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Background

The Texas Department of Transportation
(TxDOT) initiated Project 0-7089 to explore the
potential of using precast bridge substructures,
particularly focusing on precast column
solutions for multi- column bents. The project
aimed to address the challenges and benefits
associated with precast columns, which are
known to expedite construction processes

but face constraints such as lifting weight and
transportation difficulties. The goal was to
develop innovative design concepts and
construction details that would make precast
columns more practical and efficient for use in
Texas bridges.

What the Researchers Did

The research team undertook a comprehensive
approach that combined experimental
investigations with advanced analytical
techniques. They began with an extensive review
of past studies and successful implementations of
precast columns, identifying knowledge gaps and
opportunities for innovation. Building on this
foundation, the team developed new design
concepts for precast concrete columns, arriving
at a system that consists of a precast prestressed
shell filled with cast-in-place (CIP) concrete and
steel reinforcing bar connectors for bent caps and
footings. The system eases shipment and almost
eliminates field formwork, saving time and effort
considerably.

Comprehensive experimental investigations were
carried out, including 27 push-off tests to study
interface shear strength between precast
elements and CIP cores, exploring various surface
preparations and concrete types to ensure
optimal composite action. The research team also
evaluated the structural performance and
constructability of the proposed precast column

systems through large-scale laboratory tests.
The experimental program included one control
specimen based on current TxDOT standard
and four test specimens based on the developed
system, assisting in understanding the behavior
of the system under realistic conditions.

Additionally, the research included the
development of finite element models to simulate
the performance of the precast columns and
their connections. These models were validated
against experimental results and used to conduct
parametric studies, providing deeper insights
into the factors affecting the performance of the
precast systems. Based on these experimental
and analytical findings, detailed design guidelines
for implementing precast columns in Texas
bridges were developed, offering practical
recommendations for dimensions, reinforcement,
connections, and construction practices.
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What They Found

The researchers discovered that circular
interfaces between precast and CIP elements
showed higher shear strength compared

to square interfaces, with modest surface
roughening significantly increasing interface
strength. Hybrid precast prestressed columns
with a CIP core proved viable without altering
existing mix designs, which is beneficial

for implementation. The research provided
comprehensive data on unreinforced core-shell
concrete interfaces.

The effectiveness of the developed precast
column solution was confirmed. The
experimental results indicated that precast
columns demonstrated greater stiffness and
capacity at low and high eccentricities compared
to control specimens, which is a positive indicator
for their use in real-world applications, given
sufficient embedment length of connectors

is provided. It was also indicated that proper
vibration at the column base is crucial to prevent
voids, especially as column height increases.
Finite element analysis played a crucial role in
this project. The developed models

accurately mirrored experimental behavior,
enhancing the understanding of the performance
of the developed precast column solution.

These findings led to the development of efficient
hybrid precast column system designs and
detailing recommendations. A robust analytical
method for estimating the capacity of the
developed precast column system was proposed,
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expanding structural designers’ toolbox.

What This Means

The research has substantial implications for the
future of bridge construction in Texas. The
findings emphasize the benefits of using hybrid
precast systems, which can significantly reduce
installation time and costs while maintaining
structural performance. The detailed design
guidelines and innovative construction
techniques developed through this project
provide a comprehensive framework for
implementing precast columns, ensuring better
performance and durability, and setting new
standards for future precast column applications.
By integrating experimental results with
analytical models, the project has bridged the gap
between theory and practice, supporting both
practical applications and further research in the
field of precast concrete technology.

TxDOT Project 0-7089 has made significant
strides in advancing the use of precast bridge
substructures in Texas. The project’s
comprehensive approach and robust findings
pave the way for more efficient, durable, and
practical bridge construction methods, ultimately
enhancing the state’s infrastructure resilience
and performance.
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