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1 Problem Statement 
The Montana Department of Transportation has found concrete-filled steel tube (CFST) piles connected at 
the top by a concrete pile cap (Figure 1) to be a very cost-effective support system for short and medium 
span bridges.  This type of system offers low initial cost, short construction time, low maintenance 
requirements, and a long service life.  While the gravity load performance of these systems is well 
understood, their strength and ductility under extreme lateral loads (e.g., seismic events) is more difficult 
to reliably predict using conventional design procedures.  The proposed research aims to further develop 
newly established design and analysis methodologies to ultimately ensure bridge performance is fully 
consistent with design intent.  

 

 
Figure 1: Typical CFST Bridge Bent 

2 Background 
MDT has sponsored previous research at Montana State University (MSU) to investigate the performance 
of CFST piles under extreme lateral loads and to develop appropriate analysis/design procedures [1-4].  As 
part of these investigations, MSU conducted physical tests on various ½-size models of the CFST to pile 
cap connections under pseudo-static and cyclic loading (Figure 2).  While this research provided useful 
information regarding the behavior and design of CFST to concrete pile-cap connections, further research 
is required to more fully characterize this behavior and further develop the analysis/design methodologies. 
For example, several aspects of these methodologies rely on empirical assumptions that may not be valid 
for all possible cap configurations.  That is, the tests carried out in this previous research did not vary cap 
dimensions, CFST diameter, or number of embedded piles in the test section, and therefore some of the 
empirical observations from these tests that were used in developing the proposed methodologies may not 
be valid for all conditions.  Thus, further testing and/or analytical modeling should be conducted to 
validate/modify these elements of the proposed methodologies to ultimately ensure the desired system 
performance. 
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Figure 2: Typical Test Specimen from Previous MSU Research 

    

3 Objective 
The primary objective of the proposed research is to further validate/improve MDT’s CFST to concrete pile 
cap connection design/analysis methodologies, and to ensure the efficacy of these methodologies for a wide 
variety of potential design configurations.  Work will begin by identifying potential gaps in the existing 
design/modeling strategies, and then designing tests that will help close these gaps.  System attributes to be 
considered include cap dimensions, CFST diameter, and number of embedded piles -- parameters which 
have not been varied in the experimental tests completed to-date.  Physical tests will then be conducted and 
analyzed, with the results being used to develop recommendations as appropriate to improve the analysis 
and design methodologies. 

4 Business Case 
Bridges have been found to be a particularly vulnerable element of critical infrastructure systems during 
earthquakes.  While CFST pile to concrete pile cap bridge support systems designed following the current 
methodologies offer significantly better performance in seismic events than those designed using older 
methodologies, this design procedure has not been fully validated by physical testing and analytical 
modeling.  This project will further develop/validate this procedure, ultimately, resulting in design 
methodologies that better assures required connection performance during seismic events across a broad 
range of design configurations.  

5 Research Plan 
The proposed research consists of the following tasks.  

Task 0 – Project Management 
The Principal Investigator for this project will manage the project with respect to contractual compliance, 
budget and schedule, administrative tasks, and communications with MDT.   Dr. Michael Berry of the Civil 
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Engineering Department at Montana State University will serve as the Principal Investigator.  He will be 
the primary contact and assume the majority of the project management responsibilities.  Management will 
generally be achieved through regular communication between the Principal Investigator, the MDT project 
manager and Technical Panel, and research team members.   

Task 1 – Literature Review 
As this research moves ahead, it is essential to be aware and take advantage of any work completed to date 
by other investigators/organizations.  A comprehensive literature review will be conducted to evaluate the 
state-of-the-practice and recent advances in CFST design, analysis, and testing; in particular this review 
will focus on CFST to concrete element connections.  This literature will be revisited throughout the 
research. 

Task 2 –Experimental Design 
The MDT CFST connection design/analysis methodologies rely heavily on empiricism and may not be 
valid for all cap configurations/dimensions.  In this task, the current methodologies and the research that 
led to them will be thoroughly analyzed to identify potential shortcomings that can be addressed with further 
testing.  For example, the tests carried out in the previous research did not vary scale, cap dimensions, CFST 
diameter, loading conditions, or number of embedded piles in the test section.   

