Optimized Joint Spacing for
Concrete Overlays with and without
Structural Fiber Reinforcement

Final Report
May 2019

National Concrete Pavement
Technology Center

IOWA STATE UNIVERSITY Sponsored by
Iowa Highway Research Board
Institute for Transportation (IHRB Project TR-698)

Iowa Department of Transportation
(InTrans Project 15-559)



About the National Concrete Pavement Technology Center

The mission of the National Concrete Pavement Technology (CP Tech) Center is to unite key
transportation stakeholders around the central goal of advancing concrete pavement technology
through research, tech transfer, and technology implementation.

About the Institute for Transportation

The mission of the Institute for Transportation (InTrans) at lowa State University is to develop
and implement innovative methods, materials, and technologies for improving transportation
efficiency, safety, reliability, and sustainability while improving the learning environment of stu-
dents, faculty, and staff in transportation-related fields.

Disclaimer Notice

The contents of this report reflect the views of the authors, who are responsible for the facts
and the accuracy of the information presented herein. The opinions, findings and conclusions
expressed in this publication are those of the authors and not necessarily those of the sponsors.

The sponsors assume no liability for the contents or use of the information contained in this
document. This report does not constitute a standard, specification, or regulation.

The sponsors do not endorse products or manufacturers. Trademarks or manufacturers’ names
appear in this report only because they are considered essential to the objective of the document.

Iowa State University Non-Discrimination Statement

lowa State University does not discriminate on the basis of race, color, age, ethnicity, religion,
national origin, pregnancy, sexual orientation, gender identity, genetic information, sex, marital
status, disability, or status as a U.S. veteran. Inquiries regarding non-discrimination policies may
be directed to Office of Equal Opportunity, 3410 Beardshear Hall, 515 Morrill Road, Ames, lowa
50011, Tel. 515-294-7612, Hotline: 515-294-1222, email eooffice@iastate.edu.

Iowa Department of Transportation Statements

Federal and state laws prohibit employment and/or public accommodation discrimination on
the basis of age, color, creed, disability, gender identity, national origin, pregnancy, race, religion,
sex, sexual orientation or veteran’s status. If you believe you have been discriminated against,
please contact the lowa Civil Rights Commission at 800-457-4416 or lowa Department of
Transportation’s affirmative action officer. If you need accommodations because of a disability to
access the lowa Department of Transportation’s services, contact the agency’s affirmative action
officer at 800-262-0003.

The preparation of this report was financed in part through funds provided by the lowa
Department of Transportation through its “Second Revised Agreement for the Management of
Research Conducted by lowa State University for the lowa Department of Transportation” and its
amendments.

The opinions, findings, and conclusions expressed in this publication are those of the authors
and not necessarily those of the Towa Department of Transportation.



Technical Report Documentation Page

1. Report No. 2. Government Accession No.

IHRB Project TR-698

3. Recipient’s Catalog No.

4. Title and Subtitle

Optimized Joint Spacing for Concrete Overlays with and without Structural
Fiber Reinforcement

5. Report Date
May 2019

6. Performing Organization Code

7. Author(s)
Jerod Gross (orcid.org/0000-0003-2283-5845), Dan King (orcid.org/0000-

8. Performing Organization Report No.
InTrans Project 15-559

0001-8824-1818), Halil Ceylan (orcid.org/0000-0003-1133-0366), Yu-An
Chen (orcid.org/0000-0003-0568-6913) and Peter Taylor (orcid.org/0000-
0002-4030-1727)

9. Performing Organization Name and Address
National Concrete Pavement Technology Center

10. Work Unit No. (TRAIS)

lowa State University
2711 South Loop Drive, Suite 4700
Ames, 1A 50010-8664

11. Contract or Grant No.

12. Sponsoring Organization Name and Address
lowa Highway Research Board

13. Type of Report and Period Covered
Final Report

lowa Department of Transportation
800 Lincoln Way
Ames, 1A 50010

14. Sponsoring Agency Code
IHRB Project TR-698

15. Supplementary Notes
Visit www.intrans.iastate.edu and www.cptechcenter.org for color pdfs of this and other research reports.

16. Abstract

The objective of this study was to determine the optimum joint spacing for thin concrete overlays based on different concrete
overlay thicknesses, support systems, and concrete overlay types with and without structural macro-fibers.

In thin concrete overlays, field observations have sometimes shown that not all contraction joints activate initially and, in some
cases, do not activate until many years after construction. Contraction joints that do not activate may be considered an inefficient
design that may lead to unnecessary maintenance efforts and costs. The optimum joint spacing design may need to be determined
based on factors other than those that are currently considered.

This study included an analysis for recommended joint spacing using pavement design software as well as a field review of joint
activation in existing concrete overlays using nondestructive testing. Test sections were also constructed to analyze a wider range
of variables and to study early-age joint activation behavior.

The data showed that joint spacing was the most significant factor affecting joint activation. A design parameter, slab length over
the radius of relative stiffness (L/€), was identified to have a correlation with joint activation percentage and timing.

The data showed that use of macro-fibers did not affect the percentage or rate of joint activation compared to overlays without
macro-fibers.

18. Distribution Statement
No restrictions.

17. Key Words

concrete pavement overlays—contraction joint activation—contraction joint
spacing—fiber reinforcement—overlay joint optimization

19. Security Classification (of this 20. Security Classification (of this 21. No. of Pages 22. Price
report) page)
Unclassified. Unclassified. 140 NA

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized



http://www.intrans.iastate.edu/
http://www.cptechcenter.org/




OPTIMIZED JOINT SPACING FOR CONCRETE
OVERLAYS WITH AND WITHOUT STRUCTURAL
FIBER REINFORCEMENT

Final Report
May 2019

Principal Investigator
Peter C. Taylor, Director
National Concrete Pavement Technology Center
lowa State University

Co-Principal Investigator
Halil Ceylan, Director
Program for Sustainable Pavement Engineering & Research (PROSPER)
Institute for Transportation, lowa State University

Research Assistant
Rabindra Pariyar

Authors
Jerod Gross, Dan King, Halil Ceylan, Yu-An Chen, and Peter Taylor

Sponsored by
lowa Highway Research Board and
lowa Department of Transportation
(IHRB Project TR-698)

Preparation of this report was financed in part
through funds provided by the lowa Department of Transportation
through its Research Management Agreement with the
Institute for Transportation
(InTrans Project 15-559)

A report from
National Concrete Pavement Technology Center
lowa State University
2711 South Loop Drive, Suite 4700
Ames, 1A 50010-8664
Phone: 515-294-8103 / Fax: 515-294-0467
www.cptechcenter.org



http://www.cptechcenter.org/




TABLE OF CONTENTS

ACKNOWLEDGMENTS ...ttt sttt sae st sbeeneenaeneeneeneas iX
EXECUTIVE SUMMARY .ottt bttt bbbttt Xi
CHAPTER 1 — INTRODUCTION .....oiiiiiiiie ettt st stesnesneenaenaenens 1
L@ o] =Tot SRS 2
RESEAICI PLAN ...t sttt nnes 2
CHAPTER 2 — ANALYTICAL INVESTIGATION......coitiiiiiieie et 4
AASHTOWare Pavement ME ANAIYSIS ......ccvoiiiiiiieiinie et 4
BCOA-ME ANAIYSIS ....c.viiiieiieeie ettt ettt ta e e nteenaesneesteeneesneenneens 12
SUMMArY Of KeY FINGINGS .....coviiiiiiiieiieeeee et 16
CHAPTER 3 —JOINT ACTIVATION OF EXISTING OVERLAYS......cccooeiiviiiiiiicieeeeee, 17
TESEMELNOM ... ettt et nre e nres 17
Pavements INVESIGALEU. .........c.coiiiiiicce e be e ere s 19
TS SRS 20
OVEIIAY TYPE ettt ettt et e te et e e e s aeenae e st e sreenne e 20

OVErIAY THICKNESS .....ciieiiiieete e 21

JOINE SPACING ...t reenre e 25

A e 29

TraffiC VOIUME. ..ot 30

(S T T 1] T PSRRI 31
CHAPTER 4 — NEW TEST SECTIONS ..ottt et 32
10T L8 T4 AT o SRS 32
Development and Construction of Test SECHIONS..........ccccveviiiiiiicicciese e 32

Field Monitoring and Data COHECTION ..........ccoviiiiiiieeee e 36
RESUITS ...ttt bbb bRttt bt be b re e ne et 37
ANALYSIS AN DISCUSSION ...ttt bbbttt sttt 44
General ODSEIVALIONS........ccviriiiiiiiierieiee ettt nes 44

Effect of Slab Size on Joint ACHIVALION.........cccooviiiiii e 45

Detailed Analysis of Slab Size EffeCtS .......ccccoveiiiiiicceec e 46

Implications for Optimized Joint Spacing Design ........ccccoevereneieneninecieeens 48

Effect of Thickness on JOINt ACHIVALION..........cccoviiiiiiiiiceee e 49

EFECt OF FIDBI .o 50

Effect of Overlay Type on Joint ACtiVation...........c.ccceevveiieiie e 50

Apparent Effect of Temperature on MIRA Measurements ............cocevevvreneennen, 51

(070] 0 0d (11 [ S J TSRS PP TSR 51
REFERENGCES ...ttt sttt et e e saesa et et e b e seentestesneeneenaeneennenees 53
APPENDIX ..ottt ettt bbbt Re Rttt b beeReereeneenee e 55
MitChell COUNtY TSt SECTIONS.....c..eiviiiiiiriisieiiee e 55

Visual Inspection on 6-Inch Test Section without Fiber ...........cccccoooeiiiiiiiiinne. 57

MIRA Testing on 6-Inch Test Section without Fiber ..., 58



Visual Inspection on 6-Inch Test Section with Fiber..........c.ccccoevveveiiivvccecieen, 61

MIRA Testing on 6-Inch Test Section without FIber...........ccccoveviiiiiiniiiinnn, 62
Visual Inspection on 4-Inch Test Sections without Fiber..........ccccccveevviieiienenn, 65
MIRA Testing on 4-Inch Test Sections without Fiber.............cccociiiiiniiicien, 66
Visual Inspection on 4-Inch Test Sections with Fiber..........ccccvvevviiivvccciieenn, 69
MIRA Testing on 4-Inch Test Sections With Fiber...........ccccovvviiienie e, 70
Buchanan County TeSt SECHIONS ........ccvviiiiieieiee e 73
Visual Inspection of Test Sections without Fiber (August 2018)..........ccccceevveneee. 74
MIRA Test at 240 Days on Test Sections without Fiber...........ccccccoevviieiiiinnen, 75
Visual Inspection of Test Sections with Fiber (August 2018)...........ccccvvvvvvvennen. 76
MIRA Test at 240 Days on Test Sections with Fiber...........cccccooeviviiiiiciiiinnn, 77
Field TeSt SUMMAIY SNEELS ......c.ooiiiiiiiiee s 78

Vi



LIST OF FIGURES

Joint activation vs. L/€ and joint spacing for Mitchell County concrete overlay test sections.... Xiii

Figure 1. lowa concrete overlays on state and county roadways............cccevvererieereereeseeseeseeseennns 1
Figure 2. Concrete Overlay Performance report COVEN ..........cuoiiieieieieneniniesee e 2
Figure 3. MIRA device used to gather joint activation data..............cccccevieeieiievi e, 3
Figure 4. Mitchell County test SECtION PAVING ......coveiviiiiiiiiiiieieieie et 3
Figure 5. 12-foot joint spacing concrete overlays Pavement ME Design predicted IRI

Values VErsuS age: BCOA ... 6
Figure 6. 12-foot joint spacing concrete overlays Pavement ME Design predicted IRI

values Versus age: UBCOC ... ..ot 7
Figure 7. 15-foot joint spacing concrete overlays Pavement ME Design predicted IRI

Values VErsuS age: BCOA ... 8
Figure 8. 15-foot joint spacing concrete overlays Pavement ME Design predicted IRI

Values Versus age: UBCOC. ... ....ooiiiiieiiieerie ettt 9
Figure 9. 20-foot joint spacing concrete overlays Pavement ME Design predicted IRI

Values VErsus age: BCOA ...ttt 10
Figure 10. 20-foot joint spacing concrete overlays Pavement ME Design predicted IRI

values Versus age: UBCOC. ... ....ooiiiiiieeie sttt 11
Figure 11. 6-foot joint spacing concrete overlays using BCOA-ME design predicted

thickness versus maximum allowable percent of cracked slabs ..o, 13
Figure 12. 12-foot joint spacing concrete overlays using BCOA-ME design predicted

thickness versus maximum allowable percentage of cracked slabs...............ccocoeninnnins 14
Figure 13. 15-foot joint spacing concrete overlays using BCOA-ME design predicted

thickness versus maximum allowable percentage of cracked slabs...............ccocooninnnnns 15
Figure 14. MIRA analysis results for joint activation.............ccccoceivieiiiic e 18
Figure 15. Percentage of joints activated for different concrete overlay types .........c.ccoccvevvennene 20
Figure 16. Percentage of joints activated for different concrete overlay thickness..................... 21
Figure 17. Percentage of joints activated for different thickness of 5.5- to 7.5-foot joint

SPACING OVETIAYS ...ttt ettt et et e e esaeesteeneestaenteeneens 22
Figure 18. Percentage of joints activated for different thickness of 11- to 12.5-foot joint

SPACING OVETIAYS ...ttt et e st e e e s aeesaeennestaenteeneens 23
Figure 19. Percentage of joints activated for different thickness of 14- to 15-foot joint

SPACING OVETIAYS ...ttt et e st e e e s aeesaeennestaenteeneens 24
Figure 20. Percentage of joints activated for different thickness of 20- to 40-foot joint

SPACING OVETIAYS ...ttt ettt et e e e e s reesaeennesraesreeneens 24
Figure 21. Percentage of joints activated for different joint SPACING .........c.ccvvvvvrieienenc i 25
Figure 22. Percentage of joints activated for different joint spacing of 4-inch thick concrete

01V =] -\ SRRSO RURP PPN 26
Figure 23. Percentage of joints activated for different joint spacing of 5-inch thick concrete

01V =] -\ SRRSO RURP PPN 27
Figure 24. Percentage of joints activated for different joint spacing of 6-inch thick concrete

01V =] -\ SRRSO RURP PPN 28
Figure 25. Percentage of joints activated for different overlay ages ........cccccoovveviviiieiic e, 29
Figure 26. Percentage of joints activated for different traffic volumes ..........cccccoovveniniiiinnne 30
Figure 27. Mitchell County test SECHION PlAN ........ccveiiiieiieie e 35

vii



Figure 28. Buchanan County test SECION PlAN..........cceiviieiiieieee e
Figure 29. Mitchell County construction showing addition of fibers at the batch plant (top

left), paving (top right), finishing with burlap drag (bottom left), and curing and

tiNING (DOTLOM FIGNT) ..o et
Figure 30. Joint activation results for Mitchell County, 4-inch, 6-foot joint spacing...................
Figure 31. Joint activation results for Mitchell County, 4-inch, 12-foot joint spacing.................
Figure 32. Joint activation results for Mitchell County, 4-inch, 15-foot joint spacing.................
Figure 33. Joint activation results for Mitchell County, 4-inch, 20-foot joints ............cccceeveennens
Figure 34. Joint activation results for Mitchell County, 6-inch, 6-foot joint spacing..................
Figure 35. Joint activation results for Mitchell County, 6-inch, 12-foot joint spacing.................
Figure 36. Joint activation results for Mitchell County, 6-inch, 15-foot joint spacing.................
Figure 37. Joint activation results for Mitchell County, 6-inch, 20-foot joint spacing.................
Figure 38. Joint activation results for Buchanan County, 5.5-foot joint spacing ...........c.ccccceeue...
Figure 39. Joint activation results for Buchanan County, 11-foot joint Spacing .............cccceevee.
Figure 40. Joint activation results for Buchanan County, 15-foot joint spacing ............c.ccccveue.
Figure 41. Joint activation results for Buchanan County, 20-foot joint Spacing ..........c..c.cceeeee.
Figure 42. Joint activation results for Buchanan County, 30-foot joint spacing ............c.ccceeveue.
Figure 43. Joint activation results for Buchanan County, 40-foot joint Spacing .............c.cceeeee.
Figure 44. Differential curling stress coefficient (C) for different values of the ratio of slab

length and radius of relative stiffness (L/0) .....ccviviiieiiiiiiiceee e
Figure 45. Joint activation vs. L/€ and joint spacing for Mitchell County concrete overlay

LSS B T=T ot T OSSR PR PRPRN
Figure 46. Joint activation vs. L/{ and joint spacing for Buchanan County concrete overlay

LSS B T=T ot U] OSSR SR TPRPRN
Figure 47. Comparison of reflective cracks developed in test sections without fibers (left)

to those with fiber reinforcement (Nght).........ccooooiiiiii

LIST OF TABLES

Table 1. Parameters used in Pavement ME design for this study............cccceeeiieieeie e,
Table 2. Parameters used in BCOA-ME design for this StUdY ..........ccccoveriiiniiniiiene e
Table 3. Breakdown of test SeCtions evaluated.............cccooviieiiiiieieie s
Table 4. Design of typical sections, Mitchell and Buchanan County overlay projects ................
Table 5. Design parameters for experimental test SECHIONS. ..........cccveviiieiieeie s
Table 6. Joints assessed using the MIRA at teSt SECTIONS ......ccuevverveririie e
Table 7. Mitchell and Buchanan County testing dates and temperatures...........cccceceevvevverveennenn

viii



ACKNOWLEDGMENTS

The authors would like to thank lowa Highway Research Board and the lowa Department of
Transportation (DOT) for sponsoring this research.

