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FIELD INVESTIGATION OF BRIDGE DECK REINFORCED WITH GLASS FIBER REINFORCED POLYMER 
REBAR 

BACKGROUND 
MnDOT is in the planning phases for its first glass fiber reinforced polymer (GFRP) reinforced bridge deck. Instead of using 
traditional steel rebar, the deck will be reinforced with GFRP rebar. The bridge is scheduled to be let in February 2016 with 
construction starting later in 2016. Successful implementation ofGFRP reinforced bridge decks would eliminate the steel 
corrosion problems that often shorten the life of the deck. Although there is wide use of GFRP reinforcement in bridge decks in 
some parts of Canada, there have been relatively few GFRP reinforced bridge decks built in the United States. The Canadian 
decks were primarily designed using the empirical design method in the Canadian Highway Bridge Design Code. This method 
differs significantly from the design guidelines produced by the American Association of State and Highway Transportation 
Officials (AASHTO) and American Concrete Institute (ACI) Committee 440 on Fiber Reinforced Plastic (FRP). To maximize 
the knowledge and experience gained in constructing this bridge deck, a research project will be undertaken to investigate the 
perfonnance of this bridge deck. Some of the key issues to be studied include cracking and crack control design provisions, 
deck stiffuess, and FRP bar strains. Design of these decks using the United States guidelines is almost always controlled by the 
crack control provisions, so monitoring cracking and bar stresses may allow less conservative, but more confident designs in 
the future. The modulus of elasticity of GFRP bars is about one quarter that of steel bars, so deck deflection may also be of 
interest. 

OBJECTIVE 
Bridges in Minnesota, like elsewhere, are expected to be designed for a service life of (at least) 75 years. In reality, however, 
although the design loads are specified for a 75-year recurrence interval, the current provisions do not greatly help the designer 
ensure that the bridge will be serviceable for the target 75 years. Therefore, it is not surprising that the existing bridge decks are 
found to be in need of a major repair or complete replacement after only 30 to 40 years. The degradation of bridge decks is 
mainly due to the corrosion of steel reinforcing bars embedded in concrete. Considering the time and labor required to address 
this critical issue, the current research project investigates an alternative solution to use corrosion-resistant GFRP bars. With 
successful implementation, the outcome of this project is expected to significantly reduce the direct costs originated from 
maintenance efforts required for the bridge decks constructed with steel rebars. Furthennore, by increasing the service life of 
bridge decks, the need to replace the bridge deck during the design life of the bridge will be minimized. This will eliminate the 
indirect costs due to bridge closure, disruption in traffic, and impact on surrounding environment. The outcome of this project 
is in direct alignment with the implementation of the Strategic Highway Research program 2 (SHRP2) Project R19A, to design 
the bridges for service life. 

SCOPE 
GFRP rebars have shown a great potential for structural applications, particularly in bridges, due to the fact that they are highly 
resistant to corrosion, have a low weight, and provide a high tensile strength. To properly utilize the capabilities of such rebars, 
a range of laboratory tests have been perfonned and the results are available in the literature. There are, however, veiy few 
field investigations conducted to examine the durability and strength of the bridge decks constructed with GFRP rebars. The 
current project is expected to address this knowledge gap and provide invaluable information that can be used later on to 
improve the current design guidelines. To achieve this goal, the University's team has developed a comprehensive plan to 
investigate both short and long-tenn behavior of the bridge deck lo be constructed in Minnesota with GFRP reinforcement. It 
should be pointed out that the plan proposed herein !s modeled after a similar plan successfully implemented for the State of 
Iowa on an investigation of GFRP bars implemented in a bridge in Bettendorf, IA. The main objectives of this project include: 
firs~ to evaluate the perfonnance of the bridge deck components under controlled traffic loads; second, to identify the load 
distribution characteristics, especially for the bridge girders supporting the deck; and third, lo examine the short and long-tenn 
durability of the bridge deck in tenns of fonnat!on and propagation of cracks. In addition, as an added-value effort, the data 
collected through this project are utilized to conduct a viability study to answer the long-standing question on how the initial 
materials cost can be justified considering the great potential for maintenance cost savings in the future. This is completed 
through a detailed Monte Carlo simulation-based life-cycle cost analysis of the bridge during the expected service life. 
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ASSISTANCE 
To accomplish this research, MnDOT has agreed to the University with the following resources: 

Access to the bridge site , 
Use of special access equipment (if required) (e.g., snooper, bucket truck, etc.) during live load tests 
Tandem axle dump truck for the conduct oflive load tests 
Traffic control for the conduct of live load tests 
60 feet of GFRP rebars 

WORK PLAN 

Task Descrlotions 

Task 1: Bridge Instrumentation during Construction 
The ultimate success of the project will be achieved with the proper instrumentation of the bridge elements, especially the deck 
and girders. Considering the importance of the long-tenn monitoring of the concrete and the GFRP rebars embedded in 
concrete, it is critical to install strain gauges and thennocouples during the construction of the bridge deck. Upon receiving the 
bridge drawings, the research team will first detennine the best distribution of embedded sensors to maximize lhe efficiency of 
data collection efforts. Based on a range of perfonnance and cost factors, an optimal mix of strain gauges will be used. With a 
detailed plan for ins1rumentation, the research team will coordinale with the MnDOT Office of Bridges and Structures lo have 
access to the bridge site and ins1all the sensors after the start of the construction project. 