Based on the outcome of this analysis, an experimental program (to be executed in Task 3) will be 
developed to address the shortcomings identified in this analysis.  The plan for the experimental program   
will include details on the number of specimens to be tested, specimen dimensions, loading and 
instrumentation details, as well as the design of the requisite load frame.   A preliminary load frame design 
has been completed and is shown in Figure 3.  This frame is approximately 10-ft high and 12-ft long, and 
will be used to apply a cyclic lateral load to then end of the CFST.  The specimens tested in this research 
will be approximately 3/4th-size, and will consist of 7-ft long by 12-in diameter CFST piles embedded in a 
section of concrete pile cap that is 30-in wide, 30-in deep, and 7-ft long.  Every effort will be made to 
reasonably construct the specimens so that they will behave similarly to the actual structure.  The model 
geometries will be accurately scaled from the full-size system, as will the strength, general locations, 
development lengths, and approximate amount (as a percent of the concrete volume) of reinforcing steel.    

 

 
Figure 3: Preliminary experimental design consisting of the load frame, actuator, and CFST Pile specimen 
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The experimental plan will be subject to review and approval by MDT before its execution (the plan will 
be included in the report for Task 2).   Further, and in consultation with MDT, the experimental plan may 
be altered as physical testing proceeds during Task 3, in response to the results obtained.  The nature of the 
failures and the behavior of the caps as testing proceeds could affect the parameters that should be focused 
on in subsequent tests.  Preliminary analysis of the results from each test will be shared with MDT to obtain 
input and approval concerning any possible changes to the test matrix. 

Task 3 – Testing 
This task consists of the following subtasks. 

Task 3.1 Fabricate Load Frame - Based on the final experimental design determined in Task 2, the load 
frame will be fabricated and installed in the Structural Engineering Laboratory at MSU.  

Task 3.2 Fabricate Specimens - The specimens will be constructed in the Bulk Materials Laboratory at 
MSU.  Concrete test specimens (cylinders and beams) will be cast during the construction of each model 
and tested on the day the cap specimen is tested.  Samples of the reinforcing steel and steel pile used in the 
specimens will be tested in direct tension to determine their properties.  All sampling and testing will be 
done in substantial accordance with ASTM standards. 

Task 3.3 - Setup and Conduct the Tests - The specimens will be tested by applying a pseudo-static lateral 
point load to the tip of the pipe pile using a hydraulic ram (see Figure 3).  The tip of the pile will be 
displacement controlled and cycled at various drift levels of increasing magnitude (similar to the effect 
from actual seismic events) to obtain an indication of connection capacity, ductility, and energy dissipation 
characteristics.  The general physical condition of the models will be observed and recorded during each 
test.  Load, displacement, and potentially strain will be recorded during all tests.  The load will be measured 
using a load cell attached to the end of the hydraulic actuator.  The lateral displacements of the pile at 
various locations along the length will be measured with respect to the pile cap using linear potentiometers. 

Task 4 – Analysis of Results 
The results of each test will be analyzed with respect to the ductility of the connection and the nature of the 
failure mechanism(s).  These aspects of the observed response will be correlated, as appropriate, with 
features of the individual designs (e.g., depth of embedment of the steel pile jacket into the concrete pile 
cap).  Results will also be compared to predicted capacities using various modeling/design strategies, and 
suggested modifications to these methodologies will be made.  As stated previously, following each test, a 
preliminary analysis of the results will be shared with MDT prior to the fabrication and setup of additional 
tests to determine if any changes should be made to the test matrix.   

Task 5 – Reporting 
A comprehensive final report that documents the findings of this research, including the experimental 
design details, test results, and recommendations, will be prepared in conformance with MDT’s standard 
research report format.  A draft report will be sent to MDT to be distributed to the Technical Panel for 
review and comment.  A “Project Summary Report” will be written and submitted to MDT near the end of 
the project to summarize the background, methodology, results and recommendations of this research.  This 
summary report will be edited and published by MDT and distributed to the Technical Panel for review and 
comment. 

Three task reports will be written to summarize work associated with the following major activities. 