The authors also wish to thank the knowledgeable, experienced, and dedicated concrete
pavement experts who served on the technical advisory committee:

Chris Brakke, lowa DOT

Lyle Brehm, Tama County

Richard Brumm, Mitchell County and Worth County
Eric Cowles, lowa DOT

Todd Hanson, lowa DOT

Kevin Jones, lowa DOT

Michael Kennerly, lowa DOT
Kevin Merryman, lowa DOT

Scott Schram, lowa DOT

Larry Stevens, HR Green, Inc.
Jacob Thorius, Washington County
Shane Tymkowicz, lowa DOT

Finally, the authors would like to thank the Mitchell County Board of Supervisors, Mitchell
County Engineer Richard Brumm, Buchanan County Board of Supervisors, Buchanan County
Engineer Brian Keierleber, Tom Schmitt with Croell, Inc., Matt Horsfield with Horsfield
Construction, Inc., Dan Biddle with Forta Corporation, and Dave Edmundson with DE
Fiberworks for their cooperation, coordination, and construction of concrete overlay test sections
for this research project.






EXECUTIVE SUMMARY

In thin concrete overlays (4-inch to 6-inch), field observations have sometimes shown that not all
contraction joints activate initially and, in some cases, do not activate until many years after
construction. Contraction joints that do not activate may be considered an inefficient design that
leads to unnecessary maintenance efforts, unnecessary costs, and negative impacts on concrete
overlay performance. Optimum joint spacing design for concrete overlays may need to be
determined based on factors different from those that are currently considered.

Objective

The objective of this study was to determine the optimum joint spacing for thin concrete overlays
(4-inch to 6-inch) based on traffic loading, concrete overlay thickness, support system, presence
of fibers, and concrete overlay types.

Work Plan

In the beginning of the study, an analytical investigation was performed using pavement design
software (AASHTOWare Pavement ME and BCOA-ME) to analyze the impact of joint spacing
on predicted concrete overlay performance. From there, field reviews were performed using

nondestructive testing to measure joint activation in existing 4-inch to 6-inch concrete overlays.

Finally, new test sections were constructed in conjunction with new concrete overlay projects to
analyze a wider range of variables and study early-age joint activation behavior. The parameters
of study included overlay thickness, joint spacing, and use of structural macro-fibers (4 lb/yd®)
within bonded concrete overlays on asphalt (BCOAs) and unbonded concrete overlays on
concrete (UBCOCs).

Key Findings

The analytical investigation using the American Association of State Highway and
Transportation Official’s AASHTOWare pavement mechanistic-empirical (ME) design and the
University of Pittsburgh’s bonded concrete overlay of asphalt-ME (BCOA-ME) design
procedure have shown the following:

e A thin (4-inch to 6-inch) concrete overlay on an existing asphalt pavement is predicted to
serve longer before reaching the established International roughness index (IRI) performance
threshold than an unbonded concrete overlay on an existing concrete pavement.

e The predicted IRI performance of 4-inch to 6-inch thick concrete overlays is very similar for
12-foot to 20-foot transverse joint spacing.
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The IRI outputs based on a 50% reliability parameter are similar to data from lowa concrete
overlays (Gross et al. 2017).

Using BCOA-ME, for the same set of design parameters, a shorter joint spacing design (6-
foot) provides better performance than longer joint spacing designs (12-foot to 15-foot) and
potentially allows a reduction in thickness. Conversely, when increasing the joint spacing
design from 6-foot to 12-foot/15-foot, additional thickness may be required to handle the
same amount of traffic.

Field reviews were performed using MIRA ultrasonic shear-wave tomography on existing 4-inch
to 6-inch concrete overlays. The results of the nondestructive testing demonstrated the following:

Observed joint activation did not vary based on overlay type (BCOA vs. UBCOC).

Holding other variables constant, concrete overlays with longer joint spacing exhibited
increased percentages of joint activation.

Holding other variables constant, concrete overlays with greater thickness exhibited
increased percentages of joint activation.

Joint activation did not correlate with traffic volumes

Un-activated joints were mostly confined to short slab sections that were 10 years old or
younger.

In concrete overlays with >6-inch thickness and >12-foot joint spacing, activation rates were
high, often approaching 100%. Rates were lower in overlays that were thinner (4 to 5 inches)
and had shorter joint spacing, often falling in the range of 60-80%.

Testing of newly-constructed concrete overlay test sections indicated the following:

Joint spacing was the predominant factor affecting joint activation behavior. Greater joint
spacing led to more rapid development and a higher ultimate rate of joint activation.

Within the first two years of service life, in both Mitchell and Buchanan Counties, test
sections with conventional joint spacing (11 to 12 feet and greater) achieved near 100% joint
activation. Un-activated joints were confined mainly to short slabs (5.5- to 6-foot sections).

The ratio of slab length to radius of relative stiffness, L/, appears to be a good indicator for
joint activation behavior and can be used to help optimize joint spacing design for concrete
overlays.
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e Designing joint spacing to achieve L/f between 4 and 7 may provide the desired balance
between maximum, timely joint activation and good overlay performance.

4 in. PCC Overlay Thickness (90 days traffic)
100%

90%
80%

70%
60%
50%
40%
30%
20%
10%

0%

12 ft
== Joint activation percen‘tage *

Joint activation
=

2 = N W AR W O~ 0 W
i

Joint activation vs. L/€ and joint spacing for Mitchell County concrete overlay test sections

e For short slab test sections in Mitchell County, thinner (4-inch) overlays demonstrated
slightly slower joint activation rates than thicker (6-inch) overlays. However, these effects
were not as significant as those observed with joint spacing, and ultimate rates of joint
activation achieved by April 2019 were similar for both thicknesses.

e Fiber-reinforcement at 4 Ib/yd® and overlay type did not have significant effects on joint
activation behavior.

Implementation Readiness and Benefits

The results of this study are beneficial to the lowa Department of Transportation (DOT) and
local agencies. The results appear to show a correlation between joint activation and the ratio of
slab length to radius of relative stiffness (L/€). Designing joint spacing to achieve L/{ between 4
and 7 may provide the desired balance between maximum, timely joint activation and good
overlay performance.

The findings of this study are being shared with cities, counties, the lowa DOT, and consultants
through various programs including concrete pavement lunch forums, lowa Concrete Paving
Association (ICPA) workshops, and other seminars. Publications are being distributed via the
National Concrete Pavement Technology (CP Tech) Center website and other newsletters.

Future Research

The adaptation of ultrasonic shear-wave tomography for determination of joint activation
provides opportunities to measure joint behavior using nondestructive testing. Additional study
may be warranted using nondestructive testing on concrete overlays with higher traffic volumes.

Xiii



Long-term study of the Mitchell County and Buchanan County test sections to address ride
quality, curling behavior, and joint performance may help provide further insight into factors that
should be considered for optimized joint spacing design.
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CHAPTER 1 - INTRODUCTION

The state of lowa has more than 2,000 miles of concrete overlays on state, county, and city
roadways (see Figure 1).
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Figure 1. lowa concrete overlays on state and county roadways

Many of these overlays were originally built with transverse joint spacing in the 15- to 20-foot
range with only one centerline, longitudinal joint. They have performed well, particularly on

lower traffic-volume roadways.

The current design approach to determining the spacing of longitudinal and transverse joints
results in smaller panel sizes, normally in the range of 6 foot by 6 foot for 4-inch to 6-inch
overlay thicknesses. In these thin concrete overlays, field observations have sometimes shown
that not all contraction joints activate initially and, in some cases, do not activate until long after
construction. For the purposes of this document, joint activation is defined as a crack deployed at

the contraction joint saw cut.

Longer joint spacing is more desirable because it reduces the number of joints, which in turn
reduces the cost of the joint installation and maintenance. However, longer joint spacing can also
result in increased risk of mid-panel cracking or rougher pavements due to curling and warping.

Structural synthetic fibers have been gaining attention for use in overlays to increase the fatigue
capacity and ductility (toughness) of the concrete overlay, reduce overlay thickness, help control
differential slab movement caused by curling/warping, and to hold cracks together.



Objective

The objective of this study was to determine the optimum joint spacing for thin concrete overlays
(4-inch to 6-inch) based on traffic loading, concrete overlay thickness, support system, presence
of fibers, and concrete overlay type.

Research Plan

Phase 1 of this project was a performance study of concrete overlays in lowa. (see Figure 2 for
report cover).

Concrete Overlay Performance
on lowa’s Roadways

Field Data Report
July 2017

TOWA STATE UNIVERSITY
I

atitsts for Tranapartatan

Figure 2. Concrete Overlay Performance report cover

A database including 384 concrete overlay projects was assembled. The database included
pavement condition index (PCI), International roughness index (IRI), history (age, thickness,
pavement section), traffic, and joint spacing.

Phase 2A utilized the project database and sorted the 4-inch to 6-inch thick overlays based on
joint spacing, followed by overlay type, thickness, traffic, and support system, as well as on
fabric separator layers, with and without fibers. An analytical investigation was performed using
concrete overlay design software to understand optimum joint spacing behavior.

Field information gathered on existing overlays supplemented the software analysis. A non-
destructive testing procedure was utilized to determine the amount of joint activation (see Figure
3).



Figure 3. MIRA device used to gather joint activation data

Phase 2B included the construction of new overlay projects, with test sections of various joint
spacing and thicknesses, with and without fibers (see Figure 4).

Figure 4. Mitchell County test section paving

Test sections were constructed in Mitchell County of a bonded concrete overlay on asphalt
(BCOA) and in Buchanan County of an unbonded concrete overlay on concrete (UBCOC).

The data from Phases 2A and 2B were analyzed to gain an understanding of the joint activation
behaviors with the intent of identifying design parameters to optimize joint spacing.



CHAPTER 2 - ANALYTICAL INVESTIGATION

AASHTOWare Pavement ME Design (Version 2.3.1) and BCOA-ME are computer models used
to assist with concrete pavement and overlay design. They can be used to simulate alternative
joint spacing design options for various conditions such as traffic loading, thickness of the
overlay, support systems, and overlay types with and without fibers. They can also be used to
identify effects of joint spacing and thickness on predicted concrete overlay service life.

This latter ability was utilized to help understand the effects of these parameters on overlay joint
activation.

AASHTOWare Pavement ME Analysis

AASHTOWare Pavement ME Design (version 2.3.1) supports a minimum longitudinal joint
spacing of 12-foot (full-lane width), and a minimum transverse joint spacing of 10 feet as design
parameters. For this study, the climate station city was set to be Des Moines, lowa, and the
annual average daily truck traffic (AADTT) was 75.

The overlays selected in the analytical investigation included BCOA and UBCOC. Overlay
thicknesses of 6-inch and less were placed in the bonded category, which is consistent with the
lowa Department of Transportation (DOT) definition. It was noted that a majority of overlays in
the lowa secondary road system were designed with a 6-inch thickness without relying on a bond
between the new overlay and the existing pavement (Gross et al. 2017).

Table 1 presents the design parameters of two concrete overlay types: jointed plain concrete
pavement (JPCP) over JPCP and JPCP over asphalt concrete (AC).

Table 1. Parameters used in Pavement ME design for this study

JPCP over AC JPCP over JPCP
Design parameters (BCOA) (unbonded) (UBCOC)
Traffic (ADT) 750
Traffic (AADTT) 75
Climate station Des Moines
12 x 12 12 x 12
Joint spacing (ft) 12 x 15 12 x 15
12 x 20 12 x 20
Thickness (in.) 4t06 5t06
Existing AC or cor)crete 4and 6 5
layer thickness (in.)
Interlayer thickness (in.) N/A 1




These parameters were utilized in the analytical investigations with Pavement ME. A 30-year
designed service life with a 50% reliability was utilized.

In the analysis, a predicted IRI of 170 in./mi was considered as an upper limit for acceptable
performance (AASHTO 2012, AASHTO 2013).

No local calibration of lowa concrete overlays (bonded or unbonded) was available; therefore,
the national performance prediction models were utilized.

The AASHTOWare Pavement ME Design IRI prediction model for designing JPCP and concrete
overlays includes transverse cracking, joint faulting, joint spalling, and a site factor, along with
the calibration coefficients as follows:

IRI = IRlini + C1 x CRK + C2 x SPALL + C3 x TFAULT % 5,280 + JSP + C4 x SF 1)

where,

IRI = Predicted IRI, in./mi

IRIini = Initial smoothness measured as IR, in./mi

C 1, 2, 3, 4 = Calibration coefficients

CRK = Percent slabs with transverse cracks (all severities)

SPALL = Percentage of joints with spalling (medium and high severities)
TFAULT = Total joint faulting cumulated, in.

JSP = Joint spacing, ft

SF = Site factor

The plots generated by the models are shown in Figures 5 through 10.



