
  Pavement Demonstration Program Project Finalization 

Full-Depth Reconstructed Perpetual Hot Mix Asphalt 

Pavement – 

M-84 & I-96 

(MDOT Job Numbers 31804 & 52803)  
 

Final Technical Report 
 

Prepared by: 
 

   

Zhanping You, Ph.D., P.E.  

Lei Yin, Research Assistant 

Syed Waqar Haider, Ph.D., P.E  

Dongzhao Jin, Ph.D. 

Kwadwo Ampadu Boateng, Research Assistant 
 

 

 
 

Michigan Technological University 

 1400 Townsend Drive  

Houghton, MI 49931 
 

Submitted to: 

 

Michigan Department of Transportation 

8885 Ricks Road 

Lansing, MI 48909 

  

 

Report No. OR23-304, D 

 

 

 July 2024   

 

 



II 

 

TECHNICAL REPORT DOCUMENTATION PAGE 

1. Report No. 

OR23-304, D 

2. Government Accession No. 

N/A 

3. Recipient's Catalog No. 

N/A 

4. Title and Subtitle 

Pavement Demonstration Program Project Finalization 

Full-Depth Reconstructed Perpetual Hot Mix Asphalt Pavement – M-84 & I-96 

(MDOT Job Numbers 31804 & 52803) 

5. Report Date 

July 2024 

6. Performing Organization Code  

N/A 

7. Author(s) 

Zhanping You, Lei Yin, Syed W. Haider, Dongzhao Jin, Kwadwo Ampadu 

Boateng 

8. Performing Organization Report No.  

N/A 

9. Performing Organization Name and Address 

Michigan Technological University 

1400 Townsend Drive, 

Houghton, MI 49931-1295 

10. Work Unit No. 

N/A 

11. Contract or Grant No. 

Contract 2022-0432:Z1 

12. Sponsoring Agency Name and Address 

Michigan Department of Transportation (MDOT) 

Research Administration 

8885 Ricks Road 

P.O. Box 33049 

Lansing, Michigan 48909 

13. Type of Report and Period Covered 

Final Report, 03/20/2023 –08/31/2024 

14. Sponsoring Agency Code 

N/A 

15. Supplementary Notes 

Conducted in cooperation with the U.S. Department of Transportation, Federal Highway Administration. MDOT research 

reports are available at www.michigan.gov/mdotresearch. 

16. Abstract 

Pavement demonstration projects are used to evaluate their long-term performance and applicability as a Michigan Department 

of Transportation (MDOT) standard practice. This document provides a comprehensive report on the “Full-Depth 

Reconstructed Perpetual HMA Pavement” on M-84 southbound (SB) (MDOT job number 31804) and I-96 westbound (WB) 

(MDOT job number 52803). These projects were both completed in the fall of 2005. The pavement structures are comprised 

of hot mix asphalt (HMA) layers with total thickness of 6.5- and 14-inches for M-84 SB and I-96 WB, respectively. The design 

life for both projects was 40 years, designed so that the strain at the bottom of the HMA layer is lower than its endurance limit 

to prevent fatigue cracking. Typically, MDOT HMA reconstruction is designed with a 20-year design life with no specific 

emphasis on the endurance limit. M-84 SB exhibits acceptable pavement condition, with minor longitudinal cracking and IRI 

showing a stable annual increase rate. Coring and Falling Weight Deflectometer (FWD) data confirm adequate construction 

quality, and the perpetual section performs better in preventing bottom-up cracking than the standard section in NB. Despite 

the higher incidence of recorded transverse cracking in the M-84 SB perpetual section compared with the NB standard section 

in recent years, the transverse cracking appears to be limited to the surface. I-96 WB displays excellent overall performance, 

with both local and express lanes showing low incidences of cracking and potholes. However, it is important to note that 

certain deterioration related to construction quality was observed, such as cracks around the longitudinal joints between lanes 

and shoulders. Furthermore, Ground Penetrating Radar (GPR) tests revealed that thickness is insufficient at some locations. 

These issues emphasize the importance of construction quality control. The data derived from these projects provide cost and 

performance insights. These findings serve as valuable guides for future perpetual pavement projects. 

17. Key Words 

Perpetual pavement; full-depth reconstruction; HMA overlay; 

distress; performance analysis, cost analysis; maintenance 

18. Distribution Statement 

No restrictions. This document is also available to the 

public through the Michigan Department of Transportation. 

19. Security Classif. (of this report) 

Unclassified 

20. Security Classif. (of this page) 

Unclassified 

21. No. of Pages 

128 

22. Price 

N/A 

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

http://www.michigan.gov/mdotresearch


III 

 

Disclaimer 

This report is disseminated to facilitate information exchange. The Michigan Department of 

Transportation (referred to as MDOT hereafter) explicitly denies any form of liability, regardless 

of nature or cause, that may arise from the use of this document or the information and data 

presented within it. MDOT also takes no responsibility for typographical errors or the accuracy of 

the information included in this content. MDOT does not provide any warranties or assurances 

regarding the quality, substance, comprehensiveness, suitability, sufficiency, order, accuracy, or 

timeliness of the provided information and data. Moreover, MDOT does not assert that the contents 

establish standards, specifications, or regulations. 

 

Acknowledgments  

The research work was sponsored by the Michigan Department of Transportation (MDOT). The 

authors extend their gratitude for the direction and engagement of Justin Schenkel, Andre Clover, 

Michael Eacker, Fawaz Kaseer, and Kevin Kennedy, all affiliated with MDOT. Additionally, the 

authors acknowledge Emily Kastamo for her role as the English editor for this report. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



IV 

 

Table of Contents 

Disclaimer ..................................................................................................................................... III 

Acknowledgments......................................................................................................................... III 

Table of Contents .......................................................................................................................... IV 

List of Tables ................................................................................................................................. V 

List of Figures .............................................................................................................................. VII 

Introduction ..................................................................................................................................... 1 

Project Description.......................................................................................................................... 1 

Traffic Data Assessment and ESAL Estimation ............................................................................. 4 

Pavement Design and Distress Prediction .................................................................................... 11 

Construction and Quality Control ................................................................................................. 18 

Pavement Condition Data Analysis .............................................................................................. 27 

Pavement Condition Survey Findings .......................................................................................... 36 

Performance Comparison and Evaluation .................................................................................... 42 

Cost Comparison and Evaluation.................................................................................................. 46 

Conclusions and Recommendations ............................................................................................. 50 

References ..................................................................................................................................... 52 

Appendix A: Proposed Pavement Construction Plans .................................................................. 53 

Appendix B: Traffic Data ............................................................................................................. 58 

Appendix C: Pavement Design Data ............................................................................................ 74 

Appendix D: Pre- and Post-Construction Related Records .......................................................... 80 

Appendix E: Field Evaluation Reports ....................................................................................... 113 

Appendix F: Field Evaluation Figures ........................................................................................ 117 

 

 

 

  

 

   

 

 

 

 

 

 



V 

 

List of Tables 

Table 1. M-84 pavement cross-section ........................................................................................... 2 

Table 2. I-96 WB pavement cross-section ...................................................................................... 3 

Table 3. Traffic parameters for different pavement design methods  ............................................. 4 

Table 4. Traffic data for the M-84 and I-96 original pavement designs ......................................... 5 

Table 5. M-84 and I-96 ESAL for 1993 AASHTO pavement design method ............................... 5 

Table 6. Truck vehicle classification normalized volume distribution for the M-84 and I-96 

projects ............................................................................................................................................ 7 

Table 7. TF calculation process using ME traffic and load distribution ......................................... 8 

Table 8. Calculated ESAL for simplistic ME method .................................................................... 9 

Table 9. Traffic data for the M-84 project from TDMS ............................................................... 10 

Table 10. Traffic data for the I-96 project from TDMS ............................................................... 10 

Table 11. Simplistic ME method design parameters for the M-84 project ................................... 12 

Table 12. Simplistic ME method design limiting criteria for the M-84 project ........................... 12 

Table 13. Simplistic ME method design results for the M-84 project .......................................... 14 

Table 14. Simplistic ME method design parameters for the I-96 project ..................................... 15 

Table 15. Simplistic ME method design limiting criteria for the I-96 project ............................. 15 

Table 16. MEPDG method design parameters for the I-96 project .............................................. 16 

Table 17. MEPDG design limiting criteria for the I-96 project .................................................... 17 

Table 18. Simplistic ME method design prediction results for the I-96 project ........................... 17 

Table 19. Summary of distress predictions using ME-based methods for the I-96 project .......... 18 

Table 20. Soil classification summary of the I-96 WB samples ................................................... 21 

Table 21. Yearly progression of IRI, rutting, and DI for the M-84 project .................................. 29 

Table 22. M-84 pavement DI per 0.1 mile in 2018 ...................................................................... 31 

Table 23. Yearly Progression of IRI, rutting, and DI for the I-96 WB project ............................. 33 

Table 24. I-96 WB pavement DI per 0.1 mile in 2019 ................................................................. 35 

Table 25. Summary of the M-84 perpetual demonstration program status reports ...................... 36 

Table 26. Yearly cracking and pothole distress for the M-84 project .......................................... 38 

Table 27. Core cracking average results of the M-84 project ....................................................... 40 

Table 28. Summary of the I-96 perpetual demonstration program status reports ........................ 41 

Table 29. Yearly cracking and pothole distress for the I-96 project ............................................. 42 



VI 

 

Table 30. Estimated initial cost for the M-84 SB perpetual pavement, 40-year design life per unit 

prices ............................................................................................................................................. 47 

Table 31. Estimated initial cost for the M-84 standard pavement, 20-year design life per unit prices

....................................................................................................................................................... 47 

Table 32. Estimated initial cost for the I-96 WB perpetual pavement, 40-year design life per unit 

prices ............................................................................................................................................. 48 

Table 33. Estimated initial cost for the I-96 standard pavement, 20-year design life per unit prices

....................................................................................................................................................... 48 

Table 34. Initial paving cost per year of service life ..................................................................... 49 

 

 

  



VII 

 

List of Figures 

Figure 1. M-84 project location ...................................................................................................... 3 

Figure 2. I-96 WB project location ................................................................................................. 4 

Figure 3. 2004 to 2044 per year ESAL for the M-84 project using 1993 AASHTO design .......... 6 

Figure 4. 2006 to 2046 per year ESAL for the I-96 project using 1993 AASHTO design ............ 6 

Figure 5. Axle load weight distribution for the M-84 project......................................................... 7 

Figure 6. Axle load weight distribution for the I-96 project ........................................................... 8 

Figure 7. Comparison between TDMS measurements versus predicted two-way CAADT for the 

M-84 project.................................................................................................................................. 11 

Figure 8. Comparison between TDMS measurements versus predicted two-way CAADT for the 

I-96 project .................................................................................................................................... 11 

Figure 9. Limiting modulus criteria of unbound aggregate base and subbase layers ................... 13 

Figure 10. I-96 Original AASHTO 1993 pavement design, 40 years Cross-Section ................... 14 

Figure 11. Percent of compaction for different M-84 SB pavement layers .................................. 19 

Figure 12. Moisture for different M-84 SB pavement layers ....................................................... 19 

Figure 13. Stiffness and modulus for M-84 SB aggregate base layer .......................................... 20 

Figure 14. Average maximum deflection data for the M-84 NB inside lane ............................... 22 

Figure 15. Average maximum deflection data for the M-84 NB outside lane ............................. 22 

Figure 16. HMA thickness along the distance for the M-84 NB standard pavement ................... 23 

Figure 17. HMA thickness distribution for the M-84 NB standard pavement ............................. 23 

Figure 18. HMA thickness along the distance for the M-84 SB perpetual pavement .................. 24 

Figure 19. HMA thickness distribution for the M-84 SB perpetual pavement ............................. 24 

Figure 20. HMA thickness along the distance for the I-96 WB express lane section .................. 25 

Figure 21. HMA thickness distribution for the I-96 WB express lane section ............................. 25 

Figure 22. HMA thickness along the distance for the I-96 WB local lane section ....................... 25 

Figure 23. HMA thickness distribution for the I-96 WB local lane section ................................. 26 

Figure 24. Lane configuration for M-84 SB, Google Maps Image, 2023 .................................... 27 

Figure 25. Lane configuration for I-96 WB, Google Maps Image, 2023 ..................................... 27 

Figure 26. Yearly IRI data for the M-84 project ........................................................................... 30 

Figure 27. Yearly rutting data for the M-84 project ..................................................................... 30 

Figure 28. Yearly DI data for the M-84 project ............................................................................ 30 



VIII 

 

Figure 29. DI per 0.1 mile along the M-84 project ....................................................................... 32 

Figure 30. Yearly IRI data for the I-96 WB project ..................................................................... 33 

Figure 31. Yearly rutting data for the I-96 WB project ................................................................ 34 

Figure 32. Yearly DI data for the I-96 WB project....................................................................... 34 

Figure 33. DI per 0.1 mile along the I-96 WB express section .................................................... 35 

Figure 34. Yearly transverse cracking per lane-mile of the M-84 project .................................... 38 

Figure 35. 2020 coring locations for the M-84 project ................................................................. 39 

Figure 36. Example of coring location and sample condition in M-84 SB coring ....................... 39 

Figure 37. M-84 corrected subgrade resilient modulus ................................................................ 40 

Figure 38. Comparison on M-84 DI trends with fix life of standard pavement ........................... 43 

Figure 39. Comparison on M-84 DI trend with service life of standard pavement ...................... 44 

Figure 40. Comparison on I-96 DI trends with fix life of standard pavement .............................. 45 

Figure 41. Comparison on I-96 DI trend with service life of standard pavement ........................ 45 

Figure 42. Comparison between perpetual and standard HMA pavement ................................... 46 

Figure 43. JN 31804A project location for the M-84 project ....................................................... 53 

Figure 44. JN 31804A existing cross-sections for the M-84 project ............................................ 54 

Figure 45. JN 31804 typical cross-section for the M-84 SB perpetual and NB standard pavement 

project ........................................................................................................................................... 55 

Figure 46. JN 52803 project location for the I-96 perpetual pavement project ............................ 56 

Figure 47. JN 52803 typical cross-section for the I-96 perpetual pavement project .................... 57 

Figure 48. Office memorandum on M-84 traffic information, page 1 .......................................... 58 

Figure 49. Office memorandum on M-84 traffic information, page 2 .......................................... 59 

Figure 50. Office memorandum on M-84 traffic information, page 3 .......................................... 60 

Figure 51. Office memorandum on M-84 traffic information, page 4 .......................................... 61 

Figure 52. Office memorandum on M-84 traffic information, page 5 .......................................... 62 

Figure 53. Office memorandum on M-84 traffic information, page 6 .......................................... 63 

Figure 54. Office memorandum on M-84 traffic information, Page 7 ......................................... 64 

Figure 55. Office memorandum on M-84 traffic information, Page 8 ......................................... 65 

Figure 56. Office memorandum on I-96 traffic information, page 1 ............................................ 66 

Figure 57. Office memorandum on I-96 traffic information, page 2 ............................................ 67 

Figure 58. Office memorandum on I-96 traffic information, page 3 ............................................ 68 



IX 

 

Figure 59. Office memorandum on I-96 traffic information, page 4 ............................................ 69 

Figure 60. Office memorandum on I-96 traffic information, page 5 ............................................ 70 

Figure 61. I-96 ESAL estimation using traffic and load distribution, page 1 ............................... 71 

Figure 62. I-96 ESAL estimation using traffic and load distribution, page 2 ............................... 72 

Figure 63. I-96 ESAL estimation using traffic and load distribution, page 3 ............................... 73 

Figure 64. M-84 Original AASHTO 1993 pavement design, 20 years ........................................ 74 

