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DISCLAIMER 
 
 
The contents of this report reflect the views of the author(s) and not necessarily the views 

of the University.  The author(s) are responsible for the facts and the accuracy of the data 

presented herein.  The contents do not necessarily reflect the official views or policies of 

either the North Carolina Department of Transportation or the Federal Highway 

Administration at the time of publication.  This report does not constitute a standard, 

specification, or regulation. 
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1. Background 
 
The Fleet and Material Management Unit (FMMU) manages the Retread Program for the North 
Carolina Department of Transportation (NCDOT, referred to occasional hereafter as the 
Department).  Over the past several years, questions have been raised as to the performance of 
the various types of retreads, and how their respective performance stacks up against each other, 
as well as against new tires.  In order to determine the cost effectiveness of the current program, 
the FMMU has performed experiments for comparative evaluation of performance of major 
brands of recaps and new tires in “real world duty cycle” environments. 
 
No experiments have been identified where all the major types of recaps available to NCDOT 
were evaluated against each other in a “real world duty cycle” environment.  Each tire type has 
by itself been tested, but has been tested using dynamometers. 
 
2. Objectives and Methodology 
 
The overall objective of this study was to generate data on the cost effectiveness of using 
retreads (1100R 22.5) versus new tires and compare the cost effectiveness of different types of 
retreads (i.e., (i) Top Cap - Pre-cure, (ii) Top Cap - Mold-cure, (iii) Wing Tread, and (iv) Bead to 
Bead) using the following methodology: 
 

• A comprehensive experimental design and an effective RP 230A-complaint test protocol to 
be used by NCDOT employees was provided to the Department by researchers at the 
National Center for Asphalt Technology’s (NCAT) Pavement Test Track to facilitate the 
experiment; 

• Test sites and test trucks were selected by the Department to include the major geographical 
regions of North Carolina; 

• NCDOT employees collected test data per experimental design and test protocol, which was 
transmitted electronically to the NCAT Pavement Test Track in a blind manner on a schedule 
using the provided test protocol; 

• Mr. Mark Walker, the NCDOT Fleet Support Manager, submitted updated test data to NCAT 
researchers on a continuous basis; and 

• NCAT personnel visited the North Carolina test sites, as well as the Raleigh Headquarters 
office, during the course of the experiment, to ensure that proper procedures were established 
and followed. 

 
3. Project Deliverables 
 
This effort was intended to produce the following deliverables over the course of the multiyear 
experiment: 
 
• Quarterly progress reports; 
• A draft final report at the completion of the study; and 
• A final report, based on review of the draft final report by a Project Steering & 

Implementation Committee.   
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4. Product Utilization 
 
• Research product(s) of this study are expected to help the FMMU determine the effectiveness 

of its current retread program; 

• NCDOT is expected to utilize the product(s) of this study to review its current program and 
implement changes that may be necessary to reflect the experimental outcome; and 

• The information gathered is expected to equip the Department to increase operational 
efficiency, provide a safe product to field forces, continue to recycle usable casings, and save 
money. 

 
5. Benefit to Research Sponsor 
 
Other than the financial benefits, the Department will be able to answer concerns that all types of 
available retreads have been tested and verified to perform as advertised in a safe and effective 
manner. 
 
6. Implementation 
 
Fully implementable findings from this work will enable Department management to continue to 
support the field forces with products that are safe, that perform well, and that can be serviced by 
the vendor community involved. 
 
7. Experimental Plan 
 
All the physical work in this study was conducted in the State of North Carolina by DOT forces, 
while data management and analysis of results occurred at the NCAT Pavement Test Track.  The 
research can be described in terms of the following five tasks: 
 
Task 1: Development of a RP 203A Compliant Test Protocol that Satisfies Objectives 
 
The primary goal of Task 1 was to develop a formal plan of study that would yield significant 
results.  The final plan of study was developed to be in compliance with Recommended Practice 
(RP) 203A entitled Test Tire Procedures for Tread Wear, Serviceability and Fuel Economy.  
This document, with the tread wear section included as Appendix A, is published by the 
American Trucking Association’s (ATA’s) Technology and Maintenance Council (TMC) to 
define the industry standard recommended practice for tire wear experiments in heavy duty 
applications. 
 
A draft procedure was independently developed by personnel at the NCAT Pavement Test Track 
to ensure compliance with RP 203A.  Subsequent meetings with NCDOT personnel served to 
fine tune the process so that it was properly aligned with the Department’s standard practices 
(e.g., measuring tread depth when trucks were in for standard service intervals every 5,000 miles, 
rather than waiting for the specified 30,000 miles).  The final procedure is included as Appendix 
B.  Data collection forms are included as Appendix C. 
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In order to achieve a statistically significant outcome, RP 203A recommends a test population 
per study tire consisting of at least 30 tires that have survived until the end of the experiment.  
Fifty tires were selected for this study based on the assumption that some unknown number of 
tires would not survive.  The Department identified 22 trucks spread across 5 different Divisions 
to serve as test vehicles.  Five test trucks were based in Division 2, three were based in Division 
5, five were based in Division 8, five were based in Division 10, and four were based in Division 
11. 
 
