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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 two 

projects for the “Thin Unbonded Concrete Overlay” pavement demonstration fix type on M-3 and 

M-1 in Wayne County, MDOT job numbers 72407 and 79673, respectively. 

Project Description 
 

The M-3 and M-1 projects were constructed in 2005 and 2010, respectively. The M-3 project is on 

Gratiot Avenue (north and southbound) from St. Aubin Street to McClellan Avenue, while M-1 is 

on Woodward Avenue (both north and southbound) from Tuxedo Street to Chandler Street. Figure 

1 shows the project locations. Each project is a 4-inch unbonded concrete overlay with a 15-year 

design life. Transverse joints are spaced at 6 feet, while the longitudinal joints are spaced at 5.5 

feet for M-3 and 5 feet for M-1 (see Table 1). Due to their relatively thin concrete panel thickness 

and close joint spacing, neither project includes dowel bars for load transfer at the transverse joints 

or tie bars at the longitudinal joints. The standard MDOT unbonded concrete overlay provides a 

6-inch or thicker concrete panel with a 20-year pavement design life and joint spacings of 12 feet 

by 12 feet with dowels and tie bars at the joints. All joints were sealed for the M-1 project, and a 

dense-graded (DG) hot-mix-asphalt (HMA) bond-breaking separator layer was used between the 

existing pavement and concrete overlay. However, for the M-3 project, 4 different test sections 

were utilized, involving a combination of sealed and unsealed joints with two different HMA 

separator layers consisting of a standard DG HMA and more drainable, open-graded (OG) HMA. 

Tables 2 and 3 describe the interlayer material types and joint sealing methods used for test sections 

on M-3 and M-1, respectively. The maps in Figures 1 to 3 show the locations of the sections 

described in Tables 2 and 3. 
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Figure 1. M-3 and M-1 Demonstration Project Location 

  

Table 1. M-3 and M-1 Concrete Panel Summary 

Project 

Location 

Plan Panel 

Depth (inches) 

Transverse Joint 

Spacing (feet) 

Longitudinal Joint 

Spacing (feet) 

M-3 4 6 5.5 

M-1 4 6 5 

 

Table 2. M-3 Demonstration Project Test Section Descriptions 

Test 

Section 

Number 

Test Section Description 

Length of 

Test Section 

(miles) 

PR 

Number 

PR 

BMP 

PR 

EMP 

1 
OG HMA separator, 

unsealed joints 
0.992  

4711788 

1.499 2.491 

2 
OG HMA separator, 

sealed joints 
0.831 

 
2.491 3.322 

3 
DG HMA separator, 

sealed joints 
0.738  3.322 4.060 

4 
DG HMA separator, 

unsealed joints 
0.802 4.060 4.862 

* Note:  PR is Physical Road, BMP is Beginning Mile Point, EMP is Ending Mile Point. PR and 

MP information is per PR Version 22. 
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Figure 2. M-3 Demonstration Project Test Section Locations 

 

Table 3. M-1 Demonstration Project Description 

Test 

Section 

Number 

Test Section Description 

Length of 

Test Section 

(miles) 

PR 

Number 

PR 

BMP 

PR 

EMP 

N/A 
DG HMA separator-sealed 

joints 
1.473 1591001 1.901 3.374 

* Note:  PR and MP information is per PR Version 22 
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Figure 3. M-1 Demonstration Project Location  

Existing Pavement Structure and Condition Before Demonstration Project 
 

These roads have been serving motorized traffic for several years with the last prior major 

rehabilitation work for these pavements dating back to the 1950’s and 1960’s. The existing 

pavement structure on M-3 at the time of construction from top to bottom ranged from 4.5-10 

inches of HMA, resting on 8.5-15 inches of concrete over 18-36 inches of unbound base (including 

subbase) material. In the outside lanes, 2-9 inches of HMA was laid on 3 inches of brick pavers 

over 8-14 inches of concrete on 18-36 inches of base material. Note that two encased trolley tracks 

are underneath the center of the M-3 pavement structure, as indicated in the plan review report on 

JN 72407 C [1]. On M-1, thirteen (13) cores were extracted from the inside, middle, outside, and 

center turn lanes before construction. On average, the existing pavement had 6.6 inches of HMA 

over 10.3 inches of concrete placed on 6.6 inches of aggregate base material over 10.6 inches of 

sand subbase. The northbound outside lane had 3-inch brick pavers laid on a 0.25-inch sand 

cushion over 9.6 inches of reinforced concrete. The underlying subbase layer was 1.5 inches of 

sand on average. The pavement structure was obtained from the proposed thin unbonded concrete 

overlay demonstration project, field investigation report CS 82131 JN 79673 [2]. 
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Before construction in 2010, pavement distresses such as rutting, cracking (reflection and alligator 

cracking), and localized settlements were present on M-1. These distresses were predominant in 

intersections, parking lanes, stops, and around utility structures (manholes), as seen in Figures 4 

to 7. Both M-3 and M-1 were rehabilitated before the placement of the unbonded concrete layer. 

The brick pavers were removed, and the distressed sections were cold-milled and resurfaced. 

 

The existing pavement cross-sections on M-3 and M-1 are shown in Appendix Figures A1 to A3.  

Images of the 4-inch unbonded concrete layer and the asphalt separator at construction are shown 

in Appendix Figures A4 and A5. 

