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

project for the “Perpetual Hot Mix Asphalt Pavement Over Rubblized Concrete” pavement 

demonstration fix type on I-75 northbound (NB) in Cheboygan County, MDOT job number 90279. 

Project Description 
 

The I-75 NB perpetual hot mix asphalt (HMA) pavement project was constructed in the fall of 

2008. This project starts from Topinabee Mail Route Road and continues north for 2.370 miles, as 

shown in Figure 1. This roadway has two lanes, with each being 12-foot wide. The right shoulder 

and left shoulder were paved at 10- and 4-foot widths, respectively. The two-lane roadway is 

comprised of three HMA layers (top, leveling, and base) of 8.5 inches in total thickness over 9-

inch of rubblized Portland cement concrete (PCC) for a design life of 40 years to achieve a service 

life of at least 50 years. In contrast, MDOT’s standard practice is to use a 20-year design life for 

HMA resurfacing over rubblized concrete with current service life estimated at 32 years. Note that 

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 pavement’s life cycle, which 

encompasses the estimated duration until a major reconstruction or rehabilitation is needed, 

inclusive of 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 be required, 

excluding any maintenance. However, unlike design life, service and fix life are estimated per the 

measured data of in-service pavements. 
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Prior to the demonstration project, the existing pavement was 9 inches of reinforced PCC with 1-

3/8 inches of parabolic crown. The existing unbound base material was 3 inches of 23A dense-

graded aggregate (noted as “select subbase” in the original plans) over 11 inches of sand subbase. 

The existing concrete pavement within the project limits was rubblized into a dense-graded 

unbound base before the HMA resurfacing, using the standard rubblization fix process. In contrast 

to standard MDOT HMA binder type selection, this project employed high-stress, polymer-

modified binder grades for the top and leveling layers to enhance resistance to rutting and improve 

overall durability. Additionally, the binder high and low-temperature grades of the HMA base 

course were increased to improve resistance against thermal and fatigue cracking. The HMA 

asphalt binder improvements and thicker layers are expected to increase the pavement’s service 

life to be considered a “perpetual pavement.” This means that the pavement is designed to 

primarily need only surface repairs, as bottom-up cracking is prevented, and distresses are 

constrained to the surface. This delays the need for full-depth major fixes such as rehabilitation or 

reconstruction.  

 

 

Note: Using Version 23; PR: Physical Road number; BMP: Beginning Mile Point; EMP: Ending Mile Point. 

Figure 1. I-75 NB perpetual pavement project location 

Table 1 details the pavement cross-section and materials selection for the I-75 NB perpetual 

pavement project.  
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Table 1. I-75 NB pavement cross-section  

Category Layer Thickness (inch) Material type Binder PG level 

Pavement 

Resurfacing 

Top course 1.5 5E10, high stress 70-28P* 

Leveling course 2.5 4E10, high stress 70-28P* 

Base course 4.5 to 6** 2E10 64-28 

Rubblization 
Existing concrete 

pavement 
9 

Rubblized 

Concrete Pavement 
- 

Unbound 

Layer 

Existing base 

and subbase 
14 Granular - 

* “P” refers to polymer modified. 

** To achieve a 2% normal crown, the thickness of the HMA base course is estimated to be 6 inches at 

the centerline and 4.5 inches at the shoulders. 

 

It should be noted that the shoulders did not have existing concrete pavement; instead, the existing 

shoulders were comprised of 2- to 3-inches of existing HMA pavement. This HMA pavement was 

crushed and reshaped into a base. The crushed and shaped base for the right shoulder was 

resurfaced with 4.5 inches of unbound aggregate base and 3.5 inches of HMA pavement (using 

5E03 and 4E03 mixes with a PG 58-28 binder grade). The crushed and shaped base for the left 

shoulder was resurfaced with 8.5 inches of HMA pavement (using the same mixes and binders as 

the mainline paving). 

 

Traffic Data Assessment and ESAL Estimation 
 

Traffic data plays a crucial role in pavement structure design as it is a significant factor in pavement 

performance and durability. This section summarizes traffic data used for the original pavement 

designs as detailed in the 2008 MDOT report, Structural Analysis of the Pavement Design 

Recommendations for a Perpetual Pavement Along I-75; Michigan [1]. For this demonstration 

project, the original analysis utilized and compared three mechanistic-empirical (ME) based 

pavement design approaches and the 1993 AASHTO empirical pavement design method. Each 

design method required specific traffic type parameters, as denoted in Table 2. The traffic data 

used for all pavement design methods is listed in Table 3. 

 

Table 2. Traffic parameters for different pavement design methods 

Design Method Traffic Parameter 

1993 AASHTO pavement design ESAL, calculated using typical truck factor 

Simplistic, Equivalent Annual Modulus Method 
ESAL, calculated using traffic and load 

distribution 

PerRoad 
ESAL, calculated using traffic and load 

distribution 

MEPDG, Version 1.0 CAADT, traffic, and load distribution 

* ESAL: Equivalent Single Axle Load 

   CAADT: Commercial Average Annual Daily Traffic 

   MEPDG: Mechanistic-Empirical Pavement Design Guide 
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Table 3. Traffic data for the original pavement designs (in 2008) 

Parameter Value 

Average Annual Daily Traffic (AADT) 7200 

Percent of commercial vehicles (%) 13.5 

 CAADT  988 

Traffic growth rate 2% 

 

The 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 4 and Figure 2 show the results of ESALEstimated for the 1993 AASHTO pavement design 

method. Details of the calculation are shown in Appendix B, Figures 23 to 25. 

 

Table 4. ESALEstimated for 1993 AASHTO pavement design method 

TF DD LD 
Growth 

Rate 

ESAL 

(20 years) 

ESAL 

(40 years) 

0.86 0.50 0.95 2.0% 3,579,325 8,898,014 

 

 
Figure 2. 2009 to 2049 ESAL for 1993 AASHTO pavement design 
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For the three ME-type methods, the truck class and axle load distributions are needed in addition 

to the traffic data shown in Table 3. Accordingly, the weigh-in-motion (WIM) site located near 

Vanderbilt, Michigan, was used to obtain this information. The data was processed through 

TrafLoad to format the data as MEPDG inputs. Table 5 shows the truck vehicle classification 

distribution used for the ME methods. Additionally, for informational purposes, the MEPDG 

global default values for a TTC-11 group (which is described as mixed truck traffic with a higher 

percentage of single-trailer trucks) are shown. 

 

Table 5. Truck vehicle classification normalized volume distribution (in 2009) 

 Vehicle 

Classification 

Normalized volume distribution, % 

Michigan I-75 values Global default values for TTC-11 

4 2.0 1.8 

5 32.6 24.6 

6 4.5 7.6 

7 0.5 0.5 

8 5.3 5.0 

9 31.6 31.3 

10 9.4 9.8 

11 0.5 0.8 

12 0.2 3.3 

13 13.4 15.3 

 

Figure 3 shows the axle load distribution for the single, tandem, and tridem axles. For 

informational purposes, the MEPDG global default values are also shown. 

 

 
(a) Single axle      (b) Tandem axle                                         

 
 (c) Tridem axle 

Figure 3. Load distribution or spectra used for ME pavement design 
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In addition to the MEPDG load and distribution data, the simplistic, equivalent annual modulus 

and PerRoad ME procedures also require a unique ESALEstimated(ME) as calculated per the load and 

distribution data. The initial year ESAL in both directions (𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌) using the traffic volume 

and axle load distributions was estimated to be 411,330, as shown in Appendix B, Figures 26 to 

28. Accordingly, using the 𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌, the TF was calculated as 1.140619. The TF calculation 

process is shown in the equation below, with the result presented in Table 6. 

