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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 

demonstration projects' cost, performance, and maintenance information. 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 "Low Volume (Thin) Concrete 

Reconstruction" pavement demonstration fix type on M-13 in Pinconning township, Bay County, 

and M-99 in Springport Village, Jackson County, with MDOT job numbers 53356 and 75184, 

respectively. 

Project Description 
 

The M-13 and M-99 demonstration projects were constructed in 2005 and 2006, respectively. The 

M-13 project is from Mary Street to North Street in Pinconning, Michigan. The M-99 project is 

from Mechanic Street to Pearl Street in Springport, Michigan. Both projects used a 20-year design 

life to have 6-inch thick concrete panels with tie bars at the longitudinal joints but no dowel bars 

at the transverse joints. However, they differ in panel dimensions, as M-13 panels are 5.5 feet by 

5.5 feet, and M-99 panels are 6 feet by 6 feet. Table 1 shows the description of concrete panels 

and spacing. Both projects placed the concrete pavement over 6 inches of dense-graded unbounded 

aggregate base over 12 inches of sand subbase. The cross-section is shown in Appendix Figures 

A1 and A2, and project descriptions of M-13 and M-99 are provided in Table 2. The maps in 

Figures 1 and 2 show the locations of M-13 and M-99, as detailed in Table 2. 

 

These demonstration projects are unique from standard MDOT concrete reconstruction in key 

aspects. Standard concrete reconstruction designs also use a 20-year design life, but commonly, 

slab thickness is at least 8 inches and utilizes dowel bars at the transverse joints. Standard concrete 

reconstruction base construction also consists of an open-graded aggregate instead of a dense-

graded base, and the sand subbase is 10 inches instead of 12 inches. Finally, standard 

reconstruction panels are larger, with transverse joints spaced at a minimum of 12 feet (depending 

on slab thickness), and longitudinal spacing is typically 12 feet. 
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Table 1. M-13 and M-99 Concrete Panel Summary 

Project 

Location 

Plan Panel 

Depth (inches) 

Transverse Joint 

Spacing (feet) 

Longitudinal Joint 

Spacing (feet) 

M-13 6 5.5 5.5 

M-99 6 6 6 

 

 
Figure 1. M-13 Demonstration Project Location 

  

 Figure 2. M-99 Demonstration Project Location  
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 Table 2. M-13 and M-99 Demonstration Project Test Section Descriptions 

Route Test Section Description 
Length of Test 

Section (miles) 

P.R. 

Number 

PR 

BMP 

PR 

EMP 

M-13 JPCP concrete on dense-graded 

unbound aggregate base on 

sand subbase 

0.870 767610 22.403 23.273 

M-99 1.252 897108 7.934 9.186 

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

M.P. information is per PR Version 22. 

 

For M-99, additional testing beyond standard construction acceptance was conducted for the 

aggregate base, subbase, and subgrade. This consisted of falling weight deflectometer (FWD), 

dynamic cone penetrometer (DCP), and density gauge testing. The FWD data is shown in the 

Appendix in Figures A4 and A5. The DCP results for the base materials are shown in Figures A6 

to A24. The densities of the subgrade and subbase materials are presented in Figures A25 to A28. 

No significant material issues or variations in performance or quality were observed. Furthermore, 

all materials are considered to have met construction acceptance criteria. 

 

For M-13 and M-99, Ground Penetrating Radar (GPR) data was conducted in 2022 and 2023, 

respectively. It should be noted that GPR measurements are estimates since core data is not 

available to confirm them. Nevertheless, this data indicates that almost all tested concrete meets 

or exceeds the design pavement thickness of 6 inches, with average thickness of approximately 

6.5 inches for M-13 and 6.8 inches for M-99. The only notable exception is M-13, where the 

thickness decreases to approximately 3.5 inches within 200 feet on either side of the Pinconning 

River bridge. 

 

Traffic Assessment and CESAL Estimation 
 

Traffic loading is a crucial contributing factor to pavement performance and durability. Excessive 

traffic volumes can initiate or propagate pavement distress, eventually leading to pavement failure. 