• Task Report 1— Literature review 

• Task Report 2—Experimental Design 

• Task Report 3— Testing 
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Quarterly progress reports will be submitted to provide updates on the administrative aspects of the project, 
such as progress regarding the deliverables, schedule and budget.  It should also be noted that the literature 
review will be updated during preparation of the final report to include any outside work discovered after 
completion of Task 1. 

6 MDT Involvement 
In keeping with standard requirements, MDT will review and comment on task reports, quarterly progress 
reports, the final report, and the project summary report.  Also, as discussed above, feedback will be 
requested from MDT throughout Task 3, Testing. 

7 Products 
The products to be delivered during this project include the following items. 

• Kick-off meeting and subsequent notes. 
• Quarterly progress reports. 
• 3-task reports (Tasks 1-3). 
• Draft final report describing the research methodology, findings, conclusions, and 

recommendations, followed by a final report addressing comments and suggestions from the 
Technical Panel. 

• Final presentation. 
• Draft project summary report. 
• Implementation meeting and report. 
• Performance measures report. 
• Project poster. 

8 Implementation 
MDT may elect to modify their CFST to concrete pile cap design methodologies depending on the outcomes 
of this project.   

9 Schedule 
The estimated project schedule is presented in Table 1.  The total proposed duration of the project is 48 
months, with an estimated start date of July 1, 2018, and an estimated completion date of June 30, 2022.  
A draft final report will be sent to the Technical Panel two months prior to the end date to provide 
sufficient time for review and revision.  
 

Table 1: Project Schedule 

 
  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Task 0: Project Management X X X X X X X X X X X X X X X X

Task 1: Literature Review X X X X X X X X X X X X X X X X

Task 2: Experimental Design X X X X X X

Task 3: Testing X X X X

Task 4: Analysis of Results X X X X

Task 5: Reporting X X X

Task/Milestone Quarter (after start of work)
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10 Budget 
The total cost for this project is $217,405, of which $50,108 has already been allocated (Table 2).  The pay 
and benefit rates of the investigators are provided in Table 3, the projected expenditures by task are shown 
in Table 4, and a breakdown of expendable supplies and materials is provided in Table 5.  It should be noted 
that the total cost of the hydraulic actuator in Table 2 is estimated at $25,000.  The Civil Engineering 
Department at MSU has allocated $15,000 towards this purchase, and therefore $10,000 is requested from 
MDT.  MDT will retain partial ownership of the actuator, which will be housed in the MSU Civil 
Engineering Structures Lab. 

 
Table 2: Project Budget by Item 

 
 

Table 3: Pay Rate and Benefits 

 

Item Total

Salaries $104,278 

Benefits $19,246 

In-State Travel $400 

Expendable Supplies and Materials $25,000 

Equipment - Hydraulic Actuator $10,000 

Participant Support (Tuition) $15,000 

Total Direct Costs $173,924 

Overhead - 25% $43,481 

Total Project Cost $217,405 

Current Support $50,108 

Total Additional Support $167,297 

Name of Principal, Professional, Employee, or 
Support Classification

Hourly Rate Benefit Rate

Michael Berry $58.27 30%

Kirsten Matteson $48.81 30%

Jerry Stephens $58.27 30%

Graduate Student $17.34 10%

Undergraduate Student $11.00 10%

Business Mgr. $41.77 33%

Admin Staff $26.00 33%
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Table 4: Project Budget by Task 

 
 

 

 
Table 5: Breakdown of Expendable Supplies and Materials 

 
  

Task Budget

0 - Project Management $11,727

1 - Literature Review $20,571

2 - Experimental Design $55,022

3 - Testing $77,331

4 - Analysis of Results $27,978

5 - Reporting $24,776

Total $217,405

Item Budget

Load Frame Components $15,000

Concrete $1,000

Pipe Piles $2,000

Rebar $500

Anchor Rods and Hardware $500

Concrete Specimen Molds $100

Formwork $1,000

Displacement Transducers $1,000

Straing Gages $500

Hydraulic System/supplies $400

Model Handling Fixture $500

Misc Supplies $2,500

Total $25,000
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11 Staffing 
Dr. Michael Berry will be the Principal Investigator (PI) and will be the primary manager and sole point of 
contact with the MDT project manager.  The Principal Investigator will be responsible for ensuring that the 
objectives of the study are accomplished, executing the project tasks, and preparing the written reports.  Dr. 
Kirsten Matteson will be the Co-PI on the proposed project.  Dr. Jerry Stephens will also be involved in the 
project as a senior advisor.  Two graduate students will be employed to assist with all aspects of the 
proposed project and one undergraduate student will be employed for assistance in the laboratory. 

