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EXECUTIVE SUMMARY  

Falling weight deflectometer (FWD) testing has been commonly used on various pavement surfaces to 

better understand the response of pavement to different dynamic loads. Routine FWD testing has been 

performed on cells 52, 53, and 54 of Minnesota’s Road Research Facility since their construction in 2000, 

2008, and 2004, respectively. Cell 52 is a Portland cement concrete, which consists of fiber-reinforced 

plastic (FRP) dowel bars and epoxy-coated steel dowels, Cell 53 is a 60-year design of high-performance 

concrete with stainless-steel dowel bars, and Cell 54 is a Mesabi-select aggregate in Portland cement 

concrete with epoxy-coated steel bars. FWD testing can help analyze the effectiveness of the dowel bars 

in each of these cells. Although the ability of non-steel dowels in comparison to steel dowels has been 

questioned, the cross-sections of all the dowels are the same. Thus, this research helps to better 

understand the actual load transfer efficiencies (LTEs) of the dowels.  

 To understand the load transfer efficiencies of the dowels, falling weight deflectometer tests were 

performed before the joint and after the joint. These tests provided information on the deflection at 

each point, while taking a ratio of the deflections resulted in load transfer efficiency. The data collected 

on cells 52, 53, and 54 were clustered by the stresses used in the loading and by joint within each cell. 

Then, curve fitting via interpolation was used to ensure that spring and fall of each year had data. Time-

series analysis was used to understand the overall trends of the LTE for each cell and make a prediction 

15-years and 30-years post-construction.  

Time series analysis involved using Autoregressive Moving Average Integrated models and Excel’s Solver 

function. Using Akaike information criterion, Bayesian information criterion, and the smallest sum of 

squared error terms in Excel helped to determine the best model, where the model coefficients allowed 

the data to converge and provided an accurate prediction of future load transfer efficiencies.   

The International Roughness Index (IRI) was also used to measure the ride quality of the pavement and 

the performance of the concrete. Measurements for IRI occurred approximately three times a year at 

MnROAD to observe ride performance trends. The IRI values for cells 52, 53, and 54 helped to better 

understand pavement performance as a whole.  

The Cell 52 FRP dowel bars performed relatively similarly to the other dowel bars, yet it seems that the 

overall data indicated that the epoxy-coated dowel bars had a higher LTE than the FRP dowel bars in Cell 

52. All the LTEs of these FRP dowel bars were near 0.8. The stainless-steel dowel bars found in the high-

performance concrete of Cell 53 performed similarly to the FRP dowels in Cell 52. The 30-year prediction 

seemed to indicate that Cell 53 had a slightly higher LTE prediction for 30 years (0.89 for the lane loaded 

consistently and 0.86 for the control lane, which is never subjected to loading) as compared to the 

prediction for Cell 52 of the FRP dowel bars (0.84 for the loaded lane and 0.87 for the unloaded lane). 

The traditional epoxy-coated dowel bars in Cell 54 had the highest predictions for 15- and 30-year 

performance trends in LTE. Both the 15- and 30-year predictions indicated an LTE of 0.94 and 0.97 for 

the loaded lane and unloaded lane, respectively. It was difficult to make overarching conclusions about 

the effectiveness of the dowels due to challenges in time-series modeling, differences in timing and 



 

construction of the concretes, as well as contrasts between the concrete used to construct the cells 

themselves.  

The IRI data revealed that Cell 53, the 60-year design of high-performance concrete, had the highest IRI 

and therefore the smoothest ride. All the cells had similar IRI values, which levels the advantages of 

certain dowel bars. Other various tests to analyze ease of construction, length of effective performance, 

and availability and sustainability of materials should be performed to gain more understanding about 

fiber-reinforced plastic dowels.  