  

 
Figure 4. Deteriorated Pavement in the Outside Lane from MDOT Field Investigation 

Report for M-1  

 
Figure 5. Cracking in Outside Lane from MDOT Field Investigation Report for M-1 
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Figure 6. Distress Around Utility Mains from MDOT Field Investigation Report for M-1 

 
Figure 7. Localized Settlement in Middle Lane from MDOT Field Investigation Report for 

M-1 

Traffic Data and CESALs 
 

Traffic, climate, and construction material properties are the primary factors influencing pavement 

performance. Climate conditions have similarly impacted Michigan pavements, and the materials 

used on M-3 and M-1 are considered to have met construction acceptance criteria. Therefore, 

traffic volume is the crucial parameter for evaluating the pavement designs and assessing the 

potential risk for premature distress on M-3 and M-1. Accordingly, the anticipated traffic levels 

from the initial designs will be compared with the actual traffic that these pavements experienced. 

Traffic data was obtained from MDOT’s transportation data management system (TDMS), and 

concrete equivalent standard axle load (CESAL) values were computed. M-3 traffic volume data 

were recorded at three locations within the project limits. The two-way commercial annual average 

daily traffic (CAADT) was collected between St. Aubin Street and Elmwood Street. The second 

section is situated between Elmwood Street and Van Dyke Street. The final section lies between 

Van Dyke Street and McClellan Street. On M-1, traffic data was reported between Chandler Street 

and Tuxedo Street in this database. 
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The initial 15-year design CESAL values for both routes were estimated based on the AASHTO 

1993 design method. The equation used for CESAL computation is as shown below: 

 

𝐶𝐸𝑆𝐴𝐿𝑠𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 = 𝐶𝐴𝐴𝐷𝑇 × 365 × 𝐷𝐷 × 𝐿𝐷 × 𝑇𝐹 × 𝐺𝐹  
Where: 

GF = growth factor, [(1+g)n – 1]/g  

g = growth rate expressed as a decimal 

n = number of years 

 

The directional distribution factor (DD), lane distribution factor (LD), growth rate (g), and 

CAADT were obtained from the traffic analysis report for M-3. Similar factors were assumed for 

M-1, and a CAADT value commensurate with the traffic level on M-1 was used. Additionally, the 

actual CESAL values for M-3 and M-1 were computed by extracting traffic volume data from 

TDMS. A lane distribution factor (LD) of 0.9 and a truck factor (TF) of 0.93 were estimated from 

the M-3 traffic analysis report. The yearly actual CESAL values were computed based on the 

AASHTO 1993 design method. The equation used for CESAL computation is as shown below: 

  

𝐶𝐸𝑆𝐴𝐿𝑠𝐴𝑐𝑡𝑢𝑎𝑙 = 𝐶𝐴𝐴𝐷𝑇 × 365 × 𝐷𝐷 × 𝐿𝐷 × 𝑇𝐹 
 

Although M-3 was constructed in 2005, traffic volume data available on TDMS was from 2008 to 

2022. This data was extracted and used for CESAL estimation. It should be noted that 2010 data 

was unavailable on TDMS for M-3. Therefore, the average CAADT values of the years 2009 and 

2011 were used to estimate the 2010 CAADT value. Since M-1 was constructed in 2010, data from 

2011 to 2022 was extracted for CESAL computation purposes. Since 2015 data was not available 

for M-1, the average CAADT values of 2014 and 2016 were used. Additionally, projections were 

made for the actual CESAL values in 2023, 2024, and 2025 assuming a 2% traffic growth rate. 

For both projects, to estimate actual CESAL, the same LD was assumed, but the TF value was 

reduced to 0.74 matching new information as found from more recent adjacent projects. A 

summary of the initial design and actual computed CESAL values is shown in Table 4. A detailed 

breakdown of the initial design and actual estimated CESAL values can be found in the Appendix, 

Tables C1 to C5. The projects were subjected to similar CESALs as was estimated during the 

initial design, so these appear to be reasonably designed. 

 

Table 4. Traffic and Estimated CESALs for M-3 and M-1 Test Sections 

 

Route Location Period 
Estimated Design 

CESALs 

Actual Computed 

CESALs 

M-3 
St. Aubin Street to 

Elmwood Street 
2008-2022 ≈ 2,900,000 ≈ 2,500,000 

M-3 
Elmwood Street to  

Van Dyke Street 
2008-2022 ≈ 2,900,000 ≈ 2,700,000 

M-3 
Van Dyke Street to 

McClellan Street 
2008-2022 ≈ 2,900,000 ≈ 2,600,000 

M-1 
Chandler Street to 

Tuxedo Street 
2011-2025 ≈ 1,500,000 ≈ 1,400,000 
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Pavement Condition Surveys and Performance Data 
 

For pavement demonstration projects, site condition field surveys are conducted and reported 

annually in the annual MDOT Demonstration Program Legislative Report, Pavement 

Demonstration Program Status Report Public Act 457 of 2016 [3]. Crack and repair data is 

typically collected and reported in this survey. Crack and repair data were collected in both 

directions (southbound and northbound) on M-3 and M-1. Data was collected on the inside and 

middle lanes of M-1. On M-3, data was collected on the inside, middle, and outside lanes (2 inner 

panels). Typical lane configurations of M-3 and M-1 are shown in Figures 8 and 9. It should be 

noted that the outside lane of M-3 has 3 panels (as shown in Figure 8) to accommodate intermittent 

on-street parking along this route, as opposed to 2 panels on M-1. Due to this variation in the 

number of lanes and panels, the performance of M-3 and M-1 is challenging to compare directly.  

