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Objectives

The objectives of this research are as follows:

• Accelerate bridge pier construction 
 • Reduce traffi c delays
 • Improve work zone safety
 • Reduce environmental impact

• Improve structural performance and stability of bridge piers when sub-
jected to extreme loads

• Provide rapid, cost-effective means of repairing bridge piers if damaged
• Reduce cost of bridge pier construction

Background and Problem Statement

Precast substructures have been used around the country with varying 
degrees of success during the past two decades.  The system investigated 
in this research offers a different design approach with several details that 
have the potential to reduce construction time, improve structural perfor-
mance, and introduce cost-effective repair options. 

Description of Proposed Structural System

The system features precast segments connected by continuous, elastic ele-
ments (internal, unbonded post-tensioning in this research), and sacrifi cial 
structural fuses. In the event of an extreme lateral load arising from wind, 
fl ood, impact, earthquake, or other disaster, the system is designed to con-
centrate deformation at the joints between segments. The continuous elas-
tic elements provide the pier with a self-centering capability to straighten 

Figure 1. The basic proposed pier assembly
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the structure after an event while plastic deformation is 
concentrated in the replaceable structural fuse elements 
at the joint. This arrangement allows quick repair by 
simple replacement of the structural fuses.

Research Description

Cantilever columns, including one conventionally rein-
forced control column, were subjected to constant axial 
and cyclic, quasi-static lateral loads to observe behavior.  
Variables examined included 

• connection details at segment joints, 
• materials used in structural fuses and prefabricated 

bearing plates placed between the joints, and 
• magnitude of initial post-tensioning force.  

Behavior of each jointed column was compared with 
that of the control column as well as with analytical 
predictions.

Key Findings

• Several details expediting construction of the pro-
posed system proved to be effective from both the 
labor and structural performance perspectives.

• Testing identifi ed both effective and unsatisfactory 
details used in the jointed columns. 

• Damage in the jointed columns could be successfully 
concentrated in the structural fuses.

• The proposed segmented columns compared favor-
ably to the conventional, reinforced-concrete, control 
column in many respects, including
  • equivalent lateral strength,
  • greater lateral stiffness,
  • greater lateral deformation capacity, and
  • reduced residual deformations.

• Repair of the jointed columns by replacing the struc-
tural fuses was demonstrated to be easy and highly 
effective.

Recommendations

Additional research is recommended to verify these 
fi ndings and specifi cally address the following items: 

Slippage of the bolted fuse plates• 
Means of improving energy dissipation• 
Alternative options and details for both the con-• 
tinuous elastic elements and structural fuses
Corrosion protection for all components in the • 
system 
Details for connecting the columns to the pier caps• 
Development of standardized design specifi cations • 
and procedures
Opportunities for systems with multiple joints• 
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Figure 3. Segment joint prior to testing

Figure 2. Schematic test set-up

Figure 4. Segment joint after testing


