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Allen Road East Abutment - 4ft Wall
FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road East Abutment - 4ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....nt\MSEW\4ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

Allen Road East Abutment - 4ft Wall
Copyright © 1998-2018 ADAMA Engineering, Inc.  License number  MSEW-302301

Page 1 of  8

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

MSEW -- Mechanically Stabilized Earth Walls Allen Road East Abutment - 4ft Wall
Present Date/Time:  Fri Sep 27 08:55:00 2019 P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\East Abutment\MSEW\4ft Wall.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 27.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3948   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 8.41g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

Allen Road East Abutment - 4ft Wall
Copyright © 1998-2018 ADAMA Engineering, Inc.  License number  MSEW-302301

Page 3 of  8

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

MSEW -- Mechanically Stabilized Earth Walls Allen Road East Abutment - 4ft Wall
Present Date/Time:  Fri Sep 27 08:55:00 2019 P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\East Abutment\MSEW\4ft Wall.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 4.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 2.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 18.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 [ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

Allen Road East Abutment - 4ft Wall
Copyright © 1998-2018 ADAMA Engineering, Inc.  License number  MSEW-302301

Page 5 of  8

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

MSEW -- Mechanically Stabilized Earth Walls Allen Road East Abutment - 4ft Wall
Present Date/Time:  Fri Sep 27 08:55:00 2019 P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\East Abutment\MSEW\4ft Wall.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.23, factored bearing load = 941 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.364, Eccentricity,   e/L = 0.0838, CDR-overturning = 3.52

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 4.00 1 N/A 8.19 9.10 9.098 0.585 2.111 0.0360 ---
2 3.00 4.00 1 N/A 18.95 21.06 21.057 0.569 3.208 -0.0550 ---
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 1158 N/A [lb/ft ²]
Factored bearing load, sV 940.7 N/A [lb/ft ²]
Eccentricity,  e 0.23 N/A [ft]
Eccentricity,  e/L 0.059 N/A
CDR calculated 1.23 N/A
Base length 4.00 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 2437.52  [lb/ft], L = 4.00, Unfactored  e = 0.20  [ft],  and Sigma = 678.82  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.364

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 4.00 2.111 N/A 1 ---
2 3.00 4.00 3.208 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.0838; Overturning: CDR-static = 3.52

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 4.00 0.0360 N/A 1 ---
2 3.00 4.00 -0.0550 N/A 1 ---
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Allen Road East Abutment - 8ft Wall
FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road East Abutment - 8ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....nt\MSEW\8ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 27.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3517   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 8.41g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

[S1]

Design height, Hd 8.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 6.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 10.62°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 [ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.07, factored bearing load = 1909 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.331, Eccentricity,   e/L = 0.1216, CDR-overturning = 3.13

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 7.50 1 N/A 3.76 4.18 4.176 1.031 1.909 0.0923 ---
2 3.00 7.50 1 N/A 4.90 5.44 5.439 0.944 2.295 0.0389 ---
3 5.00 7.50 1 N/A 7.23 8.04 8.035 0.914 2.875 -0.0114 ---
4 7.00 7.50 1 N/A 14.39 15.99 15.993 1.113 3.751 -0.0780 ---
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BEARING CAPACITY for GIVEN LAYOUT

[S1]

SCALE:

0 2 4 6 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 2034 N/A [lb/ft ²]
Factored bearing load, sV 1908.8 N/A [lb/ft ²]
Eccentricity,  e 0.65 N/A [ft]
Eccentricity,  e/L 0.086 N/A
CDR calculated 1.07 N/A
Base length 7.50 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 8723.60  [lb/ft], L = 7.50, Unfactored  e = 0.57  [ft],  and Sigma = 1371.43  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.331

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 7.50 1.909 N/A 1 ---
2 3.00 7.50 2.295 N/A 1 ---
3 5.00 7.50 2.875 N/A 1 ---
4 7.00 7.50 3.751 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.1216; Overturning: CDR-static = 3.13

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 7.50 0.0923 N/A 1 ---
2 3.00 7.50 0.0389 N/A 1 ---
3 5.00 7.50 -0.0114 N/A 1 ---
4 7.00 7.50 -0.0780 N/A 1 ---
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Allen Road East Abutment - 12ft Wall
FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road East Abutment - 12ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....t\MSEW\12ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 27.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3413   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 8.41g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

[S1]

Design height, Hd 12.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 10.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 7.13°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.06, factored bearing load = 2798 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.400, Eccentricity,   e/L = 0.1245, CDR-overturning = 3.26

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 11.00 1 N/A 2.60 2.89 2.892 1.375 1.966 0.1042 ---
2 3.00 11.00 1 N/A 2.98 3.31 3.309 1.320 2.239 0.0667 ---
3 5.00 11.00 1 N/A 3.55 3.95 3.948 1.253 2.604 0.0323 ---
4 7.00 11.00 1 N/A 4.54 5.05 5.050 1.219 3.110 -0.0004 ---
5 9.00 11.00 1 N/A 6.48 7.19 7.195 1.366 3.845 -0.0358 ---
6 11.00 11.00 1 N/A 11.60 12.89 12.893 1.648 4.920 -0.0910 ---
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BEARING CAPACITY for GIVEN LAYOUT

[S1]

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 2974 N/A [lb/ft ²]
Factored bearing load, sV 2797.9 N/A [lb/ft ²]
Eccentricity,  e 0.97 N/A [ft]
Eccentricity,  e/L 0.088 N/A
CDR calculated 1.06 N/A
Base length 11.00 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 18728.49  [lb/ft], L = 11.00, Unfactored  e = 0.85  [ft],  and Sigma = 2013.15  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.400

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 11.00 1.966 N/A 1 ---
2 3.00 11.00 2.239 N/A 1 ---
3 5.00 11.00 2.604 N/A 1 ---
4 7.00 11.00 3.110 N/A 1 ---
5 9.00 11.00 3.845 N/A 1 ---
6 11.00 11.00 4.920 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.1245; Overturning: CDR-static = 3.26

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 11.00 0.1042 N/A 1 ---
2 3.00 11.00 0.0667 N/A 1 ---
3 5.00 11.00 0.0323 N/A 1 ---
4 7.00 11.00 -0.0004 N/A 1 ---
5 9.00 11.00 -0.0358 N/A 1 ---
6 11.00 11.00 -0.0910 N/A 1 ---
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Allen Road East Abutment - 16ft Wall
FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road East Abutment - 16ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....t\MSEW\16ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 27.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3378   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 8.41g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

[S1]

Design height, Hd 16.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 14.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 5.36°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.87, factored bearing load = 3259 lb/ft².

Foundation Interface: Direct sliding, CDR = 2.084, Eccentricity,   e/L = 0.0535, CDR-overturning = 6.74

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 20.00 1 N/A 2.05 2.27 2.274 2.158 2.901 0.0457 ---
2 3.00 20.00 1 N/A 2.26 2.51 2.508 2.256 3.237 0.0308 ---
3 5.00 20.00 1 N/A 2.51 2.79 2.789 2.301 3.662 0.0169 ---
4 7.00 20.00 1 N/A 2.85 3.17 3.169 2.311 4.219 0.0038 ---
5 9.00 20.00 1 N/A 3.37 3.74 3.742 2.325 4.977 -0.0090 ---
6 11.00 20.00 1 N/A 4.26 4.73 4.730 2.544 6.070 -0.0227 ---
7 13.00 20.00 1 N/A 5.93 6.59 6.590 2.849 7.775 -0.0401 ---
8 15.00 20.00 1 N/A 9.92 11.02 11.020 3.361 10.752 -0.0707 ---
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BEARING CAPACITY for GIVEN LAYOUT

[S1]

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 6087 N/A [lb/ft ²]
Factored bearing load, sV 3258.8 N/A [lb/ft ²]
Eccentricity,  e 0.72 N/A [ft]
Eccentricity,  e/L 0.036 N/A
CDR calculated 1.87 N/A
Base length 20.00 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 44705.56  [lb/ft], L = 20.00, Unfactored  e = 0.62  [ft],  and Sigma = 2383.72  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 2.084

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 20.00 2.901 N/A 1 ---
2 3.00 20.00 3.237 N/A 1 ---
3 5.00 20.00 3.662 N/A 1 ---
4 7.00 20.00 4.219 N/A 1 ---
5 9.00 20.00 4.977 N/A 1 ---
6 11.00 20.00 6.070 N/A 1 ---
7 13.00 20.00 7.775 N/A 1 ---
8 15.00 20.00 10.752 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.0535; Overturning: CDR-static = 6.74

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 20.00 0.0457 N/A 1 ---
2 3.00 20.00 0.0308 N/A 1 ---
3 5.00 20.00 0.0169 N/A 1 ---
4 7.00 20.00 0.0038 N/A 1 ---
5 9.00 20.00 -0.0090 N/A 1 ---
6 11.00 20.00 -0.0227 N/A 1 ---
7 13.00 20.00 -0.0401 N/A 1 ---
8 15.00 20.00 -0.0707 N/A 1 ---
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Allen Road East Abutment - 20ft Wall
FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road East Abutment - 20ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....t\MSEW\20ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 0.0 °
Equivalent cohesion,  c equiv. 2000.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3362   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 5.14 N   = 0.00g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

[S1]

Design height, Hd 20.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 18.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 4.29°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.43, factored bearing load = 4690 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.837, Eccentricity,   e/L = 0.1511, CDR-overturning = 2.98

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 16.00 1 N/A 1.76 1.96 1.958 1.324 1.910 0.1366 ---
2 3.00 16.00 1 N/A 1.87 2.07 2.074 1.393 2.091 0.1093 ---
3 5.00 16.00 1 N/A 2.02 2.24 2.241 1.436 2.305 0.0841 ---
4 7.00 16.00 1 N/A 2.22 2.47 2.467 1.452 2.568 0.0609 ---
5 9.00 16.00 1 N/A 2.46 2.74 2.737 1.422 2.901 0.0396 ---
6 11.00 16.00 1 N/A 2.79 3.10 3.098 1.360 3.334 0.0198 ---
7 13.00 16.00 1 N/A 3.28 3.64 3.640 1.449 3.920 0.0009 ---
8 15.00 16.00 1 N/A 4.09 4.54 4.542 1.567 4.757 -0.0183 ---
9 17.00 16.00 1 N/A 5.56 6.18 6.181 1.718 6.037 -0.0414 ---
10 19.00 16.00 1 N/A 9.00 10.00 9.995 1.969 8.178 -0.0805 ---
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BEARING CAPACITY for GIVEN LAYOUT

[S1]

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 6684 N/A [lb/ft ²]
Factored bearing load, sV 4690.0 N/A [lb/ft ²]
Eccentricity,  e 1.75 N/A [ft]
Eccentricity,  e/L 0.109 N/A
CDR calculated 1.43 N/A
Base length 16.00 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 43351.10  [lb/ft], L = 16.00, Unfactored  e = 1.55  [ft],  and Sigma = 3362.90  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.837

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 16.00 1.910 N/A 1 ---
2 3.00 16.00 2.091 N/A 1 ---
3 5.00 16.00 2.305 N/A 1 ---
4 7.00 16.00 2.568 N/A 1 ---
5 9.00 16.00 2.901 N/A 1 ---
6 11.00 16.00 3.334 N/A 1 ---
7 13.00 16.00 3.920 N/A 1 ---
8 15.00 16.00 4.757 N/A 1 ---
9 17.00 16.00 6.037 N/A 1 ---
10 19.00 16.00 8.178 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.1511; Overturning: CDR-static = 2.98

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 16.00 0.1366 N/A 1 ---
2 3.00 16.00 0.1093 N/A 1 ---
3 5.00 16.00 0.0841 N/A 1 ---
4 7.00 16.00 0.0609 N/A 1 ---
5 9.00 16.00 0.0396 N/A 1 ---
6 11.00 16.00 0.0198 N/A 1 ---
7 13.00 16.00 0.0009 N/A 1 ---
8 15.00 16.00 -0.0183 N/A 1 ---
9 17.00 16.00 -0.0414 N/A 1 ---
10 19.00 16.00 -0.0805 N/A 1 ---
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FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road East Abutment - 24ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....t\MSEW\24ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 27.0 °
Equivalent cohesion,  c equiv. 30.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3353   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 23.94 N   = 14.47g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