 

𝑇𝐹 = 𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌/(𝐶𝐴𝐴𝐷𝑇 × 365) 
 

Table 6. TF calculation process using traffic and load distribution 

Type CAADT 
Initial year ESALs 

(𝑬𝑺𝑨𝑳𝑰𝒏𝒊𝒕𝒊𝒂𝒍𝒀) 
TF 

Traffic and load distribution 988 411,330 1.140619 

 

It's worth noting that a higher directional distribution factor (DD) of 0.53 was used for a rural 

interstate in the MEPDG. Therefore, the base year design lane ESAL was recalculated using the 

𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌 of 411,330 per DD of 0.53 and LD of 0.95, which resulted in a base year design lane 

ESAL of 207,105. Then, multiplied by the GF, the ESALEstimated(ME) of the design period is obtained. 

Although the expected design life is 40 years, the ESAL used for the ME methods used design 

periods of 20 and 50 years. These were calculated using the equation below and are shown in Table 

7 and Figure 4. 

 

𝐸𝑆𝐴𝐿𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑(𝑀𝐸) = 𝐸𝑆𝐴𝐿𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑌 × 𝐷𝐷 × 𝐿𝐷 × 𝐺𝐹  

 

Table 7. The calculated ESALEstimated for ME methods in different design periods. 

DD LD 𝑬𝑺𝑨𝑳𝑰𝒏𝒊𝒕𝒊𝒂𝒍𝒀 Growth rate ESAL (20 years) ESAL (50 years) 

0.53 0.95 411,330 2.0% 8.4 million* 29.3 million* 

* These are the ESAL values shown in the 2008 MDOT report [1] that were used for the design 

evaluation, but per the base year, design lane ESAL and growth rate, the resulting ESAL values 

should be 5 million and 17.5 million for 20- and 50-year ESAL, respectively. 
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Figure 4. 2009 to 2059 ESAL per Year for ME pavement design 

 

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 as per TDMS location number 16-0041, located on I-75 south of the 

Riggsville/I-75 Ramp. This traffic information is shown in Table 8. The TDMS data measurement 

location is the closest recorded point to the project, with no interchange ramps between them. The 

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

5. The results show that the traffic estimates on the project location were overestimated before 

2017 and underestimated after that. If future traffic continues to increase above the estimated 

prediction, then there is an increased risk of unanticipated pavement distress and a potential 

reduction in the anticipated service life. However, so far, the initial projected traffic estimate 

appears reasonable, aligning with the overall yearly average actual two-way CAADT since 2008. 
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Table 8. Traffic data from TDMS 

Year 

2-Way NB 

AADT 
CAADT 

(FHWA Class 4 and above) 
AADT 

CAADT 

(FHWA Class 4 and above) 

2022 9,695* 1,649 4,442 755 

2021 9,985 1,698 4,575 389 

2020 12,075* 2,052 5,133 437 

2019 13,659* 1,503 5,806 494 

2018 13,825* 1,203 5,877 500 

2017 13,702 1,166 5,825 496 

2016 6,037 646 N/A N/A 

2015 5,878 N/A N/A N/A 

2014 5,723 682 N/A N/A 

2013 7,917* 828 N/A N/A 

2012 7,957 848 N/A N/A 

2011 6,364 779 N/A N/A 

2010 7,701 810 N/A N/A 

2009 7,694* 650 N/A N/A 

2008 7,272* 773 N/A N/A 

* MDOT estimated per assumed growth rate. 

 

 
Figure 5. Comparison between TDMS measurements versus predicted two-way CAADT 
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Pavement Design and Distress Prediction 
 

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

based methods were used to evaluate the original HMA perpetual pavement design for the 

rubblized PCC pavement along the I-75 demonstration project. Since the previous section detailed 

the traffic related design parameters, this section will detail the remaining design aspects. 

Accordingly, Table 9 denotes the parameters for the existing structure (prior to rubblization and 

new pavement construction) for the pavement designs as detailed in the 2008 MDOT pavement 

design report [1]. 

 

Table 9. Parameters of the existing structure for pavement design 

Existing 

Layer 
Layer Property Value/Assumption 

Subgrade 

Subgrade soil type 
Loose to moderately compact fine sand (from 

20, 5-foot borings) 

AASHTO subgrade soil 

classification 
A-3  

Density of subgrade soil 120 pcf 

Effective resilient modulus of 

the subgrade soil 

(for 1993 AASHTO design) 

3,800 psi 

(transformed from falling weight 

deflectometer, adjusted value to lab test 

conditions for the spring-thaw season) 

In-place resilient modulus of 

the subgrade soil 

(for ME designs) 

7,600 psi 

(estimated per the effective resilient modulus 

and applying an adjustment factor of 2) 

Poisson’s ratio 0.40 

Frost susceptibility of subbase 

and subgrade soil * 

Very low to low 

(Corps of Engineers classification system)  

Water table depth 15 feet 

Subbase 

(includes 

base) 

Granular thickness 14 inches 

Density 126 pcf 

Resilient modulus 15,000 psi 

PCC 

Pavement 
Slab thickness 9 inches 

* Shown in Appendix C, Figure 31. 

 

The data parameters for the rubblized PCC layer and resurfacing HMA layers are shown in Tables 

10 to 12. Figure 32 in Appendix C shows the equivalent annual modulus values for the HMA 

layers. A Superpave mixture design procedure was used to determine the target asphalt content. It 

is worth noting that some materials shown in this design, e.g., SMA and leveling base, were not 

fully adopted in the final plans used for construction. 
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Table 10. Parameters of the rubblized PCC layer for pavement design 

Layer Property Value/Assumption 

Elastic modulus (psi)* 
50,000 (if crushed in high-quality) 

35,000 (if over-rubblization) 

* Shown in Appendix C, Figure 33. 

 

Table 11. Parameters of the HMA layers for pavement design 

Layer Layer Description 
Thickness, 

in. 

Design 

air voids, 

% 

In-place 

air voids, 

% 

Effective asphalt 

Content by 

Volume, % 

HMA-

top layer 

Stone matrix asphalt (SMA) 

provides a rust-resistant, 

durable mixture, 12.5mm* 

2.0 4.0 6.0 10.0 

HMA-

leveling 

layer 

A gap or coarse-graded 

aggregate blend has more 

resistance to rutting, 12.5mm 

2.5 4.0 7.5 9.5 

HMA-

base 

layer 

Dense-coarse-graded high 

binder content, stiff base 

HMA mixture provides more 

crack resistant, 25mm 

4 3.0 6.0 9.0 

Leveling 

base 

It is recommended to fill in 

depressions or low spots along 

the rubblized surface* 

As thin as 

possible 
4.0 6.5 11.0 

* The construction plans replaced the SMA layer with standard dense-grade HMA, and the leveling base 

was replaced with an additional variable thickness of the HMA base to fill depressions and/or correct for 

the crown. 