According to the models developed in this paper, the FRP dowels do provide an effective response to 

different dynamic loads for PCC concrete pavements throughout a 30-year lifetime. The FRP dowels 

indicate they will continue to sustain an LTE of 80% into 30 years of performance. Future use of these 

dowel bars should be dependent on the time and intensity of construction, available materials, and 

other external factors.  
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CHAPTER 1:  INTRODUCTION 

1.1 BACKGROUND  

 The Minnesota Road Research Facility, commonly known as MnROAD, is a full-scale outdoor pavement 

testing facility located in Monticello (about 40 miles northwest of downtown St. Paul, Minnesota), 

owned and operated by the Minnesota Department of Transportation (MnDOT). The test track was 

constructed in 1993 to validate prevailing pavement designs and improve new and efficient designs and 

materials. The original test sections were created between 1991 and 1994, and the tracks were open to 

traffic loading on July 15, 1994. MnROAD consists of three test tracks: the Mainline, a 3.5-mile 2-lane 

westbound section that receives live traffic diverted off the adjacent Interstate 94, the original 

westbound (OWB) lanes, which carry traffic a few days each month when traffic is diverted from the 

Mainline, and the Low Volume Road (LVR), a 2.5-mile loop loaded with a 5-axle, 80-kilo-pound semi-

trailer that makes 80 laps per day 5 days a week on the inside lane. The outside lane of the LVR is 

subject to environmental loading only, which acts as a control in comparison to the inside lane. The 

second phase of MnROAD, from 2008-2016, focused on building new test cells and performing research 

in materials, design, and pavement surface characteristics studies. The facility is currently beginning its 

fourth phase of construction and research, which will focus on sustainability and resiliency. MnROAD 

continues to provide data and research findings to the public at no charge. Currently, MnROAD consists 

of more than 80 test sections. The LVR consists of around 40 test sections, and the OWB consists of 

more than 40 test sections. Full details on the history and current test sections of MnROAD can be found 

on the MnROAD website (1).   

This research will focus on cells 52, 53, and 54 located in the LVR of MnROAD. These are part of 

MnROAD’s phase one and two construction events, built in 2000, 2008, and 2004, respectively.  

Cell 52, constructed in June and July of 2000, consists of a 7.5-in, top layer of Portland cement concrete. 

Joints are spaced 15-ft. apart in the cell, and 1-in. diameter and 18-in. long fiber-reinforced plastic (FRP) 

dowel bars are used in the 13-ft to 14-ft wide section with an Astro-turf finish. Of the 18 panels in the 

test section, panels 4 to 9 had the FRP dowel bars, and the rest of the panels had conventional epoxy-

coated steel dowel bars (2). Below the concrete is a 5-in layer of Class 4 aggregate base and then a deep 

layer of clay. This can be seen in Figure 1 (3). 

Cell 53, also in Figure 1, is composed of the 60-year design of high-performance concrete. It was 

constructed in October 2008 and contains 1.5-in. diameter and 15-in. long stainless-steel dowel bars. 

The PCC is 12-ft. deep and 12-ft. wide, and it has a transverse bottom finish. A 5-in. Class 5 aggregate 

base is placed below the PCC, followed by a 36-in. select granular base (4). 

Cell 54, constructed in October 2004, is composed of the Mesabi-select aggregate in PCC. Mesabi-select 

is a material formed from deposits of iron ore and has been shown to be a useful aggregate in concrete. 

It is 7.5-in. deep, 15-ft. long, and 12-ft. wide, and it has an astro-turf finish. This cell consists of epoxy-
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coated 1-in. diameter and 15-in. long dowel bars, which are standard in concrete pavement use. Below 

the PCC is a 12-in Class 6 aggregate base (5).  

 

 

Portland Cement Concrete- Year 

2000 Specs (7.50”) 

Class 4 Special gradation for 

MnROAD-Base (5.00”) 

Clay Subgrade R=12 (0.00”) 

 

 

Figure 1.1: Layer Structure Design and Dowel Layout for Cell 52 at MnROAD from Construction Plans (2). 
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Figure 1.2: Layer Structure Design for Cell 53 at MnROAD. 

 

 

 

  

  



 

 

Figure 1.3: Layer Structure Design for Cell 54 at MnROAD. 
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1.2 OBJECTIVE 

This research recognizes the potentially sustainable advantages of using FRP in lieu of steel dowels. 

