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DISCLAIMER STATEMENT

This document is disseminated in the interest of information exchange. The contents of this report reflect
the views of the authors who are responsible for the facts and accuracy of the data presented herein. The
contents do not necessarily reflect the official views or policies of the State of California or the Federal
Highway Administration. This publication does not constitute a standard, specification or regulation. This
report does not constitute an endorsement by the California Department of Transportation of any product

described herein.
For individuals with sensory disabilities, this document is available in alternate formats. For information,

call (916) 654-8899, TTY 711, or write to California Department of Transportation, Division of Research,
Innovation and System Information, MS-83, P.O. Box 942873, Sacramento, CA 94273-0001.

PROJECT OBJECTIVES

This project is a continuation of PPRC Project 3.18.3 (Superpave Implementation). The objective of this
project is to support the implementation of the Superpave hot mix asphalt (HMA) mix design process in
California. This will be achieved through the following tasks:

1. Establishment of an annual statewide round robin study for the Hamburg Wheel-Track Test to
determine precision and bias statements, and to make recommendations for incorporation of these
in revised specifications. If adopted, arrangements for periodic round robin studies will be taken
over by the California Department of Transportation’s Materials Evaluation and Testing Services
Independent Assurance Program.

2. Assess differences between laboratory and plant-produced mixes for performance related tests.

3. Review appropriateness and applicability of quality control/quality assurance (QC/QA) testing on
Superpave projects and provide recommendations for revised specifications, if justified.

4. Monitor performance of Superpave projects constructed to date.

This report covers the first task in the study.
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EXECUTIVE SUMMARY

A round robin study in which 20 laboratories participated has been completed. Each laboratory conducted

four Hamburg Wheel-Track (HWT) tests. Two of the tests were conducted on specimens compacted by

the University of California Pavement Research Center (UCPRC), and the other two on specimens

compacted by each of the participating laboratories using loose mix provided by the UCPRC. A single

plant-produced 3/4 in. mix with 5.0 percent PG 64-16 binder was evaluated. The laboratories reported test

results in terms of rut depth after 5,000, 10,000, 15,000, and 20,000 wheel passes, number of passes to

12.5mm (0.51in.) rut depth, creep slope, stripping slope, and stripping inflection point. Fourteen

laboratories submitted the raw test data (all laboratories were requested to submit this information). The

main conclusions drawn from this experiment include the following:

The rutting and moisture resistance of the mix were relatively good. However, a clear stripping
phase was reached in approximately 25 percent of the tests conducted on the specimens compacted
at the UCPRC.

Specimens compacted at the participating laboratories had better performance than the specimens
compacted at the UCPRC. It is not clear why this occurred, but analysis of the results indicate that
specimen air-void content did not contribute to the difference in results.

Between-laboratory variability related to specimen fabrication was much smaller than the
variability introduced by testing and data analysis.

The type of HWT test device used for testing was shown to be significant only for the rut depth
after 5,000 and 10,000 passes (i.e., for results obtained in the early part of the tests).

Test results from left and right wheels were independent of each other for the two HWT test results
specified in Section 39 of the 2015 Caltrans Standard Specifications, namely the number of passes
to the stripping inflection point and number of passes to 12.5 mm (0.5 in.).

Single-operator variability was relatively high (low repeatability) for all variables. This result is
believed to be related, at least in part, to the good performance of the mix used for the experiment.
Between-laboratory variability was relatively high for all variables except for the rut depth after a
predetermined number of wheel passes. This high variability was shown to be related to different
interpretations of how the rut depth is measured and analyzed. Between-laboratory variability
clearly improved when the same criteria were used to analyze the raw data provided by the
participating laboratories.

Comparison of results submitted by the different laboratories to results determined by the UCPRC
using the same raw data shows that a high degree of subjectivity was present in the HWT test data
analysis conducted by the participating laboratories.

Precision indices could only be determined for one of the HWT test results specified in Section 39
of the 2015 Caltrans Standard Specifications, namely the number of passes to the stripping
inflection point. For this variable, single-operator and multilaboratory coefficients of variation
were, respectively, 22 percent and 33 percent. Multilaboratory coefficient of variation would
improve to 22 percent if fixed criteria had been used by all laboratories in the analysis. Precision
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estimates of the number of passes to 12.5 mm could not be determined due to the very limited
number of tests where this threshold value was reached.

Additional precision statements were formulated for other HWT test results, including creep and
strip slopes and rut depth after a predetermined number of wheel passes. These statements may be
applicable if Caltrans specifications are revised based on one or more of these variables.