 

Table 12. Parameters of all HMA layers for pavement design 

Layer Property Value/Assumption 

HMA mixtures feature Not susceptible to moisture damage and stripping, minimum 

fracture resistance 

HMA Dynamic modulus ME default values for Superpave mix (25 and 12.5 mm) with 

PG 70-28 asphalt 

Layer bond assumption Full bond maintained between HMA layers over time 

Poisson’s ratio 0.30 

 

Other remaining parameters used in the ME designs are shown in Table 13. The design period for 

this project is 40 years; however, a longer analysis period of 50 years was used to determine the 

increase in distress beyond the design period. In addition, the weather station of Pellston, 

Michigan, which is within 20 miles of the project, was used for the ME design climate inputs. 
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Table 13. General ME pavement design parameters 

Parameter Value/Assumption 

Design life 20 and 50 years 

Tire pressure 120 psi (827 kPa) 

Equivalent seasonal temperatures (for 

PerRoad design) 

76°F (summer), 52°F (fall), 49°F (spring), 

26°F (winter) 

 

The result of the 1993 AASHTO pavement design for a 40-year design life is 7.5-inch HMA over 

the rubblized PCC layer, with details presented in Appendix C, Figure 30.  

 

The analysis results for the simplistic, equivalent annual modulus ME method include bottom-up 

cracking and distortion, as shown in Tables 14 and 15. As shown, the computed strains are less 

than the permissible strains for both design lives, so the predicted bottom-up cracking and 

distortion are considered to be acceptable for the HMA pavement design. 

 

Table 14. Simplistic, Equivalent Annual Modulus method predictions for bottom-up 

fatigue cracking 

Total HMA structural overlay thickness, in. 7.5 8.5 9.0 

Estimated endurance limit for the high asphalt content, stiff 

asphalt HMA base, in./in. 
0.000045 

Permissible tensile strain, in./in. 

 

20-year design traffic 0.000138 

50-year design traffic 0.000094 

Rubblized 

layer 

E = 50 ksi 

Computed tensile strain at the bottom of HMA 

base; in./in. 
0.0000679 0.0000582 0.0000540 

Predicted bottom-up 

fatigue cracks, % 

20-year design traffic 1.2 0.7 0.6 

50-year design traffic 4.2 2.5 2.0 

Rubblized 

layer 

E = 35 ksi 

Computed tensile strain at the bottom of HMA 

base; in./in. 
0.0000728 0.0000619 0.0000573 

Predicted bottom-up 

fatigue cracks, % 

20-year design traffic 1.5 0.9 0.7 

50-year design traffic 5.3 3.1 2.4 

 

Table 15. Simplistic, Equivalent Annual Modulus design predictions for distortion 

Total HMA structural overlay thickness, in. 7.5 8.5 9.0 

Sand 

subbase 

layer 

Permissible vertical strain, 

in./in. 

20-year design traffic 0.000408 

50-year design traffic 0.000300 

Computed vertical strain at the top of sand subbase, 

in./in. 
0.000184 0.000156 0.000141 

AASHTO 

A-3 

subgrade 

soil 

Permissible vertical strain, 

in./in. 

20-year design traffic 0.000348 

50-year design traffic 0.000256 

Computed vertical strain at the top of subgrade, in./in. 0.000157 0.000136 0.000127 

* The computed vertical strains for the sand subbase and subgrade soil are for the condition with the lower 

modulus of the rubblized PCC layer (35,000 psi). 
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The analysis results for the PerRoad ME method show the reliability of the pavement achieved per 

the target strain, as presented in Table 16. 

 

Table 16. PerRoad design predictions of reliability 

Total HMA structural overlay thickness, in. 7.5 8.5 9.0 

Endurance limit (tensile strain at the bottom of the 

HMA base layer) 

100 micro-strains 94.6% 96.8% 99.1% 

75 micro-strains 88.3% 91.5% 94.5% 

Vertical compressive strain at the top of subbase layer, 400 micro-strains 99.9% 100% 100% 

Vertical compressive strain at the top of subgrade, 300 micro-strains 90.2% 95.4% 99.5% 

Surface deflection, 18 mils 89.7% 91.9% 92.9% 

* The reliability levels included in this table are for the condition for which the modulus of the rubblized 

PCC slab is 50,000 psi. 

 

The analysis results for the MEPDG, Version 1.0, include the prediction of cracking, rutting, and 

IRI at 95% reliability using a 50-year design life. Note that the endurance limit was not included 

as an input, and an elastic modulus of 50,000 psi was used for the rubblized PCC layer. The 

MEPDG design results are shown in Table 17. 

 

Table 17. Summary of the predicted distresses using the MEPDG, 95% reliability 

Performance indicator (threshold value) 
Distress value 

predicted at year 50 

Year in which the 

threshold distress  

value is exceeded 

Total HMA structural overlay thickness, in. 8.5 7.5 8.5 7.5 

Bottom-Up area fatigue cracks, % (2) 1.86 1.90 50+ 50+ 

Surface initiated longitudinal cracks, ft./mi. (1,250) 2,069 2,827 24 13 

Thermal cracks, ft./mi. (1,000) 108 108 50+ 50+ 

Total rutting, in. (0.40) 0.61 0.64 18* 15 

IRI, in./mi. (170) 250 251 29 29 

* NOTE:  All other ME-based methods indicate sufficient structure to protect the subgrade soils 

from excessive distortions for the 7.5 and 8.5-inch overlays. 

 

As a result of the original design evaluation using the four pavement design methods, the 8.5-inch 

HMA surfacing was recommended. This design thickness was best suited to meet the perpetual 

HMA requirements for this project on I-75 to resist long-term bottom-up fatigue cracking. While 

the MEPDG design predicted increased rutting, all other designs did not. Additionally, while top-

down cracking and IRI thresholds may be exceeded before 40 years in service, these could be 

mitigated with surface repairs. It was noted that the 7.5-inch HMA surfacing might also be 

sufficient, but this would depend on the achieved strength of the rubblized layer, which could vary 

due to construction. 
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Construction and Quality Control 
 

According to the construction plans and May 12, 2008 pre-construction meeting notes, the I-75 

NB perpetual over rubblized concrete project is from Station (Sta) Point of Beginning (POB) 

525+66.99 to Points of Ending (POE) 651+00, as shown in Figure 6. The rubblized sections of the 

PCC are from Sta 530+00 to 601+00 and Sta 609+00 to 651+00. The segments from Sta 525+66.99 

to 530+00 and Sta 601+00 to 609+00 were designated for full-depth reconstruction and pavement 

removal to preserve the under clearance of the bridges. The HMA pavement resurfacing 

encompasses the entire length from Sta 525+66.99 to 651+00 (around 2.37 miles). 

 

The rubblization process commenced in September 2008, as documented in the inspector’s daily 

reports (IDRs). The construction was completed with the final surface HMA paving in October 

2008. Therefore, the entirety of the demonstration project, from rubblization to the final layer of 

HMA, spanned approximately one and a half months. See Appendix D, Figures 34 to 37 for the 

IDRs that denote initial rubblization and final paving. The record of material collection during the 

construction is shown in Appendix D, Figure 38. 

 

 
Figure 6. Schedule of the I-75 NB project construction 

 

Figure 7 presents the active construction occurring near Sta 601+00 in September 2008 from 

Google Maps. In the right lane, the boundary between the new aggregate base (for full-depth 

Sta 530+00 

Sta 601+00 

Sta 609+00 

Sta 651+00 

Sta 525+66.99 

Rubblized 

PCC base 

Rubblized 

PCC base 
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reconstruction) and rubblized concrete is shown. In this Figure, the concrete in the left lane has 

not yet been rubblized or removed. 