Figure 65. M-84 Estimated AASHTO 1993 pavement design, 40 years...................................... 75 

Figure 66. I-96 Original AASHTO 1993 pavement design, 20 years .......................................... 76 

Figure 67. I-96 Estimated AASHTO 1993 pavement design, 40 years ........................................ 77 

Figure 68. Sand subbase average repeated load resilient modulus test results extracted from LTPP 

database for I-96 ME-based designs ............................................................................................. 78 

Figure 69. Aggregate base (21AA) average repeated load resilient modulus test results extracted 

from LTPP database for I-96 ME-based designs .......................................................................... 78 

Figure 70. HMA surface and leveling course layers monthly average dynamic modulus values per 

Witczak dynamic modulus regression equation for ME-based designs ....................................... 79 

Figure 71. HMA base course layer (upper portion) monthly average dynamic modulus values per 

Witczak dynamic modulus regression equation for ME-based designs ....................................... 79 

Figure 72. Moisture and density determination on M-84 SB HMA-top layer, page 1 ................. 80 

Figure 73. Moisture and density determination on M-84 SB HMA-top layer, page 2 ................. 81 

Figure 74. Moisture and density determination on M-84 SB HMA-top layer, page 3 ................. 82 

Figure 75. Moisture and density determination on M-84 SB HMA-top layer, page 4 ................. 83 

Figure 76. Moisture and density determination on M-84 SB HMA-leveling layer, page 1 ......... 84 

Figure 77. Moisture and density determination on M-84 SB HMA-leveling layer, page 2 ......... 85 

Figure 78. Moisture and density determination on M-84 SB HMA-leveling layer, page 3 ......... 86 

Figure 79. Moisture and density determination on M-84 SB HMA-leveling layer, page 4 ......... 87 

Figure 80. Moisture and density determination on M-84 SB HMA-base layer, page 1 ............... 88 

Figure 81. Moisture and density determination on M-84 SB HMA-base layer, page 2 ............... 89 

Figure 82. Moisture and density determination on M-84 SB aggregate base layer ...................... 90 

Figure 83. Moisture and density determination M-84 SB subgrade (embankment), page 1 ........ 91 

Figure 84. Moisture and density determination M-84 SB subgrade (embankment), page 2 ........ 92 

Figure 85. Moisture and density determination M-84 SB subgrade (embankment), page 3 ........ 93 



X 

 

Figure 86. Moisture and density determination on M-84 SB subbase, page 1 ............................. 94 

Figure 87. Moisture and density determination on M-84 SB subbase, page 2 ............................. 95 

Figure 88. Moisture and density determination on M-84 SB subbase, page 3 ............................. 96 

Figure 89. Moisture and density determination on M-84 SB subbase, page 4 ............................. 97 

Figure 90. Soil stiffness and Young’s modulus results on M-84 SB aggregate base layer .......... 98 

Figure 91. Office memorandum on I-96 soil recommendations, page 1 ...................................... 99 

Figure 92. Office memorandum on I-96 soil recommendations, page 2 .................................... 100 

Figure 93. Office memorandum on I-96 soil recommendations, page 3 .................................... 101 

Figure 94. Sample identification note on I-96 WB existing soil ................................................ 102 

Figure 95. Moisture and density determination on I-96 WB existing subbase ........................... 103 

Figure 96. Field permeability data on I-96 WB existing subbase............................................... 104 

Figure 97. Aggregate inspection report on I-96 WB existing subbase ....................................... 105 

Figure 98. Subgrade soil information for the I-96 WB project, page 1 ...................................... 106 

Figure 99. Subgrade soil information for the I-96 WB project, page 2 ...................................... 107 

Figure 100. Stabilized subgrade soil information for the I-96 WB project, page 1 .................... 108 

Figure 101. Stabilized subgrade soil information for the I-96 WB project, page 2 .................... 109 

Figure 102. Reclaimed (existing) subbase material information for I-96 WB, page 1 ............... 110 

Figure 103. Reclaimed (existing) subbase material information for I-96 WB, page 2 ............... 111 

Figure 104. Reclaimed (existing) subbase material information for I-96 WB, page 3 ............... 112 

Figure 105. Field evaluation report of M-84 in 2022, page 1 ..................................................... 113 

Figure 106. Field evaluation report of M-84 in 2022, page 2 ..................................................... 114 

Figure 107. Field evaluation report of I-96 in 2022, page 1 ....................................................... 115 

Figure 108. Field evaluation report of I-96 in 2022, page 2 ....................................................... 116 

Figure 109. Field evaluation of M-84 on 07-14-2005 ................................................................ 117 

Figure 110. Field evaluation of M-84 on 01-28-2010 ................................................................ 117 

Figure 111. Field evaluation of M-84 on 11-22-2010 ................................................................ 118 

Figure 112. Field evaluation of M-84 on 12-08-2011 ................................................................ 118 

Figure 113. Field evaluation of M-84 on 12-18-2012 ................................................................ 119 

Figure 114. Field evaluation of M-84 on 12-04-2013 ................................................................ 119 

Figure 115. Field evaluation of M-84 on 12-23-2014 ................................................................ 120 

Figure 116. Field evaluation of M-84 on 12-16-2015 ................................................................ 120 



XI 

 

Figure 117. Field evaluation of M-84 on 12-21-2016 ................................................................ 121 

Figure 118. Field evaluation of M-84 on 04-24-2018 ................................................................ 121 

Figure 119. Field evaluation of M-84 on 04-01-2019 ................................................................ 122 

Figure 120. Field evaluation of M-84 on 04-22-2020 ................................................................ 122 

Figure 121. Field evaluation of M-84 on 05-03-2021 ................................................................ 123 

Figure 122. Field evaluation of M-84 on 01-23-2022 ................................................................ 123 

Figure 123. Field evaluation of I-96 on 10-07-2005 ................................................................... 124 

Figure 124. Field evaluation of I-96 on 11-09-2007 ................................................................... 124 

Figure 125. Field evaluation of I-96 on 02-03-2010 ................................................................... 125 

Figure 126. Field evaluation of I-96 on 11-23-2010 ................................................................... 125 

Figure 127. Field evaluation of I-96 on 12-20-2013 ................................................................... 126 

Figure 128. Field evaluation of I-96 on 12-11-2014 ................................................................... 126 

Figure 129. Field evaluation of I-96 on 11-21-2016 ................................................................... 127 

Figure 130. Field evaluation of I-96 on 03-25-2019 ................................................................... 127 

Figure 131. Field evaluation of I-96 on 05-04-2020 ................................................................... 128 

Figure 132. Field evaluation of I-96 on 04-21-2021 ................................................................... 128 



 

1 

 

Introduction 
 

Public Act 457 of 2016, MCL 247.651h, contains what is referred to as the pavement life-cycle 

law. This law requires the Michigan Department of Transportation (MDOT) to conduct a life-cycle 

cost analysis (LCCA) on projects with pavement costs of $1.5 million or more. The LCCA process 

is a tool to select the lowest-cost pavement design over the expected service life of the pavement. 

By law, the LCCA process must include historical information for initial construction and 

maintenance costs and performance (service life). This information is unavailable for new 

pavement design types and technologies. Thus, it cannot be used in the pavement selection process 

until substantial information has been obtained. Accordingly, Public Act 457 of 2016, MCL 

247.651i, the pavement demonstration law provides a means for trying new and innovative ideas 

through demonstration projects. These demonstration projects are not subject to an LCCA process. 

Pavement demonstration outcomes are intended to increase service life, improve pavement 

condition, improve ride quality, and/or lower service life costs. Future LCCAs may utilize the cost, 

performance, and maintenance information from the demonstration projects. Selection of 

candidate projects is collaborative among MDOT Construction Field Services pavement 

personnel, MDOT region personnel, and paving industry groups. Once the demonstration project 

is identified, it goes to MDOT's Engineering Operations Committee for formal approval. Once 

approved, the project becomes part of the Pavement Demonstration Program. All costs for the 

demonstration project are funded by the respective MDOT region's rehabilitation and 

reconstruction template budget. These projects are monitored until a final decision is made 

regarding the suitability of adopting them as MDOT standard practice. This report evaluates two 

projects for the “Full-Depth Reconstructed Perpetual Hot Mix Asphalt Pavement” pavement 

demonstration fix type on the M-84 southbound (SB) in Bay/Saginaw County, MDOT job number 

31804, and the I-96 westbound (WB) in Wayne County, MDOT job number 52803. 

Project Description 
 

This report covers two full-depth reconstructed perpetual Hot Mix Asphalt (HMA) pavement 

projects: (1) the M-84 SB reconstruction project and (2) the I-96 WB reconstruction project. The 

M-84 SB project is a non-freeway, low-traffic-volume route, while the I-96 WB project is a high-

traffic-volume route consisting of freeway express and local lane sections. The pavement 

construction plans for the two projects are shown in Appendix A, Figures 43-47. The two projects 

were designed using the “perpetual pavement” concept, intended to prohibit bottom-up cracking 

and constrain distress to the surface so that only surface repairs are needed, and subsequent full-

depth major fixes (rehabilitation or reconstruction) are delayed. Accordingly, both projects utilized 

a design life of 40 years to achieve a service life of at least 50 years. In contrast, MDOT standard 

practice is to use a 20-year design life for full-depth HMA reconstruction with a current service 

life estimated at 37 years. The design life of a pavement refers to the theoretical duration until a 

subsequent major reconstruction or rehabilitation is required, excluding any maintenance, serving 

as the basis for pavement design. Conversely, the service life pertains to the life cycle of the 

pavement, encompassing the estimated duration until a major reconstruction or rehabilitation is 

needed, including maintenance events. A component of the service life is its initial fix life 

projection, which is the duration until a subsequent major reconstruction or rehabilitation would 
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be required, excluding any maintenance. However, unlike design life, service and fix life are 

estimated per the measured data of in-service pavements.  

 

The M-84 project was constructed over three years from 2003 to 2005, consisting of both the 

northbound (NB) and SB directions, where the SB lanes were designed as perpetual HMA 

reconstruction and the NB lanes as standard HMA reconstruction. The SB lanes were completed 

in the fall of 2005, whereas the NB lanes were completed in 2004. This project spans 

approximately 3 miles from Pierce Road to 1000 feet south of Delta Road in Saginaw County as 

shown in Figure 1. Note that the subsections shown in Figure 1 are for location milepoint 

identifiers and were not monitored separately or uniquely constructed. The existing two-lane M-

84 road was converted into a four-lane boulevard section (two lanes in each direction), featuring a 

5-lane configuration (two lanes in each direction and a middle lane) at the starting and ending 

locations. The SB cross-section consisted of 6.5 inches of HMA over 12 inches of dense-graded 

aggregate base (DGAB) over 13.5 inches of sand subbase. This design incorporated polymer-

modified asphalt binder and a thicker unbound aggregate base for enhanced durability and reduced 

maintenance needs. In comparison, NB M-84 utilized a standard pavement cross-section, 

consisting of 6.5 inches of HMA over 6 inches of DGAB over 18 inches of sand subbase. Table 1 

details the pavement cross-section for both bounds on M-84.  

 

The I-96 project completed construction in the fall of 2005, where the WB was designed as 

perpetual HMA reconstruction. This project includes the local and express lanes over 

approximately 2 miles from Schaefer Road to M-39/Southfield Freeway in Wayne County as 

shown in Figure 2. Both the local and express sections consist of three lanes each. Both WB 

sections consist of 14 inches of HMA over 16 inches of open-graded drainage course (OGDC) 

over 8 inches of sand subbase. The existing clay subgrade was stabilized with lime to a depth of 

12 inches. Apart from the increased pavement thickness compared with standard HMA pavement, 

this project included Gap Graded Superpave (GGSP) (currently known as Stone Matrix Asphalt 

(SMA)) with polymer modified binder to improve cracking and rutting resistance. Additionally, 

to improve longitudinal joint density, the middle and right lanes were paved simultaneously with 

echelon paving, where two pavers placed asphalt pavement side-by-side. Table 2 details the 

pavement cross-section on WB I-96. 

 

Table 1. M-84 pavement cross-section 

Layer 

M-84 SB (perpetual) M-84 NB (standard) 

Thickness 

(inch) 

Material 

Type 

Binder 

PG  

Thickness 

(inch) 

Material 

Type 

Binder 

PG  

Top HMA course 1.5 5E3 70-28P* 1.5 5E3 70-28 

Leveling HMA course 2 4E3 70-28P* 2 4E3 70-28 

Base HMA course 3 3E3 70-28P* 3 3E3 58-22 

Base 12 DGAB - 6 DGAB - 

Subbase 13.5 Sand - 18 Sand - 

Subgrade - 
Existing 

Clay Soils 
- - 

Existing 

Clay Soils 
- 

* “P” refers to polymer-modified. 
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Table 2. I-96 WB pavement cross-section 

Layer 
I-96 WB (local and express lanes) 

Thickness (inch) Material Type Binder PG  

Top HMA course 1.5 GGSP 76-22P* 

Leveling HMA course 2.5 4E30 76-22P* 

Base HMA course 10 3E30 70-22P* 

Base 16 OGDC  - 

Separator - Geotextile separator-fabric - 

Subbase 8 Sand - 

Subgrade 12 Clay stabilized with lime - 

 

   
Note: Using Version 23 of the PR (Physical Road) framework 

Figure 1. M-84 project location 

SB: Subsection (1) 

SB: Subsection (2) NB: Subsection (2) 

NB: Subsection (1) 
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Note: Using Version 23 of the PR framework 

Figure 2. I-96 WB project location 

 

Traffic Data Assessment and ESAL Estimation 
 

Pavement structure design heavily relies on traffic data, given its significant role in determining 

pavement performance and durability. This section will summarize the traffic data used for the 

original pavement designs as detailed in the 2003 MDOT report, Pavement Structural Design 

Recommendations for Reconstruction and Widening of M-84 [1] and 2004 MDOT report, 

Pavement Structural Analysis of the Design Recommendations for Reconstructing I-96 (M-39 to 

Schaeffer Road) [2]. Both demonstration projects utilized and compared mechanistic-empirical 

(ME) based pavement design and the 1993 AASHTO empirical pavement design method. The 

design methods and their required traffic type parameters are listed in Table 3. The traffic data 

used for all pavement design methods is listed in Table 4. 

 

Table 3. Traffic parameters for different pavement design methods  

Design Method Traffic Parameter Design Method Used in Original Analysis 

1993 AASHTO 

pavement design 

ESAL, calculated using typical 

truck factor 
M-84 and I-96 

Simplistic ME method 

ESAL, calculated using typical 

truck factor or traffic and load 

distribution 

M-84 and I-96 

MEPDG 
CAADT, traffic, and axle load 

distribution 
I-96 

* ESAL: Equivalent Single Axle Load, 

   CAADT: Commercial Average Annual Daily Traffic, 

   MEPDG: Mechanistic-Empirical Pavement Design Guide 

 

Local (Upper one) 

Express (Lower one) 
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Table 4. Traffic data for the M-84 and I-96 original pavement designs 

Parameter M-84 I-96 

Annual Average Daily Traffic (AADT), both 

directions (Year Collected) 
12,900 (2003) 191,800 (2005) 

CAADT, both directions (Year Collected) 451 (2003) 9,600 (2005) 

Traffic growth rate, compound 1.3% 2.0% 

 

The estimated ESAL for the 1993 AASHTO design method was calculated using the equation 

below: 

 

𝐸𝑆𝐴𝐿𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 = 𝐶𝐴𝐴𝐷𝑇 × 365 × 𝐷𝐷 × 𝐿𝐷 × 𝑇𝐹 × 𝐺𝐹  
 

Where: 

TF = Truck factor; DD = Directional Distribution Factor; LD = Lane Distribution Factor; 

GF = growth factor, [(1+g)n – 1]/g 

g = growth rate expressed as a decimal 

n = number of years 

 

Table 5 show the resulting ESALEstimated for the 1993 AASHTO pavement design method for the 

two projects. Note that the 40-year design ESAL for M-84 is estimated because there is no record 

of this value, and it was not specifically used as part of the report for the original pavement design 

[1]. Details of the calculation are shown in Appendix B, Figures 48 to 55 for M-84, Figures 56-60 

for I-96. 