Task 2: Year 1 Field Investigation 
Three field investigation efforts, including live load field testing, long-tenn monitoring, and inspection of the bridge deck will 
be conducted each year during the duration of this project. A brief descriplion follows of the scope of each set of efforts. The 
corresponding tasks, schedules, and deliverables have been listed for Year I (fask 2), Year 2 (Task 3) and Year 3 (Task 4). 

Live Lood Field Testing 
Live load field tests will be perfonned on the bridge three times throughout the duration of the project. The initial live load lest 
is planned to be conducted immediately after bridge construction is complete. For the purpose of live load field testing, a 
standard dump truck to be provided by MnDOTwill .be used. Immediately after the start of the project, the research team will 
identify the number of load paths and stop stations based on the geometric properties and dimensions of the deck. Live load 
field testing is anticipated to include both static and dynamic tests. For the static tests, the load paths and stations (truck stops) 
are marked along the bridge deck at appropriate distances to produce maximum strains in the instrumented rebars, concrete 
sections, and girders. A mobile data acquisition system will be installed underneath the bridge to record strains and deflections. 
A similar procedure will be used for dynamic tests, for which the truck starts 300 ft. away from the bridge and builds up a 
speed up to the speed limit when it crosses the bridge. After crossing the bridge, the truck turns around and crosses the bridge 
again in the opposite direction. 

For the purpose of live load testing, further to the embedded sensors, a set of strain gauges and deflec1ometers will be attached 
to the bridge girders. While the number and distribution of sensors lo be used for the bridge girders will be decided based on 
the bridge drawings and in coordination with the Technical Advisory Panel (f AP), it is expecled lhat the sensors installed on 
the bridge girders will provide invaluable infonnalion about how lhe load is being transferred from the deck to the girders. One 
of the existing concerns about the performance of the bridge decks reinforced with GFRP rebars is excessive deck defleclion 
under service loads, which can be originated from the lower stiffness of GFRP compared to steel rebars. The peak defleclions 
measured through this task are expected to address such concerns. On the other hand, one of the important subjects not 
extensively explored for the bridge deck systems made with GRFP rebars is live load distribution factors. The measured 
deflections can be properly utilized for this purpose as well. The results obtained through this task will be compared with the 
factors provided in the AASHTO Load and Resislance Factor Design (LRFD) Bridge Design Specifications and appropriate 
modifications (if necessary) will be recommended. 

Upon complelion of the initial live load field lesting, all of the surface.·attached instrumentations will be disconnected from the 
mobile data acquisition system and the wires for the strain gauges embedded in the bridge deck are reconnected to the long
tenn data acquisition system. Follow-up live load tests will be perfonned one and two years after the initial test. Such a test 
sequence ensures that the structural perfonnance of the bridge deck reinforced with GFRP rebars is fully understood under 
service loads and that changes in perfonnance can be tracked with time. 
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Long-Term Monitoring 
During construction, the bridge deck will be instrumented with a set of sensing devices (as explained in Task I) to constantly 
measure the temperature within the deck and the changes in the strain of the concrete and GFRP rebars. The instrumentation in 
the bridge deck will be connected to a long-term data acquisition system. To eliminate the extra cost and potential issues 
associated with data communication, the sensed data will be stored locally and will be downloaded during inspection visits 
scheduled every six months. The University will provide the required data logger at no charge to the project. One of the 
important contributions of this task is to evaluate the effect of temperature on GFRP rebars in concrete. Longitudinally, the 
GFRP should behave better than steel since it has a more similar thermal coefficient to concrete. However, transversely, the 
large difference in thermal coefficients could cause problems. Limited studies available in the literature highlight that 
temperature variations could be the main cause of strain in the reinforcing GRFP re bars in concrete. Using the temperature and 
strain data collected through this task, the changes in stress will be evaluated and compared to the design standards. 
Furthermore, the Jong-term changes in stress will be examined to identify any significant changes in the deck condition or 
rebar properties. Such data will also be utilized to investigate the materials behavior over time and to verify the degradation 
models developed by researchers. 