[S1]

Design height, Hd 24.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 22.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 3.58°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10[ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.77, factored bearing load = 5388 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.518, Eccentricity,   e/L = 0.1347, CDR-overturning = 3.37

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 20.00 1 N/A 1.50 1.67 1.669 1.595 2.035 0.1238 ---
2 3.00 20.00 1 N/A 1.63 1.81 1.812 1.506 2.196 0.1031 ---
3 5.00 20.00 1 N/A 1.75 1.94 1.943 1.479 2.390 0.0838 ---
4 7.00 20.00 1 N/A 1.85 2.06 2.056 1.566 2.621 0.0659 ---
5 9.00 20.00 1 N/A 2.00 2.22 2.220 1.627 2.894 0.0493 ---
6 11.00 20.00 1 N/A 2.20 2.44 2.440 1.659 3.231 0.0340 ---
7 13.00 20.00 1 N/A 2.43 2.70 2.702 1.640 3.659 0.0197 ---
8 15.00 20.00 1 N/A 2.75 3.05 3.052 1.728 4.218 0.0062 ---
9 17.00 20.00 1 N/A 3.22 3.57 3.575 1.846 4.980 -0.0070 ---
10 19.00 20.00 1 N/A 3.99 4.44 4.438 1.991 6.079 -0.0211 ---
11 21.00 20.00 1 N/A 5.39 5.99 5.986 2.172 7.792 -0.0388 ---
12 23.00 20.00 1 N/A 8.43 9.37 9.370 2.430 10.784 -0.0699 ---

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

Allen Road East Abutment - 24ft Wall
Copyright © 1998-2018 ADAMA Engineering, Inc.  License number  MSEW-302301

Page 6 of  8

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

MSEW -- Mechanically Stabilized Earth Walls Allen Road East Abutment - 24ft Wall
Present Date/Time:  Fri Sep 27 09:12:40 2019 P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\East Abutment\MSEW\24ft Wall.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

BEARING CAPACITY for GIVEN LAYOUT

[S1]

SCALE:

0 2 4 6 8 10[ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 9553 N/A [lb/ft ²]
Factored bearing load, sV 5388.3 N/A [lb/ft ²]
Eccentricity,  e 1.95 N/A [ft]
Eccentricity,  e/L 0.097 N/A
CDR calculated 1.77 N/A
Base length 20.00 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 64137.07  [lb/ft], L = 20.00, Unfactored  e = 1.74  [ft],  and Sigma = 3881.93  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.518

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 20.00 2.035 N/A 1 ---
2 3.00 20.00 2.196 N/A 1 ---
3 5.00 20.00 2.390 N/A 1 ---
4 7.00 20.00 2.621 N/A 1 ---
5 9.00 20.00 2.894 N/A 1 ---
6 11.00 20.00 3.231 N/A 1 ---
7 13.00 20.00 3.659 N/A 1 ---
8 15.00 20.00 4.218 N/A 1 ---
9 17.00 20.00 4.980 N/A 1 ---
10 19.00 20.00 6.079 N/A 1 ---
11 21.00 20.00 7.792 N/A 1 ---
12 23.00 20.00 10.784 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.1347; Overturning: CDR-static = 3.37

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 20.00 0.1238 N/A 1 ---
2 3.00 20.00 0.1031 N/A 1 ---
3 5.00 20.00 0.0838 N/A 1 ---
4 7.00 20.00 0.0659 N/A 1 ---
5 9.00 20.00 0.0493 N/A 1 ---
6 11.00 20.00 0.0340 N/A 1 ---
7 13.00 20.00 0.0197 N/A 1 ---
8 15.00 20.00 0.0062 N/A 1 ---
9 17.00 20.00 -0.0070 N/A 1 ---
10 19.00 20.00 -0.0211 N/A 1 ---
11 21.00 20.00 -0.0388 N/A 1 ---
12 23.00 20.00 -0.0699 N/A 1 ---
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1.540

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °

    Allen Road East Abutment
4ft Retaining Wall Global Stability
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Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °
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Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (81.90664, 494) ft
Left-Zone Right Coordinate: (92, 494) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (104.79187, 491.07138) ft
Right-Zone Right Coordinate: (117.38437, 487.9875) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 480) ft
Right Coordinate: (150, 480) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 494
56 497.10625
94 497.10625
94 494

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 455
Point 3 0 480
Point 4 49 490
Point 5 49 492
Point 6 49 494
Point 7 54 494
Point 8 54 490
Point 9 58 494
Point 10 96 494
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Point 
11

96 490

Point 
12 101 494

Point 
13 101 490

Point 
14 101 492

Point 
15 150 480

Point 
16 150 455

Point 
17 150 451

Point 
18 92 494

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 600
Region 2 Silt 2,3,5,4,8,9,18,11,13,14,15,16 5,010
Region 3 Reinforced Fill 6,7,8,4,5 20
Region 4 Retained Fill 7,8,9 8
Region 5 Retained Fill 18,10,11 8
Region 6 Reinforced Fill 10,12,14,13,11 20

Current Slip Surface
Slip Surface: 503
F of S: 1.540
Volume: 44.076369 ft³
Weight: 5,289.1643 lbs
Resisting Moment: 44,389.261 lbs-ft
Activating Moment: 28,827.807 lbs-ft
Resisting Force: 3,501.8634 lbs
Activating Force: 2,275.1242 lbs
F of S Rank: 1
Exit: (106.05112, 490.76299) ft
Entry: (90.990664, 494) ft
Radius: 11.089225 ft
Center: (100.19733, 500.18128) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

91.242998 493.65385 0 545.7725 278.08498 0
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Slice 
1
Slice 
2 91.747666 493.01036 0 595.50886 303.42692 0

Slice 
3 92.25 492.45585 0 641.67272 326.94858 0

Slice 
4 92.75 491.97188 0 686.53024 349.80463 0

Slice 
5 93.25 491.544 0 731.86651 372.90461 0

Slice 
6 93.75 491.16416 0 778.81736 396.82727 0

Slice 
7 94.25 490.82647 0 228.13242 116.23927 0

Slice 
8 94.75 490.52648 0 267.7526 136.42676 0

Slice 
9 95.25 490.26075 0 307.8064 156.83519 0

Slice 
10 95.75 490.02659 0 348.60707 177.62417 0

Slice 
11 96.25 489.82184 0 390.31881 198.87737 0

Slice 
12 96.75 489.64479 0 432.94243 220.59519 0

Slice 
13 97.25 489.49405 0 476.29399 242.68391 0

Slice 
14 97.75 489.36852 0 519.97937 264.94272 0

Slice 
15 98.25 489.26733 0 563.36877 287.05072 0

Slice 
16 98.75 489.1898 0 605.57672 308.55675 0

Slice 
17 99.25 489.13544 0 645.45512 328.87581 0

Slice 
18 99.75 489.1039 0 681.60802 347.29663 0

Slice 
19 100.25 489.09499 0 712.4374 363.00499 0

Slice 
20 100.75 489.10866 0 736.22743 375.12661 0

Slice 
21 101.25256 489.14529 0 451.76333 230.18491 0

Slice 
22 101.75767 489.20534 0 435.62617 221.96262 0

Slice 
23 102.26278 489.28913 0 410.41213 209.11542 0

Slice 
24 102.76789 489.39723 0 376.07264 191.61858 0
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Slice 
25

103.273 489.53036 0 333.06666 169.70594 0

Slice 
26 103.77812 489.68948 0 282.35266 143.86587 0

Slice 
27 104.28323 489.87581 0 225.30676 114.79953 0

Slice 
28 104.78834 490.09086 0 163.57463 83.345436 0

Slice 
29 105.29345 490.3365 0 98.880842 50.382306 0

Slice 
30 105.79856 490.61511 0 32.82956 16.727496 0
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    Allen Road East Abutment
8ft Retaining Wall Global Stability

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
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Report generated using GeoStudio 2012. Copyright © 1991-2013 GEO-SLOPE International Ltd.

File Information
Created By: Munson, James
Last Edited By: Munson, James
Revision Number: 30
File Version: 8.1
Tool Version: 8.11.1.7283
Date: 9/26/2019
Time: 4:01:09 PM
File Name: 8ft Wall.gsz
Directory: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\East Abutment\SlopeW\
Last Solved Date: 9/26/2019
Last Solved Time: 4:01:14 PM

Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °
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Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (73.48369, 494) ft
Left-Zone Right Coordinate: (82, 494) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (104.79308, 487.07108) ft
Right-Zone Right Coordinate: (115, 484.57143) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 476) ft
Right Coordinate: (150, 476) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 494
56 497.95938
94 497.95938
94 494

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 455
Point 3 0 476
Point 4 49 486
Point 5 49 488
Point 6 49 494
Point 7 57.5 494
Point 8 57.5 486
Point 9 65.5 494
Point 10 92.5 494
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Point 
11

92.5 486

Point 
12 101 494

Point 
13 101 486

Point 
14 101 488

Point 
15 150 476

Point 
16 150 455

Point 
17 150 451

Point 
18 84.5 494

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 600
Region 2 Silt 2,3,5,4,8,9,18,11,13,14,15,16 4,474
Region 3 Reinforced Fill 6,5,4,8,7 68
Region 4 Retained Fill 7,8,9 32
Region 5 Retained Fill 18,10,11 32
Region 6 Reinforced Fill 10,12,14,13,11 68

Current Slip Surface
Slip Surface: 598
F of S: 1.310
Volume: 190.90534 ft³
Weight: 22,908.641 lbs
Resisting Moment: 440,388.97 lbs-ft
Activating Moment: 336,239.4 lbs-ft
Resisting Force: 15,392.341 lbs
Activating Force: 11,760.791 lbs
F of S Rank: 1
Exit: (113.97931, 484.82139) ft
Entry: (82, 494) ft
Radius: 25.214522 ft
Center: (103.21711, 507.62375) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

82.625 493.11306 0 681.32604 347.15296 0
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Slice 
1
Slice 
2 83.875 491.47742 0 806.62064 410.99374 0

Slice 
3 85 490.20578 0 911.19497 464.27702 0

Slice 
4 86 489.2152 0 1,000.2918 509.67412 0

Slice 
5 87 488.32735 0 1,088.9766 554.8613 0

Slice 
6 88 487.52851 0 1,179.0687 600.7655 0

Slice 
7 89 486.80838 0 1,271.9993 648.116 0

Slice 
8 90 486.159 0 1,368.8804 697.47942 0

Slice 
9 91 485.57408 0 1,470.5304 749.27265 0

Slice 
10 92 485.04861 0 1,577.468 803.76007 0

Slice 
11 93.25 484.47721 0 1,718.1381 875.43507 0

Slice 
12 94.5 483.96999 0 995.62975 507.2987 0

Slice 
13 95.5 483.62494 0 1,088.3859 554.56032 0

Slice 
14 96.5 483.32594 0 1,182.3137 602.41893 0

Slice 
15 97.5 483.07129 0 1,276.1594 650.23571 0

Slice 
16 98.5 482.85962 0 1,368.1917 697.12849 0

Slice 
17 99.5 482.68984 0 1,456.1885 741.96511 0

Slice 
18 100.5 482.56109 0 1,537.4643 783.37718 0

Slice 
19 101.5408 482.47085 0 785.87138 400.42147 0

Slice 
20 102.62241 482.42204 0 791.68431 403.3833 0

Slice 
21 103.70402 482.41973 0 782.99125 398.95397 0

Slice 
22 104.78563 482.46389 0 758.16957 386.30669 0

Slice 
23 105.86724 482.55478 0 716.2976 364.97186 0

Slice 
24 106.94885 482.6929 0 657.36211 334.94272 0
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Slice 
25

108.03046 482.87904 0 582.36522 296.7299 0

Slice 
26 109.11207 483.11431 0 493.29181 251.34473 0

Slice 
27 110.19368 483.40014 0 392.924 200.20478 0

Slice 
28 111.27529 483.73835 0 284.5249 144.97268 0

Slice 
29 112.35689 484.1312 0 171.44695 87.356582 0

Slice 
30 113.4385 484.5815 0 56.741682 28.911331 0
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1.234

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °

     Allen Road East Abutment
12ft Retaining Wall Global Stability

Distance (ft)
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SLOPE/W Analysis
Report generated using GeoStudio 2012. Copyright © 1991-2013 GEO-SLOPE International Ltd.