 

Table 5. M-84 and I-96 ESAL for 1993 AASHTO pavement design method 

Project TF DD LD 
Initial Annual ESAL 

(two-way) 

ESAL 

(20 years) 

ESAL 

(40 years) 

M-84 0.77 0.50 0.80 126,870 1,150,650 2,640,000 

I-96 0.68 0.56 0.70 2,382,720 22,694,400 56,400,000 

 

Figures 3 and 4 depict the results of per-year ESAL calculations using the 1993 AASHTO 

pavement design method for M-84 and I-96, respectively. 
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Figure 3. 2004 to 2044 per year ESAL for the M-84 project using 1993 AASHTO design 

 

 
Figure 4. 2006 to 2046 per year ESAL for the I-96 project using 1993 AASHTO design 

 

For the ME design methods, the truck class and axle load distributions are needed in addition to 

the traffic data shown in Table 4. Table 6 shows the truck vehicle classification normalized volume 

distribution for the M-84 project in 2003 and the I-96 project in 2005. For the M-84 project, the 

original analysis utilized estimated values from MDOT and adjusted them relative to the MEPDG 

global default values for Truck Traffic Classification (TTC) group 16 (as derived from the Long-

Term Pavement Performance (LTPP) pavement sections). This group is described as 

predominantly single-unit trucks. While for the I-96 project, the TTC group 3 was assumed for 

this roadway, which is described as predominantly single-trailer trucks. 
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Table 6. Truck vehicle classification normalized volume distribution for the M-84 and I-96 

projects 

Truck Vehicle 

Classification 

Normalized Volume Distribution, % 

M-84 (in 2003) I-96 (in 2005) 

4 10.0 0.90 

5 17.2 11.6 

6 13.6 3.6 

7 1.0 0.2 

8 18.3 6.7 

9 17.0 62.0 

10 2.8 4.8 

11 0.6 2.6 

12 0.1 1.4 

13 19.4 6.2 

 

Figure 5 shows the load distribution of single, tandem, and tridem axles for the M-84 project. 

Figure 6 shows the corresponding distribution for the I-96 project.  

 

 
(a) Single axle load    (b) Tandem axle load 

 
(c) Tridem axle load 

Figure 5. Axle load weight distribution for the M-84 project 
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(a) Single axle load    (b) Tandem axle load 

 
(c) Tridem axle load 

Figure 6. Axle load weight distribution for the I-96 project 

 

In addition to the MEPDG load and distribution data, the simplistic ME procedure requires a 

unique ESAL calculated per the load and distribution data (as shown in Table 6, Figures 5 and 6). 

For the M-84 project, the ME initial year ESAL in both directions (𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌) was estimated to 

be 220,602, while for the I-96 project, this was estimated to be 4,411,425. The calculations for 

𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌 are shown in Appendix B, Figures 61-63. Note that the detailed calculation process 

for the M-84 𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌  were not provided in the original pavement designs so M-84 

calculations are estimated for this report. Accordingly, the TF for the M-84 and I-96 projects was 

separately computed as 1.340 and 1.259 using the 𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌. The TF calculation process is 

presented in the equation below. Table 7 provides a summary of the 𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌 and TF values 

for M-84 and I-96 projects. 

 

𝑇𝐹 = 𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌/(𝐶𝐴𝐴𝐷𝑇 × 365) 
 

Table 7. TF calculation process using ME traffic and load distribution 

Project CAADT 
Initial year ESALs 

(𝑬𝑺𝑨𝑳𝑰𝒏𝒊𝒕𝒊𝒂𝒍𝒀) 
TF 

M-84 451 220,602 1.340 

I-96 9600 4,411,425 1.259 

 

The ME ESAL values per 20- and 40-year design periods were calculated for the M-84 and I-96 

projects using the equation below. The results are shown in Table 8. It should be noted that the 

DD and LD percentages match those used for the 1993 AASHTO pavement design (as shown in 
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Table 5), except for the M-84 design, where it was increased from 0.50 to 0.55. Notably, the ME 

ESAL values are nearly twice those employed in the 1993 AASHTO pavement design. This may 

be due to the different truck types in Michigan compared to those from the global database, or 

because a different TTC may have been better suited to represent the traffic. As a result, the ME 

ESAL values were not used for the I-96 simplistic ME design likely due to this difference. Instead, 

the I-96 simplistic ME design used the AASHTO 1993 ESAL values. While the M-84 pavement 

design continued to use the ME ESAL values, it did not use the 40-year value as part of the report 

for the original pavement design [1]. Therefore, in Table 8, the values not used in the original 

pavement design reports are estimated for informational purposes. 

  

𝐸𝑆𝐴𝐿 = 𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌 × 𝐷𝐷 × 𝐿𝐷 × 𝐺𝐹  
   

Table 8. Calculated ESAL for simplistic ME method 

Project DD LD 𝑬𝑺𝑨𝑳𝑰𝒏𝒊𝒕𝒊𝒂𝒍𝒀 
Growth 

rate (g) 

ESAL 

(20 years) 

ESAL 

(40 years) 

M-84 0.55 0.80 220,602 1.3% 2,230,000 5,113,000* 

I-96 0.56 0.70 4,411,425 2.0% 42,017,000* 104,452,000* 

* Estimated since these were not used for original pavement designs 

 

Since the future projections of traffic data used for the original designs were estimated for the 

pavement design period, assumptions such as growth rate may be inconsistent with actual 

conditions, potentially leading to inaccurate traffic predictions. Therefore, the actual measured 

traffic data will be compared with these traffic estimations and predictions. The actual measured 

traffic data was obtained from the MDOT Transportation Data Management System (TDMS) 

within the project limits, specifically TDMS location number 73-0585, located north of Pierce 

Road (around the south end of the project) for M-84, and TDMS location number 82-5577, located 

0.5 mile west of Schaefer/Grand River Ave for I-96. Note that the I-96 TDMS measurements 

include traffic data for both express and local lanes. The traffic information for the two projects is 

shown in Tables 9 and 10. The TDMS data measurement positions are on the project routes. The 

comparison between the TDMS recorded traffic data and the traffic for design is shown in Figures 

7 and 8.  

 

The results show that the traffic estimates for both M-84 and I-96 projects were overestimated in 

the design period. Accordingly, if the future TDMS traffic continues to be lower relative to the 

estimated prediction, then there is a decreased risk of unanticipated pavement distress and potential 

improvement in the anticipated service life. It is worth noting that there has been a notable decrease 

in recorded CAADT in the year 2020, likely due to the COVID-19 pandemic. Since that time, a 

gradually increasing trend has been observed for both projects. Still, it should be noted that 

commercial traffic is largely estimated since it is not measured as frequently as the total AADT, 

so it is typically an assumed percentage of the total AADT. For M-84, the initial design estimated 

that commercial traffic was 3.5% of AADT, whereas for I-96, it is estimated to be 5%. Whereas, 

for the actual percentage of commercial traffic, this is estimated to be between 1.6% to 2.1% for 

M-84 and 3.5% to 6.7% for I-96. If the highest rate of commercial traffic percentage is used, then 

the measured values, while still lower for most years, are much closer to the estimated design 

values. 
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Table 9. Traffic data for the M-84 project from TDMS 

Year 

2-Way SB 

AADT 
CAADT 

(FHWA Class 4 and above) 
AADT 

CAADT 

(FHWA Class 4 and above) 

2023 14,885 312 7,528 159 

2022 14,508 306 7,337 156 

2021 18,210 309 N/A N/A 

2020 16,002 272 N/A N/A 

2019 20,027 340 N/A N/A 

2018 20,128 342 N/A N/A 

2017 20,128 337 N/A N/A 

2016 19,909 328 N/A N/A 

2015 19,292 N/A N/A N/A 

2014 17,388 326 N/A N/A 

2013 16,980 318 N/A N/A 

2012 16,762 311 N/A N/A 

2011 17,277 307 N/A N/A 

 

Table 10. Traffic data for the I-96 project from TDMS 

Year 

2-Way WB 

AADT 
CAADT 

(FHWA Class 4 and above) 
AADT 

CAADT 

(FHWA Class 4 and above) 

2023 131,193 8,134 69,208 4,291 

2022 117,215 7,267 64,918 4,025 

2021 111,396 6,907  54,253 N/A 

2020 128,168 7,946 66,331 N/A 

2019 147,945 9,912 73,437 N/A 

2018 148,688 9,962 73,806 N/A 

2017 162,406 9,852 81,241 N/A 

2016 146,000 7,931 N/A N/A 

2015 N/A N/A N/A N/A 

2014 135,680 7,683 N/A N/A 

2013 132,500 5,553  N/A N/A 

2012 115,800 5,428 N/A N/A 

2011 112,400 5,306 N/A N/A 

2010 137,500 5,295 N/A N/A 

2009 144,700 5,091 N/A N/A 

2008 160,800 6,690 N/A N/A 
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Figure 7. Comparison between TDMS measurements versus predicted two-way CAADT 

for the M-84 project 

 

 
Figure 8. Comparison between TDMS measurements versus predicted two-way CAADT 

for the I-96 project 

 

Pavement Design and Distress Prediction 
 

As introduced in the previous section, the AASHTO 1993 and ME-based pavement design 

methods were employed to evaluate the original HMA perpetual pavement design for the M-84 

and I-96 projects per the MDOT pavement design development reports [1-2]. Therefore, the 

traffic-related parameters for pavement design will not be repeated in this section; instead, it will 

detail the remaining design aspects. M-84 pavement design aspects will be described first, 

followed by I-96. 
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The result of the 1993 AASHTO pavement design for the M-84 project using a 20-year design life 

(per ESAL of 1,150,650) is 6-inches of HMA over 6-inches of aggregate base over 18-inches of 

sand subbase, See Appendix C, Figure 64 for more details. This design utilizes the MDOT 

standards of that time for structural and drainage coefficients. 

 

The layer and general design parameters used for the ME-based, simplistic design for the M-84 

HMA perpetual pavement are shown in Table 11. These values were estimated per test results of 

typical HMA and unbound materials of LTPP projects at that time. Accordingly, the model and 

associated design criteria limits are shown in Table 12 and Figure 9. The figure shows the graph 

used to determine the modulus ratio between two adjacent unbound pavement layers. This assumes 

that the long-term in-place modulus of unbound base and subbase layers are dependent on the 

modulus of the supporting layer due to potential loss of compaction. This is based on each layer's 

thickness and the supporting layer's modulus. 

 

Table 11. Simplistic ME method design parameters for the M-84 project 

Layer/Property Value/Estimation 

Tire pressure  120 psi (827 kPa) 

Tire load 4,500 lbs (20kN) per tire 

Sand subbase Resilient modulus = 12,000 psi; Poisson’s ratio = 0.40 

Aggregate base Resilient modulus = 25,000 psi; Poisson’s ratio = 0.35 

HMA 
Combined equivalent annual elastic layer modulus = 400,000 psi; 

Poisson’s ratio = 0.30 

Subgrade soil Resilient modulus = 6,000 psi (41,368 kPa) 

 

Table 12. Simplistic ME method design limiting criteria for the M-84 project 

Criteria/Property Value/Estimation 

Response model EVERSTRESS 

Design life / ESAL 20 years / 2,230,000 ESAL 

Tensile strain at the bottom of the HMA layers, in./in. 0.000174 

Vertical compressive 

strain, in./in. 

Top of sand subbase 0.000536 

Top of subgrade 0.000455 

Maximum deflection, in. Full-depth/deep strength HMA 0.028 

Unbound layer modulus ratios Thickness dependent per Figure 9 

Alligator cracking (bottom-up fatigue), % 10 

Subgrade distortion (rutting), in. 0.5 
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Figure 9. Limiting modulus criteria of unbound aggregate base and subbase layers 

 

Per the design layer inputs and design criteria using the EVERSTRESS response model, the results 

of the simplistic ME pavement design for the M-84 project are shown in Table 13. Note that 

recommended mixes and material types as presented in this table are per MDOT standards and 

best practices known at that time to reduce the potential for cracking and rutting and were not 

specifically evaluated as part of the ME-based design procedure. As shown, the simplistic ME 

design method results in a total HMA thickness of 7.5 inches. However, it is important to note that 

this thickness was not ultimately adopted. Instead, the 6.5-inch HMA structure with the polymer-

modified binder as shown in Table 1 was used for this HMA perpetual design. It is likely that the 

ME-based design result was used in support of AASHTO 1993 design, HMA binder selections, 

and aggregate base thickness. As previously explained, the ESAL traffic estimation for this ME-

based 20-year design (2,230,000) was nearly the same as the estimated AASHTO 1993 ESAL at 

40 years (2,640,000). Therefore, as shown in Appendix C, Figure 65, using current MDOT design 

standards with the estimated AASHTO 1993 40-year ESAL (2,640,000) and thicknesses as per the 

final design used in the construction plans, the 6.5-inch HMA structure would meet AASHTO 

1993 design requirements. Accordingly, for the purposes of this report, the 40-year design life will 

serve as a reference for the following assessments. 
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Table 13. Simplistic ME method design results for the M-84 project 

Layer Material Type Asphalt Binder Thickness (in.) 

Top course HMA 5-Superpave, Gap-Graded PG 70-28 2.0 

Leveling course HMA 4-Superpave PG 70-28 2.5 

Base course HMA 3-Superpave PG 70-28 3.0 

Base 21AA; Crushed Aggregate - 12.0 

Subbase Non-frost Susceptible Sand - 16.5 

Separator Geotextile - - 

Subgrade Sandy Clay Soil - - 

 

The result of the 1993 AASHTO pavement design for the I-96 project using a 20-year design life 

(per ESAL of 22.7 million) is 11.5-inches of HMA over 16-inches of aggregate base over 8-inches 

of sand subbase. See Appendix C, Figure 66 for details. MDOT estimated a 40-year design life 

(per ESAL 56 million) pavement section using the 1993 AASHTO pavement design to be used for 

the ME-based analyses. This design result was 14-inches of HMA over 16-inches of aggregate 

base over 8-inches of sand subbase as shown in Figure 10. Records of the original 40-year design 

calculations could not be located, so it was recreated for the purpose of this reporting. See 

Appendix C, Figure 67 for details. 

 

 
Figure 10. I-96 Original AASHTO 1993 pavement design, 40 years Cross-Section 

 

As per the layers and thicknesses in Figure 10, the layer and general design parameters used for 

the simplistic ME design method for the I-96 HMA perpetual pavement are shown in Table 14. 

These values were estimated per test results of typical HMA and unbound materials of LTPP 
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projects at that time. See Appendix C, Figures 68 to 71 for details. Note that subgrade stabilization 

was not considered or specifically included as part of any of the ME-based design procedures. In 

addition, trial iterations were used to verify the unbound layer modulus values to ensure that the 

theoretical and laboratory values provide consistent results. Accordingly, the theoretical modulus 

values to be used in the ME-based designs were adjusted according to these trial iterations and 

consideration for consistency. The simplistic ME design criteria limits are shown in Table 15. 