Generally, practitioners question the ability for innovative non-steel dowels to withstand the bearing 

forces of dynamic loads. However, the polar moment of inertia is similar when the cross sections are 

similar. The differences in responses are thus examined by the actual load transfer efficiencies of these 

dowels in their test sections. This paper examines the response of the fiber reinforced plastic dowels in 

cell 52 to dynamic loads. It further compares the implied performance to those of the stainless-steel 

dowels of cell 53 and the conventional epoxy-coated dowels of cell 52 and cell 54 (6).  
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CHAPTER 2:  METHODS 

2.1 FALLING WEIGHT DEFLECTOMETER 

Since 1994, MnROAD has been using the Dynatest Model 8000 Falling Weight Deflectometer (FWD) to 

measure the response of pavement layers to different dynamic loads. The FWD, seen in Figure 2.1, is 

composed of a loading plate, a weight package, geophone sensors, and data acquisition equipment. The 

weight package is lifted hydraulically and dropped, providing a dynamic load to the pavement. 

Geophone sensors capture the resulting deflection basin, which can be used to evaluate the modulus of 

underlying layers and the structural capacity of the system.  

 

Figure 2.1: Dynatest Model 8000 Falling Weight Deflectometer (FWD) 

Routine testing has been performed on cell 52, cell 53, and cell 54 since their constructions in 2000, 

2008, and 2004, respectively. Prior to 2008, deflections were collected for 3 drops at each load level of 

6000, 9000, and 12000 lbs; post-2008, deflections were collected for 1 drop at each load level of 6000, 

9000, and 12000 lbs. On cells 52, 53, and 54, tests were performed in late spring and fall. FWD is 

performed at various locations in each test slab at the center, edge, corner, before the joint and after 

the joint. This analysis focuses on the deflections before and after the joint, which help to evaluate the 

load transfer efficiency of the dowels in the joints.  

To test for load transfer efficiency, the FWD trailer is placed so that the joint is between sensors 1 and 3 

or 1 and 10 as shown in the FWD trailer setup in Figure 2.2. The load is applied at Sensor 1, and the 

deflection is measured on the leave slab and the approach slab. The load transfer efficiency can then be 

calculated through a ratio of these deflections, as in Figure 2.2 (7). 
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Figure 2.2: FWD Sensor Setup and Equations 

2.2 DATA ORGANIZATION STRATEGY 

To understand the modeling and tests that were done on the data, the Falling-Weight Deflectometer 

data from Cells 52, 53, and 54 from the years 2000-2020 was sorted into categories by load applied. The 

data was clustered into 365 ± 25 kPA, 550 ± 25 kPA, and 730 ± 25 kPA and sorted by Joint After vs. 

Joint Before. The data was grouped by joint within each cell, as described in the construction reports. 

Next, Load Transfer Efficiency (LTE) was calculated for each category and averaged. Then, curve-fitting 

via interpolation was used to ensure that spring and fall of each year had data. Time-series analysis was 

used to understand the overall trends of the LTE for each cell and make a prediction 15 and 30 years 

since construction.  
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2.3 ANALYTICAL PROCESS 

In general, time series data has the form where each data point is indexed in time order, meaning it is a 

discrete sequence that is taken at successive equally spaced points in time. The FWD data fits a time 

series model well because, in theory, tests are done at pre-determined times so the “gap” or “interval” 

between the data points is the same every time. Of the many time series models, the Autoregressive 

models (AR) and Moving Average models (MA) are the two main models which can be combined to 

create integrated models, such as the Autoregressive Moving Average Integrated models (ARIMA), used 

in this analysis (8,9). As in (10), Excel’s Solver function was used to determine the coefficients in, for 

example, Equation 1 which minimized the sum of square error: 

𝒀𝒕 = 𝝓𝒀𝒕−𝟏 + 𝜺𝒕     (1) 

where |ϕ| < 1, εt is a Normal (white noise) error term.  