The impact of traffic on the performance of the low-volume concrete reconstruction projects on 

M-13 and M-99 was evaluated by computing the Concrete Equivalent Standard Axle Load 

(CESAL). Two-way Commercial Annual Average Daily Traffic (CAADT) data was obtained from 

MDOT's Transportation Data Management System (TDMS) for CESAL computation input. Both 

projects were designed for a 20-year design life. The 20-year design CESAL estimation was based 

on the AASHTO 1993 design method, using the following equation: 

 

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 
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The design CESAL value was estimated because it was unavailable from the original design and 

construction records for either project. Accordingly, the directional distribution (DD), lane 

distribution (LD), and truck factors (TF) were estimated using data from other similar low-volume 

MDOT projects to make accurate estimations. Therefore, a DD of 51% and TF of 0.78 were used 

for both routes. A LD of 80% was adopted for M-13, and 100% was used for M-99. As indicated 

on the project plan cover sheets, the growth rate (g) for M-13 and M-99 were calculated to be 3% 

and 0.17%, respectively. Similarly, per the project plan cover sheets, the initial year CAADT for 

M-13 and M-99 were 509 and 103, respectively.  

 

In comparison, the actual CESALs were calculated per the summation of each year's CESAL using 

the actual measured (or estimated actual measure) CAADT, using the following equation: 

 

𝐶𝐸𝑆𝐴𝐿𝑠𝐴𝑐𝑡𝑢𝑎𝑙 = 𝐶𝐴𝐴𝐷𝑇 × 365 × 𝐷𝐷 × 𝐿𝐷 × 𝑇𝐹 

M-13, constructed in 2005, has traffic volume data available on TDMS from 2008 to 2022, 

excluding 2010 and 2015. To estimate the CAADT values for 2006 and 2007, the design growth 

rate of 3% was used to depreciate the 2008 value accordingly. For the 2010 and 2015 CAADT 

values, the surrounding CAADT values of 2009 and 2011, and 2014 and 2016 were averaged, 

respectively. Future projections of CAADT values from 2023 to 2025 were estimated using the 

2022 data and applying a growth rate of 3%. 

 

M-99, constructed in 2006, has TDMS traffic volume data from 2011 to 2022, excluding 2015. 

Following a similar approach as M-13, the CAADT values for 2014 and 2016 were averaged to 

estimate the missing 2015 value. For the years before 2011 and beyond 2022 (from 2023 to 2026), 

a growth rate of 3% was assumed, instead of using the M-99 design growth rate of 0.17%. This 

decision was made due to the negligible impact of the 0.17% growth rate, which resulted in 

minimal changes when applied to computations for CAADT values. Additionally, this approach 

provides a more conservative estimate to avoid underestimating the CAADT values. 

 

The same factors for DD, LD, and TF were assumed to estimate actual CESAL, except the M-13 

LD was increased to 90% due to updated general LD assumptions of Michigan roadways. The 

estimated actual and the initial design CESALs are shown in Table 3. Figures C1, C2, and C3 in 

the Appendix provide detailed computation of the estimated and actual CESAL values. Over the 

same 20-year period, both projects are anticipated to have similar actual CESALs as was estimated 

during the initial design, so these projects appear to be reasonably designed. 

 

Table 3. CESALs for M-13 and M-99 Projects 

  

Route Location Period 
Estimated Design 

CESALs 

Actual Computed 

CESALs 

M-13 
Mary Street to 

North Street 
2006-2025 ≈ 1,600,000 ≈ 1,200,000 

M-99 
Mechanic Street to  

Pearl Street 
2007-2026 ≈ 300,000 ≈ 330,000 
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Pavement Condition Surveys 
 

The pavement condition of all MDOT demonstration projects is documented annually in the 

MDOT Pavement Demonstration Program Legislative Status Report, Pavement Demonstration 

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

summary of distress conditions, including scaling, spalling, joint deterioration, cracking, and 

repairs. These reports are derived from the field survey notes, with the 2022 evaluation notes 

shown in Appendix Figures A32, A33, and A34. Annual surveys collected data in both directions 

for demonstration projects. Data were collected on all lanes except for the center left turn lane of 

M-13. Typical lane configurations of M-99 and M-13 are shown in Figures 3 and 4. It should be 

noted that the travel lanes of M-99 include outside parking, so these lanes are 4 panels wide to 

accommodate intermittent street parking along this route, as opposed to 2 panels on M-13. 

Furthermore, M-13 has two travel lanes in both directions versus one in each direction for M-99. 

Due to this variation in the number of lanes and panels, the condition and performance of M-99 

and M-13 may not be directly comparable. 