 

Table 14. Simplistic ME method design parameters for the I-96 project 

Layer/Property Value/Estimation 

Tire pressure 120 psi (827 kPa) 

Tire load 4,500 lbs (20kN) per tire 

Sand subbase Resilient modulus = 7,000 psi; Poisson's ratio = 0.35 

Aggregate base Resilient modulus = 7,500 psi; Poisson's ratio = 0.35 

HMA 
Combined equivalent annual elastic layer modulus = 892,000 psi; 

Poisson’s ratio = 0.30 

Subgrade soil 
Resilient modulus = 5,200 psi,  

Poisson’s ratio = 0.45 

 

Table 15. Simplistic ME method design limiting criteria for the I-96 project 

Criteria/Property Value/Estimation 

Response model EVERSTRESS 

Design life / ESAL 
20 years /  

22,694,400 ESAL 

40 years /  

56,000,000 ESAL 

Tensile strain at bottom of 

the HMA layers, in./in. 

20% Cracking 0.000100 0.000075 

10% Cracking 0.000070 0.000053 

Vertical compressive strain 

(for rutting), in./in. 

In HMA layers 0.000091 0.000068 

Top of sand subbase 0.000284 0.000227 

Top of subgrade 0.000235 0.000187 

Maximum deflection, in. Full-depth HMA 0.017500 0.015800 

Unbound layer modulus ratios Thickness dependent per Figure 9 

Damage Index 1.0 

Alligator cracking (bottom-up fatigue), % 20 

Subgrade distortion (rutting), in. 0.5 

HMA distortion (rutting), in. 0.4 

 

The layer and design parameters used for the MEPDG design method for the I-96 HMA perpetual 

pavement are shown in Table 16. As shown, the MEPDG method requires several more inputs 

than those used in the simplistic ME method. Where inputs are similar, the MEPDG inputs mostly 

match those used for the simplistic ME method. Global default values for ME of that time were 
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used when insufficient data was available. Accordingly, the associated design criteria limits are 

shown in Table 17. It should be noted that a 30-year analysis period was used instead of 40 years 

because the results were found to be “unstable” beyond 30 years. 

 

Table 16. MEPDG method design parameters for the I-96 project 

Layer/Property Value/Estimation 

Initial IRI 65 in/mi 

Sand subbase 

Resilient modulus = 7,000 psi 

Poisson’s ratio = 0.35 

Plasticity Index = 0 

Passing #200 Sieve = 10% 

Passing #4 Sieve = 72% 

Max Dry Unit Weight = 135 pcf 

(all other parameters calculated or default) 

Aggregate base 

Resilient modulus = 7,500 psi 

Poisson’s ratio = 0.35 

Plasticity Index = 0 

Passing #200 Sieve = 7% 

Passing #4 Sieve = 30% 

Max Dry Unit Weight = 130 pcf 

Optimum Water Content = 7% 

(all other parameters calculated or default) 

HMA 

Binder parameters 

(per ASTM D2493) 

A = 10.299; VTS = -3.426 

(Default ME Superpave, PG 70-22) 

Volumetrics 

Poisson’s ratio = 0.35 

Effective Binder Content = 10.5% Top/Level; 9.5% 

Base 

Air Voids = 7.5 % 

Total Unit Weight = 148 pcf 

Mix Aggregates 

% Passing 

3/4-inch sieve = 100 Top; 100 Level; 90 Base 

3/8-inch sieve = 80 Top; 70 Level; 60 Base 

#4 sieve = 65 Top; 60 Level; 50 Base 

#200 sieve = 6.5 Top; 6.0 Level; 5.5 Base 

Subgrade soil 

Resilient modulus = 5,200 psi 

Poisson’s ratio = 0.45 

Plasticity Index = 15 

Passing #200 Sieve = 65% 

Passing #4 Sieve = 93% 

Max Dry Unit Weight = 116 pcf 

Optimum Water Content = 13% 

(all other parameters calculated or default) 

 

  



 

17 

 

Table 17. MEPDG design limiting criteria for the I-96 project 

Layer/Property Value/Estimation 

Design life 30 years 

Damage Index 1.0 

Reliability (for all criteria), % 90 

Terminal IRI, in./mi. 170 

Top-Down Cracking, ft/500 2500 

Bottom-Up Cracking (alligator fatigue), % 10 

HMA Permanent Deformation (rutting), in. 0.35 

Total Permanent Deformation (rutting), in. 0.60 

 

Tables 18 and 19 provide distress prediction results from the two ME-based analysis methods 

(simplistic ME and MEPDG) for the proposed 14-inch HMA structure (as initially estimated per 

1993 AASHTO pavement design). It should be noted that the simplistic ME distress predictions 

were converted to match the distress types of the MEPDG method for comparison in Table 19. 

According to the predicted distress results, the cross-sectional structure of the pavement design 

from the 40-year, 1993 AASHTO pavement design is suitable for addressing cracking since the 

highest predicted value for bottom-up fatigue cracking remains below 20 percent (which is the 

threshold criteria for simplistic ME as shown in Table 15). However, the results indicate potential 

excessive rutting. The MEPDG method anticipates rutting mainly in unbound layers and 

foundation soil, while the simplistic ME analysis method predicts rutting predominantly in the 

HMA layers. It is more likely that rutting is predominantly in the HMA layers because the resilient 

modulus values used for the unbound layers are lower than what were used for designs that use 

the global MEPDG default calibration coefficients. Therefore, the MEPDG method may be 

overestimating potential rutting in these unbound sub-layers. 

 

To address the concern of potential HMA rutting, an additional design iteration using the simplistic 

ME method was used with assumptions for top and leveling HMA to use PG 76-22P, instead of 

PG 70-22P. As shown in Table 19, this reduces the predicted rutting to a value below the desired 

design criteria (as shown in Table 17), so it was recommended that top and leveling courses use 

this increased binder grade. As a result, the 14-inch HMA design with increased binder grades for 

top and leveling courses was adopted for the plans used for construction (per Table 2). 

 

Table 18. Simplistic ME method design prediction results for the I-96 project 

Criteria/Property Predicted Value 

Tensile strain at the bottom of the HMA layers, in./in. 0.000050 

Vertical compressive 

Strain (for rutting), in./in. 

In HMA layers 0.000092* 

Top of sand subbase 0.000099 

Top of subgrade 0.000089 

Maximum deflection, in. Full-depth HMA 0.010800 

* This value exceeds the 20- and 40-year design criteria values as shown in Table 15. 
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Table 19. Summary of distress predictions using ME-based methods for the I-96 project 

Predicted Distress 

Simplistic ME 

Method 

MEPDG 

Method 

20-Year 40-Year 20-Year 30-Year 

Fatigue Cracking 
Damage Index 0.324 0.801 0.028 0.047 

Area cracking, % 2.0 6.0 8.4 11.9* 

Top-down cracking, ft./mi. N/A N/A 267 274 

Thermal cracking, ft./mi. N/A N/A 40 211 

Total rutting, in. 
Per PG 70-22 design 0.48 0.70* 0.77* 0.86* 

Per PG 76-22 design 0.36 0.54 N/A N/A 

Layer rutting or 

distortion, in. 

Per PG 70-22 design 0.48 0.70 0.21 0.26 

Unbound layers 0.00 0.00 0.56 0.60 

IRI, in./mi. N/A N/A 120 134 

* This value exceeds the design criteria values as shown in Table 17. 

 

Construction and Quality Control 
 

This section provides a summary of the construction conditions and initial construction results. It 

includes records of tests conducted before and after construction, encompassing parameters of the 

cross-section material classifications, moisture levels, densities, thicknesses, and strength 

characteristics. It should be noted that the information presented in this section was not necessarily 

used for construction acceptance. Instead, this data was collected for informational purposes of the 

demonstration projects. 

 

For M-84 SB, moisture and density tests were conducted on HMA layers (top, leveling, and base), 

aggregate base, sand subbase, and subgrade (embankment) using the nuclear method during 

construction in 2005. Adequate density of compacted materials is important to ensure their long-

term performance and structural support. For M-84 SB, measurements were taken on both outside 

and inside lanes. Note that these measurements were taken independently of those used for 

construction acceptance, solely to characterize the material properties of the pavement 

demonstration. The percent of compaction was calculated based on the measured density and the 

maximum dry density. The percent of compaction and moisture results for different M-84 SB 

pavement layers are listed in Figures 11 and 12. Note that these results are presented in the original 

sequential order from the recording files, not by specific locations. Detailed station and lane 

location information can be found in Appendix D, Figures 72-89. 
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Figure 11. Percent of compaction for different M-84 SB pavement layers 

 

 
Figure 12. Moisture for different M-84 SB pavement layers 

 

According to the testing results on the percent of compaction of different M-84 SB pavement layers, 

the compaction of the tested HMA layers almost all meets the 92% minimal requirement. Only 

one test point of the tested HMA-base layer is slightly lower than the 92% criterion. The variance 

in compaction of HMA layers is small, indicating that the compaction process on M-84 SB HMA 

is uniform and well controlled. The tested subbase compaction range is larger than that of the 

HMA layers, with 5 out of 37 total test points falling below the 95% criterion. The compaction for 

tested subgrade (embankment/backfill) is slightly better than that for the subbase, with only one 

test point below the 95% criterion. Note that aggregate base max dry density was not obtained 

which was likely due to density testing challenges as according to the original test records. 
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Accordingly, the percent compaction could not be determined. However, conservatively, at least 

half of the 8 tests appear to achieve 98% compaction. Therefore, the density requirements for all 

M-84 SB layers appear to be largely achieved with very few exceptions.  

 

The moisture levels for tested M-84 SB pavement layers indicate that the tested subbase and 

subgrade (embankments/backfill) areas exhibit similar higher moisture levels compared to other 

layers. The tested aggregate base material shows the lowest moisture content. The order of 

moisture levels for HMA layers is HMA-top course, followed by the HMA-leveling course, and 

HMA-base course with the lowest moisture level. 

 

In addition to the density testing, stiffness and Young’s modulus were tested for the aggregate base 

using GeoGauge testing, as shown in Figure 13. The original record with the test location 

information is shown in Appendix D, Figure 90. The results indicate that the average Young’s 

modulus for the M-84 SB aggregate base layer is approximately 28.5 ksi, with a minimum of 16.85 

ksi. Considering that the resilient modulus used for the aggregate base in the design process is 25 

ksi, the base material generally meets the requirement. It should be noted that GeoGauge is not 

currently used by MDOT to measure strength parameters, so this data is for informational purposes 

only. 

 

 
Figure 13. Stiffness and modulus for M-84 SB aggregate base layer 

 

For I-96 WB, moisture and density tests for the reclaimed (existing) subbase were conducted 

during construction in 2005 using the nuclear method, as depicted in Appendix D, Figures 94-96. 

According to the tests, compaction of the tested subbase all exceed the 95% minimum requirement. 

The in-place moisture content was 6.0 to 8.0 percent. In addition to the density testing, the 

associated aggregate inspection for soil classification of the material was conducted as shown in 

Appendix D, Figure 97. Accordingly, the subbase meets acceptable MDOT Class IIA subbase 

material. Additional soil classification testing was conducted for the sand subbase, as shown in 

Appendix D, Figures 102-104. This tested subbase material is consistent with the samples taken 

for density testing as it also meets the MDOT specifications for Class IIA subbase. Further soil 
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classification testing was conducted for the non-stabilized and lime stabilized subgrade samples, 

with the results displayed in Appendix D, Figures 98-101. The soil classification test results are 

summarized in Table 20. As shown, the subgrade stabilization appears to have improved the 

material quality such that it is classified as an improved material type with less fines (as expressed 

by the percent passing the #200 sieve). 

 

Table 20. Soil classification summary of the I-96 WB samples 

Material Station Offset 

Percent 

Passing 

#100 

Sieve 

Loss by 

Wash 

Percent 

Passing 

#200 

Sieve 

Liquid 

Limit 

Plasticity 

Index 

Natural 

Moisture 

Percentage 

by Weight 

Classification 

Subgrade 314+25 

Center of 

middle 

lane 

83 78 39 22 19.1 

Lean Clay 

with Sand 

(CL) 

Subgrade 317+00 

Center of 

rightmost 

lane 

83 77 40 22 20.0 

Lean Clay 

with Sand 

(CL) 

Stabilized 

Subgrade 
314+25 

18-feet 

left of 

centerline 

58 49 38 16 20.0 
Sandy Silt 

(ML) 

Stabilized 

Subgrade 
317+00 

42-feet 

left of 

centerline 

57 50 38 10 22.9 
Clayey Sand 

(SC) 

Reclaimed 

(existing) 

Subbase 

314+00 

to 

315+66 

- 25 9.7 - - - 
Meets MDOT 

Class IIA 

Reclaimed 

(existing) 

Subbase 

315+66 

to 

317+33 

- 25 10.3 - - - 
Meets MDOT 

Class IIA 

Reclaimed 

(existing) 

Subbase 

317+33 

to 

319+00 

- 18 8.9 - - - 
Meets MDOT 

Class IIA 

 

To further evaluate these materials and to assess the initial pavement construction and subgrade 

strength characteristics on NB M-84, Falling Weight Deflectometer (FWD) testing was conducted 

on M-84 NB in May 2005, encompassing both the outside and inside lanes. The results shown in 

Figures 14 and 15 depict the measured deflections along the length of the project for both the NB 

inside and outside lanes. Note that station length measurements are in metric and begin near 

College Drive. The maximum deflection at 0 inches (load plate) is indicative of the strength of the 

entire pavement structure, while the maximum deflection at 60 inches is used to estimate the 

strength of the subgrade. Analysis of the FWD data unveiled varying deflection patterns along the 

project's length, with notably high deflections observed near specific locations such as the 

Contractor Yard (1,300-feet south of Freeland Road), Box Culvert (350-feet south of Kara Drive), 

Kara Drive, and Amelith Road areas. These notable areas could indicate potential issues, but these 

are relative to the project itself and do not necessarily indicate poor strength, so as discussed in the 

following condition sections, these areas were not found to exhibit uniquely different performance. 

Generally, even those areas with the highest deflection are fair for both the pavement structure and 

its subgrade. 
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Figure 14. Average maximum deflection data for the M-84 NB inside lane 

 

 
Figure 15. Average maximum deflection data for the M-84 NB outside lane 

 

For the I-96 project, FWD at construction was not available, but according to the office 

memorandum in 2001 to describe soil conditions, the in-situ subgrade soil classification is 72% 

Firm Silty Clay, 18% Plastic Silty Clay, and 9% Soft Silty Clay, with 3,000 psi estimated resilient 

modulus for 1993 AASHTO pavement design. See Appendix D, Figures 91-93 for more details. 

This is lower quality subgrade material, but serviceable as a construction platform. Still, given its 

low quality, stabilizing was warranted. As a result, the subgrade support and its consistency are 

significantly improved from these initial estimations. This is confirmed by the soil classification 

tests conducted during construction as previously noted. 

 

In addition to the material properties, a crucial structural component for performance of the 

constructed perpetual pavement is the thickness of HMA. Adequate pavement thickness will 

reduce fatigue cracking and avoid functional maintenance within the design period. Ground 



 

23 

 

Penetrating Radar (GPR) tests were conducted on the M-84 and I-96 WB (local and express) 

pavement projects to measure the thickness of the HMA layers. It should be noted that GPR 

measurements are estimates since core data is not available to confirm them. However, M-84 cores 

taken in 2020 show that average thicknesses correlate with the GPR measurements. 

 

For the M-84 project, thickness data for an approximately 15,700-foot (2.97-mile) pavement 

section, measured at 10-foot intervals, was collected in both NB and SB directions. The scatter 

and distribution of HMA thickness for the M-84 NB standard pavement are presented in Figures 

16 and 17, while Figures 18 and 19 show the M-84 SB perpetual pavement thicknesses. The 

distance of 0 feet refers to the starting point at the southern end, with the distance increasing 

towards the northern endpoint. 

 

 
Figure 16. HMA thickness along the distance for the M-84 NB standard pavement 

 

 
Figure 17. HMA thickness distribution for the M-84 NB standard pavement 
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Figure 18. HMA thickness along the distance for the M-84 SB perpetual pavement 

 

 
Figure 19. HMA thickness distribution for the M-84 SB perpetual pavement 

 

According to the thickness data for M-84, most of the pavement on both bounds meet or exceed 

the designed 6.5-inch thickness. The NB standard pavement has an average thickness of 6.92-

inches, while the SB perpetual pavement has an average thickness of 6.74-inches. Of the tested 

pavement locations, 73% and 68% are at least 6.5-inches thick for the NB standard pavement and 

SB perpetual pavement, respectively. For the SB perpetual pavement, 32% of tested locations are 

less than 6.5-inches, most of these are still at least 6-inches thick with only 7% of tested locations 

less than 6-inches. For the SB perpetual pavement, thinnest paved areas are north of College Dr. 

to 500-feet north of the first turnaround north of College Dr. and 500-feet north and south of 

Matthew Dr. For the NB standard pavement, thinnest paved areas are from the northernmost 

turnaround to 500-feet north and 1000-feet south of Amelith Rd. to 500-feet south of Amelith Rd. 

However, as will be further discussed int the following sections, it should be noted that there was 

no discernable difference in pavement performance at these locations. 

 

For the I-96 project, thickness data for a 10,240-foot (1.94-mile) pavement section, measured at 

10-foot intervals, were collected starting at the east endpoint, near Schaefer Rd (0-feet) and ending 

at the west endpoint, near the bridge for M-39 (10,240-feet). The scatter and distribution of HMA 
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thickness for the express lane are presented in Figures 20 and 21, while those for the local lane are 

presented in Figures 22 and 23.  

 

 
Figure 20. HMA thickness along the distance for the I-96 WB express lane section 

 

 
Figure 21. HMA thickness distribution for the I-96 WB express lane section 

 

 
Figure 22. HMA thickness along the distance for the I-96 WB local lane section 
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Figure 23. HMA thickness distribution for the I-96 WB local lane section 

 

The thickness data for the I-96 project reveals that most pavement sections do not meet the 

designed 14-inch thickness, especially for the local lanes. The express lane pavement has an 

average thickness of 13.79-inches, while local lane pavement has an average thickness of 12.76-

inches. Of the tested pavement locations, 32% and 6% are at least 14-inches thick for the express 

and local pavement, respectively. For the express pavement, thinnest paved areas from the start of 

the most west off ramp for the local lanes (to Evergreen Rd.) to its 22-foot point. For the local 

pavement, the thinnest paved areas from the start of the off ramp for Greenfield Road to the 

Greenfield Road overpass. It's important to note that there may be some variability in the GPR 

measurements as these can be influenced by the equipment and data processing. Nevertheless, 

insufficient thicknesses for I-96 WB may accelerate the development of pavement distress, most 

notably for the local lanes. 

 

In summary, almost all construction-related sampled materials for both the M-84 and I-96 meet or 

exceed the requirements for material classifications, moisture levels, densities, and strength 

characteristics. Additionally, M-84 meets the design requirements for pavement thickness. 

However, test results for I-96 reveal a notable deficiency in its pavement thicknesses. As a result, 

there are no notable construction concerns for M-84, whereas I-96 findings suggest that its 

pavement thicknesses may not adequately resist bottom-up fatigue cracking and could experience 

accelerated distress. It is important to note that this summary does not consider the construction 

density of the HMA longitudinal joints since these were not measured or documented in the 

construction records. This is notable since these joints were found to be a performance issue for I-

96. Since the construction of I-96, MDOT has implemented changes to its construction 

requirements to ensure the density of the longitudinal construction joints, aiming to prevent long-

term performance issues. 
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Pavement Condition Data Analysis 
 

For MDOT roadways, pavement condition (used for performance assessment) for each project is 

measured by a variety of methods, including rutting, MDOT’s Distress Index (DI), and 

International Roughness Index (IRI). Rutting is the difference in elevation across the pavement 

surface plane defined by its transverse cross slope, measured in each wheel path separately in 

inches. The DI measurement is the total accumulated distress point value for a given pavement 

section normalized to a 0.1-mile length, collected per a sampling of the 0.1-mile length. It is a 

unitless value that indicates a pavement's 2-dimensional surface distress condition (so faulting and 

rutting are not included). The IRI measurement is the roughness of the road profile in inches/mile 

(so that physical distresses such as faulting and rutting can impact its measurement).  

 

Condition data measurements are to be taken in the rightmost lane (outside lane) unless this lane 

was unavailable due to construction or other lane obstruction. Lane configurations for the M-84 

and I-96 projects are presented in Figures 24 and 25, respectively. 

 

  
Figure 24. Lane configuration for M-84 SB, Google Maps Image, 2023 

 
(a) Express lanes 

 
(b) Local lanes 

Figure 25. Lane configuration for I-96 WB, Google Maps Image, 2023 
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Note that historically through 2019, MDOT network-level data collection for DI, IRI, and rut-or-

fault was intended to be obtained every other year for any given route segment (including both 

directions of divided routes). However, the following is a list of exceptions to that biennial 

schedule: 

• Starting in 2009, the annual IRI collection began in at least one direction of all National 

Highway System (NHS) routes. 

• Starting in 2018, the annual IRI collection on at least one direction of all NHS routes was 

reduced to only Interstate routes. 

• Also, starting in 2018, the annual collection of DI and rut-or-fault began (in addition to 

IRI) on one direction of the Interstate routes. 

• Schedules for data collection are subject to roadway availability, so construction or similar 

operations may prevent data collection for that anticipated year. 

 

A summary of yearly IRI, rutting, and DI data for both bounds of the M-84 project are presented 

in Table 21 and Figures 26 to 28. Note that the data is separated into two subsections due to location 

milepoint identifiers that separate how the data is organized and output. The limits of subsections 

(1) and (2) are shown in Figure 1. As shown, subsection (1) is from Pierce Rd to approximately 1 

mile north while subsection (2) begins where (1) ends to approximately 2 miles north (to the end). 

It is worth noting that the project area has experienced 3 crack treatment projects and occasional 

minor repair events that have been isolated to spot repairs, typically spanning less than 50 feet in 

length. Since this work is relatively minor, the overall pavement condition data is minimally 

impacted by these events. 

 

The IRI data in Table 21 and Figure 26 indicates a consistent increase in roughness with pavement 

age for both the M-84 SB perpetual pavement and NB standard HMA sections. All subsections of 

the pavement have remained reasonably smooth, with the IRI consistently well below 170 

inches/mile, which is the FHWA threshold for fair condition (per FHWA 23 CFR 490.313). Still, 

the IRI values in the SB sections are slightly lower than those in the NB sections, suggesting a 

smoother surface for the demonstration project. According to the FHWA threshold for good IRI 

condition, below 95 inches/mile (per FHWA 23 CFR 490.313), the SB perpetual pavement 

subsection (1) still remains within the good range and subsection (2) has remained good until age 

of 13 years. In comparison, the IRI values for the NB standard subsections (1) and (2) were 

considered good until 10 years and 12 years, respectively. 

 

The data in Figure 27 shows that the overall average rutting is low for all M-84 subsections, 

remaining below 0.2 inches, which meets the FHWA threshold for good condition (per FHWA 23 

CFR 490.313). Although early rutting values were relatively higher than later ones, this may be 

attributed to factors such as traffic compaction after construction and/or data noise. Both bounds 

indicate a strong structure as average rutting values have remained low. There are minimal 

discernable trends or differences between the two bounds. 

 

As shown in Figure 28, all subsection DI values remain low, far below 50 DI, which is the value 

used in the MDOT Pavement Selection Manual [3] to approximate the end of service life. This 

indicates that both bounds of the project have been in good to fair condition. Comparing the 

sections, before year 9, the DI between the SB perpetual sections and NB standard sections are 

quite similar. However, thereafter, the SB subsections DI values begin to exhibit slightly higher 
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DI values than the NB subsections. Still, the NB subsections show steeper slopes in DI increase, 

which may indicate a more rapid rate of deterioration of the NB standard HMA pavement in the 

future years. As a result, the M-84 SB perpetual pavement seemingly exhibits more favorable long-

term DI values compared to the NB standard pavement. Nonetheless, the most recent DI values 

for all subsections are quite similar, suggesting comparable DI for both bounds. 

 

Table 21. Yearly progression of IRI, rutting, and DI for the M-84 project 

* The pavement age corresponds to the SB perpetual pavement section. For the NB standard pavement, the age should 

be adjusted by adding 1 year since it was completed one year earlier. 

Data Year 

(Pavement 

Age of 

SB) * 

Pavement section 

SB (Perpetual) 

Subsection (1) 

SB (Perpetual) 

Subsection (2) 

NB (Standard) 

Subsection (1) 

NB (Standard) 

Subsection (2) 

IRI Rutting DI IRI Rutting DI IRI Rutting DI IRI Rutting DI 

2006 (1) 57 0.13 0 - - - 73 0.12 0.01 79 0.09 0.04 

2007 (2) - - - 65 0.11 0.18 - - - 63 0.09 0.01 

2008 (3) 58 0.14 0.01 - - - 73 0.12 0.26 - - - 

2009 (4) - - - - - - 76 0.14 - 63 0.12 - 

2010 (5) 63 0.16 3.17 66 0.15 3.39 75 0.15 2.06 65 0.13 - 

2011 (6) - - - - - - 79 0.17 - 70 0.14 - 

2012 (7) 62 0.06 1.25 71 0.05 1.65 79 0.07 3.06 69 0.06 1.85 

2013 (8) - - - - - - 82 - - 71 - - 

2014 (9) 77 0.09 3.57 80 0.07 5.64 94 0.08 3.57 82 0.06 4.42 

2015 (10) - - - - - - 99 - - 88 - - 

2016 (11) 82 0.09 13.07 88 0.07 13.17 103 0.09 6.21 94 0.07 9.32 

2017 (12) - - - - - - 108 - - 97 - - 

2018 (13) 88 0.07 22.22 102 0.05 22.66 115 0.06 22.92 106 0.04 25.31 

2019 (14) - - - - - - - - - - - - 

2020 (15) - - - - - - - - - - - - 

2021 (16) 94 0.13 - 107 0.10 - 126 0.09 - 115 0.07 - 

2022 (17) - - - - - - - - - - - - 
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Figure 26. Yearly IRI data for the M-84 project 

 
Figure 27. Yearly rutting data for the M-84 project 

 
Figure 28. Yearly DI data for the M-84 project 
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To identify distinct areas of pavement performance, detailed breakdown of the latest pavement DI 

(in 2018) per tenth mile along the M-84 project length is shown in Table 22 and visually shown in 

Figure 29. Accordingly, the DI along the M-84 SB perpetual pavement project is shown to be 

mostly evenly distributed, with standard deviations of 6.6 for SB and 7.1 for NB. This mostly even 

distribution in DI data indicates that the performance of the M-84 project is relatively uniform 

along the entire distance. Overall, the NB standard HMA section generally shows a higher DI 

compared to the SB perpetual section at the same milepoint. This suggests that SB may be 

outperforming NB. However, it is important to consider that SB is one year younger than NB, so 

this may change when SB reaches the same age as NB. 

 

Table 22. M-84 pavement DI per 0.1 mile in 2018 

Pavement Length 

(Mile, South to North Direction) * 
M-84 SB (Perpetual) M-84 NB (Standard) 

0.1 11.025 22.09 

0.2 21.275 26.34 

0.3 19.48 20.37 

0.4 31.22 35.185 

0.5 19.96 23.835 

0.6 17.585 21.875 

0.7 21.465 28.57 

0.8 17.815 19.275 

0.9 29.48 14.215 

1.0 32.182 18.423 

1.1 27.49 35.265 

1.2 31.185 37.795 

1.3 33.765 21.56 

1.4 19.05 24.4 

1.5 14.695 24.885 

1.6 15.51 29.3 

1.7 21.16 23.785 

1.8 23.835 15.525 

1.9 11.36 35.21 

2.0 21.51 25.07 

2.1 17.655 26.33 

2.2 17.685 24.215 

2.3 21.29 24.46 

2.4 35.025 13.595 

2.5 30.695 15.805 

2.6 17.69 15.4 

2.7 24.945 16.48 

2.8 21.335 23.63 

2.9 26.74 38.9 

Average 22.6 24.2 

* 0 to 1.0 miles are per subsection (1) and 1.1 to 2.9 miles are per subsection (2). 
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Figure 29. DI per 0.1 mile along the M-84 project 

 

A summary of yearly IRI, rutting, and DI data for the I-96 project are presented in Table 23 and 

Figures 30 to 32. Condition data is separated by the local and express lane sections. It is worth 

noting that the project area has experienced repair events in 2020 and 2021 to repair segregation 

and raveling at the longitudinal construction joints between some of the lanes and shoulders. Since 

most of this work was not within the vehicle wheel paths, the pavement condition data for these 

two years are largely unaffected by these events. 

 

As shown in Table 23 and Figure 30, both the local and express lane sections exhibit low IRI 

values as both sections consistently remained below the threshold for good condition of 95 

inches/mile. The express section demonstrates a slightly lower IRI than the local lane. 

 

Both the local and express sections demonstrate low rutting, measuring less than 0.2 inches, as 

shown in Figure 31. The express section exhibits slightly more rutting than the local lanes, but this 

is minimal. Overall, both sections indicate adequate structure as average rutting values have 

remained low. 

 

Figure 32 shows that the DI remained very low for both sections throughout the first 12 years after 

construction. However, the last recorded DI for the express lane at age 14 shows a dramatic 

increase. Still, the DI for that year (13.11) still indicates satisfactory conditions as this value is well 

below 50 DI. This single year DI increase could be attributed to the development of segregation 

and raveling at the longitudinal construction joints that were observed in field condition survey 

reviews as is discussed in the following section of this report. These types of excessive distress 

within the longitudinal construction joints will be included in DI measurements, but some of this 

may have been overly captured, even in areas with fair construction joints. Therefore, additional 

DI after 2019 would be beneficial to verify the accuracy of the DI increase found in 2019. 
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Table 23. Yearly Progression of IRI, rutting, and DI for the I-96 WB project  

 

 
Figure 30. Yearly IRI data for the I-96 WB project 

 

Data Year  

(Pavement Age) 

I-96 WB (Local) I-96 WB (Express) 

IRI Rutting DI IRI Rutting DI 

2006 (1) - - - - - - 

2007 (2) 77 0.12 0.20 77 0.14 0.01 

2008 (3) - - - - - - 

2009 (4) 81 - 2.73 80 0.16 0.05 

2010 (5) - - - - - - 

2011 (6) 87 - 4.25 79 0.18 5.53 

2012 (7) - - - - - - 

2013 (8) 87 0.08 0.14 82 0.10 3.27 

2014 (9) - - - - - - 

2015 (10) 89 0.08 0.69 84 0.10 0.11 

2016 (11) - - - - - - 

2017 (12) 87 0.11 0.46 84 0.11 1.67 

2018 (13) - - - - - - 

2019 (14) 93 0.06 - 87 0.08 13.11 

2020 (15) - - - - - - 

2021 (16) - - - 79 0.09 - 

2022 (17) 92 0.11 - - - - 
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Figure 31. Yearly rutting data for the I-96 WB project 

 
Figure 32. Yearly DI data for the I-96 WB project 

To identify distinct areas of pavement performance, detailed breakdown of the latest pavement DI 

(in 2019) per tenth mile along the I-96 project length is shown in Table 24, with corresponding 

visual representation in Figure 33. Note that the local lane section is not shown because DI data 

was not measured in 2019 and due to its very low values in 2017, its relative differences are low 

and would not show identifying differences along the route. As shown, the DI along the I-96 WB 

express section tends to be relatively high near M-39 and its off ramps but decreases as it 

progresses to the east. This could be attributed to variations in traffic control measures and/or 

constructability issues near this transition area of the project.  
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Table 24. I-96 WB pavement DI per 0.1 mile in 2019 

Pavement Length 

(Mile, West to East Direction) 
I-96 WB Express Section 

0.1 5.625 

0.2 14.005 

0.3 22.62 

0.4 17.64 

0.5 26.3 

0.6 38.84 

0.7 14.88 

0.8 7.4 

0.9 7.065 

1.0 6.8 

1.1 8.28 

1.2 7.56 

1.3 7.46 

1.4 11.485 

1.5 7.12 

1.6 7.18 

1.7 15.06 

1.8 11.16 

1.9 9.5 

2.0 16.89 

Average 13.1 

 

 
Figure 33. DI per 0.1 mile along the I-96 WB express section 
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Pavement Condition Survey Findings 
 

Annual pavement condition field assessments of all MDOT demonstration projects are 

documented in the MDOT Pavement Demonstration Program Legislative Status Report, Pavement 

Demonstration Program Status Report Public Act 457 of 2016 [4]. Typically, this annual report 

includes a summary of visual distress conditions, including cracking and repairs. These reports are 

derived from the field survey notes. As an example, the 2022 field evaluation notes are shown in 

Appendix E. Survey pictures are shown in Appendix F. Annual surveys collected data in all 

mainline through lanes (excluding ramps and turn lanes) of the two projects, so the pavement 

condition data measurements (used for performance assessments) may not be directly comparable 

to the annual site surveys since condition data measurements are taken in one lane. Note that 

observed crack lengths exclude those at the longitudinal construction joint since this is a common 

crack occurrence due to construction operations and may not indicate the pavement’s structural 

characteristics. The survey on the M-84 project includes both the NB standard and SB perpetual 

sections from 2007 to 2022 for comparison. Key survey observations for both directions in each 

survey year are summarized in Table 25. 