File Information
Created By: Munson, James
Last Edited By: Munson, James
Revision Number: 20
File Version: 8.1
Tool Version: 8.11.1.7283
Date: 8/18/2019
Time: 9:35:00 AM
File Name: 12ft Wall.gsz
Directory: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\East Abutment\SlopeW\
Last Solved Date: 8/18/2019
Last Solved Time: 9:35:04 AM

Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °
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Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (63.99888, 494) ft
Left-Zone Right Coordinate: (87, 494) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (101, 484) ft
Right-Zone Right Coordinate: (138.67898, 474.77249) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 472) ft
Right Coordinate: (150, 472) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 494
56 497.95938
94 497.95938
94 494

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 455
Point 3 0 472
Point 4 49 482
Point 5 49 484
Point 6 49 494
Point 7 61 494
Point 8 61 482
Point 9 73 494
Point 10 89 494
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Point 
11

89 482

Point 
12 101 494

Point 
13 101 482

Point 
14 101 484

Point 
15 150 472

Point 
16 150 455

Point 
17 150 451

Point 
18 77 494

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 600
Region 2 Silt 2,3,5,4,8,9,18,11,13,14,15,16 3,850
Region 3 Reinforced Fill 6,7,8,4,5 144
Region 4 Retained Fill 7,9,8 72
Region 5 Retained Fill 18,10,11 72
Region 6 Reinforced Fill 10,12,14,13,11 144

Current Slip Surface
Slip Surface: 373
F of S: 1.234
Volume: 441.05271 ft³
Weight: 52,926.325 lbs
Resisting Moment: 1,506,750.8 lbs-ft
Activating Moment: 1,221,282.7 lbs-ft
Resisting Force: 30,036.713 lbs
Activating Force: 24,364.189 lbs
F of S Rank: 1
Exit: (131.14318, 476.618) ft
Entry: (77.799552, 494) ft
Radius: 43.735292 ft
Center: (114.86689, 517.21181) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

78.627569 492.77221 0 653.81969 377.48298 0
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Slice 
1
Slice 
2 80.410028 490.32141 0 869.35115 442.95653 0

Slice 
3 82.318911 488.03373 0 1,048.7271 534.35315 0

Slice 
4 84.227793 486.03119 0 1,217.854 620.52761 0

Slice 
5 86.136676 484.26114 0 1,382.5623 704.45066 0

Slice 
6 88.045559 482.68746 0 1,547.2663 788.37158 0

Slice 
7 89.833333 481.36403 0 1,704.8856 868.6826 0

Slice 
8 91.5 480.25519 0 1,856.0467 945.70304 0

Slice 
9 93.166667 479.2519 0 2,012.9242 1,025.6361 0

Slice 
10 94.875 478.32567 0 1,390.2993 708.39285 0

Slice 
11 96.625 477.47414 0 1,542.1061 785.74232 0

Slice 
12 98.375 476.71612 0 1,698.1575 865.25449 0

Slice 
13 100.125 476.04643 0 1,857.7743 946.58329 0

Slice 
14 101.88656 475.45747 0 886.77566 451.83477 0

Slice 
15 103.65969 474.94678 0 956.40705 487.31373 0

Slice 
16 105.43282 474.5158 0 1,019.0516 519.23272 0

Slice 
17 107.20595 474.16213 0 1,072.2281 546.3275 0

Slice 
18 108.97908 473.88389 0 1,113.0759 567.1405 0

Slice 
19 110.75221 473.67962 0 1,138.5164 580.10307 0

Slice 
20 112.52534 473.54827 0 1,145.4913 583.65697 0

Slice 
21 114.29846 473.4892 0 1,131.2687 576.41021 0

Slice 
22 116.07159 473.50211 0 1,093.7861 557.31188 0

Slice 
23 117.84472 473.58706 0 1,031.98 525.82006 0

Slice 
24 119.61785 473.74448 0 946.03777 482.03032 0
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Slice 
25

121.39098 473.97516 0 837.50979 426.73255 0

Slice 
26 123.16411 474.28028 0 709.23605 361.37382 0

Slice 
27 124.93724 474.66144 0 565.07987 287.92258 0

Slice 
28 126.71036 475.12072 0 409.50287 208.65214 0

Slice 
29 128.48349 475.66072 0 247.0557 125.88117 0

Slice 
30 130.25662 476.28462 0 81.880313 41.720103 0
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1.250

     Allen Road East Abutment
16ft Retaining Wall Global Stability

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °

Distance (ft)
-10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

El
ev

at
io

n 
(ft

)

445

450

455

460

465

470

475

480

485

490

495

500

505



SLOPE/W Analysis
Report generated using GeoStudio 2012. Copyright © 1991-2013 GEO-SLOPE International Ltd.

File Information
Created By: Munson, James
Last Edited By: Munson, James
Revision Number: 17
File Version: 8.1
Tool Version: 8.11.1.7283
Date: 8/18/2019
Time: 9:35:42 AM
File Name: 16ft Wall.gsz
Directory: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\East Abutment\SlopeW\
Last Solved Date: 8/18/2019
Last Solved Time: 9:35:46 AM

Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °
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Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (68.76828, 494) ft
Left-Zone Right Coordinate: (83, 494) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (104.86724, 479.16384) ft
Right-Zone Right Coordinate: (120, 475.89189) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 472) ft
Right Coordinate: (150, 472) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 494
56 497.95938
94 497.95938
94 494

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 455
Point 3 0 472
Point 4 49 478
Point 5 49 480
Point 6 49 494
Point 7 64 494
Point 8 64 478
Point 9 75 489
Point 10 86 494
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Point 
11

86 478

Point 
12 101 494

Point 
13 101 478

Point 
14 101 480

Point 
15 150 472

Point 
16 150 455

Point 
17 150 451

Point 
18 12 472

Point 
19 138 472

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 600
Region 2 Reinforced Fill 6,7,8,4,5 240
Region 3 Retained Fill 7,10,11,9,8 231
Region 4 Reinforced Fill 10,12,14,13,11 240
Region 5 Silt 2,3,18,5,4,8,9,11,13,14,19,15,16 3,279

Current Slip Surface
Slip Surface: 269
F of S: 1.250
Volume: 497.4446 ft³
Weight: 59,693.353 lbs
Resisting Moment: 1,217,812.8 lbs-ft
Activating Moment: 973,940.18 lbs-ft
Resisting Force: 34,546.712 lbs
Activating Force: 27,649.249 lbs
F of S Rank: 1
Exit: (118.48672, 476.21909) ft
Entry: (74.460968, 494) ft
Radius: 30.075687 ft
Center: (103.38857, 502.23048) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)
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Slice 
1

75.082978 492.23803 0 495.76285 286.22882 0

Slice 
2 76.326998 489.1857 0 715.10318 412.86502 0

Slice 
3 77.571019 486.85115 0 891.36861 514.63191 0

Slice 
4 78.973726 484.71854 0 1,102.3779 561.68958 0

Slice 
5 80.53512 482.71583 0 1,276.1409 650.22628 0

Slice 
6 82.096514 481.01794 0 1,444.2071 735.86026 0

Slice 
7 83.657909 479.55501 0 1,614.3826 822.56903 0

Slice 
8 85.219303 478.28337 0 1,792.1251 913.13337 0

Slice 
9 86.8 477.16165 0 1,983.822 1,010.8078 0

Slice 
10 88.4 476.17212 0 2,193.1473 1,117.4644 0

Slice 
11 90 475.31404 0 2,419.8247 1,232.9622 0

Slice 
12 91.6 474.5751 0 2,664.6413 1,357.7025 0

Slice 
13 93.2 473.94591 0 2,926.7882 1,491.2731 0

Slice 
14 94.7 473.44644 0 2,257.175 1,150.0881 0

Slice 
15 96.1 473.06024 0 2,461.0864 1,253.9862 0

Slice 
16 97.5 472.74553 0 2,666.3412 1,358.5687 0

Slice 
17 98.9 472.50005 0 2,867.1751 1,460.8987 0

Slice 
18 100.3 472.32208 0 3,056.1274 1,557.1747 0

Slice 
19 101.72861 472.20951 0 1,223.5169 623.41298 0

Slice 
20 103.18584 472.16431 0 1,258.6034 641.29047 0

Slice 
21 104.64307 472.18982 0 1,267.328 645.73585 0

Slice 
22 106.10029 472.28623 0 1,245.2662 634.4948 0

Slice 
23 107.55752 472.45422 0 1,189.532 606.09683 0

Slice 
24 109.01475 472.69503 0 1,099.459 560.20234 0
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Slice 
25

110.47198 473.01045 0 977.01101 497.81197 0

Slice 
26 111.9292 473.40294 0 826.76243 421.2565 0

Slice 
27 113.38643 473.87571 0 655.38264 333.93413 0

Slice 
28 114.84366 474.43288 0 470.70116 239.83422 0

Slice 
29 116.30088 475.07964 0 280.56567 142.95535 0

Slice 
30 117.75811 475.82262 0 91.774018 46.761198 0
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1.197

     Allen Road East Abutment
20ft Retaining Wall Global Stability

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
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SLOPE/W Analysis
Report generated using GeoStudio 2012. Copyright © 1991-2013 GEO-SLOPE International Ltd.

File Information
Created By: Munson, James
Last Edited By: Munson, James
Revision Number: 9
File Version: 8.1
Tool Version: 8.11.1.7283
Date: 8/18/2019
Time: 9:36:21 AM
File Name: 20ft Wall.gsz
Directory: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\East Abutment\SlopeW\
Last Solved Date: 8/18/2019
Last Solved Time: 9:36:24 AM

Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °
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Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (67.86839, 494) ft
Left-Zone Right Coordinate: (83, 494) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (102.86357, 475.50305) ft
Right-Zone Right Coordinate: (122.18535, 472) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 472) ft
Right Coordinate: (150, 472) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 494
56 497.95938
94 497.95938
94 494

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 455
Point 3 0 472
Point 4 49 474
Point 5 49 476
Point 6 49 494
Point 7 66 494
Point 8 66 474
Point 9 75 483
Point 10 84 494
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Point 
11

84 474

Point 
12 101 494

Point 
13 101 474

Point 
14 101 476

Point 
15 150 472

Point 
16 150 455

Point 
17 150 451

Point 
18 34 472

Point 
19 116 472

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 600
Region 2 Silt 2,3,18,5,4,8,9,11,13,14,19,15,16 2,795
Region 3 Reinforced Fill 6,7,8,4,5 340
Region 4 Retained Fill 7,10,11,9,8 279
Region 5 Reinforced Fill 10,12,14,13,11 340

Current Slip Surface
Slip Surface: 104
F of S: 1.197
Volume: 673.73975 ft³
Weight: 80,848.77 lbs
Resisting Moment: 1,892,717 lbs-ft
Activating Moment: 1,580,931.5 lbs-ft
Resisting Force: 45,426.966 lbs
Activating Force: 37,944.973 lbs
F of S Rank: 1
Exit: (120.20727, 472) ft
Entry: (69.381551, 494) ft
Radius: 35.669339 ft
Center: (103.72548, 503.63309) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)
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Slice 
1

