
Figure 1. Buckling of Longitudinal Bars of Shear Wall with NSBE 

Figure 2. Earthquake Lateral Loads Inducing Axial Forces on Wall 
End-Region (Chai and Elayer, 1999) 

Figure 3. Specimen Design Details 

Figure 4. Specimen Construction  
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Research Objectives 

• Study shear wall performance with NSBE under monotonic   
 tensile and compressive axial loading. 

• Provide a quick check on ACI 318-08 provisions for shear    
 wall boundary elements.   

• Experimental results show that shear walls with NSBE  have  
 non-ductile behavior and are extremely vulnerable to axial force 
 reversals. 

• Results also suggest that most buildings in Chile failed locally  
 due to compression,  while others collapse due to axial force  
 reversals. 

• Revisions need to be made on ACI Code 318-08 provisions  
 allowing the use of NSBE in buildings. 

Figure 5. Tension Test Setup 
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INTRODUCTION 

Research Importance 

• Understanding building failures is of concern since Chilean   
 building code is similar to United States (U.S.) ACI Code. 

• In the U.S. there are several buildings that are detailed with  
 NSBE as permitted by ACI Code. 

• No previous research has been done in the past to study the  
 vulnerability of shear wall with NSBE under monotonic axial   
 loading.   

TEST SPECIMEN 
Two NSBE specimens were designed and built according to  
ACI 318-08 provisions.  

One specimen was subjected to compression only, while second  
was pulled in tension followed by compression.  

TEST RESULTS 

CONCLUSIONS 
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The poor building performance observed in Chile after the 
February 2010 earthquake is questionable. It is not clear whether 
longitudinal reinforcement buckling of shear wall with non-
special boundary elements (NSBE) was caused by compression, 
or yielding in tension followed by compression.     

High axial forces are triggered by earthquake lateral loads.  
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TEST PROCEDURES 

Tension Test 

• A hydraulic jack was used to pull specimen in tension to  
 achieve 4% strain. 

• Load was applied every 20 kips to keep track of crack   
 development. 
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TEST PROCEDURES 
Compression Test 

• A Universal Testing Machine was used to load specimen in   
 compression. 

• Load was applied at a rate of 1042 lbs/sec. 

Figure 6. Compression Test Setup 
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Tension Test Results 

• Major crack development was along transverse reinforcement. 

• At 4% strain widest crack observed was 0.21 in.  

Figure 7. Crack Development at 4% Strain 

Plan View of NSBE 1 Side View of NSBE 1 

Compression Test Results 

• NSBE 1 maximum  
 compression load was  
 115 kips. 

Figure 8. NSBE 1 

Figure 9. NSBE 2 

TEST RESULTS 

For further information visit http://www.eqclearinghouse.org/20100227-
chile/ and http://peer.berkeley.edu/.  

• NSBE 2 maximum  
 compression load was   
 572 kips. 

• Similar failure as seen  
 in Chile. 

Global Buckling Significant Spalling  

Localized Buckling Non-ductile Behavior 

Reinforcement Cage Concrete Formwork 

Concrete Pouring Final Product 

Graphical Representation  
of Data 

• Specimen subjected to  
 tension became extremely  
 weak in compression. 

• NSBE 2 was five times  
 stronger than NSBE 1.   