The following recommendations are expected to contribute to improving HWT test single-operator and

multilaboratory variability:

Vi

e Laboratories conducting HWT testing should receive additional instructions that supplement or

clarify aspects of the AASHTO T 324 test method that can be interpreted in different ways. Items

that need to be clarified, specified, defined, or expanded include the following:

+ The length of the wheelpath.

+ The locations along the wheelpath that should be used to compute rut depth. The capabilities of
the different types of HWT test devices should be considered in this definition, since most of
them can only record rutting at predefined locations.

+ The specific procedure that should be used to compute the rut depth from the different
measuring locations (i.e., whether the maximum, the average, or any other representative value
should be used).

Detailed guidelines, with examples, should be written for defining the creep and stripping
stationary phases and for determining the stripping inflection point since these definitions are
currently very subjective. These guidelines should use a general purpose spreadsheet or similar
analysis tool since they might not be compatible with the software installed in the different testing
machines. These guidelines, along with training, and practice, may lead to more uniform results
from different laboratories, thereby reducing between-laboratory variability in data analysis.

Future round robin study exercises should include both good- and marginal-performing mixes, and

should also include a practical exercise in which an additional three sets of raw data are sent to all

the participating laboratories for analysis. The results reported by the laboratories could be used to
better determine the between-laboratory variability related to data analysis and to prepare more
realistic precision statements.
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1. INTRODUCTION

1.1 Background to the Project

The California Department of Transportation’s Hveem hot mix asphalt mix design process was officially
phased out in July 2015 and replaced with a customized Superpave mix design process that introduced a
number of new test procedures. After implementation, a range of issues that required evaluation were
identified for further evaluation, the findings from which would be used to optimize and/or refine the
process and relevant specification language. These issues included testing standards, laboratory and plant

mix comparisons, and quality control/quality assurance (QC/QA) procedures (7).

The Hamburg Wheel-Track (HWT) test (AASHTO T 324) was adopted as a rutting performance and
moisture sensitivity test (supplementing the tensile strength retained [TSR] test) as part of the new mix
design and QC/QA procedures. However, at the time of initiating this study, no published precision and
bias statements had been developed nationally or in California for the AASHTO T 324 test method,
although a limited study by AASHTO (37 laboratories, one HWT device type) to develop precision
statements was nearing completion (2). Further, prior to the current California Department of
Transportation (Caltrans) and University of California Pavement Research Center (UCPRC) study detailed
in this report, no statewide interlaboratory reproducibility studies had been undertaken to compare testing
equipment or how laboratories interpreted the HWT test method, prepared specimens, and interpreted and

reported test results.

This report summarizes the development of and results from the first interlaboratory HWT round robin
test program in California. Approximately 40 laboratories in California were operating HWT equipment
at the time the study was undertaken. The study was planned according to ASTM C802-14 (Standard
Practice for Conducting an Interlaboratory Test Program to Determine the Precision of Test Methods for
Construction Materials) and ASTM C670-15 (Standard Practice for Preparing Precision and Bias
Statements for Test Methods for Construction Materials). One plant-produced 3/4 in. mix was sampled
for the study from a northern California asphalt plant. Each participating laboratory tested two sets of
gyratory-compacted specimens; the first set of specimens was compacted by the UCPRC and the second
set was compacted by each laboratory using loose mix provided by the UCPRC. Each laboratory
completed four HWT tests, each of which required four specimens (two wheels, two specimens per
wheel). Testing was undertaken between July and October 2015. Complete sets of results were received

from 20 laboratories, including the UCPRC.
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1.2 Project Objectives

This project is a continuation of Partnered Pavement Research Center Strategic Plan Element
(PPRC SPE) 3.18.3 (Superpave Implementation). The objective of this project is to support the
implementation of the Superpave hot mix asphalt (HMA) mix design process in California and will be
achieved through the following tasks:

1. Establish an annual statewide round robin study for the Hamburg Wheel-Track Test to determine
precision and bias statements, and to make recommendations for incorporation of these in revised
specifications. If these recommendations are adopted, arrangements for periodic round robin
studies will be taken over by the California Department of Transportation’s Materials Evaluation
and Testing Services Independent Assurance Program.

2. Review the appropriateness and applicability of quality control/quality assurance (QC/QA) testing
on Superpave projects and provide recommendations for revised specifications, if justified.

3. Monitor the performance of Superpave projects constructed to date.

This report covers the first task in the study.

1.3 Report Structure

This research report presents an overview of the work carried out in meeting the objectives of the study,
and is organized as follows:

e Chapter 2 details the study approach.
e Chapter 3 summarizes the results submitted by the participating laboratories.
e Chapter 4 discusses the analysis of the data and development of precision statements.

e Chapter 5 provides conclusions and recommendations.