70.281946 491.51507 0 518.81434 299.5376 0

Slice 
2 72.082735 487.28715 0 808.05207 466.52908 0

Slice 
3 73.883525 484.16403 0 1,037.9541 599.26305 0

Slice 
4 74.89196 482.63556 0 1,202.2478 612.57585 0

Slice 
5 75.9 481.36271 0 1,306.6171 665.75467 0

Slice 
6 77.7 479.27654 0 1,495.6817 762.08791 0

Slice 
7 79.5 477.48117 0 1,685.8533 858.98514 0

Slice 
8 81.3 475.91921 0 1,884.0026 959.94726 0

Slice 
9 83.1 474.55262 0 2,095.2739 1,067.5954 0

Slice 
10 84.833333 473.39366 0 2,314.9946 1,179.5487 0

Slice 
11 86.5 472.41324 0 2,543.3787 1,295.9162 0

Slice 
12 88.166667 471.54933 0 2,790.1458 1,421.6503 0

Slice 
13 89.833333 470.7927 0 3,055.5864 1,556.899 0

Slice 
14 91.5 470.13604 0 3,338.5844 1,701.0937 0

Slice 
15 93.166667 469.57355 0 3,636.2071 1,852.74 0

Slice 
16 94.875 469.09102 0 2,968.5788 1,512.5664 0

Slice 
17 96.625 468.68902 0 3,239.3907 1,650.552 0

Slice 
18 98.375 468.37843 0 3,501.1303 1,783.915 0

Slice 
19 100.125 468.15683 0 3,740.4516 1,905.8553 0

Slice 
20 101.83333 468.02375 0 1,289.0243 656.79071 0

Slice 
21 103.5 467.9742 0 1,297.6341 661.17759 0

Slice 
22 105.16667 468.00264 0 1,273.6188 648.94121 0

Slice 
23 106.83333 468.10925 0 1,213.5695 618.34453 0

Slice 
24 108.5 468.29475 0 1,116.5007 568.88554 0
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Slice 
25

110.16667 468.56038 0 984.3965 501.57507 0

Slice 
26 111.83333 468.908 0 822.26444 418.96466 0

Slice 
27 113.5 469.34009 0 637.5977 324.87226 0

Slice 
28 115.16667 469.85992 0 439.31344 223.84138 0

Slice 
29 117.05182 470.56612 0 253.68746 129.26022 0

Slice 
30 119.15545 471.49501 0 83.541543 42.566542 0
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1.545

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 50 psf
Phi': 27 °

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 34 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 50 psf
Phi': 27 °

     Allen Road East Abutment
24ft Retaining Wall Global Stability

Distance (ft)
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SLOPE/W Analysis
Report generated using GeoStudio 2012. Copyright © 1991-2013 GEO-SLOPE International Ltd.

File Information
Created By: Munson, James
Last Edited By: Roth, Nick
Revision Number: 18
File Version: 8.3
Tool Version: 8.13.1.9253
Date: 8/19/2019
Time: 5:42:59 PM
File Name: 24ft Wall - NJR.gsz
Directory: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\East Abutment\SlopeW\
Last Solved Date: 8/19/2019
Last Solved Time: 5:43:02 PM

Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 34 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 50 psf
Phi': 27 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 50 psf
Phi': 27 °
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Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (67.86839, 494) ft
Left-Zone Right Coordinate: (83, 494) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (102.64005, 472) ft
Right-Zone Right Coordinate: (122, 472) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 472) ft
Right Coordinate: (150, 472) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 494
56 497.95938
94 497.95938
94 494

Reinforcements
Reinforcement 1

Type: Geosynthetic
Outside Point: (101, 471) ft
Inside Point: (80, 471) ft
Slip Surface Intersection: () ft
Total Length: 21 ft
Reinforcement Direction: 0 °
F of S Dependent: Yes
Interface Adhesion: 0 psf
Interface Shear Angle: 34 °
Surface Area Factor: 2
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Resistance Reduction Factor: 1
Force Distribution: Distributed
Anchorage: Yes
Tensile Capacity: 15,172.95 lbs
Reduction Factor: 1
Force Orientation: 0
Max. Pullout Force: 15,172.95 lbs
Pullout Force: 0 lbs
Pullout Force per Length: 0 lbs/ft
Available Length: 0 ft
Required Length: 0 ft
Governing Component: (none)

Reinforcement 2
Type: Geosynthetic
Outside Point: (101, 473) ft
Inside Point: (80, 473) ft
Slip Surface Intersection: () ft
Total Length: 21 ft
Reinforcement Direction: 0 °
F of S Dependent: Yes
Interface Adhesion: 0 psf
Interface Shear Angle: 34 °
Surface Area Factor: 2
Resistance Reduction Factor: 1
Force Distribution: Distributed
Anchorage: Yes
Tensile Capacity: 15,172.95 lbs
Reduction Factor: 1
Force Orientation: 0
Max. Pullout Force: 15,172.95 lbs
Pullout Force: 0 lbs
Pullout Force per Length: 0 lbs/ft
Available Length: 0 ft
Required Length: 0 ft
Governing Component: (none)

Reinforcement 3
Type: Geosynthetic
Outside Point: (101, 475) ft
Inside Point: (80, 475) ft
Slip Surface Intersection: () ft
Total Length: 21 ft
Reinforcement Direction: 0 °
F of S Dependent: Yes
Interface Adhesion: 0 psf
Interface Shear Angle: 34 °
Surface Area Factor: 2
Resistance Reduction Factor: 1
Force Distribution: Distributed
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Anchorage: Yes
Tensile Capacity: 15,172.95 lbs
Reduction Factor: 1
Force Orientation: 0
Max. Pullout Force: 15,172.95 lbs
Pullout Force: 0 lbs
Pullout Force per Length: 0 lbs/ft
Available Length: 0 ft
Required Length: 0 ft
Governing Component: (none)

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 455
Point 3 0 472
Point 4 49 470
Point 5 49 472
Point 6 49 494
Point 7 70 494
Point 8 70 470
Point 9 75 475
Point 10 80 494
Point 11 80 470
Point 12 101 494
Point 13 101 470
Point 14 101 472
Point 15 150 472
Point 16 150 455
Point 17 150 451

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 600
Region 2 Silt 2,3,5,4,8,9,11,13,14,15,16 2,471
Region 3 Reinforced Fill 6,7,8,4,5 504
Region 4 Retained Fill 7,10,11,9,8 215
Region 5 Reinforced Fill 10,12,14,13,11 504

Current Slip Surface
Slip Surface: 50
F of S: 1.545
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Volume: 876.32378 ft³
Weight: 105,158.85 lbs
Resisting Moment: 2,317,766.7 lbs-ft
Activating Moment: 1,499,993.8 lbs-ft
Resisting Force: 62,381.124 lbs
Activating Force: 40,478.136 lbs
F of S Rank: 1
Exit: (120.064, 472) ft
Entry: (67.86839, 494) ft
Radius: 31.387218 ft
Center: (99.221269, 495.4678) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

Slice 
1 68.934195 489.00514 0 478.45948 322.72499 0

Slice 
2 70.833333 482.22403 0 1,152.4341 587.19452 50

Slice 
3 72.5 479.07907 0 1,430.975 729.11819 50

Slice 
4 74.166667 476.613 0 1,657.803 844.69282 50

Slice 
5 75.833333 474.57289 0 1,862.9605 949.22581 50

Slice 
6 77.5 472.84017 0 2,061.1413 1,050.204 50

Slice 
7 79.166667 471.34736 0 2,261.1817 1,152.1296 50

Slice 
8 80.438006 470.32725 0 2,358.9116 1,591.1059 0

Slice 
9 81.696261 469.44755 0 2,584.554 1,316.8961 50

Slice 
10 83.33676 468.4135 0 2,808.1959 1,430.8473 50

Slice 
11 84.977258 467.51395 0 3,047.778 1,552.9204 50

Slice 
12 86.617757 466.73617 0 3,304.8746 1,683.9177 50

Slice 
13 88.258255 466.07047 0 3,580.0478 1,824.1255 50

Slice 
14 89.898754 465.50933 0 3,872.6532 1,973.2153 50

Slice 
15 91.539252 465.04695 0 4,180.5587 2,130.1011 50

Slice 
16 93.179751 464.67886 0 4,499.8026 2,292.764 50

94.875 464.39552 0 3,792.616 1,932.4344 50
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Slice 
17
Slice 
18 96.625 464.20047 0 4,083.7717 2,080.7856 50

Slice 
19 98.375 464.10421 0 4,359.1686 2,221.1073 50

Slice 
20 100.125 464.10581 0 4,604.2281 2,345.9714 50

Slice 
21 101.86655 464.20435 0 1,458.861 743.32678 50

Slice 
22 103.59964 464.39979 0 1,513.3771 771.10416 50

Slice 
23 105.33273 464.694 0 1,529.889 779.51739 50

Slice 
24 107.06582 465.08986 0 1,502.2654 765.44247 50

Slice 
25 108.79891 465.59142 0 1,426.7379 726.95928 50

Slice 
26 110.532 466.20415 0 1,302.8301 663.8251 50

Slice 
27 112.26509 466.93522 0 1,133.8179 577.70908 50

Slice 
28 113.99819 467.79408 0 926.49756 472.07409 50

Slice 
29 115.73128 468.79312 0 690.21812 351.6837 50

Slice 
30 117.46437 469.94895 0 435.35991 221.82695 50

Slice 
31 119.19746 471.28421 0 171.60665 87.437957 50
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MSEW -- Mechanically Stabilized Earth Walls Allen Road West Abutment - 4ft Wall
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Allen Road West Abutment - 4ft Wall
FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road West Abutment - 4ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....nt\MSEW\4ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 27.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3948   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 8.41g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 4.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 2.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 18.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 [ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.23, factored bearing load = 941 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.364, Eccentricity,   e/L = 0.0838, CDR-overturning = 3.52

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 4.00 1 N/A 8.19 9.10 9.098 0.585 2.111 0.0360 ---
2 3.00 4.00 1 N/A 18.95 21.06 21.057 0.569 3.208 -0.0550 ---
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 1158 N/A [lb/ft ²]
Factored bearing load, sV 940.7 N/A [lb/ft ²]
Eccentricity,  e 0.23 N/A [ft]
Eccentricity,  e/L 0.059 N/A
CDR calculated 1.23 N/A
Base length 4.00 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 2437.52  [lb/ft], L = 4.00, Unfactored  e = 0.20  [ft],  and Sigma = 678.82  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.364

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 4.00 2.111 N/A 1 ---
2 3.00 4.00 3.208 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.0838; Overturning: CDR-static = 3.52

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 4.00 0.0360 N/A 1 ---
2 3.00 4.00 -0.0550 N/A 1 ---
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Allen Road West Abutment - 8ft Wall
FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road West Abutment - 8ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....nt\MSEW\8ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 27.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3517   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 8.41g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

[S1]

Design height, Hd 8.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 6.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 10.62°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 [ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.07, factored bearing load = 1909 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.331, Eccentricity,   e/L = 0.1216, CDR-overturning = 3.13

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 7.50 1 N/A 3.76 4.18 4.176 1.031 1.909 0.0923 ---
2 3.00 7.50 1 N/A 4.90 5.44 5.439 0.944 2.295 0.0389 ---
3 5.00 7.50 1 N/A 7.23 8.04 8.035 0.914 2.875 -0.0114 ---
4 7.00 7.50 1 N/A 14.39 15.99 15.993 1.113 3.751 -0.0780 ---
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BEARING CAPACITY for GIVEN LAYOUT

[S1]

SCALE:

0 2 4 6 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 2034 N/A [lb/ft ²]
Factored bearing load, sV 1908.8 N/A [lb/ft ²]
Eccentricity,  e 0.65 N/A [ft]
Eccentricity,  e/L 0.086 N/A
CDR calculated 1.07 N/A
Base length 7.50 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 8723.60  [lb/ft], L = 7.50, Unfactored  e = 0.57  [ft],  and Sigma = 1371.43  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.331

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 7.50 1.909 N/A 1 ---
2 3.00 7.50 2.295 N/A 1 ---
3 5.00 7.50 2.875 N/A 1 ---
4 7.00 7.50 3.751 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.1216; Overturning: CDR-static = 3.13

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 7.50 0.0923 N/A 1 ---
2 3.00 7.50 0.0389 N/A 1 ---
3 5.00 7.50 -0.0114 N/A 1 ---
4 7.00 7.50 -0.0780 N/A 1 ---
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Allen Road West Abutment - 12ft Wall
FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road West Abutment - 12ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....t\MSEW\12ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 27.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3413   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 8.41g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