For the 12-foot joint spacing of 4- to 6-inch thick BCOA (Figure 5):
e Concrete overlays perform better when placed on thicker asphalt concrete (AC) pavements.
e The thicker the concrete overlay, the better the performance.

e The large increase in IRI in approximately year 20 and year 22 for the 4-inch thick BCOA on
4-inch thick asphalt and 6-inch thick asphalt coincides with the fact that the Pavement ME
software does not recommend a thin concrete overlay (4-inch thick) for joint spacing 12-foot
or larger.
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Figure 5. 12-foot joint spacing concrete overlays Pavement ME Design predicted IRI values
versus age: BCOA



The key finding in Figure 6 for the 12-foot joint spacing of 5-inch to 6-inch thick UBCOCs on
existing 6-inch thick concrete is that they perform well with a service life of approximately 30
years before an IRI threshold of 170 in./mi is reached.
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Figure 6. 12-foot joint spacing concrete overlays Pavement ME Design predicted IRI values
versus age: UBCOC



For the 15-foot joint spacing of 4-inch to 6-inch thick BCOAs (Figure 7):
e Concrete overlays perform better when placed on thicker AC pavements.
e The thicker the concrete overlays, the better the performance.

e The large increase in IRI in approximately year 21 for the 4-inch thick BCOA on 4-inch thick
asphalt and year 22 on the 6-inch thick asphalt coincides with the fact that the Pavement ME
software does not recommend a thin concrete overlay for joint spacing 12-foot or larger.
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Figure 7. 15-foot joint spacing concrete overlays Pavement ME Design predicted IRI values
versus age: BCOA



The key finding observed in Figure 8 for the 15-foot joint spacing of 5-inch to 6-inch thick
UBCOCs on existing 6-inch thick concrete is that the overlays perform well with a service life of
approximately 30 years before an IRI threshold of 170 in./mi is reached.
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Figure 8. 15-foot joint spacing concrete overlays Pavement ME Design predicted IRI values
versus age: UBCOC



For the 20-foot joint spacing of 4-inch to 6-inch thick BCOAs (Figure 9):
e Concrete overlays perform better when placed on thicker AC pavements.
e The thicker the concrete overlay, the better the performance.

e The large increase in IRI in approximately year 20 for the 4-inch thick BCOA on 4-inch thick
asphalt coincides with the fact that the Pavement ME software does not recommend a thin
concrete overlay (4-inch thick) for joint spacing 12-foot or larger.
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Figure 9. 20-foot joint spacing concrete overlays Pavement ME Design predicted IRI values
versus age: BCOA
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The key finding observed in Figure 10 for the 20-foot joint spacing of 5-inch to 6-inch thick
UBCOC:s is that both the 5-inch and 6-inch thick concrete overlays perform well with a service
life of more than 30 years before an IRI threshold of 170 in./mi is reached.
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Figure 10. 20-foot joint spacing concrete overlays Pavement ME Design predicted IRI
values versus age: UBCOC
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BCOA-ME Analysis

The Bonded Concrete Overlay of Asphalt Mechanistic-Empirical (BCOA-ME) design procedure
was developed at the University of Pittsburgh in Pennsylvania (Li et al. 2016). This software is
used for designing thin concrete overlays. Unlike Pavement ME Design software, BCOA-ME
does not model predicted performance of the overlay. Instead, the BCOA-ME procedure
provides an overlay thickness based on design parameter inputs and includes an input variable
for fiber type and content.

In this case, to analyze and compare the predicted performance of concrete overlays with
different joint spacing, the design thickness was calculated and plotted as a function of maximum
allowable percentages of cracked slabs. Table 2 shows the design parameters of the concrete
overlay types used in these analytical investigations using BCOA-ME design.

Table 2. Parameters used in BCOA-ME design for this study

Design parameters BCOA
Traffic (AADTT) 75 (ADT: 750)
Climate station Des Moines
EX|st|ng_AC/conc_rete layer 4and 6
thickness (in.)
HMA fatigue Adequate
Composite Modulus of Subgrade 150
Reaction, k-value (psi/in.)
Does the existing HMA pavement vy
es
have transverse cracks?
. No fiber or
Fiber type and content 4 Ib/yd® synthetic structural fibers
Maximum Allowable Percent Slabs
Cracked (%) 5, 10, 15, 25, 50
6x6
Joint spacing (ft) 12 x 12
12 x 15
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Using BCOA-ME software, Figures 11 through Figure 13 were developed to show the
relationship between the software recommended concrete overlay thickness and maximum
allowable percentage of cracked slabs for different joint spacing. In each of the figures, existing
AC thicknesses of 4-inch and 6-inch were analyzed.

As shown in Figure 11, for concrete overlays with 6-foot joint spacing:

e Recommended concrete overlay thicknesses decreased with increasing thicknesses of
underlying AC.

e Recommended concrete overlay thicknesses decreased with the use of fibers.

4 in. underlying HMA (No fiber)
6 in. underlying HMA (No fiber)
4 in. underlying HMA (With fiber)
6 in. underlying HMA (With fiber)

I~

Thickness (in.)

w

0 5 10 15 20 25 30 35 40 45 50
Maximum Allowable Percent Slabs Cracked (%)

Figure 11. 6-foot joint spacing concrete overlays using BCOA-ME design predicted
thickness versus maximum allowable percent of cracked slabs
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As shown in Figure 12, for concrete overlays with 12-foot joint spacing, recommended concrete
overlay thicknesses were slightly higher when compared to 6-foot joint spacing.

4 in. underlying HMA (No fiber)
6 in. underlying HMA (No fiber)
4 in. underlying HMA (With fiber)
6 in. underlying HMA (With fiber)

B

Thickness (in.)

w

0 5 10 15 20 25 30 35 40 45 50
Maximum Allowable Percent Slabs Cracked (%)

Figure 12. 12-foot joint spacing concrete overlays using BCOA-ME design predicted
thickness versus maximum allowable percentage of cracked slabs
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As shown in Figure 13, for concrete overlays with 15-foot joint spacing, recommended concrete
overlay thicknesses were slightly higher when compared to 12-foot joint spacings.

4 in. underlying HMA (No fiber)
6 in. underlying HMA (No fiber)
4 in. underlying HMA (With fiber)
6 in. underlying HMA (With fiber)
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Figure 13. 15-foot joint spacing concrete overlays using BCOA-ME design predicted
thickness versus maximum allowable percentage of cracked slabs
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Summary of Key Findings

AASHTOWare Pavement ME Design (Version 2.3.1) and BCOA-ME were used to identify
effects of joint spacing and thickness on predicted concrete overlay service life. The major
findings from the analytical investigation are summarized as follows:

e Thicker existing AC pavement layers and thicker concrete overlays extend the service life.
Because the existing pavement behaves as a base with load-carrying capability, its thickness
and condition are critical in affecting concrete overlay service life.

e The predicted IRI performance of 4-inch to 6-inch thick concrete overlays is very similar for
12-foot to 20-foot transverse joint spacing.

e For a 20-foot joint spacing, increasing thickness did not appear to affect performance. This
may be because 20-foot joint spacing is too large.

e Using BCOA-ME, for the same set of design parameters, a shorter joint spacing design
provides better performance than longer joint spacing designs and potentially allows a
reduction in thickness. Conversely, when increasing the joint spacing design to 12- to 15-
feet, additional thickness may be required to handle the same amount of traffic.
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CHAPTER 3-JOINT ACTIVATION OF EXISTING OVERLAYS

The original plan for testing joint activation of existing concrete overlays included coring of
longitudinal and transverse joints. However, in order to study more pavements, it was decided to
utilize a remote sensing device. The method of analysis followed that of Tran and Roesler
(2019).

The field testing included 52 test sites, each of which included 10 transverse joints and two-to-
five longitudinal joints for a total of more than 600 tests.

Test Method

Joint activation data were collected using a MIRA device with an antenna composed of a 4 x 12
array of point transducers. Interpretation of the data collected by the device to assess joint
activation was developed at the University of Illinois (Tran and Roesler 2019). The system uses
an ultrasonic pitch-catch method to evaluate internal defects in a concrete element. In the pitch-
catch method, one transducer sends a stress-wave pulse at 35 kHz, and a second transducer
receives the reflected pulse.

Data from the MIRA device can be used to determine whether a sawn joint in the concrete is
activated based on whether or not the crack is deployed given the fact that an air gap in a crack
will reflect the pulse, while an uncracked section will permit the pulse to pass through relatively
unchanged. The device is placed over the sawcut so that half the transducers are on each side of
the cut.

The energy transmitted from antenna No. 2 and received at sensor 7 (E7) is divided by the
energy received at sensor 6 (E6) (Tran et al. 2018):

Normalized energy = E7 + E6 @)

As shown in Figure 14, if the energy at receiver 7 is higher than 0.35, it indicates there was no
crack deployment at the joint because energy was transferred to the sensor on the other side of
the sawcut.
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Figure 14. MIRA analysis results for joint activation

Conversely, normalized energy lower than 0.3 at receiver 7 suggests there was crack deployment
at the joint. A normalized energy reading between 0.35 and 0.3 indicates either a very tight crack
beneath the sawcut or no crack beneath the sawcut, and the data in such cases are reported as

inconclusive. Tran and Roesler (2019) reported the method has an accuracy of 96% based on a
visual check.
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Pavements Investigated

The MIRA test method was used to analyze 52 existing in-service lowa concrete overlays
(Table 3).

Table 3. Breakdown of test sections evaluated

Number of joint samples
Type of concrete BCOA 420
overlay UBCOC 232
4 87
. . 5 95
Thickness (in.) 5 31
7 39
55t07.5 148
. . 11t0 12.5 236
Joint spacing (ft) 141015 159
20 to 40 109
0to5 371
6to 10 45
Age (year) 11to 15 93
> 15 144
0 to 500 241
501 to 1,000 246
ADT 1,001 to 1,500 83
> 1,500 112

A full listing of these projects (and complete test results) are contained in the Appendix. These
projects included BCOAs and UBCOCs. Project thicknesses ranged from 4 to 7 inches, and
transverse joint spacing ranged from 5.5 to 40 feet. Table 3 breaks down the total number of
joints from which data were collected by overlay type, thickness, joint spacing, age, and traffic.

Testing at each project site included 10 transverse joints and two-to-five longitudinal joints. The
test was repeated 10 times at each joint. On 23 of the overlays, the MIRA results were verified
by digging at the shoulder of the pavement to visually inspect the side of the slab. Based on these
visual checks, the MIRA testing appeared to exhibit 86% accuracy in positively predicting joint
activation.
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Results

The MIRA test results are summarized in Figures 15 through 26, while complete test results for
all 52 projects are included in the Appendix.

Overlay Type

As shown in Figure 15, joint activation did not vary with overlay type (BCOA vs. UBCOC).

__Inconclusive __Inconclusive

Not Activated

Not Activated _—
~ = 2% ——
10% ~ 7% \\“ 2%
Note: Total number of joints for BCOA is 420 Note: Total number of joints for UBCOC is 232
BCOA UBCOC

Figure 15. Percentage of joints activated for different concrete overlay types
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Overlay Thickness

As shown in Figure 16, higher overlay thickness led to increased joint activation.

Inconclusive
3%

Note: Total number of joints for 4-in thickness PCC overlay is 87
4-inch thickness

Not Activate Inconclusive

Note: Total number of joints for 6-in thickness PCC overlay is 431
6-inch thickness

Inconclusive
Not Activated %
12%

Note: Total number of joints for 5-in thickness PCC overlay is 95

5-inch thickness

Not Activated /lnconclusive
0% i 0%

Note: Total number of joints for 7-in thickness PCC overlay is 39

7-inch thickness

Figure 16. Percentage of joints activated for different concrete overlay thickness
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As shown in Figure 17, there were no clear trends for different thicknesses with 5.5- to 7.5-foot
joint spacing.

Inconclusive Inconclusive
| /| 1% 7% |
Note: Total number of joints for Joint spacing from 5.5 to 7.5 ft. and thickness 4-inis 75 Note: Total number of joints for Joint spacing from 5.5 to 7.5 ft. and thickness 5-inis 30
4-inch thickness 5-inch thickness
Inconclusive

2%

Note: Total number of joints for Joint spacing from 5.5 to 7.5 ft. and thickness 6-inis 43

6-inch thickness

Figure 17. Percentage of joints activated for different thickness of 5.5- to 7.5-foot joint
spacing overlays
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As shown in Figure 18, for 11- to 12.5-foot joint spacing, increased thickness led to increased
joint activation.

Not Activated Inconclusive
7% 2%

Note: Total number of joints for Joint spacing from 11to 12.5 ft. and thickness 4 inis 12 Note: Total number of joints for Joint spacing from 11 to 12.5 ft. and thickness 6 in is 236

4-inch thickness 6-inch thickness

Not Activated\ Inconclusive
0% 0%

Note: Total number of joints for Joint spacing from 11 to 12.5 ft. and thickness 7 in is 39

7-inch thickness

Figure 18. Percentage of joints activated for different thickness of 11- to 12.5-foot joint
spacing overlays
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As shown in Figure 19, for 14- to 15-foot joint spacing, most of the joints were activated.

Not Activated Inconcluswe Not Activated\ Inconclusive
0% |I 0% 1% | I 2%
Note: Total number of joints for Joint spacing from 14 to 15 ft. and thickness 5 in s 52 Note: Total number of joints for Joint spacing from 14 to 15 ft. and thickness 6 in is 107
5-inch thickness 6-inch thickness

Figure 19. Percentage of joints activated for different thickness of 14- to 15-foot joint
spacing overlays

As shown in Figure 20, for 20- to 40-foot joint spacing, most of the joints were activated.

Not Actlvate lnconcluslve Not Activated Inconcluswe
|I 1% | I
Note: Total number of joints for Joint spacing from 20 to 40 ft. and thickness 5 in.is 13 Note: Total number of joints for Joint spacing from 20 to 40 ft. and thickness 6 in. is 96
5-inch thickness 6-inch thickness

Figure 20. Percentage of joints activated for different thickness of 20- to 40-foot joint
spacing overlays
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Joint Spacing

As shown in Figure 21, longer overlay joint spacing led to increased joint activation.

Inconclusive Not Activated Inconclusive

3% 7% 2%

Note: Total number of joints for Joint spacing from 5.5 to 7.5 ft. is 148 Note: Total number of joints for Joint spacing from 11 to 12.5 ft. is 236
5.5- to 7.5-foot joint spacing 11- to 12.5-foot joint spacing
Not Activated Inconclusive

Not Activated\ /Inconclusive

~ 1% 1% 0%

1%

Note: Total number of joints for Joint spacing 14 ft. and 15 ft. is 159 Note: Total number of joints for Joint spacing 20 ft. and 40 ft. is 109

14- and 15-foot joint spacing 20- and 40-foot joint spacing
Figure 21. Percentage of joints activated for different joint spacing
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As shown in Figure 22, longer joint spacing did not lead to increased joint activation. This may
have been due to a limited sample size.

Inconclusive

@S

Note: Total number of joints for 4-in thickness and 5.5 to 6 ft. joint spacing PCC overlay is 75

Note: Total number of joints for 4-in thickness and 12-ft joint spacing PCC overlay is 12

5.5- to 6-foot joint spacing 12-foot joint spacing

Figure 22. Percentage of joints activated for different joint spacing of 4-inch thick concrete
overlays
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As shown in Figure 23, longer joint spacing led to increased joint activation.

Inconclusive Not Activated Inconclusive
% | 0% |\/| 0%
Note: Total number of joints for 5-in thickness and 5.5-ft joint spacing PCC overlay is 30 Note: Total number of joints for 5-in thickness and 15-ft joint spacing PCC overlay is 52
5.5-foot joint spacing 15-foot joint spacing
Not Activated Inconclusive

0% 0%

Note: Total number of joints for 5-in thickness and 20-ft joint spacing PCC overlay is 13

20-foot joint spacing

Figure 23. Percentage of joints activated for different joint spacing of 5-inch thick concrete
overlays
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As shown in Figure 24, activation increased with increased joint spacing, except for the 40-foot
set. This anomaly may have been due to a limited sample size.