 

 
Figure 7. Construction around Sta 601+00 in September 2008 from Google Maps 

 

As previously noted, the HMA used in construction slightly differs from those recommended by 

the pavement design. Specifically, the HMA top course layer for construction is a standard dense 

graded, 5E10, whereas the design recommended SMA. Also, instead of a leveling base layer above 

the rubblized concrete, the HMA base course layer thickness was increased to achieve the normal 

crown and fill rubblized imperfections. Accordingly, the thickness of the HMA base course is 

estimated to be 6 inches at the centerline and 4.5 inches at the shoulders. These are minor changes 

that will not significantly impact the structural-related characteristics. 

 

According to the field evaluation report during the construction in 2008 (shown in Appendix E, 

Figure 39), a Multi-Head Breaker (MHB) was used for rubblizing, requiring a second pass to cover 

the full lane width. Observations included a contractor’s backhoe dig at Sta 621+20, revealing 

larger pieces stuck. A subsequent hand dig exposed steel and mesh near the contractor’s hole. 

Samples were collected from rubblized material at Sta 621+15, and the MHB operator noted 

“moon-shaped” cracks due to insufficient shoulder support during the rubblizing process. 

Additional digs at Sta 631+60 and 625+83 displayed painted steel with effective debonding. The 

MHB operator reported that full-depth repairs were rubblizing well, similar to the old concrete, 

Aggregate base 

Rubblized base 
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but the operator sometimes faced challenges in breaking the material further at the shoulder due to 

the lack of shoulder support. This is likely because the shoulder material was different (existing 

HMA that was crush and shaped) from the mainline lanes, so the edge was less confined for 

rubblization and had less support. Some field rubblization pictures for the I-75 NB perpetual 

pavement project are provided in Figure 8. 

 

        
 

         
Figure 8. Field rubblization process for the I-75 NB project 

 

After the construction, the Ground Penetrating Radar (GPR) test was conducted on the I-75 NB 

perpetual pavement project to measure pavement thickness (HMA layers) from BMP (where 

distance = 0), as presented in Figure 9. Further, the HMA thickness frequency histogram was 

plotted, as shown in Figure 10. It should be noted that GPR measurements are estimates since core 

data is not available to validate them. The results indicate that the resurfaced HMA thickness meets 

the designed 8.5-inch HMA requirements, with a few measured points falling below 8.5 inches. 

Most points tested had thicknesses between 9 to 11.5 inches, resulting in an average HMA 

thickness of 10.27 inches. 
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Figure 9. HMA thickness along the distance for the I-75 NB project 

 
Figure 10. HMA thickness distribution for the I-75 NB project 
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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 is 

unavailable due to construction or other lane obstruction. The lane configuration of the I-75 NB 

perpetual over rubblized concrete project is presented in Figure 11. 

 

 
Figure 11. Lane configuration for the I-75 NB project, Google Maps Image, October 2023 

 

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. 

Rightmost 

lane 

Leftmost 

lane 
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• 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 on the I-75 NB project is presented in Table 18 and 

Figures 12 to 14.  

 

The pavement has remained very smooth, with the IRI consistently well below 95 inches/mile, 

which is the FHWA threshold for good condition (per FHWA 23 CFR 490.313). Over time, the 

IRI has increased very slowly, but there was a distinct decrease in 2021. This decrease can be 

attributed to a chip seal with fog coat capital preventive maintenance project (MDOT job number 

204267) that occurred in August 2020. 

 

The overall average rutting is low, remaining below 0.2 inches, which also meets the FHWA 

threshold for good condition (per FHWA 23 CFR 490.313). Although early rutting values were 

higher than later ones, this may be attributed to factors such as traffic compaction after construction 

and/or data noise. Since the rutting has remained low and has not shown an increase with pavement 

age, this indicates a strong structure. 

 

For DI, values remain low and far below 50, which is the value used in the MDOT Pavement 

Selection Manual [2] to approximate the end of service life. This indicates that this project has 

been in good to fair condition. There was a DI spike in 2018, but then it decreased in 2019. A crack 

treatment was conducted in 2017 (MDOT job number 200432), so the increase in 2018 may be 

due to the cracks being more visible due to the treatment or excessive sealing. However, this does 

not explain why the DI decreased from 2018 to 2019 since no maintenance event was observed. 

Therefore, the DI after 2017 may be inaccurate, particularly the 2018 DI. 

 

Table 18. Yearly Progression of IRI, rutting, and DI for the I-75 NB project 

Data Year (Pavement Age) IRI Rutting DI 

2009 (1) 42 - 0.033 

2010 (2) 43 0.11 - 

2011 (3) 45 0.13 0.052 

2012 (4) 46 - - 

2013 (5) 45 0.05 1.416 

2014 (6) 48 - - 

2015 (7) 47 0.13 0.633 

2016 (8) 48 - - 

2017 (9) 49 0.05 1.382 

2018 (10) 54 0.04 13.159 

2019 (11) 60 0.04 8.4 

2020 (12) - - - 

2021 (13) 48 0.07 - 

2022 (14) 49 0.07 - 
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Figure 12. Yearly IRI data for the I-75 NB project 

 
Figure 13. Yearly rutting data for the I-75 NB project 
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Figure 14. Yearly DI data for the I-75 NB project 

 

Detailed breakdown of the yearly rutting and IRI data per tenth mile along the project length are 

shown separately in Tables 19 and 20, and Figures 15 and 16, respectively. Note that the IRI and 

rutting values are an average of the data from the right and left wheel paths. The DI breakdown 

per tenth mile for 2018 and 2019 are shown in Table 21 and Figure 17.   

 

Rutting tenth mile data was inconclusive and did not indicate any unique trends. However, the IRI 

tenth mile data was found to be significantly higher at the start and end of the project. This 

corresponds with the project construction joints and field investigation pictures, as shown in 

Appendix F, Figures 47 to 49. As shown, these joints display cracking and raveling distress. 

 

The DI tenth mile data found results similar to IRI, where DI along the project length was highest 

near the project start and end construction joints. It also showed increased cracking near the Bullett 

Burt Road bridge and rest area ramps. Sympathy cracks from the longitudinal joint, shoulders, and 

ramps may have started to progress into the lane and accounted for the increased DI. 
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Table 19. Yearly pavement rutting data per 0.1 mile for the I-75 NB project 

 

 
Figure 15. Rutting per 0.1 mile along the I-75 NB project 

Pavement length (mile, south to north direction) 2009 2010 2017 2018 2019 2021 2022 

0.1 0.12 0.13 0.07 0.02 0.03 0.11 0.10 

0.2 0.1 0.12 0.07 0.04 0.04 0.08 0.08 

0.3 0.11 0.12 0.08 0.05 0.06 0.09 0.09 

0.4 0.11 0.12 0.06 0.04 0.04 0.08 0.08 

0.5 0.1 0.1 0.05 0.03 0.05 0.06 0.08 

0.6 0.11 0.12 0.06 0.04 0.05 0.08 0.08 

0.7 0.09 0.1 0.05 0.04 0.03 0.05 0.07 

0.8 0.08 0.09 0.06 0.04 0.04 0.06 0.07 

0.9 0.1 0.11 0.05 0.04 0.05 0.06 0.07 

1.0 0.1 0.1 0.04 0.04 0.04 0.05 0.07 

1.1 0.1 0.08 0.04 0.04 0.04 0.05 0.06 

1.2 0.09 0.1 0.04 0.04 0.04 0.04 0.06 

1.3 0.12 0.11 0.05 0.03 0.04 0.06 0.08 

1.4 0.1 0.13 0.05 0.03 0.04 0.07 0.08 

1.5 0.11 0.12 0.05 0.04 0.04 0.08 0.08 

1.6 0.12 0.12 0.06 0.03 0.05 0.07 0.07 

1.7 0.12 0.13 0.07 0.04 0.05 0.07 0.07 

1.8 0.11 0.13 0.05 0.03 0.04 0.08 0.08 

1.9 0.11 0.11 0.05 0.05 0.06 0.07 0.07 

2.0 0.1 0.11 0.05 0.04 0.05 0.06 0.07 

2.1 0.12 0.11 0.06 0.04 0.04 0.08 0.08 

2.2 0.11 0.11 0.05 0.04 0.05 0.07 0.07 

2.3 0.11 0.12 0.05 0.05 0.05 0.07 0.07 

2.4 0.11 0.13 0.07 0.03 0.02 0.08 0.07 

Average 0.11 0.11 0.06 0.04 0.04 0.07 0.08 



 

