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I.  Project Title:  S098 

 
The Effect of Vertical Ground Motion on Column Shear Capacity 
 

II.   Background: 
 
 There has been a great deal of research during the last few years on vertical ground 

motion and its impact on bridges.  Most of this research suggests that vertical 
ground motion during earthquakes is not a life-safety issue for most bridges.  
However, one area where results have caused concern is in the shear capacity of 
bridge columns.  Near a fault, vertical ground motion can put a column into tension 
for short durations of time, reducing the column’s shear capacity to just the shear 
strength of the transverse reinforcement.   

 
III.  Project Problem Statement: 
  

Research is required to determine whether this is a serious problem. One question is 
whether columns designed to resist shear using the combined shear strength of the 
concrete and the transverse reinforcement may be vulnerable during high vertical 
ground motion. This is a complex issue since strong vertical motion occurs near the 
beginning of the earthquake record and at high frequency.  How this couples with 
the longer period lateral ground motion to cause column shear damage needs to be 
investigated. Because columns should never fail in shear, further research is 
required to determine whether vertical ground motion increases the probability of a 
sheer failure.  

 
IV.  Objective: 
  
 The objective of this research is to determine the effects of large vertical ground 

motions on the shear capacity of columns designed using the latest AASHTO 
LRFD guidelines.  If the columns are found to be deficient, then the final product 
will be recommendations on when vertical ground motion needs to be considered in 
column design and methods to determine the shear capacity. A comprehensive 
study of past research will help the researchers determine how to select the largest 
vertical ground motions that are likely to occur. This may be aided by a 
determination of the relationship between vertical and lateral ground motion in the 
frequency domain. 

 
V.  Description of Work and Expected Deliverables: 
  

Bridge column tests (designed to the latest AASHTO LRFD Guide Specifications/ 
Caltrans Seismic Design Criteria) with recorded near-field ground motion on a 
shaking table will be required.   The shaking table should be capable of vertical and 
lateral motion.  Because of the catastrophic nature of shear failure, some precaution 
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must be taken to prevent damage to equipment (and to personnel) during these tests. 
The columns should be tested with only lateral ground motion and with a 
combination of lateral and vertical ground motion to see how the vertical 
component impacts the column. Single column bents and two-column bents should 
be tested to see how each performs. If a bent fails in shear, it should be rebuilt with 
more transverse reinforcement or with other details to make it stronger and retested 
to see if it can be designed to survive the earthquake. The bent models should be 
analyzed and their parameters adjusted until the same results are achieved. After the 
tests, a design procedure should be developed that identifies when vertical 
acceleration needs to be considered, and how to design the column and bents to 
survive the combined ground motion without shear failure.  The steps includes: 
 
1. Perform a search of the existing literature to determine current state of 
knowledge on vertical ground motion, how it combines with lateral ground motion, 
and how it impacts the shear capacity of columns. 
2. Select ground motions with large vertical and lateral components that appear 
likely to damage one and two column bents. 
3. Design the bents for the ground motion that would occur at the sites where these 
recorded ground motions were obtained.   
4. Perform shake table tests without and with the vertical component of ground 
motion to see if bridge bents designed to the current seismic criteria are vulnerable 
to shear damage. 
5. Perform a detailed structural analysis (of the bent models studied above) to 
identify column and ground motion parameters that cause column damage.  
6. Rebuild any bents that failed in shear and retest to see if they can be designed to 
survive the combined ground motion. 
7. Develop advanced and simplified procedures for including vertical ground 
motion in the seismic design of bents. 
8. Write a detailed report describing research, results, and how to implement them. 

 
 
VI.  Estimate of Duration:  
  
 30 months 
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VIII.  Deployment Potential: 
  
 This research can be implemented into Caltrans Seismic Design Criteria and into 

the AASHTO LRFD Seismic Guide Specifications. 
 
IX. Date:  July 18, 2007 
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