ARIMA models are dependent on three parameters (p, q, and d) where p is the number of AR terms in 

the model, d is the number of non-seasonal differences used, and q is the number of lagged forecast 

errors in the model equation. Multiple ARIMA(p,d,q) models were predicted to fit the data well, and of 

those tested, the ARIMA(2,1,0) and AR(2) models fit the measured data the best. Understanding which 

model to choose is difficult, though tools like AIC (Akaike Information Criterion) and BIC (Bayesian 

Information Criterion) can help decide between two models. In this analysis, multiple models were 

developed and chosen based on AIC and BIC values, as explained in (11). This time series analysis was 

implemented in Excel using the Levenberg-Marquardt algorithm for nonlinear least squares curve fitting 

problems (12). Also considered was the fact that the model coefficients should allow the data to 

converge instead of having a model which is continuously increasing, as it is not realistic to obtain an LTE 

which is increasing or predicted to be above 1. That is, Equation 1 becomes 

𝒀𝒕̂ = 𝒄 + 𝜽 ∗ 𝜺𝒕 + 𝝓𝟏𝒀𝒕−𝟏 + 𝝓𝟐𝒀𝒕−𝟐    (2) 

or  

𝒀𝒕̂ = 𝝓𝟏𝒀𝒕−𝟏 + 𝝓𝟐𝒀𝒕−𝟐 + 𝒄     (3) 

Where,  

𝑌𝑡̂ = 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐿𝑇𝐸 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑡 

𝑌𝑡 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝐿𝑇𝐸 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑡 

ε𝑡 =  𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝐿𝑇𝐸 

c =  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 

θ = 𝑚𝑜𝑣𝑖𝑛𝑔 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 (𝑀𝐴) 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 

ϕ𝑗 = 𝑗 − 𝑡ℎ 𝑎𝑢𝑡𝑜𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑣𝑒 (𝐴𝑅) 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 
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The derived equations are used to make short-term predictions about LTE in the following way: 

Table 2.1: Excel implementation of time series model development 

 

2.4 INTERNATIONAL ROUGHNESS INDEX 

While evaluating LTE is intended for efficacy of dowel types, the overall ride quality of the pavement is 

an indispensable performance indicator. International roughness index (IRI) is the average rectified 

value (ARV) of the slope of the power spectrum density. It is a measure of roughness of the pavement 

and is measured with a wide range of equipment including a high-speed van and a lightweight profiler as 

used at MnROAD (13). Measurements are typically conducted on all MnROAD cells approximately three 

times a year to observe ride performance trends. The ride performance of Cells 52, 53, and 54 were 

compared in this research.  
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CHAPTER 3:  RESULTS 

First, the LTE data was organized by stress level of FWD drop, lane, and test position (before versus after 

joint) and plotted over time to obtain a general understanding of the trends (see Figure 3.1-3.4).
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Figure 3.1: Cell 52 FRP dowel bars LTE by stress level (365, 550, and 730 kPa) 
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Cell 52: Epoxy-Coated dowel bars                                

 

 

 

Figure 3.2: Cell 52 epoxy-coated dowel bars LTE by stress level (365, 550, and 730 kPa) 
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Cell 53, stainless-steel dowel bars                                                    

 

 

 

Figure 3.3: Cell 53 LTE by stress level (365, 550, and 730 kPa) 
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Cell 54, epoxy-coated steel dowel bars                                                 

 

 

 

Figure 3.4: Cell 54 LTE by stress level (365, 550, and 730 KPa) 
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Then, the LTE data was organized by joint, lane, and test position (before versus after joint) and plotted 

over time to obtain a general understanding of the trends.  
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(b) 

Figure 3.5 a + b: Cell 52 (FRP dowels) loaded lane LTE by joint 
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(b) 

Figure 3.6 a + b: Cell 52 (epoxy-coated dowels) unloaded lane LTE by joint 
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(b) 

Figure 3.7 a + b: Cell 53 loaded lane LTE by joint 
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(b) 