The research team is well qualified, experienced and available to conduct this research, and, to the best of 
its ability, will deliver a quality finished-product in a timely and efficient manner.  The level of effort 
proposed for principal and professional members of the research team will not be changed without prior 
consent of MDT.  The following subsections describe some of the qualifications and experience of project 
personnel in addition to each person’s role in this study. 

11.1 Dr. Michael Berry – Principal Investigator 
Dr. Berry is an Associate Professor in the Civil Engineering Department at MSU and has a research 
background in reinforced concrete structures and the behavior of these structures subjected to earthquake 
excitations.  More recently his work has focused on concrete materials and their use in transportation 
applications and structural elements.  He currently serves on several ACI committees including: Committee 
341A - Earthquake-Resistant Bridge Columns, Committee 555 - Recycled Materials in Concrete, and 
Committee 306 - Cold Weather Concrete. 

11.2 Dr. Kirsten Matteson – Co-Principal Investigator 
Dr. Matteson is an Assistant Professor in the Civil Engineering Department at MSU, joining the Department 
in August of 2018.  Her research experience includes investigating composite materials for structural 
elements and numerical modeling.  Her modeling background is with both the finite element method and 
the discrete element method.  She has performed extensive FEA simulations on composite materials, 
including plastic-aluminum composite I-beams and multi-layered ceramic capacitors.  She is currently the 
faculty advisor for the American Society of Civil Engineers student section at MSU. 

11.3 Dr. Jerry Stephens, PE – Senior Advisor  
Dr. Jerry Stephens is an emeritus Professor in the Civil Engineering Department at MSU.  Dr. Stephens has 
extensive research experience related to concrete materials and concrete structures subjected to seismic and 
other damaging loads.  In addition to teaching and doing research at MSU, he served for several years as 
Research Director of the Western Transportation Institute and Civil Engineering Department Head. 

11.4 Graduate and Undergraduate Students 
This research effort will be supported by two graduate research assistants, who will work part-time on this 
project throughout its duration.  The students will assist with collecting and reviewing existing 
design/analysis methodologies, testing, organizing and analyzing data, running analytical models, and 
assembling the final report.  The undergraduate student will provide assistance with specimen preparation 
and testing.   
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11.5 Research Team Hours and Availability 
The work associated with this research project is expected to take 4546 person hours to complete.  The 
number of hours committed to the project by each member of the research team is shown by task in Table 
6.  Key personnel assigned to accomplish the work are available throughout the duration of this project. 

Table 6: Summary of Person Hours by Task 

 
 

12 Facilities 
The required equipment for this project is already available in the Civil Engineering Department at MSU 
and at WTI, excluding a hydraulic actuator with enough capacity to test the 2/3rd-size specimens. This 
actuator is estimated to cost $25,000 and the Civil Engineering Department has allocated $15,000 towards 
this purchase.  An additional $10,000 is requested from MDT, as indicated in Table 2.  MDT will retain 
partial ownership of the actuator, which will be housed in the MSU Civil Engineering Structures Lab. 
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0 1 2 3 4 5 Total

Michael Berry 80 20 80 120 60 60 420

Kirsten Matteson 40 10 40 60 30 30 210

Jerry Stephens 0 10 40 50 25 25 150

Graduate Student 0 500 900 800 400 400 3000

Undergraduate Student 0 125 225 200 100 100 750

Business Mgr. 8 0 0 0 0 0 8

Admin Staff 4 0 0 0 0 4 8

Total 132 665 1285 1230 615 619 4546

Name of Principal, Professional, 
Employee, or Support Classification

Task