[S1]

Design height, Hd 12.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 10.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 7.13°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.06, factored bearing load = 2798 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.400, Eccentricity,   e/L = 0.1245, CDR-overturning = 3.26

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 11.00 1 N/A 2.60 2.89 2.892 1.375 1.966 0.1042 ---
2 3.00 11.00 1 N/A 2.98 3.31 3.309 1.320 2.239 0.0667 ---
3 5.00 11.00 1 N/A 3.55 3.95 3.948 1.253 2.604 0.0323 ---
4 7.00 11.00 1 N/A 4.54 5.05 5.050 1.219 3.110 -0.0004 ---
5 9.00 11.00 1 N/A 6.48 7.19 7.195 1.366 3.845 -0.0358 ---
6 11.00 11.00 1 N/A 11.60 12.89 12.893 1.648 4.920 -0.0910 ---
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BEARING CAPACITY for GIVEN LAYOUT

[S1]

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 2974 N/A [lb/ft ²]
Factored bearing load, sV 2797.9 N/A [lb/ft ²]
Eccentricity,  e 0.97 N/A [ft]
Eccentricity,  e/L 0.088 N/A
CDR calculated 1.06 N/A
Base length 11.00 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 18728.49  [lb/ft], L = 11.00, Unfactored  e = 0.85  [ft],  and Sigma = 2013.15  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.400

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 11.00 1.966 N/A 1 ---
2 3.00 11.00 2.239 N/A 1 ---
3 5.00 11.00 2.604 N/A 1 ---
4 7.00 11.00 3.110 N/A 1 ---
5 9.00 11.00 3.845 N/A 1 ---
6 11.00 11.00 4.920 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.1245; Overturning: CDR-static = 3.26

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 11.00 0.1042 N/A 1 ---
2 3.00 11.00 0.0667 N/A 1 ---
3 5.00 11.00 0.0323 N/A 1 ---
4 7.00 11.00 -0.0004 N/A 1 ---
5 9.00 11.00 -0.0358 N/A 1 ---
6 11.00 11.00 -0.0910 N/A 1 ---
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Allen Road West Abutment - 16ft Wall
FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road West Abutment - 16ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....t\MSEW\16ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 27.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3378   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 8.41g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

[S1]

Design height, Hd 16.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 14.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 5.36°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.87, factored bearing load = 3259 lb/ft².

Foundation Interface: Direct sliding, CDR = 2.084, Eccentricity,   e/L = 0.0535, CDR-overturning = 6.74

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 20.00 1 N/A 2.05 2.27 2.274 2.158 2.901 0.0457 ---
2 3.00 20.00 1 N/A 2.26 2.51 2.508 2.256 3.237 0.0308 ---
3 5.00 20.00 1 N/A 2.51 2.79 2.789 2.301 3.662 0.0169 ---
4 7.00 20.00 1 N/A 2.85 3.17 3.169 2.311 4.219 0.0038 ---
5 9.00 20.00 1 N/A 3.37 3.74 3.742 2.325 4.977 -0.0090 ---
6 11.00 20.00 1 N/A 4.26 4.73 4.730 2.544 6.070 -0.0227 ---
7 13.00 20.00 1 N/A 5.93 6.59 6.590 2.849 7.775 -0.0401 ---
8 15.00 20.00 1 N/A 9.92 11.02 11.020 3.361 10.752 -0.0707 ---
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BEARING CAPACITY for GIVEN LAYOUT

[S1]

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 6087 N/A [lb/ft ²]
Factored bearing load, sV 3258.8 N/A [lb/ft ²]
Eccentricity,  e 0.72 N/A [ft]
Eccentricity,  e/L 0.036 N/A
CDR calculated 1.87 N/A
Base length 20.00 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 44705.56  [lb/ft], L = 20.00, Unfactored  e = 0.62  [ft],  and Sigma = 2383.72  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 2.084

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 20.00 2.901 N/A 1 ---
2 3.00 20.00 3.237 N/A 1 ---
3 5.00 20.00 3.662 N/A 1 ---
4 7.00 20.00 4.219 N/A 1 ---
5 9.00 20.00 4.977 N/A 1 ---
6 11.00 20.00 6.070 N/A 1 ---
7 13.00 20.00 7.775 N/A 1 ---
8 15.00 20.00 10.752 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.0535; Overturning: CDR-static = 6.74

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 20.00 0.0457 N/A 1 ---
2 3.00 20.00 0.0308 N/A 1 ---
3 5.00 20.00 0.0169 N/A 1 ---
4 7.00 20.00 0.0038 N/A 1 ---
5 9.00 20.00 -0.0090 N/A 1 ---
6 11.00 20.00 -0.0227 N/A 1 ---
7 13.00 20.00 -0.0401 N/A 1 ---
8 15.00 20.00 -0.0707 N/A 1 ---
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Allen Road West Abutment - 20ft Wall
FHWA-NHI-10-024

MSEW(3.0):  Update # 14.972

PROJECT IDENTIFICATION

Title: Allen Road West Abutment - 20ft Wall
Project Number: C1X33100
Client: St. Louis County
Designer: James Munson
Station Number:

Description:

Company's information:

Name: Jacobs Engineering
Street:

,
Telephone #:
Fax #:
E-Mail:

Original file path and name: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\.....
.....t\MSEW\20ft Wall.BEN

Original date and time of creating this file: Sun Aug 18 07:42:41 2019

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL STRIPS as reinforcing material.

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

Allen Road West Abutment - 20ft Wall
Copyright © 1998-2018 ADAMA Engineering, Inc.  License number  MSEW-302301

Page 1 of  8

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

MSEW -- Mechanically Stabilized Earth Walls Allen Road West Abutment - 20ft Wall
Present Date/Time:  Fri Sep 27 08:52:10 2019 P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\West Abutment\MSEW\20ft Wall.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0

SOIL DATA

REINFORCED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 34.0 °

RETAINED SOIL
Unit weight, g 120.0 lb/ft ³
Design value of internal angle of friction, f 30.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, g equiv. 120.0 lb/ft ³
Equivalent internal angle of friction, fequiv. 27.0 °
Equivalent cohesion,  c equiv. 0.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.3362   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 23.94 N   = 14.47g

SEISMICITY

Not Applicable
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INPUT DATA:  Metal strips
(Analysis)

D  A  T  A Metal strip
type #1

Metal strip
type #2

Metal strip
type #3

Metal strip
type #4

Metal strip
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of strip, b  [in]
Vertical spacing, Sv [ft]

65.3
2.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.23 N/A N/A N/A N/A

Ribbed steel strips.
Uniformity Coefficient of reinforced soil, Cu = D60/D10 = 4.0

Friction angle along reinforcement-soil interface, r
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, a

60.97
32.00

1.80
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 1.70
 3.3 ft 1.60
 6.6 ft 1.55
 9.8 ft 1.45
13.1 ft 1.35
16.4 ft 1.30
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

[S1]

Design height, Hd 20.00 [ft] { Embedded depth is E = 2.00 ft, and height above top of finished
bottom grade is H = 18.00 ft }

Batter, w 0.0 [deg]
Backslope, b 18.0 [deg]
Backslope rise 3.0 [ft] Broken back equivalent angle, I = 4.29°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 0.0 [lb/ft ²]

OTHER EXTERNAL LOAD(S)
[S1]      Strip Load, Pv-d = 0.0 and Pv-l = 250.0 [lb/ft].

Footing width, b=34.0 [ft]. Distance of center of footing from wall face, d = 26.0 [ft] @ depth of 0.0 [ft] below soil surface.

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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AASHTO 2007-2010 (LRFD) Input Data

INTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2: gp-EV 1.35
Load factor for earthquake loads, EQ, from Table 3.4.1-1: gp-EQ 1.00

Load factor for live load surchrge, LS, from Figure C11.5.5-3(b): gp-LS 1.75
(Same as in External Stability).

Load factor for dead load surchrge, ES: gp-ES 1.50
(Same as in External Stability).

Resistance factor for reinforcement tension from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement tension in connectors from Table 11.5.6-1: f Static Combined static/seismic
Metal Strips: 0.75 1.00

Resistance factor for reinforcement pullout from Table 11.5.6-1: f 0.90 1.20

EXTERNAL STABILITY

Load factor for vertical earth pressure, EV, from Table 3.4.1-2 and Figure C11.5.5-2: Static Combined Static/Seismic
Sliding and Eccentricity g gp-EV p-EQ1.00 1.00
Bearing Capacity g gp-EV p-EQ1.35 1.35

Load factor of active lateral earth pressure, EH, from Table 3.4.1-2 and Figure C11.5.5-2: gp-EH 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply P    and P    ): (g      )p-EH EQAE IR 1.50
Load factor for earthquake loads, EQ, from Table 3.4.1-1 (multiplies P    and P    ): g p-EQAE IR 1.00

Resistance factor for shear resistance along common interfaces from Table 11.5.6-1: Static Combined Static/Seismic
Reinforced Soil and Foundation f t 1.00 1.00
Reinforced Soil and Reinforcement f t 1.00 1.00

Resistance factor for bearing capacity of shallow foundation from Table 11.5.6-1: Static Combined Static/Seismic
f b 0.65 0.65
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.51, factored bearing load = 4690 lb/ft².

Foundation Interface: Direct sliding, CDR = 1.388, Eccentricity,   e/L = 0.1511, CDR-overturning = 2.98

M E T A L   S T R I P C O N N E C T I O N

# Elevation Length Type
#

CDR
 [pullout
resistance]

CDR
[connection
    break]

CDR
[metal strip
strength]

Metal strip
strength
  CDR

Pullout
resistance
  CDR

Direct
sliding
  CDR

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.00 16.00 1 N/A 1.76 1.96 1.958 1.324 1.910 0.1366 ---
2 3.00 16.00 1 N/A 1.87 2.07 2.074 1.393 2.091 0.1093 ---
3 5.00 16.00 1 N/A 2.02 2.24 2.241 1.436 2.305 0.0841 ---
4 7.00 16.00 1 N/A 2.22 2.47 2.467 1.452 2.568 0.0609 ---
5 9.00 16.00 1 N/A 2.46 2.74 2.737 1.422 2.901 0.0396 ---
6 11.00 16.00 1 N/A 2.79 3.10 3.098 1.360 3.334 0.0198 ---
7 13.00 16.00 1 N/A 3.28 3.64 3.640 1.449 3.920 0.0009 ---
8 15.00 16.00 1 N/A 4.09 4.54 4.542 1.567 4.757 -0.0183 ---
9 17.00 16.00 1 N/A 5.56 6.18 6.181 1.718 6.037 -0.0414 ---
10 19.00 16.00 1 N/A 9.00 10.00 9.995 1.969 8.178 -0.0805 ---
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BEARING CAPACITY for GIVEN LAYOUT

[S1]

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Factored bearing resistance, q-n 7059 N/A [lb/ft ²]
Factored bearing load, sV 4690.0 N/A [lb/ft ²]
Eccentricity,  e 1.75 N/A [ft]
Eccentricity,  e/L 0.109 N/A
CDR calculated 1.51 N/A
Base length 16.00 N/A [ft]

Unfactored applied bearing pressure = (Unfactored R) / [ L - 2 * (Unfactored  e) ] =
Unfactored R = 43351.10  [lb/ft], L = 16.00, Unfactored  e = 1.55  [ft],  and Sigma = 3362.90  [lb/ft ²]
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DIRECT SLIDING for GIVEN LAYOUT      (for METAL STRIPS reinforcements)

Along reinforced and foundation soils interface:  CDR-static = 1.388

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

  CDR
Static

  CDR
Seismic

Metal strip
Type  # Product name

1 1.00 16.00 1.910 N/A 1 ---
2 3.00 16.00 2.091 N/A 1 ---
3 5.00 16.00 2.305 N/A 1 ---
4 7.00 16.00 2.568 N/A 1 ---
5 9.00 16.00 2.901 N/A 1 ---
6 11.00 16.00 3.334 N/A 1 ---
7 13.00 16.00 3.920 N/A 1 ---
8 15.00 16.00 4.757 N/A 1 ---
9 17.00 16.00 6.037 N/A 1 ---
10 19.00 16.00 8.178 N/A 1 ---

ECCENTRICITY for GIVEN LAYOUT (for Simplified Method)

At interface with foundation:  e/L static = 0.1511; Overturning: CDR-static = 2.98

  # Metal strip
Elevation
   [ft]

Metal strip
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal strip
Type  # Product name

1 1.00 16.00 0.1366 N/A 1 ---
2 3.00 16.00 0.1093 N/A 1 ---
3 5.00 16.00 0.0841 N/A 1 ---
4 7.00 16.00 0.0609 N/A 1 ---
5 9.00 16.00 0.0396 N/A 1 ---
6 11.00 16.00 0.0198 N/A 1 ---
7 13.00 16.00 0.0009 N/A 1 ---
8 15.00 16.00 -0.0183 N/A 1 ---
9 17.00 16.00 -0.0414 N/A 1 ---
10 19.00 16.00 -0.0805 N/A 1 ---
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1.552

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Clay
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 2,000 psf
Phi': 0 °

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °

    Allen Road West Abutment
4ft Retaining Wall Global Stability
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SLOPE/W Analysis
Report generated using GeoStudio 2012. Copyright © 1991-2013 GEO-SLOPE International Ltd.