 

 
Figure 8. Lane Configuration for M-3, Google Maps Image 2022 
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Figure 9. Lane Configuration for M-1, Google Maps Image 2022 

The field visit of M-3 conducted in April 2022 noted that after 17 years of service (2022), 

approximately 13% of all concrete panels on M-3 are either cracked or repaired. The percentages 

of repaired or cracked panels are shown in Table 5. The DG HMA separator with sealed joints 

section currently has the highest percentage of cracked or repaired panels at 15.0%. The OG HMA 

separator with sealed joints and the DG HMA separator with unsealed joints have comparable 

percentages of cracked or repaired panels of 11.8% and 12.0%, respectively. The percentage of 

cracked or repaired panels of 13.1% for the OG HMA separator with unsealed joints is marginally 

higher than that of the OG HMA separator with sealed joints and the DG HMA separator with 

unsealed joints. However, it is lower than that of the DG HMA separator with sealed joints. Figure 

10 shows the overall trend of cracked and repaired panel percentages through the pavement's 

design life.  

 

Each year, as the pavement has continued to age, an increase in distresses like raveling, cracking, 

and spalling has been observed throughout the project. Specifically, sections 2 and 3 of the 

northbound outside lanes have experienced significant spalling in their middle longitudinal joint. 

The highest distress concentration is observed at intersections, bus lanes, transitions, and 

manholes. To address this, maintenance and repair work has been conducted, and about 87% of 

the remaining panels do not exhibit cracking as of 2022. Pictures of the current pavement condition 

on M-3 are shown in Appendix Figure A10. The field visit summary notes described the 

pavement’s overall performance as fair*.  

 

* Note: "Condition ratings of good/fair/poor have been assigned to each project based on a 

subjective evaluation of the condition at the time of the latest field visit. Ratings are intended to 

provide a general sense of the performance (in terms of anticipated distress and ride quality per 

the design type) of each project and may not reflect future decisions about performance after all 

relevant information is obtained to make a final determination." 
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Table 5. Condition Survey Summary for M-3 April 2022 

Section Description 
Cracked /Repaired Panel Percentage 

(%) 

OG HMA separator, unsealed joints 13.1 

OG HMA separator, sealed joints 11.8 

DG HMA separator, sealed joints 15.0 

DG HMA separator, unsealed joints 12.0 

All test sections (Overall) 13 

 

The annual visit for M-1 in April 2022 noted that after 12 years in service (2022), 9.1% of panels 

have been cracked and repaired. Additionally, intermittent black staining was observed on either 

side of the transverse and longitudinal joints. This may be attributed to pumping of water at the 

HMA interlayer, but as is noted in the following section, no moisture was found to be present 

during slab replacement repairs. Accordingly, the panels where the staining occurs do not exhibit 

much distress, and the corresponding joints are in fair to good condition. Of the panels 

cracked/repaired, about 73% occurred in the middle travel lanes (next to the outside lanes). The 

high presence of distress in the middle lane may also be due to the propagation of distress from 

the outside lane. While not included in the counts, most panels in the outside lanes have been 

repaired due to many being faulted or shattered. Throughout the project length, annual 

maintenance has been performed over the past 4 years to repair localized areas of distressed panels. 

The field visit summary notes described the performance of this section as fair*. 

 

* Note: "Condition ratings of good/fair/poor have been assigned to each project based on a 

subjective evaluation of the condition at the time of the latest field visit. Ratings are intended to 

provide a general sense of the performance (in terms of anticipated distress and ride quality per 

the design type) of each project and may not reflect future decisions about performance after all 

relevant information is obtained to make a final determination." 
 

Table 6. Condition Survey Summary for M-1 April 2022 

Section Description 
Cracked /Repaired Panel Percentage 

(%) 

DG HMA separator-sealed joints 9.1 

   

Figure 10 shows the percentage of panels cracked or repaired for each combination of HMA 

separator and joint sealing method used on M-3 and M-1. For the sections on M-3, the DG HMA 

separator with sealed joints experienced the highest crack and repair activity. The OG sealed HMA 

separator has the lowest crack or repair; hence, it is the best-performing section. However, the 

difference in crack and repair percentage of the lowest and highest performing sections is only 3%. 

Therefore, all sections can be deemed to have comparable performance. Moreover, as the 

pavement approaches the design life of 15 years, there is a sharp rise in cracks and repairs. This 

trend may suggest that the thin unbonded concrete overlay can provide adequate performance for 

15 years but may require more maintenance or major rehabilitation and/or reconstruction 

thereafter. 
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Figure 10. Percentage of Cracked or Repaired Panels Per Pavement Age of M-3 and M-1 

for each Test Section 

 

Figure 11 compares the overall crack and repair percentage for the entire routes, M-3 and M-1. At 

a similar pavement age, M-1 appears to have more cracks/repairs when compared with M-3. 

 
Figure 11. Percentage of Cracked or Repaired Panels Per Pavement Age of M-3 vs M-1 
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For MDOT roadways, pavement performance for each project is measured by a variety of methods, 

including faulting, MDOT’s Distress Index (DI), International Roughness Index (IRI), and the 

Pavement Surface Evaluation and Rating (PASER). Faulting is the difference in elevation across 

joints (or cracks), measured in inches. The total number of faults is identified by the number of 

times a difference in elevation is observed. The DI measurement is the total accumulated distress 

point value for a given pavement section normalized to a 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). PASER is a visual method of 

assessing road conditions on a scale of 1 (failed) to 10 (excellent). Measurements for this data are 

to be taken in the rightmost lane (outside lane) unless this lane was not available due to 

construction or other lane obstruction. Accordingly, on M-3, the data was collected on the outside 

lane of the Northbound route (away from downtown Detroit). On M-1, the data was obtained on 

the outside lane of the southbound route (towards downtown Detroit). Therefore, the performance 

measurements may not be directly comparable to the annual site condition surveys since 

measurements occurred in only one direction and lane. 