Inconclusive Not Activated Inconclusive

2% 7% 2%

Note: Total number of jeints for 6-in thickness and 5.5 to 7.5-ft joint spacing PCC overlay is 43 Note: Total number of jeints for 6-in thickness and 11 to 12-ft joint spacing PCC overlay is 185
5.5- to 7.5-foot joint spacing 11- to 12-foot joint spacing
Not Activated Inconclusive Not Activated _Inconclusive

1% \ / 2% 0% 0%

Note: Total number of joints for 6-in thickness and 14 to 15-ft joint spacing PCC overlay is 107
Note: Total number of joints for 6-in thickness and 20-ft joint spacing PCC overlay is 91

14- to 15-foot joint spacing 20-foot joint spacing
_Inconclusive
0%

Note: Total number of joints for 6-in thickness and 40-ft joint spacing PCC overlay is 5

40-foot joint spacing

Figure 24. Percentage of joints activated for different joint spacing of 6-inch thick concrete
overlays
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Age

As shown in Figure 25, most of the joints were activated in overlays more than 10 years old.

Inconclusive
2%

Not Activated

13% \

Note: Total number of joints for age 0-5is 371

0to 5 years old

Inconclusive

Not Activated r
1%

5%

Note: Total number of joints for age 11-15is 93

11 to 15 years old

Inconclusive
7%

Not Activated
11%

Note: Total number of joints for age 6-101s 45

6 to 10 years old

Not Activated Inconclusive

0% ~ 0%

Note: Total number of joints for age >15 is 144

more than 15 years old

Figure 25. Percentage of joints activated for different overlay ages
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Traffic Volume

As shown in Figure 26, joint activation was not affected by traffic volume.

Inconclusive Inconclusive
Not Activated / 2% 4 2%
10%

Note: Total number of joints for ADT 0-5001s 241 Note: Total number of joints for ADT 500-1000 is 246

ADT 0to 500 ADT 501 to 1,000

Not Activated Inconclusive Not Activated Inconclusive
4% 0% 5% 2%

Note: Total number of joints for ADT 1000-1500is 83 Note: Total number of joints for ADT >1500is 112

ADT 1,001 to 1,500 ADT more than 1,500
Figure 26. Percentage of joints activated for different traffic volumes
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Key Findings

MIRA ultrasonic shear-wave tomography testing was used to measure joint activation on
concrete overlays to develop recommendations for optimized joint spacing. The major findings
are summarized as follows:

e Joint activation did not depend or vary based on overlay type (BCOA vs. UBCOC).
e In general, concrete overlays with longer joint spacing exhibited increased joint activation.

e In general, concrete overlays with greater thickness achieved increased percentages of joint
activation.

e Joint activation rates did not vary with traffic volume.

e For a given overlay thickness, longer joint spacing increased the number of joints that were
activated.

e For agiven joint spacing, greater overlay thickness increased the number of joints that were
activated.

e After 10 years of service, most of the joints were activated. However, joints that did not
activate were mostly confined to short slab sections that were 10 years old or younger.

e In concrete overlays with greater than 6-inch thickness and 12-foot or greater joint spacing,
activation rates were high, often approaching 100%. Rates were lower in overlays that were
thinner (4-5 inch) and with shorter joint spacing, often falling in the range of 60-80%.
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CHAPTER 4 - NEW TEST SECTIONS
Introduction

The analytical investigation covered in Chapter 2 provided insights into the expected
performance of concrete overlays with different joint spacing, and the field investigation covered
in Chapter 3 analyzed data on joint activation behavior of existing concrete overlays. Alongside
these studies, test sections were constructed in 2017 and 2018 to gain further insight into
optimized joint spacing.

The construction of new concrete overlay test sections offered the ability to study joint spacing
and its relationship with different design variables. Constructing new overlays also allowed for
continuous monitoring of the development of joint activation in the early stages of overlay
service life. Additionally, since use of synthetic macro-fibers in concrete overlays was not
widespread in lowa at the time of this study, the construction of these test sections allowed for a
study of fiber-reinforced concrete and its impact on joint behavior and optimized joint spacing in
concrete overlays.

Development and Construction of Test Sections

The test sections were designed and built as part of two new concrete overlay projects in lowa: a
bonded concrete overlay of a composite pavement constructed in Mitchell County, west of St.
Ansgar, in August 2017, and an unbonded concrete overlay of concrete built in Buchanan
County, east of Dunkerton, in August 2018. Table 4 lists the design parameters for these two
projects.

Table 4. Design of typical sections, Mitchell and Buchanan County overlay projects

Mitchell County |Buchanan County
Design Parameters 1A 105 Road V-62
Overlay Type BCOA (composite) UBCOC
Construction Date August 2017 August 2018
Thickness (in.) 6 6
Transverse Joint Spacing (ft) 12 11
Longitudinal Joint Spacing (ft) 12 11
Traffic (AADT) 800 1,180
Interlayer Type n/a Geotextile
Fiber-Reinforcement No No

The exact locations of these projects can be found in the Appendix. Design parameters important
to joint behavior were identified and a test matrix was developed to vary the test section designs
based on typical design parameters.
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Initially, it was thought that the conclusions and recommendations of the analytical investigation
(Chapter 2) and field investigation (Chapter 3) would allow for refining the scope of the test
sections to consider fewer variables. However, due to construction schedules, the test section
designs needed to be finalized before results of those analyses were complete. Therefore, the test
sections were designed with a wide range of variables without final input from the early phases
of this study. Ultimately, the broad scope of the test sections was beneficial to the analysis,
allowing for a greater understanding of joint spacing behavior.

Many of the design parameters chosen for the test sections were the same as those analyzed as
part of the analytical and field investigations, including overlay type, thickness, and joint
spacing. Fiber-reinforcement was additionally considered as part of this test section study.
Although neither project was designed with fibers in the typical section, they were able to be
incorporated into the test sections.

There was also a desire to evaluate the impact of interlayer type for unbonded projects, but the
study was ultimately limited to the Buchanan County project, where a geotextile was used as the
interlayer. Table 5 lists the full test matrix of test sections considered across the two projects.

Table 5. Design parameters for experimental test sections.

Joint Spacing (ft) Fiber-
Project/ Thickness (Transverse x Reinforcement
Overlay Type (in.) Longitudinal) (Iblyd®)
6 x6 0
4
12 x12 2
4 0
15x12 1
20 x 12 0
Mitchell 4
Count
y 6x6 0
4
12 x12 0
4
6 0
15x12 n
0
20 x 12 1
0
55x55 7
0
11x11 4
0
Buchanan 6 1511 4
County 0
20 x 11
4
0
30x11 7
0
40 x 11 1
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In keeping with the projects selected for the test sections, the two overlay types considered in
this study were BCOA and UBCOC. Bonded concrete overlays on concrete (BCOCs) were not
considered for study because joint spacing is controlled by the existing pavement. Thicker (over
6-inch) unbonded concrete overlays on asphalt (UBCOAS) were not considered for study
because conventional concrete pavement joint spacings are used successfully on those types of
projects. Additionally, some designers or practitioners might consider a 6-inch concrete overlay
of asphalt to be a UBCOA project rather than a BCOA. Therefore, insights gained from the 6-
inch test sections in Mitchell County are likely applicable to relatively thin UBCOA projects as
well.

Thickness was varied between 4 and 6 inches for the test sections in Mitchell County, while
thickness was held at 6 inches in Buchanan County. Transverse joint spacing was varied from
shorter slab design (5.5- to 6-foot) to more conventional concrete pavement slab sizes (12- to 20-
foot). In Buchanan County, extended joint spacings of 30 and 40 feet were also tested.
Longitudinal joint spacing was reduced (5.5- to 6-foot) for the short slab test sections and
maintained at the lane width (11- or 12-foot) for the rest of the sections.

A fiber dosage rate of 4 Ib/yd® was chosen based on the typical dosage rate used on fiber-
reinforced concrete overlays in Illinois (Illinois DOT 2019). The type of fiber incorporated in
both projects was FORTA-FERRO, a blend of micro- and macro-synthetic fibers.

Diagrams of the test sections in Mitchell and Buchanan Counties are found in Figures 27 and 28,
respectively.
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Figure 28. Buchanan County test section plan

The length of the test sections was chosen based on the ability to construct them contiguously in
areas with consistent geometric design and between major intersections. The Mitchell County
test sections were 500 feet long, while the Buchanan County test sections were 300 feet long.
Transition areas were provided between sections with thickness changes and/or where fibers
needed to be added to or removed from the mix.
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An additional variable considered in the test sections was method of longitudinal joint
reinforcement. In the fiber-reinforced test sections in both projects, fibers completely replaced tie
steel at the centerline. In Buchanan County, which had integrally paved shoulders, fibers also
replaced tie bars at the longitudinal joint with the shoulder. As seen in Figure 27, the Mitchell
County project also featured reduced tie steel in the 6-inch, 6-foot slab test section without fibers
and no tie steel in the 6-inch, 12-foot slab test section without fibers. While these factors will be
of interest for future study, they did not have any observed early impacts on joint activation or
other aspects of performance, so they are not discussed further in this report.

Figure 29 includes images from the August 2017 construction of the Mitchell County test
sections.

v

Figure 29. Mitchell County construction showing addition of fibers at the batch plant (top
left), paving (top right), finishing with burlap drag (bottom left), and curing and tining
(bottom right)

Field Monitoring and Data Collection

Activation of transverse and longitudinal joints was measured and monitored using the same
MIRA test method outlined in Chapter 3, except visual inspection was used in lieu of the MIRA
device in the sections assessed before shouldering had been completed. The number of joints that
were assessed in each test section is listed in Table 6.
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Table 6. Joints assessed using the MIRA at test sections

Number of joints
Overlay Joint assessed using | Number of joints
location Thickness | spacing visual assessed using
and type (in.) (ft) observation* MIRA*
6 16 15
4 12 8 12
15 7 12
Mitchell County 20 5 12
(BCOA) 6 16 15
6 12 8 12
15 7 12
20 5 12
5.5 18 15
12 8 12
Buchanan County 6 15 7 12
(UBCOC) 20 5 12
30 3 7
40 3 7

*Number of joints assessed for each section, both with and without fiber-reinforcement

After construction, multiple visits were made to each project to monitor the evolution of joint
activation over time. Save for the initial visual inspection, all MIRA testing was performed over
the same joints each time. These visits were intended to be made in approximately 90-day
increments, but there was some variation in the actual dates of testing. Testing dates along with
daily temperatures are listed in Table 7.

Table 7. Mitchell and Buchanan County testing dates and temperatures

Daily High | Daily Low | Day Average

Project Test Date (°F) (°F) (°F)

8/25/2017 69 55 62

(Visual Inspection)

10/3/2017 73 50 62
Mitchell County | 1/30/2018 29 -1 14

5/9/2018 62 51 57

11/30/2018 31 27 29

4/4/2019 43 34 39

8/14/2018 84 62 73
Buchanan County | (Visual Inspection)

4/3/2019 57 24 41

Results

Figures 30 through 43 present joint activation percentages measured for the various test sections
over time, organized by thickness and joint spacing. Complete results for each transverse and
longitudinal joint tested in every section are found in the Appendix.
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Mitchell County, 4 inch, 6 foot Joint Spacing
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Figure 30. Joint activation results for Mitchell County, 4-inch, 6-foot joint spacing
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Figure 31. Joint activation results for Mitchell County, 4-inch, 12-foot joint spacing

38



Mitchell County, 4 inch, 15 foot Joint Spacing
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Figure 32. Joint activation results for Mitchell County, 4-inch, 15-foot joint spacing
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Figure 33. Joint activation results for Mitchell County, 4-inch, 20-foot joints
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Mitchell County, 6 inch, 6 foot Joint Spacing
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Figure 34. Joint activation results for Mitchell County, 6-inch, 6-foot joint spacing
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Figure 35. Joint activation results for Mitchell County, 6-inch, 12-foot joint spacing
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Mitchell County, 6 inch, 15 foot Joint Spacing
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Figure 36. Joint activation results for Mitchell County, 6-inch, 15-foot joint spacing
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Figure 37. Joint activation results for Mitchell County, 6-inch, 20-foot joint spacing
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Buchanan County, 5.5 foot Joint Spacing
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Figure 38. Joint activation results for Buchanan County, 5.5-foot joint spacing

Buchanan County, 11 foot Joint Spacing
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Figure 39. Joint activation results for Buchanan County, 11-foot joint spacing
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Buchanan County, 15 foot Joint Spacing
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Figure 40. Joint activation results for Buchanan County, 15-foot joint spacing
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Figure 41. Joint activation results for Buchanan County, 20-foot joint spacing
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Buchanan County, 30 foot Joint Spacing
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Figure 42. Joint activation results for Buchanan County, 30-foot joint spacing
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Figure 43. Joint activation results for Buchanan County, 40-foot joint spacing
Analysis and Discussion
General Observations

In virtually all cases, the number of activated joints increased with time. In a few instances,
mainly in the Buchanan County sections with extended joint spacing, 100% of joints had
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activated by the time of the initial visual inspection just after construction. The rest of the
sections began with varying rates of un-activated joints.

The progression of joint activation and ultimate percentage activated (at the time of this report)
depended primarily on slab size. Rate of activation was slowest in the short slab sections, and
remaining un-activated joints were mostly confined to those sections.

Comparing the short slab sections in Mitchell County, joints activated slightly more quickly and
to a slightly greater extent in the thicker 6-inch sections than in the 4-inch sections. Fiber-
reinforcement was not observed to have a significant impact on the rate of joint activation or
ultimate activation rates. These findings are discussed in more detail below.

Effect of Slab Size on Joint Activation

Slab size was found to be the predominant factor affecting joint activation. In general, as joint
spacing increased, the ultimate rate of joint activation increased. Joints also tended to activate
more quickly in sections with longer joint spacing relative to those with shorter joint spacing.

For the most part, un-activated joints remained only in the shorter slab sections, as highlighted in
Figures 30, 34 and 38. Joint activation in the short slab sections in both Mitchell and Buchanan
Counties did increase steadily with time, but these increases lagged behind those of the longer
joint spacing sections. To date, activation rates remained lower in Buchanan County than in
Mitchell County, but they were on a similar trend given that the Mitchell County pavement has
been in service for one year longer.

In Mitchell County, after about a year post-construction, virtually all joints in sections with 12-
foot joint spacing or greater went on to crack. The Buchanan County 11-foot sections appeared
to be on a similar trend; they had not quite reached 100% activation at the time of this report, but
were well on their way, and activation rates were substantially higher than those in the 5.5-foot
sections.

The higher degree of activation observed in sections with longer joint spacing is consistent with
the findings in existing concrete overlays in Chapter 3. These relationships make sense given
that, fundamentally, shrinkage-related stresses increase as joint spacing increases (Roesler and
Wang 2009). Curling-related stresses also increase with increased joint spacing (Harrington and
Fick 2014), which is also an important factor in joint activation (Roesler and Wang 2009).

Given the observations in this study, a more detailed analysis of slab geometry was carried out to
better understand joint activation behavior and help optimize joint spacing design for concrete
overlays. This analysis is detailed in the next subsection.
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Detailed Analysis of Slab Size Effects

Bradbury (1938) provided insight into the parameters influencing pavement stresses. The curling
stress of concrete can be estimated as:

EaAT[Cx+uCy]

Curling interior stress, g, = >

(3)

1—pu2

CEaAT

‘ (4)

Curling edge stress, o; =

where, o is the slab curling stress, Cx,y are the stress coefficients for a finite slab, E is the
modulus of elasticity, a is the coefficient of thermal expansion, and AT is the temperature
differential between the top and bottom of the slab.