Trucks were randomized in order to avoid bias in tire assignments.  Tires were branded with 
unique tracking numbers in numerical order between 1 and 200.  Referring to the tire number 
diagram on the bottom of Appendix B, test tires were then randomly assigned to locations 3 
through 10 on the randomized trucks, taking care to only install matched pairs in each dual tire 
assembly in order to avoid confounding wear rates with potentially mismatched circumferences.  
Stratified randomization was used to ensure that pairs of tires were randomly distributed 
throughout the test truck population to avoid the potentially confounding effects of position and 
truck assignment on measured performance. 
 
Multiple levels of randomization served several purposes.  Most importantly, it ensured that the 
outcome of the experiment would not be unintentionally biased.  It also made it possible to 
potentially report statistically significant differences related to tire location, truck number, etc. 
 
Task 2: Document Test Tire Installation and Train Service Technicians  
 
The primary goal of Task 2 was to ensure all test tires were mounted in a similar manner and that 
anyone who would be collecting and recording tread depth data was well trained.  Branded tires 
were inspected by personnel from the NCAT Pavement Test Track prior to randomization and 
installation.  All tires were balanced and subjected to standard NCDOT maintenance practices 
regarding deployment.  Service personnel were trained to measure tread depths for the four study 
tires using the methodology shown in Figure 1 that was established by personnel from the NCAT 
Pavement Test Track.  This was important because the tread patterns in the four study tires were 
very dissimilar and different technicians may have otherwise measured tread depths in 
confounding locations.  Five Tread depth measurements were taken at the location of the valve 
stem and 5 were taken at a 180 degree offset (i.e., halfway around the circumference on the 
opposite side of the tire).  As seen in Appendix C, all 10 measurements were reported to 
personnel at the NCAT Pavement Test Track. 
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Wingfoot x 5 (10 measurements per tire): 

 
 
Maness x 5 (10 measurements per tire): 

 
 
Snider x 5 (10 measurements per tire): 

 
 
White x 5 (10 measurements per tire): 

 
Figure 1 – Tread Depth Measurement Plan Used to Train Onsite Technicians 
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Task 3: Process Periodic Tire Wear Data Supplied by NCDOT 
 
The primary goal of Task 3 was to manage tire wear performance data in a completely objective 
and blind manner in an offsite location.  As seen in Appendix B, measurements were made by 
Department technicians and transmitted electronically to the NCAT Pavement Test Track for 
processing.  Tread wear data plots, shown in Figure 2, were used as a data validation tool and 
were provided to the Department on a quarterly basis for review.  Each data point represents the 
average of 10 tread depth measurements made on every test tire when trucks came in for routine 
maintenance. 
 

 
Figure 2 – General Wear Rate Plot Developed for Quarterly Progress Reports 

 
Task 4: Periodically Inspect Test Tires to Ensure Data Quality 
 
The primary goal of Task 4 was to provide an assurance of quality and objectivity for the overall 
testing program.  Every tire was visually inspected by NCAT researchers to ensure that branded 
tires were in the proper position on the assigned test truck in the correct Division (all randomly 
assigned).  Aside from a few pairs of tires needing to be swapped because they were installed 
inside out (verified corrected at a later time), all 200 tires were found to be in the proper position.  
During testing, pictures were provided of failed tires in order to support the documentation 
process in a cost effective manner.  An example picture of a tire removed as a result of failure is 
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shown in Figure 3, and an example picture of a tire removed as a result of damage is shown in 
Figure 4. 
 
 

 
Figure 3 – Picture of Failed Tire Number 107 Removed from Service 9/10/2012 
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Figure 4 –Picture of Damaged Tire Number 56 Removed from Service 12/5/2012 

 
Task 5: Prepare Final Report 
 
This final report has been prepared to describe all planned tasks and results of the overall 
research effort at the conclusion of this project.  Details on the testing, analyses, and findings are 
included.  The study is expected to provide the NCDOT with an objective assessment of the 
performance of select tires within real world duty cycles. 
 