Figure 3.8 a + b: Cell 54 unloaded lane LTE by joint 
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The LTE data follows the time series format because each data point is indexed in time order, by Spring 

versus Fall of each year, meaning the data can be fit to a time-series model. The joint data shows much 

of the variability that would be expected from time series data, which indicates that an ARIMA model 

should be used. Using the theory developed in Equations 2 and 3, the best model was fitted to the data 

and plotted to obtain an equation for predicting LTE for each cell.  
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(b) 

Figure 3.9 a + b: Time series predictions of Cell 52 loaded lane (FRP dowel bars) 
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(b) 

Figure 3.10 a + b: Time series predictions of Cell 52 loaded lane (epoxy-coated dowel bars) 
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(b) 

Figure 3.11 a + b: Time series predictions of Cell 53 (epoxy-coated dowel bars) loaded lane 
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(b) 

Figure 3.12 a + b: Time series predictions of Cell 54 (steel dowel bars) loaded lane 
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Table 3.1: 15 and 30-year predictions for the LTE of FRP, epoxy-coated dowel, and stainless-steel dowel bars. 

Cell 15-year 

Prediction/Data 

15-year 

Average 

by Lane 

30-year 

Prediction 

30-year 

Average 

by Lane 

52 

(FRP dowel 

bars) 

 

Joint After, Loaded 

Lane 

0.77 

 

0.81 0.83 

 

0.84 

Joint Before, Loaded 

Lane 

0.87 

 

0.85 

 Joint After, 

Unloaded Lane 

0.83 

 

0.87 0.84 

 

0.87 

Joint Before, 

Unloaded Lane 

0.91 

 

0.90 

 52 (EPOXY-

coated dowel 

bars) 

Joint After, Loaded 

Lane 

0.95 

 

0.94 0.89 

 

0.90 

Joint Before, Loaded 

Lane 

0.93 0.91 

 Joint After, 

Unloaded Lane 

0.87 0.88 0.87 

 

0.88 

Joint Before, 

Unloaded Lane 

0.88 0.88 

 53 

(stainless-steel 

dowel bars) 

Joint After, Loaded 

Lane 

0.91 

 

0.89 0.91 

 

0.89 

Joint Before, Loaded 

Lane 

0.88 

 

0.88 

 Joint After, 

Unloaded Lane 

0.87 

 

0.86 0.87 

 

0.86 

Joint Before, 

Unloaded Lane 

0.86 

 

0.85 

 54 

(epoxy-coated 

dowel bars) 

Joint After, Loaded 

Lane 

0.94 

 

0.94 0.94 

 

0.94 

Joint Before, Loaded 

Lane 

0.94 

 

0.94 

 Joint After, 

Unloaded Lane 

0.95 

 

0.97 0.95 

 

0.97 

Joint Before, 

Unloaded Lane 

0.98 

 

0.99 
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CHAPTER 4:  DISCUSSION 

4.1 ANALYSIS BY STRESS AND LOAD LEVEL 

4.1.1 Cell 52 FRP Dowel Bars 

Beginning with the joints of cell 52 which correspond to the FRP dowel bars, Figure 3.1 shows a 

significant amount of data for drawing conclusions for stresses of 365 kPa and 550 kPa, but less for 730 

kPa. All LTEs are near 0.8. Figure 3.3, showing Cell 52 organized by joint, indicates much more data 

variability between the different joints in the measurements after the joint. The measurements before 

the joint seem to be tightly clustered together by joint, and there is an initial decrease in LTE before it 

levels out approximately at 0.8. The measurements after the joint are not clustered tightly, making it 

difficult to determine an average LTE.  

4.1.2 Cell 52 Epoxy-Coated Dowel Bars 

Beginning with the joints of cell 52 which correspond to the FRP dowel bars, Figure 3.4, showing Cell 52 

organized by joint, indicates much more data variability between the different joints in the 

measurements after the joint. The measurements before the joint seem to be tightly clustered together 

by joint, and there is an initial decrease in LTE before it levels out approximately at 0.9. The 

measurements after the joint are not clustered tightly, making it difficult to determine an average LTE. 