The stress coefficients depend on the radius of relative stiffness, £, between the slab and
foundation, defined by Westergaard (1927) as:

4 Eh3

t= 12k(1-u?) (5)

where, E is the modulus of elasticity, h is the slab thickness, p is Poisson’s ratio, and k is the
modulus of subgrade reaction.

As seen in Figure 44, a higher ratio of slab length to radius of relative stiffness, L/{, in the range
from 1 to 8, leads to an increase in the stress coefficient for a finite slab.
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Figure 44. Differential curling stress coefficient (C) for different values of the ratio of slab
length and radius of relative stiffness (L/f)
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Outside of the range of L/ from 1 to 8, slab proportions have little effect on stress coefficient. In
those ranges, the temperature differential between the top and bottom of the slab becomes the
most important parameter with respect to curling stress.

Figure 45 shows the relationship between joint activation and L/€ in the Mitchell County test
sections at both the time of construction and at the time of the first follow-up testing in October
2017. As seen in the figure, for a given thickness, L/ will increase with increasing joint spacing.
L/€ decreases slightly with increasing thickness, but the magnitude is small. For the 4-inch thick
test sections, L/€ ranges from 2.9 and 9.5, while for the 6-inch sections, L/ ranges from 2.5 to
8.4.

As seen in Figure 45, as /€ increases, the rate of joint activation increases, especially with
increasing time after construction.
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Figure 45. Joint activation vs. L/{ and joint spacing for Mitchell County concrete overlay
test sections

Figure 46 presents the relationship between joint activation and L/C in the Buchanan County test
sections immediately after construction.

47



Buchanan county V62 test section (August 2018)
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Figure 46. Joint activation vs. L/ and joint spacing for Buchanan County concrete overlay
test sections

Again, there is a strong correlation suggesting increased joint activation with higher L/¢.

The similarities between the trends in Figures 45 and 46 indicate that L/{ is a good indicator for
helping quantify the correlation between longer joint spacing and a higher, faster rate of joint
activation. Analyzing L/€ and its fundamental relationship with the stresses responsible for joint
activation indicate that it is a factor that should be considered to help determine optimum joint
spacing for a concrete overlay.

Implications for Optimized Joint Spacing Design

Although 100% joint activation is desirable, it should be noted that longer joint spacing can lead
to larger joint openings and increase the risk of random cracking and increased curling stresses
(Darter and Barenberg 1977, Zhang and Li 2001, Harrington and Fick 2014). Although no
random or mid-panel transverse cracks were observed to date in the test sections, these factors
should be kept in mind when considering the impact of slab size on joint activation.

Ride quality is another factor that could be compromised by joint spacing that is too long, thanks
to increased curling and larger joint openings. In the future, ride quality should be monitored in
these test sections and could be helpful in determining optimized joint spacing.

Ultimately, an optimized joint spacing design for concrete overlays may seek to balance the
benefits of maximum joint activation with potential problems caused by slabs that are too long.
Designers may wish to seek joint spacing that leads to L/€ values that are sufficient to ensure
timely activation of joints without risking negative performance impacts. Based on the
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relationships shown in Figures 45 and 46, designing to achieve L/{ values between 4 and 7 may
be optimal.

Effect of Thickness on Joint Activation

In Mitchell County, where test sections were built at both 4 and 6 inches, thickness did not
appear to have a large impact on joint activation, particularly when looking at sections with 12-
foot joint spacing and greater. However, some differences were observed when comparing the 6-
foot slab sections.

Figures 30 and 34 show joint activation rates in Mitchell County in the 4- and 6-inch thick short-
slab test sections, respectively. In these figures, it can be seen that, during the first winter of
service (January 2018), just 33-47% of joints had activated in the 4 inch thick sections, while
80% of joints had activated in the 6-inch sections. These findings reflect similar differences
observed in the analysis of exiting overlays in Chapter 4, where all 4-inch overlays had a slightly
lower joint activation rate (68%) compared to 5-inch (86%) and 6-inch (93%) overlays.

One factor that might help explain why joints may activate more quickly and to a greater extent
in thicker overlays is that, as concrete slab thickness increases, the magnitude of the temperature
differential between the top and bottom of the slabs increases (Shoukry et al. 2007). This, in turn,
increases the amount of curling stress in the slab, which also impacts joint activation behavior in
concrete overlays (Roesler and Wang 2009).

Ultimately, the rates of activation between the 4- and 6-inch test sections by the time of the last
observation in April 2019 appear to be similar (80-90%). However, a slower rate of activation
may still influence the development of dominant joint behavior. Dominant joints sometimes lead
to poor joint performance due to loss of load transfer (Gross et al. 2017, King and Roesler 2014).

Relative to thickness, joint spacing had a far more significant impact on joint activation in these
test sections. The magnitude of impact of thickness on joint activation at short joint spacing is
small compared to that of joint spacing. This is evident based on comparing a short-slab (5.5- to
6-foot) with approximately 50% joint activation, to a conventional (>12 foot) slab with nearly
100% joint activation within the first year of service. This can be observed by comparing the
results of Figure 30 with Figures 31 through 33, and Figure 34 with Figures 35 through Figure
37. Thickness did not appear to have any effect on joint activation behavior when joint spacing
was 12-foot or longer.

That said, based on observations in Mitchell County and in the existing lowa overlays analyzed
in Chapter 4, thickness may have a small impact on rate of joint activation in concrete overlays
with 5.5- to 6-foot spacing. Future study specific to overlays with short slabs may be helpful to
further analyze these differences.
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Effect of Fiber

Macro-fibers are generally considered to be able to reduce the number of required joints or
extend joint spacing in certain concrete slab applications (American Concrete Institute 2010).
Although fibers may not have an impact on the stress required to crack the concrete, they can
help control crack widths (Altoubat and Lange 2001, Bischoff 2003).

In general, the addition of 4 Ib/yd® of synthetic macro-fibers did not appear to have a significant
effect on the rate of joint activation. This is not surprising, because the fibers used here have a
relatively low modulus of elasticity, meaning that considerable strain has to be applied before
they carry much load. They will, however, as observed, help to limit the width of the cracks over
time.

Despite no observed effect on joint activation, because of their ability to keep cracks and joints
tight, fiber-reinforcement may still provide benefits to joint performance and crack control. In
fact, these benefits were observed immediately in the Mitchell County project.

After the first winter of service, reflective cracking was observed in both the typical section and
the test sections with fiber reinforcement. However, cracking was significantly reduced in the
fiber-reinforced test sections, and when it did appear, the cracks were noticeably thinner than in
the sections without fiber reinforcement. Side-by-side examples are shown in Figure 47.

Figure 47. Comparison of reflective cracks developed in test sections without fibers (left) to
those with fiber reinforcement (right)

Effect of Overlay Type on Joint Activation

The major design difference between the Mitchell and Buchanan County test sections was that
the Mitchell County overlay was a BCOA project, while the Buchanan County overlay was a
UBCOC project. Accounting for the fact that the Mitchell County project was built one year
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before the project in Buchanan County, joint activation rates for the same thickness, joint
spacing, and fiber content appeared to be similar.

The only notable difference observed between the two projects was that, in Buchanan County,
some of the extended joint spacing sections (20+ feet) achieved 100% joint activation
immediately after construction, confirmed by visual observation. In Mitchell County, it was not
until the following winter (about 6 months after construction) that 100% activation was
confirmed by MIRA testing.

Apparent Effect of Temperature on MIRA Measurements

In two Mitchell County test sections, the joint activation percentage appeared to decrease over
time. These two examples can be seen in Figure 34, where joint activation drops in the 6-inch, 6-
foot joint spacing test sections, both with and without fibers, between January and May 2018.
The full results in the Appendix show that several transverse joints in these sections switch from
a “crack” to a “no crack” result between the two tests.

Given that joints should not be able to “de-activate,” it is likely that these observations reflect a
temperature effect on the accuracy of the MIRA measurements. When temperatures drop, slabs
contract and joints and cracks open. Conversely, when temperatures rise, slabs expand and joints
and cracks close. As shown previously in Table 5, the average temperature on the day of the
January testing was just 14°F, while the average temperature during testing in May was 57°F.

Based on these results, it appears that the MIRA test method can detect certain thin cracks in
cold weather, but it is not sensitive enough to detect those same cracks in warmer temperatures.
Notably, when the next set of test results were obtained in cooler temperatures (29°F) in
November 2018, the results appeared to correct themselves and resumed the normal trend of
increasing activation over time.

Despite this flaw in the test method, it is intuitive to understand and can be accounted for in
analysis. It should be noted that this effect was only observed for shorter (5.5- to 6-foot) slab
sizes. At more conventional joint spacing, the MIRA test appears to be sufficiently sensitive to
avoid temperature effects.

Conclusions

Concrete overlay test sections were constructed in Mitchell and Buchanan Counties in August
2017 and August 2018, respectively, to further investigate joint activation behavior. These new
test sections allowed for more controlled comparison of factors including thickness, joint
spacing, fiber-reinforcement, and overlay type, and allowed for monitoring of the evolution of
joint activation at regular intervals post-construction. Major findings and recommendations are
summarized as follows:
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Joint spacing was the predominant factor affecting joint activation behavior. Greater joint
spacing led to more rapid development and a higher ultimate rate of joint activation.

Within the first two years of service life, in both Mitchell and Buchanan Counties, sections
with conventional joint spacing achieved nearly 100% joint activation. Un-activated joints
were confined mainly to short slab sections.

The ratio of slab length to radius of relative stiffness, L/{, was a good indicator for joint
activation behavior and can be used to help optimize joint spacing design for concrete
overlays.

Designing joint spacing to achieve L/ between 4 and 7 may provide the desired balance
between maximum, timely joint activation and good overlay performance.

For short slab test sections in Mitchell County, thinner (4-inch) overlays demonstrated
slightly slower joint activation rates than thicker (6-inch) overlays. However, these effects
were not as significant as those observed with joint spacing, and ultimate rates of joint
activation achieved by April 2019 were similar for both thicknesses.

Fiber-reinforcement and overlay type did not have significant effects on joint activation
behavior. However, fiber-reinforcement may provide other benefits to joint performance and
crack mitigation.

Long-term study of these test sections to assess ride quality, curling behavior, and joint
performance may help provide further insight into factors that should be considered for
optimized joint spacing design.
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APPENDIX

Mitchell County Test Sections

Location Mitchell Co.
Road IA 105
Thickness 4.0" and 6.0"
Overlay Type UBCOA
Traffic (AADT) 800
Date 4/3/2019
Time 9:20 AM (600 days test)
Temp 42°
PCl vs Age
45 42
40 ‘\3.7
35
30
25
20
2013 2014 2015 2016 2017
IRI'vs Age
175 171
170 /
164
165
160
155
150
2013 2014 2015 2016 2017
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4 INCH TEST SECTIONS DERTH 6 INCH TEST SECTIONS
1,206 CY TRANGITION 1810 CY
SECTION
ONE BAR PER PANEL-CNLY CENTERLINE (5007
REDAR 48 MCH SPACING NO TEE BARS
STA 172400.00 w 7y \ \
"4"_ 4
2-‘I EETTTARPITTI PP FYATE PP TANNNTAN
| o e
l— 500" 500 s00! 500 i ' 500 . 1! 500 500! 500/ 500¢ 500 500 500! 500 —=
6'%5' 2 5 2002 201 1512 12012 646’ 646 A6 1 W 0n 20012 1512 12012 6'X6'
SLARS SLARS SLABS SLARS SLABS SLARS SLABS SLARS SLABS SLARE SLARS SLARS SLABS SLARS SLARS SLABS SLARS
NO FIBERS NO FIBERS NO FIBERS NO FIBERS & LB/CY & LB/CY 4 LB/CY 4 LB/CY 4 LB/CY 4 LB/CY 4 LB/CY 4 LAsCY 4 LBJCY NO FIBERS NO FIBERS NO FIBERS NO FBERS
FIBERS FIBERS FIHERS FIBERS FHERS FIBERS FIHERS FIBERS FIBERS
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Visual Inspection on 6-Inch Test Sections without Fiber

6-ft Joint Spacing

Joint number | Joint activation
T1 No crack
T2 Crack
T3 No crack
T4 No crack
T5 No crack
T6 No crack
T7 No crack
T8 Crack
T9 No crack o
T10 No crack i N !\;x\ \ <, :
T11 No crack e 5
T12 No crack i M \ \'~\
T13 Crack | i \\
T14 No crack | i \‘\‘ L
T15 No crack il ' \/
T16 No crack il : /.//
12-ft Joint Spacing
Joint Joint 15-ft Joint Spacing 20-ft Joint Spacing
number activation Joint Joint Joint Joint
T1 Crack number activation number activation
T2 No crack T1 No crack T1 No crack
T3 No crack T2 Crack T2 No crack
T4 Crack T3 No crack T3 Crack
T5 No crack T4 No crack T4 No crack
T6 No crack T5 No crack T5 No crack
T7 Crack T6 Crack
T8 No crack T7 No crack

57



MIRA Testing on 6-Inch Test Sections without Fiber

90-Day Test

6-ft Joint Spacing

12-ft Joint Spacing

Test MIRA Test MIRA Test MIRA Test MIRA
No Result No Result No Result No Result
T1 No crack L1 No crack T1 Crack L1 Crack
T2 Crack L2 No crack T2 No crack L2 No crack
T3 Crack L3 No crack T3 Crack L3 -
T4 Crack L4 No crack T4 Crack L4 -
T5 Crack L5 No crack T5 Crack L5 -
T6 No crack T6 Crack
T7 No crack T7 Crack
T8 Crack T8 Crack
T9 No crack T9 Crack
T10 Crack T10 No crack
15-ft Joint Spacing 20-ft Joint Spacing
Test MIRA Test MIRA Test MIRA Test MIRA
No Result No Result No Result No Result
T1 Crack L1 No crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 - T3 Crack L3 -
T4 Crack L4 - T4 Crack L4 -
T5 Crack L5 - T5 Crack L5 -
T6 Crack T6 No crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack T9 Crack
T10 Crack T10 Crack
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180-Day Test

6-ft Joint Spacing

12-ft Joint Spacing

Tszt MIRA Result | | Test No I:';m Tﬁzt MIRA Result | | Test No F':g ':ﬁt
T1 Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 No crack L3 Crack T3 Crack L3 -
T4 Crack L4 Crack T4 Crack L4 -
T5 Crack L5 | Nocrack T5 Crack L5 -
T6 Crack T6 Crack
T7 No crack T7 Crack
T8 Crack T8 Crack
T9 Crack T9 Crack

T10 Crack T10 Crack

15-ft Joint Spacing 20-ft Joint Spacing

TI\TZt MIRA Result Test No Ig/lelsiﬁ Tﬁzt MIRA Result Test No I:ﬂ'::ﬁ
T1 Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 - T3 Crack L3 -
T4 Crack L4 - T4 Crack L4 -
T5 Crack L5 - T5 Crack L5 -
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack T9 Crack

T10 Crack T10 Crack
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270-Day Test

6-ft Joint Spacing

Tszt x}'ﬁt Test No | MIRA Result
T1 No crack L1 Crack
T2 Crack L2 Crack
T3 No crack L3 Crack
T4 Crack L4 Crack
T5 Crack L5 No crack

