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EXECUTIVE SUMMARY

The Wisconsin DOT continues to make thoughtful steps toward the implementation of Balanced
Mix Design (BMD) tests and criteria for asphalt mixture design approval and Quality Assurance.
This research project involved two important steps toward that goal, (1) validation of BMD tests
and criteria, and (2) assessing the overall variability of the BMD test results in a mix production
setting. In the first part of the study, the research team assisted WisDOT in the experimental design
and preliminary testing of six test sections for the BMD validation experiment. A few issues were
encountered during construction of the test sections. Different granular base materials were placed
and compacted in the area where the test sections were constructed. Analysis of Falling Weight
Deflectometer (FWD) data from test sections were inconclusive, leaving uncertainty about the
uniformity of the pavement structures which could impact field performance of the test sections
and confound the desired lab-to-field correlations. Another issue was from the lab-to-lab
comparisons of IDEAL-CT and Hamburg Wheel Tracking Tests (HWTT) for the mixtures
sampled from the test sections. The differences between the results from the contractor, WisDOT
and the research team should be further investigated. The second part of the study involved testing
mixture samples obtained from WisDOT projects across the state. The test results were used to
quantify production variability for the BMD test parameters. All testing was conducted and
analyzed by the research team. Key variability statistics were summarized and used to illustrate
how contractors should target mix production to achieve the desired quality and full pay based on
WisDOT’s preliminary BMD specification criteria and the results from the shadow project testing,
as shown in the table below.

WisDOT Preliminary BMD Criteria and Recommended Production Targets

_ HWTT CRD ok HWTT LCsy IDEAL-CT CThdex
Mix (s=1.6 mm) (s = 1436) (s =10.9)
Type Criteria Target Criteria Target Criteria Target

LT <120mm | <99 mm

MT <75mm | <54 mm

T <5.0mm | <2.9mm > 3,000 > 4,441 >30 > 44
SMA <4.0 mm n.a.

n.a. (not available) SMA mixtures were not included in any of the shadow projects; therefore the
standard deviations for this mix type are unknown.
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1. INTRODUCTION

State highway agencies (SHAs) and the asphalt pavement industry have recognized the limitations
of the Superpave mix design and the need for implementing balanced mix design (BMD) for
improved asphalt mix design approval and quality assurance. Some of the main limitations of the
Superpave mix design approach are the accuracy and variability of aggregate bulk specific
gravity testing, and the inability to assess the quality of asphalt binders, and the effect of polymers,
fibers and variety of other additives, including Warm Mix Asphalt (WMA) additives added to the
mix (Yin & West, 2021). BMD typically includes two or more performance tests, such as a rutting
test and a cracking test, to assess how well the mixture resists common forms of distress in asphalt
pavements. BMD utilizes testing of the composite mixture rather than limiting requirements on
certain components (e.g., recycled binder ratios, binder grades), which will enable mix designers
to be innovative with new technologies to design high-quality asphalt mixtures and provides
agencies with a more reliable way of accepting asphalt paving mixtures.

For example, with BMD, an SHA would require the mix design and/or plant produced
mixture to pass a test criterion for moisture damage resistance rather than requiring all mixtures
contain a specific dosage of an antistripping additive. A similar scenario would apply to ensuring
mixtures have adequate rutting resistance, thermal cracking resistance, reflection cracking
resistance, etc. Rather than requiring aggregate components have a minimum angularity and the
virgin binder have a minimum stiffness at the expected high pavement temperature, a BMD
specification uses tests of the composite mixture to assess its resistance to rutting. In this “system
approach” to mix design approval, the properties of individual mixture components and their
percentages are less important than how the composite mixture is able to resist the distresses that
are prevalent in the agency’s jurisdiction.

A survey conducted by the National Center for Asphalt Technology (NCAT) in 2020
identified eleven SHAs with a standard, provisional, or draft BMD specification. The Wisconsin
Department of Transportation (WisDOT) began its development of BMD in 2014. Previous
WHRP research projects were successful in identifying mix design factors affecting mixture
durability and cracking resistance (Bonaquist, 2016), validating the feasibility of asphalt pavement
performance-based specifications (Bahia et al., 2016), and supporting WisDOT’s decision in
implementing the regressed air voids approach (West et al., 2018). Additionally, WHRP project
0092-20-04 recommended preliminary BMD criteria for the Hamburg Wheel Tracking Test
(HWTT), and Indirect Tensile Asphalt Cracking Test (IDEAL-CT). In 2021 WisDOT developed
a draft special provision, the HMA Pavement Balanced Mix Design, to implement BMD with these
two tests (Wisconsin, 2021).

Implementation of mixture performance testing for BMD is a multi-step process that
requires collaboration among the highway agency, the asphalt pavement construction industry, and
academia. NCAT recently completed a comprehensive guide for full implementation of a BMD
specification for mix design approval and quality assurance (West et al., 2023). The two steps of
the greatest interest to WisDOT in this research project are Conducting Field Validation of Test
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Criteria and Conducting Shadow Projects. The former is to validate the performance test criteria
on actual paving projects to ensure that they can discriminate good- and poor-performing asphalt
mixtures in terms of rutting and cracking resistance. The latter allows agencies to collect data on
the production variability of performance test results and permits asphalt contractors to become
familiar with mixture performance testing during production. These two steps are highly beneficial
toward further advancing the development and implementation of BMD in Wisconsin.

1.1 Project Objectives

The two objectives of this project are to (1) assist WisDOT in the experimental design and
construction of pavement test sections for assessing the long-term field performance of BMD
pavements and to validate WisDOT’s preliminary BMD criteria, and (2) statistically analyze the
variance of BMD test results from shadow projects. To accomplish these two objectives, the
overall research approach included two parts that are presented in Chapters 2 and 3 of this report.

1.2 Report Organization
This report is organized into four chapters summarized as follows:
»  Chapter 1 encompasses an introduction, project objectives and report organization.

* Chapter 2 presents a background, research approach and results related with the design,
construction and monitoring activities of test sections for BMD validation in Wisconsin.

* Chapter 3 presents a background, research approach, and results of the evaluation of shadow
projects in Wisconsin to quantify the overall variability BMD tests being considered for use
by WisDOT.

*  Chapter 4 presents a final summary of findings and recommendations from this research
study.

2. TEST SECTIONS FOR BMD VALIDATION
2.1 Background

2.1.1 Full-Scale Pavement Testing

Over the years, asphalt pavement engineers and researchers have used different methods to evaluate
the performance of pavement materials and designs including open-road test sections and
accelerated pavement testing facilities. Accelerated pavement testing is the application of
controlled moving wheel loads to a pavement or test sections at an accelerated rate compared with
loading from actual traffic to determine its response in a compressed time period.

The evaluation of full-scale pavement test sections began in the United States in Arlington
Virginia in 1919 and was followed by other controlled studies that included the Bates Road Test
in Illinois (1929-1923), and the Western Association of State Highway Officials (WASHO) Road
Test in Idaho (1952-1954). Several other pavement test facilities have been developed and used



worldwide to conduct full scale testing (Metcalf, 1996). The best-known road test study is the
AASHO Road Test conducted by the Association of State Highway Officials (AASHO) in the late
1950s near Ottawa, Illinois which provided the foundation for the empirical AASHTO pavement
design guides that have been used since the 1960’s. Each of these test roads, as well as the
associated lab and field testing, have had a specific research objective and operated for limited
periods of time.

In-service test roads are another approach to full-scale pavement testing to assess pavement
materials, designs and construction practices. Test sections that carry actual traffic and are
subjected to real environmental conditions represent the most realistic approach to field
experiments. Since loading is applied by actual traffic, the only loading costs are related to traffic
monitoring and weigh-in-motion devices (Mitchell, 1996). On the other hand, distresses are
typically slow to develop, requiring long-term evaluations. The Long-Term Pavement
Performance (LTPP) Program represents the most comprehensive pavement research program to
utilize in-service test sections located in the United States and Canada (FHWA, 2015). The LTPP
program monitors the long-term performance of different pavement structures under different
traffic conditions, climatic factors, subgrade soils, and maintenance, and rehabilitation programs
(Elkins and Ostrom, 2021). At its peak, the LTPP program included over 2,500 pavement test
sections across four climatic zones (wet freeze, wet no-freeze, dry freeze, and dry no-freeze) with
many sites collecting environmental data including air temperature, humidity, precipitation, solar
radiation, wind direction, and wind speed to understand the influence of various environmental
conditions on the performance of a specific type of pavement. Other examples of in-service test
roads include the Ohio long-term pavement study also known as the Ohio SHRP Test Pavement,
and the Minnesota Road Research Project (MnROAD).

Closed test tracks, like the NCAT Test Track, enable accelerated testing, allowing for
quicker data collection and evaluation of pavement performance under controlled loading
conditions. The sections can be built with a consistent underlying support, the mixes can be
designed to meet specific criteria, and traffic and performance of the sections is closely monitored.
They also enable a better evaluation of environmental factors, reducing uncontrolled variability.
However, closed test tracks do not replicate the real-world distribution of loads and the rate of
pavement damage may not precisely match those observed on open roads.

In Wisconsin, several full-scale pavement research projects have been built in the last two
decades to achieve different objectives. Perpetual pavement test sections were constructed in 2000
and 2003 on state trunk highway (STH) 50 in Kenosha and Walworth counties, and on the entrance
ramp to [-94 from the Kenosha Safety and Weigh Station Facility in southeastern Wisconsin,
respectively. Outcomes of these projects were used to develop guidelines for the selection and
design of asphalt perpetual pavements (Battaglia et al., 2010). Another project that involved
perpetual pavement design was constructed as part of an urban highway improvement project in
the City of Milwaukee, Wisconsin. The main objective of this project was to instrument the
pavement to acquire the data to provide information necessary for a comprehensive mechanistic-



empirical pavement procedure (Crovetti et al., 2007). Phase 2 of the project focused on activities
required to maintain data recording systems and programs to analyze the generated data. From this
research, the dataset generated included dynamic pavement response due to traffic load, traffic
information (weight and class), and environmental data for the test site. This project recommended
pavement instrumentation, data collection and analysis that could be used for future structural
analysis projects.

A more complete literature review of full-scale pavement test sections and accelerated
pavement testing facilities can be found in the appendix of the recently completed report,
Guidelines and Recommendations for Field Validation of Test Criteria for Balanced Mixture
Design (BMD) Implementation (West et al., 2023).

2.1.2 Test Sections for BMD Validation

BMD tests serve as an indicator of a mixture's performance in the field, particularly its resistance
to different types of distresses. The selection of an appropriate BMD test should rely on
establishing a robust relationship between test results and field performance that allows the
development of appropriate specification criteria for Quality Assurance and mix design approval.
Although multiple field studies have been conducted to evaluate the performance of asphalt
pavements, only a limited number of studies have conducted field experiments to establish such
relationships. Texas (Epps, 2023) and Virginia (Hajj et al., 2021) have ongoing BMD field efforts
but have not published findings from those studies. The Texas DOT is implementing BMD with
criteria for the HWTT and the Overlay Test (OT) and has built field validation projects with
multiple test sections across the state to sample mixtures and collect field performance
information. In 2020, the Virginia DOT completed five pilot projects as part of their BMD
implementation plan. BMD mixtures designed and produced in accordance with VDOT’s special
provision for surface mixtures with high RAP contents are being compared to control sections with
typical dense-graded Superpave surface mixtures controls. VDOT’s selected BMD tests include
the Cantabro mass loss test (Cantabro test), the IDEAL-CT, and the Asphalt Pavement Analyzer
(APA) test.

The national pooled-fund study on low-temperature cracking of asphalt pavements
(Marasteanu et al., 2012) examined several tests for thermal cracking and recommended the disc-
shaped compact tension (DCT) test, standardized as ASTM D7313, and the low-temperature Semi-
Circular Bend Test, standardized as AASHTO TP 105. The study included field test sites in
Ilinois, Minnesota, and Wisconsin and provided preliminary criteria for the two tests based on lab
to field correlations. In 2013, the Minnesota Department of Transportation (MnDOT) began an
implementation plan for the DCT (Johanneck et al., 2015) but has since abandoned the plan.

The NCAT-MnROAD partnership included two complementary experiments to validate
top-down cracking tests and low-temperature cracking tests in warmer and colder climates,
respectively (West et al., 2021, Vrtis et al., 2023). The MnROAD top-down cracking validation
study found that the BMD tests with the strongest correlation between the lab test results and field
performance were the Disc-shaped Compact Tension (DCT) test, the Overlay Test, and the
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IDEAL-CT for mixtures that were lab aged to simulate four to five years of in-service aging of
surface mixtures in northern climates.

Wisconsin DOT developed preliminary BMD criteria for HWTT and IDEAL-CT shown
in Table 1 that need to be validated with field performance. In this table, the HWTT corrected rut
depth at 20,000 passes is used to ensure good rutting resistance, the HWTT number of cycles at
which the stripping number (L Csy) occurs is used to assess moisture susceptibility, and the IDEAL-
CT CTindex 1s proposed to ensure good resistance to load-related cracking of surface layers. A
description of each test is provided below.

Table 1. WisDOT BMD Criteria

HWTT! IDEAL-CT?
Corrected Rut
Mixture Type Depth Stripping Number
CT, Index
(CRD)@20,000 (LCsw)
passes (mm)
LT <12.0 > 3,000 >30
MT <75 > 3,000 >30
HT <5.0 > 3,000 >30
SMA <4.0 > 3,000 >80
" AASHTO T 324 as modified in CMM 836.6.10.1; 2ASTM D8225 as modified in CMM
836.6.10.2

2.1.2.1 Hamburg Wheel Tracking Test (HWTT)

The Hamburg Wheel Tracking Test device shown in Figure 1(a) used to evaluate the rutting
resistance and moisture susceptibility of asphalt mixtures. HWTT testing is performed in
accordance with AASHTO T 324. WisDOT conducts the test at a temperature of 46°C per
recommendations of Bahia et al. (2015) while being consistent with the Superpave PG
specification of asphalt binders. Table 2 summarizes the handling and aging procedures of plant
mixes for HWTT testing of BMD test sections. Two replicates are tested per mix, with each
replicate consisting of two trimmed specimens (four specimens total per mix). The specimens are
originally compacted using a Superpave Gyratory Compactor (SGC) to a diameter of 150 mm and
a height of 62 mm. The specimen ends are then trimmed to fit in the HWTT molds for testing. The
target air voids content of the HWTT specimens was 7.0 + 0.5 percent. The specimens are tested
under a 158 + 1 pound wheel load for 10,000 cycles (20,000 passes) while submerged in a water
bath maintained at 46°C. Rut depths are measured by a linear variable differential transformer
(LVDT) throughout the test. After testing, the rut depth data is used to determine the point at which
stripping occurred in the mixture under loading. Figure 1(b) illustrates a typical data output from
the HWTT device, which shows the progression of rut depth with number of wheel passes. Two
tangents are evident from the curve beyond the post-compaction phase: the steady-state rutting
portion of the curve (i.e., creep phase) and the portion of the curve after stripping (i.e., stripping



phase). The intersection of these two curve tangents defines the stripping inflection point (SIP) of
the mixture.

Table 2. Handling and Aging of Plant Mixes for HWTT and IDEAL-CT Testing of BMD
Test Sections at NCAT

BMD Test Handling and Aging Procedures

1. Reheat the plant loose mix stored in cardboard boxes in an oven at
compaction temperature for approximately 2 hours until the mix becomes
workable to discharge from the cardboard box.

2. Split loose mix into individual specimen sizes and place them in sealed plastic

HWTT bags for storage until compaction (Note: the time between bagging and
compaction was typically 1 to 2 days).

3. On the day of compaction, reheat the loose mix in an oven at compaction
temperature with a calibrated thermometer in the center of the mix.

4. After the mix reaches the compaction temperature, remove it from the oven
and start compaction.

1. Reheat the plant loose mix stored in cardboard boxes in an oven at compaction
temperature for approximately 2 hours until the mix becomes workable to
discharge from the cardboard box.

2. Split the loose mix into individual specimen sizes.

3. Long-term age the loose mix for 6 hours at 135°C at a thickness of % to 1
inch.

IDEAL-CT | 4. Cool the loose mix to room temperature and place them in sealed plastic bags
for storage until compaction (Note: the time between bagging and compaction
was typically 1 to 2 days).

5. On the day of compaction, reheat the loose mix in an oven at compaction
temperature with a calibrated thermometer in the center of the mix.

6. After the mix reaches the compaction temperature, remove it from the oven
and start compaction.
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Figure 1. HWTT (a) Device at the NCAT laboratory, (b) Example rut depth data, (c)
Graphical Illustration of Corrected Rut Depth (CRD20k) (West et al., 2018)

Two other parameters have been suggested for analysis of HWTT results. In place of the
commonly used rutting parameter, passes to 12.5 mm rut depth (N;2.5), the corrected rut depth at
20,000 passes (CRD:2ok) isolates the rut depth due to permanent deformation from that caused by
the stripping of asphalt binder from the aggregate (Yin et al., 2014; Yin et al., 2020). CRD2ox
provides a more accurate indication of rutting resistance than the traditional rutting parameter,
Ni25. The stripping number (SN) parameter in this analysis represents the number of passes at
which stripping occurs in the mixture and is determined as the inflection point of the rut depth
curve. The number of load cycles at which SN occurs (LCsy) is used to quantify moisture
susceptibility. The calculation of CRDzox and LCsy is graphically shown in Figure 1c, and more
details can be found elsewhere (Yin et al., 2014; West et al., 2018; Yin et al., 2020).

2.1.2.2 Indirect Tensile Asphalt Cracking Test (IDEAL-CT)

The IDEAL-CT is conducted to evaluate mixture resistance to load-related, intermediate-
temperature cracking. Testing is performed in accordance with ASTM D8225-19. The test is
relatively simple as it does not require additional sample preparation beyond sample compaction.
For this test, 62 mm tall gyratory specimens are prepared to a target air void content of 7.0 + 0.5%.
During testing, specimens are loaded monotonically in indirect tension [Figure 2(a)] at a rate of 50
mm/min until failure while load line displacement (LLD) was recorded. Testing was performed
using a device capable of sampling load and displacement data at a rapid rate (40 Hz). An example
of the load versus LLD data is shown in Figure 2(b). Table 2. summarizes the handling and aging
procedures of plant mixes for IDEAL-CT testing of BMD test sections.



Load (kN)

Displacement (mm)

(b)

Figure 2. Indirect Tensile Asphalt Cracking Test (a) Specimen Setup, (b) Example Load
versus LLD Data (Zhou, 2019)

The IDEAL-CT test parameter, cracking tolerance index (CT7uqex), is calculated using Equation 1.
There are three major parameters factored into the calculation of CTjuex: fracture energy (Gy)
defined as the area under the load-displacement curve, post-peak slope at 75% of the peak load
after the peak (|m7s|), and displacement of the specimen at 75% of the peak load after the peak (/7).
A higher Grand /75 increase the CTnaex While a higher |m7s| will lower the CTiugex. A higher CTngex
is desired for asphalt mixtures to resist intermediate-temperature cracking.

CTingex = 6% * 1735 * |T::5| * 10° Equation 1

Where:

CTlngex = cracking tolerance index;

Gr = fracture energy (J/m?);

|m7s| = absolute value of the post-peak slope m7s (N/m);

l75 = displacement at 75% of the peak load after the peak (mm);

D = specimen diameter (mm); and

t = specimen thickness (mm).

2.2 Research Approach

2.2.1 Test Sections Location, BMD Experimental Matrix, and Designs

For the validation experiment, a minimum of six test sections were recommended to establish
correlations between BMD test results and field performance with a good balance between cost
and experimental robustness. With six test sections, it is possible to establish lab-to-field
correlations for both rutting and cracking.

The research team recommended building the test sections on a single project to avoid
performance confounding effects of traffic, aging, and climate conditions. Additional
recommendations for siting the project and test sections included:



1. The location of the test sections should be selected so that they will be subject to a
consistent speed, should exclude intersections, have vertical grades below 2%, and should
have a consistent number of lanes.

2. The minimum test section length should be 500 feet. The first and last 25 feet are transition
zones that should be excluded from performance evaluations and may be used for
extraction of core samples as needed. Longer test sections may be desirable from a plant
production operations perspective.

3. A project that involves construction of the entire pavement cross-section should help
provide a consistent pavement structure for the test sections. To verify that the site that has
a consistent subgrade and granular base modulus, it is recommended that Dynamic Cone
Penetration (DCP), Light Weight Deflectometer (LWD), or Falling Weight Deflectometer
(FWD) tests be conducted along the test sections at 50-foot intervals. Ground Penetrating
Radar (GPR) conducted throughout the roadway alinement where the proposed test
sections may located may also provide useful information regarding the uniformity of the
underlying subgrade, base, and existing pavement.