 

Table 25. Summary of the M-84 perpetual demonstration program status reports 

Report 

Date 
Key Observations 

Jan. 2007 Both Directions: Pavement in as-constructed condition with no distress. 

Jan. 2008 

Both Directions: Several short areas, in both directions, were milled and resurfaced during 

construction, to improve ride quality. 

NB: 1 minor transverse crack observed. 

SB: No distresses was noted. 

Feb. 2009 

Both Directions: Construction related longitudinal cracking observed at the paving joints. 

NB: 15 transverse cracks observed (previously filled in 2008). 

SB: No distresses was noted. 

Mar. 2010 
NB: 29 transverse cracks observed, 337-feet total length. 

SB: 3 minor transverse cracks observed, 16-feet total length. 

Feb. 2011 
NB: Minimal increase in transverse cracking from 2010. 

SB: No change from 2010. 

Jan. 2012 

NB: Significant increase in transverse cracking to 848-feet total length. 

SB: Significant increase in transverse cracking to 218-feet total length. However, many of 

these cracks are short. 

Feb. 2013 

Both Directions: Note that this year’s crack counts included turn lanes. 

NB: Transverse cracking was 959-feet in total length. 

SB: Transverse cracking was 388-feet in total length. Most of this cracking is at and near 

turnaround left lanes. 

Jan. 2014 

NB: Transverse cracking increased to 1,782-feet total length with less than 200 feet of 

longitudinal cracking observed. 

SB: Transverse cracking increased to 514-feet total length with less than 30 feet of 

longitudinal cracking observed. 

Jan. 2015 

Both Directions: Note that this year’s crack counts focused on unsealed cracking because 

this was representative of the new cracking from the previous year. 

NB: Unsealed transverse cracking increased to 2,710-feet total length. 

SB: Unsealed transverse cracking increased to 1,318-feet total length. 
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Jan. 2016 

NB: Transverse cracking increased by 3,054-feet to 7,512-feet in total length. Longitudinal 

cracking was 75-feet total length. 

SB: Transverse cracking significantly increased by 6,336-feet to 8,216 total length. This is 

an increase of 336 percent. Longitudinal cracking was 24-feet total length. 

Jan. 2017 

NB: Transverse cracking increased by 2,911-feet. Longitudinal cracking was 126-feet total 

length. 

SB: Transverse cracking increased by 4,900-feet. Longitudinal cracking was 165-feet total 

length. 

Jun. 2018 
NB: Transverse cracking increased by 2,990-feet. Longitudinal cracking was minimal. 

SB: Transverse cracking increased by 600-feet. Longitudinal cracking was minimal. 

Jun. 2019 

NB: Transverse cracking increased by 269 feet/lane-mile. Transverse cracks are widening. 

Longitudinal cracking was minimal. 

SB: Transverse cracking increased by 1,029 feet/lane-mile. While this increase is higher 

than NB, the cracks are consistently narrower. Longitudinal cracking was minimal. 

Jun. 2020 

NB: Transverse cracking increased by 217 feet/lane-mile. Transverse cracks continue widen 

with some faulting at these cracks. Longitudinal cracking was minimal. 

SB: Transverse cracking increased by 351 feet/lane-mile. Cracks continue to remain narrow. 

Longitudinal cracking was minimal. 

Jun. 2021 

NB: Transverse cracking increased by 126 feet/lane-mile. Transverse cracks continue widen 

with some faulting at these cracks. Longitudinal cracking remains low. 

SB: Transverse cracking increased by 513 feet/lane-mile. Cracks continue to remain narrow. 

Longitudinal cracking remains low. 

Jun. 2022 

NB: Transverse cracking increased by 71 feet/lane-mile to 2,534 feet/lane-mile in total. 

Transverse cracks are wider than SB with some faulting at these cracks. Longitudinal 

cracking remains low. 

SB: Transverse cracking increased by 699 feet/lane-mile to 4,654 feet/lane-mile in total. 

Cracks continue to remain narrow. Longitudinal cracking remains low. 

 

For further details, Table 26 provides comprehensive data on pavement cracking (including 

transverse and longitudinal types) per lane-mile, as well as pothole distresses observed on both 

bounds of M-84 since 2014 (age of 9 years), (with exception of 2018 since its raw data could not 

be confirmed). This table highlights recent-year data, particularly showing the inflection of crack 

propagation. As shown, longitudinal cracking is minimal and stable in both directions of M-84 

project, so both sections seem to be resisting fatigue cracking. However, as shown in Figure 34, 

transverse cracking per lane-mile since 2017 (age of 12 years) has been very high for both sections. 

Transverse cracking on the M-84 SB perpetual section was lower than that on the NB standard 

prior to 2016, but has remained higher than NB after 2016. According to the survey reports, despite 

the SB perpetual pavement having a greater increase in transverse cracking after the year 2016, 

most of its cracks remain narrow (approximately 1/16th of an inch) and short (approximately 2’), 

while cracks on NB are much wider (approximately 1 inch) and longer (full width – 12’). 

Therefore, the observed transverse cracking in SB is likely limited to the surface, preserving the 

HMA sublayers, so the surface layer can be milled and resurfaced to eliminate most of this 

cracking. Yet, for NB, since these cracks are much wider, milling with resurface will be less 

effective, so cracks are likely to reemerge faster, lowering the overall pavement service life.  

Therefore, overall, while both bounds are performing poorly in thermal cracking, the latest field 

survey annual reporting has described the SB perpetual pavement overall structural performance 

as good. It should be noted that annual reporting condition ratings of good, fair, and/or poor are 

assigned to each project based on a subjective evaluation of the condition at the time of the latest 
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field visit and are only intended to provide a general sense of the performance (in terms of 

anticipated distress and ride quality per the design type), so this qualifier may not reflect the final 

recommendation of this pavement after all relevant information is obtained to make a final 

determination. 

 

Table 26. Yearly cracking and pothole distress for the M-84 project  

Year 
Pavement 

Age* 

NB (Standard) SB (Perpetual) 

Transverse  

Cracks 

(feet/ 

lane-mile) 

Longitudinal  

Cracks 

(feet/ 

lane-mile) 

Potholes 

(total 

number) 

Transverse  

Cracks 

(feet/ 

lane-mile) 

Longitudinal  

Cracks 

(feet/ 

lane-mile) 

Potholes 

(total 

number) 

2014 9 298 - - 86 - - 

2015 10 746 - - 313 - - 

2016 11 1,257 13 - 1,369 4 - 

2017 12 1,744 21 - 2,185 27 - 

2018  13 - - - - - - 

2019 14 2,119 - - 3,092 - - 

2020 15 2,337 28 3 3,442 27 3 

2021 16 2,463 157 2 3,955 48 8 

2022 17 2,534 104 4 4,654 63 3 

* The pavement age corresponds to the SB perpetual pavement section. For the NB standard 

pavement, the age should be adjusted by adding 1 year since it was completed one year earlier. 

 

 
Figure 34. Yearly transverse cracking per lane-mile of the M-84 project 

 

During April and May of 2020, in addition to the annual visual survey, additional assessments of 

the M-84 project were conducted through pavement coring and falling weight deflectometer 

(FWD) testing. Specifically, to confirm that transverse cracking was within the surface of the 

perpetual HMA pavement, 22 cores with 11 cores per direction were randomly extracted from 

evenly distributed transverse cracks within the outer lanes. The focus was on cracks with varying 

lengths and widths, excluding those exceeding a width of ¼ inch since these were assumed to be 

full depth. The coring locations along M-84 are shown in Figure 35. 
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The M-84 sampled core average results are presented in Table 27. An example of coring location 

and sample condition is illustrated in Figure 36. Per the cores, the mean pavement depth measured 

6.73 inches for the NB samples and 6.77 inches for the SB samples. Notably, the NB lanes 

exhibited generally longer and broader cracks, with an average crack length of 7.6 feet and a width 

of 0.094 inches, compared with the SB lanes' averages of 6.2 feet and 0.075 inches, respectively. 

The average crack depth was similar for both directions, but SB was less than NB with a 5.4-inch 

average depth for SB versus 5.6-inches for NB. This result is expected since the distribution of all 

sampled cracks were those that were less than ¼-inches in width. Full-depth cracks were on 

average, 8.7-feet long whereas those of partial depth were 4.8-feet long. Since most of the cracks 

on SB are short (2’ length) and narrow, this further suggests that most cracks on SB are partial 

depth and constrained to the surface course layer. 

 

 
           (a) NB                                                                    (b) SB 

Figure 35. 2020 coring locations for the M-84 project 

 

         
                  (a) Location                               (b) core top view                   (c) core side view 

Figure 36. Example of coring location and sample condition in M-84 SB coring 
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Table 27. Core cracking average results of the M-84 project 

Direction 
Crack Length 

(ft) 

Crack Surface Width 

(in) 

Pavement Thickness 

(in) 

Crack Depth 

(in) 

NB 

(standard) 
7.6 0.094 6.73 5.58 

SB 

(perpetual) 
6.2 0.075 6.77 5.43 

 

The FWD test covered 15,700 feet (2.97 miles) in the NB standard HMA pavement and 15,730 

feet (2.97 miles) in the SB perpetual pavement sections. Figure 37 illustrates the M-84 corrected 

subgrade resilient modulus derived from the FWD tests, indicating similar modulus values at 

corresponding locations along both bounds of the M-84 project. On average, subgrade support 

slightly decreases from Pierce Road north to the Point of Ending (POE) in both directions. Notably, 

the SB direction exhibits marginally higher subgrade support than the NB direction, with average 

subgrade resilient modulus values of 7,387 psi and 7,064 psi, respectively. Despite the FWD tests 

being conducted under spring conditions, which typically lead to lower modulus values due to wet 

and softer conditions, the calculated values are relatively high. Minimum values remain fair (above 

3,000 psi) and occur intermittently, indicating the absence of poor locations or lengths. The FWD 

subgrade resilient modulus values at the sampled crack locations reveal no discernible trends, 

suggesting that subgrade conditions are not impacting cracking or its propagation. Overall, the 

subgrade demonstrates good performance, and it is likely that cracking and its propagation are 

being most significantly influenced by the pavement material and is unrelated to subgrade 

conditions. 

 

 
Figure 37. M-84 corrected subgrade resilient modulus 

 

For the I-96 project, annual surveys were conducted on WB local and express lanes. Accordingly, 

observations on local and express sections were tracked separately. The key survey observations 

for each survey year are summarized in Table 28. 
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Table 28. Summary of the I-96 perpetual demonstration program status reports 

Report 

Date 
Key Observations 

Jan. 2007 All lanes: Pavement in as-constructed condition with no distress. 

Jan. 2008 All lanes: Pavement still in as-constructed condition with no distress. 

Feb. 2009 All lanes: Pavement still in as-constructed condition with no distress. 

Mar. 2010 Local: Possibly 3 faint cracks observed within a 15-foot section. 

Feb. 2011 All lanes: No change from previous year. 

Jan. 2012 All lanes: Construction related longitudinal cracking starting to appear at the paving joints. 

Feb. 2013 All lanes: No change from previous year. 

Jan. 2014 

All lanes: Construction related longitudinal cracking increasing at the paving joints, 

specifically between the right lane and right shoulder. 

Local: Two straight transverse cracks, approximately 6 feet apart observed with settlement 

between them. It is unclear if this is due to recent utility work or loss of support over a 

utility trench. 

Jan. 2015 

All lanes: Construction related longitudinal cracking continues to increase at the paving 

joints, specifically between the right lane and right shoulder. Where echelon paving was 

used between the middle and right lanes, these longitudinal joints are still performing well. 

Express: The longitudinal construction joint between the left and middle lanes has 

intermittent locations with significant segregation. 

Jan. 2016 

All lanes: Construction related longitudinal cracking continues to increase at the paving 

joints. The longitudinal joints have been sealed with overband crack sealant. 

Express: Possibly two sealed longitudinal cracks observed in the leftmost lane. 

Jan. 2017 
All lanes: Mostly unchanged from previous year with the longitudinal construction joints 

exhibiting the most distress. 

Jun. 2018 

All lanes: Mostly unchanged from previous year. The longitudinal construction joints 

continue to show widening, specifically, the joint between the outside lane and the on/off 

ramps have significant segregation. 

Jun. 2019 
All lanes: Mostly unchanged from previous year with the longitudinal construction joints 

exhibiting the most distress. The observed pavement distress is very low for both sections. 

Jun. 2020 

All lanes: Overall, the observed pavement distress is very low for both sections. 

Local: Segregation and raveling of the longitudinal construction joint between the outside 

lane and the on/off ramps along the project length remains mostly stable, but there are some 

infrequent random longitudinal joint pop-outs between lanes. 

Express: Longitudinal joint separation and raveling observed between the leftmost and 

middle lanes. Also observed between the rightmost lane and right shoulder. Significant 

separation observed at two separate locations approximately 1,000-feet in length. 

Jun. 2021 

All lanes: The longitudinal construction joints continue to exhibit the most distress. 

Otherwise, the overall observed pavement distress is very low for both sections. 

Local: Segregation and raveling of the longitudinal construction joint between the outside 

lane and ramps are notably increasing, up to 2-feet wide. Other longitudinal joints between 

lanes are starting to separate. 

Express: A minor amount of intermittent repair patches was conducted prior to this year’s 

review. This comprises about 0.5 percent of the surface area. 

Jun. 2022 

All lanes: A large amount of intermittent repair patches was conducted in both the local and 

express lane sections prior to this year’s review. This comprises about 7.6 and 10.6 percent 

of the surface area of the local and express sections, respectively. Almost all patching was 

within the longitudinal joints (between lanes and the shoulders) to repair joint raveling and 

segregation. Overall, the observed pavement distress remains very low for both sections. 
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Detailed pavement cracking (transverse, longitudinal) per lane-mile and pothole distresses for both 

sections of I-96 since 2019 (age of 14 years) are shown in Table 29. As shown in this table and 

summarized by the key observations in Table 28, other than the construction related longitudinal 

joint segregation, both local and express lanes have exhibited very low amounts of cracking and 

potholes throughout its life. The express lane appears to have slightly more cracking than the local 

lanes, which could be attributed to differences in traffic and/or construction. 