T6 No crack
T7 No crack
T8 Crack
T9 Crack
T10 No crack

480-Day Test 600-Day Test
6-ft Joint Spacing 6-ft Joint Spacing
No | reswr | | no |MRAResut| | N pedk | | No | mesur
T1 Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 No crack L3 Crack T3 No crack L3 Crack
T4 Crack L4 Crack T4 Crack L4 Crack
T5 Crack L5 Crack T5 Crack L5 Crack
T6 Crack T6 Crack
T7 No crack T7 No crack
T8 Crack T8 Crack
T9 Crack T9 Crack
T10 No crack T10 No crack
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Visual Inspection on 6-Inch Test Sections with Fiber

6 ft Joint Spacing

Joint number [Joint activation
T1 No crack
T2 No crack
T3 No crack
T4 No crack
T5 No crack
T6 Crack
T7 No crack
T8 No crack
T9 No crack
T10 No crack
T11 No crack
T12 No crack
T13 No crack
T14 No crack
T15 No crack
T16 Crack

12 ft Joint Spacing

' ' 15 ft Joint Spacing 20 ft Joint Spacing
Jomtb Joint Joint number | Joint activation | | Joint Joint
number activation T No crack number activation
T1 No crack i No crack T1 No crack
T2 Crack T2 Crack
" T3 No crack rac
T3 No crac T2 No crack T3 No crack
T4 No crack Ts Crack T4 Crack
T5 No crack
T6 N K T5 No crack
T6 No crack 0 Crat
T7 No crack
T7 Crack
T8 No crack
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MIRA Testing on 6-Inch Test Sections without Fiber

90-Day Test

6-ft Joint Spacing

12-ft Joint Spacing
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T MIRA T MIRA MIRA
I\TZt Reet ,\th Result TestNo | MIRAResult | |TestNo | oo™
T1 Crack L1 | Nocrack T1 No crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 Crack T3 Crack L3 -
T4 Crack L4 | Nocrack T4 Crack L4 -
T5 Crack L5 | Nocrack T5 Crack L5 -
T6 No crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 No crack
T9 No crack T9 Crack
T10 No crack T10 Crack
15-ft Joint Spacing 20-ft Joint Spacing
TI\TZt FL\ZISE/I_\': Tﬁzt Ig/lelsiﬁ Test No [ MIRA Result Test No Isﬂelsi’?\t
T1 Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 No crack
T3 No crack L3 - T3 Crack L3 -
T4 Crack L4 - T4 Crack L4 -
T5 Crack L5 - T5 Crack L5 -
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack T9 Crack
T10 Crack T10 Crack




180-Day Test

6-ft Joint Spacing

12-ft Joint Spacing
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Tﬁzt MIRA Result Tﬁzt I:';m Tﬁzt MIRA Result Tszt F':g ':ﬁt
T1 Crack L1 No crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 Crack T3 Crack L3 -
T4 Crack L4 Crack T4 Crack L4 -
T5 Crack L5 No crack T5 Crack L5 -
T6 No crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack T9 Crack

T10 Crack T10 Crack
15-ft Joint Spacing 20-ft Joint Spacing
T T MIRA T T MIRA
s;t MIRA Result ﬁ;t Reult ;Zt MIRA Result ,\T‘Zt Reult
T1 Crack L1 Crack Tl Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 - T3 Crack L3 -
T4 Crack L4 - T4 Crack L4 -
T5 Crack L5 - T5 Crack L5 -
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack TS Crack
T10 Crack T10 Crack




270-Day Test

6-ft Joint Spacing

Test MIRA Test MIRA
No Result No Result

T1 No crack L1 No crack
T2 No crack L2 Crack
T3 Crack L3 Crack
T4 Crack L4 Crack
T5 Crack L5 No crack
T6 Crack
T7 No crack
T8 No crack
T9 Crack

T10 No crack

480-Day Test 600-Day Test
6-ft Joint Spacing 6-ft Joint Spacing
Test MIRA Test MIRA Test No MIRA Test No MIRA
No Result No Result Result Result

T1 Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 Crack T3 Crack L3 Crack
T4 Crack L4 Crack T4 Crack L4 Crack
T5 Crack L5 No crack T5 Crack L5 No crack
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 No crack T8 No crack
T9 Crack T9 Crack

T10 Crack T10 Crack
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Visual Inspection on 4-Inch Test Sections without Fiber

6-ft Joint Spacing

Joint Joint
number activation
T1 No crack
T2 No crack
T3 No crack
T4 No crack
T5 No crack
T6 Crack
T7 No crack
T8 No crack
T9 No crack
T10 No crack
T11 No crack
T12 No crack
T13 No crack
T14 Crack
T15 No crack
T16 No crack
12-ft Joint Spacing 15-ft Joint Spacing 20-ft Joint Spacing
Joint Joint Joint Joint Joint
number activation number activation number Joint activation
T1 No crack T1 No crack T1 Crack
T2 Crack T2 Crack T2 Crack
T3 No crack T3 No crack T3 No crack
T4 No crack T4 Crack T4 Crack
T5 No crack T5 No crack T5 No crack
T6 Crack T6 Crack
T7 No crack T7 No crack
T8 No crack
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MIRA Testing on 4-Inch Test Sections without Fiber

90-Day Test

6-ft Joint Spacing

12-ft Joint Spacing

Test MIRA Test MIRA Test MIRA Test MIRA
No Result No Result No Result No Result
T1 No crack L1 No crack T1 No crack L1 Crack
T2 No crack L2 No crack T2 Crack L2 Crack
T3 No crack L3 No crack T3 Crack L3 -
T4 No crack L4 Crack T4 Crack L4 -
T5 No crack L5 No crack 15 No crack L5 -
T6 Crack T6 Crack
T7 Crack T7 No crack
T8 Crack T8 Crack
T9 Crack L) Crack
T10 No crack T10 Crack
15-ft Joint Spacing 20-ft Joint Spacing
Test MIRA Test MIRA Test MIRA Test MIRA
No Result No Result No Result No Result
T1 Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 - T3 Crack L3 -
T4 No crack L4 - T4 Crack L4 -
T5 Crack L5 - T5 Crack L5 -
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack 19 Crack
T10 Crack T10 Crack
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180-Day Test

6-ft Joint Spacing

12-ft Joint Spacing

Test MIRA Test MIRA Test MIRA Test MIRA
No Result No Result No Result No Result
T1 No crack L1 No crack Tl Crack L1 Crack
T2 No crack L2 No crack T2 Crack L2 Crack
T3 No crack L3 Crack T3 Crack L3 -
T4 Crack L4 Crack T4 Crack L4 -
T5 No crack L5 No crack T5 Crack LS -
T6 Crack T6 Crack
T7 Crack 17 Crack
T8 Crack T8 Crack
T9 Crack LE Crack
T10 No crack T10 Crack
15-ft Joint Spacing 20-ft Joint Spacing
Test MIRA Test MIRA Test MIRA Test MIRA
No Result No Result No Result No Result
T1 Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 - T3 Crack L3 -
T4 Crack L4 - T4 Crack L4 -
T5 Crack L5 - T5 Crack L5 -
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack T9 Crack
T10 Crack T10 Crack
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270-Day Test

6-ft Joint Spacing

Test MIRA Test No MIRA
No Result Result

T1 Crack L1 No crack
T2 No crack L2 No crack
T3 No crack L3 Crack
T4 Crack L4 Crack
T5 Crack L5 No crack
T6 Crack
T7 No crack
T8 No crack
T9 Crack

T10 Unknown

480-Day Test 600-Day Test
6-ft Joint Spacing 6-ft Joint Spacing
No | mesut | || pesur || No | mesur | || esu

T1 Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 Crack T3 Crack L3 Crack
T4 Crack L4 Crack T4 Crack L4 Crack
T5 Crack L5 No crack T5 Crack L5 No crack
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack T9 Crack

T10 Crack T10 Crack
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Visual Inspection on 4-Inch Test Sections with Fiber

6-ft Joint Spacing

Joint Joint
number activation
T1 No crack
T2 No crack
T3 No crack
T4 No crack
T5 No crack
T6 Crack
T7 No crack
T8 No crack
T9 No crack
T10 Crack
T11 No crack
T12 No crack
T13 No crack
T14 No crack
T15 No crack
T16 Crack
12-ft Joint Spacing 15-ft Joint Spacing 20-ft Joint Spacing
Joint Joint Joint Joint Joint Joint
number activation number activation number activation
T1 Crack T1 No crack T1 Crack
T2 No crack T2 No crack T2 Crack
T3 No crack T3 Crack T3 No crack
T4 Crack T4 No crack T4 Crack
T5 No crack T5 No crack T5 Crack
T6 No crack T6 No crack
T7 Crack T7 Crack
T8 No crack
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MIRA Testing on 4-Inch Test Sections with Fiber

90-Day Test

6-ft Joint Spacing

12-ft Joint Spacing

T T MIRA T T MIRA

lﬁzt MIRA Result ﬁ;t Reelt ﬁ;t MIRA Result ;Zt Result
T1 No crack L1 No crack T1 Crack L1 No crack
T2 Crack L2 | Nocrack T2 Crack L2 | No crack
T3 No crack L3 | No crack T3 Crack L3 -
T4 No crack L4 | No crack T4 No crack L4 -
T5 No crack L5 | No crack T5 Crack L5 -
T6 Crack T6 No crack
T7 No crack T7 Crack
T8 Crack T8 Crack
T9 No crack T9 No crack

T10 Crack T10 Crack

15-ft Joint Spacing 20-ft Joint Spacing

Tﬁzt MIRA Result Tﬁ:;t I:Ielslz?t Tﬁ:;t MIRA Result Tﬁzt Isﬂelsi’?\t
T1 Crack L1 No crack T1 Crack L1 Crack
T2 Crack L2 | No crack T2 Crack L2 Crack
T3 No crack L3 - T3 Crack L3 -
T4 Crack L4 - T4 Crack L4 -
T5 Crack L5 - T5 Crack L5 -
T6 Crack T6 Crack
T7 No crack T7 Crack
T8 Crack T8 Crack
T9 No crack T9 Crack

T10 Crack T10 Crack




180-Day Test

6-ft Joint Spacing

12-ft Joint Spacing
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Test MIRA Test No MIRA Test MIRA Test No MIRA
No Result Result No Result Result
T1 No crack L1 Crack T1 Crack L1 Crack
T2 No crack L2 No crack T2 Crack L2 No crack
T3 No crack L3 No crack T3 Crack L3 -
T4 No crack L4 Crack T4 Crack L4 -
T5 No crack L5 Crack T5 Crack L5 -
T6 Crack T6 No crack
T7 No crack T7 Crack
T8 No crack T8 Crack
IE No crack T9 No crack
T10 Crack T10 Crack
15-ft Joint Spacing 20-ft Joint Spacing
Test MIRA MIRA Test MIRA MIRA
No Result Test No Result No Result Test No Result
T1 Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 - T3 Crack L3 -
T4 Crack L4 - T4 Crack L4 -
T5 Crack L5 - T5 Crack L5 -
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack T9 Crack
T10 Crack T10 Crack




270-Day Test

6-ft Joint Spacing

Test MIRA Test
No Result No MIRA Result
T1 No crack L1 Crack
T2 No crack L2 No crack
T3 Crack L3 No crack
T4 No crack L4 Crack
T5 No crack L5 Crack
T6 Unknown
T7 Crack
T8 No crack
T9 No crack
T10 Crack
480-Day Test 600-Day Test
6-ft Joint Spacing 6-ft Joint Spacing
Tszt R'\f'a ':ﬁt TNeZt MIRA Result Tﬁzt F'::'e Iﬁt Tszt MIRA Result
T1 No crack L1 Crack T1 No crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 No crack T3 Crack L3 Crack
T4 Crack L4 Crack T4 Crack L4 Crack
T5 No crack L5 Crack T5 No crack L5 Crack
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 No crack T9 No crack
T10 Crack T10 Crack
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Buchanan County Test Sections

Location Buchanan Co.
Road V62
Thickness 6.0"

Overlay Type

UBCOC

Traffic (AADT)

1180

Date

4/3/2019

Time

9:45 AM

Temp

57°

240
220
200
180
160
140
120

100
2013

IRl vs Age

172

2014 2015

219

2016

2017

40

35

30

25

20
2013

PCl vs Age

2014 2015

2016

2017

INCH TEST SECTIONS (3372')
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4 LBsCY sSLASS AL SLABS sLaBs ~— sLass sSLass SLABS SLABS NO FIBERS
FIBERS 4 LB/sCY 4 LB/CY 4 LB/CY 4 L8B/CY 4 LB/sCY NGO FIBERS NC FISERS NO FISBERS NO FIBERS
FISERS FIBERS FIBERS FIBERS FIBERS
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Visual Inspection of Test Sections without Fiber (August 2018)

6-ft Joint Spacing

12-ft Joint Spacing

Joint number | Joint activation
T1 Crack
T2 No Crack
T3 No Crack
T4 No Crack
T5 No Crack
T6 Crack
T7 No Crack
T8 No Crack
T9 Crack

T10 No Crack
T11 No Crack
T12 No Crack
T13 Crack
T14 No Crack
T15 No Crack
T16 Crack
T17 No Crack
T18 No Crack

15-ft Joint Spacing

Joint number | Joint activation
T1 Crack
T2 No Crack
T3 Crack
T4 No Crack
T5 Crack
T6 No Crack
T7 Crack

Joint number | Joint activation
T1 No Crack
T2 No Crack
T3 No Crack
T4 No Crack
T5 Crack
T6 No Crack
T7 Crack
T8 No Crack
20-ft Joint Spacing
Joint number | Joint activation
T1 Crack
T2 Crack
T3 Crack
T4 Crack
T5 Crack
30-ft Joint Spacing
Joint number | Joint activation
T1 Crack
T2 Crack
T3 Crack
T4 Crack
T5 Crack

40-ft Joint Spacing

Joint number

Joint activation

T1 Crack
T2 Crack
T3 Crack
T4 Crack
T5 Crack




MIRA Test at 240 Days on Test Sections without Fiber

5.5-ft Joint Spacing

Test MIRA Test MIRA
No Result No Result
T1 Crack L1 Crack
T2 | No Crack L2 Crack
T3 Crack L3 Crack
T4 | No Crack L4 No Crack
T5 | No Crack L5 No Crack
T6 Crack
T7 | No Crack
T8 | No Crack
T9 Crack
T10 | No Crack
12-ft Joint Spacing 15-ft Joint Spacing
Test No R': Isliu'?:c Test No Rl\g I:;?t Test No I:Ia I:J'?t Test No R"\g !Zﬁ
T1 No Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 Crack L3 - T3 Crack L3 -
T4 Crack L4 - T4 Crack L4 -
T5 Crack L5 - T5 Crack L5 -
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack T9 Crack
T10 Crack T10 Crack
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Visual Inspection of Test Sections with Fiber (August 2018)

6-ft Joint Spacing

Joint number Joint activation
T1 No Crack
T2 Crack
T3 No Crack
T4 No Crack
T5 Crack
T6 No Crack
T7 No Crack
T8 No Crack
T9 Crack
T10 No Crack
T11 Crack
T12 No Crack
T13 No Crack
T14 No Crack
T15 Crack
T16 No Crack
T17 Crack
T18 No Crack
15-ft Joint Spacing
Joint Joint
number activation
T1 Crack
T2 No Crack
T3 Crack
T4 Crack
T5 Crack
T6 Crack
T7 Crack
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12-ft Joint Spacing

Joint

number Joint activation
T1 Crack
T2 Crack
T3 No Crack
T4 Crack
T5 No Crack
T6 Crack
T7 Crack
T8 No Crack