File Information
Created By: Munson, James
Last Edited By: Munson, James
Revision Number: 23
File Version: 8.1
Tool Version: 8.11.1.7283
Date: 8/18/2019
Time: 8:37:56 AM
File Name: 4ft Wall.gsz
Directory: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\West Abutment\SlopeW\
Last Solved Date: 8/18/2019
Last Solved Time: 8:38:02 AM

Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °
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Phi-B: 0 °

Clay
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 2,000 psf
Phi': 0 °
Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (88.1803, 490) ft
Left-Zone Right Coordinate: (99, 490) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (101.47303, 487.88416) ft
Right-Zone Right Coordinate: (111, 485.55102) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 476) ft
Right Coordinate: (150, 476) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 490
56 493.10625
94 493.10625
94 490

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 461
Point 3 0 476
Point 4 49 486
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Point 
5 49 488

Point 
6 49 490

Point 
7 54 490

Point 
8 54 486

Point 
9 58 490

Point 
10 96 490

Point 
11 96 486

Point 
12 101 490

Point 
13 101 486

Point 
14 101 488

Point 
15 150 476

Point 
16 150 461

Point 
17 150 451

Point 
18 92 490

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 1,500
Region 2 Clay 2,3,15,16 2,250
Region 3 Silt 3,5,4,8,9,18,11,13,14,15 1,260
Region 4 Reinforced Fill 6,7,8,4,5 20
Region 5 Retained Fill 7,8,9 8
Region 6 Retained Fill 18,10,11 8
Region 7 Reinforced Fill 10,12,14,13,11 20

Current Slip Surface
Slip Surface: 198
F of S: 1.552
Volume: 46.533348 ft³
Weight: 5,584.0018 lbs
Resisting Moment: 46,580.71 lbs-ft
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Activating Moment: 30,015.824 lbs-ft
Resisting Force: 3,487.0111 lbs
Activating Force: 2,248.6769 lbs
F of S Rank: 1
Exit: (107.18921, 486.48427) ft
Entry: (91.42621, 490) ft
Radius: 11.692752 ft
Center: (101.14859, 496.49583) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

Slice 
1 91.713105 489.60704 0 549.09692 279.77885 0

Slice 
2 92.25 488.92042 0 601.16582 306.30928 0

Slice 
3 92.75 488.36841 0 646.16047 329.23521 0

Slice 
4 93.25 487.88086 0 690.15893 351.65354 0

Slice 
5 93.75 487.44724 0 734.56637 374.28026 0

Slice 
6 94.25 487.06005 0 200.07477 101.94319 0

Slice 
7 94.75 486.71374 0 239.37768 121.96902 0

Slice 
8 95.25 486.40409 0 278.54789 141.92724 0

Slice 
9 95.75 486.12779 0 318.03786 162.04838 0

Slice 
10 96.25 485.88223 0 358.1726 182.49806 0

Slice 
11 96.75 485.66532 0 399.14829 203.37621 0

Slice 
12 97.25 485.47534 0 441.02243 224.71215 0

Slice 
13 97.75 485.31094 0 483.69768 246.45628 0

Slice 
14 98.25 485.17099 0 526.90123 268.46958 0

Slice 
15 98.75 485.05459 0 570.16251 290.51231 0

Slice 
16 99.25 484.96103 0 612.79307 312.23366 0

Slice 
17 99.75 484.88976 0 653.87367 333.16527 0

Slice 
18 100.25 484.84036 0 692.25516 352.72162 0
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Slice 
19

100.75 484.81255 0 726.58043 370.21122 0

Slice 
20 101.25788 484.80644 0 470.29413 239.62683 0

Slice 
21 101.77365 484.82266 0 468.70518 238.81722 0

Slice 
22 102.28942 484.86175 0 459.26673 234.00809 0

Slice 
23 102.80519 484.92396 0 441.23382 224.81986 0

Slice 
24 103.32095 485.00965 0 414.21903 211.05514 0

Slice 
25 103.83672 485.11936 0 378.28209 192.74435 0

Slice 
26 104.35249 485.25379 0 333.97272 170.1676 0

Slice 
27 104.86826 485.41384 0 282.31012 143.84419 0

Slice 
28 105.38402 485.60065 0 224.69437 114.4875 0

Slice 
29 105.89979 485.81563 0 162.75965 82.930185 0

Slice 
30 106.41556 486.06051 0 98.19301 50.031837 0

Slice 
31 106.93133 486.33747 0 32.55011 16.585109 0
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1.234

    Allen Road West Abutment
8ft Retaining Wall Global Stability

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Clay
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 2,000 psf
Phi': 0 °

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
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Report generated using GeoStudio 2012. Copyright © 1991-2013 GEO-SLOPE International Ltd.

File Information
Created By: Munson, James
Last Edited By: Munson, James
Revision Number: 21
File Version: 8.1
Tool Version: 8.11.1.7283
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Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °
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Phi-B: 0 °

Clay
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 2,000 psf
Phi': 0 °
Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (72.72778, 490) ft
Left-Zone Right Coordinate: (90, 490) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (109.03387, 482.02243) ft
Right-Zone Right Coordinate: (124, 478.33846) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 472) ft
Right Coordinate: (150, 472) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 490
56 493.95938
94 493.95938
94 490

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 461
Point 3 0 472
Point 4 49 482
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Point 
5 49 484

Point 
6 49 490

Point 
7 57.5 490

Point 
8 57.5 482

Point 
9 65.5 490

Point 
10 92.5 490

Point 
11 92.5 482

Point 
12 101 490

Point 
13 101 482

Point 
14 101 484

Point 
15 150 472

Point 
16 150 461

Point 
17 150 451

Point 
18 16.5 476

Point 
19 133.5 476

Point 
20 84.5 490

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 1,500
Region 2 Clay 2,3,18,19,15,16 2,184
Region 3 Silt 18,5,4,8,9,20,11,13,14,19 788
Region 4 Reinforced Fill 6,5,4,8,7 68
Region 5 Retained Fill 7,8,9 32
Region 6 Retained Fill 20,10,11 32
Region 7 Reinforced Fill 10,12,14,13,11 68

Current Slip Surface
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Slip Surface: 423
F of S: 1.234
Volume: 196.4234 ft³
Weight: 23,570.808 lbs
Resisting Moment: 456,204.37 lbs-ft
Activating Moment: 369,763.93 lbs-ft
Resisting Force: 14,221.15 lbs
Activating Force: 11,537.112 lbs
F of S Rank: 1
Exit: (119.51016, 479.44365) ft
Entry: (84.818334, 490) ft
Radius: 27.827848 ft
Center: (108.3097, 504.91793) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

Slice 
1 85.133029 489.52614 0 604.35955 348.92715 0

Slice 
2 86.030752 488.27195 0 727.9185 370.893 0

Slice 
3 87.196805 486.81178 0 841.21277 428.61932 0

Slice 
4 88.362859 485.53204 0 948.00397 483.03215 0

Slice 
5 89.528913 484.39852 0 1,052.1246 536.08428 0

Slice 
6 90.694967 483.38789 0 1,156.4482 589.23978 0

Slice 
7 91.888997 482.46406 0 1,265.7178 644.91541 0

Slice 
8 93.25 481.53421 0 1,395.3867 710.98505 0

Slice 
9 94.583333 480.72028 0 764.4911 389.52767 0

Slice 
10 95.75 480.09424 0 863.87525 440.16643 0

Slice 
11 96.916667 479.53725 0 966.44365 492.42763 0

Slice 
12 98.083333 479.04484 0 1,072.2287 546.32781 0

Slice 
13 99.25 478.61336 0 1,180.782 601.63847 0

Slice 
14 100.41667 478.23987 0 1,291.0933 657.8449 0

Slice 
15 101.57844 477.92305 0 683.28389 348.15053 0

102.73533 477.66051 0 728.09735 370.98413 0
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Slice 
16
Slice 
17 103.89221 477.44919 0 766.44142 390.52141 0

Slice 
18 105.0491 477.28791 0 796.17187 405.66983 0

Slice 
19 106.20598 477.17578 0 814.96842 415.24715 0

Slice 
20 107.36287 477.11222 0 820.51458 418.07306 0

Slice 
21 108.51975 477.09689 0 810.73206 413.08862 0

Slice 
22 109.67664 477.12971 0 784.04674 399.49177 0

Slice 
23 110.83352 477.21085 0 739.64589 376.86841 0

Slice 
24 111.99041 477.34075 0 677.67592 345.29313 0

Slice 
25 113.14729 477.52009 0 599.32959 305.37368 0

Slice 
26 114.30418 477.74985 0 506.78735 258.22105 0

Slice 
27 115.46106 478.03134 0 403.00538 205.3415 0

Slice 
28 116.61795 478.36619 0 291.37884 148.46493 0

Slice 
29 117.77483 478.75647 0 175.34092 89.340659 0

Slice 
30 118.93172 479.2047 0 57.975899 29.540196 0
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1.613

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Clay
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 2,000 psf
Phi': 0 °

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °

     Allen Road West Abutment
12ft Retaining Wall Global Stability
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SLOPE/W Analysis
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Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °
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Phi-B: 0 °

Clay
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 2,000 psf
Phi': 0 °
Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (63.99888, 490) ft
Left-Zone Right Coordinate: (87, 490) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (110.08468, 478.03575) ft
Right-Zone Right Coordinate: (136, 472.43243) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 472) ft
Right Coordinate: (150, 472) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 490
56 493.95938
94 493.95938
94 490

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 461
Point 3 0 472
Point 4 49 478
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Point 
5 49 480

Point 
6 49 490

Point 
7 61 490

Point 
8 61 478

Point 
9 73 490

Point 
10 89 490

Point 
11 89 478

Point 
12 101 490

Point 
13 101 478

Point 
14 101 480

Point 
15 150 472

Point 
16 150 461

Point 
17 150 451

Point 
18 12 472

Point 
19 138 472

Point 
20 30.5 476

Point 
21 119.5 476

Point 
22 77 490

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 1,500
Region 2 Clay 2,3,18,20,21,19,15,16 2,080
Region 3 Silt 20,5,4,8,9,22,11,13,14,21 370
Region 4 Reinforced Fill 6,7,8,4,5 144
Region 5 Retained Fill 7,9,8 72
Region 6 Retained Fill 22,10,11 72
Region 7 Reinforced Fill 10,12,14,13,11 144
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Current Slip Surface
Slip Surface: 278
F of S: 1.613
Volume: 269.82428 ft³
Weight: 32,378.914 lbs
Resisting Moment: 882,434.15 lbs-ft
Activating Moment: 547,040.92 lbs-ft
Resisting Force: 27,420.667 lbs
Activating Force: 16,999.448 lbs
F of S Rank: 1
Exit: (110.08468, 478.03575) ft
Entry: (75.49944, 490) ft
Radius: 28.95003 ft
Center: (100.12632, 505.21911) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

