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Fairview Ave. Bridge – Seattle, WA

Project Site

Lake Union

Space Needle



Fairview Ave. Bridge – Seattle, WA

Waterway No. 8



Fairview Ave. Bridge – Seattle, WA



EXISTING BRIDGES



EXISTING BRIDGES



EXISTING BRIDGES



Geological Profile - Longitudinal



Geological Profile - Longitudinal

Liquefaction

Historic Landslide/
Slip Plane



Geological Profile – Piers 2 and 3

 Layers Vary

 Interspersed Non-Liquefiable Layers

 Slip Plane = Long Shafts



Geological Profile – Pier 5 (abutment)



Gunn-Wright Fill Pad

Gunn‐Wright
Fill



Abutment Loading

& Design Challenges

• High “Flow Loads” during Extreme Event

• Non-Liquified Crust

• Abutment Back Wall “Sail”



ABUTMENTS

1. Ground Improvement

2. Braced abutment

3. Free Abutment

Design Options/Decisions



1. GROUND IMPROVEMENT



2. BRACED ABUTMENTS

Design gap to allow 
for service movement



2. BRACED ABUTMENTS

BRACED PIN FORCE

Deflection =7.21”

FULL PIN FORCE

Deflection = 0.09”



2. BRACED ABUTMENTS

BRACED PIN FORCE

MMax = 36,000 kip-ft

FULL PIN FORCE

MMax = 5,900 kip-ft



3. FREE ABUTMENTS

Shaft 1 Free: Deflection =11.2” MMax = 35,000 kip-ft
Shaft 3 Free: Deflection = 8.5” MMax = 46,000 kip-ft
Pinned: Deflection = 0.5” MMax = 5,400 kip-ft



ABUTMENT REINFORCING

Shaft Reinforcing:

1. Inner Concentric Ring

• WSDOT BDM 7.8.2.P “Use of two concentric circular rebar cages shall be avoided”

2. #18 ~ 3 Bar Bundles

• Similar capacity as inner concentric ring

• 3 bar #18 bundle not permitted for “flexural members”

• Shafts in transition zone

3. Materials

• 80 KSI Steel

• 5,000 psi concrete



ABUTMENT SHAFTS – FINAL



ABUTMENT SHAFTS – FINAL



ABUTMENT CONCLUSIONS

1. Evaluate traditional design

2. Increase material strengths (fy = 80 ksi)

3. Increase reinforcing (triple bundled #18)

4. Reduce flow loads

• Ground improvement

• Evaluate pinned abutments

• Materials to reduce passive pressure crust



INTERMEDIATE PIERS

• Poor Soil Conditions – low soil strength, liquefaction

• High flow loads during Seismic Event

• Shafts designed for Capacity Protection 

• Appropriate combination of overstrength requirements and flow loads

Design Challenges



Pier 2 - Flow Slide Event Loads

 High “Flow Loads” during Extreme Event

 Flow Load Timing

• Upper layer with 80% inertial loads

• Full flow with 50% inertial loads



Soil Profile – Data for L-Pile

 Graphical Representation of Soil Profiles

 L-Pile properties entered for each pier

 Interpolation used for middle pier



Soil Springs - P-Y Curves from L-Pile

• Typical P-Y Curve

Spring values modified for group 

effects



CSi Bridge  -

Pushover Analysis with Soil Springs

 Pier 2 Pushover Model
 Pier 2 Pushover Curve

Displacement

Base 
Reaction



L-Pile  -

Shaft Strength Demands

Moment Demand Shear Demand

P = 1590 K

1.25 x Mpo= 
5730 k‐ft

1.25 x Vpo
= 612 k

Flow Load

Shaft Loading



INTERMEDIATE PIERS

Meeting high flexural demands in shafts

A. Increase Strength of Shafts

 Increase number of shafts

 Use 3-bar bundles of reinforcement

 Use concentric rings of reinforcement

 Increase material strength

B. Decrease demands in shafts

 Reduce inertial forces with flow loads

• NO Reduction in column plastic hinge. 

 Reduce of the multiplier on Mpo in combination with flow loads.

Design Results and Options/Decisions



INTERMEDIATE PIERS

1.25 Mpo vs  1.0 Mpo when combined with flow loads

• AASHTO Code requires Mne > 1.25 x Mpo

• Reduction of the multiplier: AASHTO Guide Spec 8.9 States: 

• “With the Owner’s approval, the factor of 1.25 may be reduced to 1.0 for the liquefied configuration.”

• The Code does not address combination with flow loads.

• Flow load occurs after the maximum inertial load



INTERMEDIATE PIER OPTIONS

1.25Mpo vs  1.0 Mpo - Forces generated in Shafts

Moment in Shafts – Pier 2, west side

• Flow load analysis assumes no  soil 

resistance in the flow zone.

• 1.25 x Mpo + NO flow load 

results are similar to 

1.0 x Mpo + flow loads

Max. 
Moment = 
43,000 k‐ft.

Max. 
Moment = 
36,000 k‐ft.

1.25 Mpo
+ flow 
load

86 # 18 bars, 
4.52% steel,  
Capacity = 
42,000 k‐ft. 

Comparison  of 
Required 

Reinforcement

1.0 Mpo + 
flow load

68 # 18 bars, 
3.58% steel,  
Capacity = 
37,000 k‐ft. 



INTERMEDIATE PIER OPTIONS

1.25Mpo vs  1.0 Mpo  - Reinforcement in Shafts

Pier 2 - Design for 1.25 Mpo with flow loads
Pier 2 - Design for 1.0 Mpo with flow loads

OR for 1.25 Mpo without flow loads

24 bundles of 2 ‐#18

19 bundles 
of 2 ‐#18

24 bundles of 
2 ‐#18

20 ‐ #18
4.52% steel 3.56% Steel



INTERMEDIATE PIERS
Use of Higher Strength Materials

• Use of 80 ksi Reinforcement 

• Reduces reinforcement

• Meets design strength without 3 bar bundles or a concentric inner ring.

• Availability increasing, already being used.

• Use of Concrete with fc’ = 5000 psi

• Best practice to match 80 ksi reinforcement.

• Stiffer shaft reduces maximum moment

• Increases shear capacity

Shortly after our discussions with SDOT and 

WSDOT on the use of 5000 ksi concrete in 

shafts, this memorandum was issued by WSDOT.



INTERMEDIATE PIERS
Revised Analysis with Higher Strength Materials

 Column Strength analysis using spColumn

software

 Results for max. reinforcement in one layer 

with 2-bar bundles 

• 24 bundles of 2 -#18 bars
• Based on 6” of cover and 

minimum allowed bar spacing



INTERMEDIATE PIERS
Revised Analysis with Higher Strength Materials

1.25 Mpo
+ flow 
load

1.0 Mpo + 
flow load

1.10 Mpo + 
flow load

Max. Moment 
= 38,500 k‐ft.

48 # 18 bars, 
2.52% steel,  
Capacity = 
38,500 k‐ft. 

24 # 18 bars, 
1.26% steel,  
Capacity = 
23,500 k‐ft. 

Single bars

Single bars

2‐bar Bundles



INTERMEDIATE PIER

• Higher Strength Materials

• Design for greater of:

• 1.10 Mpo with the flow loads or

• 1.25 Mpo without flow loads 

• Reduces shaft reinforcement so one ring of 2-bar bundles is adequate

CONCLUSIONS



INTERMEDIATE SHAFTS – FINAL SHEET



QUESTIONS?