 

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 IRI and DI on M-3 and M-1 is presented in Tables 7 and 8 and Figures 12 and 13. 

The faulting measurements (per the right wheel path) for each route are shown in Tables 9 and 10 

and Figures 15 and 16. The PASER value for each test section is shown in Figure 14. Figure 12 

presents IRI data for M-3 and M-1. The DG separator with sealed joints on M-1 had an early high 

roughness index near its construction and worsened throughout the pavement life, exceeding the 

MDOT threshold of 170 inches/mile for pavements with poor roughness. This may be attributed 

to late saw cutting during construction, which is a primary contributor to panel cracking and joint 

faulting. On M-3, for sections with OG HMA separator, sealing of joints leads to low roughness. 

However, for the DG HMA separator sections, the impact of sealing joints is negligible. Figure 13 

shows that at the early stage of the service life (less than 5 years) of M-3 and M-1, all sections had 

a DI of less than 10. Ten years into the pavement service life, all sections had DI values of less 

than 25. At about 15 years, the DI for all sections is below 40. All values are below 50 DI, which 

is the value used in the MDOT Pavement Selection Manual [4] to approximate the end of service 

life. Overall, the pavement is showing a fair performance as quantified by DI. Using the PASER 

rating as an evaluation tool, most sections have a fair or good rating level, as shown in Figure 14. 

The one exception is the OG HMA separator section with unsealed joints, which has a poor PASER 
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rating after 14 years of service. Although M-3 has higher faulting than M-1, as depicted in Figure 

15, both routes showed a drop in faulting, as seen in Figure 16. This indicates that the regular 

maintenance activities on both routes have helped re-establish adequate ride quality. 

 

Overall, the thin unbonded concrete overlays have demonstrated satisfactory pavement 

performance throughout their 15-year design life, as evidenced by the condition survey and 

performance data. The data trends have remained low, with nearly all measurements being 

considered good to fair throughout this period. Therefore, it is advisable to plan maintenance work 

within this timeframe to mitigate potential increases in distress and extend the pavement 

serviceability. 

 

Table 7. Yearly Progression of IRI and DI for M-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Data Year 

(Pavement Age) 

DG HMA separator, 

Sealed Joints 

IRI DI 

2011 (1) 112 - 

2012 (2) 140 4.256 

2013 (3) 114 - 

2014 (4) 126 3.988 

2015 (5) 140 - 

2016 (6) 139 6.406 

2017 (7) 203 - 

2018 (8) 140 20.585 

2021 (11) 238 - 
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Table 8. Yearly Progression of IRI and DI for M-3 

 

Data Year 

(Pavement 

Age) 

OG HMA 

separator, 

Unsealed Joints 

OG HMA 

separator, 

Sealed Joints 

DG HMA 

separator, 

Sealed Joints 

DG HMA 

separator, 

Unsealed Joints 

IRI DI IRI DI IRI DI IRI DI 

2006 (1) 99 0.092 69 0 80 0.274 70 0.177 

2007 (2) 116 1.838 70 0 77 1.035 74 0.328 

2009 (4) 119 - 84 - 89 - 71 - 

2010 (5) 112 1.204 70 0.78 83 0.545 81 0.893 

2011 (6) 117 - 72 - 93 - 85 - 

2012 (7) 119 12.245 72 4.846 88 4.369 87 2.848 

2013 (8) 159 - 94 - 107 - 109 - 

2014 (9) 126 17.495 77 17.777 96 22.723 93 7.191 

2015 (10) 134 - 85 - 105 - 105 - 

2016 (11) 146 27.874 85 32.177 104 45.694 109 15.914 

2017 (12) 135 - 83 - 106 - 102 - 

2018 (13) 159 31.672 93 17.469 128 34.132 110 4.144 

2021 (16) 163 - 98 - 152 - 131 - 

 

 
Figure 12. Yearly IRI Performance for Test Sections on M-3 and M-1 
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Figure 13. Yearly DI Performance for Test Sections on M-3 and M-1 

 
Figure 14. Yearly PASER Performance for Test Sections on M-3 and M-1 
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Table 9. Yearly Progression of Right Wheel Path Faulting for M-3 

Data Year 

(Pavement Age) 
Total No. 

Faults/Mile  

Avg Fault 

(in) 

2006 (1) 6 - 

2007 (2) 6 - 

2009 (4) 23 - 

2010 (5) 19 - 

2011 (6) 17 - 

2012 (7) 652 0.09 

2014 (9) 953 0.05 

2016 (11) 2280 0.22 

2018 (13) 881 0.1 

 

Table 10. Yearly Progression of Right Wheel Path Faulting for M-1 

Data Year 

(Pavement Age) 
Total No. 