22 

 

Table 20. Yearly pavement IRI data per 0.1 mile for the I-75 NB project 
Pavement length (mile, south to north direction) 2009 2010 2017 2018 2019 2021 2022 

0.1 55 57 82 89 92 77 80 

0.2 41 46 50 54 61 48 47 

0.3 44 41 48 51 57 48 48 

0.4 42 43 46 51 48 43 43 

0.5 40 39 50 48 54 44 43 

0.6 58 60 60 64 57 58 57 

0.7 45 48 46 55 56 45 45 

0.8 36 36 39 45 50 48 49 

0.9 46 46 53 55 61 57 56 

1.0 41 43 43 49 51 42 42 

1.1 34 33 37 44 48 37 39 

1.2 33 36 50 55 63 48 52 

1.3 42 45 45 52 52 44 46 

1.4 35 34 41 47 47 45 46 

1.5 49 48 57 58 67 55 56 

1.6 39 39 49 49 64 47 48 

1.7 40 44 46 48 58 45 47 

1.8 39 39 44 48 59 45 45 

1.9 34 37 42 45 60 38 39 

2.0 43 43 52 61 64 51 52 

2.1 40 42 47 53 68 49 49 

2.2 38 38 46 49 55 43 44 

2.3 34 38 49 49 61 43 45 

2.4 62 58 77 83 92 73 74 

Average 42 43 50 54 60 49 50 

 

 
Figure 16. IRI per 0.1 mile along the I-75 NB project 
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Table 21. Yearly pavement DI data per 0.1 mile for the I-75 NB project 

Pavement length (mile, south to north direction) 2018 2019 

0.1 15.1 11.89 

0.2 14 7.08 

0.3 8.64 9.2 

0.4 11.12 7.94 

0.5 14.34 7.78 

0.6 31.84 11.36 

0.7 23.6 7.84 

0.8 13.44 7.4 

0.9 16.06 8.64 

1.0 8.42 7.12 

1.1 15.52 8 

1.2 7.54 7.38 

1.3 11.2 7.5 

1.4 8.93 9.04 

1.5 9.06 8.41 

1.6 13.61 10.07 

1.7 15.89 9.02 

1.8 16 8.02 

1.9 10.6 7.56 

2.0 7.14 8.6 

2.1 9.47 8.43 

2.2 10.84 7.16 

2.3 7.4 6.8 

Average 13.0 8.4 

 

 
Figure 17. DI per 0.1 mile along the I-75 NB project 
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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 [3]. 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, Figures 40-41. Survey pictures are shown in Appendix F. Annual surveys collected 

data in both lanes of this project, 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. Key notes from the annual status reports are 

shown in Table 22. The associated observed cracking lengths are shown in Table 23 and Figure 

18. Note that 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. 

 

Table 22. Summary of the I-75 NB perpetual demonstration program status reports 

Report 

Date 
Key Observations 

Mar. 2010 Pavement in as-constructed condition with no distress. 

Feb. 2011 
No distress noted, but noticeable longitudinal paving joints and potential raveling 

issues. 

Jan. 2012 No distress was noted. 

Feb. 2013 Construction related longitudinal cracking observed at the paving joints. 

Jan. 2014 Slight longitudinal cracking at paving joints and crack at the transition area. 

Jan. 2015 No distress except raveling in spot locations along longitudinal joints. 

Jan. 2016 3 transverse cracks across both lanes (6 total) and separating longitudinal joints. 

Jan. 2017 
4 transverse cracks across both lanes (8 total), separating longitudinal joints, localized 

segregation, and signs of age-related oxidization. 

Jun. 2018 
5 transverse cracks in the left lane and 9 in the right lane (14 total), separating 

longitudinal joints, localized segregation, and a pothole observed in right lane. 

Jun. 2019 
28 transverse cracks in total, separating longitudinal joints, localized segregation, 

some potholes observed at the start and ending transitions (mostly in the right lane). 

Jun. 2020 

45 transverse cracks in total, separating longitudinal joints (up to 2-inch width), 

localized segregation, some potholes and delamination observed at the start and ending 

transitions (mostly in the right lane). 

Jun. 2021 

Chip seal maintenance occurred prior to this survey, transverse cracking decreased to 

18 locations in total, no longitudinal cracking, longitudinal joint widening reduced 

(down to 1-inch width), and potholes and delamination reduced. 

Jun. 2022 

Minimal change in distress; 20 transverse cracks, no longitudinal cracking, 

longitudinal joint mostly unchanged from prior year, some increased raveling with 

potholes and delamination at the start and ending transitions (mostly in the right lane). 
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Table 23. Annual survey observed crack lengths on the I-75 NB project 

Year 
Pavement 

Age 

Transverse Cracking 

(feet/lane-mile) 

Longitudinal Cracking 

(feet/lane-mile) 

2008 0 0 0 

2009 1 0 0 

2010 2 0 0 

2011 3 0 0 

2012 4 0 0 

2013 5 0 0 

2014 6 0 0 

2015 7 0 0 

2016 8 15 0 

2017 9 20 0 

2018 10 35 0 

2019 11 51 1 

2020 12 60 5 

2021 13 46 0 

2022 14 48 0 

 

 
Figure 18. Annual survey observed crack lengths on the I-75 NB project 

 

According to the 2022 field survey of I-75 NB, after 14 years of service, approximately 48 

feet/lane-mile transverse cracking and no longitudinal cracking were observed. This is very low 

over this timespan. Even considering the highest observed cracking of 60 feet/lane-mile in 2020 

(prior to the maintenance project in August 2020), total cracking was low. Furthermore, cracks 

have remained tight (less than 1-inch wide). While localized issues have been observed, such as 
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potholes, surface delamination, and longitudinal joint separation (up to 2-inch wide), these are 

largely construction-related issues due to inadequate density at construction joints and are not 

representative of the integrity of the pavement structure. Furthermore, the maintenance project in 

2020 has largely mitigated these localized issues. Accordingly, field surveys have described the 

pavement’s overall 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 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. The annual field condition survey observations are mostly consistent 

with the progression performance data measurements, except for the inconsistent DI value in 2018.  

 

Performance Comparison and Evaluation 
 

To assess the relative pavement performance, the I-75 NB perpetual HMA over rubblized concrete 

project will be compared with standard MDOT HMA over rubblized concrete pavement data per 

the MDOT Pavement Selection Manual [2]. For comparison, the estimated fix life (estimated life 

pavement would last without maintenance, occurring at 50 DI) of the I-75 NB demonstration and 

standard pavement are shown in Figure 19. The service life (estimated life pavement would last 

with maintenance, occurring at 50 DI) of the standard pavement with the I-75 NB DI values are 

shown on Figure 20. 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 single project rather 

than a broad set of values.  