4. The roadway should have a suitable shoulder for roadside instrumentation infrastructure.

Experimentally, it is critical to include test sections that will have a range of expected field
performance and include mixtures that have BMD test results both above and below the proposed
criteria. Although some stakeholders suggest that the experimental mixtures evaluate specific mix
factors (e.g., binder grades, ranges of recycled materials, or certain additives) it is more important
to achieve a range of performance test results than to specify mix compositions. Ultimately, a goal
of BMD is to allow agencies to specify mix criteria that are blind to mix composition.



Table 3 shows the matrix of desired ranges for the IDEAL-CT and HWTT results for the
six test sections. These BMD test criteria were based on POC recommendations. All six mixtures
were 12.5 mm nominal maximum aggregate size mixtures compacted to 75 design gyrations. Table
4 summarizes the contractor mix designs for the BMD validation experiment. The CTjuex values
range from 17 to 99, while the HWT CRD;g; values range from 2.8 to 10.4 mm. These ranges
provide a good spread of cracking and rutting resistance as desired for the validation experiment.
A PG 58-28S binder was used for mixes 1 to 4, and a PG 58-28V binder was used for mixes 5 and
6. The mix design for Section 2 included 0.1% aramid fibers by mass of total mix supplied by
Forta Corp. The mix design for test Section 5 did not meet the desired CTinqex criteria of >65. All
other mixtures satisfied the respective criteria in the experimental matrix. The complete mix
designs are provided in Appendix A.
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Table 3. Experimental Matrix with Six Test Sections
IDEAL CTindex
HWTT Corrected Rut Depth (after 6-hours @ 135°C aging)
> 65 <35

> 7.0 mm @ @
<3.5mm @ @

V-grade binder G (6)2
!'Section identical to mixture design 1 with “V” binder replacing “S” binder
2 Section identical to mixture design 3 with “V” binder replacing “S” binder

Table 4. Summary of Contractor Mix Designs for the Six Test Sections

Reclaimed
Test HWTT Corr. Rut Asphalt Binder Asphalt
Section T ndex Dt @A e (%) Grade Pavement
(mm) (RAP)Content
(%)
1 69 10.4 6.5 58-28 S 8
2 99 3.3 6.3 58-28 S 15
3 29 8.1 6.0 58-28 S 0
4 21 2.8 5.3 58-28 S 27
5 56 3.7 6.5 58-28 V 8
6 17 3.2 6.0 58-28 V 0

WisDOT selected State Project Number 1693-05-72, STH 69, in Dane County, south of Verona as
the site for the BMD validation experiment. Figure 3 shows the northern portion of this project
between Paoli and Verona, WI with the highlighted area selected as the area the location for the
six test sections. This is a rural two-lane road with only a few side streets and a relatively flat and
consistent cross-section. Figure 4 shows a photograph of the roadway taken prior to reconstruction.
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Figure 3. Selected Segment of the Project for the Test Sections

Figure 4. Photograph of STH 69 prior to Reconstruction

The designed cross-section of the reconstructed pavement is shown in Figure 5. It is a 5-
inch asphalt pavement consisting of a 2-inch upper layer and a 3-inch lower layer, a 12-inch
granular base constructed over 12-inches of select crushed material. The six experimental mixes
were surface layers; the same medium-traffic (3 MT) mix containing a PG 58-28 S binder was

used under each of the test sections.
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Figure 5. Cross section of the Selected Location of the Test Sections

Prior to paving, WisDOT personnel noted that different base materials were being used in the area
where the test sections were planned. The 12-inch granular base was constructed in two 6-inch
layers. As shown in Figure 5, in some areas the contractor used virgin crushed stone base material
in both layers. In other areas, the contractor used a reprocessed (crushed concrete) base material
in both layers, and other areas the contractor used virgin crushed stone in the bottom 6-inch layer
and reprocessed base in the upper 6-inch layer. FWD testing was conducted by WisDOT, and the
results were analyzed by the research team to assess the uniformity of the base and subgrade in the
areas where the test sections were planned. Table 5 presents the results of that analysis. The area
corresponding to Section C was eliminated due to the high standard deviation of the base moduli.
Sections D and E were eliminated due to the low average base moduli in these areas. Therefore,
the research team recommended that the test sections for the BMD validation experiment be built
between station (STA) 295+00 and STA 306+00 and between STA 359+00 and STA 385+00.
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Figure 6. Project Plans Showing Areas Where Different Base Materials were Constructed

Table S. Results of the FWD analysis for sections with different base material combinations

Length | Base Base Modulus (kst) Subgrade Mod. (ksi)
Section | Station Beg. -End (ft) | Types! Avg. Std. Dev. Avg. Std. Dev.

A 295+85 to 300+00 415 V/R 454 3.9 13.7 1.2
B 300+00 to 306+50 650 VIV 38.8 4.3 18.9 3.1

C? | 324+94 t0 333+00 806 VIV 42.8 15.7 15.4 2.7
D* | 333400 to 336+69 369 V/R 27.7 4.1 354 12.5
B’ 350+41 to 359+00 859 VIV 233 5.7 39.5 11.5
F 359+00 to 377+00 1800 V/R 342 53 229 5.7
G 377+00 to 385+00 800 R/R 42.5 24 16.9 2.1

'VR= virgin base over reprocessed base; V/V = virgin base over virgin base; R/R = reprocessed base over reprocessed base

2 Section C was excluded due to the high variability of the base modulus, * Sections D & E were excluded due to low base moduli

All mixtures were produced at a plant within a few miles of the project. The lower asphalt
layer was paved in mid-September 2022, and five of the six test sections were paved on October
5, 2022. The last test section (Section 2 containing the aramid fiber) was paved on October 20,
2022. All six test sections were constructed in the northbound lane of STH 69 between GPS
coordinates 42.928800°, -89.530663° and 42.946995°, -89.544267°. Table 6 summarizes the
results of traditional asphalt mixture properties for the six test sections. Overall, these results show
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that the test section mixtures were produced close to the Job Mix Formula (JMF) targets for
gradation and asphalt contents noting that higher % passing on some of the #50 to #200 sieves for
the JMF are reported when comparing to the QC results. In addition, mix in Section 3 was the only
mix that was not close to its target asphalt content which was produced 0.4% above its JMF target.
In-place density results for all of the test sections were satisfactory, with average results above
93.0%, although the in-place densities of test sections 5 and 6 were two to three percent lower than
for the other four test sections.

Mix samples from each test section were obtained and split three ways for BMD testing by
the contractor, WisDOT’s central lab, and NCAT. The results of these tests are reported in Section
2.3.
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Table 6. Mix Design and Quality Control (QC) Results of Traditional Mixture Properties for the Six Test Sections

Test Section No. 1 2 3 4 5 6
Mix Design No. 506822 506922 506722 507022 506822* 506722*
WisDOT ID 0220 0264 0218 0222 0220 0218
Binder Grade 58-28 S 58-28 S 58-28 S 58-28 S 58-28 V 58-28 V
Design | QC | Design| QC | Design| QC |Design| QC |Design| QC | Design| QC
Asphalt Content (%) | 6.5 6.5 6.0 6.0 6.0 6.4 53 5.4 6.5 6.6 6.0 5.9
Gmb 2386 | 2.376 | 2.358 | 2.386 | 2.378 | 2.348 | 2.404 | 2.391 | 2.386 | 2.375 | 2378 | 2.354
Gmm 2442 | 2442 | 2461 | 2467 | 2461 | 2443 | 2484 | 2.489 | 2.442 | 2.466 | 2.461 | 2.459
Air Voids (%) 2.3 2.7 4.2 3.3 3.0 3.9 3.2 3.9 2.3 2.9 3.0 4.3
Voids in the Mineral
Aggregate (VMA) 15.0 15.3 15.4 14.4 15.0 16.4 13.1 13.6 15.0 15.5 15.0 15.7
(%)
Voids Filled with
Asphalt (VFA) (%) 84.7 82.4 72.7 77.1 80.0 76.2 75.6 71.3 84.7 81.3 80.0 72.6
% Passing 19.0 mm 100 100 100 100 100 100 100 100 100 100 100 100
% Passing 12.5 mm | 95.4 92.8 96.3 95.6 95.2 95.2 96.8 96.8 95.4 93.2 95.2 93.6
% passing 9.5 mm 84.9 82.5 87.4 84.6 84.3 84.3 88.6 88.1 84.9 82.9 84.3 85.2
% Passing 4.75 mm | 67.4 66.4 65.1 64.9 66.4 67.3 67.8 65.3 67.4 67.6 66.4 68.8
% Passing 2.36 mm | 51.2 50.6 45.6 46.6 53.4 54.1 48.3 46.2 51.2 50.9 534 55.2
% Passing 1.18 mm | 39.3 39.1 324 34.1 443 45.1 34.7 33.9 39.3 42.7 443 45.6
% Passing 0.60 mm | 29.5 29.9 23.6 26.0 38.6 39.4 25.6 25.9 29.5 29.6 38.6 39.7
% Passing 0.30 mm | 13.1 14.1 13.1 15.2 27.4 29.0 15.1 15.6 13.1 14.0 27.4 29.1
% Passing 0.15 mm 4.9 5.8 6.1 7.4 6.8 8.6 7.9 8.4 4.9 5.9 6.8 8.5
% Passing 0.075 30 | 34 | 41 | 44 | 30 | 38 | 55 | 53 | 31 | 34 | 30 | 38
mm
In-Place Density (%) 96.8 95.4 95.1 96.4 93.9 93.1
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After construction of the test sections was completed, FWD tests were conducted by
WisDOT so that the uniformity of the pavement structures could be evaluated. FWD testing will
also be conducted every six months to help assess pavement damage and structural deterioration.
The recommended FWD testing plan is shown in Figure 7. FWD tests should be conducted in both
wheelpaths at 50-ft. intervals, with the left and right wheelpath locations offset by 25 feet. Twenty-
five-foot transition zones at the beginning and end of each section should be excluded from
structural and condition assessments.
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Figure 7. FWD Testing Plan

Temperature profile probe arrays were installed in each test section by the research team
on May 4, 2023 to allow for accurate temperature corrections of future FWD data. The temperature
probe arrays provide in-situ pavement temperatures at four depths through the structure. Figure 8
shows the four-channel data logger and an example of a temperature probe array that were
installed in each test section. The temperature probe arrays were bundled to provide a thermal
profile with depth including a thermocouple at the pavement surface, mid-depth of the asphalt
pavement, bottom of the asphalt pavement, and at the bottom of the granular base. Data loggers
collect temperature data continuously for about three months. Each test section has a temperature
probe array located near the center of the section on the shoulder of the pavement as shown in
Figure 9. The roadside infrastructure consists of a weather resistant box containing the four-
channel thermocouple logger with high memory capacity and a reading rate of up to 4 Hz.
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Figure 9. Photo of Installed Temperature Probe Array and Box Containing Datalogger

2.2.2 Back-calculated Moduli and Thickness Data

For all test sections except Section 2, WisDOT personnel conducted Ground Penetrating Radar
(GPR) and FWD testing the day after paving. GPR and FWD testing of Section 2 was conducted
on October 26, six days after paving. Evercalc® pavement analysis software version 5.0 (March
2001) developed by the Washington State Department of Transportation was used for the
backcalculation analysis of FWD the data. Since the temperature probes were installed well after
the initial FWD testing, no temperature corrections were applied as part of the backcalculation
analysis described in section 2.3.2.
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2.3 Results and Discussion

2.3.1 Performance Test Results of Mixtures from BMD Test Sections

Test section mixtures sampled during construction were tested using the IDEAL-CT and HWTT.
The IDEAL-CT test was performed in accordance with ASTM D8225 after reheating the buckets
of mixture samples for two hours to enable splitting samples to individual test portions, then aging
the mixture samples at 135°C for six hours at a thickness of % to 1 inch (Bahia et al., 2018),
followed by SGC compaction. Hamburg tests were performed in accordance with AASHTO T 324
on samples that were reheated then compacted to 7+/-0.5% air voids with an SGC.

Results from the three labs are summarized in Table 7. The table also includes the mix
design results for comparison purposes. The results of the three labs differ considerably for both
tests, indicating that better instructions and training are needed to reduce lab to lab differences.
The National Asphalt Pavement Association (NAPA) recently published IS 145 Guide on Asphalt
Mixture Specimen Fabrication for BMD Performance Testing to help address this issue (Moore
and Taylor, 2023). An accompanying video to this guide has also been produced and is available
on NAPA’s online BMD Resource Guide.

Despite the large lab-to-lab differences in CTpaex and HWTT results, the ranking of the
mixtures, shown in parentheses in Table 6, are similar and the range of resistance to rutting and
cracking indicated by these results should provide a suitable lab-to-field correlation. For example,
the mix in Section 1 has a relatively high CTju4ex and a relatively high HWTT CRD:ox, indicating
that it should be more resistant to cracking but more susceptible to rutting compared to the other
sections. In contrast, the mix in Section 4 has the lowest CTjuqex indicating low cracking resistance
but has very good resistance to rutting according the HWTT results.

Table 7. Results and (Rank) of HWTT and IDEAL-CT for the Six Experimental Mixtures

Sectio CTindex' HWTT CRD:2ox

o | Plan Derflg poT | €™ | NCAT | Plan | P8 | DOT | Cont. | NCAT
I |>65| 69 |60(2)|80(1)| 512 |>75] 104 |65(5) | 122(6)] 144 (6)
2 [565] 99 [37(5)35903)| 3803) | <35| 34 |34(Q) ]| 552 | 64()
3 |<35| 29 |4203)[42@) | 33@) |>75| 81 |66(6) |105(5) |1338(5)
4 <35 21 [24(6)20(6)| 22(6) |<35| 28 [30() | 44() | 712
5 1565] 56 |19 |71 63() | ° | 37 13584 | 8703) [11.00)
6 |<35| 17 |38(4) (324 |28G) | 3 | 32 |5203)|8703) | 124

! After loose mix aging at 135°C for 6 hrs. 2 Contractor; > No HWTT criteria was specified

Figure 10 shows a BMD performance diagram with the desired regions for the six test
sections shaded in green and the contractor’s mix design results for the BMD tests shown as red
dots. Several of the mix BMD design results were on or near the margins of the desired ranges,
and the CTuaex for mix 5 was 9 units below the target range. Figure 11 adds the contractor’s results
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from the plant-produced mixtures used in the test sections, shown as unfilled circles. The arrows
show the changes in CTidex and HWTT CRDzpr from the lab-produced mix design to plant
production for the corresponding mixtures. Most plant-produced mixes had higher CTjudex and
HWTT CRD:ox results compared to their respective mix design results, which may indicate that
either (1) the short-term aging during mix design increased the binder stiffness more than the plant
mixing operation, (2) a different lab was used for the mix design and QC testing, or (3) the binders
used during mix design were stiffer than the binders used during mix production.
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Figure 10. Mix Design BMD Results on the Desired Performance Diagram
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Figure 11. Mix Design and Plant-Produced BMD Results on the Performance Diagram.
Arrows Indicate the Changes in CTindex and HWTT Results Between Lab-Prepared Mix
Design and the Corresponding Plant-Produced Mixture.
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2.3.2 Backcalculated Moduli Results

GPR and FWD data provided by WisDOT were analyzed by the research team. Results of this
analysis are summarized in Table 8. For locations where GPR data were not available, the overall
average thickness of 4.8 inches was input in the backcalculation software. Overall, many of the
estimated moduli from the backcalculation analyses appear to be unreasonable. For example, the
estimated asphalt moduli for Section 2 were about 50-60% lower than Section 1. Section 2 was
paved nearly three weeks after the other sections, and five more days elapsed between paving and
FWD testing of this section. Those differences could have had some effect on the results, but the
BMD test results for Section 2 do not support the notion that the mix is 50-60% less stiff. Other
questionable results were the large variations in moduli within sections, as evident for Sections 5
and 6. For many locations, the predicted base moduli were substantially lower than the subgrade
moduli.

Table 8. Predicted Moduli of Test Section Pavement Layers from Backcalculation Analyses

Right Wheelpath Left Wheelpath
Section | pigt. Thick- Asphal‘t Base ' Subgrade Dist. Thick- Asphal't Base . Subgrade
(ft) ness MOd}lll Modph Mf (ft) ness Mod}lll Mod}lll MF
(in.) (ksi) (ksi) (ksi) (in.) (ksi) (ksi) (ksi)
32 4.9 1800 12.5 17.8 75 n.a. 1706 13.7 17.7
132 4.7 1857 18.5 16.7 175 | n.a. 1545 14.6 16.7
1 232 4.8 1792 18.5 17.6 275 | n.a. 1248 18.3 18.4
332 | na. 1442 20.5 17.8 375 | n.a. 994 22.1 17.0
Avg. | 4.8 1722 17.5 17.5 Avg. | na. 1373 17.2 17.4
30 5.1 727 21.5 19.8 75 4.9 667 22.7 19.6
130 5.0 803 19.8 23.3 175 4.9 560 23.9 20.7
2 230 4.6 673 24.0 22.1 275 4.6 756 23.0 21.9
330 | n.a. 597 22.9 18.8 375 4.6 766 26.6 20.9
Avg. | 4.9 700 22.0 21.0 Avg. | 4.8 687 24.0 20.7
36 n.a. 1983 9.4 28.7 80 n.a. 1549 9.7 29.9
147 | na. 1513 9.6 27.8 122 | na. 1717 9.4 31.0
3 236 | na. 1734 10.1 28.0 280 | n.a. 1659 14.0 28.9
336 | n.a. 2539 10.5 23.8 380 | n.a. 1323 15.4 29.9
Avg. | na. 1942 9.9 27.1 Avg. | na. 1562 12.1 29.9
31 4.4 1245 26.8 27.7 76 4.4 832 234 25.8
131 4.8 1196 9.2 21.7 176 4.8 1301 12.9 23.3
4 231 5.1 968 19.9 23.0 276 5.1 1030 19.4 22.2
331 | na. 1096 29.9 25.4 376 5.2 819 18.1 23.7
Avg. | 4.8 1126 21.4 24.4 Avg. | 4.8 995 18.4 23.7
29 5.0 714 21.8 23.4 75 5.1 789 17.6 22.1
5 129 4.5 1299 30.0 25.7 175 4.8 1191 19.3 234
229 4.5 1608 17.2 21.8 275 4.8 1233 17.0 22.1
329 4.6 1907 16.3 21.4 375 4.8 1426 18.4 22.7
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Avg. | 4.7 1382 21.3 23.1 Avg. | 49 1160 18.1 22.6

30 4.8 1542 13.4 21.9 75 4.7 1432 15.1 22.7

131 5.0 1429 18.8 21.6 175 4.5 514 38.4 18.5

6 230 5.1 915 39.8 18.4 275 4.8 689 34.5 17.3
330 5.0 756 34.5 18.6 375 4.6 1029 21.8 20.9

Avg. | 5.0 1161 26.6 20.1 Avg. | 4.7 916 274 19.9

n.a. = not available from GPR files. Assumed to be 4.8 inches.

Although backcalculation analysis is an imperfect science, many of these results are so
unreasonable that it raises concerns about potential testing errors. The researchers recommend that
another round of GPR and FWD testing be conducted as soon as possible. It is important to assess
the uniformity of the pavement structures among the test sections so that when distresses become
evident over time, the performance difference can be attributed to the surface mixtures rather than
structural differences among the test sections.

3. SHADOW PROJECTS TO ASSESS PRODUCTION VARIABILITY BMD TEST
RESULTS

3.1 Background

3.1.1 Production Variability

Quantifying the production variability, also known as process variability, is needed to establish
appropriate specification limits, acceptable quality limits and rejectable quality limits. AASHTO
R 9 recommends quantifying process variability based on a “large number of project data” and
provides an example that used 10 projects across a state to generate “typical” standard deviations
for the Acceptance Quality Characteristic (AQC) of interest. R 9 states that the appropriate
variability measure for developing the acceptance specifications is the “within-lot pooled standard
deviation”. In other words, test results from each project should be used to determine standard
deviations based on the lot size used by the agency in its QA program. The within-lot standard
deviations from all projects can be pooled together for a representative value to use in setting
specification limits using equation 2. The pooled standard deviation estimates a single standard
deviation that represents all of the independent groups of data from the shadow projects. It is a
weighted average of each project’s standard deviation. The weighting is based on the number of
samples used in each project and gives larger groups a proportionally greater effect on the overall
estimate. This approach takes into account that within-lot standard deviations will likely differ
from project to project depending on the consistency of the constituent materials, plant operations,
and technician skills when sampling mixtures and conducting the tests. It is also important to
include projects that utilize different mix types as that may affect both the mean values and the
standard deviations for the performance test results.

(n1—1)s2+(n,—1)s2++(ni—1)s2 .
Spooled = \/ 1 L2 2 (e~ 1)s% Equation 2

nitn,+--+ng—k

22



where:
Spooled 18 the pooled standard deviation,
m 1s the number of samples/results from lot 1,
s1 1s the standard deviation from lot 1,
k is the total number of lots.

For new AQCs, it is necessary to collect this process variability data using “shadow
projects” in which the new tests are conducted at the same frequency as current AQCs but the
results from the new tests are not used to either adjust the production process or for pay adjustment.
A shadow project is defined as project on which additional tests (i.e., the performance tests) are
conducted at a frequency similar to existing acceptance testing to gather information on: (1) the
logistics of conducting the new tests in a production environment, and (2) production variability of
the new test results. For shadow projects, the results from the new tests are gathered for
informational purposes only; the agency’s standard tests and specifications are used for acceptance
of materials and construction on the project. The information on the new test(s) gathered as part
of shadow projects are critical to establishing reasonable acceptance criteria for the new test(s).
The three goals of the shadow projects are: (1) to better familiarize both State DOT and contractor
personnel with the selected tests, (2) to add to the database of test results from the benchmarking
studies (another sub-step), and (3) to gather information on typical production variability. The
AASHTO Implementation Manual for Quality Assurance referred to this as conducting “dual
procedures” on selected projects in the early stages of implementation of the new tests.

It is important to recognize that any quantification of production or process variability
includes variations due to multiple sources. Hughes (2005) described the sources (components) as
testing variability, sampling variability, materials variability, and construction variability.
Specifically, the overall production variability, quantified as overall variance (62), is the sum of
the testing variance (o?), sampling variance (62), materials variance (a2,), and construction
variance (6%), shown as Equation 3.

0l = of + 02 + o4 + o’ Equation 3

o5 = overall variance

o2 = testing variance

02 = sampling variance

02 = materials variance

02 = construction variance

The construction variance component only applies for tests conducted in-situ or on samples
obtained after placement in the pavement. For characteristics that are tested on samples obtained
prior to placement on the pavement, such as samples obtained from a haul truck for asphalt content
or lab-compacted air voids, construction variance is zero, and 62 may be omitted from Equation
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2. It should be emphasized that the only components that affect the performance of the pavement
are materials variance and construction variance, which is why it is desirable to use procedures
that minimize sampling and testing variance. Sampling and testing procedures that result in large
variances for these two components cloud our ability to make good judgments about the quality of
the material and/or construction. Unfortunately, there is currently no established method for
quantifying sampling variability.

According to R9, variability data can also be used for setting specification limits for a
Percent Within Limits (PWL) specification. The example, illustrated in Figure 12, goes on to set
specification criteria corresponding to an Acceptable Quality Level (AQL) of PWL=90 by
multiplying the typical within-lot standard deviation by 1.645, then adding that product to the
target for the upper specification limit and subtracting that product from the target value for the
lower specification limit. The constant 1.645 is the standard normal Z-value corresponding to 90%
of a two-tailed area beneath a normal distribution. For a one-sided specification limit (max or min.
limit only), PWL=90 corresponds to a Z-value of 1.282.

target target

5% 5% 10%
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1 1
1 1
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1 1
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Figure 12. Using a Typical Within-Lot Standard Deviation to Set PWL Specification Limits

Ideally, sampling of mixtures for performance testing should take place at the same time and
frequency used for existing acceptance testing. This will facilitate a comparison of how
performance test results vary along with the traditional acceptance properties as well as provide
some evidence as to the causes of the variations in the performance test results. In addition, it will
also provide an understanding of the logistics necessary to conduct the selected performance tests
at a particular frequency for acceptance in the future.

To determine if the variability from each of the shadow projects is due to the new testing
methods or if it is normal production variability, the variability of the traditional acceptance quality
characteristics (AQC) must be analyzed. As an example, in Phase I of the National Cooperative
Research Program (NCHRP) Project 09-48, Mohammad et al. (2016) summarized variability data
from 11 state DOTs and FHWA for common asphalt tests used in QA testing. The report notes
that asphalt contents, volumetric properties, and gradations were largely obtained from tests on
plant mix samples, however, details regarding the sampling location are not stated. Field density
data included a mix of tests on cores and nuclear gauge measurements. It is not clear if the data
reported by the DOTs were from single or multiple projects or if the standard deviations were

24



calculated on a lot-by-lot basis. Table 9 summarizes the range of standard deviations and average
standard deviation provided in the final report.

Table 9. Summary of Standard Deviations for Volumetric Properties and Gradations from
Production and Construction Data (Mohammad et al. 2016).

Property Range of St. Dev. Avg.
Asphalt Content, % 0.17-0.29 0.20
Air Voids, % 0.33-0.99 0.62
VMA, % 0.38 - 0.64 0.54
VFA, % 3.40-4.92 4.03
Gmpb (lab compacted) 0.008 — 0.018 0.015
Gmb (cores) 0.008 — 0.033 0.019
Gmm 0.005-0.012 0.011
Field Density (%Gmm) 0.74-1.49 1.11
Percent Passing Sieve Range of St. Dev. Avg.
25.0 mm 1.55-2.66 1.86
19.0 mm 0.93-2.59 1.77
12.5 mm 0.99 - 3.54 2.17
9.5 mm 1.50-3.75 2.35
4.75 mm 1.87-3.48 2.62
2.36 mm 1.62-2.62 2.20
1.18 mm 1.70 — 2.05 1.81
0.60 mm 1.43 - 1.84 1.60
0.30 mm 1.07-1.22 1.16
0.15 mm 0.80 - 0.99 0.87
0.075 mm 0.32-0.84 0.55

Phase II of NCHRP 09-48 gathered raw materials, mixtures and roadway cores from 10
projects in six states in order to analyze differences in volumetric properties and mechanical
properties among lab-mixed, lab-compacted (LL) specimens, plant-mixed, lab compacted (PL)
specimens, and plant-mixed, field compacted (PF) specimens. Analysis included evaluating
statistical differences among the three specimen types included t-tests with a 5% level of
significance, as well as practical differences based on the d2s from the precision statement of the
applicable test method. The researchers recommended new tolerances for comparing traditional
mix properties of specimens prepared by the three methods.
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3.1.2  Production Variability for Quality Control/Quality Acceptance in Wisconsin

WisDOT developed its hot mix asphalt (HMA) quality management program (QMP) in the early
1990s. QMP is considered a best construction practice to ensure that an agency receives quality
construction materials produced by a contractor. Developing a QMP specification involved
identifying key asphalt mixture parameters related to long-term pavement performance and the
development of the agency’s quality assurance (QA) program, including procedures for quality
assurance (QA) and quality verification (QV). The asphalt pavement acceptance quality
characteristics in Wisconsin’s QMP are aggregate gradation, asphalt content, air voids, voids in
the mineral aggregate, and in-place density (Faheem et al., 2018).

3.1.3 Production Variability of Mixtures Performance Tests

Variabilities of traditional quality characteristics such as binder content, aggregate gradation, and
mixture volumetrics properties have been documented in previous studies. Overall production
variability is used to measure product quality. However, very little research has been reported on
the overall variabilities of new performance tests, such as asphalt mixture cracking and rutting
tests.

3.1.4 IDEAL-CT Variability

A Texas A&M Transportation Institute study reported the testing variability (repeatability) of the
IDEAL-CT test based on its sensitivity to asphalt mix characteristics and conditions. The CTingex
was sensitive to RAP and RAS content, asphalt binder type, binder content, and aging conditions.
The highest within-lab coefficient of variation (COV) was 23.5%, and most COVs were less than
20% (Zhou, 2019).

The Utah Department of Transportation conducted a study comparing the IDEAL-CT and
I-FIT cracking tests to determine a feasible candidate for the cracking test in their BMD
implementation. The study compared within and between lab COVs. They found that the CTdex
within-lab COV was 15 and the between-lab COV was 25% and concluded that those were
acceptable ranges of variability for a cracking test (Van Frank et al., 2020).

NCAT compared results from six different IDEAL-CT machines (Moore et al., 2021).
They stated that consistent specimen preparation is key to achieving low variability. The results of
tests with different machines were compared using an equivalence limit of 20% of the average
CTndex.

In 2018, NCAT organized a round-robin study on BMD tests being considered for
implementation. This study had two phases, and fifteen labs completed IDEAL-CT testing. The
within-lab COV for phase one was 19.5%, and the between-lab COV was 35.3%. For phase two,
the IDEAL-CT within-lab COV was 18.8%, and the between-lab COV was 20.2%. The difference
between phase one and phase two was that all specimens were made in a single laboratory for
phase two, while each laboratory made its own specimens in phase one. The difference in between-
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lab COV between the studies highlights the importance of consistent sample preparation for C7ndex
results (Taylor et al., 2022).

In summary, most studies have reported within-lab COVs for CTaex around 20%, and
between-lab COVs were up to 35%. The test is known to be sensitive to RAP content, asphalt
content, asphalt binder type, specimen air voids, and aging conditions. Consistency in sample
preparation is essential to reducing variability.

3.1.5 Hamburg Wheel Tracking Test Variability

The Texas Transportation Institute studied the variability of seven HWTT devices, all
manufactured by Precision Metal Works, in three laboratories in Texas. The two-way analysis of
variance (ANOVA) showed that the variability within and between machines increased with the
increase in load cycles (Chowdhury et al., 2004).

A round-robin study conducted by the University of California Pavement Research Center
(UCPRC) involved twenty laboratories in California. Each lab conducted four HWTT tests. Two
tests were conducted on specimens made by UCPRC and the other two were conducted on
specimens compacted by each participating laboratory. The laboratories reported rut depths at
5,000, 10,000, 15,000, and 20,000 passes, N12.5, creep slope, stripping slope, and stripping
inflection point. An outlier analysis was conducted if a lab’s average differed considerably from
the other labs. An ANOVA was conducted to determine factors that influenced test results. The
study concluded that the type of HWTT device used was significant only for rut depths at 5,000
and 10,000 passes. Single-operator variability was relatively low. Between-lab variability was
relatively high for all evaluated parameters (Mateos and Jones, 2017).

In the 2018 NCAT round-robin study, 32 labs participated in the phase 1 evaluation of
HWTT results. The participating labs reported using HWTT machines made by four
manufacturers. At 10,000 passes, two of the 32 labs were shown as outliers; at 20,000 passes, four
of the thirty-two labs were shown as outliers. The average within-lab COV for 10,000 passes was
9.0%, and for 20,000 passes, it was 9.4%. The average between-lab COV for 10,000 passes was
21.1%, and for 20,000 passes, the COV was 25.9%. The researchers stated that within-lab
repeatability results for the HWTT were good, and the between-lab COV results were reasonable
(Taylor et al., 2022).

The NCHRP Project 20-07/Task 361 study evaluated the capabilities of the HWTT devices
available and identified issues with the AASHTO T 324 standard. It concluded that there are
differences in machines in the waveform, temperature range, and reporting parameters
(Mohammad et al., 2015).

A study completed by the AASHTO Materials Reference Laboratory studied the precision
estimates for AASHTO T 324. The results proposed several changes to AASHTO T 324 to
improve the repeatability and reproducibility of the HWTT machines. These changes included:
starting location of the wheel, alignment of the wheel with respect to the specimen, measurement
locations used in the analysis, variability in the cutting of the gyratory specimens, potentially
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increasing the specimen length, designing a new mold in terms of material and reducing the joint
space between the two specimens (Azari, 2014).

In summary, several studies have shown that within-lab HWTT variability statistics are
reasonably low but increase with increasing cycles. Comparisons of HWTT results from different
labs on the same mix is complicated due to the higher between-lab variability which may be
attributed to machine differences and operator differences but is suspected to be largely due minor
differences in specimen preparation.

The remainder of this chapter deals with the analysis of results from IDEAL-CT and
HWTT tests conducted on mixes sampled from ten shadow projects in Wisconsin. In addition to
the analysis of IDEAL-CT and HWTT results, variabilities of the asphalt content and air voids
from the contractor’s QC data were examined to evaluate the production variability of the
properties.

3.2 Research Approach and Methods

To quantify the overall variability of asphalt mixture BMD tests, ten shadow projects were chosen
from across Wisconsin to represent the state’s diversity in aggregate type, binder grades, and mix
types. Wisconsin contractors obtained mix samples for the research while they also sampled mix
for QC testing. For WisDOT, random samples are taken every 750 tons, representing a sublot. A
typical lot in Wisconsin is made of five sublots, providing 10 to 15 mix samples per shadow
project. Table 10 summarizes the shadow project county locations, the region in Wisconsin, route,
mix design number, mix type, and contractor. Figure 13 shows a map of the ten shadow project
locations. The mix designs for each project can be found in Appendix B.

Table 10. Shadow Projects Description

Project County Region Route WisDOT Mix Design ID Mix Type
1 Ozaukee Southeast IH 43 250-0032-2021 4 MT 58-28 S
2 Florence | North Central | STH 139 250-0263-2021 41LT58-288
3 Grant Southwest STH 011 250-0313-2021 4 MT 58-28 S
4 Kewaunee Northeast STH 029 250-0035-2022 4 MT 58-28 S
5 Waukesha Southeast STH 067 250-0051-2022 4 MT 58-28 S
6 La Crosse Southwest STH 016 250-0307-2021 4 MT 58-28 S
7 Bayfield Northwest USH 063 250-0145-2022 5MT 58-34 V
8 Iowa South Central | USH 018 250-0025-2021 4 HT 58-28 S
9 Barron Northwest USH 008 250-0076-2022 4 MT 58-34 V
10 Waushara Central IH 039 250-0107-2022 4 HT 58-28 S
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Figure 13. Shadow Project Locations

The asphalt mixtures from the shadow projects were sampled during plant production while
the contractor was sampling for regular QC/QA testing. Two five-gallon buckets of asphalt mix
were obtained for each sublot to ensure sufficient material for testing. The contractors also
provided the results of their QC tests corresponding to each sample. The mixes were shipped from
the respective Wisconsin contractor to NCAT for IDEAL-CT and HWTT testing.

Each bucket of loose hot mix asphalt was heated to compaction temperature and reduced
to testing size per AASHTO R47-19 Standard Practice for Reducing Sample of Asphalt Mixtures
to Testing Size. A Quartermaster quartering device was used to reduce the sample size while
ensuring representative samples for consistent laboratory results. A quartering template was used
to further reduce the sampled mix to size. This sample-reducing method produced four Gmm
samples, two Gmb samples, and approximately fifteen test specimens per sublot.

Once the loose plant mix was reduced to the testing size, the samples were stored in sealed,
labeled plastic bags to be compacted later. Each specimen was compacted to 62 mm in height and
150 mm in diameter using a gyratory compactor, following AASHTO T 312. Each sample was
made by the same engineer using the same scale, oven, and gyratory compactor to reduce specimen
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variability. The Gmm was determined for each mix following AASHTO T 209. A trial Gmp
specimen was made using the previously reduced samples to determine the mass needed to achieve
specimens with 7.0+.05 air voids, 150 mm in diameter and 62 mm in thickness.

Figure 14 shows a flow diagram of the testing procedure performed. Across the ten
projects in this research study, a total of 134 sets of four replicate specimens were subjected to
IDEAL-CT and HWTT testing.

| Plant Mix Sampled |

| Mix Reduced to testing size ‘

Sample Bag

Reheated Volumetric Critically Aged Volumetric
Verification Verification
4 Reheated 4 Critically Aged
HWTT Samples IDEAL-CT Samples
HWTT Performed IDEAL-CT Performed

Figure 14. Testing Plan Flow Diagram

3.2.1 HWTT Testing Procedure

The HWTT specimens were reheated to compaction temperatures provided by the contractors.
Each specimen’s air voids were checked using AASHTO T166. Each HWTT specimen was cut to
fit into the HWTT mold. All HWTTs were conducted on NCAT’s Troxler HWTT machine
following AASHTO T 324 at a test temperature of 46°C. Table 11 summarizes the handling and
aging procedures of plant mixes for HWTT testing of shadow projects.
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Table 11. Handling and Aging of Plant Mixes for HWTT, IDEAL-CT, and HT-IDT Testing
of Shadow Projects at NCAT

BMD Test Handling and Aging Procedures

1) Reheat the plant loose mix stored in cardboard boxes in an oven at
compaction temperature for approximately 2 hours until the mix
becomes workable to discharge from the cardboard box.

2) Split loose mix into individual specimen sizes and place them in sealed
plastic bags for storage until compaction (Note: the time between

HWTT bagging and compaction was typically 1 to 2 days).

3) On the day of compaction, reheat the loose mix in an oven at
compaction temperature with a calibrated thermometer in the center of
the mix.

4) After the mix reaches the compaction temperature, remove it from the
oven and start compaction.

1) Reheat the plant loose mix stored in cardboard boxes in an oven at
compaction temperature for approximately 2 hours until the mix becomes
workable to discharge from the cardboard box.

2) Split the loose mix into individual specimen sizes.

3) Long-term age the loose mix for 6 hours at 135°C at a thickness of % to
1 inch.

4) Cool the loose mix to room temperature and place them in sealed plastic
bags for storage until compaction (Note: the time between bagging and
compaction was typically 1 to 2 days).

5) On the day of compaction, reheat the loose mix in an oven at
compaction temperature with a calibrated thermometer in the center of
the mix.

6) After the mix reaches the compaction temperature, remove it from the
oven and start compaction.

IDEAL-CT

HT-IDT Same as HWTT, except the specimens were made using the leftover mixes
(after storage for months) from the HWTT and IDEAL-CT tests.

3.2.2 IDEAL-CT Testing Procedure

For IDEAL-CT test specimens, the loose plant mix was critically aged for 6 hours at 275°F.
Critically aging is a long-term aging procedure to simulate four to five years of in-service aging of
surface mixtures. The critical aging procedure followed recommendations from a previously
conducted WHRP project on Wisconsin mixtures (Bahia, 2018). A maximum specific gravity
(Gmm) test and a bulk specific gravity (Gmp) test were performed on asphalt samples produced from
the critically aged mixture. Once the quantity of loose mix needed to produce 150 mm diameter
compacted specimens to a height of 62 mm with 7.0% +/- 0.5% air voids, four specimens were
compacted for IDEAL-CT testing. The IDEAL-CT test was conducted according to ASTM D8225
using a Troxler IDEAL Plus unit. Table 11summarizes the handling and aging procedures of plant
mixes for IDEAL-CT testing of shadow projects.
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3.2.3 HT-IDT Testing Procedure

In addition to the HWTT and IDEAL-CT tests that were planned in the original scope of work, the
research team also conducted high-temperature indirect tensile strength (HT-IDT) tests on
mixtures from the shadow projects for projects that had sufficient mixture samples remaining.
Only four sublots did not have enough mix available to test a minimum of three replicates. The
HT-IDT is a rapid rutting test that is more conducive for BMD testing during production. The
variability of the HT-IDT was investigated alongside the original tests in the testing plan to collect
data for informational purposes. The HT-IDT was performed in accordance with ALDOT Method
458. This test is currently under review to become an ASTM specification as of July 2023. This
test can be performed using a standard Marshall load frame at 50 mm per minute loading rate and
indirect tension jig. A minimum of three specimens were tested per mix and were conditioned for
1 hour at 46°C in a water bath prior to testing. This temperature matched the temperature of the
HWTT testing for a correlation of results from the two methods. The indirect tensile strength (ITS)
is calculated from the peak load and specimen dimensions using Equation 4. The ALDOT BMD
Special Provision recommends a minimum ITS of 20 psi for lab-compacted specimens and 17 psi
for plant-mixed specimens tested at 50°C (NAPA, 2023; Powell et al., 2021). Table 11 summarizes
the handling and aging procedures of plant mixes for HT-IDT testing of shadow projects.

2 x Peak Load (lb)
1T x Specimen Diameter (in.) x Specimen Height (in.)

ITS(psi) = Equation 4

3.2.4 CDF of Production Results Standard Deviation and Coefficients of Variation

The cumulative distribution frequency (CDF) for all project’s standard deviations and coefficients
of variation were plotted using Minitab software. Cumulative distribution frequencies are used to
evaluate the distribution of a dataset and can help analyze the percentage of the results above or
below a particular value. The steepness or slope of the CDF can indicate how close the
observations are to the mean.

3.3  Results and Discussion
3.3.1 Results and Analysis of Variabilities from the Shadow Projects

3.3.1.1 Summary of Averages, Standard Deviations, and Coelfficients of Variation

For each shadow project, the contractors provided samples for two or three lots, and for each lot,
there were five sublots. Therefore, the within-lot average, standard deviation, and COV were
calculated from the results of five sublots.

Table 12 summarizes the asphalt content results for each project. The pooled within-lot
standard deviation for asphalt content was 0.18%. The asphalt content has the lowest overall
within-lot COV among the mixture tests, with an average within-lot COV of 2.8% and a maximum
within-lot COV of 7.2%. The pooled within-lot standard deviation for this project compares well
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with the average production (overall) standard deviation (0.20%) reported by Mohammad et al.
(2016).

Table 12. Summary of Asphalt Content Results

Project Lot Average | Std. Dev. COoVv
| Lot 1 6.1 0.2 2.6%
Lot2 6.3 0.2 3.8%

) Lot2 5.6 0.1 1.3%
Lot 3 5.7 0.1 2.5%

Lot 2 5.8 0.2 2.6%

3 Lot 3 6.0 0.4 7.2%
Lot4 59 0.3 5.9%

Lot2 59 0.1 1.7%

4 Lot 3 6.0 0.1 1.9%
Lot4 6.0 0.1 1.4%

Lot4 5.7 0.2 3.4%

5 Lot 5 5.8 0.2 3.1%
Lot 6 5.8 0.1 1.9%

6 Lot 9&11 6.0 0.1 2.2%
Lot 10 59 0.2 2.8%

Lot 3&6 6.6 0.1 1.3%

7 Lot4 6.7 0.1 1.8%
Lot 5 6.8 0.1 1.3%

Lot3 5.8 0.2 4.0%

8 Lot 4 5.8 0.1 1.9%
Lot 5 5.7 0.2 2.7%

Lot 8 5.6 0.1 2.1%

9 Lot 9 5.6 0.1 2.3%
Lot 10 54 0.3 5.8%

Lot 8 6.2 0.2 2.7%

10 Lot 9 6.2 0.1 2.1%
Lot 10 6.2 0.2 3.0%
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Table 13 summarizes the air voids results for each project. The pooled within-lot standard
deviation for air voids was 0.34%. Air voids had an average within lot COV of 10.4% and the
maximum within-lot COV was 20.3%. The pooled within-lot standard deviation for air voids for
this study is about half of the average production (overall) standard deviation (0.62%) reported by
Mohammad et al. (2016). The range of within-lot standard deviation for air voids for this study
was 0.1 to 0.6 compared to the range (0.33 to 0.99%) reported by Mohammad et al. This suggests
that the Wisconsin contractors were able to control air voids during production better than many
other contractors.

Table 13. Summary of Air Voids Results

Project Lot Average | Std. Dev. COov
! Lot 1 33 0.4 12.8%
Lot 2 3.1 0.3 10.2%

) Lot 2 2.8 0.1 4.1%
Lot 3 2.9 0.2 6.7%

Lot 2 2.9 0.2 7.9%

3 Lot 3 2.9 0.1 4.5%
Lot4 2.8 0.4 15.8%

Lot 2 2.9 0.3 10.3%

4 Lot 3 3.0 0.1 2.9%
Lot4 3.2 0.1 1.7%

Lot4 33 0.3 8.3%

5 Lot 5 3.2 0.2 6.8%
Lot 6 33 0.3 9.0%

6 Lot 9&11 2.9 0.3 10.1%
Lot 10 24 0.4 15.5%

Lot 3&6 3.1 0.5 16.5%

7 Lot4 2.8 0.5 16.8%
Lot 5 2.6 0.3 9.9%

Lot3 3.0 0.4 14.9%

8 Lot4 2.7 0.6 21.3%
Lot 5 2.9 0.6 19.5%

Lot 8 3.1 0.2 6.2%

9 Lot9 2.8 0.4 14.6%
Lot 10 3.0 0.3 10.8%

Lot 8 3.0 0.1 3.6%

10 Lot9 2.8 0.3 10.6%
Lot 10 2.8 0.3 10.0%
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Table 14 summarizes the CTiuqex results for each project. The pooled within-lot standard
deviation for CTpaex was 10.9. The average within-lot COV for CTpaex was 13.3%, with the
smallest within-lot COV being 4.4% and the largest being 39.7%. A recent round-robin study by
NCAT (Rodezno et al., 2023) found that the within-lab (single operator) COV for CTpdex Was
20.5% which is substantially greater than the overall production variability for the Wisconsin
shadow projects. It seems impossible for the overall variability of CT7uqex to be less than the within-
lab variability. This unexpected outcome may be due to the fact that all of the IDEAL-CT tests in
this study were conducted by the same engineer with the same equipment which produced
artificially low variability results.

Table 14. Summary of CTindex Results

Project Lot Average CTider | Std. Dev. Cov
! Lot 1 47.0 7.4 15.6%
Lot 2 48.0 4.0 8.4%

5 Lot 2 58.2 9.1 15.7%
Lot 3 62.8 19.6 31.1%

Lot 2 62.7 6.4 10.2%

3 Lot 3 69.7 27.7 39.7%
Lot 4 73.3 17.8 24.3%

Lot 2 86.2 7.6 8.8%

4 Lot 3 83.8 10.7 12.8%
Lot 4 89.0 6.0 6.7%

Lot 4 40.1 4.3 10.7%

5 Lot 5 44.3 8.8 19.9%
Lot 6 51.3 5.2 10.1%

6 Lot 9&11 46.2 3.6 7.8%
Lot 10 51.2 7.7 15.1%

Lot 3&6 106.7 16.8 15.7%

7 Lot 4 113.5 7.8 6.9%
Lot5 120.4 8.9 7.4%

Lot3 45.1 2.0 4.4%

8 Lot 4 51.0 4.6 9.1%
Lot 5 42.2 2.8 6.5%

Lot 8 51.5 8.9 17.2%

9 Lot 9 58.9 5.2 8.8%
Lot 10 57.5 5.5 9.5%
Lot 8 113.2 11.6 10.3%
10 Lot 9 118.4 14.5 12.2%
Lot 10 119.5 16.4 13.7%
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Table 15 summarizes the HWTT CRD:2ox results for each project. The pooled within-lot
standard deviation for CRD2ox was 1.60 mm. The average within-lot COV for CRD2ox was 10.9%,
with a maximum within-lot COV of 26.4%, and a minimum within-lot COV of 4.1%. For
comparison, the NCAT round robin study reported that the within-lab COV for HWTT total rut
depth at 20,000 passes was 9.5%.

Table 15. Summary of CRD20k Results

Project Lot Average CRDzor | Std. Dev. Cov
1 Lot 1 10.7 2.2 20.4%
Lot 2 11.0 1.4 13.1%

5 Lot 2 16.4 2.8 16.8%
Lot 3 16.2 0.7 4.4%

Lot2 9.0 0.4 4.1%

3 Lot 3 11.0 0.4 4.1%
Lot 4 10.6 1.2 11.7%

Lot 2 15.9 1.6 10.3%

4 Lot 3 16.2 1.3 8.0%
Lot 4 17.3 3.0 17.6%

Lot 4 10.5 1.0 9.9%

5 Lot 5 11.2 0.7 5.8%
Lot 6 10.5 0.7 7.0%

6 Lot 9&11 11.3 1.0 8.7%
Lot 10 11.6 1.6 13.5%

Lot 3&6 11.7 0.7 5.6%

7 Lot 4 13.1 3.4 26.4%
Lot 5 16.4 33 20.1%

Lot 3 10.2 1.2 11.9%

8 Lot 4 10.2 1.0 10.0%
Lot 5 8.4 1.2 14.3%

Lot 8 9.7 0.9 9.3%

9 Lot 9 11.0 1.1 9.6%
Lot 10 12.0 1.3 10.6%

Lot 8 11.6 0.6 4.9%

10 Lot 9 13.3 1.4 10.6%
Lot 10 12.6 0.6 5.1%
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Table 16 summarizes the HWTT N;25. The pooled within-lot standard deviation for N;2 s
was 1838. The average within-lot COV for N;25 was 16.6%, with a maximum of 35.8% and a
minimum of 2.8%.

Table 16. Summary of N125 Results

Project Lot Average | Std. Dev. Cov
| Lot 1 11416 4086 35.8%
Lot2 9662 3298 34.1%

) Lot2 5670 952 16.8%
Lot 3 4785 906 18.9%

Lot 2 14580 2753 18.9%

3 Lot 3 11188 909 8.1%
Lot 4 11642 2576 22.1%

Lot2 5682 52 9.2%

4 Lot 3 6200 735 11.9%
Lot4 4800 486 10.1%

Lot 4 13972 2769 19.8%

5 Lot 5 10662 2671 25.0%
Lot 6 11266 1865 16.5%

6 Lot9&11 | 8460 609 7.2%
Lot 10 9018 1618 17.9%

Lot 3&6 7192 215 3.0%

7 Lot4 6592 1294 19.6%
Lot 5 4726 1197 25.3%

Lot3 9188 2272 24.7%

8 Lot 4 9056 1569 17.3%
Lot 5 11278 1974 17.5%

Lot 8 10870 1189 10.9%

9 Lot 9 9278 1829 19.7%
Lot 10 9370 1464 15.6%

Lot 8 9990 1407 14.1%

10 Lot9 8302 235 2.8%
Lot 10 8840 553 6.3%
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Table 17 summarizes the HWTT SIP for each project. The pooled within-lot standard
deviation for SIP was 1712. The average within-lot COV for SIP was 19.9% with within-lot COVs
ranging from 4.1% to 38.1%. For comparison, the HWTT precision study by Azari (2014) reported
that the single operator COV for SIP was 23.9%. For the average overall production variability
from the Wisconsin projects to be less than the single-operator variability again points to the issue
of using a single engineer and single set of equipment to conduct this study. However, this
inconsistency may have been affected by improvements in the HWTT test procedure and
equipment over the past nine years.

Table 17. Summary of Stripping Inflection Point (SIP) Results

Project Lot Average SIP | Std. Dev. COoVv
! Lot 1 9479 2834 29.9%
Lot 2 7843 2990 38.1%

) Lot 2 4988 776 15.6%
Lot 3 4080 665 16.3%

Lot 2 13206 2807 21.3%

3 Lot 3 9223 1417 15.4%
Lot 4 8429 2325 27.6%

Lot 2 4471 417 9.3%

4 Lot 3 5149 707 13.7%
Lot4 3896 565 14.5%

Lot 4 11254 3420 30.4%

5 Lot 5 7739 1385 17.9%
Lot 6 8598 1504 17.5%

6 Lot 9&11 6280 1189 18.9%
Lot 10 6578 1528 23.2%

Lot 3&6 5934 396 6.7%

7 Lot4 5443 971 17.8%
Lot 5 3864 915 23.7%

Lot3 6712 1707 25.4%

8 Lot4 6913 1715 24.8%
Lot 5 8936 2310 25.8%

Lot 8 7452 1844 24.7%

9 Lot9 7198 2055 28.6%
Lot 10 7327 1157 15.8%

Lot 8 7818 1357 17.4%

10 Lot9 6500 774 11.9%
Lot 10 6845 282 4.1%
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Table 18 summarizes the HWTT Stripping Number (LCsy) for each project. The pooled
within-lot standard deviation for LCsy was 1436. The mean within-lot COV for LCsy was 33.5%
with within-lot COVs ranging from 8.2% to 62.5%.

Table 18. Summary of Stripping Number (LCsn) Results

Project Lot Average LCsy | Std. Dev. LCsy Cov
{ Lot 1 4342 1868 43.0%
Lot 2 3644 1135 31.1%

5 Lot 2 4232 1692 40.0%
Lot 3 3188 1356 42.5%

Lot 2 6011 3483 57.9%

3 Lot 3 4348 935 21.5%
Lot 4 4424 1002 22.6%

Lot 2 3101 797 25.7%

4 Lot 3 4502 1898 42.2%
Lot4 3089 1638 53.0%

Lot4 7997 2723 34.1%

5 Lot 5 5743 3587 62.5%
Lot 6 5828 2706 46.4%

6 Lot 9&11 3289 487 14.8%
Lot 10 4045 1819 45.0%

Lot 3&6 2530 440 17.4%

7 Lot 4 2426 590 24.3%
Lot 5 2476 203 8.2%

Lot3 2995 951 31.8%

8 Lot4 3138 1205 38.4%
Lot 5 3150 770 24.4%

Lot 8 3955 1149 29.1%

9 Lot9 3460 860 24.9%
Lot 10 4104 1436 35.0%

Lot 8 4364 982 22.5%

10 Lot9 4729 1985 42.0%
Lot 10 4624 1084 23.4%
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Table 19 summarizes the HT-IDT results. The pooled within-lot standard deviation for HT-
IDT strength was 2.29 psi. The average within-lot COV for HT-IDT strength was 13.5%. The
minimum and maximum within-lot COV for HT-IDT strength were 6.2% and 25.1%, respectively.
For comparison, the recent NCAT round-robin study (Rodezno et al., 2023) found that the within-
lab COV for HT-IDT strength was 8.3%. In this case, the overall production variability from the
Wisconsin shadow projects is slightly greater than the within-lab variability for HT-IDT strength,
as expected. Nonetheless, the variability results for the Wisconsin shadow projects were likely
reduced by the fact that a single laboratory conducted all of the tests.

Table 19. Summary of HT-IDT Strength Results

Project Lot Average, psi | Std. Dev., psi COvV
i Lot 1 21.7 2.6 12%
Lot 2 20.1 3.1 16%

5 Lot2 12.6 1.7 14%
Lot 3 11.5 1.6 14%

Lot 2 16.6 23 14%

3 Lot 3 15.5 23 15%
Lot 4 15.3 1.8 12%

Lot 2 14.0 1.4 10%

4 Lot 3 16.4 2.2 13%
Lot 4 14.2 2.1 15%

Lot 4 18.2 2.1 12%

5 Lot 5 17.2 33 19%
Lot 6 18.6 1.9 10%

6 Lot 9&11 16.6 4.2 25%
Lot 10 15.4 1.7 11%

Lot 3&6 13.0 1.7 13%

7 Lot4 13.8 1.5 13%
Lot 5 9.5 1.3 11%

Lot 3 18.3 2.6 14%

8 Lot 4 16.3 1.8 14%
Lot5 17.3 1.3 11%

Lot 8 17.4 33 19%

9 Lot9 16.5 2.5 15%
Lot 10 17.1 2.5 15%

Lot 8 16.0 2.7 17%

10 Lot9 16.6 1.0 9%
Lot 10 17.2 2.0 12%
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3.3.1.2 Examining Potential Relationships between Variability of Asphalt Content and Air Voids
with IDEAL-CT and HWTT

To determine if asphalt content and air voids influenced the variabilities of IDEAL-CT and HWTT
results, their respective COVs of each lot were plotted against each other in scatterplots. Best-fit
linear regression equations were determined for these correlation plots using Excel. The
scatterplots of CTraex COV versus asphalt content and air voids COVs are shown in Figure 15 and
Figure 16, respectively. The scatterplots of HWTT CRD:2ox COV versus asphalt content and air
voids COVs are shown in Figure 17 and Figure 18, respectively. All these figures include the
coefficient of determination (R?) as an indication of how well the regression equation explains the
relationship between the two variables. R? can be interpreted as the percentage of the change in
the dependent variable, for Figure 15 for example, CTjuex COV can be attributed to the
independent variable, asphalt content COV. In general, based on the results presented in Figure 15
to Figure 18 the low R? values indicate that the variabilities of asphalt content and air voids had
little to no influence on the variabilities of CTjugex and HWTT CRD 2.
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Figure 15. IDEAL-CT CTindex COV vs. AC COV
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3.3.1.3 Cumulative Distribution Frequencies of Production Standard Deviations and COVs

To assess the production variability of the test results, Cumulative Distribution Frequencies (CDF)
were plotted for each lot standard deviation and COV for CTindex, CRD20k, SIP, LCsy, air voids,
asphalt content, and HT-IDT strength.

Figure 19 and Figure 20 show CTdex the standard deviation and COV, respectively for
each lot. The 50" percentile for the CTlaex standard deviation corresponding to the median of the
test results was 7.75. The 50" percentile for CTjdex COV was 10.3% with approximately 80% of
the lots having a COV below 20%.
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Figure 21 and Figure 22 show the CDF plots of the within-lot standard deviation and COV
for HWTT CRDag, respectively. The S0 percentile standard deviation for CRDaox was 1.20. The
50" percentile COV for CRDaox was 10.0% with approximately 80% of the lots having a COV
below 15%.
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Figure 21. CDF of Std. Dev. for HWTT CRD2ok
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Figure 22. CDF of COV for HWTT CRD2ok
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Figure 23 and Figure 24 show the CDF plots of within-lot standard deviation and COV for
HWTT N2, respectively. The 50" percentile standard deviation was 1407 passes. The 50"
percentile COV for HWTT N;2s5was 17.3%.
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Figure 23. CDF of Std. Dev. for HWTT Passes to 12.5 mm
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Figure 24. CDF of COV for HWTT Passes to 12.5 mm
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Figure 25 and Figure 26 display the CDF plots of the within-lot standard deviation and
COV of the HWTT SIP, respectively. The 50" percentile standard deviation for SIP was 1,385 and
the 50™ percentile COV for SIP was 17.9%.
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Figure 25. CDF of Std. Dev. for SIP
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Figure 26. CDF of COV for SIP
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Figure 25 and Figure 28 display the CDF plots of the within-lot standard deviation and
COV of the HWTT Stripping Number, respectively. The 50" percentile standard deviation for
LCsy was 1,134 and the 50™ percentile COV for LCsy was 31.6%.
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Figure 27. CDF of Std. Dev. of HWTT Stripping Number
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Figure 28. CDF of COV of HWTT Stripping Number
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Figure 29 and Figure 30 display the CDF plots of the within-lot standard deviation and
COV of asphalt content, respectively. The 50" percentile standard deviation for asphalt content
was 0.14 and the 50" percentile COV for asphalt content was 2.5%. These results indicate that
asphalt content is the quality characteristic with the lowest variability.
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Figure 29. CDF of Std. Dev. for Asphalt Content
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Figure 30. CDF of COV for Asphalt Content

49



Figure 31 and Figure 32 show the CDF plots of the within-lot standard deviation and COV
of air voids, respectively. The 50" percentile standard deviation for air voids was 0.30 and the 50"
percentile COV for air voids was 10.1%.
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Figure 31. CDF of Std. Dev. for Air Voids
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Figure 33 and Figure 34 display the variability of the HT-IDT strength results. The 50
percentile within-lot standard deviation and COV were 2.1 psi and 13.5%, respectively.
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Figure 33. CDF of Std. Dev. of HT-IDT Strength, psi
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A combined plot of best-fit CDFs of within-lot COVs of CTingexr, HWTT CRD20x, HWTT
Ni2s, HWTT SIP, HWTT LCsn, asphalt content, air voids, and HT-IDT strength are shown in
Figure 35. It can be seen in Figure 35 that the asphalt content COV was the lowest, air voids, HT-
IDT and HWTT CRD:or had very similar COV distributions, and the HWTT LCsy COV was the
highest. With similar variability results, the HT-IDT could be considered as a viable replacement
for the HWTT due its faster testing time.
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Figure 35. CDFs of COV for CTingexy, HWTT CRD2ok, HWTT N125, HWTT SIP, HWTT
LCsn, Asphalt Content, Air Voids, and HT-IDT Strength

3.3.1.4 Correlation between HT-IDT and HWTT CRD2ox

Since the HT-IDT is a much quicker test than the HWTT, several DOTs are considering adopting
it for BMD purposes. One crucial question regarding this potential move is about the correlation
between the HT-IDT strength results and the rutting susceptibility determined from HWTT testing.
Therefore, the correlation between the HT-IDT strength and the HWTT CRD:ok is shown in Figure
36. The goodness-of-fit statistic, R? for this correlation is moderate indicating that only about 45%
of the range in CRD¢ parameter can be attributed to the HT-IDT strength. An article in NCAT’s
Spring 2023 newsletter reported a much stronger correlation between HT-IDT strength and HWTT
Total Rut Depth at 20,000 passes (Chen et al., 2023). Ultimately, whether the CRDzox or HT-ITS
are good indicators of rutting resistance should be judged based on lab-to-field correlations.
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4. CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions

The objectives of this study were (1) to assist WisDOT with the design and construction of BMD
test sections to validate the preliminary BMD criteria, and (2) to statistically analyze the overall
variabilities of the selected BMD test results from ten shadow projects in Wisconsin.