Faults/Mile  

Avg Fault 

(in) 

2011 (1) 6 - 

2012 (2) 398 0.08 

2014 (4) 600 0.04 

2016 (6) 1092 0.17 

2018 (8) 632 0.1 
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Figure 15. Yearly Count of Observed Faults in Right Wheel Path for M-3 and M-1 

 
Figure 16. Yearly Performance of Fault Height in Right Wheel Path for M-3 and M-1 
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Data Analysis and Observations 
 

The falling weight deflectometer (FWD) measurement on M-1 before construction in 2010 was 

obtained by using MDOT’s KUAB FWD [2]. MODULUS, a back-calculation program developed 

by the Texas Transportation Institute was used to obtain the pavement layer moduli values. 

Accordingly, FWD results show a variation in the modulus of elasticity for HMA, concrete, and 

subgrade materials in different lanes, as depicted in the back-calculated layer moduli values in 

Table 11. Note that these FWD results are relative to the condition at the time it was taken and 

may not represent the yearly average or seasonal corrected value for the location. While higher 

moduli generally suggest reduced deflections under truck loads, the variation in moduli may lead 

to varied pavement performance over time. Therefore, though thin unbonded concrete overlay can 

provide adequate performance, underlying pavement conditions could significantly affect 

performance.  

 

For M-3, some panels at an intersection were repaired in 2008 due to premature failure. These 

panels exhibited distresses like blowups, cracking, and spalling, as shown in Appendix Figures 

A12 and A14. Cores were extracted to better understand the cause of the failure, as shown in 

Figures A15 and A17 of the Appendix. It was observed that sections with severe failure had a 

concrete overlay thickness less than the design thickness of 4 inches. In general, the causes of 

failure of the thin unbonded concrete overlay were due to variability in construction rather than 

poor performance of the designed thin overlay. 

 

Table 11. FWD Layer Moduli Properties for M-1 

 

 

Ground penetrating radar (GPR) data were obtained for M-1 and M-3 in 2015 to assess the 

thickness of the thin concrete overlay data. It should be noted that limited concrete cores were 

available, so the GPR measurements cannot be confirmed. The GPR measurements can be used 

for estimation based on these limited available cores. The mean thickness of thin unbonded 

concrete overlay on M-3 and M-1 is summarized in Table 12. Variable concrete overlay depths 

were observed for different lanes, and in general, the mean depth is approximately 4 inches or 

above, with some lanes having concrete depths of less than 4 inches. A frequency histogram of 

pavement thickness is presented in Figures 17 and 18. A detailed frequency histogram for all lanes 

is presented in Figures C1 to C9 in Appendix C.   

 

  

Lane Description 
Average Pavement Layer Moduli Values (psi) 

Concrete HMA Subgrade 

NB Outside Lane 2,479,162 495,497 25,939 

NB Middle Lane 4,746,768 714,277 25,948 

NB Inside Lane 1,706,528 467,757 26,099 

Center Left Turn Lane 3,799,506 312,905 18,984 

SB Middle Lane 2,711,537 458,943 24,978 

SB Inside Lane 1,691,669 579,638 25,623 

SB Outside Lane 439,974 378,982 21,688 
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Table 12. Mean Concrete Overlay Depth for M-3 and M-1 

Route 

Northbound Mean Concrete 

Overlay Depth (inches) 

Southbound Mean Concrete Overlay 

Depth (inches) 

Inside 

Lane 

Middle 

Lane 

Outside 

Lane 

Inside 

Lane 
Middle Lane 

Outside 

Lane 

M-3 4.38 3.55 3.47 2.53 3.97 4.83 

M-1 - 4.66 3.68 - 4.51 4.69 

 

 
Figure 17. Overlay Depth for Northbound Middle Lane M-1 
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 Figure 18. Overlay Depth for Northbound Middle Lane M-3 

Most distressed, cracked, or repaired panels appear at or near areas with a business presence. For 

example, the outermost lane of M-3 has excessive spalling close to a Faygo Beverages business 

site, as shown in Figure 19. This location was completely replaced sometime after 2019, as shown 

in Figure 20. Clogged drains shown in Figure 21 could have also accelerated the deterioration of 

these sections. Furthermore, distribution trucks traveling or parking along this section likely 

exacerbated the distress. 

 

In comparison, areas with less business presence appear to have better-performing pavement, as 

shown by the example in Figure 22. This spalling distress is less prevalent on the M-1 project 

compared with M-3 at the same age. M-1 joints are holding much more tightly, so their distress is 

more due to panel cracking and faulting. Therefore, as poor panels are replaced and distress is 

mitigated, the DI progression for M-1 may slow to perform like the M-3 demonstration project.  
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Figure 19. Distressed Panels on M-3 near Faygo Property Site, Google Maps Image 2019 

 
 

Figure 20. Repaired Panel on M-3 near Faygo Property Site, Google Maps Image 2022 
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Figure 21. Clogged Drains on M-3, Google Maps Image 2021 

 
Figure 22. Good Pavement on M-3 near Mack Avenue, Google Maps Image 2022 

To further evaluate the potential of trapped moisture beneath the surface concrete as indicated by 

observed surface black staining at the joints, MDOT personnel, who have conducted past 

maintenance work, were consulted regarding any indications of water observed during repairs for 

both projects. They have not observed any evidence of water throughout any past repair work, and 

this is further supported by recent maintenance work on M-3 in June 2023, shown in Figure 23. 