Inspection of Bridge Deck 
Regular visits to the bridge site will be planned for every six months throughout the entire duration of the project, to inspect the 
condition state of the bridge deck and to also retrieve the recorded long-term monitoring data for off-site processing. One of the 
main objectives of the inspection efforts is to document the number of cracks and measure crack spacing, crack penetration 
depth, and crack width. Further to visual inspection, the research team will be ready to utilize nondestructive evaluation 
techniques if needed. The outcome of this will indicate ifthere have been any serviceability concerns associated with the 
changes in the deck stiffhess. On the other hand, the potential effects of severe environmental stressors, such as deicing salts, 
freeze-thaw cycles, and high temperatures, on the structural integrity of the deck elements will be assessed. Since the crack 
data will be digitized after each visit, the research team will be able to monitor the formation and propagation of cracks over 
time. This is a critical task as it directly contributes to improve the current design guidelines, which are primarily based on the 
crack control provisions. 

Task 3: Year 2 Field Investigation 
Three field investigation efforts, including live load field testing, long-term monitoring, and Inspection of the bridge deck will 
be conducted every year during the entire duration of this project All the three field investigation efforts (as outlined in Task 2) 
will be conducted in the second year of the project 

Tl!Sk 4: year 3 Field Investigation 
Three field investigation efforts, including live load field testing, long-term monitoring, and inspection of the bridge deck will 
be conducted every year during the entire duration of this project AU the three field investigation efforts (as outlined in Task 2) 
will be conducted in the final year of the project. 

Task S: Laboratory Tests on GFRP Rebars 
To better understand the mechanical properties and strength of the GFRP rebars used in the bridge deck, the research team 
plans to conduct a limited set of laboratory material characterization tests. The test results will be used to further support the 
conclusions made in the previous tasks regarding the short and long-term behavior ofGFRP rebars as well as the bonding 
between them and surrounding concrete materials. MnDOT has arranged for the construction contractor to provide 
approximately 60 feet of GFRP rebars for this testing. 

Task 6: Life-Cycle Cost Analysis 
Given the wealth of information collected throughout this project, the research team will have the data necessary to conduct a 
comprehensive life-cycle cost analysis. This analysis aims to evaluate if the use of GFRP reinforced bridge decks is a viable 
economic choice. For this purpose, the costs associated with labor and materials, operation and maintenance, and user delays 
will be estimated based on a set of expected interest rates. It is believed that although GFRP rebars are costly materials, 
elimination of the future direct and indirect costs can justify the use of them considering their strength and durability 
advantages. This analysis will be conducted using Monte Carlo simulations with a minimum of 1,000,000 iterations. 

-6-
(CSS/CM Last Reviewed 06125/20 IS) 



Mn DOT Contract No. 99004 Work Order No. 24 

Task 7: Compile Report. Technical Advisory Panel Review and Revisions 
The University wiH prepare a draft report, following MnDOT's publication guidelines, to document project activities, findings 
and recommendations. This report will need to be reviewed by the TAP, updated by the University's Principal Investigator to 
incorporate technical comments, and then approved by Technical Liaison before this task is considered complete. Holding a 
TAP meeting to discuss the draft report and review comments is strongly encouraged. TAP members may be consulted for 
clarification or discussion of comments. 

Task 8: Editorial Review and Publication of Final Reoort 
During this task, the Approved Report will be processed by MnDOT's Contract Editors. The editors will review the document 
to ensure it meets the publication standard. This task must be completed within the contract time because the editors will 
provide editorial comments and request information from the University's Principal Investigator. 

Task Dellvera hies 

Task: 
1: 
2: 
3: 
4: 
S: 
6: 
7: 
8: 

PROJECT SCHEDULE 

Task Completion Dates 

Task: Draft Deliverable Due Date: Final Task Annroval Date: 
1: Auo:ust 31. 2016 October31. 20i6 
2: June 30, 20 i 7 Aul!.USt31.2017 
3: June 30, 20i 8 Auo:ust 31, 2018 
4: December 3 I. 2018 Februarv 28. 2019 
5: Auon•t 31, 2016 October 31, 2016 
6: December 31. 2018 February 28, 2019 
7: Februarv 28, 2019 Aoril 30. 2019 
8: June 30, 2019 

Task Durations 

2016 2017 
Months: 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Task 1 x x x x x x x 
Task2 x x x x x x x x x x x x 
Task3 x x x x 
Task4 
Tasks x x x x 
Task6 
Task7 
Task8 
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2018 2019 
Months: 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 
Task 1 
Task2 
Task3 x x x x x x x x 
Task4 x x x x x x 
Tasks 
Task6 x x x x x 
Task 7 x x x x 
Task8 x x 
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