 

Table 29. Yearly cracking and pothole distress for the I-96 project 

Year 
Pavement 

Age 

Local Lanes Express Lanes 

Transverse 

Cracks 

(feet/ 

lane-mile) 

Longitudinal 

Cracks 

(feet/ 

lane-mile) 

Potholes 

(total 

number) 

Transverse 

Cracks 

(feet/ 

lane-mile) 

Longitudinal 

Cracks 

(feet/ 

lane-mile) 

Potholes 

(total 

number) 

2019 14 0 0 2 6 0 10 

2020 15 0 6 8 6 3 11 

2021 16 0 7 18 21 30 27 

2022 17 12 21 29 41 110 35 

 

As of the most recent Demonstration Program Status Reports in both 2021 and 2022, the general 

condition of the pavement has largely remained stable, with some noteworthy developments. For 

all lanes, the longitudinal construction joints continue to separate and ravel. However, patching 

repairs at poor longitudinal joint areas have mitigated these issues. Otherwise, areas with limited 

sunlight beneath bridges, hindering water evaporation and leading to prolonged water exposure, 

have been found to have the most potholes. Despite these localized challenges, the overall 

performance of both pavement sections is classified as good. As previously noted, annual reporting 

condition ratings of good, fair, and/or poor are assigned to each project based on a subjective 

evaluation of the condition at the time of the latest field visit and are only intended to provide a 

general sense of the performance (in terms of anticipated distress and ride quality per the design 

type), so this qualifier may not reflect the final recommendation of this pavement after all relevant 

information is obtained to make a final determination. 

 

Performance Comparison and Evaluation 
 

A performance comparison was conducted to evaluate the relative pavement performance of the 

two full-depth reconstructed perpetual pavement demonstration projects against MDOT standard 

reconstructed HMA pavement as per data in the MDOT Pavement Selection Manual [3]. For 

comparison, the estimated fix life (estimated pavement life without maintenance per 50 DI) of the 

M-84 and I-96 pavement sections with standard pavement are shown in Figures 38 and 40, 

respectively. Note that the M-84 subsection annual DI values have been grouped together per each 

direction using the weighted average of their milepoint lengths. The service life (estimated 

pavement life with maintenance per 50 DI) of the standard pavement with the M-84 and I-96 DI 

values are shown on Figures 39 and 41, respectively. It should be noted that the demonstration 

project DI values may exhibit more variability than the statewide project values since its data is 

derived from a few project sections rather than a broad set of values. 

 



 

43 

 

As shown in Figure 38, the M-84 project has recorded enough data points to show a reasonable DI 

data trend with pavement ages, indicating fix lives of about 16 years for both bounds, which is 

approximately 2 years less than the standard alternative. The DI for the M-84 SB and NB sections 

remained relatively low within the first 10 years post-construction. However, the DI noticeably 

increased thereafter. It is noteworthy that limited structural distress in terms of longitudinal 

cracking was observed in both sections. However, the development of transverse cracking in both 

the SB and NB sections have likely contributed to the rapid increase in DI, as revealed in the 

condition field survey results. Despite the faster increase of transverse cracking in the SB perpetual 

pavement as compared to the NB standard section, the shorter and narrower width of cracks in the 

SB perpetual section indicates that most of its cracks are isolated to the top layer of HMA and do 

not penetrate the full depth. Thus, the upgraded materials in the M-84 SB perpetual pavement have 

been seemingly effective in reducing the severity of its cracking. Still, the DI values in the SB 

section may be overestimated, as the reduced severity of its transverse cracks may not be 

effectively accounted for within the calculation of its DI. Nevertheless, while the initial fix life 

projections of NB and SB are very similar, the subsequent maintenance events for SB should 

provide more years of service life beyond that of NB and result in lower long term DI values. 

 

To date, M-84 has had 3 maintenance events over the last 18 years of service, which is the same 

as the standard alternative over that same timeframe. However, these have all consisted of crack 

treatments, which are relatively minor, so, the first substantial maintenance event (i.e. HMA 

overlay) has not yet occurred as is expected for standard HMA reconstruction. Nevertheless, per 

the projected fix life and raw number of maintenance events, the data indicates that the 

demonstration has about the same service life as that of the standard version, which would be 37 

years. This is significantly less than the anticipated 50 years of service life, but as noted, the first 

substantial maintenance event has not yet occurred and it should be more effective, so 37 years is 

likely underestimated. 

 

 
Figure 38. Comparison on M-84 DI trends with fix life of standard pavement 
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Figure 39. Comparison on M-84 DI trend with service life of standard pavement 

 

According to Figure 40, the I-96 WB project express lane section has similar fix life as standard 

HMA reconstruction, but the local section is nearly infinite due to its consistent DI values and no 

inflection point. As a result, its single projection does not yet appear to reasonably estimate its 

initial fix life performance curve. Regardless, both the local and express lane sections of I-96 WB 

maintained a very low level of DI within its initial 12 years after construction without major 

maintenance. However, the most recent DI data in the express section at 14 years (year 2019) 

demonstrates a noticeable increase, though it remains relatively low. Since there was no available 

DI data after the year 2019, it is unclear if the local section also increases in DI. However, 

combining with the condition survey findings in 2019 and 2020 in Table 29, potholes and cracking 

started to show up around year 2019, which may contribute to increased DI. Additionally, as 

previously observed, increased DI may be attributed to the development of segregation and 

raveling at the longitudinal construction joints that were observed in field condition survey 

reviews. Some of this may have been overly accounted for within the express section DI 

measurement for 2019 as it may have included areas with fair construction joints. This was found 

to be an issue primarily for DI measurements in 2018 and 2019 as technology automation was 

incorporated to aid in DI calculation for these years. Nevertheless, this distress is largely a 

construction-related issue due to inadequate density at construction joints and are not 

representative of the integrity of the pavement structure. Therefore, the improved structural 

performance of the I-96 WB project is seemingly being limited by its construction conditions and 

distress found in the longitudinal joints. 

 

In consideration of estimated service life, if the first maintenance event is assumed to be at the 

pavement age of 15 years in 2020 (despite primarily being repairs for longitudinal construction 

joints), this would be is 7 years after the first maintenance event for the standard alternative. As 

shown in Figure 41, if we assume the same number of maintenance events, timing between each, 
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and similar improvements to DI as estimated for the standard alternative, then the I-96 express 

section could be estimated to have a service life of approximately 44 years. While this estimation 

is slightly lower than the anticipated 50 years of service life, if longitudinal construction joint 

issues can be constrained by the repairs that have taken place, then this service life will likely 

increase and reach the anticipated life. 

 

 
Figure 40. Comparison on I-96 DI trends with fix life of standard pavement 

 

 
Figure 41. Comparison on I-96 DI trend with service life of standard pavement 

 

Figure 42 shows the composite fix life curve derived from the perpetual full-depth reconstruction 

project sections on M-84 SB and I-96 WB as compared to the standard alternative. As shown, the 
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perpetual reconstruction projects exhibit a significantly lower increase in the DI within the first 10 

years post-construction. However, the overall DI progression of the perpetual HMA reconstruction 

demonstration project is slightly worse than that of standard HMA reconstruction. Specifically, 

the estimated resulting fix life for the demonstration sections is estimated to be 16 years, whereas 

it is projected to be 18 years for the standard alternative. As previously noted, several factors may 

be contributing to this, including the transverse cracking issues on M-84 and longitudinal 

construction joint issues on I-96. Moreover, the absence of subsequent DI datapoints and limited 

sample size as compared to the standard dataset may be impacting the accuracy of the curve 

projections. Consequently, the fix life projection may be underestimated. To enhance the reliability 

of these results, additional DI datapoints and/or future demonstration projects may be needed to 

verify or improve the accuracy of the demonstration performance curve. 

 

 
Figure 42. Comparison between perpetual and standard HMA pavement 

 

Cost Comparison and Evaluation 
 

The estimated initial and long-term costs of the pavement demonstration projects will be compared 

with the estimated costs of MDOT standard reconstructed HMA pavement. Costs included in this 

report were adjusted to 2019 dollars for comparison with the standard costs included in the MDOT 

Pavement Selection Manual [3] by using the procedure as denoted in Chapter 6, Section F of that 

manual. This manual explains the Life Cycle Cost Analysis (LCCA) procedure and MDOT’s 

guidelines for pavement selection. The initial cost for construction was approximated by using 

MDOT LCCA unit prices and the estimation method for the pavement costs as described in 

Chapter 2, Section A of the MDOT Pavement Selection Manual.  

 

Since both M-84 SB and I-96 WB demonstration projects were finished construction in year 2005, 

the historical unit price from August 2006 will be used to estimate the initial construction cost of 

the two demonstration projects, since these prices captured construction in 2005 (cost will be 

inflated to 2019 dollars). The actual project bid prices will not be used since these can be highly 

variable due to the project quantities and do not provide costs for other mix types needed for 

comparison. Additionally, it is not clear if binder grade adjustments alone have significant cost 
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impacts, so this will not be included in the cost analysis. However, since mix types and layer 

thicknesses have a significant impact on overall cost, the cost comparison will use these 

parameters. Note that I-96 WB included subgrade stabilization, but since this was not directly 

considered as part of any of the design procedures which could have impacted the design 

recommendation of other layers, it will not be included in the cost analysis. However, since 

unbound base thicknesses were considered and are variable per the design, these will be included. 

 

The estimated perpetual HMA pavement, 40-year design life initial cost for the M-84 SB and the 

I-96 WB projects are estimated to be approximately $283,000 and $454,000 per lane-mile, 

respectively, as shown in Tables 30 and 32. In contrast, to estimate the initial cost of the standard 

alternatives, the standard 1993 AASHTO pavement designs using 20-year design life as shown in 

Appendix C will be used. Accordingly, as shown in Tables 31 and 33, this is estimated to be 

approximately $227,000 and $401,000 per lane-mile for M-84 and I-96, respectively. Therefore, 

the M-84 perpetual reconstruction initial cost is about $56,000 per lane-mile or 1.25 times the 

initial pavement cost more than its standard HMA reconstruction alternative. Similarly, the I-96 

perpetual reconstruction initial cost is about $53,000 per lane-mile or 1.13 times the initial 

pavement cost more than its standard HMA reconstruction alternative. As a result, it appears that 

the high-volume traffic route of I-96 may be more effective for perpetual pavement application 

since its relative cost increase was less than the low volume route of M-84. 

 

Table 30. Estimated initial cost for the M-84 SB perpetual pavement, 40-year design life 

per unit prices 

Layer Type 
Thickness 

(inch) 

Application 

Rate (lbs/syd) 
Total Tons 

Unit 

Price in 2006 

Cost per 

Lane-Mile 

HMA - Top 5E3 1.5 165 581 ton $44.31 $25,735.25 

HMA - Level 4E3 2 220 774 ton $45.19 $34,995.14 

HMA - Base 3E3 3 330 1,162 ton $42.33 $49,170.53 

Base DGAB 12 - 7,040 syd $10.44 $73,497.60 

Subbase Sand 13.5 - 2,640 cyd $8.20 $21,648.00 

Total Cost per Lane-Mile (Using price in 2006) $205,046.51 

Total Cost per Lane-Mile (Adjust to 2019) $282,604.69 

 

Table 31. Estimated initial cost for the M-84 standard pavement, 20-year design life per unit 

prices 

Layer Type 
Thickness 

(inch) 

Application 

Rate (lbs/syd) 
Total Tons 

Unit 

Price in 2006 

Cost per 

Lane-Mile 

HMA - Top 5E3 1.5 165 581 ton $44.31 $25,735.25 

HMA - Level 4E3 2 220 774 ton $45.19 $34,995.14 

HMA - Base 3E3 3 330 1,162 ton $42.33 $49,170.53 

Base DGAB 6 - 7,040 syd $3.71 $26,118.40 

Subbase Sand 18 - 3,520 cyd $8.20 $28,864.00 

Total Cost per Lane-Mile (Using price in 2006) $164,883.31 

Total Cost per Lane-Mile (Adjust to 2019) $227,249.89 
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Table 32. Estimated initial cost for the I-96 WB perpetual pavement, 40-year design life per 

unit prices 

Layer Type 
Thickness 

(inch) 

Application 

Rate (lbs/syd) 
Total 

Unit 

Price in 2006 

Cost per 

Lane-Mile 

HMA - Top GGSP 1.5 165 581 ton $53.80 $31,247.04 

HMA - Level 4E30 2.5 275 968 ton $46.04 $44,566.72 

HMA - Base 3E30 10 1100 3872 ton $42.07 $162,895.04 

Base OGDC 16 - 7,040 syd $11.36 $79,974.40 

Subbase Subbase 8 - 1,564 cyd $6.73 $10,528.71 

Total Cost per Lane-Mile (Using price in 2006) $329,211.91 

Total Cost per Lane-Mile (Adjust to 2019) $453,735.25 

 

Table 33. Estimated initial cost for the I-96 standard pavement, 20-year design life per unit 

prices 

Layer Type 
Thickness 

(inch) 

Application 

Rate (lbs/syd) 
Total 

Unit 

Price in 2006 

Cost per 

Lane-Mile 

HMA - Top GGSP 2 220 774 ton $53.80 $41,662.72 

HMA - Level 4E30 2.5 275 968 ton $46.04 $44,566.72 

HMA - Base 3E30 7 770 2710 ton $42.07 $114,026.53 

Base OGDC 16 - 7,040 syd $11.36 $79,974.40 

Subbase Subbase 8 - 1,564 cyd $6.73 $10,528.71 

Total Cost per Lane-Mile (Using price in 2006) $290,759.08 

Total Cost per Lane-Mile (Adjust to 2019) $400,737.76 

 

While the initial paving costs for perpetual pavement projects are higher than the standard HMA 

reconstruction project, the service life for both are anticipated to be longer than its standard 

alternative. Per the MDOT Pavement Section Manual, the standard HMA reconstruction pavement 

service life is 37 years, while the anticipated service life of the perpetual alternative is at least 50 

years. However, as observed in the previous section, both projects currently suggest lower service 

lives of roughly 37 and 44 years for M-84 and I-96, respectively. Therefore, as shown in Table 34, 

the M-84 perpetual alternative initial cost per year of its service life may range from $5,660 to 

$7,650 per lane-mile, while its standard alternative is $6,135 per lane-mile. For I-96, this is $9,080 

to $10,320 per lane-mile with standard alternative being $10,840 per lane-mile. It is important to 

note that this per year cost does not include the benefit of delayed major rehabilitation or 

reconstruction, which becomes more significant with longer service life. Still, in terms of the initial 

paving cost, the perpetual alternative is more cost-effective than the standard if at least 47 and 41 

years of service life are achieved for the M-84 and I-96 projects, respectively. Based on current 

rough estimates of their service lives, I-96 is on track to achieve this, but M-84 may not be. This 

seems to further support that the high-volume traffic route of I-96 may be more suitable for 

perpetual pavement applications as it appears to already be more cost effective and would require 

fewer years of service life in order to achieve this. 
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Table 34. Initial paving cost per year of service life 

Type Initial Pavement Cost Service life (years) Yearly average cost 

M-84 perpetual HMA 

reconstruction 
$283,000 

37 $7,650 

50 $5,660 

M-84 standard HMA 

reconstruction 
$227,000 37 $6,135 

I-96 perpetual HMA 

reconstruction 
$454,000 

44 $10,320 

50 $9,080 

I-96 standard HMA 

reconstruction 
$401,000 37 $10,840 

 

In addition to the pavement’s initial cost, maintenance considerations play a crucial role in 

influencing costs. According to the MDOT Pavement Selection Manual, for the MDOT standard 

HMA reconstruction pavement, preventive maintenance cycles occur on average after 8, 13, 17, 

and 22 years, with rehabilitation or reconstruction estimated to occur after 37 years. Accordingly, 

the maintenance cost per lane-mile of these maintenance fixes is estimated at $28,071, $41,342, 

$44,005, and $32,411, respectively, so their total cost is $145,829 per lane-mile. 