Subsequent to removal of the existing surface concrete, no noticeable water or moisture-related 

issues were found. However, it appeared that the joints were filled with trapped fines, which could 

be a contributing factor to the observed joint spalling. 
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Figure 23. June 2023 Maintenance Repair Work on M-3  

Cost Comparison 
  

Costs included in this report will be adjusted to 2019 dollars for comparison with the standard 

costs included in the MDOT Pavement Selection Manual [4] by using the procedure as denoted in 

Chapter 6, Section F of that manual. The initial cost for construction was approximated by using 

unit prices (per 10/11/2022) and the estimation method for the pavement surface cost (including 

joints) 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-
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repair/prep work, or HMA separator layers. Accordingly, see Appendix Figure A19 for an example 

of the MDOT’s LCCA cost estimation spreadsheet used to estimate the initial construction 

pavement cost for a treatment type. 

 

The initial construction cost for the thin unbonded concrete overlay pavement used on M-3 and 

M-1 is estimated at $91,567 per lane-mile. In contrast, the pavement cost for a standard unbonded 

concrete overlay would be estimated at $155,631 per lane-mile. Therefore, approximately $ 64,064 

per lane-mile, or about 41% of the initial cost, is saved using a thin unbonded concrete overlay 

versus the standard unbonded concrete overlay. Still, it should be noted that a thin unbonded 

concrete overlay has a design life of 15 years, whereas a standard unbonded concrete overlay has 

a 20-year design life. 

 

A key component of total pavement cost is the cost of maintenance activities. One contracted 

preventative maintenance activity for this demonstration project was conducted on M-3 in 2020 

(age 15 years). This project included partial and full-depth panel replacement with joint sealing. 

Adjusting this to 2019 dollars, the cost per lane-mile of this maintenance activity is $43,267. In 

addition to these contracted activities, annual MDOT maintenance has been conducted for minor 

repair work on M-3 since 2015. This type of minor repair work is commonly conducted on other 

routes throughout the state but is not typically conducted at the same project location each year, 

so this amount of work may be relatively high. 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. Therefore, to determine the maximum cost potential of the maintenance work, the work 

by MDOT maintenance will be estimated to be $11,340 per lane-mile. This value was based on 

the lowest maintenance cycle costs for the standard concrete overlay because non-contracted work 

is typically lower in cost than contracted work. Using this approach, the total maintenance cost is 

estimated to range from $43,267 to $122,647 or $2,545 to $7,215 per lane-mile per year (per its 

age in 2022 of 17 years) in 2019 dollars.  

 

For the M-1 project, no major contracted preventive maintenance activity has been conducted since 

2010. However, like M-3, annual MDOT maintenance forces have conducted minor repair work 

on M-1 since 2018. Therefore, the total cost of these maintenance events would be estimated to be 

up to $45,360, or $3,780 per lane-mile per year (per its age in 2022 of 12 years).  

 

In comparison, per the MDOT Pavement Selection Manual, the MDOT standard unbonded 

concrete overlay projects (thickness 6 inches and above) indicate that, on average, preventive 

maintenance cycles occurred after 11, 13, 15, and 17 years of service, with a reconstruction or 

major rehabilitation (R&R) estimated to occur after 23 years. Accordingly, the cost per lane-mile 

of these maintenance fixes is estimated at $19,702, $11,340, $21,219, and $20,241, respectively, 

so their total cost is $72,502, or $3,152 per lane-mile per year in 2019 dollars. To account for the 

design life, the total cost is divided by the number of years the project was designed for. The cost 

per design life of the demonstration project on M-3 is $2,885 to $8,177. For M-1 it is $3,024. The 

MDOT standard overlay has a cost-per-design life of $3,625. 

 

Therefore, the range of estimated yearly maintenance costs of the demonstration projects is similar 

to the cost of standard unbonded concrete overlay maintenance activities (per year or per design 

life). Hence, with the lower initial construction costs for the thin unbonded concrete overlay 
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projects and comparable maintenance costs relative to a standard concrete overlay, thin concrete 

overlays provide a reasonably cost-effective pavement fix type.  

 

Performance Comparison 
 

The DI values of the demonstration projects and the average DI performance curve for standard 

concrete overlays are shown in Figure 24. Since the DI values of the demonstration projects are 

not a broad average of statewide project values, these will have more variability. Therefore, it is 

difficult to estimate their growth trends compared with average performance curves. Nevertheless, 

the DI trends for the thin concrete overlay demonstration projects are anticipated to be slightly 

worse than the standard thickness fix type because their design life is 5 years less (15 years vs 20 

years). Furthermore, as previously noted, the estimated service life of the standard concrete 

overlays is 23 years (when a subsequent R&R would occur). M-3 and M-1 are anticipated to meet 

or exceed a service life of 23 and 17 years, respectively. Although an R&R project may be initiated 

prior to these timeframes, the pavements have performed satisfactorily, and there are currently no 

plans for R&R projects at either location within the next five years. 

 
Figure 24. Deterioration Curve of Pavement Preservation Strategy 

Conclusions 
 

The overall performance of both thin unbonded concrete overlay demonstration projects is 

considered acceptable. Both projects were designed for a 15-year design life. After 18 years of 

service, M-3 is in fair condition. M-1 was constructed in 2010, and the pavement has fair 

performance after 13 years of service. Joint sealing of sections 2 and 3 on M-3 did not significantly 
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improve performance compared to unsealed sections. Using dense or open-graded mixtures for 

separator layers also showed a negligible effect on performance in these demonstration projects. 

Overall, this demonstration project has established that a 4-inch unbonded concrete overlay 

rehabilitation procedure can achieve a service life proportional to standard 6-inch or thicker 

concrete overlays with lower initial construction costs and similar maintenance costs over the 

project's service life. Since most of the severe distress can potentially be attributed to poor drainage 

and construction variability, it is vital that proper drainage be provided and QC/QA be conducted 

to ensure the overlay depth is achieved to ensure the longevity of the unbonded overlay section.  

