crack��
���Minimum�Elevation:�Not�Defined��

���Minimum�Depth:�Not�Defined��
�
Loading�

�
���Seismic�Load�Coefficient�(Horizontal):�0.15��
���4�Distributed�Loads�present��
�
Distributed�Load�1�
Distribution:�Constant�
Magnitude�[psf]:�125�
Orientation:�Normal�to�boundary�
�
Distributed�Load�2�
Distribution:�Constant�
Magnitude�[psf]:�75�
Orientation:�Normal�to�boundary�
�
Distributed�Load�3�
Distribution:�Constant�
Magnitude�[psf]:�75�
Orientation:�Vertical�
�
Distributed�Load�4�
Distribution:�Constant�
Magnitude�[psf]:�75�
Orientation:�Vertical�
�
Material�Properties�

�
Property� Fill� Rockery� GC�

Color�� ___ ___ ___

Strength�Type�� Mohr�Coulomb� Anisotropic�strength� Mohr�Coulomb�

Unit�Weight�[lbs/ft3]�� 125�� 150�� 125��

Cohesion�[psf]�� 50�� 100��

Friction�Angle�[deg]�� 34�� 36��

Cohesion�1�[psf]�� 4000��

Cohesion�2�[psf]�� 0��

Friction�Angle�1�[deg]�� 0��

Friction�Angle�2�[deg]�� 45��

Angle�from�1�[deg]�� 10��

Water�Surface�� None�� None�� None��

Ru�Value�� 0�� 0�� 0��

�
Support�Properties�

�
Mirafi�3XT�
Support�Type:�GeoTextile�
Force�Application:�Passive�
Force�Orientation:�Bisector�of�Parallel�and�Tangent�
Anchorage:�Slope�Face�



Shear�Strength�Model:�Linear�
Strip�Coverage:�96�percent�
Tensile�Strength:�1918�lb/ft�
Pullout�Strength�Adhesion:�0�psf�
Pullout�Strength�Friction�Angle:�24�degrees�
�
Global�Minimums��

�
Method:�spencer�
FS:�1.259510�
Center:�0.539,�55.069�
Radius:�57.498�
Left�Slip�Surface�Endpoint:��7.472,��1.868�
Right�Slip�Surface�Endpoint:�50.148,�26.000�
Resisting�Moment=2.61663e+006�lb�ft�
Driving�Moment=2.0775e+006�lb�ft�
Resisting�Horizontal�Force=39926.5�lb�
Driving�Horizontal�Force=31700�lb�
Total�Slice�Area=464.539�ft2�
�
Valid�/�Invalid�Surfaces��

�
Method:�spencer�
Number�of�Valid�Surfaces:�3585�
Number�of�Invalid�Surfaces:�1266�
�
Error�Codes:�
Error�Code��106�reported�for�11�surfaces�
Error�Code��108�reported�for�383�surfaces�
Error�Code��111�reported�for�872�surfaces�
�
Error�Codes�
The�following�errors�were�encountered�during�the�computation:�
�106�=�Average�slice�width�is�less�than�0.0001�*�(maximum�horizontal�extent�of�soil�region).�This�limitation�
is�imposed�to�avoid�numerical�errors�which�may�result�from�too�many�slices,�or�too�small�a�slip�region.�
�108�=�Total�driving�moment�or�total�driving�force�<�0.1.�This�is�to�limit�the�calculation�of�extremely�high�
safety�factors�if�the�driving�force�is�very�small�(0.1�is�an�arbitrary�number).�
�111�=�safety�factor�equation�did�not�converge�
�
Slice�Data��

�
���Global�Minimum�Query�(spencer)���Safety�Factor:�1.25951��

Slice��
Number��

Width��
[ft]�

Weight��
[lbs]�

Base��
Material��

Base��
Cohesion��
[psf]�

Base��
Friction�
Angle��
[degrees]�

Shear��
Stress��
[psf]�

Shear��
Strength�
[psf]�

Base��
Normal�
Stress��
[psf]�

Pore��
Pressure�
[psf]�

Effective�
Normal�
Stress��
[psf]�

1�� 2.3088�� 123.317�� GC�� 100�� 36�� 205.17�� 258.414� 218.038�� 0�� 218.038��

2�� 2.3088�� 356.367�� GC�� 100�� 36�� 288.819� 363.771� 363.049�� 0�� 363.049��

3�� 2.3088�� 562.38�� GC�� 100�� 36�� 348.511� 438.953� 466.529�� 0�� 466.529��

4�� 2.3088�� 717.262�� GC�� 100�� 36�� 380.856� 479.692� 522.6�� 0�� 522.6��

5�� 2.3088�� 788.684�� GC�� 100�� 36�� 380.752� 479.561� 522.421�� 0�� 522.421��

6�� 2.3088�� 830.927�� GC�� 100�� 36�� 371.338� 467.704� 506.101�� 0�� 506.101��

7�� 2.3088�� 930.955�� GC�� 100�� 36�� 379.517� 478.005� 520.281�� 0�� 520.281��

8�� 2.3088�� 2102.29�� GC�� 100�� 36�� 677.934� 853.865� 1037.61�� 0�� 1037.61��

9�� 2.3088�� 2639.9�� GC�� 100�� 36�� 827.916� 1042.77� 1297.61�� 0�� 1297.61��

10�� 2.3088�� 2329.2�� GC�� 100�� 36�� 709.62�� 893.774� 1092.54�� 0�� 1092.54��

11�� 2.3088�� 2314.56�� GC�� 100�� 36�� 669.456� 843.187� 1022.91�� 0�� 1022.91��

12�� 2.3088�� 2504.86�� GC�� 100�� 36�� 653.804� 823.473� 995.774�� 0�� 995.774��

13�� 2.3088�� 3732.37�� GC�� 100�� 36�� 853.33�� 1074.78� 1341.67�� 0�� 1341.67��

14�� 2.3088�� 4348.5�� GC�� 100�� 36�� 959.143� 1208.05� 1525.1�� 0�� 1525.1��

15�� 2.3088�� 3816.06�� GC�� 100�� 36�� 820.483� 1033.41� 1284.72�� 0�� 1284.72��

16�� 2.3088�� 3632.54�� GC�� 100�� 36�� 746.648� 940.411� 1156.73�� 0�� 1156.73��

17�� 2.3088�� 3511.3�� GC�� 100�� 36�� 677.05�� 852.751� 1036.07�� 0�� 1036.07��

18�� 2.3088�� 4401.77�� GC�� 100�� 36�� 758.411� 955.226� 1177.12�� 0�� 1177.12��

19�� 2.3088�� 5119.93�� GC�� 100�� 36�� 820.595� 1033.55� 1284.92�� 0�� 1284.92��

20�� 2.3088�� 4323.05�� GC�� 100�� 36�� 682.838� 860.041� 1046.11�� 0�� 1046.11��

21�� 2.28877�� 3680.27�� Fill�� 50�� 34�� 501.185� 631.247� 861.734�� 0�� 861.734��

22�� 2.28877�� 3029.94�� Fill�� 50�� 34�� 396.818� 499.796� 666.849�� 0�� 666.849��

23�� 2.28877�� 2299.3�� Fill�� 50�� 34�� 305.62�� 384.931� 496.557�� 0�� 496.557��

24�� 2.28877�� 1470.11�� Fill�� 50�� 34�� 201.495� 253.785� 302.125�� 0�� 302.125��

25�� 2.28877�� 514.079�� Fill�� 50�� 34�� 102.123� 128.625� 116.567�� 0�� 116.567��

�
Interslice�Data��

�
���Global�Minimum�Query�(spencer)���Safety�Factor:�1.25951��

Slice��
Number�

X��
coordinate��
[ft]�

Y��
coordinate���Bottom�
[ft]�

Interslice��
Normal�Force�
[lbs]�

Interslice��
Shear�Force�
[lbs]�

Interslice��
Force�Angle�
[degrees]�

1�� �7.47209�� �1.86802�� 0�� 0�� 0��

2�� �5.16329�� �2.14541�� 515.949�� 330.547�� 32.646��

3�� �2.85449�� �2.32866�� 1196.23�� 766.373�� 32.6459��

4�� �0.545689�� �2.41868�� 1958.96�� 1255.03�� 32.6461��

5�� 1.76311�� �2.4159�� 2729.74�� 1748.83�� 32.646��

6�� 4.07191�� �2.32031�� 3441.08�� 2204.56�� 32.646��

7�� 6.38071�� �2.13144�� 4078.69�� 2613.05�� 32.646��

8�� 8.68952�� �1.84837�� 4668.49�� 2990.91�� 32.646��

9�� 10.9983�� �1.46969�� 5526.32�� 3540.49�� 32.646��

10�� 13.3071�� �0.993442�� 6424.94�� 4116.19�� 32.646��

11�� 15.6159�� �0.41713�� 7085.22�� 4539.2�� 32.646��

12�� 17.9247�� 0.262407�� 7589.44�� 4862.24�� 32.646��

13�� 20.2335�� 1.04906�� 7940.74�� 5087.3�� 32.646��

14�� 22.5423�� 1.9476�� 8146.63�� 5219.21�� 32.646��

15�� 24.8511�� 2.96381�� 8160.27�� 5227.95�� 32.646��

16�� 27.1599�� 4.10471�� 8017.52�� 5136.49�� 32.646��

17�� 29.4687�� 5.37892�� 7723.57�� 4948.17�� 32.646��

18�� 31.7775�� 6.79697�� 7291.73�� 4671.51�� 32.646��

19�� 34.0863�� 8.37197�� 6529.51�� 4183.19�� 32.646��

20�� 36.3951�� 10.1204�� 5410.57�� 3466.33�� 32.646��



21�� 38.7039�� 12.0635�� 4306.9�� 2759.25�� 32.646��

22�� 40.9927�� 14.209�� 3053.7�� 1956.38�� 32.646��

23�� 43.2815�� 16.6097�� 1907.08�� 1221.79�� 32.6461��

24�� 45.5702�� 19.3167�� 986.881�� 632.253�� 32.646��

25�� 47.859�� 22.4063�� 294.377�� 188.595�� 32.646��

26�� 50.1478�� 26�� 0�� 0�� 0��

�
List�Of�Coordinates�

�
Line�Load�

X� Y�

62.156�� 26��

43�� 26��

�
Line�Load�

X� Y�

42.9819�� 26��

37�� 26��

�
Line�Load�

X� Y�

31�� 18��

25�� 16.5��

23�� 16.5��

�
Line�Load�

X� Y�

19�� 8.5��

13�� 7��

11�� 7��

�
External�Boundary�

X� Y�

�16�� �20��

98�� �20��

98.005�� 27.116��

72�� 23��

62.156�� 26��

37�� 26��

35�� 26��

31�� 18��

25�� 16.5��

23�� 16.5��

19�� 8.5��

13�� 7��

11�� 7��

9.27164�� 3.54328�

8�� 1��

0�� 0��

�16�� �4��

�
Material�Boundary�

X� Y�

8�� 1��

8�� 0��

12�� 0��

12.4935�� 3.45431�

13�� 7��

�
Material�Boundary�

X� Y�

19�� 8.5��

19�� 7.5��

23�� 7.5��

25�� 16.5��

�
Material�Boundary�

X� Y�

31�� 18��

31�� 17��

35�� 17��

37�� 26��

�
Material�Boundary�

X� Y�

12.4935�� 3.45431�

72�� 23��

�
�


