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Executive Summary

Introduction

State Departments of Transportation (DOT) and highway agencies are making the necessary efforts to
transition from the American Association of State Highway and Transportation Officials (AASHTO) 1993
empirical Design Guide to the recently released AASHTOWare Pavement ME Design (hereafter
Pavement ME.) This research project was the first preparatory work by Idaho Transportation
Department (ITD) to implement the ME design software for the design of rigid pavements across the
State of Idaho. This project encompassed tests of ITD’s portland cement concrete (PCC) paving mixtures,
which are used for road and highway paving. In addition, in the absence of concrete paving mixtures,
some districts provided their structural mixtures that are primarily used for bridge decks and structures
for the development of the required PCC material database for use in the Pavement ME software.

Overview of Experimental Work

A total of eight PCC mixtures (five paving and three structural mixtures) from five districts in Idaho were
reproduced in Washington State University (WSU)’s laboratory as closely as possible to the mixtures
used in the field. This was obtained by using each districts’ local aggregates and batching the mixture
based on the corresponding field test results obtained from ITD for slump and entrained air. Cast PCC
specimens were used for mechanical tests including compressive strength (f’.), modulus of elasticity (E,.),
Poisson’s ratio (1), modulus of rupture (MR) and splitting tensile strength (f’;). Other material
performance tests included the determination of coefficient of thermal expansion (CTE) and ultimate
drying shrinkage (€.). All the mechanical tests were performed on 7-, 14-, 28- and 90-day ages, while the
CTE was determined on specimens after 28-day age. Drying shrinkage was measured on the specimens
exposed to air drying at a constant humidity up to 54 weeks, following the initial 28 days of moist curing.

Final Report Summary

Concrete Material Inputs Database

Pavement ME features three hierarchical input levels, based on project significance and reliability of the
input data. Level 1 data is based on direct experimental characterization, Level 2 uses the data from
comparable projects and empirical equations, while Level 3 relies on national and regional averages and
empirical relations. Proper values are recommended in this report for all the PCC material inputs in
Pavement ME at Levels 1 and 2, based on laboratory-obtained experimental results and regional
averages, respectively. Moreover, the values of unit weight of fresh PCC, water-to-cementitious
materials ratio (w/cm), and cementitious materials content, all of which are Pavement ME design inputs,
are summarized for the tested mixtures and respective recommendations are provided for these inputs.
Level 3 values are suggested for a handful of material inputs that were not encompassed in the scope of
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this project. These inputs are heat capacity, thermal conductivity, irreversible drying shrinkage, and
permanent curl/warp temperature difference.

Mechanical properties for the PCC mix are recommended to be defined at Level 2, which includes f’. at
7-, 14-, 28- and 90-day ages. This recommendation is due to the occasional decrease in some of the
mechanical properties at later test dates, which will result in a user error when using Pavement ME. The
two design case studies in this project showed that the effect of Level 1 versus Level 2 on the predicted
distresses is negligible. Furthermore, strength growth curves for f’., E. and MR based on the
experimental results were developed for IDT mix designs and materials. Comparison with Pavement ME
default growth curves shows that the strength gain for these three mechanical properties is
underestimated in Pavement ME model and is therefore suggested to be replaced with the values
developed in this project. Finally, an empirical relationship to obtain 28-day E. and MR based on the 28-
day f’. was developed and compared to the corresponding default correlation coefficients incorporated
in Pavement ME. Discrepancies between the experimentally established and the default correlation
coefficients for MR and E. were identified.

The experimental results, based on mixture design and respective district, were systematized in the PCC
ME material database in Appendix D. The results were organized in the fashion that follows Pavement
ME input order.

Design Case Studies

To evaluate the sensitivity of Pavement ME distress predictions to the experimentally-established
material inputs in comparison to the default values, two existing rigid highway pavement sections in
Districts 3 and 5 were designed using the software. The pavement structure, coordinates, general design
inputs, and traffic data available in the Long Term Pavement Performance (LTPP) database were used. In
terms of material inputs, three cases corresponding to the three input levels in Pavement ME were
developed for each section: Level 3 with all Pavement ME default inputs, Level 2 and Level 1 with the
input parameters based on the experimentally-determined PCC properties for the mixtures from the
respective districts. For both sections design scenarios using Levels 1 and 2 provided similar results in
terms of predicted distresses: joint faulting, transverse cracking and international roughness index (IRI).
Further, the predicted distresses were markedly lower for the Level 1 and 2 scenarios compared to the
Level 3 scenario, implying that using the national average default values in Pavement ME may result in
an overestimation of the required slab thickness. Therefore, the implementation of parameter values
specific to hierarchically higher input levels is recommended to obtain more realistic distress predictions
and potential savings to the agency.

Conclusions and Recommendations

Based on testing of eight PCC mixtures from five districts of the ITD, a material input database for rigid
pavement design using Pavement ME was developed in this project. Recommendations were provided
for the appropriate values for each material input, specifically mechanical parameters (f’, E. 1 and MR),
CTE, ultimate drying shrinkage, and unit weight. For other PCC design inputs, recommendations were
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provided based on the mixture design (e. g. cementitious material content) or the default values (e. g.
thermal conductivity, heat capacity, reversible shrinkage percentage). Two design case studies indicated
that the implementation of the experimentally established material design inputs results in lower
distress predictions in comparison with the usage of default values. It is thus, expected that the PCC
material database will help ITD attain optimized pavement designs and potential savings on future
projects. Based on the results of this study, the authors recommend f’. tests on four test dates (7-, 14-,
28- and 90-days), tests of CTE and €. for the rigid pavement design using AASHTOWare Pavement ME.
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Chapter 1
Introduction

Background

The Mechanistic-Empirical Pavement Design Guide (MEPDG) was developed as the outcome of the
National Cooperative Research Program (NCHRP) 1-37A research project in 2002. ) In the period
between 2002 and 2011, several beta versions of the MEPDG went through extensive evaluations by
academia and practitioners. The development of the MEPDG started an evolution in pavement design
procedures across North America by transitioning the design from the empirical AASHTO 1993 design
guide to the mechanistic-empirical based principles. ¥ Today, a new version of the MEPDG software is
commercially offered by the American Association of State Highway and Transportation Officials
(AASHTO) as the AASHTOWare Pavement ME.

Pavement ME overcomes many limitations of the conventional AASHTO 1993 thickness design
procedure, which relies upon the empirical serviceability loss-based design relationships developed
based on the AASHO road experiment. Using Pavement ME, axle loads are no longer converted to one
Equivalent Single Axle Load (ESAL’s) value over the design life. Instead, distributions of the axle loads for
different axle types (axle load spectra) are directly entered and used in the design. Moreover, hourly and
monthly adjustment factors can be defined to the load distributions and truck classifications where
needed. Layer coefficients for asphalt concrete (AC) and asphalt-treated bases (ATB) are replaced with
direct values of mechanical properties, such as the dynamic modulus for asphalt concrete, and resilient
modulus for unbound materials. The moduli are adjusted based on the effect of temperature and
moisture for specified time increments over the design life. Modulus of rupture and modulus of
elasticity for portland cement concrete (PCC) still have the significant effects on the thickness design.
Additional PCC parameters such as thermal properties and ultimate drying shrinkage are incorporated in
the new design guide.

One of the novel characteristics of Pavement ME is the three hierarchical input levels, which provide the
user with flexibility in defining the design inputs based on availability of the data for a specific project.
Level 1 utilizes the data obtained via direct experimental characterization, Level 2 combines the data
from comparable projects and empirical equations, while Level 3 relies on default values (national and
regional averages) and empirical relationships of these input variables. Defining the traffic and material
inputs at Level 1 is suggested for the projects of highest significance where accurate and reliable
predictions are required.

The effects of climate are incorporated in Pavement ME using the embedded Enhanced Integrated
Climatic Model (EICM), which uses the embedded site-specific hourly climatic databases to predict the

in-pavement temperature and moisture conditions for use in the mechanistic analysis. ©*

Advances in modeling and computational techniques made it possible to embed Pavement ME with
finite element analysis models and neural networks to extract the pavement responses in terms of

1
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stresses, strains and deflections for the specific site’s material, traffic, and climate conditions. Finally,
embedded empirical models that are calibrated based on nation-wide field distress data are used to
predict the in-field distress development over the design period in conjunction with reliability models to
account for variability.

Detailed site and material-specific design inputs are required for the design using Pavement ME.
Therefore, before Pavement ME can be implemented by highway agencies, the necessary preparation
steps especially in terms of developing the required material input databases need to be taken.
Development of a concrete material input database was the focus of the current project, which will be
discussed further in detail as follows.

Project Scope

As stated earlier, the transition from AASHTO 1993 to Pavement ME demands extensive preparatory
work by highway agencies. Pavement ME includes more than 100 design inputs and, therefore, a reliable
design depends on the accuracy and reliability of the input parameters. Because mechanistic design
procedures rely considerably on material parameters, the determination of appropriate material
properties for use in Pavement ME represents a critical portion of the preparatory work. This project,
Portland Cement Concrete Material Characterization for Pavement ME Design Implementation in Idaho,
RP 253 focused on characterization of typical concrete paving mixtures used in the State of Idaho.

The project started with correspondence between representatives of the six districts in Idaho to obtain
concrete mixture designs and samples of respective aggregate sources from each district. Five of these
six districts were able to provide samples of aggregate from their concrete mixtures for testing in this
project. Eight PCC mixture designs representing five districts in Idaho were tested as presented in Table
1. Approximate geographical location of the eight projects correspondent to the tested mixtures is
pretend on the map of the State of Idaho in Figure 1.

Copies of the original mixture designs are provided in Appendix A. A summary of the mixture
constituents and proportioning are provided in Table 1. Please note that a few districts supplemented
the project with their structural mixtures in the lack of concrete paving projects. Structural mixtures
were used mainly for bridge decks and generally have higher w/cm, and workability and lower nominal
maximum aggregate size comparing to paving mixtures. It is also expected that the structural mixture
will demonstrate higher mechanical properties and higher drying shrinkage comparing to the paving
mixtures. Due to these inherent differences between the two groups of PCC mixtures tested in the
project, the test results in this report are mainly maintained in the two separate groups for comparisons.
In addition to aggregates representing five IDT districts, other constituents including cement,
supplementary cementitious materials (SCM), and admixtures necessary to reproduce the mixtures from
each district were collected from respective suppliers according to each mixture design.
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Table 1. PCC Mixture Designs Tested in RP 253 and Included in the Study

Coarse

Fine

Nominal

Cementitious

Mixture, ldaho
Falls

. . Slump
I . Mixture Agsg. Agsg. Max Material
District Mixture [D Type Content | Content Agg. ST Content .*
[Ibs/yd3] | [Ibs/yd3] | Size [in] [Ibs/yd3] [in]

SH-5 Bridge 3%
Crossing, Structural 1,850 1,081 % 0.42 611
Plummer
[-90 Lookout Pass

1 Paving Mixture Paving 1,803 1,154 1% 0.38 688 1%
2015, Mullan
[-90 Lookout Pass
Paving Mixture Paving 1,745 1,126 1% 0.40 688 1%
2016, Mullan
Thain Road
Paving Mixture, Paving 1,721 1,246 % 0.43 611 4%

2 Lewiston
US-95Race Creek | o\ vural | 1,660 | 1,350 % 0.40 625 >%
Mixture, Lewiston
I-84 Paving .

3 . . Paving 1,751 1,167 1% 0.40 625 1%
Mixture, Boise
US-91 Paving

5 Mixture, Paving 1,720 1,043 1% 0.39 729 3%
Pocatello
Thornton

g | Interchange Structural | 1,762 1,005 % 0.39 658 4%

*Values of slump are based on ITD’ on-site tests during paving.
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Upon material collection, batching and testing of mixtures was initiated at WSU’s concrete material
characterization laboratory (CMCL) in May 2016. Prior to laboratory mixing, ITD’s field test results
corresponding to each mixture were compiled and laboratory mixtures were reproduced so that fresh
parameters, slump and air content, closely followed field results. Mixing procedures, as well as casting
and curing of the specimens, were conducted per the requirements of ASTM C192. ) Performed fresh
concrete quality control tests with corresponding standardized procedures are listed as follows:

e Slump “Standard Test Method for Slump of Hydraulic-Cement Concrete” ASTM €143 ©*!

e Air content “Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure
Method” ASTM €231

e Unit weight “Standard Test Method for Density (Unit Weight), Yield, and Air Content (Gravimetric) of
Concrete” ASTM €138 V"

e Concrete temperature “Standard Test Method for Temperature of Freshly Mixed Hydraulic Cement
Concrete” ASTM C1064 ®

Slump and the temperature of concrete were monitored for every batch, while the unit weight and air
content were determined for every other batch. The following mechanical tests were conducted on four
types of specimens:

e Compressive strength (), modulus of elasticity (E.), Poisson’s ratio (M), and splitting tensile strength
(f') on 6” by 12” cylinders

e Modulus of rupture (MR) on 6” by 6” by 20” beams

e Coefficient of thermal expansion (CTE) 4” by 8” cylinders

e Ultimate drying shrinkage (€.) on 2” by 2” by 11” prisms

Table 2 presents the number of specimens used for each test. All the mechanical tests were performed
on 7-, 14-, 28- and 90-day ages for the number of specimens shown in Table 2. Coefficient of thermal
expansion was established on specimens after 28-days, while the ultimate drying shrinkage (€.) was
characterized for specimens exposed to extended air drying (up to 50 weeks) after the initial 28 days of
moist curing. More details on the test procedures can be found in subsequent chapters.

Table 2. Material Properties, Standards, and Test Dates for Concrete Material
Characterization in RP 253

. Corresponding Number of Specimens for Testing
Material Test Standard 7-day | 14-day | 28-day 90-day

Modulus of Elasticity (E.) & Poisson’s Ratio ASTM C469 3 3 3 3
Compressive Strength (f.)* ASTM C39 4 4 4 4
Split Tensile Strength (f,) ASTM C496 3 3 3 3
Modulus of Rupture (MR) ASTM C239 3 3 3 3
Coefficient of Thermal Expansion (CTE) AASHTO T-336 - - 2 -
Drying shrinkage (..) ASTM C157 6

*Three of the specimens on each test date were also used in elastic modulus testing.

During the course of the project, seven project deliverables were submitted to ITD. Deliverable 1
contained the review and summary of ITD material specifications, as well as a report of the collected
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concrete mixture designs from six districts of ITD. Deliverable 2 presented a detailed experimental plan
and the respective schedule as well as a detailed description of the test procedures. Deliverables 3 and 4
focused on the material collection status, as well as a summary of the aggregate testing and mixing
efforts. Deliverable 5 summarized the latest test results, while Deliverable 6 was the in-progress version
of Pavement ME material database developed for ITD. Deliverable 7 was a follow-up to Deliverable 5 as
it provided the most recent report of the test results since Deliverable 5, as well as a tentative outline
for the final report. Final report draft was submitted as Deliverable 8, the current document represents
the project final report after ITD review and commenting.

Report Organization

Following this introductory chapter, Chapters 2, 3 and 4 present the material input database for
concrete pavement design using Pavement ME. These chapters are organized to follow the same order
that the material inputs are required to be defined when using Pavement ME. Proper values at mainly
Level 1 and 2 are recommended for all the PCC material input parameters included in Pavement ME
based on the experimental results, where available. In other cases, Level 3 values are suggested for a
few material inputs that were not the focus of this project, specifically thermal properties of the
concrete including thermal conductivity, heat capacity, etc.

Chapter 5 contains a more in-depth discussion of the mechanical parameters. Strength growth curves
and inter-correlations between the different parameters are also provided.

Chapter 6 presents two case studies of highway sections in Idaho that are part of the Long Term
Pavement Performance (LTPP) studies. For each of the two highway sections, two Pavement ME design
scenarios comparing the recommended input values in Chapter 2 to the national defaults are discussed.
The distress predictions from these scenarios with respect to the material parameters at the two
hierarchal levels are compared and discussed.

Finally, the conclusions and recommendations for future research are summarized in Chapter 7.
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Chapter 2
General Properties

The following three successive chapters will introduce Pavement ME PCC material inputs, in the order of
appearance in the software. The methods of characterization for each parameter will be explained
briefly along with the impact of each parameter on distresses predictions. Proper values of material
inputs, either experimentally established as a part of this study or based on the literature will be
recommended for each input parameter as a function of mixture design.

Slab Thickness

Using Pavement ME software, a reasonable value for rigid pavement slab thickness needs to be defined
by the designer in the first trial run as this program is an analysis tool that can be used for design
purposes. Alternatively, the Pavement ME’s specified default value of 10-inch for the slab thickness can
be used for the first trial run. Based on the predicted performance over the design life, more trial runs
should be conducted with increased or decreased slab thickness until a required pavement thickness
that achieves the desired predicted performance is obtained. The final rigid pavement design satisfies
the criteria for each performance indicator accounted for in Pavement ME: transverse fatigue cracking,
joint faulting, and international roughness index (IRI) for the duration of the design life and at the
required reliability level.

PCC Unit Weight

An independent review of Pavement ME in an NCHRP 1-40A (02) project indicated that the prediction of
transverse cracking for jointed plain concrete pavements (JPCP) using Pavement ME is significantly
impacted by the PCC unit weight. © Unit weight of PCC at input Level 1 should be determined
experimentally for the fresh concrete, following the procedure in ASTM C138, “Standard Test Method
for Density (Unit Weight), Yield, and Air Content (Gravimetric) of Concrete”. " At input Level 3, historical
data from the agency should be used. Alternatively, MEPDG documentation specifies the default range
of unit weight from 140 to 160 pcf, with a default value of 150 pcf.

Table 3 presents the unit weight of PCC based on laboratory testing in RP 253, as well as the ITD’s on-
site test results for all tested mixtures. Note that the results provided in Table 1 are the averages of four
to six unit weight tests in the laboratory. The number of ITD in-field testing varied from five to nine for
most projects, with two mixtures that had exceptionally high number of field test results of 350 for I-90
Lookout Pass 2016 Paving Mixture from District 1 and 107 for 1-84 Paving from District 3. Table 1 shows
that the differences between the laboratory and field results for unit weight range from 0.04 to 4
percent. It is hypothesized that slight differences between the laboratory and field values may be due to
the different environmental conditions during placement in the field and laboratory conditions resulting
in different implemented w/cm.
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Table 3. PCC Unit Weight Based on Laboratory Experiments and ITD’s On-Site Test Results

Average Unit Weight from Average Uan Welgh.t
A . h from ITD On-Site Testing
District Mixture RP 253 Testing . ..
.. (Standard Deviation)
(Standard Deviation)[pcf]
[pcf]
SH-5 Bridge Crossing, Plummer 142.9 (1.4) 140.7 (Not available)
1 [-90 Lookout Pass 2015, Mullan 148.1 (1.0) 144.0 (1.8)
I-90 Lookout Pass 2016, Mullan 142.8 (2.7) 148.6 (2.0)
5 Thain Road Paving, Lewiston 144.6 (1.8) 143.7 (3.0)
US-95 Race Creek, Lewiston 145.6 (1.4) 142.5 (2.4)
3 -84 Paving, Boise 140.2 (0.9) 143.3 (2.2)
5 US-91 Paving, Pocatello 140.2 (4.6) 143.2 (1.4)
6 Thornton Interchange, Idaho Falls 139.1(1.6) 139.2 (1.5)

Table 4 provides the statewide average values. Based on the results in Table 4, statewide average values
obtained in the field are recommended at input Level 3.

Table 4. State-wide Average PCC Unit Weight for Paving and Structural Mixtures

. Unit Weight from RP 253 Unit Weight from ITD On-
Mixture . . .
Testing [pcf] Site Testing [pcf]
Statewide Average-Paving mixtures 143.2 144.6
Statewide Average-Structural mixtures 142.5 141.6
All Mixtures Average 142.9 143.7

Poisson’s Ratio

Poisson’s ratio (u) is the ratio of the lateral strain to longitudinal strain when loading is in the
longitudinal direction. This parameter is determined experimentally in parallel with PCC’s elastic
modulus (E.). Sensitivity studies have shown that the impact of u on the structural responses of PCC
pavement used for distress prediction is negligible. ®® At input Level 1, i is obtained simultaneously
with E. and the software requires one single input for y. According to the MEPDG documentation, at
input Levels 2 and 3, it is recommended to use a value within the typical range of 0.15-0.18.

In this study, 1 was experimentally characterized for all tested mixtures following ASTM C469. * This
parameter was established at all test dates. However, since only one value of u is required as Pavement
ME input, the 28-day results from three samples are provided herein. Average 28-day values of u along
with the respective standard deviations are provided in Table 5. As seen in Table 5, values of i for most
of the mixtures falls within the recommended 0.15-0.18 range. These values are suggested to be used at
Level 1 for these mixtures. An average value of 0.16 and 0.18 is recommended at Level 3 for the paving
and structural mixtures, respectively.
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Table 5. Experimentally Determined 28-Day Age Poisson’s Ratio for All Tested Mixtures

District Mixture Mean 28-dafy p. (Standard

Deviation)

SH-5 Bridge Crossing, Plummer 0.16 (0.04)

1 1-90 Lookout Pass Paving Mixture 2015, Mullan 0.14 (0.01)
I-90 Lookout Pass Paving Mixture 2016, Mullan 0.16 (0.01)

5 Thain Road Paving Mixture, Lewiston 0.18 (0.02)
US-95 Race Creek Mixture, Lewiston 0.20(0.03)

3 I-84 Paving Mixture, Boise 0.15 (0.03)

5 US-91 Paving Mixture, Pocatello 0.16 (0.01)

6 Thornton Interchange Mixture, Idaho Falls 0.16 (0.02)

General properties of each mixture can be found in the PCC ME Material Database, provided in
Appendix D.
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Chapter 3
Thermal Material Parameters

PCC Coefficient of Thermal Expansion

Concrete’s CTE is an estimate of the PCC’s length change, when exposed to a uniform temperature
change. CTE is a critical material parameter in PCC pavement design, since it substantially affects curling
stresses, and joint/crack opening. Therefore, CTE plays an important role in the determination of
distresses in Pavement ME, such as transverse fatigue cracking, and joint faulting of JPCP, as well as
punchouts in continuously reinforced concrete pavements (CRCP). Several sensitivity analysis studies
emphasized the significance of CTE on distress predictions, particularly on fatigue cracking and joint
faulting for JPCP. %2 This parameter is a function of several mixture design parameters, but primarily
of coarse aggregate type and content. At input Level 1, Pavement ME requires experimental
determination of CTE by direct measurements of a specimen’s length change due to exposure to
temperature changes. At input Level 2, CTE is estimated based on a linear weighted average of the CTE’s
of the cement paste and coarse aggregate:

_ * *
apcc - aagg Vagg + apaste Vpaste

Figure 2. Estimation of CTE Based on Mixture Constituents at Input Level 2

where ., 0lagg aNd Aaste denote the CTE of concrete, aggregate and paste respectively, while V,,, and
V,aste denote the volumetric proportions of aggregate and paste in the concrete mixture. Pavement ME
documentation includes typical ranges for CTE of the paste and various aggregate types. Level 3 inputs
use the CTE of concrete based on historical averages from the LTPP database. The default mean for CTE
is set at 5.5x10° in/in/ °F in the Pavement ME. This value originates from hundreds of experiments
conducted on cores from the LTPP PCC pavement sections and is considered a national average. "' LTPP
CTE data varies from 4-7.2x10° in/in/ °F in this database.

In this study, CTE was established per AASHTO T 336-15, “Standard Method of Test for Coefficient of
Thermal Expansion of Hydraulic Cement Concrete”. ™ As per this standard, tests were performed on
two 4-inch cylindrical specimens per mixture, at 28 days of age or later. Details of the experimental
procedures were previously discussed in Deliverables 2 and 5. The experimentally-determined CTE
based on mixture design is provided in Table 6. Geological composition of aggregates used in the tested
mixture designs determined as a part of RP 212, using a quadrat inventory method is presented in Table
6. ™ As seen in Table 6, each aggregate contained a composition of four or more different rocks, type of
most of which appears to be igneous rocks. This multi-rock composition makes it difficult to establish
any potential patterns between the composition of the rocks and the established CTE values. The
comparison between mixtures containing quartzite reveals that with increased contents of quartzite CTE
values also increases. The four mixtures that contain quartzite are 1-90 Lookout Pass 2015 and 2016,
with approximately 36 percent quartzite and a CTE of 3.75 and 3.78 xand 10° in/in/°F, respectively.
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These values are followed by the next mixture, SH-5 bridge Crossing Mixture from District 1 with 45
percent quartzite and a CTE of 4.83x10° in/in/°F), and finally US-95 Race Creek from District 2 with 55
percent quartzite and the highest CTE at 5.38x10° in/in/°F. A comparison of CTE values for Thain Road
Paving Mixture from District 2 and Thornton Interchange from District 6 reveals that increase in basalt
content from 30 to 50 percent yields increase in CTE from 3.83 to 4.51 x10° in/in/°F. The comparison
between [-90 Lookout Pass Paving mixtures from 2015 and 2016 indicates comparable CTE values due to
the same aggregate source and similar mixture design.

Table 6. Geological Composition of Coarse and Fine Aggregate for Tested Mixtures

Aggregate Content Mean CTE
(Standard
District Mixture Coarse Agg. Coarse Agg. Fine A Deviation)
(Max Size 1 %”) | (Max Size 3/4”) g8 [x10°®
in/in/°F]
. . Quartzite (45%), Argillite (30%),
zl;lois?r?dfl-‘ummer Not /-\(pNF:;cabIe Calcareous Siltstone (10%), 4.83 (0.13)
& Granodiorite (10%)
[-90 Lookout Pass Quartzite Quartzite 3.75 (0.18)
Paving 2015, Mullan (30%), Basalt (30~40%), Basalt ' '
1 9 25~30),
Quartzite (50%), (25%), ( )
Argillite (40%) Calcareous Calcareous
1-90 Lookout Pass reiite (5% Siltstone (20%), Siltstone 3.79 (0.10)
Paving 2016, Mullan Granodiorite (10~20%), ' ’
(15%) Granodiorite
(10~15%) *
Thain Road Paving, Basalt (50%), Ryolite/Dacite (25%),
Lewiston NA Siltstone (10%), Opal (3%) 4.51(0.19)
2 Quartzite (55%), Basalt (20%),
US-95 Race Creek, NA Andesite (10%), Rhyolite (5%), Opal | 5.38 (0.04)
Lewiston
(3%)
. . Granodiorite (30%), Rhyolite/Dacite (25%), Basalt
-84 P B . .04
3 84 Paving, Boise (20%), Andesite (15%) 5.08 (0.04)
-91 Pavi
5 | US91Paving, Information Not Available 3.08 (0.16)
Pocatello
Rhyoli %
Basalt (30%), yolite (30%),
. Quartz (25%),
Thornton Rhyolite (25%), Granite (10%) 3.83(0.18)
6 Interchange, Idaho NA Andesite (15%), ot ) )

Falls

Granite (10%),
Quartzite (10%)

Obsidian (10%),
Opal (5%), Basalt
(5%)

* Fine aggregate for I-90 Paving mixture consists of two fractions from two sources with the same aggregate types

in slightly different quantities. Hence, the percentages are given as ranges.

For comparisons, Table 7 presents the experimentally determined average CTE and the respective CTE

range for the LTPP rigid pavement sections in Idaho and Washington within geographical proximity. All
the CTE measurements available from the LTPP database is provided in Appendix B. As seen in Table 7,
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the range of CTE measurements in LTPP database extends from 3.44 to 8.89x10-6 in/in/°F and the most
of the experimentally determined CTE values shown in Table 6 fall within that range. It can be observed,
however, that CTE of several tested mixture designs is below the ranges from LTPP database. Lower CTE
values should be beneficial from distress prediction standpoint, since CTE substantially influences curling
and fatigue cracking for JPCP. Several unknowns regarding the exact geological composition of the
aggregate, paste content and age of the samples at the time of testing makes it difficult to compare the
test results in this project to those from the LTPP database. Therefore, CTE values determined in this
project should be used at input Level 1, with respect to the location and mixture design.

Table 7. CTE from the LTPP Sections in Idaho and Washington for Comparisons

Mean CTE (Range)

SHRP ID State, District Aggregate Type .
[X107 in/in/°F]

16-3017 ID, 5 Gravel, Igneous Sedimentary, Limestone 492 (4.56~5.28)

Gravel, Igneous Sedimentary, Chert or

16-302 ID 4, .83~5.

6-3023 , 3 Diabase 36 (3.83~5.0)

16-5025 ID, 5 Gravel, Igneous Sedimentary, Quartzite 5.56 (5.28~5.72)
WA, N

53-3011 , Not Gravel, Igneous Plutonic, Granite or Basalt 5.09 (4.56~5.89)

available (NA)

Gravel, Igneous Extrusive or Plutonic,

53-3013 WA, NA Andesite or Granite 5.28 (4.83~6.11)
53-3014 WA, NA Gravel, Igneous Extrusive, Basalt or Andesite 4.29 (3.89~4.78)
53-3019 WA, NA Gravel, Igneous Extrusive, Basalt 4.46 (4.11~4.72)
53-3812 WA, NA Gravel, Igneous Plutonic, Basalt or Andesite 5.03 (4.28~8.89)
53-3813 WA, NA Gravel, Igneous Extrusive, Basalt 4.00 (3.44~4.67)
53-7409 WA, NA Gravel, Igneous Extrusive, Basalt 4.03 (3.83~4.22)
53-A800 WA, NA Gravel, Igneous Extrusive, Basalt 3.94 (Not Available)

PCC Thermal Conductivity

Thermal conductivity (K) and heat capacity (Q) are the material properties that define the heat flow
through PCC and are used to estimate temperature profiles in pavement. The suggested range at Level 3
is 1.0-1.5 Btu/(ft)(h)(°F), with a default value 1.25 Btu/(ft)(h)(°F). This property needs to be accounted
for as a default, as it was not experimentally established in this project. Nevertheless, previous
sensitivity studies have shown that this parameter does not significantly affect the performance

predictions of concrete pavement. (0)
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PCC Heat Capacity

Heat capacity (Q) is equivalent to the ratio of the amount of heat added to (removed from) the unit
mass of the material in response to a temperature change. Similar to K, the Q of PCC determines the
amount of heat transfer between the slab and the surroundings and is used in temperature profile
predictions in the EICM. Typical value of Q for PCC recommended in Pavement ME documentation at
input Level 3 ranges from 0.20 to 0.28 Btu/(lb)(°F), and the default value in Pavement ME is 0.28
Btu/(lb)(°F). Experimental determination of Q was outside the scope of this study and therefore the use
of Level 3 default Q is recommended. Past sensitivity-analysis studies of Pavement ME consistently
indicate that Q does not significantly affect distress predictions. % *?

Thermal properties for each mixture design are listed as a part of the PCC ME Database, provided in
Appendix D.
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Cement Type

The cement type is a mixture design parameter that is used primarily to estimate the ultimate drying
shrinkage strain in Pavement ME. Literature indicates that cement type does not highly influence
distress predictions. > 1> *? Regardless, the cement type and producer for the eight mixtures tested in
this project are listed in Table 8. Based on this record, it is recommended that cement is defined as Type
| when using Pavement ME. Mill certificates for implemented portland cement and fly ashes are
provided in Appendix C.

Table 8. Cement Type and Producer for the Tested Mixtures

District # Mixture Cement Type | Cement Producer

SH-5 Bridge Crossing, Plummer Type | Lafarge

1 I-90 Lookout Pass Paving Mixture 2015, Mullan Type | Lafarge
I-90 Lookout Pass Paving Mixture 2016, Mullan Type | Lafarge

5 Thain Road Paving Mixture, Lewiston Type I/11 Ash Grove
US-95 Race Creek Mixture, Lewiston Type I/11 Ash Grove

3 I-84 Paving Mixture, Boise Type I/11 Ash Grove

5 US-91 Paving Mixture, Pocatello Type I/11 Ash Grove

6 Thornton Interchange Mixture, Idaho Falls Type I/11 Lafarge

Cementitious Material Content

Cementitious material content is the total content of portland cement and SCM in the unit volume of
concrete. Cement content is used to estimate the ultimate drying shrinkage and the zero-stress
temperature among other parameters in Pavement ME. Earlier studies demonstrated that the
predictions of joint faulting and IRl may be sensitive to the cementitious materials content. ©

The default value of the cementitious material content in Pavement ME is 600 Ibs/yd3. Cementitious
material content for the eight mixtures tested in this study is provided in Table 9, while Table 10 shows
state-wide average cementitious material contents for different mixture types. As seen in Table 9, all
tested mixtures had higher content of cementitious materials compared to the default amount.
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Table 9. Cementitious Material Content for Tested Mixtures

. . . C titi terial tent
District # Mixture ementi '°;;:/"3d‘§]"a conten
SH-5 Bridge crossing, Plummer 611
1 1-90 Lookout Pass Paving Mixture 2015, Mullan 688
1-90 Lookout Pass Paving Mixture 2016, Mullan 688
) Thain Road Paving Mixture, Lewiston 611
US-95 Race Creek Mixture, Lewiston 625
3 I-84 Paving Mixture, Boise 625
5 US-91 Paving Mixture, Pocatello 729
6 Thornton Interchange Mixture, Idaho Falls 658

Table 10. State-wide Average Cementitious Material Content for Tested Mixtures

Mixture Type Cementitious Matgrial Content
[Ibs/yd"]
Statewide Average-Paving Mixtures 668
Statewide Average- Structural Mixtures 631
All Mixtures Average 654

Water-to-cementitious Ratio

Water-to-cementitious materials ratio (w/cm) is a critical mixture design parameter, which impacts
mechanical and durability properties of PCC. Mixtures with higher w/cm have higher porosity and
permeability in the cement paste, which in turn reduces the mechanical properties. The effect of w/cm
on Pavement ME design is accounted for through the computation of the ultimate drying shrinkage.
Based on the literature, w/cm significantly affects the prediction of joint faulting and therefore IRI. )
The default w/cm in Pavement ME software is 0.42.

In this project, the moisture absorption, moisture content, and specific gravity for coarse and fine
aggregate were determined in accordance to ASTM C127, “Standard Test Method for Relative Density
(Specific Gravity) and Absorption of Coarse Aggregate” ™ and ASTM C128, “Standard Test Method for

Relative Density (Specific Gravity) and Absorption of Fine Aggregate” *®

, respectively. Based on the
moisture content of the aggregate, the water was adjusted from the suggested amount in the mixture

design to bring the aggregate to surface saturated dry (SSD) conditions.

ITD’s on-site slump and entrained air test results were collected from each district. The mixtures were
batched to reproduce the same slump and air content as those obtained in the field. Target slump was
typically achieved with the water content lower than that specified in the mixture design. Since the
actual water contents used during paving were not available, w/cm specified in the mixture design as
well as those implemented in the laboratory are provided in Table 11. The slightly lower values of w/cm
required in the laboratory compared to the mixture design to obtain the same slump is expected. This is
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most likely because in laboratory’s controlled ambient conditions, less water will provide the same
workability that may decrease in the field, depending on delivery distance and ambient conditions.
Values of w/cm ratios specified in mixture design should correspond to field conditions and are hence
recommended to be used in Pavement ME. Table 12 presents the statewide average w/cm for structural
and paving mixtures.

Table 11. Water-to-cementitious Material Ratios Based on Mixture Design and Incorporated
Water in the Laboratory to Achieve Target Slump

. Laboratory W/cm
District Mixture w/ c_m Accordlpg to Achieve Target
to Mixture Design
Slump

SH-5 Bridge Crossing, Plummer 0.42 0.41
1 I-90 Lookout Pass Paving Mixture 2015, Mullan 0.38 0.35
I-90 Lookout Pass Paving Mixture 2016, Mullan 0.39 0.37
5 Thain Road Paving Mixture, Lewiston 0.43 0.40
US-95 Race Creek Mixture, Lewiston 0.40 0.35
3 I-84 Paving Mixture, Boise 0.40 0.36
5 US-91 Paving Mixture, Pocatello 0.39 0.34
6 Thornton Interchange Mixture, Idaho Falls 0.39 0.38

Table 12. State-Wide Average Water-to-cementitious Material Ratios for Structural and
Paving Mixtures

. w/cm according to Laboratory w/cm to
Mixture type . . .
mixture design achieve target slump
State-wide Paving mixtures average 0.40 0.36
State-wide Structural mixtures average 0.40 0.38
All mixtures 0.40 0.37

Aggregate Type

Aggregate type and size influence mechanical and durability parameters of concrete, as well as the CTE
and drying shrinkage. Aggregate is volumetrically stable over a wide range of environmental conditions
and serves as an internal restraint for concrete undergoing autogenous and drying shrinkage. Aggregate
type is one of Pavement ME inputs intended to be used for the estimation of CTE, however this
parameter is not linked to any other input in software and therefore does not have any influence on the
design. It is hence recommended to directly use the experimental values of CTE.

PCC Zero-stress Temperature

PCC zero-stress temperature (T,) is defined as the PCC temperature after placement and during curing at
which PCC slab exhibits no thermal stresses. This temperature is used as the baseline to compute the
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contraction and expansion of the slab over the design life. This parameter is particularly effective in the
case of CRCP, since it impacts the crack width and consequently punchouts. ) This parameter can be
entered directly or estimated using the embedded empirical relationship based on cementitious
materials content (CC) and month of construction:

T,=CC*0.59328*H *0.5*1000*1.8/(1.1* 2400) + MMT

Figure 3. Equation for PCC Zero-stress Temperature

where H is an empirical parameter calculated based on mean monthly temperature (MMT) as follows:

H =-0.0787 +0.007 * MMT —0.00003 * MMT ?

Figure 4. Equation for Empirical Parameter H Used in PCC Zero-stress Temperature
Calculation

Determination of T, was beyond the scope of this research project. It is thus recommended to use the
existing Pavement ME relationship at all input levels.

Ultimate Drying Shrinkage

Concrete goes under volumetric reduction due to exposure to drying. In CRCP, drying shrinkage impacts
crack development, while in JPCP the primary effect of drying shrinkage is slab warping due to
differential shrinkage throughout the PCC depth. This in turn affects transverse fatigue cracking and
joint faulting. Additionally, drying shrinkage influences joint opening, which is an important factor in
joint faulting characterization. The magnitude of ultimate drying shrinkage depends on the mixture
design parameters, such as aggregate and cement type and content, w/cm, environmental conditions,
such as ambient temperature and relative humidity (RH). Curing method also highly influences the
ultimate drying shrinkage.

Pavement ME documentation defines the ultimate shrinkage as a shrinkage strain that will develop in
the concrete exposed to prolonged drying conditions with ambient RH at 40 percent. At input Level 1,
the magnitude of total drying shrinkage should be established in the laboratory. However, the results of
field studies indicated that it may take up to five years for drying shrinkage to stabilize. "’ The current
laboratory test procedures may not provide an adequate estimation of ultimate drying shrinkage due to
the relatively short duration of testing in this project. It is still recommended for agencies to perform
laboratory evaluation of drying shrinkage as a baseline for the evaluation of ultimate shrinkage
calculated by Level 2 and 3 relationships. At input Level 2 ultimate shrinkage (&) is calculated as:

&, =CC, {26 *w*(f',)—0.28 + 270}

Figure 5. Equation for Ultimate Drying Shrinkage at Level 2 and 3

Where, C; and C, are constants dependent on cement and curing type, w stands for the water content
of concrete mixture and f’. for the 28-day compressive strength. Input Level 3 relies on the same
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equation with the difference in typical inputs from the agency for w and f’.as opposed to mixture
specific values at input Level 2.

In this study, free drying shrinkage test was performed based on ASTM C157, “Standard Test Method for
Length Change of Hardened Hydraulic-Cement mortar and Concrete”. *® Tests were performed on 2” by
2” by 11” prisms on six specimens from each mixture. After initial 28-days of moist curing, specimens
were exposed to drying environment with ambient RH at 40 percent over a 64-week period. Figure 6
presents the comparison of drying shrinkage strains for all tested mixtures, with positive values of strain
showing swelling during the moist curing and negative values indicating shrinkage. Whisker bars
correspond to the standard deviations of shrinkage observed among the six tested specimens. Figure 6
encompasses the final drying shrinkage measurements recorded in the last week of June, correspondent
to nine to 54 weeks of drying, depending on the mixture batching date. As seen in Figure 6, the
development of shrinkage has stabilized for most mixtures and it is therefore safe to assume that the
latest measurements correspond well with the ultimate shrinkage and can be used as Pavement ME
input. Based on Figure 6, mixtures with relatively high drying shrinkage from District 2 also demonstrate
higher variability among the specimens in comparison to mixtures with lower shrinkage (the first two
mixtures from Districts 1 and mixtures from District 3 and 6). Relatively high shrinkage of mixtures from
District 2 may be related to the high slumps of these two mixtures, as well as low maximum aggregate
size % in. Other mixtures with high drying shrinkage are US-91 Paving mixture from District 5, followed
by 1-90 Lookout Pass Paving Mixture 2016 from District 1. Ul will continue recording the length change
until the end of 64-week drying period and will report the final results.

Time [days]

-800

-600
T | - imkm— - -—- ? 1
O
+ -400 T
© .
=
x -200
% : 200 250 300 350 400 450
%‘ 0 —@— D1: SH-5 Bridge Crossing
5 \ —#— D1: 1-90 Lookout Paving Mixture 2015
2 900 D1:1-90 Lookout Pass Paving Mixture 2016
'5; —x— D2: Thain Road Paving Mixture

400 — @ — D2: US-95 Race Creek Bridge Mixture

D3: 1-84 Paving Mixture
—&— D5: US-91 Paving Mixture
600 —— D6: Thornton Interchange Mixture

Figure 6. Average Drying Shrinkage Development for All Tested Mixtures to Date

Table 13 presents the last recorded measurements with the corresponding time for the ultimate drying
shrinkage. Note that the time of the last measurement includes the initial 28-days of moist curing. Upon
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the completion of drying shrinkage recordings, the experimentally determined values will be compared
with that obtained using empirical relationship given in Figure 5. Based on the experiment’s schedule,
the final 64-week shrinkage measurements for the first two mixtures from District 1 and Thain Road
Paving Mixture will be reached during September 2017. Corresponding measurements for US-95 Race
Creek Mixture will be recorded in October 2017, followed by the measurements for 1-84 Paving Mixture
and US-91 Paving Mixture in November and December 2017, respectively. The ultimate 64-week drying
shrinkage measurements for 1-90 Lookout Paving Mixture 2016 are scheduled for May 2018, while
Thornton Interchange Mixture will be characterized for ultimate drying shrinkage on June 2018. The
final measurements will be provided to ITD in the updated materials database spreadsheet.

Table 13. Last Recorded Drying Shrinkage Strains with the Corresponding Test Date

Last Recorded Time of Last
District Mixture Drying Shrinkage Measurement
[x10°® strain] (days)
SH-5 Bridge Crossing, Plummer 295.00 405
1 [-90 Lookout Pass Paving Mixture 2015, Mullan 315.00 392
I-90 Lookout Pass Paving Mixture 2016, Mullan 597.50 140
5 Thain Road Paving Mixture, Lewiston 565.67 385
US-95 Race Creek Mixture, Lewiston 481.67 371
3 I-84 Paving Mixture, Boise 352.00 350
5 US-91 Paving Mixture, Pocatello 545.83 294
6 Thornton Interchange Mixture, Idaho Falls 366.67 98

Reversible Shrinkage

A portion of drying shrinkage of concrete is reversible upon rewetting. Pavement ME recommends
reversible shrinkage of 50 percent as a default material input, unless more accurate information is
available. A study by Lederle and Hiller (2013) indicated that approximately 30 percent of the ultimate
drying shrinkage is reversible for common paving mixtures, however prolonged moisture curing may
increase that value up to 80 to 100 percent. ¥ Reversible drying shrinkage characterization was not
encompassed in this study and the use of the default value is recommended. Sensitivity studies
consistently pointed out that reversible shrinkage percentage does not exhibit significant effect on

distress predictions. (1% *?

Time to Develop 50 Percent of Ultimate Shrinkage

The time to develop 50 percent of the ultimate shrinkage is recommended as 35 days at all input levels,
unless more reliable information is available. ® If the laboratory shrinkage characterization is
conducted, which is the case in this study; it is recommended to estimate the time to 50 percent of
drying shrinkage based on the experimental data.

Table 14 presents the estimation of time to 50 percent drying shrinkage for the tested mixtures, based
on the latest shrinkage measurement presented earlier in Table 14. As seen in Table 14, the estimated
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values correspond well with the default of 35 days. The final values of time to develop 50 percent

shrinkage will be updated when the ultimate drying shrinkage values for all mixtures become available.

Literature suggests that this parameter does not impact distress predictions significantly.

(9,10, 12)

Table 14. Time to Develop 50 Percent of Ultimate Drying Shrinkage Based on Current Test

Results
S . Time to Develop 50 Percent of
District Mixture Ultimate Shrinkage (Days)
SH-5 Bridge Crossing, Plummer 33
1 1-90 Lookout Pass Paving Mixture 2015, Mullan 33
1-90 Lookout Pass Paving Mixture 2016, Mullan 35
5 Thain Road Paving Mixture, Lewiston 31
US-95 Race Creek Mixture, Lewiston 31
3 I-84 Paving Mixture, Boise 37
5 US-91 Paving Mixture, Pocatello 36
6 Thornton Interchange Mixture, Idaho Falls 31
Curing Method

Appropriate curing method is critical to provide desirable curing conditions for satisfactory development

of mechanical properties. Pavement ME allows two types of curing: wet curing and curing compound.

One of these two options should be selected based on the practice in the field. Sensitivity studies of

Pavement ME predictions suggested that both curing methods result in comparable distress projections.

(510,12} Nevertheless, curing compound is recommended to be used as the method of curing as it

represents the state of concrete paving practice.

Mixture design parameters for all of the mixtures are organized and provided in Appendix D, as a part of
the PCC ME Material Database.
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Compressive Strength

Compressive strength (f’.) of PCC, typically tested at twenty eight-day age, is most commonly used for
quality control. Input Level 2 of Pavement ME requires 7-, 14-, 28- and 90-day values of f’., which are
further used to estimate the modulus of elasticity and modulus of rupture. Further, at input Level 2, the
ratio of the 20-year to 28-day f’. is a required Pavement ME input, with a maximum recommended value
of 1.35. Input Level 3 utilizes 28-day f’. to establish other mechanical properities of PCC.

In this study, f’. test was performed per requirements of ASTM C39, “Standard Test Method for
Compressive Strength of Cylindrical Concrete Specimens”. ** The tests were conducted on 6-inch
diameter and 12-inch high cylinders, at 7-, 14-, 28- and 90-day ages, on four specimens on each test day.
The details of f’. testing were provided previously in the project Deliverables 2 and 5. Table 15 presents
the average f’. test results with the corresponding standard deviations, based on the mixture design and

test date. Based on ASTM C39, experimental results were rounded to closest 10 psi. "

Table 15. Values of f.for All Tested Mixtures on 7-, 14-, 28- and 90-day Ages

fc [psi]
District Mixture (Standard Deviation [psi])

7-day 14-day 28-day 90-day

. . 4,040 4,630 4,870 5,270

SH-5 Bridge crossing, Plummer (180) (200) (160) (180)

1 1-90 Lookout Pass Mixture 2015, 4,830 5,470 5,510 6,560
Mullan (130) (210) (240) (230)

I-90 Lookout Pass Mixture 2016, 3,500 4,360 4,640 5,560
Mullan (110) (260) (210) (400)

. . . 3,760 5,130 5,160 5,830

, Thain Road Mixture, Lewiston (200) (180) (260) (170)
. . 5,340 5,610 6,900 7,560

US-95 Race Creek Mixture, Lewiston (190) (300) (130) (410)

. . . 3,890 4,510 5,590 6,400

3 I-84 Paving Mixture, Boise (170) (200) (220) (350)
. . 4,540 4,850 5,080 5,930

5 US-91 Paving Mixture, Pocatello (170) (100) (120) (280)
2,800 3,400 4,310 5,260

6 Thornton Interchange, Idaho Falls (140) (90) (150) (180)
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To investigate the effect of mixture constituents on the compressive strength, Figure 7 shows the
relationships between the 90-day f’. and unit weight, w/cm, coarse and fine aggregate contents. The
value of f’, slightly increases with increased unit weight and drops with increase in w/cm ratio. Increase
in coarse aggregate content results in a drop in f’,, while the opposite trend can be seen in relationship
between f’. and fine aggregate content. The relationships with other parameters such as slump, and air
content were not as strong as the four relations presented here and hence were not provided here. It is

expected that f’, is also impacted by aggregate gradation, angularity and admixtures.
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Figure 7. Correlations of . with a) Unit Weight of Concrete, b) W/cm Ratio, c) Coarse
Aggregate Content, and d) Fine Aggregate Content

Table 16 presents the district-based averages f’., while Table 17 shows average f’. for paving, structural
mixtures, as well as the state-wide averages. As seen in Table 16, paving mixture from District 3 exhibits
the highest value of f. on 90-day test age, followed by paving mixtures from District 1, 2 and 5,
respectively. In terms of structural mixtures, District 2 had the highest 90-day f’,, followed by the

corresponding mixtures from Districts 1 and 6.
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Table 16. District-based Average Values of f. for Each Test Date

District Mixture type flpsil
7-day 14-day 28-day 90-day
1 Paving 4,170 4,920 5,080 6,060
Structural 4,040 4,630 4,870 5,270
5 Paving 3,760 5,130 5,160 5,830
Structural 5,340 5,610 6,900 7,560
Paving 3,890 4,510 5,590 6,400
Paving 4,540 4,850 5,080 5,930
Structural 2,800 3,400 4,310 5,260

Table 17. State-wide Average Values of f. for Paving and Structural Mixtures

- fc[psi]
Mixture Type
7-day 14-day 28-day 90-day
Statewide Average- Paving Mixtures 4,100 4,860 5,200 6,060
Statewide Average- Structural Mixtures 4,060 4,540 5,360 6,030
All Mixtures Average 4,090 4,740 5,260 6,050

Modulus of Elasticity

Modulus of elasticity (E.) is the ratio of stress to strain in the elastic range of the concrete’s stress-strain

curve. It is dependent on the mixture design parameters, primarily the w/cm ratio, aggregate type, and

content. Modulus increases with the progress of hydration, which is associated with the formation of

the hydration products, and decrease in porosity. In terms of pavement structural responses, E. impacts

the tensile stresses in the slab and influences distresses such as transverse fatigue cracking. At input

Level 1, E. should be experimentally determined for the concrete mixture at 7-, 14-, 28- and 90-day ages.

Additionally, the ratio of the 20-year to 28-day E. is another required Pavement ME input, with 1.2 as

the maximum recommended value.

Experimental determination of E, was conducted in RP-253 based on ASTM C469, “Standard Test
Method for Static Modulus of Elasticity and Poisson’s Ratio of Concrete in Compression”. ™ The test

procedure encompasses the determination of the chord modulus of elasticity and the Poisson’s ratio (u).

Details of the test procedure were previously described in Deliverables 2 and 5.

Table 18 presents E, for all tested mixtures, based on the test day.
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Table 18. Modulus of Elasticity for All Mixtures on 7-, 14-, 28- and 90-day Ages

E. [x 10° psi]

District Mixture (Standard Deviation, psi)
7-day 14-day 28-day 90-day
SH-5 Bridge Crossing, Plummer (1036?0500) (1536?0000) (1546,20500) (2(;16,50500)
1 1-90 Lookout Pass 2015, Mullan (2536’80500) (4030',90000) (3540',10500) (3050"10500)
1-90 Lookout Pass 2016, Mullan (1030"20000) (1030'?0500) (53;(5)80) (2:0"70500)
, Thain Road Mixture, Lewiston (1;6?0000) (2040',10000) (2030',70000) (1:0"60500)
US-95 Race Creek Mixture, Lewiston (1;0'?0500) (1:;330) (1546?0000) (1550"50000)
3 | 184 Paving Mixture, Boise (1026,70500) (1536,20000) (1036,60000) (1536?0000)
5 US-91 Paving Mixture, Pocatello (53;8(5)0) (3;;30) (53;(?;80) (2:0'?0000)
6 Thornton Interchange, Idaho Falls (1020',90500) (2536,60000) (3536?0000) (1:0'?0000)

Note that when using the Pavement ME at input Level 1, the values of E. need progressively increase

with age. Slight decreases in E. at later ages for some of the mixtures, if entered in the software will

result in a user error. It is, therefore recommended that in those cases compressive strength test results

at all four ages are used at input Level 2. Please refer to the companion database for the appropriate

material inputs.

Correlations between 90-day E, with mixture design and fresh concrete parameters were established
and the most influential parameters were identified and are presented in Figure 8. As seen in Figure 8,

higher values of unit weight are associated with higher E. Mixtures with higher air percentage

demonstrated lower E., while increase in fine aggregate content was result in an increase in E..

Pronounced relationships of E. with w/cm, cementitious materials content, coarse aggregate content

and slump could not be established.

26




Chapter 5. Mechanical Properties

6
y =0.1383x - 15.131
_ o5 R?=0.6595 bt
‘@
Q
zo 5 Tt
o Q...
. [ ]
2 4.5 o _ )
Q ‘
w oo
4
[ J
3.5
138 140 142 144
a) UW [pcf]
'.E‘
o
(o)
<
o
—
Rt
[S)
w
c)

146

5.5

4.5

3.5

700

6
_ 55 °
) 2 ... y =-0.4697x +7.2885
e 5 | & T R2=0.5296
<
S °®-.
x, 4.5 ‘ ®
= o ...
w Se
4
°
3.5
148 150 4.0 5.0 6.0 7.0
Air [%
b) [ 0]
°
°
e e
® g = 0.0027x + 1.5437
R2=0.3345
°
900 1,100 1,300 1,500

Fine agg content [Ibs/yd3]

Figure 8. Correlations of E. with a) Unit Weight, b) Air Content c) Fine Aggregate Content

Table 19 and Table 20 summarize district- and state-wide average E. for paving and structural mixtures.
As seen in Table 20, structural mixtures demonstrate higher values of E. comparing to paving mixtures.
The comparison of paving mixtures from different Districts reveals that mixtures from District 1
demonstrate the highest 90-day E. at 4.95x10° psi, followed by mixtures from Districts 2 and 5. The
paving mixture from District 3 exhibits the lowest E, at 3.8 x 10° psi, however, it is noteworthy that this
mixture also had the highest f’.. In terms of structural mixtures, District 2 had the highest 90-day E,,
followed by Districts 1 and 6, which is also the trend observed for f’.. of these mixtures.

27



Portland Cement Concrete Material Characterization for Pavement ME Design Implementation in Idaho

Table 19. District-based Average Values of E. for Each Test Date

5

District # Mixture type 7-day o dg;[x 10411 28-day 50-day
1 Paving 3.55 3.65 3.85 4.95
1 Structural 3.55 3.80 4.25 4.55
2 Paving 3.30 4.10 4.60 4.65
2 Structural 4.65 4.50 4.90 5.50
3 Paving 2.75 3.20 3.60 3.80
5 Paving 4.05 3.75 4.30 4.03
6 Structural 2.95 3.60 3.80 4.40

Table 20. State-wide Average Values of E. for Paving, Structural and All Tested Mixtures

E. [x 10° psi]
Mixture type
7-day 14-day 28-day 90-day
Statewide Average-Paving Mixtures 3.45 3.75 4.05 4.55
Statewide Average- Structural Mixtures 3.70 3.90 4.30 4.80
All Mixtures Average 3.55 3.75 4.05 4.65

Flexural Strength

Modulus of rupture (MR) or flexural strength of PCC is the essential mechanical property of PCC, which
substantially impacts the resistance of PCC pavement to fatigue cracking. Higher values of MR are
associated with higher number of allowable load applications as this factor affects the applied stress
ratio to the pavement. Fatigue damage (FD) is calculated in Pavement ME as follows:

FD = Z ni,j,k,l,m,n
Ni,j,k,l,m,n
Figure 9. Equation for Fatigue Damage used in Pavement ME

where n i mn Stands for number of load applications at conditions i, j, k, I, m, n and N m, for
allowable number of load applications at same conditions. Conditions i, j, k, I, m and n account for
impacts of pavement age, month of the year, axle type, load level, temperature difference and traffic
path, respectively. N ;i mn is further calculated as:
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MR

C,
Iog(Ni'j,kq,,m’n) =Cl[ J +0.4371

i,j,k,l,mn
Figure 10. Equation for the Allowable Number of Loading Repetitions before Fatigue Failure

where MR; stands for the modulus of rupture of concrete at age i, 0«1, m, » fOr applied stress at
conditions i, j, k, I, m, n and C1 and C2 represent calibration constants. It can be concluded from the
equation in Figure 10 that MR exhibits a critical influence to N mn, With higher values of MR yielding
higher allowable number of load applications and lower FD.

Pavement ME input Level 1 requires the experimentally determined values of MR on 7-, 14-, 28- and 90-
day tests, as well as the ratio of 20-year to 28-day MR, with maximum recommended value at 1.2.
Modulus of rupture was experimentally determined according to ASTM C293, “Standard Test Method
for Flexural Strength of Concrete (Using Simple Beam with Center-Point Loading)”. 22 Tests were
performed on 6” by 6” by 20” beam specimens at 7-, 14-, 28- and 90-day ages. Three specimens were
tested on each test day. Details of MR tests were specified in Deliverables 2 and 5.

Table 21 presents average values of experimentally determined MR based on mixture design and PCC
age, with corresponding standard deviations.

Table 21. MR for All Tested Mixtures on 7-, 14-, 28- and 90-day Ages

MR [psi]
District Mixture (Standard Deviation [psi])
7-day 14-day 28-day 90-day

SH-5 Bridge Crossing, Plummer (63350) (63505) (71155) (7230(;

1 I-90 Lookout Pass Paving 2015, Mullan (75500) 7(2)5 (84955) (8590(;
620 665 810 995

I-90 Lookout Pass 2016, Mullan (5) (45) (25) (55)

, Thain Road Mixture, Lewiston (55955) (61650) (71855) (84655)
US-95 Race Creek Mixture, Lewiston (71905) (72855) (84100) ?1905)

3 I-84 Paving Mixture, Boise 6(;) (75555) (73405) (8580(;
5 US-91 Paving Mixture, Pocatello (63505) (7530(:; (73755) (78950)
6 Thornton Interchange, Idaho Falls (55050) (64105) (7675(:; (2(5)(5))

When using MR as an input in Pavement ME (Level 1), the software considers the progressive flexural
strength growth with PCC age as a default and will report error, if any drop in MR value is present at a
later age, which is the case with a few test results in Table 10. For those cases, it is recommended to
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switch to Level 2, which requires f’. at four test dates as an input, which was previously provided in
Table 15, as well as included in the database.

Ninety-day MR for different mixture designs was correlated to various mixture design and fresh
concrete properties, and four selected scatter plots that showed the strongest relations are presented in
Figure 11. Figure 11 shows that MR is inversely related to w/cm and air content. In terms of aggregate
content, higher amounts of coarse aggregate resulted in lower MR, while increases in fine aggregate
content yielded higher MR values. Note that these relationships are not statistically strong, which may
due to the underlying simultaneous interactions of different factors on MR rather than a one-at-a-time
effect.
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Figure 11. Correlations of MR with a) W/cm ratio, b) Air Content, c) Coarse Aggregate
Content and d) Fine Aggregate Content

District-based average values of MR with analogous standard deviations, rounded to 5 psi, are listed in
Table 22, while the average MR for paving, structural mixtures and the state are given in Table 23.
Among the paving mixtures, District 1 mixtures exhibited the highest 90-day MR at 895 psi, closely
followed by the mixtures from Districts 3 and 2, and finally the mixture from District 5 with 90-day MR at
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790 psi. Mixture from District 6 demonstrated the highest 90-day MR among the structural mixtures,
followed by the mixtures from Districts 2 and 1, respectively.

Table 22. District-based Average Values of MR for Each Test Date

L. . MR [psi
District # Mixture type 7-day 14-day [psi] 28-day 90-day
1 Paving 685 710 855 895
1 Structural 630 655 715 730
2 Paving 595 660 785 865
2 Structural 795 785 810 895
3 Paving 650 755 745 880
5 Paving 655 730 775 790
6 Structural 500 615 770 950

Table 23. State-wide Average Values of MR for Paving, Structural and All Tested Mixtures

MR [psi]
Mixture type 7-day 14-day 28-day 90-day
Statewide average- Paving mixtures 655 715 800 885
Statewide average- Structural mixtures 640 685 765 860
All mixtures average 650 705 790 875

Strength Gain Curves and Comparison with Default Curves

Pavement ME Design Guide recommends the following equation for the estimation of E.growth:

MODRATIO = ¢, + a, log1l0(AGE) + a, [log10(AGE)J?
Figure 12. Pavement ME Equation for E; Growth with Pavement Age

where MODRATIO stands for the ratio of E. at a given age to the 28-day E., AGE the age of specimen in
years and a,, 0y, Oz regression coefficients. Based on the experimental data, strength growth curves for
state-wide paving, structural mixtures and overall average were modeled and the regressions
coefficients are provided in Table 24. Ratios of 20-year to 28-day E. were calculated based on the
strength growth curves for each mixture design (Figure 12) and reported in Table 24. For the mixtures
with calculated ratio of 20-year to 28-day E. beyond 1.20, the maximum recommended value of 1.20
was used. Similar procedure was followed for f'. and MR and the corresponding regression coefficients
and ratio of 20-year to 28-day f. and MR are given in Table 25 and Table 26. As seen in Table 24, Table
25 and Table 26, regression coefficients for all three mechanical properties differ markedly from
Pavement ME defaults, which will cause difference in distress predictions between different input levels.
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Table 24. Regression coefficients for E.growth curve and 20-year to 28-day E. ratio

20- E/28-
Mixture type al a2 a3 O-year E/ SCEL
Statewide average- Paving mixtures 1.458 0.545 0.126 1.20
Statewide average- Structural mixtures 1.292 0.303 0.029 1.20
All mixtures average 1.388 0.445 0.085 1.20
Default Pavement ME 1.000 0.120 -0.0157 1.20

Table 25. Regression Coefficients for f. Growth Curves and 20-year to 28-day f. Ratio

Mixture type oy o, o 20-year /28-day f’,
Statewide average- Paving mixtures 1.285 0.161 -0.072 1.33
Statewide average- Structural mixtures 1.250 0.149 -0.083 1.29
All mixtures average 1.272 0.156 -0.076 1.31
Default Pavement ME values 1.000 | 0.120 | -0.0157 1.35

Table 26. Regression Coefficients for MR Growth Curves and 20-year to 28-day MR Ratio

Mixture o, a, o3 20-yea’\r”£28-day
Statewide average- Paving mixtures 1.208 0.129 -0.059 1.20
Statewide average- Structural mixtures 1.294 0.285 0.010 1.20
All mixtures average 1.234 0.185 -0.034 1.20
Default Pavement ME values 1.000 0.120 -0.0157 1.20

Pavement ME specifies the default equation for growth of flexural strength based on 28-day modulus of

rupture (MR 15.4ay):

MR(t) = (1 + 0.12*log,, (/0.0767) - 0.01566*l0g,, (/0.0767)?)* MR

28-day

Figure 13. Pavement ME Equation for MR Growth as a Function of Pavement Age and 28-day

MR

where MR(t) stands for modulus of rupture at given age and t for time in years. The strength growth

curve for MR can be further used to establish the development of f’,, based on empirical equation:
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f' =(MR/9.5)°

Figure 14. Equation for the Estimation of f. Based on the Corresponding MR

Further, E, at various ages can be estimated based on f'. and unit weight (y) using the relation:

E, = 3373/2 \ﬂ

Figure 15. Equation for the Estimation of E. Based on the Corresponding f:and Unit Weight

Equations given in Figure 13, Figure 14, and Figure 15 with default values of 28-day MR=690 psi and y
equal to 150 pcf were used to establish Pavement ME default f’., E. and MR growth with PCC age and
these properties were plotted in Figure 16, 17 and 18, respectively. In addition, experimentally
established values of f',, E. and MR based on PCC age for paving, structural and all mixtures were added
to Figure 16, Figure 17 and Figure 18.Error bars for the experimentally determined mechanical
properties indicate standard deviation.

Figure 16 demonstrates that Pavement ME default f’. is higher than that of the mixtures tested in this
project at early ages (7- and 14-days). However, beyond 28-day age both paving and structural mixtures
surpass Pavement ME default.

6,500
6,000
5,500
= —&—Pavement ME
o 5,000 default
_© Paving mixtures
[T
4,500 Structural mixtures
4,000 ¢ —&— All mixtures
3,500

0 20 40 60 80 100
PCC age [days]

Figure 16. Compressive Strength Growth Curve: Comparison of Pavement ME Default and
Idaho State-Wide Averages for Paving, Structural and All Tested Mixtures

As seen in Figure 17, Pavement ME default E, at 7-day age is higher than that of the paving and
structural mixtures. At 90-day, the default E. agrees well to the state-wide average for all mixtures.
Structural mixtures are showing higher E. compared to the default Pavement ME curve; conversely, E. of
paving mixtures is lower than Pavement ME default on all test ages. It is noteworthy that the default E,
is significantly influenced by y (see Equation 10).
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In terms of MR, Pavement ME default values are clearly lower than that of the structural and paving
mixtures from the state of Idaho on all test ages (Figure 18). Overall, based on the three figures
discussed, the experimental results suggest higher growth for all mechanical properties comparing to
the default growth curve in Pavement ME.
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Figure 17. Modulus of Elasticity Growth Curve: Comparison of Pavement ME Default and E,
for Idaho State-wide Averages for Paving, Structural and All Tested Mixtures
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Figure 18. Modulus of Rupture Growth Curve: Comparison of Pavement ME Default and MR
for Idaho State-wide Averages for Paving, Structural and All Tested Mixtures
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Relationship between Different Mechanical Properties

Since the 28-day f’. is the most typically determined mechanical property of PCC, it is commonly used to
estimate other mechanical properties. The correlation of 28-day MR and E, with the square root of f’.
were given in equations in Figure 14 and Figure 15.

Relationship between MR and f’. (Figure 14) can be expressed in the following form:

MR =9.5/f"
Figure 19. Equation for the Estimation of MR Based on the Corresponding fc

When the default unit weight of PCC y equal to 150 pcf is used in equation in Figure 15, a value of
correlation coefficient between E. and square root of f’. is equal to 60,625. In order to evaluate this
coefficient, as well as the equation in Figure 19, the values of correlation coefficient (factor in front of
square root of f’.) were calculated based on the experimental data. Obtained correlation coefficients for
E.and MR are listed in Table 27 and Table 28, respectively. Coefficients were calculated based on Idaho
state-wide average results for paving, structural and all mixtures and as the function of test date. As
seen in Table 27, values of the correlation coefficients are generally lower than the default at 60,625.
Conversely, correlation coefficients that describe the relationship between MR and square root of f'. are
higher than the default 9.5 for all mixture types and all test dates.

Table 27. Factors to Estimate E. Based on f'. for Paving, Structural and All Tested Mixtures

Mixture type Correlation Coefficient (Equation in Figure 15)
Statewide average- Paving mixtures 53,450
Statewide average- Structural mixtures 59,250
All mixtures average 55,650

Table 28. Factors to Estimate MR Based on f'. for Paving, Structural, and All Tested Mixtures

Mixture type Correlation Coefficient (Equation in Figure 19)
Statewide average- Paving mixtures 11.1
Statewide average- Structural mixtures 10.6
All mixtures average 10.9

Mechanical properties of all mixtures necessary for the design using Pavement ME were organized and
listed in PCC ME Database, given in Appendix D.
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Chapter 6
Design Case Studies

To assess the impact of laboratory-established design inputs versus the national default values in the
Pavement ME on JPCP pavement design, two JPCP sections in the state of Idaho that are part of the
LTPP database were designed using the Pavement ME at two hierarchal input levels of 1 and 3.
Information about the sections’ structure and their average annual daily truck traffic (AADTT) is
provided in Table 29.

Table 29. Pavement Structure and Traffic Data for the Two JPCP Sections in Idaho from LTPP

Database
PCC Slab Base Subbase
D
SHRP .IT . Location | Thickness Type, Type, Depth Subgrade AADTT | Road Class
ID District . Depth . Type
[in] . [in]
[in]
Pocatello
Asphalt Crushed .
326;7 5 H?rk]e\f/; 10.5 Treated, Gravel Sllt(x_sj)nd 924 Interstate
ghway 54 | (A-1-b),11.6
1-86
Boise Crushed aggsroelgate
16- 3 Area, 9 Gravel mixture | Y33 o5 | nterstate
3023 Highway (A-1-a), (A-4)
184 44 (A-1-b and
' A-2-6)*,14.3

*Subbase layer of Section 16-3023 consisted of two layers of soil aggregate mixture, 5.3-inch A-1-6 and 9-inch thick
A-2-6 type layer. Subbase was modeled in Pavement ME with two layers, but presented in table as a single layer.

Both sections were first analyzed at input Level 3, using the default values for PCC parameters for a 40-
year design life. Subsequently, the PCC material inputs were defined as obtained in RP-253 and the
analysis was repeated at input Levels 1 and 2.

Section 16-3017

Input parameters used to design Section 16-3017 that remain the same in all three design scenarios are
the pavement structure, traffic inputs and JPCP design features. The values for these inputs were
defined based on Table 29 and are presented in the following three figures.
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Design Inputs
Design Life: 40 years Existing construction: - Climate Data 42 92 -112.571
Design Type: Jointed Plain Concrete  Pavement construction: September, 1986 Sources (LatlLon) 42 543, -113.772
Pavement (JPCP) Traffic opening: November, 1986 42727, -114.456
53.317, -113.583
I Design Structure ITrafI'lc
Layer type Material Type | Thickness (in.): |Joint Design: Heavy Trucks
[iaper 1 PoC R . - Age (year] (cumulati\re}
e PCC JPCP Default 10.5 Joint spacing (ft) 15.0
S Cement_Base |Cement stabilized 54 Dowel diameter (in) [1.25 1986 (initial) 923
@ NonStabilized |A-1-b 16 Slab width (ft) 12.0 2006 (20 years) | 4,118,140
Subgrade A4 Semi-infinite 2026 (40 years) 10,159,100

Figure 20. Pavement Structure and Traffic Volume Inputs
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Figure 21. Values of Traffic Inputs Used for Section 16-3017
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Design Properties

JPCP Design Properties

Structure - ICM Properties Doweled Joints Tied Shoulders

PCC surface shortwave 0.85 15 joint doweled ? True Tied shoulders False

absorptivity ' Dowel diameter (in.) 1.25 Load transfer efficiency (%) -
Dowel spacing (in.) 12.00

PCC joint spacing (ft) Widened Slab PCC-Base Contact Friction

Is joint spacing random 7 False Is slab widened ? False PCC-Base full friction contact True

Joint spacing (ft) 15.00 Slab width (ft) 12.00 Months until friction loss 240.00
[sealant type [Preformed |  [Erodibility index |5 |
[Permanent curliwarp effective temperature difference (°F) frooo |

Figure 22, JPCP Design Features Mainly Defined at Level 3

Figure 23 presents the values of PCC input parameters at three input levels. At input Level 3, all
Pavement ME default values were used, while at input Levels 1 and 2 experimentally determined PCC
properties were used. Since drying shrinkage tests are still in progress at the time of the analysis, the

latest recorded results were utilized.
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(a) Level 3 (default values) (b) Level 2
PCC sy
Thickness (in.) 10.5 Thickness (in.) 10.5
Unit weight (pcf) 150.0 Unit weight (pch) 140.2
Paisson's ratio 02 Paisson's ratio 02
[Thermal [Thermal
PCC coefficient of thermal expansion (in./in./F 55 PCC coefficient of thermal expansion (in./in./~F 308
X 10"-6) : X 107-6) :
PCC thermal conductivity (BTU/hr-ft-°F) 1.25 PCC themmal conductivity (BTU/hr-fi-°F) 1.25
PCC heat capacity (BTU/Ib-°F) 0.28 PCC heat capacity (BTU/Ib-°F) 0.28
Mix Mix
Cement type Type | (1) Cement type Type 1 (1)
Cementitious material content (Ib/yd*3) 600 Cementitious material content (Ib/yd"3) 729
Water to cement ratio 0.42 Water to cement ratio 0.34
Aggregate type Quartzite (0) Aggregate type Quartzite (0)
PCC zero-siress Calculated Internally? |True PCC zero-stress Calculated Intemally? |True
femperature (°F) femperature (°F) User Value -
User Value -
Calculated Value 876 Calculated Value 937
Utimate shrinkage Calculated Intemally? [True U“_imat? shrinkage Calculated Intemally? |False
(microstrain) (microstrain) User Value 5208
User Value -
Calculated Value 632.3 : : Calculated Value -
Reversible shrinkage (%) 50 Reversible shrinkage (%) 50
- = - - Time to develop 50% of ultimate shrinkage
Time to develop 50% of ultimate shrinkage a5 (days) 35
(days) - -
Curing method Curing Compound Curing method Curing Compound
PCC strength and modulus (Input Level: 3) PCC strength and modulus (Input Level: 2)
- Ti c i t th (psi
28-Day PCC modulus of rupture (psi) 690.0 ?_ldme 4;:::resswe St i
d |
28-Day PCC elastic modulus (psi) 42000000 y
14-day 48500
28-day 50800
90-day 59300
20-year/28-day 14

(c) Level 1

PCC strength and modulus (Input Level: 1)

Time :\;csﬁulus R Elastic modulus (psi)
7-day 655 3750000

14-day T30 4200000

28-day 775 4300000

90-day 790 4300000
20-year/28-day 12 1.2

Figure 23. PCC Material Inputs for Section 16-3017 at Three Levels Input Levels

Figure 24 shows Pavement ME-predicted joint faulting over the 40-year design life at input levels 1, 2
and 3 at 90 percent reliability. Lower CTE and PCC unit weight at Levels 1 and 2 comparing to defaults
used at Level 3 may have induced the difference in the predicted joint faulting. As seen in Figure 24, the
40-year joint faulting is half at Levels 1 and 2 compared to the Level 3 defaults. However, joint faulting
calculated for all three input levels is substantially below the threshold value at 0.12 inches.
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Figure 24. Joint Faulting for 16-3017 over 40-Year Design Period at Input Levels 1, 2 and 3

Figure 25 presents the predicted transverse fatigue cracking at all three input levels. All three runs
generate comparable and minor cracking percentage, as seen in Figure 25. Levels 1 and 2 use higher MR
(28-day value at 775 psi, as opposed to 690 psi as a defaults), which may have resulted in difference in
calculated cracking percentage. The low predicted cracking percentage at all three input levels is most
likely due to the overestimated slab thickness per AASHTO 1993 design guide, which is overshadowing
the impact of the material inputs on the predicted cracking.

16
14

[ Y
o N

Cracking [%]

o N b O

—Level 1l
—Level 2
——VLevel 3

e==Threshold cracking

15 20 25 30 35 40

Pavement age [years]

Figure 25. Cracking for 16-3017 over the 40-Year Design Period at Input Levels 1, 2, and 3

Based on Figure 26 design scenarios using Levels 1 and 2 result in lower values of 40-year IRl comparing
to Level 3 by 30 to 37 percent, respectively. At all three levels, the pavement fails the criterion at about
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25 years. Depending on the required design life, provisions need to be made to lower the joint faulting
to maintain the IRl at lower levels.

260
220
v 180
£
%. 140 ——Level 1
e ——Level 2
100 —Level 3
e==Threshold [RI
60

0 5 10 15 20 25 30 35 40

Pavement age [years]

Figure 26. IRI for Section 16-3017 over the 40-year Design Period at Input Levels 1, 2 and 3

Section 16-3023

Input parameters used to design Section 16-3023 that remain the same in all three design scenarios are
the pavement structure, traffic inputs and JPCP design features. The values for these inputs were
defined based on Table 29 and are presented in the following two figures. In terms of JPCP design
features, the same default values used for section 16-3017 given in Figure 22 were used for this section.
All traffic inputs were defined the same as in Section 16-3017, except for the ADTT, which was slightly
higher at 1,425.

Design Inputs
Design Life: 40 years Existing construction: - Climate Data 44021, -117.013
Design Type: Jointed Plain Concrete  Pavement construction:  October, 1983 Sources (Lat/Lon) 43 565, -116.22
Pavement (JPCP) Traffic opening: December, 1983 44.889, -116.102
Design Structure Traffic
Layer type Material Type Thickness (in.): [Joint Design: Heavy Trucks
TR . - Age (year) (cumulative)
PCC JPCP Default 9.0 Loint spacing (ft) 15.0
NonStabilized |A-1-a a4 Dowel diameter (in.) [1.25 1983 (Initial) 1424
NonStabilized |A-1-b 53 Slab width (ft) 12.0 2003 (20 years) | 6,351,550
NonStabilized |A-2-6 9.0 2023 (40 years) 15,668,800
Subgrade A-d Semi-infinite

Figure 27. General Pavement Structure and Design Inputs for Section 16-3023
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(a) Level 3 (Default values) (b) Level 2
PCC PCC
Thickness (in.) 9.0 Thickness (in.) a0
Unit weight (pcf) 1500 Unit weight (pcf) 140.2
Poisson's ratio 02 Paisson's ratio 02
[Thermal M hermal
PCCAcoefﬂuem of thermal expansion (in.fin./°F 55 PCC coefficient of thermal expansion (in./fin./°F
X 10°-6) X 10°6) 5.08
— —
Egg :’e':“a' °°'7d”°5t::fq;iumrﬁ i ;;: PCC thermal conductivity (BTU/rf-°F) 125
cat capacity (BTUAb-2F) : PCC heat capacity (BTUb-"F) 028
Mix -
Cement type Type 1 (1) Mix
Cementitious material content (Iblyd"3) 600 Cementlype _ Type 1 (1)
Waler 1o cement ralio 042 Cementitious maten.al content (Ib/yd3) 625
Aggregate type Quarzite (0) Water to cement ratio 0.36 .
PCC zero-stress Calculated Intemally? [True Aggregate type Quartzite (0)
femperature (°F) User value - PCC zero-stress Calculated Intemally? |True
femperature (°F)
Calculated Value 75.3 User Value -
Ultimate shrinkage Calculated Intemally? [True Calculated Value 76.3
(microsirain) User value N {LJnI:: Er:g;?rgm)i nkage Calculated Intemally? |False
Calculated Value 6323 User Value 3470
Reversible shrinkage (%) 50 Calculated Value -
Time to develop 50% of ultimate shrinkage: a5 Reversible shrinkage (%) 50
(da\fs) - Time to develop 50% of ultimate shnnkage
Curing method Curing Compound (days) 35
Curi thod Curing C d
PCC strength and modulus (Input Level: 3) Lring memo Lring ~-ompour
28-Day PCC modulus of rupture (psi) 5900 PCC strength and modulus (Input Level: 2)
28-Day PCC elastic modulus (psi) 4200000.0 Time Compressive strength (psi)
T-day 3890.0
14-day 45100
28-day 5590.0
(c) Level 1 90-day 6400.0
20-year/28-day 14
PCC strength and modulus (Input Level: 1)
Time Modulus of rupture g\ ctic modul
{psi)
T-day 650 2750000
14-day 745 3200000
28-day 828 3600000
90-day 880 3800000
20-year/28-day 12 12

Figure 28. PCC Material Inputs for 16-3017 at Three Input Levels

Distress prediction summaries for joint faulting, transverse cracking and IRl from the Pavement ME are

presented in Figure 29 through Figure 31. Comparable distress predictions for Level 1 and 2, observed in

previous section, can also be seen in distress predictions for section 16-3023, however using Level 3

values results in an overestimation of the distresses for this section. As seen in Figure 29, input data at
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Level 1 and 2 resulted in 24 and 31 percent lower 40-year faulting comparing to Level 3, which can be
attributed to lower CTE and unit weight used at Levels 1 and 2 in comparison to the default values.