Recommendations and Best Practices  
 

Since an adequate amount of time has passed and enough data is available to fully evaluate this 

project and its experimental aspects (unsealed joints and HMA interlayer), MDOT recommends 

that monitoring of this demonstration project end and be considered complete. Per the findings and 

conclusions of this report, thin concrete overlays are a suitable fix type for MDOT’s use where 

appropriate. This fix type is recommended for non-freeway routes. A thin concrete overlay may 

not be appropriate for freeways due to the small panel size requiring twice as many joints as a 

standard overlay, which may lead to increased noise and potential for joint faulting. Furthermore, 

since the thin concrete overlays do not have dowels, load transfer distresses, such as faulting or 

spalling, may occur on routes with high traffic volume and larger truck classes. 

 

While the demonstration projects did not show a significant difference between sealed and 

unsealed joints, best practices developed from experiences elsewhere indicate that thin unbonded 

concrete overlays should have sealed transverse and longitudinal joints to limit the ingress of water 

and incompressible materials which could cause erosion of supporting layers and joint spalling. 

These adequate provisions are required to ensure proper drainage of the HMA interlayer. Based 

on the results of this study, the choice of separator mix had a negligible effect on performance. 

However, it is standard practice in Michigan to use open-graded asphalt mixtures to ensure stable 

and drainable foundation layers for the concrete surface layer. Below are some additional best 

practices based on the Guide to Concrete Overlay Report [5] by the National Concrete Pavement 

Technology Center. 

 

● The incorporation of macro fibers should be considered in future projects. They provide 

moderate resistance to crack formation, improve joint load transfer through aggregate 

interlock, restrain the opening of joints, and hold cracks tight in the event of cracking to 

ensure better ride quality and limit distress progression. 

● The cause of most joint spalling in concrete pavement is the timing of saw cutting after 

construction. Thin unbonded overlays have a larger surface area-to-volume ratio than 

conventional concrete pavement resulting in rapid cooling and drying contraction. 

Therefore, saw cutting must be done immediately after construction. Joint filling is 

encouraged in wet climates to avoid early-age buckling (i.e., blowups). 

● Good construction practices:  

o Pre-overlay Repairs: Before constructing a thin concrete overlay, existing 

medium- to high-severity distresses must be fixed. If asphalt patching has been used 

in repairs, it is recommended to replace it with concrete before the concrete overlay 

is done to promote consistency throughout the project. Likewise, if the existing 
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pavement is composite, with asphalt surface pavement, then any voids or repair 

work should be filled using a similar asphalt material. 

o Separation Layer: An HMA separation layer is required to prevent the reflection 

of cracks. Geotextiles are also a viable alternative. The separator layer should be 

drainable and prevent adhesive bond of the two concrete layers. 

o Curing: A curing compound should be thoroughly applied immediately after 

surface texturing to promote proper hydration of the concrete layer and limit early 

age shrinkage at the surface. 

o Joint Saw Timing: The joint should be sawed at an appropriate time, given the PCC 

mix type and paving conditions. Early saw cutting may cause spalling at joints, 

while delayed cutting can facilitate random cracking in panels. 
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Appendix A: Construction/Pavement Performance Documents and Photos 
 

 
Figure A 1. JN 72407 Typical Normal Cross-Section for M-3 (8-Lane) 
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Figure A 2. JN 724074 Typical Normal Cross-Section for M-3 (9-Lane) 
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Figure A 3. JN 79673A Typical Normal Cross-Section for M-1 
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Figure A 4. Asphalt Separator Layer for M-3 

 

 
Figure A 5. Asphalt Separator Layer for M-1 
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Figure A 6. April 2021 Field Evaluation Report for M-3, Page 1 
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Figure A 7. April 2021 Field Evaluation Report for M-3, Page 2 
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Figure A 8. April 2021 Field Evaluation for Report M-1, Page 1 
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Figure A 9. April 2021 Field Evaluation for Report M-1, Page 2 
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Figure A 10. April 2022 Field Evaluation Pictures of M-3 
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Figure A 11. April 2022 Field Evaluation Pictures of M-1 
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Figure A 12. April 2022 Field Evaluation Picture Examples of Joint Spalling and Raveling 

in Sections 2 and 3 on M-3 
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Figure A 13. April 2022 Field Evaluation Picture Example of Corner Cracking and 

Raveling on M-1 

  

 

 
Figure A 14. April 2008 Concrete Pavement Blowup North of Van Dyke Street on M-3 
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Figure A 15. April 2008 Core from M-3 Blowup Location (overlay is about 3.5”) 

 

 

 
Figure A 16. April 2008 Deteriorated Panel at the Intersection of McDougal and M-3 
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Figure A 17. April 2008 Core from M-3 Deteriorated Panel Location (overlay is about 1.5”) 

 

 
 

Figure A 18. Repaired Panels on M-1 at Manhole, Google Maps Image 2022 
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Figure A 19. MDOT LCCA Cost Estimation Spreadsheet 
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Appendix B 1: MDOT Reference Material: Field Investigation Report of M-1 
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Appendix B 2: MDOT Reference Material: Plan Review Report for M-3 
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Appendix C: Concrete Overlay Depth Frequency Histograms and CESAL 

