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Scope To provide structural calculations for the Tualatin Garden Curves roadway improvement project at the 
location given on the cover page.  Elements under review include Mechanically Stabilized Earth (MSE) 
walls supporting the roadway and Cantilever Cast-in-Place (CIP) walls retaining soil. Any other 
elements not specifically referenced in these calculations are outside the purview of these calculations 
and are designed by others. 

 
References 
 

1. American Association of State Highway and Transportation Officials LRFD Bridge Design 
Specifications, 8th Edition (AASHTO) 

2. 2018 Oregon Department of Transportation Standard Specifications for Construction (ODOT) 
3. 2018 Oregon Department of Transportation Geotechnical Design Manual (ODOT GDM) 
4. 2014 Building Code Requirements for Structural Concrete, ACI 318-14, and Commentary (ACI) 
5. 2010 Manual of Steel Construction, 14th Edition, American Institute of Steel Construction (AISC) 
6. National Concrete Masonry Association Design Manual for Segmental Retaining Walls, 3rd 

Edition, 5th Printing (NCMA) 
7. Geotechnical Report prepared by GRI dated February 20, 2019 
8. 90% Civil Drawings provide by client dated July 10, 2019, issued September 16, 2019 
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Project Information 

 Project Site: SW 105th Ave., Blake St., SW 108th Ave in Tualatin, OR 97062 
 Below is a graphic of the structural elements included in PSE’s scope: 

 
Figure 1: Roadway Plan 
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Retaining Wall Information: 
 MSE Walls: 

o Wall 1 
 Max Height = 6.0’ 
 Supports Roadway 

o Wall 2 
 Max Height = 4.0’ 
 Supports Roadway 

o Wall 3: 
 Max Height = 10.5’ 
 Supports Bicycle lane/roadway 
 Culvert interrupts, MSE wall portion above culvert  
 Located near stream 

o Wall 4:  
 Max Height = 7’-0” 
 Supports bicycle lane 
 Culvert interrupts, MSE wall portion above culvert  

 CIP Cantilever Walls 
o Wall 5:  

 Max Height = 6’-0” 
 Retains soil on roadway side 
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Design Loads: Per AASHTO, ODOT, and Geotech Report 
Lateral Loads 

Soil Lateral Loads (per Geotech) 
 Active Earth Pressure: 

o CIP Cantilever Wall = 35pcf (yielding wall) 
o MSE Wall: Coulomb theory used with the following parameters:  

 Soil density of 130pcf 
 Soil internal friction angle = 34-36°  
 Soil-Structure friction angle = 34° 

 Passive Earth Pressure: conservatively ignore 
Seismic Loads 

 Concrete Retaining Walls: 0H @ top of wall, 8H @ bottom (yielding wall) – Triangular 
load distribution per Geotech 

 MSE Walls: Per ODOT Geotechnical Design Manual, calculate pseudo-static 
acceleration coefficients: 

o Horizontal Pseudo Seismic Load, kh = 0.5As [ODOT GDM, Section 6.5.3.1] 
 As = Fpga*PGA [AASHTO 3.10.4.2-2] 
 1000yr PGA = 0.27 [Per ODOT Seismic Maps] 
 Fpga = 1.2 [Per ASHTO 3.10.3.2] 
 kh = 0.162g  Used as pseudo-static horizontal seismic acceleration in 

analysis software for analyzing MSE walls  
o Vertical Pseudo Seismic Load, kh = 0.00g [ODOT GDM, Section 6.5.3.1] 

Gravity Loads 
Surcharge Loads (per Geotech) 

 Concrete Retaining Walls: No surcharge loads 
 MSE Walls: 

o Uniform Vertical Surcharge = 200psf (accounts for traffic and construction 
loads) 
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MSE Wall Design 
By inspection, Walls 3 controls for the design of Wall 1, 2, 3, and 4 as it retains the greatest soil 
height under equivalent load parameters and conditions. Design for Wall heights ranging from 0’-
0” to 10’-6” at increments of 1’-6” (equivalent to block height). 
 

 
Figure 2: Roadway Plan 
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MSE Wall Design – Walls 1-4 
 

 
Figure 3: MSE Retaining Wall Detail 

 
 
Wall Information: 

 Max Height = 10.5’ 
 Max Number of Courses = 7 
 Curved wall sections around the road curves. Varies in height along length. 
 Supports roadway in some regions (Wall 1, 2, and 4) and bike path in others (Wall 3). All 

MSE wall segments designed to resist roadway surcharge loading. 
 Design for Wall heights ranging from 0’-0” to 10’-6” at increments of 1’-6” (equivalent 

to unit block height). 
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Design Criteria: 
 Evaluated per AASHTO Chapter 11.10, Requirements per Geotechnical Engineer, and 

NCMA Design Manual for Segmental Retaining Walls 
 Active Earth Pressure Calculation Method: Coulomb 
 Passive Earth Pressure conservatively ignored 
 Seismic Analysis Method: Mononobe-Okabe (Per AASHTO) 
 Min. Required Reinforcement Length  = 0.7*Height of Wall (Per AASHTO 11.10.2.1) 
 Block and geogrid internal stability and strength evaluated using Safety Factors 
 Verification Methodology: Safety Factors (Per NCMA Table 5-2) 