The database used to create Figure 2 was mined to generate the data tables that served as the 
basis of the balance of this report.  Table 1 is provided to illustrate how many tires were taken 
out of service for all reasons.  Tire removals were coded in one of four ways.  Tires could be 
removed due to excessive wear.  They could be removed because of damage (e.g., tire number 56 
shown in Figure 4).  They could be removed because of a non-damage related failure (e.g., tire 
number 107 shown in Figure 3).  Or, they could be removed because the other tire in the dual tire 
pair was removed for one of the first four reasons.  Replacing a tire when the other tire in the 
dual tire pair was replaced was necessary to avoid the confounding effect of mismatched 
circumferences on wear rates. 
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Table 1 – Study Tire Removal for All Reasons by Manufacturer and Division 
 

Only 3 tires were coded as being removed for non-damage related failures.  They were all 
Sniders, with one reported in Division 2, one in Division 8, and one in Division 11.  All other 
removed tires were treated as if they were either at or near the 4/32nd inch safety threshold, they 
were damaged (e.g., nail puncture), or they were removed because the paired tire needed to be 
removed for one of the aforementioned reasons. 
 
Tread wear data for each of the 200 test tires was individually scrutinized to use the trend in the 
measurements to correct mileage to precisely 4/32 inch.  This was necessary because many of the 
test tires had not yet been removed as a result of excessive tread wear.  Further, tires taken out of 
service were not necessarily removed at exactly 4/32 inch.  The process of identifying a best fit 
equation to serve as the basis of this correction to precisely 4/32 inch for tire number 6 is shown 
in Figure 5.  The consistency in the measurements apparent in Figure 5 for tire number 6, which 
resulted in a very high coefficient of determination in the fitted equation, is representative of the 
level of consistency seen for the entire population of test tires.  Coefficients of determination 
averaged 0.94 for Maness, 0.97 for Snider, 0.98 for Whites, and 0.96 for Wingfoot tires using 
only those curve fits where 3 or more data points were utilized (resulting in 38, 36, 40, and 39 
coefficients of determination to average for each of the four study manufacturers, respectively).  
The overall high quality of the curve fit process is evidence of uniform adherence to the study 
methodology by Department personnel. 
 

 

Maness Snider Whites Wingfoot

2 8 6 6 1
5 2 0 0 0
8 10 8 8 8
10 4 2 4 0
11 2 3 4 2

Totals 26 19 22 11
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Figure 5 – Tire #6 Plot Showing Data Fit Used to Correct Mileage to Precisely 4/32 inch 

 
Twenty-five tires were excluded from the data analysis as a result of either irreconcilable 
measurements or mileage that was too low to provide at least two data points through which an 
equation could be fitted.  This exclusion resulted in a slightly unbalanced experiment design.  
Fortunately, and presumably the result of the multilevel randomization process, excluded tires 
were very evenly distributed amongst the four manufacturers (6 for Maness, 7 for Snider, 6 for 
Whites, and 6 for Wingfoot).  As a result, they were not viewed to significantly impact the 
outcome of the study. 
 
It should be noted that RP 230A stresses tires should be run completely out to 4/32 inches of 
tread depth before final conclusions are drawn.  It also states that projections of tire life should 
be made when at least 50 percent of tread wear life has occurred.  At the time when data 
inclusion ended to facilitate the writing of this report, the average percent tread wear in reported 
data was 67 percent for Maness, 50 percent for Snider, 55 percent for Whites, and 44 percent for 
Wingfoot. 
 
The high coefficients of determination reported in the previous paragraph gave researchers 
confidence to make reliable tire life comparisons using mileage projections based on the dataset 
available at the time of writing.  The low number of excluded tires produced a final dataset that 
easily exceeded the surviving tire minimum requirement of 30 specified in RP 230A (44 for 
Maness, 43 for Snider, 44 for Whites, and 44 for Wingfoot).  Because the fitted equations 
described in the previous paragraphs were based on measured change in tread depth from the 
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time the study began, it was necessary to use the actual beginning (zero mile) tread depth 
measurement for each tire as the basis of the correction for mileage to precisely 4/32 inch in 
tread depth.  With this final step completed, Table 2 was developed to compare the average miles 
to 4/32 inch for each tire manufacturer. 
 

 
 

Table 2 – Average and Total Miles to Precisely 4/32 inch for Each Tire Manufacturer 
 
The last column in Table 2 was computed by multiplying the average miles for each 
manufacturer by 50, which was the original total number of tires, discounted by the reduced 
mileages for failed tires.  This calculation corrects the population for tires that were removed as a 
result of damage and can be divided into the total cost to purchase the fifty tires from each 
manufacturer to produce an average cost per mile of use for all tires.  Results from Table 2 
appear to be substantially different; however, it is important to investigate further to verify 
statistical significance in the observed outcomes. 
 
A general factorial regression and analysis of variance (ANOVA) were run using Minitab 17 in 
order to relate manufacturer and truck number (factors) to projected miles run to reach 4/32 
inches of tread depth (response).  As seen in Table 3, this effort produced a model with a very 
good coefficient of determination (R2 > 0.93) and a pooled standard deviation (S) of 7,739.9. 
 