 

 

Figure 3. Lane Configuration for M-13, Google Maps Image 2023 
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Figure 4. Lane Configuration for M-99, Google Maps Image 2014 

Early-Stage Pavement Condition Findings 
 

Annual surveys noted that within the first 5 years of service, the M-13 project experienced minimal 

overall distress. Still, field surveys observed 9 cracked panels, some faulting along the longitudinal 

middle joint of the northbound outside lane, and minor intermittent joint spalling/raveling (less 

than 1" wide and 12" long). Notably, some of the cracked panels were at or near drainage 

structures. Additionally, the Pinconning Bridge had construction work conducted in 2010, for 

which heavy equipment (large crane, etc.) was parked on the travel lanes approximately 100 feet 

south of the bridge. Accordingly, the following year, 16 slabs were found to be cracked in all lanes 

and both directions of that area. As previously noted, the slab thickness decreases below the design 

thickness within 200-feet of the bridge. This may have also been a contributing factor along with 

the construction equipment. Examples of the observed pavement distresses are shown in Figures 

5 and 6. 

 

For M-99, several cracks were immediately observed within a few weeks of construction. 

Accordingly, since early cracking was observed and was within the five-year warranty period, two 

distress surveys were conducted to evaluate the warranty performance; one was in 2009 (3 years 

after construction), and the other was in 2011 (5 years after construction). See Appendix Figures 

B1 and B2 for the distress survey reports, Warranty Inspection Report SWAD 2870 [1,2]. The 

concrete pavement was evaluated based on eight distresses: transverse cracking, longitudinal 

cracking, map cracking, spalling, scaling, corner cracking, joint seal failure, and shattered slabs. 

All distress types were observed in both surveys, except for map cracking and shattered slabs. 

Example images of the observed pavement distresses as documented in the warranty reports are 

shown in Figures 7, 8 and 9. Since the distress exceeded the allowable amount as defined by the 
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five-year warranty, approximately 3 slabs were replaced, and the remaining cracks and spalls were 

repaired with crack-sealing techniques.  

  

  

Figure 5. Field Survey Pictures of M-13 

 

 



 
 
 

8 

  

  

Figure 6. Distress Slabs South of Pinconning Bridge on M-13 
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Figure 7. Field Survey Pictures of M-99 
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Figure 8. Transverse and Corner Cracks on M-99 from MDOT Warranty Report SWAD 

2870 (2009) 

  

Figure 9. Joint Spalling and Transverse Cracks on M-99 from MDOT Warranty Report 

SWAD 2870 (2011) 

Pavement Condition Findings 
 

According to the April 2022 field survey of M-13, after 17 years of service, approximately 2.4 

percent of all concrete panels are cracked or repaired. This percentage is relatively minimal over 

this timespan. Excluding the cracked and repaired slabs at the south side of the Pinconning River 

Bridge, this percentage decreases to 1.9 percent. Figure 10 shows the overall trend of crack and 

repair through the pavement's design life. Otherwise, some intermittent scaling and joint spalling 
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were observed. This primarily occurred within the first 550 feet of the project's south end within 

the northbound lanes. To address this, these have been filled with a spray-on asphalt emulsion 

patching material (commonly referred to by its commercial name AMZ). This joint deterioration 

is commonly related to the timing of the sawing operation. In both directions, the mid-lane 

longitudinal joint of the rightmost lane is exhibiting some widening and low levels of faulting at 

various locations. Accordingly, the field survey described the pavement's overall performance as 

good*. The April 2022 field survey notes are shown in Appendix Figure A34. Pictures of the 

current pavement condition on M-13 are shown in Appendix Figure A35. 

 

 
Figure 10. Percentage of Cracked and Repaired Panels for M-13 

* 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." 

 

According to the April 2022 field survey of M-99, after 16 years of service, approximately 7.9 

percent of all concrete panels are either cracked or repaired. While this percentage is higher than 

that of M-13, construction-related issues are at least partly contributing to this, including 

construction warranty repairs and initial spalling due to late sawing of the joints. This spalling is 

consistent with observations of the early annual reviews, where cracking was observed within 

inches of the joint. There are some faults, but they are isolated and minimal. As shown in Figure 

11, like M-13, the progression of distress is steady. Accordingly, the field survey described the 

pavement's overall performance as fair*. The April 2022 field survey notes are shown in the 

Appendix, Figures A32 and A33. Pictures of the current pavement condition on M-99 are shown 

in Appendix Figure A36. 
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Figure 11. Percentage of cracked and repaired slabs for M-99 

* 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." 

 

Pavement Performance Data Analysis 
 

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 an elevation difference 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 unavailable due to construction 

or other lane obstruction. Accordingly, on M-13, the data was collected on the outside lane in the 

northbound direction. On M-99, the data was obtained on the outside lane in the eastbound 

direction. Therefore, the performance measurements may not be directly comparable to the annual 

site condition surveys since performance measurements are taken in one direction and on one lane. 
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Note that historically through 2019, MDOT network-level data collection for DI, IRI, and rut-or-

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

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

schedule: 

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

Highway System (NHS) routes. 