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02

0.00
0 10 20 30 40
Pavement age [years]

——Level 1

Joint Faulting [in]

——Level 2
——VLevel 3

e Threshold faulting

Figure 29. Joint Faulting for 16-3023 over the 40-Year Design at Input Levels 1, 2 and 3

Figure 29 indicates substantially higher percentage cracking when the default inputs are used in
comparison to Level 1 and 2, which is due to the difference in MR of 828 psi at Level 1, compared to 690
psi for the default 28-day MR.

60

——Level 1
>0 ——Level 2
40 —Level 3

e===Threshold cracking

Cracking [%]
w
o

0 10 20 30 40
Pavement age [years]

Figure 30. Cracking for 16-3023 over 40-Year Design Period at Input Levels 1, 2 and 3

As expected, Level 1 and 2 data generate approximately 50 percent lower 40-year IRl compared to the
default run. It is noteworthy that IRl is computed internally based on the other distress predictions
(faulting, transverse cracking and spalling in the case of JPCP), age, patching, as well as the
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miscellaneous site factors (freezing index, percentage of fines in the subgrade). It is thus expected that
altering the structural design to make other distresses pass the criteria will also result in satisfactory IRI.

310
—Llevel 1
260 —Level 2
. —Level 3
o
= 210 e==Threshold IRI
S~
c
= 160
110
60

0 10 20 30 40

Pavement age [years]

Figure 31. IRI for Section 16-3023 over the 40-Year Design Period at Input Levels 1, 2 and 3

The results of the two case studies presented here suggest the significance of material design inputs in
distress predictions. Pavement ME overestimates the distresses for both pavement sections, especially
for Section 16-3023. For this section, using the default values the slab thickness needs to be increased to
meet the transverse cracking criteria, while using the inputs at Level 1 and 2, the criteria is satisfied for
40 years and beyond. The utilization of experimentally established material inputs results in more
accurate distress predictions, as well as savings to agencies due to optimized pavement design.
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Chapter 7
Conclusions and Future Research

Research Project 253 was an initial step in preparation for Pavement ME implementation for rigid
pavement design in the state of Idaho. This experimental study aimed to establish a PCC material
database for Idaho Transportation Department (ITD) concrete mixtures. Eight mixtures (five paving and
three structural mixtures) from five districts in Idaho were tested in the study.

The material parameters selected for the experimental determination were the ones identified as
influential in terms of distress predictions in the earlier studies of the MEPDG and Pavement ME. The
project included laboratory characterization of PCC mechanical properties such as compressive strength
(f’c), modulus of elasticity (E.), Poisson’s ratio (1), modulus of rupture (MR) and splitting tensile strength
(f’»). In terms of thermal properties, the coefficient of thermal expansion (CTE) was characterized
experimentally. Ultimate drying shrinkage (€..) was determined for specimens exposed up to 51 weeks
of air drying. This test is still in progress for a few of the mixtures and the most recent values will be
provided in the final version of the report. Values of unit weight, water-to-cementitious materials ratio,
and cementitious material content were reported based on the mixture design and/or laboratory values.
All the material parameters necessary for pavement design in Pavement ME were organized and
provided in the PCC ME Material Database in Appendix D.

Pavement ME requires the continuous increase of all the mechanical parameters with time. For a
handful of cases where a minor decline in E. or MR with age was observed (necessary parameters at
input Level 1), use of Level 2 which relies on f’, at all ages was recommended. As seen later in the design
case studies, input Levels 1 and 2 generate comparable distress predictions. Strength growth curves for
f’e, E. and MR based on the experimental results were developed and compared to Pavement ME
defaults. While experimentally determined MR and f’. on later test ages surpass Pavement ME default
values, experimentally established E. is lower than Pavement ME default. The only exception for this
trend can be seen for structural mixtures beyond 14-day age. The strength growth for all three of these
mechanical properties is at a higher rate based on the experimental data than with the default
Pavement ME strength growth curve model. The correlations between 28-day E. and MR with f'. were
also compared to Pavement ME defaults. It was concluded that the correlation coefficients for
experimentally determined MR were higher than the default coefficient specified by Pavement ME.
Conversely, the correlation factors for E. are lower than the default value utilized in Pavement ME.

Two case studies were designed in Pavement ME based on Long Term Pavement Performance (LTPP)
rigid pavement sections in Districts 3 and 5 in Idaho. Pavement structure, coordinates and traffic data
were obtained from the LTPP database, while the material inputs were classified in three distinct cases
correspondent to three input Levels. Level 3 included all Pavement ME default inputs, while Level 1 and
Level 2 used experimentally-established PCC properties. For both sections, the use of input data at
Levels 1 and 2 resulted in substantially lower distress predictions in terms of joint faulting, transverse
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cracking and international roughness index (IRI). The input levels were found insignificant for Section 16-
3017 in terms of fatigue cracking, however the influence of the input levels seem to be masked by the
initially overdesigned slab thickness following AASHTO 93 Design Guide. Therefore, it is recommended
to utilize the experimentally-established input data when available to obtain the most realistic distress
predictions and an optimized design. For additional mixtures beyond those tested in this project,
determination of f’. on the four test dates, characterization of CTE and €.. are recommended at
minimum. It is expected that this experimental scheme can provide a satisfactory accuracy for pavement
design and distress predictions.

In terms of input characterization, it is recommended that proper values are developed for the
permanent curl/warp temperature difference for the rigid pavements in the state of Idaho.
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Appendix A
Mixture Designs for the Tested Mixtures in the Project

District 1

1-90 Lookout Pass 2015 Paving Mixture Design

CONCRETE MIX CALCULATION

DATE: 24-Jul-15
FOR: ACME PROJECT: i-90 Paving
MIX: Centralia Mix - Adj #1 W/C RATIO 0.38
WT.CU.FT. 144.55
Revised Mix for Moisture ========
CUBIC FEET MATERIAL S.8.D.
SSD WT. VOLUME BATCH WT. 2.00 SOURCE SP.G
Type | 550 2.80 550 40.74 pounds Type | 3.15
Fly Ash 138 0.85 138 10.22 20% Fly Ash 2.59
Silca Fume 0 0.00 0 0.00 pounds 0% Silica Fume 2,20
Slag 0 0.00 0 0.00 pounds 0% Slag 2.87
Coarse SANC 808 4.85 823 60.96 pounds 27% C Sand 2.67
11/2 541 3.28 539 39.91 pounds 18% 11/2 2.64
3/4 1262 7.66 1250 92.57 43% 3/4 2.64
Fine Sand 346 2.06 345 25.54 pounds 12% 3/8 2.69
WATER 31.0 4.14 311 19.21 pounds WATER 1.00
AlR% 5.0% 1.35 5.0% AIR ENTRAINED
AIROZ/100 1.00 6.9 15.02 mL AE-90
WROZ/100 5.00 - 34 75.08 mL WATER REDUCER POZZ 80
SWR/100 0.00 - 0 0.00 mL SUPER PLASTICIZER
- VOLUME
TOTALWT 3903 27.00
TARGET VOLUME 27.00
c/a ratio 60.98% Total Moisture - Sand 5.25%
% MORTAR 50% PASS#8 90.0% Total Moisture - 1 3/8" 1.00%
Total Moisture - 3/4" 0.50%
0.50%
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SH-5 Bridge Crossing Mixture

NTERSTATE

CONCRETE & ASPHALT

CONCRETE MIX DESIGN

PROJECT: S5H-5 RAILROAD BR, PLUMMER DATE: 03724115
COMTRACTOR: FALPH L. WADSWORTH CONSTRUCTION SLUME: 35"
Mix DESIGN: 320006 ITD CLASS 40 A wi Super P 55" MAX
PLANT LOCATION: INTERSTATE WiIC: A4 MAK
CEMENT TYPE: LAFARGE I-I AlR: 5.0%-8.0%
PRODUCT USE: CLASS 40 A
DISPATCH:
208-T12-2030
SPECIFIC
AGGREGATE GRANVITY
34T ROCK 262
ITD FINE AGG 259
DESCRIPTION VOLUME WEIGHTS
CEMENT 311 611
FLYASH 0.00 0
COTHER 0.00 0
WATER 413 258
34" ROCK 11.32 1850
ITD FINE AGGREGATE B.69 1081
AIR PERCENT 176 B.5%
TOTAL 27.00 3800
ADMIXTURES: AlR ENTRAINMENT ADMIXTURE, WATER REDUCING ADMIXTURE.
REMARKS: MAY BE PLACED BY CHUTE OR PUMP.
Edward Benson
QUALITY CONTROL
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1-90 Lookout Pass 2016 Paving Mixture Design

CONCRETE MIX CALCULATION
DATE: S-Jul-18
FOR: ACME PROJECT:
Laok Out Pass
Bl Ritebey Saod WIC RATIO .40
4000psk 5" Max Slump WT.CLLFT. 142,01
Revised Mix for Moisture stmman
LRI FERT MATERIAL S.5.00
S3D WT. VOLUME BATCH WT, 1.00 SOURCE SP.G Absorpfion
MaxCem 580 280 550 0.7 pounds Type I5M 318
Fly Ash 138 0.87 138 51 20% Fly Ash 2.27
Silca Fume o .00 0 0.00 ponds 0% Silica Fume 2.20
Slag 1] 0,04 0 000 pounds O% Slag 2.87
Coarse SAND™ 619 aT2 638 2366 pounds 22% C Sand 287 2.21%
Fine Sand 607 3.02 499 1850 pounds 18% F Sand 2.69 2EIU
1442 615 373 642 T2EE 21% 1.5 2.64 1.00%
a4 1120 688 1124 4162  pounds 39% 34 2.84 1.05%
WATER 330 441 3286 1043 pounds WATER 1.006
AR 5.5% 1.49 5.5%) AR ENTRAINED
AIRDZM00 1.00 [:%:] 7581 ml AE-80
WROZMDO 540 -~ 34 37,54 mL WATER REDUCER pozz 80
SWRMOO 440 - 28 30,03 mi. SUPER PLASTIZIZER  matrix 33
—_ VOLUIME -0.566
TOTAL WT 3834 27.00
TARGET VOLUME 27.00
ela ralio B1% Total Molsture - Sand E.25%
% MORTAR 48% PASS B 80.0% Tolal Moishure - 1 38" 1.00%
Todal Moisture - 34" 0.50%
Tolal Molsture - 3/8" 0.50%

This concrefe mix design is only a suggested starting polnt, bazed upon materals meating
ASTM requirements. LAFARGE NORTH AMERICA MAKES NO WARRANTY OR REPRESENTATION WITH
RESPEGT TO THIS MIX DESIGN AND WILL AGGEPT NC LIABILITY FOR TS USE.

bt [ 37

!

SUBMITTEDR BY:

DATE:
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District 2

Thain Road Paving Mixture

Atlas Concrete
4341 Snake River Ave,
Lewiston , Idaho , B3501
208-T46-9985

Concrete Mix Design
Mix B
Strength Compressive: 4,000 psi

Contractor : Btillwater Electric

Froject : Thain And Grelle Intersection
Source of Concrete : Atlas Concrete

Construction Type : Class 40

Placement i Tailgate/FPumsp
Weights per Cubic Yard (saturated, Surface-Dry)
Quantity Density
RSTHM C-150 Type I/II Cement, lb 489 3.150
ASTM C-618 Class F Fly Ash, 1b 122 2_800
Well Water , lb 265 1,000
ASTHM C-33 Coarse Aggregate , 1b 1,721 2.720
ASTM C-33 Fine Aggregate , lb 1,248 2.640
ASTM C-434 Type A Water Reducer , oz (US) 45.0 1.000
ASTM C-260 Rir Entrainment , oz (US) 5.0 1.000
Total Adr, % 6.5+ 1.5
TOTAL
Water/Cement Ratioc, lbs/lb 0.43
8lump, High, in 5.00
Low, in 3.00
Supar Plasticizer High, in B.OO
Buper Flasticizer Low, in 5.00
Concrete Unit Weight, pcf 142.47
Yield, % 100.0

Exposurae Condition : Modearate exposure

Yield, f£+4
2.49

0.75

4.25

10.14

7.57

0.05

0.01

1.76

e ==—maa

27.00

ACTUAL BATCH WEIGHTS WILL VARY DEPENDING ON THE MOISTURE COMTENT OF THE
CONCRETE AGGREGATES. ACCEPTANCE OF THIS MIX CARRIES WITH IT THE INCLUSICH OF
ATLAS COMCRETE ON THE DISTRIBUTION LIST OF ALL TEST REPORTS PLASTISIZER,

ETABILIZER ON REQUEST

Prepared by :

Dennis Anderson
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US95 Race Creek Bridge Mixture

Accumix

CONCRETE MIX DESIGN

Miz 1D Numear:

40 Craaa A
Dasign Strangen: 000

A0

28 MPa

MIX DESIGN QUANTITIES:

arar Mix Waigre

Air (EntraplE ntrwin)
(X

otal iz Valuma

ADMIXTURES:

Produce

Proguct NamalTyps

an

Buar Al

322N

Pue |
Air Ertrainmun:
Watar Ragucar

Supurpiasticizar

Suparplasticizar
BaarD
Dasf Ualve

Baar NCH34

Hy sr mtinn Stabitizar

A
Accalarator

Fibars

MiX DESIGN PROPERTIES:

ﬁ.g gregste F'.-u; mreimml

3l4-#4
- 1
Ground Limestons
I A
ins

\ggrogeze

Piaatic Propartiaa:

otal Lo msntiz

Dasign Propertina:

Prajace:

Spac Votuma Valuma
Matwrim PreductiSourzs Graw Waigne Maza [m3]

Camant Aan Grove Durkes, Typa |- 3.15 500 s 287 xg 0.094
Fiy Aan EMNX Gansssa Ciana | 2.03 125 18 T4 wg 0.C
Sien Fuma Buar 2.20 0. 0 xg 0.C
Watar (Tatal) City Saurca 1.00 260 e 148 &g 0.1
Fid-#4 Suiman River Pi 276" 1660 " 985 wg” 0.3

Ground Limsastane  Jana Day Cr. Pa 68 ° 0" 0.00 0 eg" 0.000

0" 0.00 0 xg” 0.000

nn Aggragaie Satman Fivar Pi 1360 " g.07 804 wg” 0.300

Suml

O =

Dakaz
Pranme: L
D-xlgn-u B,:

26-Aug-15
Grangsvis

Sumix

Matric Uniea

Engiian Unita

3885 e

0.065

1.000

Dosags (Engiian)

Dossgs (Maeric)
18 0

m L

Dey Rasasa Unic We

nln 101.0 per 618
60 + B¢ 50 mm
143.8 per 2308 kg'm
625 e 371 wsg
2000 % WIC Rae 0.40 {inar Asmia)

Contractar:

WIC ratio can be increased fo

Commanta:

hut not exceed 42

Usuga:

. ooy

Footnotas: S50 Waignia and Spac Gravitias

Hamixturs doamge rates will be sdiusted sccording

to menufEctursr = -
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Ussr shouia conarm ssch inoor
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placeman: and curing icms will mil strangly afTect the

¥ dnaign with concrate batched an =ite and than routinely run

reasive sreangth becauas the physical and chemical charscteristica of
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District 3

I-84 Paving Mixture

Concrete Placing Company
6451 West Gowen Road
Boise, ldaho 83709
Phone: 208,362.2100 Fax: 208.362.2220

CONCRETE MIX DESIGN REPORT BIC/MIC_500_125 Mix#2014_001
Compressive Strength: 5800

Contractor: Concrete Placing Company
Project: Broadway |C ADDS(081), AD12(020) & AD12(379)
Source of Concrate: Portable Wat Batch
Project Type: 4500 PSI Paving
Placement Type: Slipform

Material / Source or Designation / Blend' Quanfity ($50) 5.G. Yield, #*
Type Wl Cament | Ash Grove Cement / B0% 500 Ib 315 254
Type F Ash (Bridger) / Head Waters / 20% 125 Ib 236 0.85
\Water [ Boise City Watar 248 1b 1.00 3.87
112" 11.58" 1 17.96% 524 b 261 3.22
34" F 76" 42.05% 1227 b 281 7.54
Sand f Sand / 39.95% 1167 Ib 2 59 .23
Total Alr, percent 6% 1.62
AE 80/ BASF 5 fl oz (US) 1.01 0.00
Pozz 80 / BASF 30 fl 0z (US) 1.20 0.03
' The blend percertage indicated (by weight) is Bsind saparately for comenifious materlsts and aggregabes. 27.00
Total Water Content (including water in admixtures), Ib 250
Water / Cementiious Materlal Ratio: 0.4
Conerete Unit Weight, pcf 140.6
Target Slump, in. 15+05
Paste Content, parcent 27.39%
Waorkability Factor (WF) Target: 350 Actual; 368
Coarseness Factor (CF) Target: 60.2 Actual; EB.5
Prepared On: 704 317 PM