The overall data seems to show that the data from the joints corresponding to the epoxy-coated dowel 

bars have a higher LTE compared to those corresponding to the FRP dowel bars.  

4.1.3 Cell 53 

Cell 53 shows similar trends to Cell 52. Figure 3.2 also has more data points for the lower stresses (365 

kPa and 550 kPa) and the LTEs are approximately 0.85. Figure 3.5 shows more data variability in 

measurements after the joint, and more tightly clustered data in the measurements before the joint. 

The LTEs observed in Cell 53 are slightly higher than the LTEs of the joints with FRP dowels in Cell 52, 

pointing to the efficiency of the fiber reinforced plastic dowels. However, the substantial difference 

between the slab thickness and support layers of Cells 52 and 53 may also contribute to these 

similarities. Table 3.1 confirms this, as the average 15- and 30-year predictions for Cells 52 and 53 are 

very similar. Cell 52 has the higher 15-year prediction, but Cell 53 has the higher 30-year prediction.  

4.1.4 Cell 54 

As seen in Figure 3.2, the inside lanes and outside lanes follow the same trends, regardless of whether 

the LTE measurement was taken before or after the joint. The LTEs measured before the joint are 

slightly lower than the LTEs after the joint. In Figure 3.6, Cell 54 shows greater data variability in the 

measurements before the joint, unlike Cell 52 and 53. However, it does show a similar initial decrease in 

LTE as Cell 52, and a similar flatline of data around an LTE of 0.8. The measurements after the joint all 

show an LTE of around 0.85. As seen in Figure 1.1, Cells 54 and 52 have similar slab thicknesses so the 
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comparison between them should be mostly due to differences in the dowel bars, although the different 

base layers of the two cells are quite different and should be noted.  

All the cells are seen to have high and effective LTEs in the dataset that is plotted. The majority of the 

data points from the past 15 years all point to average LTEs around 0.8 or 0.85. The cells all show 

sufficiently high LTEs, and the trends in the data and statistical predictions seem to show a trend 

towards a constant value of LTE. That being said, it is impossible to predict the future and degradation of 

concrete joints due to loads and environmental effects causing a decrease in LTE is likely.   

4.2 TIME SERIES MODELING 

The time series models were obtained by choosing the load level which gave the largest amount of data, 

clustered in Fall and Spring of every year so the models are accurate and minimize the amount of 

interpolation (linear or polynomial). The models given in Figures 3.7-3.10 for Cells 52-54 fit the data well, 

with small sums of squared errors, as this was minimized by Excel’s solver. The data was tested for 

stationarity, and most of the data was deemed stationary, meaning that the mean is presumed constant 

and there are no moving average (MA) terms in the equations.  

From the data analysis by joint, it was expected that Cell 52 would have the most variability in its time 

series data, which was confirmed by the predicted time series model have the most inconsistency. Cell 

54 had the least amount of variability in the model, as it predicts a near constant line for most of the 

subsets of the data. The model for Cell 53 falls between those of Cells 52 and 54. As seen in Figure 3.7, 

the time series data has a significant amount of fluctuation, although fitting the data to an order 2 

polynomial shows that the overall trend is decreasing and the leading coefficients in the fitted 

polynomials are all negative. It is similar for cells 53 and 54.  

The time series predictions seem to be overestimating the LTE, as the slabs show a plateauing of LTE 

between 80-85% and most of the predictions are above 85%. Table 3.1 indicates that Cells 52 and 53 

have similar LTEs over time, averaging between 81-89% at the 15-year prediction, but Cell 53 has the 

slightly higher estimates. In contrast, Cell 54 has a much higher predicted LTE of greater than 94%, which 

is unlikely because the data had a slightly decreasing trend in previous years, and it is unusual that the 

LTE would increase over time. This error could possibly be due to the interpolation of data in the model 

development, as well as the way the model data was chosen from the overall dataset. For a more 

accurate model, choosing different stress levels may give a larger dataset, and doing the model 

development process by joint in each cell would give a model which reflects the behavior of the 

individual joints would be useful in seeing if there are trends based on the dowel bar type in each joint.  