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

reduced to only Interstate routes. 

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

IRI) on one direction of the Interstate routes. 

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

operations may prevent data collection for that anticipated year. 

 

The IRI and DI performance of the demonstration projects on M-13 and M-99 are shown in Tables 

4 and 5 and Figures 12 and 13. Both pavements had high initial IRI, partly due to initial 

construction conditions as observed in the condition surveys, but is also due to their intersections, 

turning movements, and/or parking conditions. These conditions will cause stopping or slow 

speeds, which can affect the magnitude of roughness measurements. Therefore, the evaluation of 

IRI should be based on its relative increase over time instead of comparing it to a single threshold 

value. Accordingly, the IRI increase over time was very slow for both pavements, where M-13 

and M-99 had an average increase of 2.1 and 1.2 inches/mile/year, respectively. Therefore, both 

projects have provided sufficient ride quality. For DI, Figure 13 shows that for both projects, values 

remain low, far below 50 DI, which is the value used in the MDOT Pavement Selection Manual 

[3] to approximate the end of service life. This indicates that both projects remain in good to fair 

condition. Although there was a spike in DI values in years 7 and 11 on M-13, the corresponding 

drops in years 9 and 13 indicate that maintenance activities may have occurred on the project. 
Using the PASER rating as an evaluation tool, both projects have a good to fair rating level, with 

minimal decline over time, as shown in Figure 14. Faulting measurements are shown in Tables 6 

and 7 and Figure 15. M-13 has a low average fault height, remaining below 0.1 inch, which is the 

FHWA condition threshold for good condition (per FHWA 23 CFR 490.313). M-99 has shown 

some values above 0.1 inches, with a very high average fault height of 0.25 inches at 4 years of 

age. Still, this value was within the warranty period, so it was likely corrected for, as this value 

decreased in year 6. The latest value at year 15 shows that the value is 0.13 inches, which is 

considered fair, as this is below a poor condition of 0.15 inches. Therefore, both sections are 

performing adequately in terms of faulting. 
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Table 4. Yearly Progression of IRI and DI for M-13 

Data Year 

 (Pavement Age) 

Route - M-13 

IRI (in/mi) DI 

2006 (1) 118 0.028 

2007 (2) 116 2.05 

2010 (5) 132 1.102 

2012 (7) 132 12.613 

2014 (9) 142 5.957 

2015 (10) 143 - 

2016 (11) 143 9.025 

2017 (12) 146 - 

2018 (13) 147 4.877 

2022 (17) 144 - 

 

Table 5.Yearly Progression of IRI and DI for M-99 

Data Year 

(Pavement Age) 

Route - M-99 

IRI (in/mi) DI 

2007 (1) 214 2.596 

2010 (4) 232 0.147 

2012 (6) 221 2.117 

2014 (8) 222 2.018 

2015 (9) 219 - 

2016 (10) 242 1.284 

2017 (11) 240 - 

2018 (12) 246 4.515 

2022 (16) 224 - 
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Figure 12. Yearly IRI Performance for M-13 and M-99 

 
Figure 13. Yearly Distress Index Performance for M-13 and M-99  
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Figure 14. Yearly PASER Performance for M-13 and M-99 

Table 6. Yearly Progression of Right Wheel Path Faulting for M-13  

Data Year 

(Pavement Age) 

Route - M-13 

Total No. 

Faults/Mile 

Avg Fault 

(in) 

2006 (1) 3 - 

2007 (2) 5 - 

2010 (5) 2 - 

2012 (7) 292 0.06 

2014 (9) 251 0.05 

2016 (11) 437 0.09 

2018 (13) 266 0.08 

2022 (17) - 0.05 

 

Table 7. Yearly Progression of Right Wheel Path Faulting for M-99 

Data Year 

(Pavement Age) 

Route - M-99 

Total No. 

Faults/Mile 

Avg Fault 

(in) 

2007 (1) 0 0 

2010 (4) 1 0.25 

2012 (6) 58 0.08 

2021 (15) - 0.13 
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Figure 15. Yearly Average Height of Faults in the Right Wheel Path for M-13 and M-99 

Cost Comparison 
 

All costs included in this report have been adjusted to 2019 dollars to enable direct comparison 

with the standard cost provided in the MDOT Pavement Selection Manual [3]. The cost adjustment 

followed the procedure described 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-repair/prep work, or HMA separator layers. 