To accomplish the first objective, the research team assisted WisDOT in the experimental
design and preliminary testing of six test sections on STH 69 south of Verona, WI. The research
team provided guidelines for locating a suitable highway project, the number of test sections, test
section lengths, roadway geometrics to avoid, desired cross-sections, testing of the underlying
layers, and the mix criteria for the experimental test sections.

The BMD validation test sections were constructed as part of State Project Number 1693-
05-72 on STH 69 in Dane County, south of Verona, WI. When WisDOT project personnel noted
that different granular base materials were being used in the area where the test sections were
planned, FWD testing was conducted and analyzed which confirmed that the base layers had
different stiffnesses. The locations and layout of the test sections was subsequently adjusted.
Paving of the common lower layer of asphalt occurred in mid-September 2022 and the six
experimental test sections were paved on October 5 and October 20, 2022. All six test sections
were constructed in the northbound lane of STH 69 between GPS coordinates 42.928800°,
-89.530663° and 42.946995°, -89.544267°.
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The contractor designed five of the six mixtures according to the specified CTjusex and
HWTT rut depth targets, missing the C7jnqex criterion for the mix in Section 5. The mixtures were
produced very close the JMF asphalt contents and gradations, except for the mix in Section 3 which
had an asphalt content 0.4% above the JMF target.

Mixture samples from the test sections were split and tested by the contractor, the WisDOT
central lab and NCAT in accordance with the IDEAL-CT and HWTT procedures described in this
report. The CTingex and HWTT CRD:ox results from the three labs were dissimilar which suggests
that better sample handling procedures and training are needed to reduce testing differences
between labs. NAPA recently published IS 145 Guide on Asphalt Mixture Specimen Fabrication
for BMD Performance Testing and accompanying videos to help address this issue (NAPA 2023).

Despite the large lab-to-lab differences in CTiugex and CRD:ox, there are generally consistent
rankings among test sections and the ranges in rutting and cracking resistance, as indicated by the
BMD tests, may yield sufficient differences in field performance to provide a suitable lab-to-field
correlation.

In order to assess the uniformity of the pavement structures within and between the six test
sections, GPR and FWD tests were conducted by WisDOT and analyzed by the research team to
estimate pavement layer moduli. The estimated moduli from the backcalculation analyses were
unreasonably low for Section 2 and highly variable for Sections 5 and 6. These questionable results
could possibly be attributed to numerous factors such as incorrect assumptions of the pavement
temperature, errors in estimated thickness from GPR data, errors with the FWD sensors, changes
in bonding conditions between the asphalt layers, and other issues. For this reason, another round
of GPR and FWD testing should be conducted as soon as the damaged temperature dataloggers
are replaced.

The Wisconsin DOT should monitor the condition of each of the six BMD test sections
using their Automated Road and Pavement Condition Survey vehicles at least four times each year.
Although the Pavement Condition Index (PCI) method is suitable for a general assessment of
pavement conditions, it is critical to record rut depths and cracking extent and severity for each
test section, excluding the first and last 25 feet of the sections as transition zones. WisDOT
pavement and maintenance engineers should also regularly drive the project to visually assess if
pavement conditions are changing, at which time more frequent data collection with the automated
pavement condition surveys should be scheduled. WisDOT maintenance should be instructed to
do nothing to the test sections until directed by the Statewide Asphalt Pavement Engineer.

To accomplish the second objective, the research team provided guidance on the selection
of 10 shadow projects and instructions for contractors to sample mixtures during production. From
those shadow projects scattered across Wisconsin, 134 mixture samples were obtained and sent to
NCAT for BMD testing which included IDEAL-CT, HWTT, and HT-IDT. The contractors
reported the asphalt contents and air voids for each sublot corresponding to the samples sent to
NCAT. Summary statistics of the results included within-lot averages, standard deviations,
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coefficients of variation, pooled standard deviation, and cumulative distribution frequencies of
within-lot standard deviations and COVs for the test parameters. Error! Reference source not
found. summarizes the key overall production variability statistics for the BMD tests generated
from the Wisconsin shadow projects and references for other studies that have reported on the
within-lab testing variabilities for these parameters.

Table 20. Summary of Key Statistics for Overall Production Variability

Pooled 500 Within-lab
Test Parameter within-lot pe.rce.:ntlle (single Reference for‘51r.1gle
standard within-lot operator) operator statistics
deviation Cov Cov
IDEAL-CT | CTindex 10.9 10.3% 20.5% Rodezno, et al., 2023
CRD 01 1.60 mm 10.0% 9.5%! Rodezno, et al., 2023
LCsy 1436 31.6% n.a. n.a.
HWTT -
Nizs 1837 17.3% 16.6% Azari, 2014
SIP 1712 17.9% 23.9% Azari, 2014
HT-IDT ITS 2.29 psi 13.5% 8.3% Rodezno, et al., 2023
T 308 Asphalt
“pia 0.18% 2.5% 0.069% | AASHTO T 309
Content
T 269 Air Voids 0.34% 10.1% 0.21%?3 AASHTO T 269

! for total rut depth at 20,000 passes; % single operator precision standard deviation; 3 single operator precision standard
deviation using T 269 Method A. n.a.- no published data is available on the variability of this parameter.

From the key statistics in Error! Reference source not found., the following conclusions are
made:
e AC content is the least variable quality characteristic, with a 50 percentile within-lot COV
of 2.5%.
e Air voids and CRD:ox had similar overall production variabilities with 50™ percentile
within lot COVs of 10.0% and 10.1%, respectively.
e HT-IDT strength and CTndex had similar overall variabilities, with 50™ percentile within-
lot COVs of 13.5% and 10.3%, respectively.
e The quality characteristic with the next highest overall production variability was the
HWTT Ni2.5, which had a 50" percentile COV of 17.3%.
e The quality characteristic with the highest overall variability was the HWTT Stripping
Number, which had a 50" percentile within-lot COV of 31.6%. By comparison, the HWTT
SIP had a much lower mean COV of 17.9%.

It must be noted that the within-lot variabilities for the BMD tests used in this study were likely
lower than they would have been if different labs had conducted the tests. A consistent conclusion
from numerous studies has been that BMD tests are sensitive to differences in sample handling
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and specimen preparation techniques from lab to lab which points to the need for more precise
instructions and better training on the new tests.

As a possible indicator of mixture rutting resistance, the HT-IDT test has a significant
advantage over the HWTT test in terms of time to complete the tests. The production variability
statistics indicate that HT-IDT strength is slightly less variable than HWTT N 5 but slightly more
variable than HWTT CRD:gr. There was a moderate correlation between HT-IDT strength and
HWTT CRD:o. Further research is needed to determine which test and parameter best correlates
to rutting in the field.

The most important information to draw from the results of this part of the research is how
contractors should set their targets for mix production if these tests are used for acceptance quality
characteristics. For a PWL specification with a 100% pay factor based on 90% within limits, the
population mean should target at least 1.282 x ¢ above a lower specification limit, or 1.282 x ¢
below an upper specification limit, where o is the within-lot standard deviation for that test
parameter. Therefore, based on WisDOT’s preliminary BMD criteria and the results from the
shadow project testing, contractors should target mix production with the results shown in Error!
Reference source not found..

Table 21. WisDOT Preliminary BMD Criteria and Recommended Production Targets

. HWTT CRD ok HWTT LCsy IDEAL-CT CTindex
Mix (s=1.6 mm) (s = 1436) (s =10.9)
Type Criteria Target Criteria Target Criteria Target

LT <120mm | <99 mm

MT <7.5 mm <54 mm

T <50mm | <2.9mm > 3,000 > 4,441 >30 >44
SMA <4.0 mm n.a.

n.a. (not available) SMA mixtures were not included in any of the shadow projects, therefore the standard deviations
for this mix type are unknown.

4.2 Recommendations for Future Research

Another round of GPR and FWD testing should be conducted on the STH 69 test sections as soon
as the damaged dataloggers are replaced following the suggested spacing plan for the FWD tests.
There is concern that the different granular base materials used in the area of the test sections could
influence pavement response under traffic loads. Analysis of the FWD data results will be needed
to evaluate pavement layer moduli uniformity within each test section and to compare section to
section. The backcalculated asphalt layer moduli should not be significantly different from section
to section based on the mixes in the test sections.

WisDOT should closely monitor the rutting and cracking performance of the test sections
with the state’s Automated Road and Pavement Condition Survey vehicles to provide consistent
measures of pavement condition over time. It is desirable to capture changes in rutting and cracking
distresses as they develop, but the rate of damage accumulation is hard to predict. Therefore, it is
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a good idea for an experienced WisDOT pavement engineer to drive through the project every
week or so to visually check for rutting and cracking. Late evenings are a good time to observe
rutting when the low angle of the sun can accentuate shadows that make rutting more evident.
Cracking can be much more evident after a rain when the pavement is beginning to dry.

The lab-to-lab differences in C7juiex and HWTT rutting results for the test section mixtures
should be further investigated to determine the possible causes. The investigation should begin
with a review of each lab’s procedures for mix reheating, splitting, sample preparation and
conditioning. Since there are no current standard procedures for these processes, it is likely that
there are differences in each lab’s methods and techniques. If a common set of instructions can be
established, a mini round robin experiment should be conducted to compare results and determine
if improvements were made. Once the big differences are resolved, one of the labs should retest
the mix samples from the test sections to establish the values that will be used for the future lab to
field correlations.

Field performance of the shadow projects should also be monitored as they may also
provide useful information about the ability of the BMD test parameters to indicate the resistance
of the mixtures to rutting, cracking, and moisture damage. In particular, the shadow projects may
help determine if HWTT CRD:gr or the HT-IDT is a better indicator of rutting resistance, and if
HWTT SIP or LCsy is a better indicator of stripping resistance.

A formal technician training program for the IDEAL-CT, HWTT, and possibly HT-IDT
should be prepared and conducted. This will be critical as more pilot and shadow projects are
conducted. To provide more appropriate production variability data, another set of shadow projects
should be planned with contractors performing the selected BMD tests.
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Reviewed By: Jeffery. R. Anderson

Mix 1 and 5

WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

C-5 4MT 506822 NOT VERIFIED xlsx

DOT Project # 1693-05-72/73 Design Lab or Company| WisDOT Mix Design 10|
Mix Design 1D: 506822 *Mix Designer| ‘WisDOT Design Verification Date:|
Mix Type: MT Dasigner HTCP Cert | D4
NMAS: 4-12.5 mm Producer| .
Virgin Binder PG| 58-28 Plant #/location: Deesign Amended Date:|
Binder Designation:| 5 Design Date| 7/23/2022 Last JMF Change Date|
Wirgin Binder Gh] 1017 “Wota: Thpad Aot Signaturs Block Ilnstructic ns: Cells that are light blue are data field for user to enter data
Wirgin Binder Source; Flint Hills Debugque ll other cells are locked.
AGGREGATE COMPONENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg 5 Agg & Agg 7 Agg 8 RAM 1 (RAP) RAM 2 (RAS) RAM 3 [FRAF) JME BLEND
Blend %s (0.1) 200 B0 B.O 55.5 05 8.0 I 100.0 I
Material Description 5/8" chip 3/8" Chip MFG'd Sand Natural S5and DEG Rap
Source IDJ"N;-;E'![::‘T to match Oregon oregon Oregon oregon 20005 20005
P or @ or BMF or Dust [RAM piont 1D e [ G P DEG 2.706
WisDOT Agg Test ID s s 225-0055-2022 225-0059-2022 225-0059-2022 a4
RAM Extracted % Binder 01
sieve {mm) )
11/2" 375 100.0 100.0 100.0 100.0 100.0 100.0 375 100.0
1" 250 100.0 100.0 100.0 100.0 100.0 1000 250 100.0
3/a" 1%.0 100.0 100.0 100.0 100.0 100.0 100.0 190 100.0
12" 125 770 100.0 100.0 100.0 100.0 1000 125 95.4
3/8" a5 270 87.0 100.0 100.0 1000 7.0 a5 B4.9
L 4.75 20 17.0 950 220 100.0 Ei10 47 67.4
w8 236 10 a0 630 720 1000 B5.0 238 51.2
#16 118 10 3.0 400 56.0 100.0 510 118 39.3
#30 0.60 10 2.0 270 420 100.0 400 as0 29.5
#50 0.30 1.0 2.0 150 16.0 100.0 27.0 LE 13.1
#100 0.15 10 2.0 5.0 4.0 100.0 180 a1s 4.9
#200 0.075 0.5 15 2.6 19 100.0 13.5 07 3.1
Gsh: 2.600 2.580 2.640 2.640 2540 2611 Gab: 2.625
CAA 1F (%): o8 oo CAas TF (%) 08.3
CAA 2F (%): o7 o7 CAA IF (%) 97.0
FAA: 40 40 Faa: 41
Moisture Abs. (%): 2 2.4 12 0.9 1 Abs. %) 13
Thin/Elong. (%): 0.5 0.5 TIE. {%): (15}
| JMF PROPERTIES AT OPTIMUM % BINDER FOR 4.0% AIR VOID5 HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory ~ HMA/SMA Warm Mix  SMA Draindown [3%) * Temp. of Flant e Alternate AC Sources (* asditive for aitemate Binder can be Sone using IMF form |
Rec. Mix TemplF]| 280-320 | |*Temp."c Pbr| 6.0 AL Alternate AC Source AL Type Gh TSR ** #of Gry.[N) | Additive® | Amt. Additive
compact Temp(F)] 255295 | 1 Pbe| 54 min. 5.5% (SMA)| __ CRM MEKE/GRB/Gladstone 58-28 5/H/V/E
2 Pha| 1.2 CRM MEKE/GRE/Gladstone 58-34 S/HA/E
*Type Additive: [WMA, Anti-strip, AVE. Dust/Binder [DP}; 0.6 0.612/12-2.0
*amt. ndditi\o\e:E cellulose Fibers) plus 15°C 15
* Aggitive uwed in initial 23 1 emmonmackco ]
Anditional adcitives may be acded in the comments section or 2 ** TSR Vialuses are required when a change in source is from & modified AC to 8 unmodified AC or per CMM 566.2.3.2
Camermate AC Soures” AvE. 'COMPACTION EFFORT/LEVELS -Primary Binder [TSR & Performance Test Results)
| TRIAL AC DATA Hini Nmax
Total % Added % Binder Gmm Gmb % Air Voids % VMA HVFB/VFA # of Gyrations {N)
Trial 1 6.5 6.1 2.442 2.386 23 15 BA7 TSR T283 [psi Semm at Optimum
Trial 2 Wet Strength: Dry Strength
Trial 3 Hamburg [T32. Finial Rut Depth [mm Number of Passes:
Trial 4 Cracking Tolerance Index (DBZ225): CL] =}
OPT. & 4.0% Vs 6.5 6.1 2.442 2.386 2.3 15.0 B4.7 Dommemnmended and comipaction temperatures are for lab purposes only; field production
|temperatures will vary; Evatharm or radiset added in at 0.3-0.5% of total AC 35 a cold
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Reviewed By: Jeffery. R. Anderson

Mix 2

WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

C-5 4MT 506322 NOT VERIFIED xlsx

WisDOT Project #: 1693-05-72 Diesign Lab or Company: WisDOT Mix Design ID:
Mix Design ID: 506922 *Mix Designer: WisDOT Design Weri ion Date: 10/16,/2022
Mix Type: MT Designer HTCP Cert 1D4:
A4S 4-12.5mm Producer: X
Virgin Binder PG: 58-28 Plant #/location: Design amended Date:
Binder D 5 Primary AC Design Date: 10/13/2022 Last JIMF Change Date:|
wirgin Binder Gb: 1.035 “Nats: Typed not Signaturs Block | mstructions: celis thiat are light blue are data field for user to enter data ail
\irgin Binder Sourca: Flint Kills Dubuque Iw
AGGREGATE COMPONENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg § Agg & Agg 7 Agg 8 RAM 1 (RAF) RAM 2 (RAS) RAM 3 (FRAF) JMF BLEND
Blend %s {0.1) 16.0 16.0 36.0 1565 0.5 15.00 100.0
Material Description 5/8" chip 3/8" chip MFe'dsand | Natural sand DEG RAP
Source ID/Name [needs to match _
225 report) Oregon oregon Oregon oregon 40005 40005
P or @ or MF or Dust (RAM plant 1] s [ [ s oes AN 1 [RAF) Gse: 2699
WisDOT Agg Test ID s o w 225-0059-2022 225-0059-2022 SE: 94
RAM Extracted % Binder 13 [r112) 01
Pi1 (T8990}
Sieve Jmm)
11/2" 375 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1" 250 100.0 100.0 100.0 100.0 100.0 100.0 100.0
3/a" 180 100.0 100.0 100.0 100.0 100.0 100.0 150 100.0
/2" 125 770 100.0 100.0 100.0 100.0 100.0 125 96.3
38" a5 27.0 57.0 100.0 100.0 100.0 97.0 85 E7.4
w4 4.75 20 17.0 950 920 100.0 810 475 65.1
8 2.36 10 40 630 720 100.0 65.0 236 45.6
16 118 10 30 400 56.0 100.0 S1.0 118 324
#30 0.60 10 20 270 420 100.0 40.0 a.60 23.6
#50 0.30 10 20 150 16.0 100.0 27.0 030 13.1
#100 0.15 10 20 50 4.0 100.0 18.0 015 6.1
#200 0.075 0.5 15 26 19 100.0 13.5 0.075 4.1
Gsb: 2.600 2580 2,640 2.540 2.640 2.611 Gab: 2.619
CAA 1F (%): o8 99 Cas TF (%) 98.5
CAA 2F (%): 97 97 CAA 2F (%) 97.0
FAA: a5 40 Faa: a3
Moisture Abs. (%): 2 24 12 0.9 1 &bz (%) 1.4
Thin/Elong. (%): 0.5 0.5 TIE. %) 0.1
I JMF PROPERTIES AT OPTIMUM % BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory ~ HMA/SMA  Warm Mix SMA Draindown {%) * Temp. of Plant ] Alternate AC Sources [* saditive for siternate Binder can be done wsing JMF form)
Rec. Mix Temp(F):| 280-320 | |*Temp."c Phr: 12.3 AT S Alternate AC Source AL Type Gh TSR ** #of Gry.N) | Additive® | Amt. Additive
compact Temp(F):| 255295 | | 1 Pba: ] min_ 5.5% (SMA)| __ CRM MKE/GRE, 58-28 5/H/VJE
2 Pba: 12 CRM MEKE/GRB 58-34 5/H/NJE
*Type Additive: VMLA, Anti-Strip, BVE. Dust/Binder [DP): 0.8 L612/12-2.0
*amt. additive:|  010% | cellulose Fibers) plus 15°C 15
* Additive used in intial 5id 1 smm Drpbxkcnrr.::
Adcitional acditives may be added in the comments section or 2 ** TSR Vaies are requined when & change in source is from 8 modified AC 2 2 unmodified AC or per CMM 855.2.3.2
ARamats AL Sources” Ave. COMPACTION EFFORT/LEVELS -Primary Binder [TSR & Performance Test Results)
| TRIAL AC DATA Nini Nmax
Total % Added % Binder Gmm Gmb 5% Air Voids % VMA HVFB/VFA 7 115
Trial 1 6.0 53 2461 2358 4.2 154 727 TSR T283 i) 87.8 96.8 #of Gry N}
Trial 2 Wet Strength: 105.8 TSR: 0. 32
Trial 3 Hamburg [T324): ial Rut Depth [mm): 34 Number of P 20000
Trial 4 Cracking Tolerance Index (DE325): R 23
OPT. & 4.0% Va 6.0 5.3 2.461 2358 4.2 15.4 72.7 Comments: |Recommended and compaction temperatures are for lab purposas only; field production
OPT. @ 3.0% Va | 0.70 | 100.0 97.0 will vary; Evotherm or rediset added in at 0.3-0.5% of total AC as a cold