14 Measurement Units

Although Caltrans recently returned to the use of U.S. standard measurement units, metric units have
always been used by the UCPRC in the design and layout of Heavy Vehicle Simulator (HVS) test tracks,
and for laboratory, HVS, and field test measurements and data storage. In this report, both English and
metric units (provided in parentheses after the English units) are provided in general discussion. In
keeping with convention, metric units are used in laboratory data analyses and reporting. A conversion

table is provided on page xi at the beginning of this report.
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2.

STUDY APPROACH

2.1

Introduction

According to ASTM C802, a valid and well-written test method is one of the criteria that needs to be met
before undertaking an interlaboratory study. AASHTO T 324 (Standard Method of Test for Hamburg
Wheel-Track Testing of Compacted Hot Mix Asphalt [HMA]) is generally considered to meet this

requirement; however, a number of limitations in this test were identified in two recent National

Cooperative Highway Research Program (NCHRP) studies that focused on HWT testing (2,3). Caltrans

also identified a number of modifications and refinements to the test method, which are included in

Section 39 of the Caltrans 2015 Standard Specifications. These Caltrans modifications to the test method

include the following:

Target air voids must equal 7.0 £+ 1.0 percent.

Specimens must be compacted in a gyratory compactor and must be 150 mm in diameter and
60 = 1 mm high.

Four test specimens are required to run two tests.

The two test results must not be averaged.

Test temperature must be set as follows:

+ 113 + 2°F (45°C £ 1°C) for PG 58 binder

+ 122 + 2°F (50°C £ 1°C) for PG 64 binder

+ 131+ 2°F (55°C £ 1°C)for PG 70 binder and above

Measurements of the wheel impression must be taken at every 100 passes along the entire length of
the specimen.

The inflection point is defined as the number of wheel passes at the intersection of the creep slope
and the stripping slope at maximum rut depth.

Testing shut off must be set at 25,000 passes.

Submersion time for samples must not exceed four hours.

Other key requirements listed in ASTM C802 that were considered relevant to this Caltrans/UCPRC study

include the following:

The testing apparatus must be well described in the test method.

Tolerances must be defined for the most important variables influencing the test results.
Technicians in participating laboratories must have sufficient experience and competency to run the
test.

The number of laboratories participating in the study must be relatively high.
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2.2 Test Plan Considerations

2.2.1 Mix

Given that a primary reason for undertaking the round robin study was to assess the use of the HWT test
for QC/QA purposes, loose mix sampled from an asphalt plant was considered to be the most appropriate
and economical source of material for preparing specimens since multiple mixes prepared in the
laboratory might not have been sufficiently consistent for the purposes of the test. One mix that met
Caltrans Hveem mix design specifications (3/4 in Type-A) was therefore sampled from a northern
California asphalt plant in April 2015. Aggregates used in the mix were of alluvial origin, the binder
grade was PG 64-16, and the binder content was 5.0 percent by weight of the mix. The mix contained no

reclaimed asphalt pavement (RAP).

Although use of a single mix for the study was considered a limitation—by preventing testing over a range
of potentially moisture sensitive mixes—this approach was adopted due to time and project funding

constraints.

Consideration was given to sourcing a moisture sensitive mix for the study to facilitate the analysis of rut
depth, creep slope, stripping slope, and stripping inflection point results submitted by the participating
laboratories. However, no asphalt plants in northern California produce mixes that would typically fail an
HWT test, for obvious reasons. A special mix would therefore have needed to be prepared, but was not

considered due to time and project funding constraints.

2.2.2 Specimen Fabrication
Two specimen preparation approaches were evaluated in this round robin study (Figure 2.1), namely:

e Gyratory-compacted specimens prepared by the UCPRC
e Gyratory-compacted specimens prepared by each participating laboratory using loose mix supplied
by the UCPRC

By following this approach, any variability resulting from specimen preparation at one of the participating
laboratories would only influence that laboratory’s set of test results, and not the test results for the
UCPRC-compacted specimens. However, single-operator compaction variability would be present in both

sets of prepared specimens.

During May 2015, the UCPRC prepared 360 gyratory-compacted specimens at 7.0 = 1.0 percent air-void
content. No additional aging was applied to the mix since it was sampled from an asphalt plant and

AASHTO T 324 specifies short-term aging according to AASHTO R30 only for laboratory-produced mix.
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Special care was taken when reheating the loose mix before compaction, given that rutting performance of
asphalt mixes is known to improve with increased binder aging. Ovens were preheated to 140°C (284°F)
and checked to ensure that the set temperature was stable. Loose mix was then placed into the oven and
heated for 120 minutes before being removed and compacted in a Superpave gyratory compactor.
Compacted specimens were 150 mm (~ 6 in.) in diameter and 63.5 mm (2.5 in.) in height. The air-void
content of each specimen was determined using the CoreLok automatic vacuum sealing method
(AASHTO T 331). The air-void contents of 40 of the specimens were also determined according to the
AASHTO T 166 (saturated surface-dry) method so that a reliable correlation could be established between

the two air-void content determination methods for this particular mix.