20-ft Joint Spacing

Joint

number Joint activation
T1 Crack
T2 Crack
T3 Crack
T4 Crack
T5 Crack

30-ft Joint Spacing

Joint Joint

number activation
T1 Crack
T2 Crack
T3 Crack
T4 Crack
T5 Crack

40-ft Joint Spacing

Joint

number Joint activation
T1 Crack
T2 Crack
T3 Crack
T4 Crack
T5 Crack




MIRA Test at 240 Days on Test Sections with Fiber

5.5-ft Joint Spacing

Test MIRA Test MIRA
No Result No Result

T1 No Crack L1 No Crack

T2 Crack L2 No Crack

T3 No Crack L3 No Crack

T4 Crack L4 Crack

T5 No Crack L5 Crack

T6 Crack

T7 No Crack

T8 Crack

T9 No Crack

T10 Crack
12-ft Joint Spacing 15-ft Joint Spacing
TestN0 | pesun | | TN | pesur || No | mesut | | No | Resu

T1 No Crack L1 Crack T1 Crack L1 Crack
T2 Crack L2 Crack T2 Crack L2 Crack
T3 No Crack L3 - T3 Crack L3 -
T4 Crack L4 - T4 Crack L4 -
T5 Crack L5 - T5 Crack L5 -
T6 Crack T6 Crack
T7 Crack T7 Crack
T8 Crack T8 Crack
T9 Crack T9 Crack

T10 Crack T10 Crack

77



Field Test Summary Sheets

Location | Worth County Test No MIRA Test No MIRA
Road 510th St Result Result
Road ID 1476 Tl Unknown L1 Crack
Thickness 5.0" T2 No Crack L2 No Crack
T3 No Crack L3 No Crack
Overlay UBCOC
Type T4 Crack L4 Crack
Traffic 570 T5 No Crack LS Crack
(AADT) T6 No Crack
Trans.verse 77 Crack
Joint 5.5
Spaci T8 No Crack
pacing
Date 8/2/2017 IE Crack
Time 10:15 AM T10 No Crack
Temp -

PCl vs Age
80 100
56 53 75

60

40 50

20
0

0 2000 2005 2010 2015 2020
2000 2005 2010 2015 2020
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Location | Worth County Test No MIRA Test No MIRA
Road 510th St Result Result
Road ID 1476 T1 Crack L1 Crack
Thickness 5.0" T2 Unknown L2 Crack
Overlay BCOA T3 Crack L3 Crack
Type T4 No Crack L4 Crack
Traffic T5 Crack L5 Crack
480
(AADT) T6 No Crack
Transverse T7 Crack
Joint 5.5
Spaci T8 No Crack
pacing
Date 8/2/2017 LB Crack
Time 11:00 AM T10 Crack
Temp -
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MIRA

Test No Result
L1 Crack
L2 Crack
L3 Crack
L4 Crack
L5 Crack

Location | Worth County MIRA
Test No
Road Mallard Ave Result
Road ID 1368 T1 Crack
Thickness 4.0" T2 Crack
T3 Crack
Overlay BCOA
Type T4 Crack
Traffic T5 Crack
310
(AADT) T6 Crack
Trans.verse 77 Crack
Joint 5.5
; T8 Crack
Spacing
Date 8/2/2017 ™ Crack
Time 12:00 PM T10 Crack
Temp -
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Stacyville f
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100
80
60
40

20

2000

2005

PCl vs Age

2010

88

57

2015 2020

Location Mitchell Test No MIRA
County Result
Road A23/465th St T1 Crack
Road ID 1498 T2 Crack
Thickness 4.0" T3 Crack
Overlay BCOA T4 No Crack
Type T5 No Crack
Traffic
T6 Crack
(AADT) 460
T7 No Crack
Transverse
Joint 5.5 T8 No Crack
Spacing T9 No CraCk
Date 8/2/2017 T10 No Crack
Time 1:30 PM
Temp -

100

81

80
60
40
20

2000

Test No MIRA
Result

L1 Crack

L2 Crack

L3 Crack

L4 Crack

L5 Crack

IRI vs Age 92

86
58 60

2005

2010

2015

2020



MIRA
Test No Result
L1 Crack
L2 Crack
L3 -
L4 -
L5 -

. Mitchell MIRA
Location County Test No Result
Road A23/465th St T1 Crack
Road ID 1498 T2 No Crack
Thickness 4.0" T3 Unknown
Overlay BCOA T4 Crack
Type T5 No Crack
Traffic
T6 No Crack
(AADT) 460
T7 Crack
Transverse
Joint 11" T8 Unknown
Spacing T9 CraCk
Date 8/2/2017 T10 Crack
Time 2:15 PM
Temp -

Gyt~
Stacyville
3 !

" @ , 4651!1—51«
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Location Buchanan Co. MIRA
Test No
Road D22 Result
Road ID 1433 T1 Crack
Thickness 6.0" T2 Crack
Overlay T3 Crack
Type UBCOA T4 Crack
Traffic 1410 T5 Crack
(AADT) T6 Crack
Trans.verse . p— Crack
Joint Varies
: T8 Crack
Spacing
Date 8/9/2017 T9 Crack
Time 11:00 AM T10 Crack
Temp -

100

50

200
150
100

50

2002

161

2002

83

Test No

MIRA
Result

L1

L2

L3

L4

L5

1433 Buchanan County D22

Test Site Start - Staggered T-Joints

Westbound Lane

Directions: To here - From here

PCl vs Age
84
51 53
2007 2012 2017
IRI'vs Age
163 170 159
57 63
2007 2012 2017
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Location Buchanan Co. MIRA
Test No
Road W40 Result
Road ID 1274 T1 Crack
Thickness 6.0" T2 Crack
Overlay T3 Crack
Type UBCOA T4 Crack
Traffic 1640 TS Crack
(AADT) T6 Crack
Transverse 7 Crack
Joint 11'
; T8 Crack
Spacing
Date 8/9/2017 T9 Crack
Time 12:00 PM T10 Crack
Temp -

86

85
84
83

82
2006

98
96
94
92
90
88

86
2006

84

MIRA
Test No Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

85 85
84
83
2008 2010 2012 2014 2016
IRI'vs Age
96
93
91
89 3
2008 2010 2012 2014 2016

2018

2018



Location Delaware Co. MIRA MIRA
Test No Test No
Road 220th Ave Result Result
Road ID 1217 T1 Crack L1 Crack
Thickness 6.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBCOA
Type T4 Crack L4 _
Traffic 650 T5 Crack L5 -
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 15'
Spacing T8 Crack
Date 8/9/2017 ™ No Crack
Time 1:30 PM T10 Crack
Temp -

76

74

72

70

68

66

2012

140
135
130
125
120
115
110

2012

85

PCl vs Age
74
72
67
2013 2014 2015 2016 2017 2018
IRl vs Age 138
121
115
2013 2014 2015 2016 2017



Location

Delaware Co.

MIRA

Test No
Road 180th St Result
Road ID 1216 T1 Crack
Thickness 6.0" T2 Crack
T3 Crack
Overlay UBCOA
Type T4 Crack
Traffic 134 T5 Crack
(AADT) T6 Crack
Trans.verse — Crack
Joint 15'
Spaci T8 Crack
pacing
Date 8/9/2017 T9 Crack
Time 2:15 PM T10 Crack
Temp -

85

80

75

70
2012

150
140
130
120
110

100
2012

86

Test No i
Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

a4 PCl vs Age
80
73
2014 2016
IRl vs Age 147
128
108
2014 2016

2018

2018



Location Delaware Co. MIRA
Test No
Road D22 Result
Road ID 1439 T1 No Crack
Thickness 6.0" T2 Crack
Overlay T3 Crack
Type UBCOA T4 Crack
Traffic 1100 T5 Crack
(AADT) T6 Crack
Trans.verse — 00B
Joint 11'
. T8 R
Spacing
Date 8/9/2017 L -
Time 3:00 PM T10 -
Temp -

b 1439 Delaware County D22

E g Poit

Directions: To here - From here

A b ot
¢

PCl vs Age

100

90

80

70 6161 60 59

60 55

50

2002 2006 2010
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(?Earlynlle !

g7 89 150
100
50
0
2018 2002

2014

87

Test No

MIRA
Result

L1 -

L2 -

L3 -

L4 -

L5 -

2006

IRI'vs Age
142

2010

2014

2018



Location

Delaware Co.

MIRA

Test No
Road 180th St Result
Road ID 1215 T1 Crack
Thickness 6.0" T2 Crack
Overlay T3 Crack
Type UBCOA T4 Crack
Traffic 1060 T5 Crack
(AADT) T6 Crack
Trans.verse p— Crack
Joint 15'
: T8 Crack
Spacing
Date 8/10/2017 T9 Crack
Time 8:30 AM T10 Crack
Temp -

S —————

©12018/Google:

80

75

70

2012

150
140
130
120
110

100

2012

2013

140

2013

88

2014

2014

MIRA
Test No Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

78
2015 2016 2017
IRl vs Age
110 110
@
2015 2016 2017

2018

2018



Location Delaware Co. MIRA MIRA
Test No Test No
Road 200th St Result Result
Road ID 1218 Tl Crack L1 Crack
Thickness 6.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBCOA
Type T4 Crack L4 _
Traffic 50 T5 Crack LS -
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 15'
Spacing T8 Unknown
Date 8/10/2017 L5 Crack
Time 9:15 AM T10 Crack
Temp -

o
>
L4
£
o
]
b

2012

135
130
125
120

115
2012

89

2014

123

116

2014

2016

2016

71

2018

133

2018



Location Buchanan Co. MIRA
Test No
Road D22 Result
Road ID 1433 T1 Crack
Thickness 6.0" T2 Crack
Overlay T3 Crack
Type UBCOA T4 No Crack
Traffic T5 Crack
(AADT) 1410 - :
Trans.verse — -
Joint 40'
. T8 R
Spacing
Date 8/10/2017 IE -
Time 10:30 AM T10 -
Temp -

1433 Buchanan County D22

Test Site Start - 40' T-Joints
Westbound Lane

Directions: To here - Erom here

OtHEStES

s

90

Test No

MIRA
Result

L1

L2

L3

L4

L5

L




Test No

MIRA
Result

L1

L2

L3

L4

L5

Location Buchanan Co. MIRA
Test No
Road D22 Result
Road ID 1433 T1 Crack
Thickness 6.0" T2 No Crack
Overlay . T3 Crack
Type UBCOA/Fibers Ta Crack
Traffic 1410 T5 Crack
(AADT) T6 Crack
Trans.verse — Crack
Joint 10'
Spaci T8 Crack
pacing
Date 8/10/2017 IE Crack
Time 11:30 AM T10 Crack
Temp -

91




Location Chickasaw Co. Test No MIRA Test No MIRA
Road T76 Result Result
Road ID 1411 T1 Crack L1 -
Thickness 6.0" T2 Crack L2 .
T3 Crack L3 -
Overlay UBCOA
Type T4 Crack L4 .
Traffic 37.71 T5 Crack L5 i
(AADT) T6 Crack
Trans.verse 77 0OB
Joint 12! T8
Spacing N
Date 8/10/2017 IE -
Time 2:00 PM T10 -
Temp -

o
>
5§
c
o)
=
©
de
)
&6

- l?er|1ickasaw

PCl vs Age
110 99
100 91
90
80
70 58 58
60 56 54
50
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
IRI'vs Age
200
153
150 135 10 13
100
63 65
50
0
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
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Location Floyd County Test No MIRA
Road B57 Result
Road ID 1416 T1 Crack
Thickness 6.0" T2 Crack
Overlay T3 Crack
Type UBCOA T4 Crack
Traffic ca T5 Crack
(AADT) T6 Crack
Transverse p— Crack
Joint 12
. T8 Crack
Spacing
Date 8/14/2017 T Crack
Time 10:15 AM T10 Crack
Temp 70°F

nderwood-Ave

C]

100
90
80
70
60

50
1998

200
150
100

50

1998

93

2002

140

2002

58

133

MIRA
Test No Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

220thsSt

PCl vs Age

88

2006

IRl vs Age

163
134

2006

2010

2010

90

2014

69

2014

88

70

2018

2018



MIRA

Test No Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

Location Chickasaw Co. MIRA
Test No
Road T76 Result
Road ID 1411 Tl -
Thickness 6.0" T2 -
Overlay T3 -
Type UBCOA T2 _
Traffic T5 -
(AADT) 37-71 = :
Trans.verse 17 Crack
Joint 12
Spaci T8 Crack
pacing
Date 8/14/2017 ™ Crack
Time 2:00 PM T10 Crack
Temp 73°F
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- n I I
Location Chickasaw Co. Test No MIRA Test No MIRA
Road V18 Result Result
Road ID 1079 T1 Crack L1 Crack
Thickness 6.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBCOA
Type T4 Crack L4 _
Traffic 260 T5 Crack L5 -
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 20'
. T8 Crack
Spacing
Date 8/14/2017 ™ Crack
Time 12:00 PM T10 Crack
Temp 73°F

PCl vs Age

70 59
60 51
44

50 36

40 28

30 21

20
2002 2006 2010

2014 2018

IRI'vs Age

200

177
180170

160

140
120

100

2002 2006 2010 2014 2018

95



Location Mitchell Co. MIRA
Test No
Road A23 Result
Road ID 1328 T1 Crack
Thickness 6.0" T2 Crack
Overlay T3 No Crack
Type UBCOA T4 Crack
Traffic 210 T5 Unknown
(AADT) T6 No Crack
Tran;verse — Crack
Joint 5.5
Spaci T8 No Crack
pacing
Date 8/14/2017 IE Crack
Time 1:15 PM T10 Crack
Temp 74°F

100

90

80

70
1998

100

90

80

70

60

50
1998

96

MIRA

Test No Result
L1 Crack

L2 Crack

L3 Crack

L4 Crack

L5 Crack

PCl vs Age
91
¢ 87 86
—e—o
2002 2006 2010 2014
IRI'vs Age
91 89
60 62
2002 2006 2010 2014

2018

2018



Location Mitchell Co. MIRA
Test No
Road T38 Result
Road ID 1050 T1 Crack
Thickness 6.0" T2 Crack
Overlay T3 Crack
Type UBCOA T4 Crack
Traffic 1150 T5 Crack
(AADT) T6 Crack
Transverse p— Crack
Joint 15'
: T8 Crack
Spacing
Date 8/14/2017 9 Crack
Time 2:15 PM T10 Crack
Temp 75°F

©'2018 Google >

80

70

60

50
2000

200

180

160

140

120
1998

2002

97

MIRA
Test No Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

PCl vs Age
53
50
2008 2012 2016
IRI'vs Age
177 178
2006 2010 2014

2018



Location Poweshiek Co. MIRA
Test No
Road F29 Result
Road ID 1461 T1 Crack
Thickness 6.0" T2 Crack
Overlay T3 Crack
Type UBCOA T4 Crack
Traffic 270-440 TS Crack
(AADT) T6 Crack
Transverse p— Crack
Joint 12
; T8 Crack
Spacing
Date 8/15/2017 T9 Crack
Time 9:30 AM T10 Crack
Temp 66°F

92
90
88
86
84
82

80
2012

2014

PCl vs Age
90

—

2016

2018

82
80
78
76
74
72

2012

98

MIRA
Test No Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

IRI'vs Age

2014

80

2016 201¢



Location Poweshiek Test No MIRA Test No MIRA
Co. Result Result
Road V18 T1 Crack L1 Crack
Road ID 1224 T2 Crack L2 Crack
Thickness 6.0" T3 Crack L3 Crack
Overlay UBCOC T4 Crack L4 -
Type T5 Crack L5 -
Traffic
T6 Crack
(AADT) 1200
T7 Crack
Transverse
Joint 20" T8 Crack
Spacing T9 CraCk
Date 8/15/2017 T10 Crack
Time 10:15 AM
Temp 70°F