 

Records show that the M-84 project underwent three maintenance projects since its initial 

construction. These were conducted on both directions and all involving crack treatment. The 

maintenance costs per lane-mile of these were $2,315 for cycle 1 in 2008 (age 3), $3,429 for cycle 

2 in 2013 (age 8), and $3,596 for cycle 3 in 2016 (age 11), bringing their total cost to $9,340 per 

lane-mile (as adjusted to 2019 cost). Considering that the pavement life is 18 years in 2023, the 

number of maintenance events is the same as the standard HMA reconstruction projects over that 

same period but is $104,078 less in total cost. This seems to indicate that the M-84 maintenance 

events have been less extensive than what is typically seen on standard pavements. 

 

For I-96 WB, one programmed maintenance project is scheduled for 2024, containing cold milling 

with a HMA single-course overlay. Prior to this, no contracted maintenance activities have 

occurred. Still, as previously noted, minor repairs were observed during field surveys to have been 

performed in 2020 and 2021. This type of non-contracted minor repair work is commonly 

conducted on various routes throughout the state, but it isn't easy to compare or assess the relative 

amount of this work per route because this type of minor repair work is not fully tracked for every 

roadway segment. Still, to assess the maximum potential cost of maintenance work, considering 

the total number of repairs observed, it can be approximated that the minor repair work is roughly 

equal to a single contracted maintenance cycle. Therefore, the I-96 WB maintenance events will 

be estimated as 2 cycles, occurring at ages 15 and 19. The costs of these maintenance activities 

can be roughly assumed to be similar to that of standard HMA reconstruction. However, the 

number of maintenance events is 1 less than that of the standard HMA reconstruction projects over 

that same time period, so that the overall cost of I-96 WB maintenance has been less than the 

standard alternative. 

 

Therefore, to date, the maintenance costs of both perpetual HMA reconstruction projects on M-84 

and I-96 are lower than standard HMA reconstruction projects. While their initial costs are higher, 

the potential increased service life would reduce the overall long-term cost of the pavement. 
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Therefore, considering the increased service life and reduced maintenance costs, this 

demonstration fix type should provide a cost-effective option based on current service life 

estimates. Specifically, its advantages may be more pronounced for high-volume traffic routes, 

where the initial cost increase may be relatively less than the added cost on low-volume routes. 

 

Conclusions and Recommendations 
 

This report presents the finalization evaluation of the “Full-Depth Reconstructed Perpetual HMA” 

pavement demonstration projects on M-84 SB, MDOT Job Number 31804 and I-96 WB, MDOT 

Job Number 52803. It includes summary and evaluation of each project and its pavement design, 

construction quality control, condition, performance, costs, and comparisons. Conclusions and 

recommendations are presented as follows. 

 

For M-84, both bounds were found to be consistently constructed and consistent with design plans 

as per GPR results. Furthermore, FWD results show that both bounds have relatively uniform 

subgrade offering fair to good support. This project location has accumulated sufficient condition 

data since its construction in 2005. While transverse cracking continues to increase, more so in SB 

than NB, the severity of these cracks for SB are lower as the width of transverse cracking in the 

SB perpetual sections is lower than that in the NB standard sections. This is confirmed by the 

coring results, showing that the perpetual section in SB has performed better in preventing full-

depth transverse cracking than the standard HMA section in NB. Longitudinal cracking has 

remained steady and minor throughout the pavement life of both bounds, with SB performing 

slightly better than NB. However, according to the DI analysis, the SB perpetual did not show a 

distinct advantage compared to the NB standard sections. This is likely due to the higher count of 

transverse cracks in SB than NB. Still, the reduced severity of these cracks may not be fully 

demonstrated by the DI alone. As a result, while the initial fix life projections of NB and SB are 

very similar, the subsequent maintenance events for SB should provide more years of service life 

beyond that of NB. 

 

For I-96, analysis of thickness data from GPR tests revealed that a significant portion of the 

pavement sections are less than the designed 14-inch thickness, achieving 12.8- and 13.8-inches 

in average thickness for the local and express lane sections, respectively. In addition, notable 

longitudinal construction joint failure attributable to insufficient density and/or inadequate 

bonding was found intermittently throughout the project for both sections. This highlights the need 

to ensure the success of perpetual HMA reconstruction by addressing construction quality control 

for similar future projects. Nevertheless, the I-96 WB project has demonstrated excellent 

performance in both local and express lanes since completion in 2005. However, the express lane 

section, while still relatively low, had a relatively noticeable increase in DI and observed cracking 

in 2019 (at age 14). This increased cracking in recent years may be partially contributing to the DI 

increase as shown in that year. However, due to the intermittent longitudinal construction joint 

raveling and segregation, DI may be overstated and not fully represent the performance of the 

perpetual design as this distress is largely a construction-related issue and not representative of the 

integrity of the pavement structure. It should be noted that since the construction of I-96, MDOT 

has implemented changes to its construction requirements to ensure the density of the longitudinal 

construction joints, aiming to prevent long-term performance issues. Interestingly, despite being 
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mostly thicker than the local lane section, the express lane section has shown slightly more 

cracking and potholes than the local section. This may be attributed to differences in traffic and/or 

construction. Despite the initial high cost of the I-96 WB project due to the increased HMA 

thickness, the long-term maintenance costs have been significantly reduced. If the longitudinal 

construction joint issues can be constrained by the repairs that have taken place, then this service 

life will likely increase leading to overall cost savings. 

 

The full-depth reconstructed perpetual HMA demonstration pavements have generally collected a 

sufficient amount of condition data. Still, there is some uncertainty about the forecasted fix life of 

these pavements due to the currently available DI measurements. Factors contributing to this 

uncertainty include the observed high quantity but low severity transverse cracking on M-84 and 

longitudinal construction joint issues on I-96 that may be overly influencing current DI values. 

Moreover, the absence of recent (2020 and newer) DI datapoints and limited sample size as 

compared to the standard dataset may be impacting the accuracy of performance curve projections. 

Consequently, the fix life and/or service life projections may be currently underestimated. 

 

Nevertheless, since an adequate amount of time has passed and enough data is available to fully 

evaluate these projects, it is recommended that MDOT consider standardization and 

implementation of full-depth reconstructed perpetual HMA pavement. Per the findings and 

conclusions of this report, as compared to standard HMA reconstruction, perpetual pavement 

offers potential advantages in terms of longer service life and lower overall cost due to reduced 

long-term maintenance needs. Consequently, less frequent maintenance and reconstruction events 

will lead to reduced disruptions to traffic. This highlights its promise as a sustainable and cost-

effective pavement solution. 

 

However, if the service life projection does not reasonably accommodate practical use as compared 

to standard alternatives or as necessary for MDOT life cycle procedures, then MDOT may consider 

the construction of additional projects using this demonstration fix type or continue to wait for 

additional data on the existing sections prior to standardizing. If more projects are to be 

constructed, then construction quality standards should be ensured to uphold the integrity of the 

design. Furthermore, high-volume traffic routes should be prioritized as the high-volume traffic 

route of I-96 has shown more overall cost savings due to the lower relative increased cost from 

standard design. These pavements may also benefit more as this provides less traffic interruption 

due to anticipated pavement maintenance.  

 

Regardless, since the primary issue is that of establishing and validating the performance curve 

and because additional detailed annual reviews would not enhance the conclusions from these 

projects, it is recommended that the MDOT end its annual monitoring and status reporting of the 

M-84 SB and I-96 WB demonstration projects. If needed, future data collection for fix type 

evaluation can be solely facilitated by the standard networkwide MDOT condition data 

measurements and standard MDOT project tracking. 
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Appendix A: Proposed Pavement Construction Plans 
 

 
Figure 43. JN 31804A project location for the M-84 project 



 

54 

 

 
Figure 44. JN 31804A existing cross-sections for the M-84 project 
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Figure 45. JN 31804 typical cross-section for the M-84 SB perpetual and NB standard pavement project 
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Figure 46. JN 52803 project location for the I-96 perpetual pavement project 
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Figure 47. JN 52803 typical cross-section for the I-96 perpetual pavement project 
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Appendix B: Traffic Data 
 

 
Figure 48. Office memorandum on M-84 traffic information, page 1 
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Figure 49. Office memorandum on M-84 traffic information, page 2
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Figure 50. Office memorandum on M-84 traffic information, page 3 
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Figure 51. Office memorandum on M-84 traffic information, page 4 
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Figure 52. Office memorandum on M-84 traffic information, page 5 
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Figure 53. Office memorandum on M-84 traffic information, page 6 
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Figure 54. Office memorandum on M-84 traffic information, Page 7 
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Figure 55. Office memorandum on M-84 traffic information, Page 8
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Figure 56. Office memorandum on I-96 traffic information, page 1 
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Figure 57. Office memorandum on I-96 traffic information, page 2 
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Figure 58. Office memorandum on I-96 traffic information, page 3 
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Figure 59. Office memorandum on I-96 traffic information, page 4 
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Figure 60. Office memorandum on I-96 traffic information, page 5 
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Figure 61. I-96 ESAL estimation using traffic and load distribution, page 1 
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Figure 62. I-96 ESAL estimation using traffic and load distribution, page 2 
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Figure 63. I-96 ESAL estimation using traffic and load distribution, page 3 
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Appendix C: Pavement Design Data 
 

 
Figure 64. M-84 Original AASHTO 1993 pavement design, 20 years 
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Figure 65. M-84 Estimated AASHTO 1993 pavement design, 40 years 
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Figure 66. I-96 Original AASHTO 1993 pavement design, 20 years 

 



 

77 

 

 
Figure 67. I-96 Estimated AASHTO 1993 pavement design, 40 years 
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Figure 68. Sand subbase average repeated load resilient modulus test results extracted 

from LTPP database for I-96 ME-based designs 

 

 
Figure 69. Aggregate base (21AA) average repeated load resilient modulus test results 

extracted from LTPP database for I-96 ME-based designs  
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Figure 70. HMA surface and leveling course layers monthly average dynamic modulus 

values per Witczak dynamic modulus regression equation for ME-based designs 

 

 
Figure 71. HMA base course layer (upper portion) monthly average dynamic modulus 

values per Witczak dynamic modulus regression equation for ME-based designs 
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Appendix D: Pre- and Post-Construction Related Records 
 

 
Figure 72. Moisture and density determination on M-84 SB HMA-top layer, page 1 
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Figure 73. Moisture and density determination on M-84 SB HMA-top layer, page 2 
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Figure 74. Moisture and density determination on M-84 SB HMA-top layer, page 3 
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Figure 75. Moisture and density determination on M-84 SB HMA-top layer, page 4 
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Figure 76. Moisture and density determination on M-84 SB HMA-leveling layer, page 1 

 



 

85 

 

 
Figure 77. Moisture and density determination on M-84 SB HMA-leveling layer, page 2 
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Figure 78. Moisture and density determination on M-84 SB HMA-leveling layer, page 3 
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Figure 79. Moisture and density determination on M-84 SB HMA-leveling layer, page 4 

 



 

88 

 

 
Figure 80. Moisture and density determination on M-84 SB HMA-base layer, page 1 
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Figure 81. Moisture and density determination on M-84 SB HMA-base layer, page 2 
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Figure 82. Moisture and density determination on M-84 SB aggregate base layer 
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Figure 83. Moisture and density determination M-84 SB subgrade (embankment), page 1 
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Figure 84. Moisture and density determination M-84 SB subgrade (embankment), page 2 
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Figure 85. Moisture and density determination M-84 SB subgrade (embankment), page 3 
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Figure 86. Moisture and density determination on M-84 SB subbase, page 1 
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Figure 87. Moisture and density determination on M-84 SB subbase, page 2 
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Figure 88. Moisture and density determination on M-84 SB subbase, page 3 
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Figure 89. Moisture and density determination on M-84 SB subbase, page 4 
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Figure 90. Soil stiffness and Young’s modulus results on M-84 SB aggregate base layer 
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Figure 91. Office memorandum on I-96 soil recommendations, page 1 
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Figure 92. Office memorandum on I-96 soil recommendations, page 2 
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Figure 93. Office memorandum on I-96 soil recommendations, page 3 
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Figure 94. Sample identification note on I-96 WB existing soil 
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Figure 95. Moisture and density determination on I-96 WB existing subbase 
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Figure 96. Field permeability data on I-96 WB existing subbase 
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Figure 97. Aggregate inspection report on I-96 WB existing subbase 
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Figure 98. Subgrade soil information for the I-96 WB project, page 1 
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Figure 99. Subgrade soil information for the I-96 WB project, page 2 
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Figure 100. Stabilized subgrade soil information for the I-96 WB project, page 1 



 

109 

 

 
Figure 101. Stabilized subgrade soil information for the I-96 WB project, page 2 
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Figure 102. Reclaimed (existing) subbase material information for I-96 WB, page 1 
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Figure 103. Reclaimed (existing) subbase material information for I-96 WB, page 2 
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Figure 104. Reclaimed (existing) subbase material information for I-96 WB, page 3 
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Appendix E: Field Evaluation Reports 

 

Figure 105. Field evaluation report of M-84 in 2022, page 1 
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Figure 106. Field evaluation report of M-84 in 2022, page 2 
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Figure 107. Field evaluation report of I-96 in 2022, page 1 
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Figure 108. Field evaluation report of I-96 in 2022, page 2 
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Appendix F: Field Evaluation Figures 

      

     

Figure 109. Field evaluation of M-84 on 07-14-2005 

     

     

Figure 110. Field evaluation of M-84 on 01-28-2010 



 

118 

 

     

     

Figure 111. Field evaluation of M-84 on 11-22-2010 

     

     

Figure 112. Field evaluation of M-84 on 12-08-2011 



 

119 

 

     

Figure 113. Field evaluation of M-84 on 12-18-2012 

     

Figure 114. Field evaluation of M-84 on 12-04-2013 
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Figure 115. Field evaluation of M-84 on 12-23-2014 

     

Figure 116. Field evaluation of M-84 on 12-16-2015 
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Figure 117. Field evaluation of M-84 on 12-21-2016 

     

     

Figure 118. Field evaluation of M-84 on 04-24-2018 
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Figure 119. Field evaluation of M-84 on 04-01-2019 

        

         

Figure 120. Field evaluation of M-84 on 04-22-2020 
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Figure 121. Field evaluation of M-84 on 05-03-2021 

         

Figure 122. Field evaluation of M-84 on 01-23-2022 
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Figure 123. Field evaluation of I-96 on 10-07-2005 

         

       

Figure 124. Field evaluation of I-96 on 11-09-2007 
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Figure 125. Field evaluation of I-96 on 02-03-2010 

         

       

Figure 126. Field evaluation of I-96 on 11-23-2010 
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Figure 127. Field evaluation of I-96 on 12-20-2013 

         

    Figure 128. Field evaluation of I-96 on 12-11-2014 
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    Figure 129. Field evaluation of I-96 on 11-21-2016 

        

 

Figure 130. Field evaluation of I-96 on 03-25-2019 
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Figure 131. Field evaluation of I-96 on 05-04-2020 

         

         

Figure 132. Field evaluation of I-96 on 04-21-2021 
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