Slice 
1 76.24972 488.90212 0 722.07942 367.91784 0

Slice 
2 77.556356 487.1108 0 835.71317 425.81713 0

Slice 
3 78.669067 485.80254 0 922.674 470.12589 0

Slice 
4 79.781778 484.63776 0 1,006.9263 513.05459 0

Slice 
5 80.89449 483.59304 0 1,091.5688 556.18207 0

Slice 
6 82.007201 482.65159 0 1,178.9765 600.71851 0

Slice 
7 83.119912 481.80087 0 1,271.0491 647.63189 0

Slice 
8 84.232624 481.03127 0 1,369.3352 697.71113 0

Slice 
9 85.345335 480.33522 0 1,475.0808 751.59123 0

Slice 
10 86.458046 479.70667 0 1,589.23 809.75314 0

Slice 
11 87.570758 479.14075 0 1,712.3868 872.50468 0

Slice 
12 88.563557 478.68271 0 1,837.6456 1,060.9652 0

Slice 
13 89.633036 478.24627 0 2,332.9374 0 5,000

Slice 
14 90.888394 477.7904 0 2,156.9258 1,099.0086 0
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Slice 
15

92.133036 477.40198 0 2,315.1632 1,179.6346 0

Slice 
16 93.377679 477.07394 0 2,476.0025 1,261.5863 0

Slice 
17 94.583333 476.8109 0 1,632.3387 831.71809 0

Slice 
18 95.75 476.60785 0 1,738.6664 885.89478 0

Slice 
19 96.916667 476.45354 0 1,834.5154 934.73228 0

Slice 
20 98.083333 476.34718 0 1,914.7949 975.63675 0

Slice 
21 99.25 476.28823 0 1,974.2372 1,005.9241 0

Slice 
22 100.41667 476.27641 0 2,007.9373 1,023.0951 0

Slice 
23 101.56779 476.31058 0 570.74312 290.80815 0

Slice 
24 102.70338 476.38964 0 524.14146 267.06342 0

Slice 
25 103.83896 476.51383 0 464.33759 236.59182 0

Slice 
26 104.97455 476.68374 0 393.03357 200.26061 0

Slice 
27 106.11013 476.90019 0 312.61622 159.28592 0

Slice 
28 107.24572 477.16425 0 225.88373 115.09351 0

Slice 
29 108.3813 477.47729 0 135.71093 69.148171 0

Slice 
30 109.51689 477.84099 0 44.722687 22.787347 0
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2.605

     Allen Road West Abutment
16ft Retaining Wall Global Stability

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °

Name: Clay
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 2,000 psf
Phi': 0 °

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °

Distance (ft)
-10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

El
ev

at
io

n 
(ft

)

445

450

455

460

465

470

475

480

485

490

495

500

505



SLOPE/W Analysis
Report generated using GeoStudio 2012. Copyright © 1991-2013 GEO-SLOPE International Ltd.

File Information
Created By: Munson, James
Last Edited By: Munson, James
Revision Number: 10
File Version: 8.1
Tool Version: 8.11.1.7283
Date: 8/18/2019
Time: 8:42:49 AM
File Name: 16ft Wall.gsz
Directory: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\West Abutment\SlopeW\
Last Solved Date: 8/18/2019
Last Solved Time: 8:42:56 AM

Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °
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Phi-B: 0 °

Clay
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 2,000 psf
Phi': 0 °
Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (69.93813, 490) ft
Left-Zone Right Coordinate: (81, 490) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (108.73529, 474.59358) ft
Right-Zone Right Coordinate: (128, 472) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 472) ft
Right Coordinate: (150, 472) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 490
56 493.95938
94 493.95938
94 490

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 461
Point 3 0 472
Point 4 49 474
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Point 
5 49 476

Point 
6 49 490

Point 
7 64 490

Point 
8 64 474

Point 
9 75 485

Point 
10 86 490

Point 
11 86 474

Point 
12 101 490

Point 
13 101 474

Point 
14 101 476

Point 
15 150 472

Point 
16 150 461

Point 
17 150 451

Point 
18 27 472

Point 
19 123 472

Point 
20 66 476

Point 
21 84 476

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 1,500
Region 2 Reinforced Fill 6,7,8,4,5 240
Region 3 Retained Fill 7,10,11,21,9,20,8 231
Region 4 Reinforced Fill 10,12,14,13,11 240
Region 5 Clay 2,3,18,5,4,8,20,21,11,13,14,19,15,16 1,882
Region 6 Silt 20,9,21 81
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Current Slip Surface
Slip Surface: 174
F of S: 2.605
Volume: 426.533 ft³
Weight: 51,183.959 lbs
Resisting Moment: 1,805,243.2 lbs-ft
Activating Moment: 693,141.98 lbs-ft
Resisting Force: 62,150.376 lbs
Activating Force: 23,873.631 lbs
F of S Rank: 1
Exit: (110.6537, 474.24478) ft
Entry: (73.256691, 490) ft
Radius: 25.962204 ft
Center: (98.243671, 497.04889) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

Slice 
1 73.826293 488.39318 0 678.53129 391.75022 0

Slice 
2 74.965497 485.62563 0 888.73159 513.10942 0

Slice 
3 76.160977 483.44866 0 1,073.9699 547.215 0

Slice 
4 77.412733 481.5891 0 1,207.5714 615.28836 0

Slice 
5 78.664489 480.02591 0 1,327.9733 676.63621 0

Slice 
6 79.916246 478.68153 0 1,444.1356 735.82385 0

Slice 
7 81.168002 477.51004 0 1,561.5648 795.657 0

Slice 
8 82.419758 476.48153 0 1,684.0063 858.04408 0

Slice 
9 83.522818 475.67141 0 1,693.9429 0 2,000

Slice 
10 84.829841 474.84156 0 1,890.5964 0 2,000

Slice 
11 85.829841 474.24768 0 2,075.315 1,198.1837 0

Slice 
12 86.147208 474.07752 0 1,990.3627 0 5,000

Slice 
13 86.936548 473.68918 0 2,212.7452 0 2,000

Slice 
14 88.220812 473.10951 0 2,407.9534 0 2,000

Slice 
15 89.505076 472.61105 0 2,605.3484 0 2,000
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Slice 
16

90.78934 472.18889 0 2,804.2149 0 2,000

Slice 
17 92.073604 471.83918 0 3,002.7757 0 2,000

Slice 
18 93.357868 471.55894 0 3,198.1494 0 2,000

Slice 
19 94.583333 471.35277 0 2,448.823 0 2,000

Slice 
20 95.75 471.21337 0 2,588.0679 0 2,000

Slice 
21 96.916667 471.1272 0 2,712.812 0 2,000

Slice 
22 98.083333 471.09374 0 2,819.0706 0 2,000

Slice 
23 99.25 471.11277 0 2,902.6373 0 2,000

Slice 
24 100.41667 471.18441 0 2,959.3681 0 2,000

Slice 
25 101.60336 471.31218 0 1,221.2646 0 2,000

Slice 
26 102.81007 471.49877 0 1,178.9788 0 2,000

Slice 
27 104.01678 471.74426 0 1,111.4308 0 2,000

Slice 
28 105.22349 472.05038 0 1,020.1796 0 2,000

Slice 
29 106.4302 472.41939 0 908.07827 0 2,000

Slice 
30 107.63692 472.85418 0 779.16354 0 2,000

Slice 
31 108.84363 473.35838 0 638.39653 0 2,000

Slice 
32 110.05034 473.93656 0 491.28889 0 2,000
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2.664

Name: Limestone Bedrock
Model: Bedrock (Impenetrable)

Name: Clay
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 2,000 psf
Phi': 0 °

Name: Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °

Name: Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °

Name: Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °

     Allen Road West Abutment
20ft Retaining Wall Global Stability

Distance (ft)
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SLOPE/W Analysis
Report generated using GeoStudio 2012. Copyright © 1991-2013 GEO-SLOPE International Ltd.

File Information
Created By: Munson, James
Last Edited By: Munson, James
Revision Number: 4
File Version: 8.1
Tool Version: 8.11.1.7283
Date: 8/18/2019
Time: 8:46:12 AM
File Name: 20ft Wall.gsz
Directory: P:\C1X33100\600DISC\611GEOT\Retaining Walls\Allen Road\West Abutment\SlopeW\
Last Solved Date: 8/18/2019
Last Solved Time: 8:46:18 AM

Project Settings
Length(L) Units: feet
Time(t) Units: Seconds
Force(F) Units: lbf
Pressure(p) Units: psf
Strength Units: psf
Unit Weight of Water: 62.4 pcf
View: 2D
Element Thickness: 1

Analysis Settings
SLOPE/W Analysis

Kind: SLOPE/W
Method: Morgenstern-Price
Settings

Side Function
Interslice force function option: Half-Sine

Lambda
Lambda 1: -1
Lambda 2: -0.8
Lambda 3: -0.6
Lambda 4: -0.4
Lambda 5: -0.2
Lambda 6: 0
Lambda 7: 0.2
Lambda 8: 0.4
Lambda 9: 0.6
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Lambda 10: 0.8
Lambda 11: 1

PWP Conditions Source: (none)
Slip Surface

Direction of movement: Left to Right
Use Passive Mode: No
Slip Surface Option: Entry and Exit
Critical slip surfaces saved: 1
Optimize Critical Slip Surface Location: No
Tension Crack

Tension Crack Option: (none)
F of S Distribution

F of S Calculation Option: Constant
Advanced

Number of Slices: 30
F of S Tolerance: 0.001
Minimum Slip Surface Depth: 0.1 ft
Optimization Maximum Iterations: 2,000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
Driving Side Maximum Convex Angle: 5 °
Resisting Side Maximum Convex Angle: 1 °

Materials
Limestone Bedrock

Model: Bedrock (Impenetrable)

Reinforced Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 5,000 psf
Phi': 0 °
Phi-B: 0 °

Retained Fill
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 30 °
Phi-B: 0 °

Silt
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 0 psf
Phi': 27 °
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Phi-B: 0 °

Clay
Model: Mohr-Coulomb
Unit Weight: 120 pcf
Cohesion': 2,000 psf
Phi': 0 °
Phi-B: 0 °

Slip Surface Entry and Exit
Left Projection: Range
Left-Zone Left Coordinate: (67.86839, 490) ft
Left-Zone Right Coordinate: (83, 490) ft
Left-Zone Increment: 10
Right Projection: Range
Right-Zone Left Coordinate: (102.64005, 472) ft
Right-Zone Right Coordinate: (122, 472) ft
Right-Zone Increment: 10
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 472) ft
Right Coordinate: (150, 472) ft

Surcharge Loads
Surcharge Load 1

Surcharge (Unit Weight): 250 pcf
Direction: Vertical

Coordinates

X (ft) Y (ft)
56 490
56 493.95938
94 493.95938
94 490

Points
X (ft) Y (ft)

Point 1 0 451
Point 2 0 461
Point 3 0 472
Point 4 49 470
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Point 
5 49 472

Point 
6 49 490

Point 
7 66 490

Point 
8 66 470

Point 
9 75 479

Point 
10 84 490

Point 
11 84 470

Point 
12 101 490

Point 
13 101 470

Point 
14 101 472

Point 
15 150 472

Point 
16 150 461

Point 
17 150 451

Point 
18 72 476

Point 
19 78 476

Regions
Material Points Area (ft²)

Region 1 Limestone Bedrock 1,2,16,17 1,500
Region 2 Clay 2,3,5,4,8,18,19,11,13,14,15,16 1,618
Region 3 Reinforced Fill 6,7,8,4,5 340
Region 4 Retained Fill 7,10,11,19,9,18,8 279
Region 5 Reinforced Fill 10,12,14,13,11 340
Region 6 Silt 9,18,19 9