Preparad By:
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Appendix A. Mixture Designs for the Tested Mixtures in the Project

District 5

US-91 Paving Mixture

qgsoo D /%W\ 7

# M aterial Deszcription Amount Based On
13> |0 | BRESHE 2/, CUFINE AGG | 1.042.000 |Ib 0.000
2 1 | POC-#57 ' | COARSE AGG [ 1260000 |Ib 0.000
3 2 |BRIGH#4 5z |BRIGHS {40000 |Ib 0.000
4 3 | DUR4AI CEMEMNT 584,000 b 0.000
5 4 | Navalo FLYASH 1145000 | b 0.000
B 5 | WATER COLD WATER 34.000 al 0.000
Fi 6 | MICRO-AE AIR 20.000 0z 0.000
g 7 | P-200M MRWATER REDUCER | 22.000 oz 0.000
] 8 | DELVD HYDRATION STABILIZER | 25.000 0z 0.000
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District 6

Thornton Interchange Mixture

WA L

b & 1
H CE R e

TERS

Wil |
L~!1 | B e j

342 Wast dify Mosth . PO Bow 380+ Rexburg, ldaho 83440

Mix# 500F - Class 40F
Project: ITD-NH-6470{129Thornton Interchange

Slump-4" Date: 1/28M186
Slump-With HRWR-8"
MATERIALS VoL,
B Adr: G.5 1.76
Gal water: 3.0 414
Lbs Cement: 494 2.51 Holcim [-il
LbsFly Ash: 164 1.14 MNavaje class F
Silica Fume: 5.F 100
Sub Total: Q.55 1745
S/A Ratio: 35,00 Source SPEC.GRAV.
Sand: 6.63 MA-22 5,683 243
% Spdit: MA-GE 251
34" Rock: 10.82 MA-B3 10.82 2.81
Ja™ Split: MA-22 2.47
WITC Ratio: 0303 27.00
Moisture Wet Ory Tofal  Moistura %
Sand [v)
34 "Rock Dry 0 0.0
000
Free Water
Sand Per Yard
34" Rock Per Yard
Per Yard Admixtures:
Air Entrainme
POZ AlR Water Raducer
Set Controb
HRWR

Accelerator

Cuality Assurance Record

Walters Ready Mix Inc.

58

§2.40
6240
8240
6240

PHOME [208) 356-5491 « FAX (208} 356-5553 « EMAIL wrm Sidanal

Contractor: Cannon Bldrs.

WEIGHT

258 54
48400
164.00

151.83 100532
15862
182,88

154.12

1762.18

3684.04
136.45

fhsieuya
fbsfc.f.:
Absorption Total Moisture

318
0.5
0.5
0.8

Dose:

Ta meet spec
5 ozfowt

To meet spec
To meet spec
To meet spec

Product:
MA-AESD
MP-322M
MS-Delva

PE.1466
MS-8C534



Appendix B. CTE data from LTPP database for Rigid Pavement Sections in Idaho and Washington

Appendix B
CTE Data from LTPP Database for Rigid Pavement Sections in
Idaho and Washington

CTE

SHRP ID District Aggregate type [x 10 in/in/°F]

5.06
4.89
5.06
4.72
5.22
4.94

. 5.06
Gravel, Igneous Sedimentary, 528

Limestone 5.00

4.89
4.56
4.72
4.61

16-3017 5

Average 4.92

St. dev. 0.22

5.00
4.44
4.28
4.33

. 3.83
Gravel, Igneous Sedimentary, Chert 411

or Diabase 3.94

4.67
4.61

16-3023 3

Average 4.36

St. dev. 0.37

5.67
5.67
5.61
5.50
5.28
Gravel, Igneous Sedimentary, 5.61

Quartzite 5.56
5.61

5.39
5.56

16-5025 5

Average 5.56

St. dev. 0.13
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SHRP ID

District

Aggregate type

CTE
[x 10° in/in"F]

53-3011

Not applicable

Gravel, Igneous plutonic, Granite or
basalt

4.56
5.50
5.89
5.50
4.56
4.83
4.72
5.17

Average 5.09

St. dev. 0.50

53-3013

Not applicable

Gravel, Igneous extrusive or
plutonic, andesite or granite

5.28
4.89
4.83
6.11

Average 5.28

St. dev. 0.59

53-3014

Not applicable

Gravel, igneous extrusive, basalt or
andesite

3.89
4.78
4.56
4.11
4.56
3.94
4.33
4.11

Average 4.29

St. dev. 0.32

53-3019

Not applicable

Gravel, igneous extrusive, basalt

4.56
4.50
4.33
4.50
4.56
4.72
4.61
4.39
4.44
4.11
4.33
4.50

Average 4.46

St. dev. 0.16

60




Appendix B. CTE data from LTPP database for Rigid Pavement Sections in Idaho and Washington

CTE

SHRP ID District Aggregate type [x 10° in/in/°F]

4.89
4,94
4.67
4.89
4.89
4.83
8.89
Gravel, igneous plutonic, basalt or 5.17

andesite 4.28
4.39

4.44
4.67
5.17
4.28

53-3812 Not applicable

Average 5.03

St. dev. 0.12

3.44
3.94
3.44
4,17
4.06
4.28
4.28
4.22
4.39
3.72
3.89
53-3813 Not applicable Gravel, igneous extrusive, basalt 4.06
4.06
3.56
4.67
3.72
3.78
4,22
4,22
4.00

Average 4.00

St. dev. 0.32

4.17
3.83
4.22
3.89
53-7409 Not applicable Gravel, igneous extrusive, basalt 4.06

4.22

Average 4.03

St. dev. 1.70

53-A800 Not applicable Gravel, igneous extrusive, basalt 3.94
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Appendix C. Mill Certificates for Cementitious Materials

Appendix C
Mill Certificates for Cementitious Materials

LAFARGE
CEMENT

Cement Mill Test Report
Month of Issue: MARCH 2016

Plant: Richmond, British Columbia

Product: Portland Cement Type VI

Mill Test Report # R-TI-16-03

Manufactured: FEBRUARY 2016

ASTM C 150-12 and AASHTO M 85-12 Standard Requirements
CHEMICAL ANALYSIS PHYSICAL ANALYSIS

ttem Spec limit Test Result | kem Spec limit  Test Result

Rapid Mathod, X-Ray [C 114) Ir eontent of mortar (%) (C 185) 12 max 43

SI02 [%) - 0.2

AR203 [%) £.0 max 47 Elaing Finensss [m2/kg) [C 204) 260 - 430 385

Fa203 [%) £.0 max 33

ca0 [%] - B3 Passing 45 um [%) [C 430] 72 min 567

Mg (%) £.0 max 0.8

503 %) 3.0 max* 31 autoclave expansion (3] [C 151) 0.50 meax .02

Loss on ignition {%) 3.0 max 27

Ingoluble residus (%) 0.75 max 0.2 Comprasslve strangth (MPa, [PSIT) (C 103)

co2 %) - 17 Mpa  Ps|

Limestone %) 5.0 max 41 3 days 12.0 [1740] min 282 4080

CaC03 In Limestons [%) 70 min 38 7 days 18.0 [2750] min 345 S000
28 (aYE Aefucts previous mesth's dital 5.0 [4060] min 444 gd40

adjusted Potantial Phass Composition IC 150)
Time of sstting jminutss)

C35 (%) - 52 Vicat Initial [C 131) 45 -375 54

©25 (%) — 19

C34 [%) & max 7 Falge Set (%) 50 min 88

CA4AF [%] - 10 Heat of Hyaration (C186)™ - 28 day (KKg) 399

C35+4.75°CIA %) 100 max 84 Colour [Latarge Indax) — 30
Mortar Bar Expanslon (%) [C 1038 0,020 max 0.007

E5TM C 15009 and AASHTO M 8509 Optional Chemical Requiramanta.
NaEq [%) 0.0 max 0.55

* May expeed 2.0% 203 maximum baced on owr & 1038 reculin of “0.02% expancion 2t 14 daye. T1038 tecied G4-16
= Current Produotion run rot avallabe - most recssnt provided
Hotbe: Zpeoifio gravity for Fortland oement k& conciderad to be 3,16

‘We certify that the above described cement, at the time of shipment, mests the chemical and phyzical requirsmsnts
of applicable DOT Spacifications for Type 1 and Typs Il;

A5TM C 150-12 & SAASHTO M 65-12 STANDARD SPECIFICATIONS FOR TYPE | AND TYPE Il CEMENT;

A5TM C 150-12 & AASHTO M 85-12 OPTIONAL CHEMIC AL REQUIREMENTS FOR TYPES | & Il LOW ALKALI CEMENT.

‘Westarn BU - Richmond
FE1 o 0 B Mchesond, BC
Bl 24 4300

Queetions or enquirkes can be directad to Rob Shogran
Bob Shogren, Phi
Lafwge - Techaicsl Director
400 W W argiral ey SV, Ealle W
P +1 208 023 #E3
E Flob Shogren @l atangeho kim oo

Cartified By:

Harold Ptachyk B.5¢., PCham
Quallty Manags
21472016
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Douskee Flant

Mill Tecr R,ep{s“

Mill Analysis Mo 16-10

Bin Mo, L340

"ASH GROVE

ASH GROVE CEMENT COMPANY
WESTERN REGION
33060 SHIRTTAIL CREEK ROAD
PO, BOX 287
DURKER, OREGON 97908
(541) §T7-2411

Cement Type
Production Penind

B0 LA

Aprl 1 thina Aprl 30, X146

STANDARD REQUIREMENTS

05-10:21H6

ASTM C150
CHEMICAL PHYSICAL
Trem 2114y Spec. Limit_Test Regult [icrm Fpeg. Limit  Test Resule
S0} [":"’v:l A 1.3 dir Conrent of MMortar ivalume i T
AR .00 s, is 185 12 max. 6.1
FelD3%) .0 max. 13 Frneness {m®/ kg
Cald (%) A Gl CH4 {\ir pemmeabiding) 200) i, 3
MgO 5y 6.0 max, 21 Awrechive Expansion (%) (LB mas. [i i3]
SO B4y o 2 e '
Lazs O [pnition () 3.0 max. 1.44 Compressive Strength Psi (Mpa) Min
a0 ) A 22 [y (13 I Dy A 2100 [14.5)
K20 %) A 046 3Dm=  THOQIES 4170 [288)
T2 ) A b7 7 Diags I 1900 5350 {36.1)
P05 Va) A 14
M2 (Va) A .07 Time of Serang (minuses)
Lnsaludble: Riesiches () 075 max A5 <191 {Wicar)
ot less than
CE2 (%) A (54 Initial 45 124
Limeseone ¥ 50 mrax. 233
i mnns
CalC03 in Limestone TO .35 Fmal than 373 230
C35 + 473034 100 mam, TE
Patential Compounds () i
[ A 39
G35 A lix
C3A B0 mas. 4
C4AE A 1]
CAAF+]CIA) A 18
OFTIONAL REQUIREMENTS
ASTM C150, (oeher)
CHEMICAL PHYSICAL
lbem Spec. Limar Tiese Result ltem Spec. Limdt  Test Result
Equivalent Alkalies () .60 max. 52 False Bet () C451 5 i, i
Chlagde &4 ] {1,012 Heat of Hydratien {cal S 15
T days B 1]
A = not applicable Compressive Strength [Mpa)
B = Test tesults mepresents mast recent value and is peovided 25 Days #6d (C2EN F
for informacional purposes only, Sulfare Resstanee () 432 010441 (A2
C = Adjusted per A 1.4, Warer Expansion (34} Close 0030 ey
I = L1058 expansion in water does fot excesd (002 at 14 days. Y rerain on 43um seve (1] 52
F = Test resulrs for this prodacien perad ot yer svsilsble
We cermify that the above deseribed cernent, at the time of shipment, rees the chernical and
physical requirement of the ASTM C150-16 oc AASHTO M-85 -12 Ty e I specification also
will meet C5A A3DD0-13 Type GU, M5 sl H5
Cevdlel 0
EE AR )

Sipniznare:

Titles Chief Cherndst
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FARGE

NORTH AMERICA

Cement
FLY ASH TEST REFORT
Analysis by: Lafarge Soattle Concrate Lab
Sample from : Centralia Powsar Plant

Average Analysis: December 1 - 31, 2015
Test Report Mumber 1-16 Class F

Chemical is
Rasults Limits

Siicon Diax ide (S10;) A8.6
Aluminum Cxkda (AlOg) 167 %
Iran Cxide (Feslig) 6.3 %
Total (S10:) + (AlDs) + (Fedly) T2 % TR MIn - ASTM
Suliphur Triakse (S0g) 08 % 5% M - ASTM
Calclum Codde [Caly) 12 %
Mapnesium Oxida 56 %
Maisture Content 012 % 3% M - ASTM
Loss on igniion 034 % B Max - ASTM
Avalabie AKEN 35 Equiv. Ne:0 (oreous monlitrs reswi) 095 %
Physical Analysis
Fineness Redained on 45 um (No. 326 Seve) 150 % 347% Max - ASTM
Sirength Activily index with Portland Cement .

% of Gontrol at 7 Days a0 % TE¥ MIn - ASTM

% of Gontrol at 268 DEys (Dreviows mMovlirs resui) 106 % TE% MIn - ASTM
Watar Requirement, Percant of Cantrol a5 % 106% Max- ASTM
Autociave Expansion 002 = 03% MaX - ASTM
Darsiy 256 Mgm’
Uniformity R ;
Densfy, Waration fram Average 000 %% E% Max - ASTM
Fineness 45um Sieve, Variahon Irom Averape 240 % B3 M - ASTM

W hershy cartity mat the compasite iy Bsh Sampie Eaove meets the chemical and physical
raguiraments of ASTM CE18 and AASHTO M295 lor ciass F and C fiy asn.

Rob Shogren
Techmiczl Director
WESTERN REGION
5400 West Marginal Way SW, Seatile, W ashingion S8106-1517
Office: 206.923.0098 or 3004770100 Fax: 206 9230388
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LAFARGE
NORTH AMERICA

Cement

FLY ASH TEST REPORT

Analysis by Edmonton Mortar Lab
Sample from : Sundance Power Plant
Average Analysis: May 2016

Teat Report Mumber 6-16 Class F

Chemical Analysis

Rscults Limits
Silicon Dioxdde [S10.) 563 %
AlmineT Oxlde (AL0,) 233 %
Iron ol (Fe,0y) 15 %
Total (S10,) + (ALO,) + (Fe,0,) BIT % TP Min - ASTM
Sulphur Trioxke (S0,) 0.2 % 5% Max - ASTH
Calclum Oxlde (Ca0) 56 %
Magnesium Oudde 10 %
Moisture Content 0.06 % 3% Max - ASTM
Loss on lgnition 0El % 5% Max - ASTM
Avallable Alkall a5 Equiv. Naz0 (previous month's resuff) 041 %
Physical Analysis
Fineness Retalned on 45 um [Mo. 325 Sleve) 246 % 34% Max - ASTM
Strength Activity Index with Portland Cament
% of Control at 7 Days TE % T3% Min - ASTM
% of Control 3 26 Days (prewious manth's resui) B3 % 75% Min - ASTM
Water Requirement, Percent of Controd a7 % 105% Max- ASTM
Autociave Expansion 007 % 0.8% Max - ASTM
Denaity 2,03 Mgim®
Uniformity Reguirements
Densly, Varation from Average 0.05 % 5% Max - ASTM
Fineness 45um Sleve, Varatlon from Average 0.00 % 5% Max - ASTM

We haredy carlfy that the composie fly ash sampiz above mests the chemical and physical
requirements of ASTM C513 and AASHTO M285 for ciass F and C fly ash.