64



Mix 3 and 6

Reviewed By: Jeffery. R. Anderson C-54MT 506722 NOT VERIFIED. xlsx

WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

WisDOT Project #: 1693-05/72/73 Design Lab or Company| WisDOT Mix Design ID:|
Mix Design 1D: 506722 *Mix Designer| ‘WisDOT Design Verification Date|
Mix Type: MT Designer HTCP Cert | D4
HMAS: 4-12.5 mm Producer|
irgin Binder PG| 58-28 Plant #/location:| Design amended Date:|
Binder Designation:| 5 Design Date:| 7/27/2022 Last IMF Change Date:|
virgin Binder Gbj 1017 “Nata: Typod nat Signatura Siock |instructions: cells that are light biue are data field for user to enter data
Wirgin Binder Source] Flint Hill ebugque
AGGREGATE COMPONENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg 5 Agg 6 Agg 7 Agg8 _ RAM 1(RAF) RAM 2 (RAS) RAM 3 (FRAF) IME BLEND
Blend %s (0.1) 210 140 0.0 290 25.5 0.5 I 100.0 I
Material Description 5/B" Chip 3/8" chip 1/4" screenings | MFAG'dSand | Natural Sand DEG
Source IDfName [needs to match ‘Waterloo Manchester
/ 25 lve[port] Qregen Qregen (Michels) Oregon [Michels) 0003
P or @ ar MF or Dust [RAM picnt 1D] e F [ F e oEE 2695
WisDOT Agg Test 1D cos s 225-0059-2022 225-0059-2022 93
RAM Extracted % Binder | | [T 0.1
Sieve {mmj}
112" 37.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1" 25.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
3/4" 1%.0 100.0 100.0 100.0 100.0 100.0 100.0 19.0 100.0
/2" 125 770 100.0 100.0 100.0 100.0 1000 125 95.2
3/8" a5 270 7.0 100.0 100.0 100.0 100.0 85 B4.3
w4 4.75 20 17.0 100.0 95.0 100.0 1000 47 66.4
#8 236 10 4.0 837 63.0 100.0 1000 236 534
#16 118 10 3.0 63.6 40.0 29.0 100.0 118 443
#30 0.60 10 20 475 270 280 1000 o.60 38.6
#50 0.30 10 2.0 319 15.0 74.0 100.0 030 274
#100 0.15 10 20 180 5.0 10.0 1000 015 6.8
#200 0.075 0.5 15 104 26 14 100.0 0.075 3.0
Gsh: 2.600 2.580 2676 2.640 2648 2648 Gab: 2.629
CAA 1F (%): o oo CAATF (%] 084
CAA 2F (%): o7 o7 CAA IF (%] 97.0
FAA: 49 45 40 Faa: a4
Moisture Abs. (%): 2 2.4 12 0.4 Aba. [%): 1.2
Thin/Elong. (%): 0.5 0.5 TIE. (%): [ ¥]
| JMF PROPERTIES AT OPTIMUM % BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory ~ HMASSMA  Warm Mix SMA Draindown {%) * Temp. of Flant i Alternate AC Sources |* additive for altemnate Binder can be cone using JMF form |
Rec. Mix Temp[F]:@) T Jremp.ic Pbr] - Alternate AC Source AC Type b TSR " % of Gry.|N] | Additiee" | Amt. Additive
compact Temp(F]:| 255-295 | 1 1 Phe:| 4.8 min_5.5% (5M&)|  CRM MKE/GRB/Gladstone 58-28 5/H/W/E
Pha;| 1.0 CRM MEKE/GRB/Gladstone 58-34 5/HA/E
*Type Additive:] (WA, Anti-Strip, AVE. Dust/Binder [DP) 0.6 0.612/1.2-2.0
*amt. ndditi\o\e'E cellulose Fibers) plus 15°C 15
* Aggitive uzed in initinl 33 1 ammoneckcon ]
acditional additives may bx added in the comments section o 2 ** T3 Waliees are required when a change in source is from  modified AC to 8 unmadified AC or per CMM 566.2.3.2
TARRrTats AL Sources AVE. COMPACTION EFFORT/LEVELS -Primary Binder [TSR & Performance Test Results)
| TRIAL AC DATA Rini Nmax
Total % Added % Binder Gmm Gmb 3% Air Voids % VMA HVEB/VFA # of Gyrations {N)
Trial1 5.2 52 2.482 2.340 5.7 156 835 TSR T283 [psi Somm at OEilﬂ um £ of Gry.[H]
Trial 2 57 57 2463 2.364 40 152 737 Wet Strength: 3 Dry Strength: 9
Trial 3 6.2 6.2 2444 2385 24 152 B39 Hamburg [T324): Finial Rut Depth [mm): Number 2001
Trial 4 Cracking Tolerance Index (DB225): CL| 29
OFT. & 4.0% Va 5.7 5.7 2.463 2365 4.0 152 73.7 & A | ded and compaction tempe: are for [ab purposes only; field production
OPT. & 3.0% Va 60 | 5.03 | 2.451 2378 2.0 15.0 B0.0 | s will vary; Evotherm or rediset added in at 0.3-0.5% of total AC as a cold
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Reviewed By: Jeffery. R. Anderson

Mix 4

C-5 4MT 507022 NOT VERIFIED. xlsx

WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

sDOT Project #: 1693-05-72/73 Design Lab or Company| WisDOT Mix Design ID:|
Mix Design 1D: 507022 *Mix Designer| ‘WisDOT Design Verification Date|
Mix Type: MT Designer HTCP Cert |04
HMAS: 4-12.5 mm Producer|
Wirgin Binder P& 5B-28 Plant #/location| Design amended Date:|
Binder Designation:| 5 Design Date| 7/23/2022 Last JMF Change Date:|
virgin Binder &b 1017 “Mota: Typad nat Sgnatura Biock
Wirgin Binder Source] Flint Hills Dubugus
AGGREGATE COMPONENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg § Agg & Agg 7 Agg 8 RAM 1 (RAF) RAM 2 (RAS) RAM 3 (FRAF) JMF BLEND
Blend %s (0.1) 140 130 350 105 05 27.0 I 100.0 I
Material Description 5/8" chip 3/8" chip MFG'd Sand Matural Sand DEG RAP
Saurce 'D"’NZ'{;“M[;:T ta match Oregon Oregon Oregon oOregon 40005 40005
P or 0 or MF or Dust {RAM piont iD) [ F e F DEG 2.706
WisDOT Agg Test ID s 225-0059-2022 225-0059-2022 225-0059-2022 24
RAM Extracted % Binder 0.1
[mm) {mm)
375 100.0 100.0 100.0 100.0 100.0 100.0 375 100.0
250 100.0 100.0 100.0 100.0 1000 100.0 250 100.0
1%.0 100.0 100.0 100.0 100.0 100.0 100.0 190 100.0
125 770 100.0 100.0 100.0 1000 100.0 125 96.8
a5 270 97.0 100.0 100.0 100.0 97.0 a5 BE.6
4.75 20 17.0 950 920 100.0 B10 a7 67.8
w8 2.36 10 4.0 63.0 720 1000 65.0 236 48.3
#16 118 10 3.0 400 56.0 100.0 51.0 118 347
#30 0.60 10 2.0 270 420 100.0 400 o.60 25.6
#50 0.30 10 2.0 150 16.0 100.0 27.0 o3 15.1
#100 0.15 io 20 5.0 a0 100.0 180 015 7.9
#200 0.075 0.5 15 26 15 100.0 135 0.075 5.5
Gsb: 2.600 2.580 2.640 2.640 2.640 2611 Gab: 2.619
CAA 1F [%): o oo CaA TF %) o84
CARA 2F (%): o7 o7 CAA 2F (%) 97.0
FAA: 40 40 Faa: 43
Muoisture Abs. (%): 2 2.4 12 0.8 1 Abs. [%]: 1.4
Thin/Eleng. (%): 0.5 0. TIE. {%): 51
| JMF PROPERTIES AT OPTIMUM % BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory ~ HMA/SMA  Warm Mix  SMA Draindown (%] * Temp. of Flant ot e o Alternate AC Sources [* aditive for attemate Sinder can be done wsing IMF form |
Rec. Mix Temp[F]:mszo | |*Temp.ic Pbr| 25.0 LI TR Alternate AC Source AC Type Gh TSR ** # of Gry.[N) Additive® | Amt. Additive
Compact Temp[rj:|_255-295 | 1 Pbe: 4.1 min_5.5% [SMA)]  CRM MKE/GRB/Gladstane 58-28 S/HN/E
2 Pha;| 1.3 CRM MEKE/GRB/Gladstone 58-34 S/HNJE
: [WMA, Anti-Strip, AvE. Dust/Binder (DP} 13 0.612/1220
E cellulose Fibers) plus 15°C 15
* Additive Lzad in initial Did 1 Gmm Dryback urr.::[
Asditions! adcitives may be acded in the comments section or 2 ** TSR Valuses are required when a change in source i from = modified AC to 8 unmorified AC or per CMM 366.2.3.2
Tamermate AC Sources” Avg. COMPACTIOMN EFFORT/LEVELS -Primary Binder (TSR & Performance Test Results)
| TRIAL AC DATA Mini
Tatal % Added % Binder Gmm &mb 3 Air Voids % VMA SVFB/VEA # of Gyrations [N}
Trial 1 5.3 4.0 2.484 2.404 3.2 131 75.6 TSR 7283 [psi HEmm at Optimum £ of Gry.[N)
Trial 2 Wet Strength: 1114 Dry Strength 18
Trial 3 Hamburg [T324): Finial Rut Depth (mm): 7 Number of Passes: 20
Trial 4 Cracking Tolerance Index (DB225): CL] 2
OPT. & 4.0% Va 5.3 4.0 2.434 2.404 3.2 131 75.6 comments: |Recommended and compaction temperatures are for lab purposes only; field production
| es will vary; Evotherm or rediset added in at 0.3-0.5% of total AC as a cold




APPENDIX B - SHADOW PROJECT MIX DESIGNS
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Project 1

Reviewed By: Jeffery. R. Anderson Copy of (Project 1)4MT 801621_Not Verified
WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249
‘WisDOT Project # 2708-05-70 Design Lab or Company: WisDOT Mix Design ID:
Mix Design 1D: B01621 *Mix Designer: ‘WisDOT Design Verification Date:
Mix Type: MT Designer HTCP Cert IDH:
MMAS: 4-13.5mm Producer:
Wirgin Binder PG| 58-28 Plant &/location: Design amended Date:|
Binder Designation’| 5 Primary AC Design Date: 1/26/2021 Last JIMF Change Date:
Wirgin Binder Gb 1030 Source/ Type "Mota: Typed not Signaturs Block |instructions: cells that are light blue are data field for user to enter dats
irgin Binder Source-| CRM Green Bay
AGGREGATE COMPONENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg § Agg & Agg 7 Agg 8 RAM 1 (RAF) RAM 2 {RAS)RAM 3 (FRAF) JMF BLEND
Blend %s (0.1) 120 80 80 240 35.0 10 12.0 | 1000 |
N - 1364 .09 9.09 27.27 39.77 114 100.0
Matesiol Description /8" Chip 3/8" chip Ua'chip | MFG'dsand | Natural 5and DEG Rap
Scurce ID/Name (needs to match
225 report) Jackson e Jncison Josison Wissoto DEG 0013
P or 0 or MFor Dust [RAM plant i) Q a a a F Dust Gse: 2756
WisDOT Agg Test ID s sy 223-0085-2048 22300852045 223-0082-2018 SE: o4
RAM Extracted % Binder [T112) 0.01
P1 {T8o,/20)
[mm}
112" 375 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1" 250 100.0 100.0 100.0 1000 100.0 100.0 1000 100.0
3/4" 1%.0 100.0 100.0 100.0 1000 100.0 100.0 1000 150 100.0
12" 125 756 100.0 100.0 100.0 100.0 100.0 100.0 125 97.1
3/8" a5 265 86.0 100.0 100.0 100.0 100.0 960 a5 80.4
#4 4.75 43 78 612 100.0 29.0 100.0 750 475 74.7
#8 236 32 44 109 759 834 100.0 580 236 57.0
#16 118 28 34 42 459 68.6 100.0 430 118 423
#30 0.60 25 3.0 2.7 26.0 521 100.0 340 0.60 30.3
#50 0.30 23 29 24 13.9 252 100.0 240 0.30 16.7
#100 0.15 20 26 20 5.6 65 100.0 150 015 7.0
#200 0075 16 =1 16 32 29 100.0 108 Yo 4.6
Gsh: 2.661 2.671 2710 2731 2.687 2687 2.700 Gab: 2.696
CAA 1F (%): 100 100 100 CAsTF (% 100.0
CAA 2F (%): 100 100 100 AL IF (%) 100.0
FAR: 473 40 az Faa 43
Moisture Abs. (%): 15 17 13 L] 07 0.3 Abs. [ 1.0
Thin/Elong. (%a): 02 02 o1 TIE. %) [X:]
I JMF PROPERTIES AT OPTIMUM % BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory ~ HMA/SMA  WarmMix  SMaA Draindown [%) * Temp. of Prant = Alternate AC Sources [* seditive tor sitarnats Binder can be don uzing IMF form)
Rec, Mix Temp(F:[ 280320 | [*temp.c porf 107 | o Alternate AC Source AC Type ) TSR " #Of GryJN) | Additive” | fmt. Additive
Compact Temp(F]: 295 | | 1] Pbe: [ min_5.5% (SMA)|__ CRM MKE/GRB/Gladstone | 58-28 S/H/V/E
2| Pha| [X] CRM 58-34 5/H/V/E
*Type Additive: [Whaa, Anti-Strip, AVE. Dust/Binder [DP) 1.0 0612/12-20
*amit. Additive: cellulose Fibers) plus 15°C 15
* Aditive et in initial b 1 smemprymeaccor ]
nditioral accitives mey e adced in the comments section ar 2| ** TER Vaiues ane requined when a chanse in source i from & modified AC 9 8 unmodified AC or par CMM 256 23.2
e AC et Ave. COMPACTION EFFORT/LEVELS -Primary Binder (TSR & Performance Test Results)
TRIAL AC DATA Nini Tmax
BN Binder Gmm Gmb T Aur voids WUMA  WVFE/VFA | # of Gyrations (N) 7
Trial 1 5.2 4.6 2537 2422 45 148 B9.6 TSR T283 (psi) 3Gmm at Optimum 891 & of Gry. (8]
Trial 2 5.7 5.1 2517 2441 3.0 146 79.5 Wet Strength: 1875 | Dry Strengthc 12 15
Trial 3 6.2 5.5 2.408 2458 16 145 B2.0 Hamburg [T324): Finial But Depth {mm]: 20.05 Number of Passes: 13,815
Trial 4 Cracking Tolerance Index [D8225): L
OPT. @ 4.0% Vs 5.4 4.3 2.529 2428 a0 1438 730 Ccomments: | Recommended and compaction temperatures are for lab purposas only; field production
OPT. @ 3.0% Va 5.7 | 5.07 | 2.517 2.441 3.0 14.6 79.4 |tempel?tures will vary; Evothermn or rediset added in at 0.3-0.5% of total AC as a cold
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Reviewed By: Jeffery. R. Anderson

Project 2

WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

[Project 2)4LT 206821_Not Verified

‘WisDOT Project & 9110-10-72 Design Lab or Company: WisDOT Mix Design ID:
Mix Design 100 BD6821 *Mix Designer: WisDOT Design Verification Date:
Mix Type: LT Designer HTCP Cert ID#:
NMAS: 4-125mm Froducar:
Wirgin Binder PG| 58-28 Plant #/location: Design amended Date:|
Binder 5 Primary AC Design Date: 7/2/2021 Last JMF Change Date:
\irgin Binder Gb: 1030 "esta: Tfpast ot Signature Soc instructions: Cells that are lizht blue are data field for user to enter da
irgin Binder Source:| CRM Green Bay
AGGREGATE COMPOMENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg 5 Agg 6 Agg 7 Agg 8 RAM 1 (RAF) RAM 2 (RAS)RAM 3 (FRAF) JMF BLEND
Blend %s (0.1} 120 13.0 11.0 435 05 20.0 100.0
Material Description 5/8" Chip 3/8" chip Screenings Natural sand DEG RAF
Soree m,m;_.:;g.;;u =t | popple River Popple River Popple River | Popple River DEG 0021
Por  or MFor Dust [RAM piant i) P [ [ P Dust Gsa: 273
WisDOT Agg Test ID o e 225-0240-2021 225-0240-2021 SE: o0
RANY Extracted % Binder [T112) 0.03
P (Tag/20)
Sieve {mmy}
11/2" 375 100.0 100.0 100.0 100.0 100.0 100.0 375 100.0
1" 250 100.0 100.0 100.0 100.0 100.0 100.0 =0 100.0
34" 13.0 d00.0 100.0 1000 100.0 100.0 100.0 1.0 100.0
12" 125 55.9 100.0 100.0 100.0 100.0 100.0 125 4.7
3f8" 85 8.4 758 100.0 100.0 100.0 9.0 5 5.1
#4 475 24 B2 £9.2 86.3 100.0 77.0 475 64.6
#8 236 21 30 55.8 742 100.0 617 238 523
#16 118 18 24 420 626 1000 496 118 428
#30 0.60 18 22 314 461 100.0 369 os0 319
#50 0.30 16 21 237 18.7 100.0 20.5 [E] 15.8
#100 0.15 13 17 15.5 69 1000 127 015 B
#200 0.075 0.9 12 10.5 39 100.0 9.6 0075 5.5
Gsb: 2735 2.715 2,687 2647 2.675 2725 Gab: 2685
CAA 1F (%): 36 91 CAATF (%) 88,5
CAA 2F (%): 84 o0 CALZF (%) B7.0
FAA: 41 Faa: 43
Moisture Abs. [%): 0.9 0.8 10 09 0.6 Abe. (%) (%]
Thin/Elong. (%): 12 27 TIE. [%): 05
I JMF PROPERTIES AT OPTIMUM % 0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory ~ HMA/SMA  WarmMix  SMa Draindown (%) * Temp. of Pant Alternate AC Sources [* ssditive tor aitermate Einder can be done using IMF form)
Rec, Mix Temp(F):|  280-320 | | *Temp."c Phr| 1B.9 A5 ha SMA Altemnate AC Source AC Type Gh TSR ** #of GryN) | Additive® | At Additive
compact Temp(F):| 255205 | 1] Pha: [%] min. 5.5% (SMA)|  CRM MKE/GRB/Gladstone | 58-28 5/H/W/E
2| Pha: [T CRM MKE/GRE/Gladstone [ 58-34 5/H/W/E
*Type Additive: [WHAA, Anti-Strip, Avg. Dust/Binder [DP} 12 0612/1220
*amt. Additive: cellulose Fibers)  plus 15°C 15
* patitive zaa in inital B 1 PR R |
Adaitioral aacitives may D¢ added in the comments section o 2| **T58 Vaises ane requiras when a chanse in soumoe s from @ modified AC 9 8 unmocified AC or oer CMM £55.23.2
AR AC Sources” Ave. COMPACTION EFFORT,/LEVELS -Primary Binder (TSR & Performance Test Results)
TRIALAC DATA Nini Nmax
Bin T Binder Gmm Gmb % T Voids WUMAE  RUFB[VEA | # of Gyrations (N} 6 50
Trial 1 5.1 41 2516 2404 45 151 702 TSR 1283 |psi) %GEmm at Optimum 514 6.8 & of Gry.[N]
Trial 2 56 [ 2.497 2421 30 149 759 Wet Strength: 3257 | Dry Strength: 346.4 0.55 8
Trial 3 6.1 5.2 2.479 2.445 14 145 20.3 Hamburg [T324]: Finial Rut Depth [mm): Number of Passes:
Trial 4 Cracking Tolerance Index [DE225)
OFT. @ 4.0% Va 53 43 2.508 2.408 40 151 735 comments: |Recommended and compaction temperatures are for lab purposes only; field production
OPT. @ 3.0% V. 5.6 | 4.63 | 2.498 2,423 3.0 14.9 79.8 |tempemtures will vary; Evotherm or rediset added in at 0.3-0.5% of total AC as a cold
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Reviewed By: Jeffery. R. Anderson

Project 3

WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

[Project 3)601-21-4MTR301(243 form)