Tables 
 

 
Figure C 1. Overlay Depth for Northbound Outside Lane M-1 

 

 
Figure C 2. Overlay Depth for Southbound Middle Lane M-1 
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Figure C 3. Overlay Depth for Southbound Outside Lane M-1 

 

 
Figure C 4. Overlay Depth for Northbound Inside Lane M-3 
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 Figure C 5. Overlay Depth for Northbound Middle Lane M-3 

 

 
Figure C 6. Overlay Depth for Northbound Outside Lane M-3 
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Figure C 7. Overlay Depth for Southbound Inside Lane M-3  

 

 
 Figure C 8. Overlay Depth for Southbound Middle Lane M-3 
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Figure C 9. Overlay Depth for Southbound Outside Lane M-3 

  

 

Table C 1. M-3 Actual CESALs Data from St. Aubin Street to Elmwood Street 

   

 

YEAR CAADT DD LD TF CESALS 

2022 675 0.56 0.9   0.74  91,888  

2021 666 0.56 0.9 0.74  90,663  

2020 712 0.6 0.9 0.74  103,848  

2019 1421 0.6 0.9 0.74  207,259  

2018 1428 0.6 0.9 0.74  208,280  

2017 1533 0.6 0.9 0.74  223,594  

2016 1253 0.6 0.9 0.74  182,755  

2015 1077 0.6 0.9 0.74  157,085  

2014 1242 0.6 0.9 0.74  181,151  

2013 1213 0.6 0.9 0.74  176,921  

2012 1186 0.6 0.9 0.74  172,983  

2011 1170 0.6 0.9 0.74 170,649 

2010 1129 0.6 0.9 0.74 164,669 

2009 1088 0.6 0.9 0.74  158,689  

2008 1222 0.6 0.9 0.74  178,234  

    Cumulative CESALS 2,468,666 
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Table C 2. M-3 Actual CESALs Data from Elmwood Street to Van Dyke Street 

 

 

 

 

Table C 3. M-3 Actual CESALs Data from Van Dyke Street to McClellan Street 

 

  

 

 

 

YEAR CAADT DD LD TF CESALS 

2022 967 0.62 0.9 0.74  145,742  

2021 953 0.62 0.9 0.74  143,632  

2020 837 0.62 0.9 0.74  126,149  

2019 1655 0.6 0.9 0.74  241,388  

2018 1664 0.6 0.9 0.74  242,701  

2017 1657 0.6 0.9 0.74  241,680  

2016 1253 0.6 0.9 0.74  182,755  

2015 1246 0.6 0.9 0.74  181,734  

2014 1242 0.6 0.9 0.74  181,151  

2013 1213 0.6 0.9 0.74  176,921  

2012 1186 0.6 0.9 0.74  172,983  

2011 1170 0.6 0.9 0.74 170,649 

2010 1129 0.6 0.9 0.74 164,669 

2009 1088 0.6 0.9 0.74  158,689  

2008 1222 0.6 0.9 0.74  178,234  
    Cumulative CESALS 2,709,078 

YEAR CAADT DD LD TF CESALS 

2022 851 0.52 0.9 0.74  107,572  

2021 838 0.52 0.9 0.74  105,929  

2020 814 0.6 0.9 0.74  118,725  

2019 1623 0.6 0.9 0.74  236,721  

2018 1631 0.6 0.9 0.74  237,888  

2017 1602 0.6 0.9 0.74  233,658  

2016 1253 0.6 0.9 0.74  182,755  

2015 1280 0.6 0.9 0.74  186,693  

2014 1242 0.6 0.9 0.74  181,151  

2013 1213 0.6 0.9 0.74  176,921  

2012 1186 0.6 0.9 0.74  172,983  

2011 1170 0.6 0.9 0.74 170,649 

2010 1129 0.6 0.9 0.74 164,669 

2009 1088 0.6 0.9 0.74  158,689  

2008 1222 0.6 0.9 0.74  178,234  

    Cumulative 

CESALS 
2,613,237 
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Table C 4. M-1 Actual CESALs from Chandler Street to Tuxedo Street 

 

YEAR CAADT DD LD TF CESALS 

2025 611 0.6 0.9 0.74  89,154  

2024 599 0.6 0.9 0.74  87,406  

2023 588 0.6 0.9 0.74  85,692  

2022 576 0.59 0.9 0.74  82,612  

2021 430 0.69 0.9 0.74  72,125  

2020 378 0.69 0.9 0.74  63,403  

2019 874 0.69 0.9 0.74  146,598  

2018 544 0.6 0.9 0.74  79,345  

2017 537 0.6 0.9 0.74  78,324  

2016 622 0.66 0.9 0.74  99,793  

2015 648 0.66 0.9 0.74 103,965 

2014 674 0.66 0.9 0.74  108,136  

2013 658 0.66 0.9 0.74  105,569  

2012 643 0.66 0.9 0.74  103,163  

2011 634 0.66 0.9 0.74  101,719  

    Cumulative CESALS 1,407,002  

 

 

Table C 5. Initial Design CESALs for M-3 and M-1 

ROUTE LOCATION CAADT DD LD TF GF CESALS 

M-3 
St. Aubin Street to 

Elmwood Street 

 

 

1230 0.5 0.9 0.93 15.54 

 

 

2,919,093 

M-3 
Elmwood Street to 

Van Dyke Street 

M-3 

Van Dyke Street 

to McClellan 

Street 

M-1 
Chandler Street to 

Tuxedo Street 
736 1,746,709 
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