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1. Background and Introduction

Mechanical bar splices, also known as bar couplers, can be used to facilitate Accelerated Bridge
Construction (ABC) of reinforced concrete (RC) columns through prefabrications. However,
current US bridge design codes [1], prohibit the use of bar couplers in the plastic hinge region of
bridge columns in seismic zones. This restriction is mainly because the coupler performance and
the effects of couplers on the seismic behavior of columns (including both capacity and demand)
were not fully understood.

To establish the seismic behavior of bar couplers, Dahal and Tazarv [2] tested over 160 mechanical
bar splices from nine products and six manufacturers under monotonic and cyclic tensile loading.
The research demonstrated that the coupler stress-strain model can effectively represent the
behavior of any seismic coupler. Seismic couplers are not longer than 15d} (dp is the bar diameter)
and exhibits bar fracture outside the coupler region (L., which is no more than the coupler length,
Ly, plus 4dpy) with a strength that is at least 95% of the tensile strength of a corresponding
“unspliced specimen”. The “unspliced specimen” is a single-bar specimen used to determine
benchmark mechanical properties of the two spliced bars. Out of 60 coupler products that are
commercially available in the US, only a few are rated seismic couplers. Furthermore, couplers
that have a grouting mechanism at one end (or both ends) are the best for precast column
construction since they allow a large tolerance during installation. Nevertheless, the strain capacity
of grouted couplers may be as low as 4% (0.04 in./in.) while unspliced bars (e.g., ASTM A706)
show more than 10% strain capacity.

At bridge column level, a few studies have investigated the effects of couplers on the column
seismic performance. Haber et al. [3] tested four, 50%-scale circular precast bridge columns in
which two specimens had a type of grouted couplers, and two columns were built with headed
couplers. For grouted and headed mechanically spliced columns, the study respectively reported
39% and 12% reduction in the displacement ductility capacity compared with a reference cast-in-
place column. The most comprehensive experimental study on mechanically spliced precast
bridge columns was performed by the PI [4] in which six precast columns with different couplers
were tested under slow-cyclic loading. It was found that grouted couplers can reduce the
displacement capacity of mechanically spliced bridge columns up to 45%. They subsequently
proposed three design methods for mechanically spliced precast bridge columns [5], which were
adopted in the proposed AASHTO design and construction guideline (NCHRP 935).

Despite extensive prior research on the static and cyclic loading behavior of mechanically spliced
bridge columns, their dynamic response remains largely unexplored. Without this understanding,
the seismic demand on these columns cannot be accurately predicted, prohibiting their safe
implementation in seismic regions. The proposed research aims to investigate the dynamic
behavior of mechanically spliced precast bridge columns through shake-table testing. The project
goals are achieved by conducting high-strain rate tensile testing of seismic couplers, large-scale
shake-table experiments on selected precast column models, and post-test analytical investigations
to refine analytical models. The findings will contribute to updating AASHTO design guidelines,
ensuring that mechanically spliced precast bridge columns are feasible and safe for field
applications.



2. Problem Statement

Bar coupler is an alternative to traditional lap splicing to connect bars in RC structures. Even
though it is feasible to incorporate bar splices in bridge bents as a precast detailing to expediate
construction, the prohibition of mechanical bar splices within the plastic hinge zones of RC bridge
columns remains a major barrier to the widespread adoption of this type of ABC connection in
seismic regions. While significant progress has been made in understanding the behavior of bridge
columns with bar couplers, a critical knowledge gap remains regarding their dynamic performance.
This research is to investigate and characterize the high-strain-rate behavior of grouted couplers
and effects of such couplers on the dynamic performance of large-scale precast bridge columns,
which will further facilitate the implementation of this ABC technique in seismic regions.

3. Objectives and Research Approach

The main objective of the proposed study is to understand the dynamic response of mechanically
spliced precast bridge columns through shake-table testing at the Earthquake Engineering
Laboratory (EEL) at the University of Nevada, Reno (UNR) and to better understand the seismic
demands on these columns. The research activities included both experimental and analytical
studies. High-strain rate tensile tests will be conducted on seismic couplers to evaluate their
material properties under dynamic loading conditions. Based on these findings, top coupler
products (two columns) will be selected and incorporated into large-scale bridge column models
for shake-table testing. Following the experiments, post-test analytical investigations will be
performed to validate and refine the existing computational models and methods, enabling a more
accurate prediction of seismic demands. Finally, the study’s outcomes will be used to update
AASHTO design and construction guidelines, ensuring the safe implementation of mechanically
spliced columns in ABC projects.

4. Description of Research Project Tasks

The following is a description of tasks carried out to date.

Task 1 — Contact Bar Coupler Manufacturers

Proposed task description: In the past, the PI worked with all major manufacturers of bar
couplers in the US and abroad to perform capacity testing on couplers and columns. The PI will
reach out to all major industry players inviting them to participate in this project by donating
materials, time, and technical feedback. Furthermore, they will be invited to serve as the Research
Advisory Panel (RAP). RAP will also include additional members from transportation agencies
and academia. Only seismic couplers with an emphasis on grouted couplers (or hybrid couplers
with a grout mechanism at one end) will be used in this project.

Description of work performed up to this period: Task 1 is 100% complete. Based on past
collaborations and findings of the past studies, the research team has contacted three bar coupler
manufacturers, Headed Reinforcement Corp. (HRC), Splice Sleeve NMB, and nVent to participate
in the project. All agreed to participate in this study.