The conclusion that can be drawn is that Cells 52-54 all seem to maintain a high LTE over time which 

seems to be nearly constant. Similarly, for the 30-year predictions, Cells 52 and 53 have averages of 

0.84, 0.87 and 0.89, 0.86 respectively, whereas Cell 54 has predictions of 0.94 and 0.97, remaining 

constant from the 15-year predictions. 
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Therefore, it seems that there are only small differences between the performances of the cells 

themselves, indicating highly effective designs for all dowel types compared. The designs of the cells 

have significant differences beyond the dowel bar types, so other factors may contribute to the 

performance of the sections. Based on the models developed in this research, the fiber reinforced 

plastic (FRP) dowels seem to be a respectable alternative to the stainless steel and conventional epoxy-

coated dowels with respect to the load transfer efficiency.  

4.3 RIDE QUALITY (IRI) DATA 

The International Roughness Index (IRI) provides a quantification of the ride quality of a surface. It is 

based on the quarter car dynamics, which captures the effect of vertical acceleration of the quarter car 

over a stretch of road and provides a summation of vertical displacements per unit horizontal 

displacement. In this research, IRI helps to better understand the pavement wholistically and to 

corroborate the previously discussed conclusions.  

The inside (loaded) lane IRI data can be seen in Figure 4.1, showing relatively similar IRI over time for 

Cells 52 and 54 of around 2 m/km. Cell 53 has a higher IRI, centering around 2.25 m/km, all of which are 

very high IRI values. Major anomalous spikes are explained by construction events and possible 

construction debris and not by performance. Minor fluctuations are attributed to seasonality. 

 

Figure 4.1: Cells 52, 53, and 54 inside lane IRI over time 

The outside (unloaded) lane IRI data is represented in Figure 4.2, with Cell 52 having the highest IRI near 

2.5 m/km, Cell 53 and 54 near 2 m/km. Since the outside lane has no traffic, it acts as an environmental 

control. The IRI of Cell 52 is similar to the other cells in both the inside and outside lanes, and there is no 

significant decrease in IRI for any of the cells over time. As in Figure 4.1, anomalous spikes in IRI are 

explained by construction events and possible construction debris and not by performance. Minor 

fluctuations are attributed to seasonality. 
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Figure 4.2: Cells 52, 53, and 54 outside lane IRI over time 
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CHAPTER 5:  CONCLUSIONS 

Cells 52, 53, and 54 show highly effective LTEs that are consistent with their 15- and 30-year predictions. 

Based on trends, it can be inferred that the LTEs would continue to be at or above 80% and the 

pavement would continue to show a sufficient response to dynamic loads for a long time. Averages for 

the inside lane (where load is applied at MnROAD) for the 15-year predictions for the FRP dowels are 

higher than those for the stainless-steel dowels, and similar to those for the epoxy-coated dowels. The 

30-year predictions stay the same for the stainless-steel dowels and the epoxy-coated dowels but 

decrease slightly for the FRP dowels. Even with this slight decrease in LTE over the latter half of 30 years 

post-construction, the FRP dowels still show good performance quality compared to the stainless steel 

and epoxy-coated dowels. The IRI data further validates the conclusions drawn from the LTE analysis, 

with no unexpected differences in ride quality between the cells over time. Future use of the fiber 

reinforced plastic dowels should be dependent on time and intensity of construction, available 

materials, and other external factors. FRP dowels are lighter and easier to install than traditional epoxy-

coated dowels and stainless-steel dowels. Based on their performance observed through FWD testing, 

fiber reinforced plastic dowels have a comparable response to different dynamic loads as other 

previously used dowels at the current time. According to the models developed in this paper, the fiber 

reinforced plastic dowel bars should provide an effective response to different dynamic loads for PCC 

concrete pavements throughout a 30-year lifetime.  

Whereas pavement structures were not normalized, LTE is a function of the mechanical load transfer 

aggregate interlock and the base. Cell 52 was a thinner concrete design than cells 53 and 54, so this 

corroborates the comparable performance of the FRP dowel bars.  
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