WisDOT Project #: 1706-00-70 Design Lab or Company: ‘WisDOT Mix Design ID:
Mix Design ID: 601-21-4MTR301 *Mix Designer: 'WisDOT Design Verification Date:
Mix Type: MT Designer HTCP Cert ID#:
NRAS: 4-12.5mm Producer:
Wirgin Binder PG 58-28 Plant #/location: Design Amended Date:|
Binder D 5 Primary AC Design Date: B/f27/2021 Last JMF Change Date:
Virgin Binder Gb: 1029 Source/ Type “Mots: Tiped nct Signature Block Instructions: Calls that are lizht blue are data field for user to enter data
Virgin Binder Source: MIA - L3 Crosse all ather cells are locked.
AGGREGATE COMPONENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg 5 Agg & Agg T Agg 8 RAM 1 (RAF) RAM 2 (RAS) RAM 3 (FRAF) JMF BLEND
Blend %s (0.1) 280 30 17.0 22.0
Material Description g;;;r’:;x:d _’\flﬁs'a\:':lmran 1‘;23:_:;?;::‘2?1 RAP(7206)
Source ID/Name fnesds to match Browms Bottom Browns Botom Tegaler PIL
225 report] Quarry 24,88 3 Quarry 24,88 3E 26,89, 3W Plant 1 RaP
Dubugue. 18 Dubugue, 14 Deleware. 14
ForQ or MF or Dust [RARM piont ID) F RAP Gse: 2733
WisDOT Agg Test ID ms waast 225-57-2021 225-57-2021 m 88
RAM Extracted % Binder 3 [T112) 0.5
Jmmj)
375 1000 100.0 100.0 100.0 100.0
5.0 1000 100.0 1000 100.0 100.0
19.0 1000 100.0 1000 100.0 13.0 100.0
125 920 100.0 1000 24.0 125 96.4
95 60.0 100.0 1000 EEO 85 B6.2
475 13.0 97.0 98.0 69.0 a7s 67.5
#8 238 21 7.0 B6.0 B0 238 50,1
#16 118 14 290 700 510 118 374
#30 0.60 13 280 46.0 410 0.60 26.4
#50 o030 12 180 140 30.0 LE 15.3
#100 015 11 8.0 18 160 015 6.8
#200 0.075 10 27 10 9.7 0.075 3.5
Gsh: 2.698 2.755 2616 2671 Gab: 2,696
CAA 1F (%): 100 100 5 99 CALIF (3 9.0
CAA IF (%): 100 100 23 99 CALIF [ 9.0
FAA: 437 205 432 Faa: 438
Moisture Abs. (%): 11 0.9 07 0.98 abe. (%) 0.9
Thin/Eleng. (%): 09 01 0.1 TIE (34 0.2
I JMF PROPERTIES AT OPTIMUM % BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory ~ HMA/JSMA Warm Mix  SMA Draindown (%) * Temp. ot Prant e Alternate AC Sources [* acsitie for inder can ing IMF form)
Rec. Mix Temp(F):|_275-300 | |*Temp.c Pb 244 58 S ‘Alternate AC Source AC Type Gb TSR ** #0f Gry.[N) | Additive® | Amt Additive
compact Temp(F):| 275 | 1] Phe: ] min. 5.5% (SMA] MIA - La Crosse PG 525-34 1023
2| Pha: 0.5 MIA - La Crosse PG 5B5-34 1.0z
*Type Additive: WIMA, Anti-Strip, AvE. Dust/Binder [DP): 0.7 06121220 MULA - La Crosse PG 58H-28 1031
*amt. Additive: cellulose Fibers) plus 15°C 15
* Aiditive ued in initial 62 1 . I |
Additionsl additives may be ddedin the comments section or 2| ** TSR Vekues ane raguired when 2 change in source is from @ modcified AC to 8 unmodified AC or per MM BEE232
TAmemae AC Sources” Avg. COMPACTION EFFORT/LEVELS -Primary Binder [T5R & Performance Test Results)
TRIAL AC DATA Nimi Nmax
Einder Binder Gmm Gmb % T Voids TWMA  GVFB/VFA | # of Gyrations [N) 7
Trial 1 5.0 i7 2.525 2391 5.3 15.7 66.5 TSR T283 [psi) 3Gmm at Optimum #of Gry.{N)
Trial 2 55 432 2.505 2412 7 15.4 76 Wet Strangth: 818 | Dry Strength: 23
Trial 3 6.0 47 2.487 2.433 22 i5.2 85.8 Hamburg {T324) Finial Rut Depth [mm]:
Trial 4 65 52 2468 2442 10 153 932 s g Tolerance Index (DB225): L]
OPT. @ 4.0% Va 5.4 a1 25090 2.400 40 155 741 Comments: |Note: 0.2% Evotherm added as a compaction aid.
OFT. @ 3.0% Va 57 | s34 | 2.496 2421 3.0 15.4 0.5
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Project 4

Reviewed By: Jeffery. R. Anderson Copy of (Project 4)4MT 802022_Not Verifie
WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249
WisDOT Project #: 4135-14-60 Design Lab or Company: /isDOT Mix Design 1D:
Mix Design 100 BO2022 *Mix Designer: WisDOT Design Verification Date:
Mix Type: MT Designer HTCP Cert ID#:
NMAS: 4-13.5mm Producer:
wirgin Binder PG| 58-28 Plant #/location: Design Amended Date:
Binder Desi ion 5 Primary AC Design Date: 3/2/2022 Last JMF Change Date:
irgin Binder Gb:| 1030 i “Niota: Typed noe Signatune Sock i ells that are light blue are data field for user to enter data
n Bindar Sourca:| CRM Green Bay
AGGREGATE COMPONENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg 5 Agg 6 Agg 7 Agg 8 RAM 1 (RAFP) RAM 2 (RAS) RAM 3 (FRAF) JMIF BLEND
Blend %s {0.1) 100 110 20.0 345 05 240 | 1000 |
Material Description 5/8" chip 3/8" chip mMFe'dsand | Natural sand DEG RAP
Soree mmsj'";‘:.:;k = penmark Denmark Denmark ahmét pit DEG 20037
P or ] or MFor Dust [RAM piant i) o a a G Dust 20037 2788
WisDOT Agg Test ID s o 225-0008-2020 225-0008-2020 89
RAM Extracted % Binder 02
Sieve {mm}
11y 375 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1" 250 100.0 100.0 100.0 1000 100.0 1000 100.0
3/a" 1%.0 100.0 100.0 100.0 100.0 1000 100.0 150 100.0
12" 125 800 100.0 100.0 1000 100.0 100.0 25 98.0
3/8" a5 200 83.0 100.0 100.0 1000 970 85 920.1
#4 4.75 16 6.1 0.0 100.0 100.0 759 475 72.0
#8 236 13 1.7 46.6 96.3 100.0 581 236 57.3
#16 118 12 15 225 20.6 1000 457 118 47.5
#30 0.60 12 15 115 74.6 100.0 36.1 0.60 37.5
#50 0.30 11 14 6.5 213 100.0 23.1 0.30 15.0
#100 0.15 11 13 3.6 4.0 1000 168 015 6.9
#200 0.075 10 1.2 17 23 100.0 111 0.075 4.5
Gsh: 2.775 2.765 2.776 2.667 2.667 2.739 Gab: 2.727
CAA1F (%): 100 100 CAATF 3
CAA 2F (%) 100 100 a8 2F (3): 100.0
FAA: a5 41 a Fa 43
Moisture Abs. (%): 0.8 1.0 (X 10 0.7 Aba. %) (%]
Thin/Elong. {%): 0.4 15 TIE. [%): [ ¥]
I JMF PROPERTIES AT OPTIMUM 3% BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory HMASMA Warm Mix SMA Draindown [%) * Temp. of Prant “ Alternate AC Sources [* seditive tor aiternate Binder can be done using IMF form)
Rec, Mix 1emp[n:|@ | |*Temp.°c Pbr| 2LE Alternate AC Source AC Type Gh TSR ** #of Gry M) | Additive® | At Additive
compact Temp(F):| _255-285 | | 1 Pbe| 5] min_ 5.5% (SMA)| __ CRM MKE/GRB/Gladstone | 58-28 S/H/V/E
2| Pba| 0.8 CRM MKE/GRB/Gladstone 5834 5/H/V/E
*Type Additive: [Wha, Anti-Strip, Avg. Dust/Binder [DP}: 10 0.612/12-20
*amt. Additive: cellulosa Fibers] plus 15°C 15
* Auteitive e in intial i 1] LR I |
Andiioral socitices may S dced in the camments sactian ar 2| #4 58 Waiuses ane requines wher & chanz in souros i from & modified AC t2 8 unmocited AC or par CMIM 555 23.2
TARemate AC Saurces’ Avg. COMPACTION EFFORT/LEVELS -Primary Binder (TSR & Performance Test Results)
T Nini Nmax
BN Binder Gmm Gmb % 2T Voids RVMA FEIVFA | # of Gyrations (N} 7 115
Trial 1 52 4.0 2,561 2434 50 15.4 7.5 TSR T283 (psi) %Gmm at Opti 90.4 96.9 ol Gry.N)
Trial 2 5.7 45 2541 2452 35 15.2 77.0 Wet Strength: 393.7 | Dry Strength: 4516 0.87 13
Trial 3 6.2 5.0 2521 2463 23 153 B5.0 Hamburg [T324): Finial Rut Depth {rmi 19.10 Number of Passes: 19682
Trial 4 Cracking Tolerance Index (D8225): ol 1)
OPT. @ 4.0% Vi 55 a3 2550 248 10 152 735 - Jrec d and compaction temperatures are for lab purpasas only; fisld production
OPT. @ 3.0% Via 5.9 I 4.72 I 2.532 2.456 3.0 15.3 80.3 ItEI’ﬂDEl?lU(E’S will vary; Evotherm or rediset added in at 0.3-0.5% of total AC as a cold
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Project 5

Reviewed By: leffery. R. Andersom RRO40E 4 MT 58-28 5 245 Submittal xlsx
WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

WisDOT Project #: 0250-11-11 Design Lab or Company’| ‘WisDOT Mix Design ID:|
Mix Design 1D: RRO408 *Mix Designer:| 'WisDOT Design Verification Date|
Mix Type: MT Designer HTCP Cert |D#]
MMAS: 4-12.5 mm Producer|
Wirgin Binder PG| 58-28 Plant #/location:| Design amended Date|
Binder Designation| 5 Design Date:| 3/31/2022 Last JMF Change Date:|
virgin Binder Gb| 1031 “Nati: Typod nat Signatura Biock |instructions: cells that are light blus are data field for user to enter data all
virgin Binder Source; Flint Hills Resources |m-h‘-3l'—';3|-|5—3LE-|SL‘;|$H’-l
AGGREGATE COMPONENT GRADATION DATA |
Agg 1 Agg 2 Agg 3 Agg 4 Agg 5 Agg 6 Agg 7 Agg8  RAM 1 (RAP) RAM 2 (RAS) RAM 3 (FRAF) JME BLEND
Blend %s {0.1) 150 2.0 240 240 10 240 30 I 100.0 I
Mol Dsciption e e ey e I B
Source ID/Name (needs to match
225 report) I P P I MF
P or @ or MF or Dust [RAM pignt i) 22300022017 | 223-0a00-2017 2230102207 | 2250022007 Gse: 275
WisDOT Agg Test 1D e s SE: 98
RAM Extracted % Binder [T112)
(T89/90)
Sieve [mm) {mem}
112" 375 100.0 100.0 100.0 100.0 1000 100.0 100.0 375 100.0
1" 250 100.0 1000 100.0 100.0 100.0 100.0 100.0 250 100.0
3/4" 190 100.0 100.0 100.0 100.0 1000 100.0 100.0 19.0 100.0
12" 125 B5.0 1000 100.0 987 100.0 906 100.0 125 97.3
3/8" a5 310 964 100.0 264 1000 95.8 100.0 85 B7.5
] 475 19 248 100.0 903 100.0 772 9.4 475 T0.7
#8 236 17 38 65.9 8539 1000 574 98.8 236 54.8
#16 118 16 31 40.0 798 1000 422 E19 118 42.9
#30 0.60 16 28 23.0 650 1000 304 59.2 o.60 317
#50 0.30 15 26 1B.0 250 1000 18.7 52.3 030 17.8
#100 0.15 14 25 6.0 £4 98.0 122 445 015 B.7
#200 0.075 12 22 29 3.2 910 8.1 334 0.075 5.7
Gsh: 2748 2.719 2717 2.654 2.700 2698 2501 Gsb: 2.695
CAA 1F (%) 978 100 37 97 cas 1F (%] 033
CAA 2F (%) 059 100 286 921 CAas IF (%) 90.8
FAA: a8 42 43 a5 Faa: a4
Moisture Abs. (%): 11 1.4 12 11 11 Abs. %) 11
Thin/Elong. {%): TIE. [%)2
I JMF PROPERTIES AT OPTIMUM % BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory ~ HMA/SMA Warm Mix SMa Draindown (%] * Temp. of Frant ) Alternate AC Sources [* asditive for aitermate Binder can be done using JMF form)
Rec, Mix Temp{e):[__300 | [*remp.tc Phr] 34.9 Alternate AC Source AC Type ) TSR " % of Gry.[N] | Additwe" | Amt. Additive
compact Temp(F):| 275 | | 1 Phe 47 min._ 5.5% [SMA) ntarstate Asphalt 58-28 5 1031 75
2 Pha;| 0.8 Flint Hills Resources 58-28H 1035 75
*Type Additive] (WM, Anti-strip, AV Dust/Binder (DP} 12 0.612/12-20 seneca 58-28 5 1031 75
*amt. Additive cellulose Fibers) plus 15°C 15
* Aggitive used in initial mg 1 Gmm Drpbxkcnrr.::
Asditional additives may be adcedin the comments section or 2] ** T5A Vales are requirec when 2 change in source is from @ modified AC t0 2 Lnmodified ACOr per CMM 256232
“Amemats AL Sourses” AvEL COMPACTION EFFORT/LEVELS -Primary Binder [T5R & Performance Test Results)
| TRIAL AC DATA Nini
Total % Added % Binder Gmm Gmb % Air Vioids % VMA HVEB/VFA #of ions (M) 7
Trial 1 45 290 2.558 2383 6.8 154 55.8 TSR T283 [psi SGmm at OEIiI‘HI.IITI E0.8 £ of Gry. (W)
Trial 2 50 341 2542 240 55 152 63.8 Wet Strength: Dry Strengtl 21
Trial 3 5.5 352 2518 2421 39 149 73.8 Hamburg [T324) Finial Rut Depth [mm): Mumber of Passes:
Trial 4 6.0 443 2.499 2.438 24 148 E3.5 Cracking Tolerance Index [D8225 L]
OPT_ @ 4.0% Va 5.5 341 2.520 2.419 4.0 139 73.2 Comments:
OPT. @ 3.0% Va 58| 3.76 | 2.507 2.432 3.0 15.0 50.0
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Reviewed By: Jeffery. R. Anderson

Project 6

WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

Copy of [Project 6)147-21-4MTR301(249 form)

WisDOT Project #: 1074-00-72 Design Lab or Company: WisDOT Mix Design ID:
Mix Design ID: 147-21-4MTR301 *Mix Dasigner: ‘WisDOT Design Date
Mix Type: MT Dasigner HTCP Cert ID:
NRAS: 4-12.5mm Producer:
Wirgin Binder PG: 58-28 Plant #/location: Design amended Date:|
Binder D 5 Primary AC Design Date: B/25/2021 Last JMF Change Date|
Virgin Binder Gb: 1029 Source/ Type “Nota: Typad nat Signatura Block ructions: Cells that are light blue are field for user to enter data
wirgin Binder Source: MIA - La Crosse all other cells are locked.
AGGREGATE COMPONENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg § Agg 6 Agg 7 Agg 8 RAM 1 (RAF) RAM 2 (RAS) RAM 3 (FRAF) JMF BLEND
Blend %s (0.1} 18.0 210 220 19.0 20.0 100.0 I
. =TI
Materiol Description 3.r-1=:4 3/88it | 3/16" Washed Man | 1/a" wa?hed | sereenea e
Agg[1221) sand([1403) Man sand{3402) octzcoe
Source ID/Name [needs to match | Wiedl 23,162 | Donskey 11,163W | Merillan-734 .
225 rzport) Monroe Monroe 123wk | S2EW -90 Millings
Jackson
Far( or MF o Dust (RAM piont I0) [+] a =] P RAP 271
WisDOT Agg Test 1D ms-cass 225-261-2021 225-18-2020 225-19-2021 87
RAM Extracted % Binder 0.5
Jmm}
375 100.0 100.0 100.0 100.0 100.0 100.0
5.0 100.0 100.0 100.0 100.0 100.0 100.0
3/4" 180 100.0 100.0 100.0 100.0 100.0 15.0 100.0
12" 125 63.0 100.0 100.0 100.0 24.0 125 92.1
3/8" 8.5 33.0 100.0 1000 100.0 820 55 B4.3
#4 475 BB 99.0 96.0 97.0 54.0 a7 2.7
#8 236 64 73.0 60.0 89.0 40.0 236 54.6
#16 118 59 470 310 770 310 118 38.6
#30 0.60 56 340 15.0 51.0 23.0 0.60 25.7
#50 030 53 26.0 7.0 16.0 16.0 030 14.2
#100 015 44 10 30 18 120 015 6.5
#200 0.075 31 3.0 15 0.8 8.2 0.075 3.3
Gsh: 2588 2.650 2.670 2.620 2672 Gab: 2,642
CAA 1F (%): 100 100 100 34 100 CAATF (%) 98.6
CAA ZF (%): 100 100 100 33 100 CAaA2F (%) 98.6
FAA: 49 517 40.2 53.7 Faa: 435
Moisture Abs. (%): 24 22 08 08 0.98 A (3] 14
Thin/Elong. {%): 17 0.8 05 13 0.1 TE (%) 03
I JMF PROPERTIES AT OPTIMUM % BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory  HMA/SMA  Warm Mix  SMA Draindown (%) * Temp. of Piant e Alternate AC Sources [* saditive for inder can ing IMF form)
Rec, Mix Temp(F):[ 275300 | |*Temp.ic Pbr: 218 [ “Alternate AC Source AC Type Gb TSR Y %01 Gry.[N) | Additive” | Amt Additive
compact Temp():| 275 | 1] Pbe: a7 min. 5.5% [SMA] MIA - La Crosse PG 58H-28 105
2| Pha: 1.0 MIA - La Crosse PG 525-34 1023
*Type Additive: WA, Anti-5trip, AvE. Dust/Binder [DP): 0.7 0.612/1220 MUA - La Crosse PG 56534 1023
*amt. Addith cellulose Fibers) plus 15°C 15 MIA - La Crosse PG 58H-34 102
* Agditive zad in initial big 1] Gmm Dl\mockcmr.::[
agdtionai saditives may be added in the comments section or 2| ** TSR Vahues ane reguired when = change in source is from = modified AC t0 2 unmodified AC or per CMM BEE2 32
TAmemate AC Sources” Avg. COMPACTION EFFORT/LEVELS -Primary Binder [TSR & Performance Test Results)
TRIAL AC DATA Nini Nmax
inder  Added % Bind, Gmm Gmb T Aur voids WVMA  GVFE/VFA | # of Gyrations [N) 7 115
38 2505 2357 ) 152 612 TSR 1283 (psi] %Gmm at optimum 89.0 97.1 %t Gry )
43 2.487 2378 44 14.9 70.8 ‘Wet Strength: 943 | Dry Strength: 99 - 0.95 23
48 2458 2303 3.0 128 795 Hamburg {T324): Finial Rut Depth [mm): Number of Passes:
53 2.450 2 406 18 148 37.9 C olersnce Index L}
OFT. @ 4.0% Va 44 2.483 2383 4.0 14.9 731 C Mote: 0.2% Evotherm added as a compaction aid.
OFT. @ 3.0% V. | 4.83 | 2.467 2.393 3.0 14.9 79.3
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Reviewed By: Jeffery. R. Anderson

Project 7

WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

Copy of [Project 7)158-22-5MTRW301(249 form)