UCPRC-Compacted Lab-Compacted
I I

LW RW LW RW LW RW LW RW LW RW LW RW LW RW LW RW

Figure 2.1: Specimen fabrication plan.

2.2.3 Distribution of Specimens

Forty packages consisting of two five-gallon buckets of loose mix and two plastic canisters each
containing four gyratory-compacted specimens were delivered to Caltrans in June 2015 for distribution.
Compacted specimens were randomly selected before being placed into the canisters. Caltrans then sent
the specimens, an instruction sheet (see Section 2.2.4), and a reporting template (see Section 2.2.6) to each
participating laboratory as part of the Caltrans Reference Sample Program (RSP) during July 2015. All
communication with the participating laboratories was done by Caltrans. The UCPRC did not contact any

of the laboratories directly.
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2.2.4 Round Robin Testing Instructions

An instruction sheet (see copy in Appendix A) was prepared by the UCPRC in consultation with Caltrans.
This sheet covered how to prepare specimens, run the HWT test, and report the results. Each laboratory
was asked to conduct four sets of HWT tests (four specimens per set), with each set including two wheels
(left and right), as reflected in Figure 2.1. A total of 16 specimens were therefore tested, eight of which
were prepared by the UCPRC and eight by the participating laboratory. Specific instructions for testing
included the following requirements:

e Determining the air-void contents of the specimens compacted at the UCPRC in addition to the air-
void contents of the specimens produced by the participating laboratory
e Setting the HWT testing temperature to 122°F (50°C)
e Setting the test load to 158 1b (71.6 kg)
e Setting the testing rate to 52 passes per minute
e Setting the test termination criteria for when deformation reached a maximum of 24.0 mm (0.94 in.)
e Setting the maximum number of passes to 25,000
e Setting the sampling interval as follows:
+ Every 20 passes for the first 1,000 passes
+ Every 50 passes for the second 4,000 passes
+ Every 100 passes for the remaining passes

2.2.5 Round Robin Reporting Instructions
An Excel® template was also prepared for reporting the test results (see copy in Appendix B). Required
results included the following:

e Rut depth at 5,000 passes (in mm)

e Rut depth at 10,000 passes (in mm)

e Rut depth at 15,000 passes (in mm)

e Rut depth at 20,000 passes (in mm)

e Number of passes to reach 12.5 mm (0.5 in.) rut depth
e Creep slope

e Stripping slope

e Stripping inflection point (pass)

e Visual damage (0 to 5 rating where 5 is most damaged)

Laboratories were also asked to send the raw data files containing rut depth at different longitudinal

positions (positions along the wheelpath) versus number of passes.
2.2.6 Result Reporting

Participating laboratories submitted their results to Caltrans as part of the RSP. Results were received

from 20 laboratories (see Appendix C) between July and October 2015. Of these 20 laboratories, 14 sent
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raw data files in addition to the completed Excel® result sheet. All results were forwarded to the UCPRC

by Caltrans.

2.2.7 Data Analysis by the UCPRC
HWT test results were analyzed following the guidelines in ASTM C802-14 and ASTM C670. Several
steps were followed in this analysis, including the following:

1. Analysis of Data Consistency. Data consistency was analyzed following the procedure detailed in
Section 10.4 of ASTM C802. Results from the UCPRC-prepared specimens were analyzed
independently of the results from the specimens prepared by the participating laboratories. Analysis

was conducted independently for each test result variable (i.e., for each one of the reported variables
listed in Section 2.2.5). Outliers were removed from the data for further analysis (criteria for
identifying outliers are provided in Appendix D).

2. Statistical Model Definition. An analysis of variance (ANOVA) was conducted to determine which

factors had the greatest influence on each one of the test result variables. The influence of
laboratory, specimen set, and machine type were analyzed. A statistical model was defined using
the results of this ANOV A analysis.

3. Determination of Variance Components. An ANOVA analysis was conducted using the model

defined in the previous step. Variance components resulting from this analysis were used to
estimate the single-operator standard deviation (the statistic underlying the single-operator indices
of precision) and the between-laboratory component of the variance (this statistic, together with the
single-operator standard deviation, are the statistics underlying the multilaboratory indices of
precision).