Manufacturer Avg Tread Avg Miles Failed Tot Miles

Maness 22.0 24,924 0 1,246,219
Snider 22.3 34,970 3 1,683,737
Whites 22.7 38,673 0 1,933,669

Wingfoot 28.1 51,572 0 2,578,592
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Table 3 - General Factorial Regression and ANOVA Run Using Minitab 17 

 
Results from this process were used to compute 95 percent confidence intervals (α = 0.05) for 
projected miles to 4/32 inches of tread depth grouped by both manufacturers (Figure 6) and truck 
numbers (Figure 7).  In Figure 6, it is seen that the apparent difference between tires supplied by 
Whites and Snider are not statistically significant (because the ranges of the 95 percent 
confidence intervals overlap); however, Maness tires were projected to run significantly fewer 
miles to reach 4/32 inches of tread depth and Wingfoot tires were projected to run significantly 
more miles to reach 4/32 inches of tread depth (because their confidence intervals do not overlap 
with either those for Whites or Snider). 
 
Similar observations can be made about Figure 7, where statistical significance is apparent in all 
cases where the 95 percent confidence intervals do not overlay.  Tires from all manufacturers on 
most trucks projected to average running between 20,000 and 45,000 miles before reaching 4/32 
inches of tread depth.  Tires from all manufacturers on trucks numbered 1475-0110 (in Division 
2), 1475-0256 (in Division 5), 475-0200 (in Division 8), and 475-0201 (in Division 8) were all 
projected to run average miles that were statistically greater than the average for most of the 
other trucks (α = 0.05), presumably the result of differences in duty cycles (e.g., a larger number 
of relatively low scrub highway miles). 
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Figure 6 – Interval Plot of Miles to 4/32 inch Tread Depth by Manufacturer (α=0.05) 

 
Figure 7 – Interval Plot of Miles to 4/32 inch Tread Depth by Truck (α=0.05) 
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Task 6: Communicate Findings to Management 
 
Personnel from the NCAT Pavement Test Track will be available to travel to NCDOT and 
present the findings described above to management on an as-needed basis.  Three trips were 
assumed for budgeting purposes. 
 
8. Conclusions and Recommendations 
 
At the 5 percent level of significance (α = 0.05), there is no statistical difference in projected 
miles run to reach a tread depth of 4/32 inches between tires supplied by Whites and Snider.  
Wingfoot tires were projected to run significantly more miles, and Maness tires were projected to 
run significantly fewer miles.  The observed difference between tires supplied by Whites and 
Snider are not statistically significant because the ranges of the 95 percent confidence intervals 
overlap; however, the lower mileage projection to reach 4/32 inches of tread depth for Maness is 
statistically significant because the ranges of the 95 percent confidence intervals do not overlap.  
Likewise, the higher mileage projection to reach 4/32 inches of tread depth for Wingfoot is 
statistically significant for the same reason.  
 
Total projected miles run to reach precisely 4/32 inches in tread depth (shown in Table 2) can be 
divided into the total cost to purchase the fifty tire populations from each statistically different 
manufacturer to produce an average cost per mile of use.  Alternatively, projected miles on the 
extreme points in the respective 95 percent confidence intervals (shown in Figure 6) for each 
manufacturer can be used for more conservative direct comparisons.  Comparing the economy of 
2,428,900 (48,578 x 50) projected miles for Wingfoot (the lowest value in the 95 percent 
confidence interval) to 1,395,900 (27,918 x 50) projected miles for Maness (the highest value in 
the 95 percent confidence interval) is an example of this more statistically conservative 
approach. 
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9. Appendices 
 

Appendix A – RP 203A Test Procedure 
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Appendix B – Specific Test Procedure for North Carolina Tires 
 

03/19/2012 

Tire Test Procedures  

1-Install test tires in assigned positions on test vehicles; 

2-Mount tires using new valve stems with metal valve caps; 

3-Measure tread depths at valve stem & 180 degree offset as specified; 

4-Install test tires decals on vehicle above pairs; 

5-All measurements will be taken every 5000 miles at scheduled service intervals; 

6-Pre-correction cold air pressures will be noted for all study tires; 

7-Air pressures will thereafter be corrected to 100 psi throughout the length of test; 

8-Note wear uniformity, sidewall appearance, and repairs (where applicable); 

9-Take pictures with date stamp of all tires removed because of non-wear reasons; 

10-Submit all pictures and data sheets (via email or Fax 252-830-3149) to Buddy Dixon as they 
are taken/prepared; and 

11-Buddy Dixon will compile all information and send to the NCAT Pavement Test Track. 

Tire Positions 
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Appendix C – North Carolina Tire Study Data Collection Forms 
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