 
Case Transient/Variable Seismic 
Overturning FS 1.50 1.10 
Sliding FS 1.50 1.10 
Soil Bearing FS* 1.33 (1500psf) 1.00 (2000psf) 
Sliding Along Geo-Reinforcement FS 1.50 1.10 
Geo-Reinforcement Strength FS 1.50 1.10 
Geo-Reinforcement Pull Out FS 1.50 1.10 
Geo-Reinforcement Connection FS 1.50 1.10 

*Allowable soil bearing pressures were prescribed by the Geotechnical engineer (1500 psf for 
static and 2000psf for seismic). As such, an additional factor of safety was not applied in the 
structural calculations for soil bearing pressure, as PSE understands that it was already accounted 
for in the recommended allowable pressure prescribed by the Geotechnical engineer.     
 
Design Loads: 

 Active Earth Pressure = 35pcf (yielding wall) 
 Uniform Vertical Surcharge atop wall = 200psf 
 Horizontal Seismic Loads: kh = 0.162g 
 Vertical Seismic Loads: kv = 0.00g 

 
Per MSE wall analysis software (See Appendix A), the following design outcomes are acceptable 
for varying heights of MSE walls: 
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Cast- in-Place Cantilever Wall Design 

 
Figure 4: Roadway Plan 

 
Design the CIP Concrete Retaining Walls per AASHTO Chapter 11.6. 
 
 
 
 
 
 
 
 
 
  



Peterson Structural Engineers, Inc. 
      www.psengineers.com 

 

project 1801-0336 date 3/27/2020 

designer NRW sheet 10 of 11 

CIP Cantilever Wall Design – Wall 5 
 

 
Figure 5: CIP Cantilever Retaining Wall 

 
Wall Information: 

 Max Height = 6.0’ 
 Retains soil from roadway 
 Concrete Strength, f’c = 4,000psi 
 Wall Stem = 8” thick. Reinforced with #5 bars @ 12” o.c., each way, both faces 

o The stem has been conservatively evaluated in RetainPro as a singly reinforced 
section with #5 bars @ 12” o.c. at the tension face.  

 Wall Footing: 
o Depth = 1’-0” 
o Toe Width = 2’-0” 
o Heel Width = 4’-6” max, 2’-6” min (varies with wall height) 
o Reinforced with #5 bars @ 12” o.c., each way, both faces 

 Wall Key: No wall key present 
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Design Criteria 
 Evaluated per AASHTO and Requirements per Geotechnical Engineer 

o Load Factors input for Strength Level I state: 
 Dead Load, DC = 1.25 
 Surcharge Load (live), ES = 1.50 (Note: surcharge = 0psf) 
 Earth Active Pressure, EH = 1.50 
 Seismic, EQ = N/A 

o Load Factors input for Extreme Event I state: By inspection, Controls 
 Dead Load, DC = 1.25 
 Surcharge Load (live), ES = γEQ = 0.75 (Note: surcharge = 0psf) 
 Earth Active Pressure, EH = 1.50 
 Seismic, EQ = 1.00 

 External Stability: 
o Overturning FS = 1.5 
o Sliding FS = 1.5 

 Allowable Bearing Pressure = 2000psf (allowed 1/3 increase for short term loads per 
Geotech report) 

 Stem wall and Footing Design: Per AASHTO & ACI LRFD Criteria 
 

Design Loads: 
 Active Earth Pressure = 35pcf (yielding wall) 
 Passive Earth Pressure conservatively ignored 
 Uniform Vertical Surcharge = 0psf (doesn’t support roadway) 
 Seismic Loads: 0H @ top of wall, 8H at bottom of wall 

 
 
Per RetainPro (see Appendix), the following table is acceptable for varying heights of CIP walls: 
 

 
 
 
 
 
 
 
 
  

Note: By inspection, the MSE Retaining walls are designed for greater loading than the CIP Cantilever wall 
since the MSE walls are responsible for supporting the roadway and surcharge loads. As such, the MSE wall 
designs control. At contractor/owner’s option, MSE walls may be constructed in lieu of CIP cantilever walls. 
Finish grade elevations behind and in front of the walls shall not change. MSE walls must be constructed in 
conformance with MSE wall construction details and schedule.  
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Appendix A – MSE Wall Design 
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10’-6” Tall Wall – Seismic Case 
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10’-6” Tall Wall – Transient Case 
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9’-0” Tall Wall – Seismic Case 
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9’-0” Tall Wall – Transient Case 
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7’-6” Tall Wall – Seismic Case 
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6’-0” Tall Wall – Seismic Case 
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3’-0” Tall Wall – Seismic Case 
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3’-0” Tall Wall – Transient Case 
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Appendix B – CIP Cantilever Wall Design 
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6’-0” Tall Wall 
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4’-6” Tall Wall 
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