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Research Needs: 
Tie bars provide load transfer along longitudinal joints and prevent lane separation in jointed concrete 
pavements. Tie bars are normally located within the middle third of the pavement thickness and span the 
longitudinal joint of two slabs. Tie bars are placed by staking or by using tie bar baskets prior to the 
placement of the concrete or during paving via automatic inserters. Inspection of South Dakota pavements 
after construction using ground penetrating radar (GPR) has revealed that many bars were misaligned or 
missing. More bars were reported missing or misaligned when automatic inserters were used. Many 
states, including South Dakota, have banned the use of automatic inserters based on a lack of confidence 
regarding the placement of tie bars. The long-term effect on the pavement from misaligned or missing 
bars is unknown, but it can be assumed that additional maintenance costs and reduced pavement life are 
both possible. 
 
A NCHRP study concluded recently (Khazanovich et al. 2009) developed guidelines for dowel alignment 
in concrete pavements. The report provided a quite comprehensive summary on state-of-the-art practice 
and research related to dowel misalignment in concrete pavements. Regardless of the dowel placement 
method, it is concluded that there will be misalignment issues related to tolerance, material, and 
placement procedures. The study adopted four major categories for misalignments proposed by Tayabji 
(1986) including 1) longitudinal translation, 2) vertical translation, 3) horizontal skew, and 4) vertical tilt. 
Through review of the field data for more than 35,000 dowels in more than 2,300 joints of 60 projects in 
17 states, the study developed realistic ranges for dowel misalignments in the majority of joints. These 
measured ranges (about 3%) slightly exceeded the recommended limits for horizontal skew and vertical 
tilt by FHWA (2007) 
 
While tie bars are considered necessary for long-lasting pavements, only a few states have set tolerances 
for placement. Specifications that have been established may lack engineering or economic basis, making 
it is impossible to know whether they are too lax or too stringent. Specifications may be unrealistically 
difficult to construct or verify. In the absence of an engineering or economic basis for the specifications, it 
is difficult to judge what corrective actions are warranted when they are not met. 
 



Developing an understanding of misplaced tie bars and placement tolerances is important to the South 
Dakota Department of Transportation (SDDOT). The financial impacts of misplaced tie bars are 
unknown. Misplaced tie bars could be costing the department substantial amounts of money in the long-
run if undetected or uncorrected during construction. 
 
Research Objectives: 
1) Characterize specifications currently used regarding tie bar placement tolerances in jointed plain 

concrete pavement (JPCP). 
2) Determine the effects of missing tie bars and different placement tolerances on the performance of 

longitudinal joints in JPCP. 
3) Develop recommendations for tie bar placement tolerances based on current specifications. 
 
Research Methods: 
The research will include literature review, experimental testing of lab specimens, analysis of 
experimental results, and finite element modeling of the test specimens. 
 
The literature review will cover extensive examination of relevant previous research studies, 
current design methods, and accepted placement tolerances. 
 
The experimental work will include testing of laboratory specimens to evaluate the influence of 
longitudinal and vertical (concrete cover) bar translation, vertical tilt, and horizontal skew.  The 
specimens will be full-scale representation of the actual concrete pavement thickness and tie bar 
size.  Since the set up for testing the bars under direct tension is not feasible, the specimens will 
be designed so that direct tension in the tie bars can be accomplished by a two-point load flexural 
test.  The tension force carried by the tie bar can be determined from the bending moment 
resulting from the measured applied load.  Other data that will be collected include strain in the 
tie bar, strain in the concrete, and the joint separation gap under the applied loads.  The test 
matrix will include control specimens for reference.  Parametric analysis of the experimental 
results will be performed to assess the influence of the different placement tolerances on the 
performance of the longitudinal joint.   
 
Finite element modeling of the test specimens will be conducted to simulate the behavior of the 
tie bars.  Calibrated models will be developed based on comparisons between the analytical and 
experimental results. 
 
Expected Outcomes: 
It is expected that the study will generate the following outcomes: 

1. An understanding of the behavior of tie bars for longitudinal joints under pull out forces. 
2. Development of mathematical expressions for determining the effect of placement 

tolerances on the performance of tie bars. 
3. Recommendations for acceptable tolerances. 

 
Relevance to Strategic Goals: 
The expected outcomes are directly related to following goals: State of Good Repair, Safety, 
Economic Competiveness, and Environmental Sustainability 
 



Educational Benefits: 
This project will provide a valuable learning experience to both graduate and undergraduate 
students.  A master’s level graduate student will be hired to work on this project which will 
provide the material for a master’s thesis.  Undergraduate students will also be hired to work on 
this project.  Results from the study can be incorporated into courses in reinforced concrete and 
concrete pavement design. 
 
Work Plan: 
1) Review literature regarding tie bar placement specifications. 
2) Develop a load testing test matrix and procedure for individual or group tie bar configurations. 
3) Construct test specimens. 
4) Perform structural load testing. 
5) Analyze experimental results. 
6) Perform analytical study. 
7) Write final report. 
 
Project Cost: 
Total Project Costs:   $150,000 
MPC Funds Requested:  $67,500 
Matching Funds:  $82,500             Source of Matching Funds:  SDDOT 
 
Project Duration: 24 months 
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