‘WisDOT Project & 1560-00-72 Deesign Lab or Company: WisDOT Mix Design ID:
Mix Design 100 158-22-5MTRW301 *Mix Designer: ‘WisDOT Design Verification Date:
Mix Type: MT Designer HTCP Cert ID#:
NMAS: 5-9.5 mm Producer:
Wirgin Binder PG| 58-28 Plant &/location: Design amended Date:|
Binder Designation:| 5 Design Date: 5/31/2022 Last JMF Change Date:
Wirgin Binder Gh-| 1029 "ot Tyad not Signaturs Slock Ilnstruc:ions: Cells that are light blue are data field for user to enter data
Wirgin Binder Source:| MIA - L3 Crosse
AGGREGATE COMPONENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg § Agg & Agg 7 Agg 8 RAM 1 (RAF) RAM 2 {RAS)RAM 3 (FRAF) JMF BLEND
Blend %s (0.1) 180 260 100 240 220 w00 |
Material Description ic'r:l;:’:suh:f 3/8" Bit Agz|3235) h::;i;\:dﬁ;; it RAP|(7260]
Scurce ID/Name [nesds ta match | Highbridge North | Highbridge Morth c':if?a;\fe o ashiand 1/2"
225 report) 16,45,3W Ashland | 16,45,3W Ashland E;\rﬁeld Bamreld nap
P or 0 or MFor Dust ) =] a P P RAP Gse: 2668
WisDOT Agg Test D s e 225-33-2020 225-33-2020 225-58-2019 | 225-58-2019 m SE: B1
RAM Extracted % Binder 5.1 (T112] 0.33
Pl {T8g/90)
Sieve [mmj}
11/2" 37.5 100.0 100.0 100.0 100.0 100.0 100.0
1" 250 100.0 100.0 100.0 100.0 100.0 100.0
3fa" 13.0 100.0 100.0 100.0 100.0 100.0 150 100.0
1/2" 125 100.0 100.0 100.0 100.0 100.0 a5 100.0
3/8" 95 100.0 100.0 100.0 100.0 98.0 a5 99.6
#4 475 250 77.0 6.0 29.0 80.0 a7s 75.5
#8 236 3.0 52.0 64.0 86.0 66.0 235 55.6
#16 118 25 36.0 410 720 550 118 433
#30 0.60 22 250 27.0 40.0 410 e 30.4
#50 0.30 18 17.0 15.0 20.0 250 030 16.5
#100 0.15 15 11.0 49 35 14.0 015 75
#200 0.075 10 7.2 17 11 10.0 0.075 4.7
Gsb: 2615 2.606 2819 2,668 2654 Gab: 2.653
CAA 1F (%): 100 100 100 73 95 CASF (%) 98.5
CARA 2F (%): 100 100 100 62 91 AN IF (%) 98.0
FAA: 49.9 477 403 413 Faa: 435
Moisture Abs. [%): 0.6 : 0.2 [ 1 Aba. (%) 0.7
Thin/Elong. (%): 4, 37 22 06 0.4 TIE. (%) [ X
I JMF PROPERTIES AT OPTIMUM % BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory  HMASSMA  Warm Mix  SMA Draindown (%] * Temp. of Paant e Alternate AC Sources [* saditive tor aitsrnate Binder can be done using IMF form)
Resc, Mix Temp{F]: 220-240 *Temp.°C Phbr 20,0 A5k Sl Alternate AC Source AL Type Gh TSR ** gofGry.N) | Additive® | Amt. Additive
‘Compact Temp(F]: 230 1] Phe: 5.4 min. 5.5% (SMA) MIA - La Crosse PG 58H-28 1035
2| Pha: 0.2 MILA - La Crosse PG 585-34 1025
*Type nddiu‘we: [WHAS, Anti-Strip, Ave. Dust/Binder (DF}: 0.0 0512/1220 MIA - La Crosse PG 53H-34 1025
*amt. Additive: cellulose Fibers)  plus 15°C 15 MLA - La Crosse PG 58V-34 1027
* Auttitive et in intial b 1 sompryecccom ]
Adaitional accitives mey Se adced in the comments section o 2| ** TE8 Vaiues are requined when a chanse in source i from & modified AC 9 8 unmodified AC or per CMM 56232
TARemate AC Saurces’ Avg. COMPACTION EFFORT/LEVELS -Primary Binder (TSR & Performance Test Results)
TRIALAC DATA ini Nmax
Bin a Binder Gmm Gmb T Aur voids WUMA  WFB/VFA | # of Gyrations |M) 7
Trial 1 5.0 3.9 2471 2335 55 16.4 66.4 TSR 7283 (psi) %Gmm at Opti 204 ol Gry. (]
Trial 2 5.5 4.4 2.453 2350 42 153 741 Wet Strength: 845 | Diry Strength: 103.7 20
Trial 3 6.0 439 2435 2368 28 16.1 B2.6 Hamburg [T324): Finial Rut Depth [mm]: Number of Passes:
Trial 4 6.5 54 2418 2379 16 16.2 90 Cracking Tolerance Index [DE225) Jf<H
OPT. @ 4.0% Va 5.6 45 2.450 2352 40 163 75.4 Note: This is a WARM MIX design. 0.3% Evotherm added as a WARM MIX additive.
OFT. @ 3.0% Va 50 | 4.55 | 2.437 2364 3.0 16.2 BLS5 |
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Reviewed By: Jeffery. R. Anderson

Project 8

WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

Copy of [Project 8)C-5 4HT 502321 NOT VERIFIED

‘WisDOT Project #: 250-11-11 Design Lab or Company: WisDOT Mix Design |D:
Miz Design 1D: 502321 *Mix Designer: ‘WisDOT Design Verification Data:
Mix Type: HT Designer HTCP Cert ID#:
MMAS: 4-13.5mm Producar:
Wirgin Binder PG| 58-28 Plant #/location: Design Amended Date:
Binder 5 Primary AC Design Date: 2/12/2001 Last JMF Change Date'|
Wirgin Binder Gh: 1017 Source/ Type "Heota: Typedt not Signature Slock cells that are light blue are data field for user to enter dat;
irgin Binder Source-| CRM Milwaukes
AGGREGATE COMPOMENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg 5 Agg & Agg T Agg 8 RAM 1 (RAF) RAM 2 (RAS) RAM 2 (FRAF) JMF BLEND
Blend %s (0.1} 140 120 220 25.0 115 0.5 EREF! #REF! 150 #REF!
Material Description 5/8" Chips 3/8" chips MFE'D Sand MFG'D Sand | Matural Sand DEG 1/2" pap
Source D/ Name [nesds to match
225 repart) Oragan Oragan == Watarioa [Micneis) Oragon oG 40005.00
P or Q or MF or Dust P P P a P DEG RAML Gse: 2.703
WisDOT Agg Test ID s caas 22500247 120030-2047 91
RAM Extracted % Binder 0.6
Sieve {mm}
1473 37.5 100.0 100.0 100.0 1000 100.0 100.0 EREF! FREF!
1" 250 100.0 100.0 100.0 1000 1000 100.0 #REF! 1000 =0
3fa" 13.0 100.0 100.0 100.0 100.0 100.0 100.0 HREF! 100.0 150
/2" 125 BOO 100.0 100.0 1000 100.0 100.0 EREF! #REF! 100.0 125
3/a" a5 230 97.0 100.0 1000 1000 100.0 SREF! #REF! 980 85
#a 475 30 13.0 S7.0 100.0 34.0 100.0 #RE #REF! 810 475
w8 2.36 2.0 40 640 77.0 720 100.0 #RE #REF! 63.0 238
#16 118 2.0 3o 410 46.0 56.0 100.0 SREF! #REF! 500 118
#30 0.60 2.0 30 27.0 270 42.0 1000 #REF! #REF! 410 (X
#50 0.30 15 20 15.0 13.0 16.0 100.0 EREF! #REF! 270 [E]
#100 0.15 15 20 5.0 40 40 100.0 SREF! #REF! 180 015
#200 0.075 12 16 2.4 20 18 1000 #REF! #REF! 133 o075
Gsb: 2.602 2.586 2,639 2674 2.651 2,651 EREF! #REF! 2.633 Gsb:
CAAF (%): 29 99 #REF! 100 #REF! #REF! EREF! #REF! #REF! CAATF (%)
CAAZF (%): 97 9B #REF! EREF! #REF! #REF! EREF! #REF! #REF! CAAZF (%)
FAA: #REF! #REF! 47 48 41 #REF! EREF! #REF! 4z Faa: 45
Moisture Abs. (%): 19 23 13 o7 o7 F#REF! #REF! #REF! 1 Abs. [ #REF!
Thin/Elong. {%): 0.5 0.5 #REF! EREF! #REF! #REF! EREF! #REF! #REF! TIE (%)
JMF PROPERTIES AT OPTIMUNM % BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory HMASSMA Warm Mix SMA Draindown (%) * Temp. ot Piant e Alternate AC Sources [* saditive tor atternate Binder can be done using IMF form)
Rec. Mix Temp(F):|  280-320 | |*Temp."c Phbr 13.6 AT A Sl Altarnate AC Source AL Type Gh TSR** #of Gry.N) | Addite® | Amt. Additive
compact Temp(F):| _255-285 | 1] Pbe: 5.4 min. 5.5% [sMA]  CRM MKE/GRB/Gladstone | 58-28 5/H/V/E
Pha| CRM MEE/GRE/Gladstone 58-34 5/HMV/E
*Type Additive: [WhLA, Anti-Strip, AVE. Dust/Binder [DP): 0612/12-20
*amt. Additive: cellulose Fibers] plus 15°C 15
* Agditive uzed in initial bid 1] qmmun,;| |
Anditioral accities may De sdded in the comments sectian o 2| ** TSR Vieiues ane required when 2 change in source is from 2 modified AC ta 8 unmodified AC or per CMM S6523.2
“ARmELR AL Sourcer ave. COMPACTION EFFORT/LEVELS -Primary Binder (TSR & Performance Test Results)
TRIAL AC DATA
Bin Einder Gmm Gmb T T voids R VMA BIVEA | # of Gyrations (N} B
Trial 1 5.0 430 2.406 2365 53 148 64.2 TSR T283 {psi) Emm at Optimum 28 2 a0 Gry.[N)
Trial 2 5.5 4.80 2.477 2384 is 145 738 Wet Strength: & | Dry Strength: 938 24
Trial 3 6.0 5.30 2458 2415 17 139 E7.8 Hamburg [T324): Finizl Rut Depth [mm]: 3.35 Number of Passes: 20000
Trial 4 Cracking Tolerance Index (DB233): N =
OPT. @ 4.0% Vs S.4 4.7 2.481 2382 40 14.5 724 Ccomments: | Recommended and compaction temperatures are for lab purposas only; field production
OPT. @ 3.0% Va 5.7 | 4.97 | 2471 2,357 3.0 |tempemtures will vary; Evotherm or rediset added in at 0.3-0.5% of total AC a5 a cold
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Reviewed By: Jeffery. R. Anderson

Project 9

WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249

Copy of (Project 9)360-22-4MTRW301[243 form)

‘WisDOT Project #: 1570-05-63 Design Lab or Company: WisDOT Mix Design ID:|:|
Mix Design ID: 360-22-4MTRW301 *Mix Designer: WisDOT Diesign Veri ion Date:
Mix Type: MT Designer HTCP Cert ID#:
MMAS: 4-12.5mm Froducer:
Wirgin Binder PG| 58-28 Plant #/location: Design Amended Date:
Binder Designation’| 5 Primary &C Design Date: 4/19/2021 Last JMF Change Date:
Virgin Binder Gb| 1029 Source/ Type fpod not Signaturs Block |instructions: cells that are light blue are data field for user to enter data
Binder Source:| M4 - La Crosse
AGGREGATE COMPOMNENT GRADATIOM DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg § Agg & Agg 7 Agg 8 RAM 1 (RAFP) RAM 2 (RAS) RAM 3 (FRAF) JMIF BLEND
Blend %s {0.1) 180 220 220 210 17.0 | 100.0
Miteriol Description 3&1;&’;’;1:]“ 3/8" Bit Rock|5225) w»?;::‘:m] 5’;;3;:’;?‘1 RAP(7230]
Source ID/Name [mesds to match | Mctaine 9,35,13w | Mctaine 5,35 13w | safere 138 12w |  MEENE -
225 report) E— o — 9,35,13W U5HE Millings
Barron
P or Q or MFor Dust /] P P P P RAP Gsa: 2.768
WizDOT Agg Tezt 1D s e 235-177-2022 225-177-2002 225-77-2021 | 225-177-2002 m sE: 4
RAM Extracted % Binder [T112) 02
Pl (T8g/o0)
{mm} )
375 100.0 100.0 100.0 100.0 100.0 375 100.0
250 100.0 100.0 100.0 100.0 100.0 =0 100.0
19,0 100.0 100.0 100.0 100.0 100.0 150 100.0
125 70.0 100.0 100.0 95.0 97.0 125 93.0
a5 260 100.0 100.0 88.0 920 a5 82.8
475 19 65.0 100.0 74.0 720 475 64.4
236 16 40.0 73.0 63.0 63.0 238 50.4
118 14 28.0 53.0 51.0 510 118 37.5
0.60 13 200 35.0 32.0 36.0 oE0 25.2
o030 i 140 19.0 11.0 20.0 030 153.2
0.15 10 9.4 67 38 120 015 6.6
0.075 0.3 6.3 3.0 24 9.2 o075 4.3
Gsh: 2.B16 2.772 2713 2.742 2.706 Gab: 2.749
CAA1F (%): 96 100 8 94 CAATF (%): 83.1
CAA2F (%): 93 100 7 93 CAADF (3 813
FAA: 49.2 479 421 Fas 45.8
Moisture Abs. (%): 0.9 14 11 1 098 b [ 11
Thin/Elong. (%): a 0.7 11 15 TIE. [%): [ X
I JMF PROPERTIES AT OPTIMUM 3% BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory ~ HMA/SMA  WarmMix  SMA Draindown (%) * Temp. of Piant Alternate AC Sources [* saditive for altsrnate Binder can be done using IMF form)
Rec. Mix Temp(F] | 20240 [*TempSc Pbr| 18.0 alternate AC Source AC Type Gh TSR ** Fof GryN) | Additive® | Amt. Additive
Compact Temp(F] 230 1] Phe| a7 min. 5.5% [SMA] MIA - La Crosse PG 58H-28 1035
2| Pha: 0.3 MIA - La Crosse PG 58534 1025
*Type Additive: [WhAS, Anti-Strip, Avg. Dust/Binder (DP) 0.0 0.612/12-20 MIA - La Crosse PG 58H-34 1025
*amt. Additive: cellulose Fibers) plus 15°C 15 MIA - La Crosse PG 58V-34 1027
* Aditive uzad in initial 5ig 1 Gmmun,;:
Adaitioral accitives may Se added in the comments section o 2| ** T5A Vaiues ane required when 8 chanze in sounce is from 2 modified AC to 2 unmocified AC o per CMM 255 23.2
TARemELE AL Sourer Ave. COMPACTION EFFORT/LEVELS -Primary Binder (TSR & Performance Test Results)
TRIAL AC DATA Nini Nmax
Bin [ Binder Gmm Gmb T Al voids TVMA  WWIB/VFA | # of Gyrations (N) 7
Trial 1 45 3.6 2.572 2.436 5.3 154 65.7 TSR T283 {psi) 3Gmm at Optimum & af Gry.[N]
Trial 2 3.0 41 2.552 2455 3B 151 73 Wet Strength: 103.9 | Diry Strength: 130.8 T5R: 0.7 26
Trial 3 5.5 45 2532 2476 22 149 B5.1 Hamburg [T324): Finial Rut Depth [mm): Number of Passes:
Trial 4 6.0 51 2513 2479 13 152 912 Cracking Tolerance Index [DE325)
OFT. @ 4.0% Va 49 40 2.556 2454 40 151 735 Ccomments: |Note: This is a WARM MIX.
OFT. @ 3.0% Ve 53 | 241 | 2.540 2.464 3.0 15.1 50.2 |
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Project 10

Reviewed By: Jeffery. R. Anderson Copy of (Project 10)1145-22-4HTRW301(281)
WisDOT MIX DESIGN STANDARD DATA INPUT FORM/REPORT 249
‘WisDOT Project #: 1166-07-79 Deesign Lab or Company: WisDOT Mix Design 1D:
Mix Design 1D: 1145-22-9HTRW301[281) *Mix Designer: ‘WisDOT Design Weri ion Date:
Mix Type: HT Designer HTCP Cert 1D#:
MMAS: 4-12.5mm Producer:
Wirgin Binder PG| 58-28 Plant &/location: Design Amended Date:
Binder Designation-| 5 Design Date: 5/12/2022 Last JMF Change Data:
Virgin Binder Gb:| 1.029 "Mota: Typed ot Signature Sock |instructions: cells that are light blue are data field for user to enter data
Virgin Binder Source:| MlA-Lacrosse
AGGREGATE COMPOMNENT GRADATION DATA
Agg 1 Agg 2 Agg 3 Agg 4 Agg 5 Agg 6 Agg 7 Agg 8 RAM 1 (RAF) RAM 2 (RAS) RAM 3 (FRAF) JMF BLEND
Blend %s {0.1) 140 15.0 160 27.0 130 15.0 | 1000 |
Misterial Description 5/Bx3/8-3226 3/8 Bit-3235 3/Bx1/8-3250 | 1/BMS-3304 wash:iﬁsand- Millings-7230
Source |DfName (needs to match Seven Sisters Seven Sisters Cisler 5,26,7E | Cisler 5,26,7E | Heyn 22,198 .
225 report) 36,20,7¢ Adems |  36,20,7E Adams Paarathon Marathon wWaushara Plant stockpile
P or O or MF or Dust [RAM piant i) =] a a =} P Gse: 2718
WisDOT Agg Test ID cswwwes | 225-0036-2022 | 225-0036-2022 | 225-0037-2022 | 225-0037-2022] 225-191-2021 m SE: 71
RAM Extracted % Binder [T112)
PI (T89/90)
{mmj) A
37.5 100.0 100.0 100.0 100.0 100.0 100.0 375 100.0
250 100.0 100.0 100.0 100.0 100.0 100.0 250 100.0
19.0 100.0 100.0 100.0 100.0 100.0 100.0 180 100.0
125 77.0 100.0 100.0 100.0 100.0 97.0 125 96.3
EE 360 100.0 100.0 100.0 99.0 93.0 a5 9.9
4.75 32 70.0 M0 100.0 90.0 730 475 66.0
2.36 18 410 .0 96.0 840 54.0 238 52.8
#16 1.18 17 25.0 a2 60.0 79.0 410 118 37.3
#30 o.60 15 17.0 23 34.0 66.0 330 0.60 25.8
#50 0.30 14 12.0 15 16.0 240 240 Y 13.3
#100 0.15 13 .0 11 a9 22 15.0 015 5.6
#200 0075 11 6.8 10 16 10 10.4 0.075 3.7
Gsb: 2.697 2.686 2,690 2668 2679 2691 Gan: 2683
CAA1F (%): 100 100 100 823 983 CasIF %) 99,1
CAR2F (%): 100 100 100 76.1 96.7 CAAZF (%) 98.7
FAA: 498 48.1 383 435 Fas 45.4
Moisture Abs. (%): 02 035 0.39 0.54 03 101 b, [ 5]
Thin/Elong. (%): 18 45 7.4 09 0.13 TIE. [%): 1.2
I JMF PROPERTIES AT OPTIMUM % BINDER FOR 4.0% AIR VOIDS HMA OR 4.5% AIR VOIDS FOR SMA
Laboratory HMA/SMA Warm Mix SMA Draindown [%) * Temp. of Piant Alternate AC Sources [* saditive tor aiternate Binder can be done using IMF form)
Rec. Mix Temp(F]: 225-245 *Temp.*C Pbr| 11.1 altemate AC Source AC Type Gl TSR ** gofGryN) [ Additive® | A Additive
compact Temp(F] 230 1 Phe: 53 min. 5.5% |SMA] 5t Paul Park 58-285 1035
2] Pba:| 0.5
*Type Additive: [WMA, Anti-Strig, AVE. Dust/Binder [DP] 0.7 0.612/12-20
*amt. Additive: cellulose Fibers)  plus 15°C 15
* hatditive used in inital 1 mmprymercor |
Adaitioral aacities may e adced in the comments section o 2 ** TER Vaiues ane requirsc when 8 chanse in scurce s from @ modified AC ta 2 unmodified AC o per CMM 256 23.2
"ARemate AL Sourees ave. COMPACTION EFFORT/LEVELS -Primary Binder [TSR & Performance Test Results)
TRIAL AC DATA Nini Nmax
Bin A Binder Gmm Gmb % T Voids RVMA TWVFEIVEA | # of Gyrations (N) 8
Trial 1 5.0 44 2512 2353 63 16.7 62.2 TSR T283 |psi) %Emm at Optimum E3.7 #at Gry. (]
Trial 2 5.5 43 2.403 2370 5.0 165 70.3 Wet Strength: 2 [ Dry strength: 2436 TSR 0.87 2
Trial 3 6.0 5.4 2474 2384 3.9 165 78 Hamburg [T324): inial Rut Depth [mm): Number of Passes:
Trial 4 6.5 59 2.456 2,400 23 164 B6.1 Cracking Tolerance Index (D822 5): L]
OFT. @ 4.0% Va 5.8 52 2.478 2379 4.0 165 75.8 Comments: |Evotherm P-series used for warm mix.
OPT. @ 3.0% Va 63 | 5.60 | 2,468 2300 3.0 16.5 51.8
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