Task 2 — High-Strain Rate Tensile Testing of Seismic Couplers

Proposed task description: The previously developed stress-strain model might be a viable
option to simulate the dynamic behavior of seismic couplers. Seismic grouted couplers from
two/three major US manufacturers will be tested under both static and dynamic tensile loading to
understand the strain-rate effects on these devices and to explore if the current coupler material
model is also valid for dynamic loading. The coupler design parameters (rigid length factor) will
be empirically established.

Description of work performed up to this period: Task 2 is 30% complete. The test matrix
for coupler testing under both static and dynamic tensile loading has been finalized. HRC and
NMB are in the process of sending couplers to UNR. We will perform the coupler level testing
when they are received. nVent will be contacted later for possible coupler testing.

Task 3- Experimental Investigation on Mechanically Spliced Columns

Proposed task description: The findings of Task 2 will be discussed with RAP. Based on their
feedback, at least two coupler products will be selected and then will be incorporated into two
bridge column models for large-scale shake-table testing. A reference cast-in-place column will
be tested to be used as the benchmark model. A local contractor or a precast plant will fabricate
the columns. Subsequently, the columns will be assembled and tested at UNR-EEL. Each precast
column will be tested under a near-fault ground motion based on a ramped-up testing method.

Description of work performed up to this period: Task 3 is 25% complete. A comprehensive
literature review on bar couplers and mechanically spliced columns has been completed. Extensive
pretest analytical study has been conducted in OpenSees to finalize the reference cast-in-place
column and the two precast columns for the experimental investigation. Table 1 presents the test
matrix for the three columns that will be investigated. Size and specifications are selected based
on the available experimental testing facilities at the Earthquake Engineering Laboratory (EEL) at
the University of Nevada, Reno (UNR). Figure 1 shows details of the shake table test setup
including the mass rig system that represented the inertia mass. Figure 2 illustrates the details of
the test specimens for reference cast-in-place column and the two coupler columns. Figure 3
provides typical instrumentation plan for the test specimens. A local contractor has been secured
to fabricate the columns.



Table 1: Column Test Matrix
Column ID CIP-D PGS-D PHH-D
Coupler type N/A Grouted Hybrid (grouted—headed)
Manufacturer and N/A Splice Sleeve North America, Headed Reinforcement Corp.,
model NMB HRC560
. Length: 14.57 in Length: 7.75 in
Coupler properties N/A Diameter: 2.52 in Diameter: 2.63 in
Column Shape Octagonal Octagonal Octagonal
Column diameter (in) 20 20 20
Column height (in) 80 80 80
Concrete cover (in) 0.75 0.75 0.75
Aspect ratio 4 4 4
Axial load (kip) 80 80 80
Axial load index
(ALI) 0.05 0.05 0.05
Concrete compressive 5 5 5
strength, f'c (ksi)
Longitudinal 10, #8 (2.51%) 10, #8 (2.51%) 10, #8 (2.51%)
reinforcement
re{;?gfcvee;f:m #3 @3 in. (0.81%) #3 @3 in. (0.81%) #3 @3 in. (0.81%)
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Figure 2. Details of Column Test Specimens
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Task 4- Post-Test Analytical Investigation

Proposed task description: The research team will first evaluate the accuracy of existing
models for mechanically spliced precast bridge columns under dynamic loading obtained from
Task 3. Modifications will be proposed to improve the model’s performance. Subsequently, a
comprehensive parametric dynamic analysis will be performed to further investigate the seismic
demands of these columns. The study will include columns with different geometries, couplers,
material properties, axial loads, single- and multi-column bents, and will utilize at least 10 near-
fault ground motions.

Description of work performed up to this period: This task is 20% complete. Robust models
have been developed in OpenSeesPy (Python version of OpenSees) to analyze CIP and
mechanically spliced columns. The models have been validated with the past cyclic load data.
The models will be further evaluated after the shake-table testing.

Task 5- Recommendations

Proposed task description: Based on the experimental and analytical findings at coupler and

column levels, the proposed AASHTO design and construction guidelines for ABC columns
(NCHRP 935) will be revisited and modifications will be proposed. RAP will review the
document, and the guidelines will be updated based on their feedback.

Description of work performed up to this period: No progress yet.

Task 6- Project Deliverables

Proposed task description: At the end of the project, a comprehensive final report will be
prepared by the research team in conformance with the center guidelines. The final report will
document all aspects of the project including details of the findings for each task. The final report
will be reviewed by RAP and will be revised per their comments.

Description of work performed up to this period: No progress yet.

5. Expected Results and Specific Deliverables
This research will deliver significant outcomes that advance ABC practices in the seismic regions

for mechanically spliced precast bridge columns. The anticipated outcomes include:

e Experimental data for a reference cast-in-place column and two mechanically spliced
precast columns tested on shake table.



Development and validation of analytical models for mechanically spliced precast bridge
columns under dynamic loading.

An improved knowledge regarding the dynamic behavior of spliced columns and an
updated guide that covers both capacity and demand behavior of spliced precast bridge
columns.

Findings will contribute to updating the proposed AASHTO design and construction
guidelines for mechanically spliced ABC column type, ensuring that these columns meet
performance and safety standards.

A comprehensive final report following the center guideline, updated design and
construction guidelines for mechanically spliced precast bridge columns.

6. Schedule

The progress of this 24-month project is shown in Table 2.

Table 2. Project Progress

Timeli FFY25 [ FFY26 FFY27 ek
imetine 2025 2026 2027 o et

Task

J|IJIAIS|IONDJIJFM/AM|J |J|AS|ION|D|J|FM 3

1. Contact Bar Coupler Manufacturers

2. Coupler Dynamic Tensile Testing

3. Coupler Column Testing

4. Post-Test Analytical Investigation

5. Recommendations

6. Project Deliverables

@—e Current Month of the Project Work Performed

Work to be Performed
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