4. UCPRC Analysis of Raw Data. Raw data (rut depth versus number of passes) were analyzed by the

UCPRC using two different approaches. A more conservative approach that is currently used by
Caltrans, where the maximum rut depth along the wheelpath was selected as the primary variable,
and a less conservative approach, were deformation values at all measuring locations along the
wheelpath were averaged. Results of both analyses were compared to values reported by the
participating laboratories.

5. Determination of Variance Components for UCPRC Analysis Results. Step 3 was repeated for the
analysis of the raw data by the UCPRC.

6. Formulation of Precision Statements. Single-operator (repeatability) and multilaboratory

(reproducibility) precision statements were formulated for each HWT test result variable.
7. Formulation of Bias Statements. Bias statements could not be determined for the HWT test because

the values determined (result variables) can be defined only in terms of the test method.

2.2.8 Terminology Used in the Analysis

The terminology used in ASTM C802-14 and ASTM C670-15 methods was adopted in this report for the
discussion of the statistical analysis of the laboratory testing results. This terminology is defined as
follows:

e Single-operator standard deviation, o, (or coefficient of variation, CV,) is the standard deviation (or
coefficient of variation) of test determinations obtained on the same material by a single operator
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using the same apparatus in the same laboratory over a relatively short period of time. The term
“repeatability” is used in other publications instead of “single-operator”.

e Multilaboratory standard deviation, oz, (or coefficient of variation, CV%) is the standard deviation
(or coefficient of variation) of test results obtained on the same material in different laboratories
with different operators using different equipment. The term “reproducibility” is used in other
publications instead of “multilaboratory”.

e Between-laboratory variance, g;2, is the component of the multilaboratory variance, oz, related to
interlaboratory variability.

It should be noted that multilaboratory variability originates from two different sources, one related to the
operator (single-operator variability) and the other related to the laboratory (between-laboratory
variability). These three standard deviations are related as shown in Equation 2.1. The goal of the
statistical analysis is to determine the single-operator standard deviation (¢,) and between laboratory
variance (o), the results of which are used in Equation 2.1 to determine the multilaboratory standard
deviation (o), which in turn is used together with the single-operator standard deviation to formulate,

respectively, single-operator (repeatability) and multilaboratory (reproducibility) precision statements.
02
of = of + % @.1)

Where: m = number of test determinations for determining test result (m equals 1 for HWT test
following Caltrans specifications, since results of left and right wheels are not averaged)
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3. DATA SUMMARY

3.1 Introduction

Twenty laboratories participated in this round robin study. All laboratories conducted the required four
HWT tests (two tests on specimens compacted by the UCPRC and the other two on specimens compacted
by each laboratory). All laboratories submitted the four tests results as requested in the instruction sheet,
while 14 of the 20 laboratories also submitted the requested raw data files containing rut depth versus

number of wheel passes. The submitted results are tabulated in Appendix D.

3.2 Specimen Air-Void Contents

Specimen air-void contents are summarized in Figure 3.1 (boxes in the plot reflect first, second, and third
quartiles; the ends of the whiskers represent minimum and maximum values). The average air-void
contents of the specimens compacted by the UCPRC were slightly lower than those compacted by the
participating laboratories. Most specimens tested were within the specified range of 7.0 = 1.0 percent, as
shown in Figure 3.2. However, five of the specimens compacted by the UCPRC had air-void contents
outside this range, all of them on the low side, and six of the specimens compacted by the participating

laboratories were outside this range, with one on the low side and five on the high side.

9.0

8.5

8.0

7.5

7.0

6.5

Air-Void Content (%)

6.0

5.5

5.0

Compacted by UCPRC Compacted by Laboratories

Figure 3.1: Specimen air-void contents.

UCPRC-RR-2016-05 9



30%
Specified Range: 7.0 £ 1%

25%

20%

15%

Probability

10%

5%

Y

—_—
-

|

o\b

777777 NN Il [ N
w"g) o o S;),rvbp‘ o o 9;\ :\'bq:\tx A '\%%‘b 'vw %b o o
O 9T 9 o o © 6 ©° '\ '\ '\ A° ‘b‘ @ @

Air-Void Content (%)

| @ Compacted by UCPRC @ Compacted by Laboratories |

Figure 3.2: Air-void content histograms.

The range in the air-void content of the specimens prepared by the participating laboratories was greater
than those prepared by the UCPRC. This was an expected outcome since the interlaboratory component of
the variance would be evident in the variability of the specimens compacted by the participating
laboratories but was not in the specimens compacted by the UCPRC. In both cases, the range in variation
in air-