 

As shown in Figures 19 and 20, DI within the first 10 years indicates that the I-75 NB project 

values are much lower than those of the standard alternative. However, I-75 NB DI notably 

increased at the pavement age of 10 years (2018). As previously described, construction-related 

longitudinal joint separation and transition area distresses largely contribute to this increase. 

 

As shown in Figure 19, due to the DI increase at year 10, the trend of DI values for the I-75 NB 

project would forecast that the fix life at 50 DI would occur at the age of 14 years, whereas this is 

16 years for the standard alternative. However, The I-75 NB pavement has consistently performed 

well, and the elevated DI does not seem to correlate with visual surveys or other performance 

measurements. Its latest DI measurement is still very low (8.4 DI at age 11 years), so it is unlikely 

that future distress will unexpectedly accelerate. 

 

Furthermore, its first maintenance event occurred at 9 years, which is 2 years after the first 

maintenance event for the standard alternative. As shown in Figure 20, if we assume the same 

number of maintenance events, timing between each, and similar improvements to DI as estimated 

for the standard alternative, then the I-75 NB demonstration could be estimated to have 2 more 

years of service life beyond that of the standard version. However, this estimation of 34 years is 

much lower than the anticipated 50 years of service life. 
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Therefore, both the fix and service life projections seem too low. Consequently, this single 

demonstration project may not produce an adequate performance curve for sufficient comparison 

to its standard version. 

 

 
Figure 19. Comparison on I-75 NB DI trend with fix life of standard pavement 

 

 
Figure 20. Comparison on I-75 NB DI trend with service life of standard pavement  
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Cost Comparison and Evaluation 
 

Costs included in this report were adjusted to 2019 dollars for comparison with the standard costs 

included in the MDOT Pavement Selection Manual [2] 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 

surface cost as described in Chapter 2, Section A of the MDOT Pavement Selection Manual. Note 

that this method does not consider any base and subbase materials, rubblization, embankment, pre-

repair/prep work, or HMA separator layers. This is consistent with the fact that the standard 

rubblization process was used in the I-75 NB demonstration project, so the only difference between 

the I-75 NB perpetual project and its standard alternative is the HMA. To facilitate the following 

comparisons, the perpetual HMA over rubblized demonstration project will be evaluated against 

the standard HMA over rubblized concrete performance curves and cost data provided in the 

MDOT Pavement Selection Manual [2]. 

 

Historical unit prices for HMA mixes from September 2009 will be used to estimate the initial 

construction cost of the I-75 NB project, since these prices captured construction in 2008 (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 

impacts, so this will not be included in the cost analysis. However, since mix types and pavement 

thickness have a significant impact on overall cost, the cost comparison will use these parameters. 

Accordingly, as shown in Table 24, the perpetual HMA pavement cost is estimated to be 

approximately $256,300 per lane-mile. In contrast, to estimate the standard alternative, the 

standard 1993 AASHTO pavement design using a 20-year design life for this project as shown in 

Appendix C will be used. As a result, this pavement would have been 6.5-inch HMA (as increased 

from 5.5-inch due to MDOT minimum thickness requirements). Accordingly, as shown in Table 

25, this is estimated to be approximately $171,400 per lane-mile. Therefore, approximately 

$84,900 per lane-mile, or about 1.5 times the initial pavement cost, is added using a perpetual 

HMA versus the standard HMA over rubblized concrete. 

 

Table 24. Estimated initial cost for the I-75 NB perpetual pavement per unit prices 

HMA 

Layer 

Mix 

Type 

Thickness 

(inch) 

Application 

Rate (lbs/syd) 

Total 

Tons 

Unit 

Price in 2009 

Cost per 

Lane-Mile 

Top 5E10 1.5  165 580.8 $63.64 $36,962.11 

Leveling 4E10 2.5 275 968 $57.34 $55,505.12 

Base 2E10 4.5 495 1,742.4 $65.50 $114,127.20 

Total Cost per Lane-Mile (Per 2009 unit prices) $206,594.43 

Total Cost per Lane-Mile (Adjusted to 2019) $256,305.90 
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Table 25. Estimated initial cost for the I-75 NB theoretical standard pavement per unit 

prices 

HMA 

Layer 

Mix 

Type 

Thickness 

(inch) 

Application 

Rate (lbs/syd) 

Total 

Tons 

Unit 

Price in 2009 

Cost per 

Lane-Mile 

Top 5E10 1.5  165 580.8 $63.64 $36,962.11 

Leveling 4E10 2 220 774.4 $57.34 $44,404.10 

Base 3E10 3 330 1,161.6 $48.92 $56,825.47 

Total Cost per Lane-Mile (Per 2009 unit prices) $138,191.68 

Total Cost per Lane-Mile (Adjusted to 2019) $171,443.84 

 

While the initial paving cost for the I-75 NB perpetual pavement project is higher than the standard 

HMA over rubblized concrete project, the anticipated service life for the I-75 NB perpetual HMA 

over rubblized concrete pavement is longer than its standard alternative. Per the MDOT Pavement 

Section Manual, the standard HMA over rubblized concrete pavement is 32 years, while the 

anticipated service life of the perpetual alternative is at least 50 years. However, as observed in the 

previous section, this I-75 NB project currently suggests a lower service life of roughly 34 years. 

Therefore, as shown in Table 26, the perpetual alternative initial cost per year of its service life 

may range from $5,130 to $7,540 per lane-mile, while the standard alternative is $5,360 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. 

Therefore, in terms of the initial paving cost, the perpetual alternative is more cost-effective than 

the standard if at least 50 years of service life is achieved. However, it may not be reasonable to 

assume this if the service life is less than 50 years. 

 

Table 26. Initial paving cost per year of service life 

Type 
Initial 

Pavement Cost 

Service life 

(years) 

Yearly average 

cost 

I-75 perpetual HMA over 

rubblized 
$256,300 

34 $7,540 

50 $5,130 

Standard HMA over 

rubblized 
$171,400 32 $5,360 

 

In addition to the pavement’s initial cost, its maintenance is a major contributing factor to the 

overall cost of a pavement. In comparison, per the MDOT Pavement Selection Manual, for the 

MDOT standard HMA over rubblized concrete pavement, on average, preventive maintenance 

cycles occur after 7, 11, 14, and 19 years, with rehabilitation or reconstruction estimated to occur 

after 32 years. Accordingly, the cost per lane-mile of these maintenance fixes is estimated at 

$25,844, $45,335, $29,389, and $49,158, respectively, so their total cost is $149,726 per lane-mile. 

 

For the I-75 NB perpetual project, two maintenance projects, crack treatment (in 2017) and 

chip/fog seal (in 2020), were implemented after construction. Considering that the pavement life 

is 15 years in 2023, the number of maintenance events is 1 less than that of the standard HMA 

over rubblized concrete projects over that same time period (at ages 7, 11, and 14). The per lane-

mile costs of the I-75 NB maintenance fixes in 2017 and 2020 are $6,224 and $51,458 (as adjusted 
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to 2019 cost), respectively, so their total cost is $57,682. This is $42,886 less than the standard 

version over the same timeframe. 