Current Slip Surface
Slip Surface: 265
F of S: 2.664
Volume: 610.2984 ft³
Weight: 73,235.808 lbs
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Resisting Moment: 2,456,028.8 lbs-ft
Activating Moment: 921,866.86 lbs-ft
Resisting Force: 79,138.754 lbs
Activating Force: 29,717.428 lbs
F of S Rank: 1
Exit: (118.12801, 472) ft
Entry: (73.921034, 490) ft
Radius: 26.300633 ft
Center: (100.19258, 491.23652) ft

Slip Slices

X (ft) Y (ft) PWP 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength (psf)

Slice 
1 74.64096 486.28496 0 617.51453 356.52218 0

Slice 
2 76.080812 480.89188 0 1,163.905 671.98088 0

Slice 
3 77.520665 477.98237 0 1,419.8784 819.7672 0

Slice 
4 78.960517 475.76304 0 1,614.7239 932.2613 0

Slice 
5 80.400369 473.95087 0 1,784.4848 1,030.2728 0

Slice 
6 81.840222 472.42422 0 1,944.5904 1,122.7098 0

Slice 
7 83.280074 471.11674 0 2,103.556 1,214.4886 0

Slice 
8 84.338498 470.25579 0 1,681.9745 0 5,000

Slice 
9 85.453913 469.47384 0 2,300.6046 0 2,000

Slice 
10 87.007747 468.4972 0 2,527.3392 0 2,000

Slice 
11 88.561581 467.66339 0 2,754.2933 0 2,000

Slice 
12 90.115415 466.95759 0 2,984.2793 0 2,000

Slice 
13 91.669249 466.36884 0 3,218.3936 0 2,000

Slice 
14 93.223083 465.88894 0 3,456.2266 0 2,000

Slice 
15 94.7 465.52578 0 2,774.0394 0 2,000

Slice 
16 96.1 465.26592 0 2,969.2896 0 2,000

Slice 
17 97.5 465.08355 0 3,157.9527 0 2,000

98.9 464.97702 0 3,336.3503 0 2,000
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Slice 
18
Slice 
19 100.3 464.94543 0 3,499.9237 0 2,000

Slice 
20 101.71367 464.98964 0 1,437.484 0 2,000

Slice 
21 103.141 465.11155 0 1,518.0406 0 2,000

Slice 
22 104.56834 465.31255 0 1,573.5917 0 2,000

Slice 
23 105.99567 465.59452 0 1,601.0146 0 2,000

Slice 
24 107.423 465.96018 0 1,597.7966 0 2,000

Slice 
25 108.85034 466.41324 0 1,562.4286 0 2,000

Slice 
26 110.27767 466.95861 0 1,494.7682 0 2,000

Slice 
27 111.70501 467.60271 0 1,396.3136 0 2,000

Slice 
28 113.13234 468.35391 0 1,270.3346 0 2,000

Slice 
29 114.55967 469.22326 0 1,121.8324 0 2,000

Slice 
30 115.98701 470.22552 0 957.34908 0 2,000

Slice 
31 117.41434 471.381 0 784.71298 0 2,000
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100.10.2  COMPLETION OF PROJECT 
 

A. The work on this project shall commence on the date specified in the "Notice To 
Proceed" and completed by December 15, 2022 unless additional time is granted 
by the Director.  Due to seasonal limitations, sodding and crack sealing may be 
completed after the dates shown on the schedule, if authorized by the Resident 
Engineer.  

  
Liquidated damages in the amount of $1,225 per day will be charged after the 
expiration of the time stipulated for each and every calendar day that all work 
remains uncompleted.  

   
B. The work on this project shall commence on the date specified in the "Notice To 

Proceed" and shall be completed as follows, unless additional time is granted by 
the Director:  

  
CR-1274  ALLEN ROAD BRIDGE NO. 329 – COMPLETION DATES: 

 
 Notice to Proceed from St. Louis County – no later than April 1, 2020 
 Entire project completed – no later than December 15, 2022 

  
C. The Contractor is advised that this roadway is the sole access for properties west 

of Allen Road Bridge No 329 and access must be maintained throughout the 
duration of the project.  An additional $200.00 per hour will be charged for any 
road closure that exceeds 15 minutes. 

 
 

D. An additional $200.00 per hour will be charged should temporary striping/marking 
not begin within the time limits specified in section 621.3.2 of the “St. Louis 
County Standard Specifications for Road and Bridge Construction”. 

 



 

   

1200.70.16  BRIDGE CONSTRUCTABILITY ITEMS – ALLEN ROAD BRIDGE NO. 329 

 
Description:  Content under this item consist of the potential means and methods to 
construct the bridge given the likelihood of severely constrained conditional work windows 
allowed by UPRR.   
 
St. Louis County does not warrant that the content detailed below is suitable for this 
project or that this content will be approved by the UPRR, or that if approved by UPRR, 
these methods will result in a reduced construction duration.  This content is offered only 
as a service to the potential bidders in that these or other means and methods may prove 
productive to the contractor. 
 
Construction Methods: The Contractor shall prepare and submit the required railroad 
submittals in an organized manner, detailing the work over and around the UPRR facilities 
such that the UPRR is able to completely understand and follow the execution of the work 
and is able to quickly establish the work plans meet the UPRR requirements as set forth 
in the UPRR agreements, permits, and licenses.  
 
 Site Preparation:  The contractor shall give due consideration to developing an exit 
route, within the project limits, and following UPRR requirements that will permit the 
contractor to mobilize equipment to and from the track back beyond 50 feet of the nearest 
track centerline in an efficient manner.  
 

Demolition of the Existing Bridge:  The contractor shall give due consideration to 
using modular track protective means, with hardware readily accessible on the material 
to allow for lifting so to accelerate placement and removal of the protective means.  The 
figures below represent such arrangements.  The contractor shall give due consideration 
to using smaller, yet effective, equipment as necessary to ensure material demolished 
from the existing bridge structure does not fall onto the UPRR ROW and can be quickly 
and easily disposed of, see Bridge Demo Figure below. 

 

 



 

   

 
 

 
 

 
 

 
Demolition of Existing Bridge Deck and Girders:  The contractor shall give due 

consideration to saw cutting the bridge deck longitudinally at locations approved by the 
Engineer to reduce the deck to sections small enough to lift by crane.  Such saw cuts 
should be accompanied by demo of the concrete diaphragms over the intermediate bents 
in line with the deck saw cuts. 

 



 

   

Demolition of the Existing Intermediate Bents:  The contractor shall give due 
consideration to installing a tension anchor system (wire rope, shackles, concrete 
deadman blocks) to the existing bent cap such that the columns and bent cap will fall 
back toward the existing slope as the bottom of the columns are cut near the base.  Once 
the columns and cap are pulled away as a unit, they can be cut and removed in pieces. 

 
Coordination of Track Clearance:  The contractor shall give due consideration to 

coordinating with the UPRR for schedule of track use.  The contractor should maximize 
time beyond 50 ft of the track to be used rather than both tracks.  The contractor shall 
give due consideration for seeking a variance in the 50 ft clearance wherein work will 
place the contractor on the protective side of the existing bridge bent but not yet 50 ft from 
the track in use. 

 
Work Adjacent to the Construction Clearance Envelope:  The contractor shall give 

due consideration to planning work activities for personnel which does not involve 
equipment adjacent to the minimum construction clearance and 25 ft from the centerline 
of track in use.   

 
Temporary Bridge:  The contractor should give due consideration to coordinating 

with the supplier of the temporary bridge to ascertain the capacity of the bridge relative to 
construction equipment that could be situated on the temporary bridge to facilitate 
construction activities.  Such mobilization of equipment on the bridge shall be coordinated 
with the County to ensure no traffic delays during daytime hours. 

 
Concrete for the proposed rock sockets and abutment wall:  The contractor shall 

give due consideration to a concrete retarder in accordance with AASHTO M 194, Type 
B may be incorporated into the mix to retard set 4 hours to mitigate a possible horizontal 
cold joint due to constrained conditional window of construction.   

 
Girder Erection:  The contractor shall give due consideration to using an erection 

beam with a dolly or bogie to allow the proposed concrete prestressed NU girders to be 
erected by rolling or launching across the RR.  Such a beam would allow for potentially 
smaller cranes to be used to set the girders. 

 
Method of Measurement & Basis of Payment: No additional payment will be issued for 
any methods used from this provision.  The costs for all construction methodologies used 
for the project shall be considered incidental to other items. 

 
 



Allen Road Bridge No. 329 
Federal Project No. STP-4900(634) 

St. Louis County Project No. CR-1274 
Pre-Bid Meeting Notes 

September 17, 2019 
 

1. Introductions 
a. See attached scan of attendance record sheet 

 
2. General Project Overview 

a. Pam Thebeau (STLCO) gave a high-level overview of the project, but noted that the 
intent was to get to the RR discussion, as that was the most important information to 
share at this meeting 

 
3. Discussion of Railroad Permits, Agreements, and Licenses 

a. Jordon Albers (UPRR) directed attention to Exhibit D in the overpass agreement, and 
noted his new contact phone number: 402-890-4754 

b. Jordon noted that flagging would be coordinated with Jacob Allen but after the meeting 
Saint Louis was informed that flagging needs would be handled by David Palmertag, UP 
Manager Track Maintenance.  Dave Palmertag’s phone number Is 402-269-5734. 

c. Jordon went over work windows that would be allowed by UPRR – section 1.07, subpart 
C, parts 1 (Conditional Work Window) and 2 (Absolute Work Window) 

 Absolute windows are going to be unlikely, as this track (part of the 
Jefferson City Subdivision) is very busy. 

 The main line track speed through the project limits is 60MPH and the 
average number of freight trains is estimated at 23 trains every 24 hours 

 No absolute windows will be guaranteed 
 Conditional windows will most likely be only 1-2 hours 
 No part of the bridge can be ‘hanging out’ over the rails while a train passes 

underneath – track area must be totally clear 
d. Jordon discussed Right-of-Entry (ROE) requirements: 

 Each contractor/subcontractor on the project site must have their own ROE 
permit 

 Each contractor will be required to pay ROE submittal fees 
 Appropriate insurance must be supplied for each contractor/subcontractor 

on site 
e. Jordon indicated all contractor will need to meet the requirements in both the UP 

Railroad-BNSF Railway “Guidelines for Railroad Grade Separation Projects” manual and 
“Public Highway Overpass Agreement”. 

f. Jordon indicated that all submittals from the contractor for the project must be 
submitted at one time  

 UP Railroad-BNSF Railway “Guidelines for Railroad Grade Separation 
Projects” manual specifies the required submittals and anticipated 
turnaround review times for submittals. 



 The “Guidelines for Railroad Grade Separation Projects” manual  and “Public 
Highway Overpass Agreement” were supplied to all potential bidders in 
Addendum #3 

g. Jordon indicated a revised inspection and flagging estimate will be provided to Saint 
Louis County. 

h. Jordon indicated all construction reports will be provided to UP by the contractor.   
i. Jordon discussed project safety, the Federal Railroad Administration requires that each 

contractor’s employee know their job safety requirements.  UP will provide the 
contractor with the job site safety requirements. 

 In person safety review meetings will be required with UP representative. 
 Contractor will prepare emergency response plan for UP. 

j. Jordon indicated BNSF may require a wide load permit during construction to bring in 
oversized bridge beams. 

 
4. Job Special Provisions of note: 

a. Several JSPs from the Bid Proposal were highlighted for special consideration; bidders 
need to be familiar with all elements of the bid proposal, but these select JSPs may 
require additional attention when formulating bids 

 
 

5. Revised Schedule Milestones (per Addendum #3) 
a. Contractors must submit questions to St. Louis County no later than September 24, 

2019 
b. St. Louis County will respond to all questions no later than October 1, 2019 
c. Bid Opening will be held at 11:00 a.m. on October 9, 2019 

 
6. Any outstanding issues from this meeting, as well as any questions that are submitted prior to 

the September 24th deadline, will be addressed in a forthcoming addendum 
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JACKING LOAD ~ 70 TONS PER CORNER

TYPICAL JACK DETAIL

NOTES

JACKING POST DETAIL
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