- %«5. Dharsgrrm

WESTERN REGION
5400 West Marginal Way 5W, Seattle, Washington 88104-1517
Office- 206.923.0098 or 800.477.0100 Fax: 206.923 0388
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TECHNICAL REPORT '
COL CERTFIED CONCRETE TESTING LASCRATORY ‘A‘
IN ACCORDANCE WITH CSA A23308 ‘
amec
Chemical and Physical Analysis of Fly Ash isdi 8
Developed For: ENX Incorporated J
P.O. Box 67025
Meadowlark Postal Outlet
Edmonton, AB T5R 5Y3
Project: CA18380 Plant of Origin: Genesee Sample Date:  March 1-31, 2016
Report Date: 17-May-16 Sample ID: 16ENX-3
Date Received 26-Feb-16
ASTM C 618-12a Specifications
Chemical Composition (%) Class F ke G
Total Silica, Aluminum, Iran: 80.5 70.0 Min 50.0 Min
Silicon Dioxide 555
Aluminum Oxide: 205
Iron Oxide: 45
Sulfur Trioxide: 0.20 5.0 Max
Calcium Oxide: 89
Moisture Content: 0.0 3.0 Max 3.0 Max
Loss on Ignition: 08 6.0 Max 6.0 Max
AASHTO M295-11 Specifications
Available Alkalies (as Na.O): 1.3 1.5 Max 1.5 Max
Sodium Oxide: 0.93
Potassium Oxide: 0.48
: ASTM C 618-12a Specifications
Physical Test Results Oiai B Class C
Fineness, Retzined on #325 Siave (%): 244 34 Max 34 Max
Strength Activity Index (%)
Ratio to Control @ 7 Days: 7.0
Ratio to Control @ 28 Days: 79.7 75 Min 75 Min
Water Requirement, % of Cantrol 947 105 Max 105 Max
Soundness, Autoclave Expansion (%) 0.1 0.8 Max 0.8 Max
Drying Shrinkage, Increase @ 28 Days (%): 0.03 Max 0.03 Max
Density Mglm’: 2.02
COMMENTS:
« Meets Class F, ASTM C 618-12a Specification
(Final Report)
Amec Foster Wheeler
Environment & Infrastructure Reviewed By:
%‘;;vyh/»
Justin Han, E.L.T. Teony Lal, P.Eng.
Materials Engineer-in-Training Senior Project Manager

Rugoning of Pese lest rasults conaiies 3 losing sernce anly. Ergniaring remwiaticn or evaluation of the Sl fiuls B eeevided orly o1 whthn regquest,
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1ISG  RESOURCES

A HEADWATERS Compeny Material Safety Data Sheet
SUBBITUMINOUS COAL FLY ASH (801) 984-9400

Jim Bridger Power Plant, Rock Springs, WY U.S.A. Information Phone Number

(800) 241-7799
Prepared: October 25, 2001 (reviewed June 2004) Emergency Phone Number
b SECTION 1 - MATERIAL IDENTIFICATION AND INFORMATION
INGREDIENT FORMULA %" OSHA PEL®  ACGIHTLV™

Aluminasilicate Glass Contains Al, Ca, Si, Fe, Mg, Ti 85-90 Not Listed ™ Not Listed
Crvstaline Siica  — Total Si0, 5410 30/% Si0 +2 ¥ 0.3

| o Respirable $i0, See Note (5) | 10/% Si0;+2 ™ 01

. Iron Minerals Fe,0; Fe,0. 2-6 ! 10 5
Lime Ca0 59 5 ) 2
Magnesia  MgQ <6 ) 15 10
Titania__ _ TiO; <5 15 ‘ 1 |
Sodium Oxide = Na, O <4 Not Established | Not Established
Notes:

(1) Values approximate. This fly ash is the product of combustion of subbituminous coal. It is a complex inorganic substance
composed, primarily, of compounds of the elaments silicon, aluminum, iron, and calcium, with smalier amounts of magnesium,
tdanium, sodium, and potassium. This fiy ash has not been classified by particie size

(2) Airborne exposure limits in mg/m’,

(3) Not listed s?eaﬁcally by substance name. Exposure to aluminosilicate giass dust may be coverad by inert or nuisarnice dust limits
of 15 mg/m® for total dust and 5 mg/m® for respirable portion.,

(4) The percentage of crystalline sifica in the fermula is the amount determined from airbore sampies.

(5) Presence of respirable crystalline silica has not been established

SECTION 2 — PHYSICAL / CHEMICAL CHARACTERISTICS

Boiling Point: N/A Specific Gravity (H;0=1); 2.2-25
Vapor Pressure (mmkig and Temperature): N/A Melting Point: >1990° F

Vapor Density (Alr = 1): N/A Evaporation Rate: N/A

Solubility in Water: Slight Wator Reactive: Not Reactive

Appearance and Odor: Fine Brownish-Grey, Odorless Powder
SECTION 3 — FIRE AND EXPLOSION HAZARD DATA

Extinguisher Media: Use extinguishing matter suitabie for surrounding fire.  Auto Ignition Temperature: NIA

Flammability Limits in Air (% by Volume): N/A LEL: N/A UEL: N/A

Special Fire Fighting Procedures: N/A Flash Point and Method Used: N/A

Unusual Fire and Explosion Hazards: None. This mineral matter is considered non-flammable and non-combustible.
Use fire extinguishing agent suitable for surrounding media.

| SECTION 4 - REACTIVITY HAZARD DATA

Stability: Considered to be stable.

Hazardous Decomposition Products: Decomposition products are unknown and not suspected.
Hazardous Polymerization: Hazardous polymerization not known to occur.

Reactivity: Material is considered inert

Conditions to Avoid: None.
N/A = Not Applicable
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Appendix D
ITD PCC-ME Database

Note: This Database is provided in an Excel Book for all mixes. This appendix includes summary tables
for all results. The raw data for all tests are provided, as a backup, only in the Excel book due to its size.

Main Screen

AASHTOWare Pavement ME Design
Idaho PCC Mixes

ITD Research Project RP253

District Number with

Mixture Description Cement Type Specified by | Fly Ash Type Specified by PCC
(Please click on the Mix for Mixture Design Mixture Design RAW Data
Details)
District 1, Structural Mixture Lafarge Type I/l No Fly Ash

District 1, 1-90 Lookout Pass Lafarge Type | Centralia
Paving Mixture, 2015 ge Typ

District 1, 1-90 Lookout Pass Lafaree Type | Sundance
Paving Mixture, 2016 ge Typ

District 2, Thain Road Paving

Mixture Ash Grove Type I/l Sundance RAW DATA

District 2, L:;;Z::ace Creek Ash Grove Type I/l ENX Genesee Class F RAW DATA
District 3, I-84 Paving Mixture Ash Grove Type | Type F, Headwaters -

District 5, US-90 Paving Mixture Ash Grove Type 1 /Il Naavajo RAW DATA

District 6, Thornton Interchange .
Mixture 8 Lafarge Type I/1l Naavajo RAW DATA

District 1, SH-5 Bridge Crossing
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PCC

Unit weight (pcf) 142.9

Poisson’s ratio 0.16

Thermal

PCC coefficient of thermal expansion (in./in./deg F x 10"-6) 4.83
PCC thermal conductivity (BTU/hr-ft-deg F) 1.25
PCC heat capacity (BTU/Ib-deg F) 0.28
Mix

Cement type Type | (1)
Cementitious material content (Ib/yd”3) 611
Water to cement ratio 0.41

Aggregate type

Limestone (1)

PCC zero-stress temperature (deg F)

Ultimate shrinkage (microstrain) -295.000
Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage (days) 33
Curing method Wet Curing

Strength

Level 1: PCC strength and modulus

Modulus of rupture
Time (psi) Elastic modulus (psi) | Split tensile strength (psi)
7-day 630 3.55E+06 410
14-day 655 3.80E+06 465
28-day 715 4.25E+06 490
90-day 730 4 55E+06 510
20-year/28-day 1.2 1.2 1.2

Level 2: PCC strength and modulus

Time Compressive strength (psi)
7-day 4040
14-day 4630
28-day 4870
90-day 5270
20-year/28-day 1.35

Level 3: PCC strength and modulus

Time Compressive strength (psi)
28-day 4870

OR
Time Modulus of rupture (psi)
28-day 715

District 1, 1-90 Lookout Pass Paving Mixture, 2015
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PCC

Unit weight (pcf) 148.1
Poisson’s ratio 0.14
Thermal

PCC coefficient of thermal expansion (in./in./deg F x 10"-6) 3.75
PCC thermal conductivity (BTU/hr-ft-deg F) 1.25
PCC heat capacity (BTU/Ib-deg F) 0.28
Mix

Cement type Type | (1)
Cementitious material content (Ib/yd”3) 688
Water to cement ratio 0.35

Aggregate type

Limestone (1)

PCC zero-stress temperature (deg F)

Ultimate shrinkage (microstrain)

-315.000

Reversible shrinkage (%)

50

Time to develop 50% of ultimate shrinkage (days)

33

Curing method

Wet Curing

Strength

Level 2: PCC strength and modulus

Time Compressive strength (psi)
7-day 4830
14-day 5470
28-day 5510
90-day 6560
20-year/28-day 1.35
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Level 3: PCC strength and modulus

Time Compressive strength (psi)
28-day 5510

OR
Time Modulus of rupture (psi)
28-day 895
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District 1, 1-90 Lookout Pass Paving Mixture, 2016

PCC
Unit weight (pcf) 142.8
Poisson’s ratio 0.16

Thermal

PCC coefficient of thermal expansion (in./in./deg F x 10"-6) 3.78
PCC thermal conductivity (BTU/hr-ft-deg F) 1.25
PCC heat capacity (BTU/Ib-deg F) 0.28
Mix

Cement type Type | (1)
Cementitious material content (Ib/yd”3) 688
Water to cement ratio 0.37

Aggregate type

Limestone (1)

PCC zero-stress temperature (deg F)

Ultimate shrinkage (microstrain)

-540.833

Reversible shrinkage (%)

50

Time to develop 50% of ultimate shrinkage (days)

35

Curing method

Wet Curing

Strength

Level 1: PCC strength and modulus

Modulus of rupture
Time (psi) Elastic modulus (psi) | Split tensile strength (psi)
7-day 620 3.20E+06 375
14-day 665 3.35E+06 440
28-day 810 3.50E+06 520
90-day 995 4.75E+06 615
20-year/28-day 1.2 1.2 1.2

Level 2: PCC strength and modulus

Time Compressive strength (psi)
7-day 3500
14-day 4360
28-day 4640
90-day 5560
20-year/28-day 1.35
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Level 3: PCC strength and modulus

Time Compressive strength (psi)
28-day 4640

OR
Time Modulus of rupture (psi)
28-day 810




Appendix D. ITD PCC-ME Database

District 2, Thain Road Paving Mixture

PCC

Unit weight (pcf) 144.7

Poisson’s ratio 0.19

Thermal

PCC coefficient of thermal expansion (in./in./deg F x 10"-6) 4,51
PCC thermal conductivity (BTU/hr-ft-deg F) 1.25
PCC heat capacity (BTU/Ib-deg F) 0.28
Mix

Cement type Type | (1)
Cementitious material content (Ib/yd”3) 611
Water to cement ratio 0.40

Aggregate type

Limestone (1)

PCC zero-stress temperature (deg F)

Ultimate shrinkage (microstrain) -565.667
Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage (days) 31
Curing method Wet Curing

Strength

Level 2: PCC strength and modulus

Time Compressive strength (psi)
7-day 3760
14-day 5130
28-day 5160
90-day 5830
20-year/28-day 1.35

Level 3: PCC strength and modulus

Time Compressive strength (psi)
28-day 5160

OR
Time Modulus of rupture (psi)
28-day 785
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Portland Cement Concrete Material Characterization for Pavement ME Design Implementation in Idaho

District 2, US-95 Race Creek Bridge

PCC

Unit weight (pcf) 145.6

Poisson’s ratio 0.20

Thermal

PCC coefficient of thermal expansion (in./in./deg F x 10"-6) 5.38
PCC thermal conductivity (BTU/hr-ft-deg F) 1.25
PCC heat capacity (BTU/Ib-deg F) 0.28
Mix

Cement type Type | (1)
Cementitious material content (Ib/yd”3) 625
Water to cement ratio 0.35

Aggregate type

Limestone (1)

PCC zero-stress temperature (deg F)

Ultimate shrinkage (microstrain) -481.667
Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage (days) 31
Curing method Wet Curing

Strength

Level 2: PCC strength and modulus

Time Compressive strength (psi)
7-day 5340
14-day 5610
28-day 6900
90-day 7560
20-year/28-day 1.35

Level 3: PCC strength and modulus

Time Compressive strength (psi)
28-day 6900

OR
Time Modulus of rupture (psi)
28-day 810
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Appendix D. ITD PCC-ME Database

District 3 - I-84 Paving Mixture

PCC

Unit weight (pcf) 140.2

Poisson’s ratio 0.15

Thermal

PCC coefficient of thermal expansion (in./in./deg F x 10"-6) 5.08
PCC thermal conductivity (BTU/hr-ft-deg F) 1.25
PCC heat capacity (BTU/Ib-deg F) 0.28
Mix

Cement type Type | (1)
Cementitious material content (Ib/yd”3) 625
Water to cement ratio 0.36

Aggregate type

Limestone (1)

PCC zero-stress temperature (deg F)

Ultimate shrinkage (microstrain) -352.000
Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage (days) 37
Curing method Wet Curing

Strength

Level 2: PCC strength and modulus

Time Compressive strength (psi)
7-day 3890
14-day 4510
28-day 5590
90-day 6400
20-year/28-day 1.35

Level 3: PCC strength and modulus

Time Compressive strength (psi)
28-day 5590

OR
Time Modulus of rupture (psi)
28-day 745
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Portland Cement Concrete Material Characterization for Pavement ME Design Implementation in Idaho

District 5 - US-90 Paving Mixture

PCC

Unit weight (pcf) 140.2

Poisson’s ratio 0.16

Thermal

PCC coefficient of thermal expansion (in./in./deg F x 10"-6) 3.79
PCC thermal conductivity (BTU/hr-ft-deg F) 1.25
PCC heat capacity (BTU/Ib-deg F) 0.28
Mix

Cement type Type | (1)
Cementitious material content (Ib/yd”3) 729
Water to cement ratio 0.34

Aggregate type

Limestone (1)

PCC zero-stress temperature (deg F)

Ultimate shrinkage (microstrain) -545.833
Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage (days) 36
Curing method Wet Curing

Strength

Level 2: PCC strength and modulus

Time Compressive strength (psi)
7-day 4540
14-day 4850
28-day 5080
90-day 5930
20-year/28-day 1.35

Level 3: PCC strength and modulus

Time Compressive strength (psi)
28-day 5080

OR
Time Modulus of rupture (psi)
28-day 775
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Appendix D. ITD PCC-ME Database

District 6 - Thornton Interchange Mixture

PCC
Unit weight (pcf) 139.1
Poisson’s ratio 0.16

Thermal

PCC coefficient of thermal expansion (in./in./deg F x 10"-6) 3.83
PCC thermal conductivity (BTU/hr-ft-deg F) 1.25
PCC heat capacity (BTU/Ib-deg F) 0.28
Mix

Cement type Type | (1)
Cementitious material content (Ib/yd”3) 658
Water to cement ratio 0.38

Aggregate type

Limestone (1)

PCC zero-stress temperature (deg F)

Ultimate shrinkage (microstrain)

-366.667

Reversible shrinkage (%)

50

Time to develop 50% of ultimate shrinkage (days)

31

Curing method

Wet Curing

Strength

Level 1: PCC strength and modulus

Modulus of rupture
Time (psi) Elastic modulus (psi) | Split tensile strength (psi)
7-day 500 2.95E+06 350
14-day 615 3.60E+06 385
28-day 770 3.80E+06 455
90-day 955 4.40E+06 525
20-year/28-day 1.2 1.2 1.2

Level 2: PCC strength and modulus

Time Compressive strength (psi)
7-day 2800
14-day 3390
28-day 4310
90-day 5260
20-year/28-day 1.35
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Level 3: PCC strength and modulus

Time Compressive strength (psi)
28-day 4310

OR
Time Modulus of rupture (psi)
28-day 770



https://www.researchgate.net/publication/319406776