 

To date, the maintenance cost of the I-75 NB perpetual HMA over rubblized concrete project is 

lower than standard HMA over rubblized concrete projects. While its initial cost is higher, the 

potential increased service life would reduce the overall long-term cost of the pavement. Therefore, 

this demonstration fix type should provide a cost-effective option if the anticipated service life is 

achieved, but based on current projections, the I-75 NB project does not appear to be achieving 

this. 

 

Conclusions and Recommendations 
 

This report presents a final evaluation of the “Perpetual Hot Mix Asphalt Pavement Over 

Rubblized Concrete” pavement demonstration project on I-75 NB in Cheboygan County, MDOT 

job number 90279. It includes a summary of its design, construction, performance, condition, and 

costs. Conclusions and recommendations are presented as follows. 

 

The evaluation of the I-75 NB demonstration project indicates both positive aspects and areas of 

concern. Compared to standard HMA over rubblized concrete, perpetual pavement offers potential 

advantages in terms of longer service life and lower overall cost due to reduced long-term 

maintenance needs. This highlights its promise as a sustainable and cost-effective pavement 

solution. 

 

However, the evaluation of this project found some failures due to construction quality and existing 

base inconsistencies. Issues such as poor existing shoulder base condition, longitudinal joint failure 

(attributable to insufficient density and/or inadequate bonding), and transverse joint failures (due 

to paving and construction breakpoints) were observed. While MDOT has since implemented 

changes to its construction requirements to ensure the density of the longitudinal construction 

joints, these findings highlight the importance of thorough project scoping to identify and plan for 

existing pavement cross-section irregularities and address construction issues in future projects. 

These issues can significantly impact the performance of perpetual HMA rehabilitation projects 

and raise questions about the cost-effectiveness of this fix type. For future implementations, to 

ensure the durability and success of perpetual HMA over rubblized concrete, addressing 

construction quality and base irregularities is crucial for maximizing the benefits of perpetual 

rehabilitation as a sustainable, cost-effective solution. 

 

Therefore, per the findings of this report, perpetual HMA pavement over rubblized concrete may 

provide an acceptable, cost-effective construction approach compared with traditional HMA 

pavement over rubblized concrete. However, due to the questionable forecast of DI, limited dataset 

from this single project, and the concerns noted above, MDOT should consider constructing 

additional projects using this demonstration fix type before standardizing. If more projects are to 

be constructed, then additional construction parameters and pre-construction investigation should 

be utilized to ensure the design. Consequently, 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 this project, it is recommended that the MDOT end its annual 
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monitoring and status reporting of the I-75 NB demonstration project. Future data collection 

needed 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 21. JN 90279 Typical Cross-Section for I-75 NB perpetual over rubblized concrete project: (upper one: pavement 

removal section, Sta 525+66.99 to 530+00; Lower one: rubblized section, Sta 530+00 to 601+00, and Sta 609+00 to 651+00) 
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Figure 22. JN 90279 Typical Cross-Section for I-75 NB perpetual over rubblized concrete project: (upper one: pavement 

removal section, Sta 601+00 to 609+00; lower one: non-related to this demonstration project)
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Appendix B: Traffic Data 
 

 
Figure 23. MDOT estimated traffic information for pavement design 

  



 

35 

 

 
Figure 24. ESAL estimation sheet, page 1 
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Figure 25. ESAL estimation sheet, page 2 
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Figure 26. ESAL estimation using traffic and load distribution, page 1 

 

  

Equivalency factors defined for a terminal serviceabilty index of 2.5 and an SN of 4.0

Load Total Monthly Single Axle Single Axle

Interval Single Axles Equivalency Factor ESALs per month

3 1742.217 0.0009 1.567996

4 3664.27 0.003 10.99281

5 2723.225 0.006 16.33935

6 2858.389 0.01 28.58389

7 2407.715 0.02 48.15429

8 3142.231 0.04 125.6892

9 3259.591 0.07 228.1713

10 4890.172 0.1 489.0172

11 6908.509 0.15 1036.276

12 6766.529 0.21 1420.971

13 4137.702 0.29 1199.934

14 2477.83 0.39 966.3538

15 3072.14 0.51 1566.791

16 2093.06 0.65 1360.489

17 2500.03 0.81 2025.024

18 1507.286 1 1507.286

19 1425.293 1.22 1738.857

20 805.5926 1.47 1184.221

21 605.6219 1.76 1065.895

22 201.6308 2.09 421.4083

23 177.7501 2.47 439.0428

24 73.97285 2.89 213.7815

25 15.105 3.37 50.90385

26 22.40443 3.91 87.60133

27 10.38463 4.52 46.93853

28 0 5.21 0

29 0 5.97 0

30 0 6.83 0

31 0 7.79 0

32 0 8.85 0

33 0 10.03 0

34 0 11.34 0

35 0 12.78 0

36 0 14.38 0

37 0 16.14 0

38 0 18.06 0

39 0 20.18 0

40 0 22.5 0

41 0 25.03 0

Total Single Axle ESALs 17280.29 Average Monthly Total
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Figure 27. ESAL estimation using traffic and load distribution, page 2 

 

  

Load Total Monthly Tandem Axle Tandem Axle

Interval Tandem Axles Equivalency Factor ESALs per month

6 403.2718 0.001 0.403272

8 934.9476 0.004 3.739791

10 1145.872 0.01 11.45872

12 1353.611 0.02 27.07223

14 1793.076 0.03 53.79228

16 1830.209 0.06 109.8125

18 1951.604 0.09 175.6443

20 1490.755 0.14 208.7057

22 1598.591 0.21 335.7041

24 1753.673 0.29 508.5653

26 1663.157 0.4 665.2627

28 1873.997 0.53 993.2182

30 2210.687 0.7 1547.481

32 2482.548 0.89 2209.467

34 2364.563 1.11 2624.665

36 1725.629 1.38 2381.368

38 1192.045 1.68 2002.636

40 653.4778 2.03 1326.56

42 227.6897 2.43 553.2859

44 55.99884 2.88 161.2767

46 26.3458 3.4 89.57573

48 6.961577 3.98 27.70708

50 0 4.64 0

52 0 5.39 0

54 0 6.22 0

56 0 7.16 0

58 0 8.22 0

60 0 9.4 0

62 0 10.94 0

64 0 12.17 0

66 0 13.8 0

68 0 15.6 0

70 0 17.59 0

72 0 19.78 0

74 0 22.2 0

76 0 24.85 0

78 0 27.76 0

80 0 30.95 0

82 0 34.43 0

Total Tandem Axle ESALs 16017.4 Average Monthly Total
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Figure 28. ESAL estimation using traffic and load distribution, page 3 

 

  

Load Total Monthly Tridem Axle Tridem Axle

Interval Tridem Axles Equivalency Factor ESALs per month

12 380.6205 0.004 1.522482

15 387.706 0.01 3.87706

18 361.3995 0.02 7.227991

21 359.0083 0.04 14.36033

24 201.1068 0.07 14.07748

27 98.1208 0.11 10.79329

30 145.4253 0.17 24.7223

33 92.16407 0.25 23.04102

36 158.6342 0.35 55.52195

39 128.8604 0.48 61.85299

42 153.9061 0.64 98.49992

45 126.1392 0.84 105.9569

48 115.6454 1.07 123.7405

51 82.30106 1.34 110.2834

54 74.64792 1.66 123.9155

57 40.98297 2.02 82.7856

60 26.19683 2.44 63.92027

63 7.099706 2.92 20.73114

66 0.066042 3.47 0.229164

69 0.066042 4.09 0.27011

72 6.769258 4.8 32.49244

75 0 5.59 0

78 0 6.49 0

81 0 7.5 0

84 0 8.63 0

87 0 9.9 0

90 0 11.32 0

93 0 12.91 0

96 0 14.67 0

99 0 16.63 0

102 0 18.8 0

Total Tridem Axle ESALs 979.8219 Average Monthly Total

Cumulative Monthly ESALs 34277.51 Average Monthly Total - All Axles

Cumulative Annual ESALs 411330.2 Average Annual Total - All Axles

ESALs per Truck 1.140619 Average Annual Value

Truck Equivalency Factor
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Appendix C: Pavement Design Data 
 

