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Project Background  

n  Perimeter, perforated walls (1962) 
n  St Joseph’s Health System, Orange CA 
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Project Background  

n  FEMA 356 – Linear Static Procedure 
n  New perimeter walls  
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Project Background  

n  FEMA 356 – Linear Static Procedure 
n  New Foundations 
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Project Background  

n  FEMA 356 – Linear Static Procedure 
n  Need to “cut-back” adjacent buildings  
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Project Background  

n  St John’s Hospital – Santa Monica 
n  Observations from Northridge Earthquake  
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Project Inception – MTB Ride  

St     Joe’s       Hospital  

Practice – University Collaboration: The value of getting to know your peers 
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Project Overview 
n  FEMA 356 – Linear Procedures  

n  Costly, disruptive, and overkill 

n  FEMA 356 – Nonlinear Static Procedure 
n  Six-story, stiff building, no torsional issues  
n  Backbone relations – Do they apply to this building 
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Wall Spandrel Reinforcing Details 

n  Typical Spandrel: Cut bars, weakened plane 

hb = 78.5” 

lb = 83” 

tb = 8” 

ld = 18” 

2 - #6 or 2 - #9 Typical 
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Wall Segment Reinforcing Details 

n  Typical Pier 

hp = 62.5” 

lp = 72” 

tp = 8” 

ρv = ~0.25% 
ρh = ~0.35% 

n  Weakened plane 
joint (Spandrel) 

Single curtain, no hooks (field survey) 
No support for boundary vertical bars 
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Component Testing  

Spandrels 

n  Testing Criteria developed 
n  Piers (P=0, 0.05, 0.10Agf’c) 
n  Spandrels – two details  

Piers 
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Test Specimens – Piers 

hp = 62.5” 

lp = 72” 

tp = 8” 

ρv = ~0.25% 
ρh = ~0.35% 

Prototype (Actual Building) 

hp = 48” 

lp = 54” 

tp = 6” 

ρv = ~0.25% 
ρh = 0.35% 

¾ Scale Test Specimen 
To reduce costs and test  
more configurations  
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Test Specimens – VWS 

Specimen Geometry (inches) Reinforcement3 P/Agf'c4 Specimens
ID Height Length Thickness Edge1 Vert. Web2 Horiz. Web2 (kips) (#)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

WP1-1-10 48 54 6 2 - #4 0.26% 0.35% 0.10 2
WP2-1-05 48 54 6 2 - #4 0.26% 0.35% 0.05 2
WP3-1-00 48 54 6 2 - #4 0.26% 0.35% 0.00 2
WH1-1-0 60 60 6 1-#4 1-#5 0.35% 0.26% 0.0 2
WH2-1-0 60 60 6 4 - #5 0.35% 0.26% 0.0 2

Hooks removed 
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Test Program - Setup 

Horizontal Load Vertical Load 

Vertical Load 

Reaction Frame Out-of-plane support 

Test Specimen 
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Test Result - Spandrel 
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Test Result - Spandrel 
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Test Result - Spandrel 
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Test Result - Spandrel 
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Test Result - Spandrel 
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Test Result - Spandrel 
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Project Contributions: ASCE 41 S#1 
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Test Data 
FEMA 356 Section 2.8
ASCE 41 Sup#1 Section 2.8

n  Modify determination of test backbone relation  
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Project Contributions: ASCE 41 S#1 
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n  New backbone relation with shear cracking  
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Project Contributions: ASCE 41 S#1 

n  Backbone Relations: Modified Table 6-19  
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Final Pushover Curves - Lower Bound Soil Case
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Project Results: Pushover Relations 

Acceptable performance  
With modest retrofit relative 
To FEMA 356 LSP 
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Project Outcomes - Lessons 
n  St Joseph’s Healthcare 

n  Project cost (value) and disruption 
n  KPFF 

n  Cutting edge rehabilitation project 
n  Educational value  
n  Higher fee, but also better value for their client 

n  UCLA 
n  Educational value (research/teaching) 
n  Value of project specific test programs 

n  Profession: ASCE 41 Supplement #1  
Win – Win – Win – Win  
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Project Outcomes - Lessons 
n  Education and Outreach 

n  EERI Technical Seminar Series - 2006 
n  EERI Annual Meeting – February 2007 
n  ASCE Structures Congress – May 2007 
n  SEAOC Convention, Lake Tahoe – September 2007 

n  Research Findings  
n  ASCE 41-06 Supplement #1 (2007); EERI Spectra (2007) 

n  New backbone relations 
n  Revised testing criteria  

n  ASCE Structures Journal (2008) 
n  Axial failure model  

n  ACI Structures Journal (2009a; 2009b) 
n  Wall shear strength  
n  Nonlinear wall shear modeling 
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