84

82

80
2000

140
130
120
110
100

90
2000

PCl vs Age
82
81 81
80
2004 2008 2012 2016
IRI'vs Age
130
126
104
97
2004 2008 2012 2016

99



Location Poweshiek Test No MIRA
Co. Result
Road V30 T1 Crack
Road ID 1189 T2 Crack
Thickness 6.0" T3 Crack
Overlay UBCOC T4 Crack
Type T5 Crack
Traffic
T6 Crack
(AADT) 280
T7 Crack
Transverse
Joint 20" T8 Crack
Spacing T9 CraCk
Date 8/15/2017 T10 Crack
Time 11:00 AM
Temp 68°F

100
90
80
70
60

50
1998

150
130
110
90
70

50
1998

89

2002

100

2002

89

82

2006

MIRA

Test No Result

L1 Crack

L2 Crack

L3 Crack
L4 -
L5 -

PCl vs Age

IRI'vs Age

2006

2010

2010

79

2014

122

2014

74

127

2018

2018



Location Poweshiek MIRA
Test No
Road F52 Result
Road ID 1190 Tl Crack
Thickness 6.0" T2 Crack
Overlay T3 Crack
Type UBCOC T4 Crack
Traffic T5 Crack
320
(AADT) T6 Crack
Trans.verse 17 Crack
Joint 20'
Spaci T8 Crack
pacing
Date 8/15/2017 ™ Crack
Time 12:15 PM T10 Crack
Temp 68°F

DEepIRIVr

MIRA
Test No Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

PCl vs Age

100
90 89

90

77
80

71
70
60

50
1998 2002 2006 2010 2014 2018

IRl vs Age
150 g 3

111

100 75

50

1998 2002 2006 2010 2014 2018
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Location Linn County Test No MIRA
Road X20 Result
Road ID 1427 T1 Crack
Thickness 6.0" T2 Crack
T3 Crack
Overlay BCOA
Type T4 Crack
Traffic 910 T5 Crack
(AADT) T6 Crack
Tran;verse — Crack
Joint 12!
Spaci T8 Crack
pacing
Date 8/18/2017 IE Crack
Time 10:15 AM T10 Crack
Temp 71°F

Test No MIRA
Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

1427 Linn County X20

Ending Point

Directions: To here - From here

140 IRl vs /-\ge
{ 126 1,3
© 120
3
S
o 100 90
a

80 7273

60

1998 2002 2006 2010 2014 2018
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Location Linn County Test No MIRA Test No MIRA
Road E34 Result Result
Road ID 1387 T1 Crack L1 Crack
Thickness 6.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBCOA
Type T4 Crack L4 -
Traffic 2140 T5 Crack L5 -
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 12!
. T8 Crack
Spacing
Date 8/18/2017 LB Crack
Time 11:00 AM T10 Crack
Temp 71°F

County:Home-Rd

PCl vs Age
100
91
90 ’\8‘7
80
2014 2016 2018
IRl vs Age
80 77
60
2014 2016 2018

103



Location Linn County Test No MIRA
Road E16 Result
Road ID 1323 T1 Crack
Thickness 6.0" T2 Crack
T3 Crack

Overlay UBOL
Type T4 Crack
Traffic 900 T5 Crack
(AADT) T6 Crack
Trans’verse — Crack

Joint 12!
Spaci T8 Crack
pacing

Date 8/18/2017 IE Crack
Time 12:30 AM T10 Crack

Temp 74°F

2002

200

150

100

50

2002

104

Test No i
Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

2006 2010
177 IRI'vs Age
161
2006 2010

2014 2018

95 89 101

2014 2018



1094 Audubon County
N36
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180
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100

Location Audubon Co. Test No MIRA Test No MIRA
Road N36 Result Result
Road ID 1094 T1 Crack L1 Crack
Thickness 5.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBCOC
Type T4 Crack L4 .
Traffic 200 T5 Crack L5 -
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 20'
. T8 Crack
Spacing
Date 8/21/2017 IE Crack
Time 1:00 PM T10 Crack
Temp 73°F

1998

105

PCl vs Age
80
72 71
56
39
2002 2006 2010 2014 2018
IRI'vs Age
162
150
136
121
10
2002 2006 2010 2014 2018



160thiRd,

=NOTthESHE

- N | I
Location Guthrie Co. Test No MIRA Test No MIRA
Road F25 Result Result
Road ID 1308 T1 Crack L1 Crack
Thickness 6.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBCOA
Type T4 Crack L4 _
Traffic 950 T5 Crack L5 -
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 12
. T8 Crack
Spacing
Date 8/21/2017 ™ Crack
Time 2:15 PM T10 Crack
Temp 74°F

2000

250
200
150
100

50

0
2000

106

2004 2008 2012 2016
IRI'vs Age
226 235
171
85 99
2004 2008 2012 2016



Location Dallas Co. Test No MIRA Test No MIRA
Road O Ave Result Result
Road ID 1010 T1 Crack L1 Crack
Thickness 6.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBCOA
Type T4 Crack L4 _
Traffic 2840 T5 Crack L5 -
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 20'
Spacing T8 Crack
Date 8/21/2017 ™ Crack
Time 3:15 PM T10 Crack
Temp 81°F
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60

1998

155
150
145
140
135
130

1998

107

69
66
63
2002 2006 2010 2014 2018
IRI'vs Age
150
146
143 143
35
2002 2006 2010 2014 2018



Location Keokuk Co. MIRA
Test No
Road V5G Result
Road ID 1442 T1 Crack
Thickness 6.0" T2 Crack
T3 Crack
Overlay UBCOC
Type T4 Crack
Traffic 510 T5 Crack
(AADT) T6 Crack
Trans.verse — Crack
Joint 12!
Spaci T8 Crack
pacing
Date 8/22/2017 IE Crack
Time 10:30 AM T10 Crack
Temp 69°F

100

90
80
70
60
50

40
2002

200

150

100

50

2002

(%2

175

Test No i
Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

89
2006 2010 2014
IRl vs Age
2006 2010 2014
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2018
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Location Keokuk Co. Test No MIRA Test No MIRA
Road W15 Result Result
Road ID 1418 T1 Crack L1 Crack
Thickness 6.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBCOA
Type T4 Crack L4 -
Traffic 910 T5 Crack L5 -
(AADT) T6 Crack
Trangverse T7 Crack
Joint 12!
. T8 Crack
Spacing
Date 8/22/2017 IE Crack
Time 11:15 AM T10 Crack
Temp 72°F

89 PCl vs Age
85 85
84
2006 2010 2014 2018
3
g IRl vs Age
5 118
3 105 106
78
2006 2010 2014 2018

109



Location Washington Test No MIRA
Co. Result
Road W64 T1 No Crack
Road ID 1472 T2 No Crack
Thickness 6.0" T3 No Crack
Overlay UBCOA T4 No Crack
Type T5 Crack
Traffic
T6 No Crack
(AADT) 250
T7 Crack
Transverse
Joint 12' T8 Crack
5pacing T9 CraCk
Date 8/22/2017 T10 Crack
Time 1:15PM
Temp 73°F

o

ey

1-75th-St-

1472 Washington County

Wé64

Ending Point

Directions: To here - From here

‘Haskins

100

80

60

40

20
2012

160

120

80

40
2012

175

110

MIRA
Test No Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

PCl vg,Age 9
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2014 2016
IRI'vs Age
58 60
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2018



Location Washington Test No MIRA Test No MIRA
Co. Result Result
Road W64 T1 No Crack L1 Crack
Road ID 1338 T2 No Crack L2 Crack
Thickness 6.0" T3 No Crack L3 Crack
Overlay UBCOC T4 Crack L4 -
Type T5 Unknown L5 -
Traffic
T6 Crack
(AADT) 630
T7 Unknown
Transverse
Joint 12' T8 Crack
Spacing 19 No Crack
Date 8/22/2017 T10 No Crack
Time 2:00 PM
Temp 77°F
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86

84
2012

80
79
78
77
76

75
2012

2014 2016

IRI'vs Age

2014 2016
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2018
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Location Johnson Co. Test No MIRA Test No MIRA
Road F62 Result Result
Road ID 1417 T1 Crack L1 Crack
Thickness 6.0" T2 Crack L2 Crack
T3 Crack L3 No Crack
Overlay UBCOA
Type T4 Crack L4 -
Traffic 5940 T5 Crack L5 -
(AADT) T6 Crack
Transverse T7 Crack
Joint 11'
. T8 Crack
Spacing
Date 8/22/2017 IE Crack
Time 2:45 PM T10 Crack
Temp 77°F

>

1417 Johnson County F62(520th

St SE)

Starting Point

Directions: To here - Erom here
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Location Humboldt Co. MIRA
Test No
Road C29 Result
Road ID 1375 T1 No Crack
Thickness 4.0" T2 No Crack
Overlay T3 Crack
Type UBCOC T4 Crack
Traffic 570 T5 No Crack
(AADT) T6 No Crack
Trans.verse T7 No Crack
Joint 6'
Spaci T8 No Crack
pacing
Date 8/23/2017 T9 No Crack
Time 9:45 AM T10 Crack
Temp 63°F

MIRA

Test No Result
L1 Crack
L2 Crack
L3 Crack
L4 Crack
L5 Crack
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Test No MIRA
Result
L1 Crack
L2 Crack
L3 Crack
L4 -
L5 -

Location Cherokee Co. MIRA
Test No
Road Cle6 Result
Road ID 1124 T1 Crack
Thickness 6.0" T2 Crack
T3 Crack
Overlay UBCOA
Type T4 Crack
Traffic 300 T5 Crack
(AADT) T6 Crack
Trans’verse — Crack
Joint 20'
Spaci T8 Crack
pacing
Date 8/23/2017 IE Crack
Time 11:45 AM T10 Crack
Temp 72°F

1124 Cherokee County C16

Starting Point

Directions: To here - From here

450th St

2000 2004 2008 2012 2016
IRl vs Age 155
160
140
140
116
120
102
100
80
2000 2004 2008 2012 2016
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Location Cherokee Co. Test No MIRA Test No MIRA
Road L51 Result Result
Road ID 1054 T1 Crack L1 Crack
Thickness 5.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBCOA
Type T4 Crack L4 -
Trafﬁc 290 T5 CraCk L5 _
T (AADT) T6 Crack
ransverse
T7
Joint 15' = Crack
Spacing Crack
Date 8/23/2017 ™ Crack
Time 1:00 PM T10 Crack
Temp 74°F
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110 107
100
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*O0B: MIRA out of battery

i MIRA MIRA
Location Sac Co. Test No Test No
Road D15 Result Result
Road ID 1042 Tl L1 -
Thickness 5.0" T2 L2 -
Overlay T3 L3 -
Type UBCOC T4 L4 -
Traffic T5 L5 )
(AADT) 460 -
Trans.verse T7 00B
Joint 15'
. T8 R
Spacing
Date 8/23/2017 ™ -
Time 2:30 PM T10 -
Temp 74°F
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213
193
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Location Wright Co. Test No MIRA Test No MIRA
Road R38 Result Result
Road ID 1139 T1 Crack L1 Crack
Thickness 5.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBCOC
Type T4 Crack L4 .
Traffic T5 Crack L5 -
708
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 15'
Spacing T8 Crack
Date 8/25/2017 LB Crack
Time 9:30 AM T10 Crack
Temp 63°F
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i i MIRA
Location Wright Co. Test No
Road C54 Result
Road ID 1108 T1 Crack
Thickness 5.0" T2 Crack
T3 Crack
Overlay BCOA
Type T4 Crack
Traffic 310 T5 Crack
(AADT) T6 Crack
Trans.verse p— Crack
Joint 15'
: T8 Crack
Spacing
Date 8/25/2017 9 Crack
Time 10:15 AM T10 Crack
66°F

Temp
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Location Wright Co. Test No MIRA
Road C54 Result
Road ID 1107 T1 Crack
Thickness 5.0" T2 Crack
T3 Crack
Overlay UBCOC
Type T4 Crack
Traffic 800 T5 Crack
(AADT) T6 Crack
Tran;verse — Crack
Joint 15'
Spaci T8 Crack
pacing
Date 8/25/2017 IE Crack
Time 11:00 PM T10 Crack
Temp 68°F
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Location Humboldt Co. Test No MIRA Test No MIRA
Road Cc48 Result Result
Road ID 1376 T1 Crack L1 Crack
Thickness 4.0" T2 No Crack L2 Crack
T3 Crack L3 Crack
Overlay BCOA
Type T4 No Crack L4 Crack
Trafﬁc 440_910 T5 Crack I_5 Crack
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 6'
Spaci T8 Crack
pacing
Date 8/23/2017 LB Crack
Time 12:00 PM T10 Crack
Temp 70°F

1376 Humboldt County C48
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1374 Humboldt County
P56
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Location Humboldt Co. MIRA
Test No
Road P56 Result
Road ID 1374 T1 No Crack
Thickness 4.0" T2 No Crack
T3 Crack
Overlay BCOA
Type T4 No Crack
Traffic 100-200 T5 Crack
(AADT) T6 No Crack
Trans.verse T7 No Crack
Joint 6'
. T8 Unknown
Spacing
Date 8/23/2017 IE Crack
Time 12:45 PM T10 No Crack
Temp 72°F

2012

2012

121

Test No MIRA
Result

L1 Crack

L2 Crack

L3 Crack

L4 Crack

L5 Crack

PCl vs Age
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2014
IRl vs Age
64
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2016
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2018
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i MIRA MIRA
Location Warren Co. Test No Test No
Road G24 Result Result
Road ID 1463 T1 Crack L1 Crack
Thickness 7.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBOL
Type T4 Crack L4 _
Traffic 1600 T5 Crack L5 -
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 12
Spaci T8 Crack
pacing
Date 9/1/207 ™ Crack
Time 9:00 AM T10 Crack
Temp

56°F
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Location Wayne Co. Test No MIRA
Road S40 Result
Road ID 1508 T1 Crack
Thickness 6.0" T2 Crack
T3 Crack

Overlay UBOL
Type T4 Crack
Traffic 300 T5 Crack
(AADT) T6 Crack
Trans.verse — Crack

Joint 20'
Spaci T8 Crack
pacing

Date 9/1/2017 T9 Crack
Time 11:00 AM T10 Crack

Temp 67°F
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Location Jasper Co. Test No MIRA Test No MIRA
Road T38 Result Result
Road ID 1470 T1 Crack L1 Crack
Thickness 7.0" T2 Crack L2 Crack
Overlay T3 Crack L3 Crack
Type UBOL T4 Crack L4 -
Traffic T5 Crack L5 -
(AADT) 680-1160 T6 Crack
Trans.verse T7 Crack
Joint
Spacing 12" T8 Crack
Date 9/8/2017 T9 Crack
Time 9:30 AM T10 Crack
Temp 63°F
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i MIRA MIRA
Location Jones Co. Test No Test No
Road X44 Result Result
Road ID 1500 T1 Crack L1 Crack
Thickness 7.0" T2 Crack L2 Crack
T3 Crack L3 Crack
Overlay UBOL
Type T4 Crack L4 _
Traffic 850 T5 Crack L5 -
(AADT) T6 Crack
Trans.verse T7 Crack
Joint 11'
. T8 Crack
Spacing
Date 9/8/2017 ™ Crack
Time 11:45 AM T10 Crack
Temp 68°F
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