 
Figure 29. 1993 AASHTO pavement design result, 20 years 
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Figure 30. 1993 AASHTO pavement design result, 40 years 
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Figure 31. Average rate of heave versus percentage finer than 0.02 mm for natural soil 

gradations 
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Figure 32. Example of the spreadsheet used to determine the equivalent annual modulus 

values for the HMA layers 

 

 

DETERMINATION OF HMA EQUIVALENT ANNUAL MODULUS 

FOR FATIGUE CRACKING ANALYSIS

Layer: SMA Wearing Surface; 12.5mm, PG70-28

Thickness: 2 inches

Month Dynamic Damage E X DF EQUIVALENT

Modulus, ksi Factor ANNUAL

MODULUS, ksi

Jan 3700 1.16E+04 4.30E+07

Feb 3700 1.16E+04 4.30E+07

Mar 3700 1.16E+04 4.30E+07

April 3700 1.16E+04 4.30E+07

May 2640 2.21E+04 5.85E+07

June 1159 1.07E+05 1.23E+08

July 1229 9.52E+04 1.17E+08

Aug 1443 7.01E+04 1.01E+08

Sept 1811 4.54E+04 8.23E+07

Oct 1640 5.49E+04 9.01E+07

Nov 3447 1.33E+04 4.59E+07

Dec 3699 1.16E+04 4.30E+07

Totals 4.66E+05 8.33E+08 1.79E+03

DETERMINATION OF HMA EQUIVALENT ANNUAL MODULUS

FOR FATIGUE CRACKING ANALYSIS

Layer: Dense-Graded HMA Binder Layer; 12.5 mm, PG64-28

Thickness: 2.5 inches

Month Dynamic Damage E x DF Equivalent

Modulus, ksi Factor Annual

Modulus, ksi

Jan 3237 1.50E+04 4.86E+07

Feb 3237 1.50E+04 4.86E+07

Mar 3237 1.50E+04 4.86E+07

April 3237 1.50E+04 4.86E+07

May 1874 4.26E+04 7.98E+07

June 808 2.12E+05 1.71E+08

July 817 2.08E+05 1.70E+08

Aug 964 1.51E+05 1.46E+08

Sept 1200 9.97E+04 1.20E+08

Oct 1874 4.26E+04 7.98E+07

Nov 2577 2.32E+04 5.98E+07

Dec 3202 1.53E+04 4.91E+07

Totals 8.54E+05 1.07E+09 1.25E+03

DETERMINATION OF HMA EQUIVALENT ANNUAL MODULUS 

FOR FATIGUE CRACKING ANALYSIS

Layer: Dense-Graded HMA Base; 25 mm, PG70-28

Thickness: 4 inches

Month Dynamic Damage E x DF Equivalent

Modulus, ksi Factor Annual

Modulus, ksi

Jan 3621 1.21E+04 4.39E+07

Feb 3621 1.21E+04 4.39E+07

Mar 3621 1.21E+04 4.39E+07

April 3621 1.21E+04 4.39E+07

May 1960 3.91E+04 7.66E+07

June 930 1.62E+05 1.51E+08

July 882 1.79E+05 1.58E+08

Aug 1035 1.32E+05 1.37E+08

Sept 1240 9.36E+04 1.16E+08

Oct 1960 3.91E+04 7.66E+07

Nov 2493 2.47E+04 6.16E+07

Dec 3364 1.39E+04 4.69E+07

Totals 7.33E+05 9.99E+08 1.36E+03

E-Combined;

Equivalent Annual HMA Modulus for Pavement 1411.5

( )  908.110104754.7
−

= iTExorDamageFact
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( )


=
i

ii

equivalent
DF

DFTE
E

0

1000

2000

3000

4000

0 5 10 15

Month of Year

D
y

n
a

m
ic

 M
o

d
u

lu
s

, 
k
s

i

Monthly Dynamic Moduolus

0

500

1000

1500

2000

2500

3000

3500

0 2 4 6 8 10 12 14

Month of Year

D
y
n

a
m

ic
 M

o
d

u
lu

s
, 

k
s

i

Monthly Dynamic Modulus

0

500

1000

1500

2000

2500

3000

3500

4000

0 2 4 6 8 10 12 14

Month of Year

D
y
n

a
m

ic
 M

o
d

u
lu

s
, 

k
s

i

Monthly Dynamic Modulus

( ) ( ) ( )
3

333.0333.0333.0















++

++
=

kji

kkjjii

Combined
hhh

EhEhEh
E



 

44 

 

 
Figure 33. Photo of rubblized PCC for which the elastic modulus back-calculated from 

deflection basins is low, ranging from 25,000 to 50,000 psi 
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Appendix D: Construction Data and Notable Inspector’s Daily Reports 
 

 
Figure 34. Inspector’s daily report on 09-11-2008, page 1 
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Figure 35. Inspector’s daily report on 09-11-2008, page 2 
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Figure 36. Inspector’s daily report on 10-24-2008, page 1 



 

48 

 

 
Figure 37. Inspector’s daily report on 10-24-2008, page 2 
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Figure 38. HMA sample location recording 
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Appendix E: Field Evaluation Reports 

 

Figure 39. Field evaluation report in 2008 
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Figure 40. Field evaluation report in 2022, page 1 



 

52 

 

 

Figure 41. Field evaluation report in 2022, page 2 
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Appendix F: Field Evaluation Figures 
 

 

  
Figure 42. Field evaluation on 12-21-2010 

 

  
Figure 43. Field evaluation on 12-10-2011 

 

   
Figure 44. Field evaluation on 11-16-2012 
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Figure 45. Field evaluation on 12-23-2013 

 

  
Figure 46. Field evaluation on 12-22-2014 
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Figure 47. Field evaluation on 12-02-2015 

 

  
Figure 48. Field evaluation on 11-30-2016 

 

  
Figure 49. Field evaluation on 05-02-2018 
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Figure 50. Field evaluation on 04-03-2019 

 

 
 

 

 
 

Figure 51. Field evaluation on 04-16-2020 
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Figure 52. Field evaluation on 05-12-2021 
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Figure 53. Field evaluation on 05-10-2022 

 


	Disclaimer
	Acknowledgments
	Table of Contents
	List of Tables
	List of Figures
	Introduction
	Project Description
	Traffic Data Assessment and ESAL Estimation
	Pavement Design and Distress Prediction
	Construction and Quality Control
	Pavement Condition Data Analysis
	Pavement Condition Survey Findings
	Performance Comparison and Evaluation
	Cost Comparison and Evaluation
	Conclusions and Recommendations
	References
	Appendix A: Proposed Pavement Construction Plans
	Appendix B: Traffic Data
	Appendix C: Pavement Design Data
	Appendix D: Construction Data and Notable Inspector’s Daily Reports
	Appendix E: Field Evaluation Reports
	Appendix F: Field Evaluation Figures