Accordingly, see Appendix Figures A37 and A38 for an example of the MDOT LCCA cost 

estimation spreadsheet used to estimate the initial construction pavement cost. 

 

To facilitate the following comparisons, the low-volume concrete reconstruction demonstration 

projects will be evaluated against the standard concrete reconstruction performance curves and 

cost data provided in the MDOT Pavement Selection Manual [3]. The full dataset of standard 

concrete reconstruction projects was used instead of some subset of its projects, such as non-

freeway or low-volume pavements because the subset results were found to be consistent with the 

overall results. This is likely because all standard concrete reconstruction projects are designed 

according to their traffic and location characteristics, so their resulting performance should 

correlate. 

 

The initial construction cost of low-volume concrete pavement reconstruction is estimated at 

approximately $209,00 per lane-mile in 2019 dollars. This cost assumes 6 inches of pavement 

having 6-foot transverse and longitudinal joint spacings without dowel bars. Accordingly, the 

MDOT "Joint, Contraction, C3p" unit price for transverse contraction joints without load transfer 

was used to approximate the joint construction cost. The "Conc Pavt, Nonreinf, 8-inch, High 
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Performance" unit price was prorated to the per-inch cost to estimate the cost at 6-inch thickness. 

In contrast, the estimated pavement cost for a standard reconstruction concrete pavement at 8 

inches is $287,00 per lane-mile. Therefore, approximately $78,000 per lane-mile, or about 27% of 

the initial cost, is saved using a thin concrete reconstruction versus the standard concrete 

reconstruction. While there is more cost associated with the joint construction for thin concrete, 

this cost is offset by the costs of dowels and material of the thicker standard concrete 

reconstruction. 

 

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

overall cost of a pavement. Other than the initial warranty work for M-99, no contracted 

maintenance activities occurred for either demonstration project. This warranty work should not 

be included in this assessment because it was needed to facilitate adequate initial construction. 

Still, intermittent minor repairs have been observed during field surveys. This type of non-

contracted minor repair work is commonly conducted on various routes throughout the state, but 

it isn't easy to compare or assess the relative amount of this work per route because this type of 

minor repair work is not fully tracked for every roadway segment. Still, to assess the maximum 

potential cost of maintenance work, considering the total number of repairs observed for each 

project, it can be approximated that the minor repair work is roughly equal to a single contracted 

maintenance cycle. In comparison, per the MDOT Pavement Selection Manual, the standard 

concrete reconstruction indicates that, on average, preventive maintenance cycles occur after 13, 

17, and 23 years of service, with a reconstruction or major rehabilitation (R&R) estimated to occur 

after 36 years. Accordingly, the cost per lane mile of these maintenance fixes is estimated at 

$44,164, $46,592, and $64,015, respectively, so the total estimated maintenance cost for standard 

concrete reconstruction is $154,771 per lane mile in 2019 dollars. 

 

Therefore, low-volume concrete reconstruction has a lower initial cost than standard concrete 

reconstruction. Furthermore, to date, the maintenance costs of the demonstration projects have 

been much lower. Even if maintenance increases over time to match that of standard 

reconstruction, due to the initial cost savings, thin concrete reconstruction provides a cost-effective 

option.  

 Performance Comparison 
 

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

concrete are shown in Figure 16. Since the DI values of the demonstration projects are not a broad 

average of statewide project values, these will have more variability and include the impacts due 

to maintenance events. The variations in growth trends during the early stage of pavement service 

life (0-10 years) can be attributed to warranty issues on M-99 and the high severity of pavement 

distress due to heavy bridge equipment on M-13. After year 10, both M-13 and M-99 appear to 

follow a similar growth trend compared with the standard concrete reconstruction performance 

curve. Moreover, so far, both pavements are on track to meet or exceed the estimated service life 

of a standard concrete reconstruction of 36 years (when a subsequent R&R would occur).  
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Figure 16. Deterioration Curve of Pavement Preservation Strategy  

Conclusions and Recommendations 

 

The performance of both reconstruction projects on M-13 and M-99 is considered acceptable. Both 

projects were designed for a 20-year design life. After 17 years in service, M-13 has performed 

well with minimal maintenance. M-99 has comparable performance to M-13 after 16 years. As 

documented in the warranty inspection, the early development of distress on M-99 can be 

attributed to construction variability. These demonstration projects have shown that a 6-inch-thick 

concrete reconstruction can achieve a service life proportional to a standard 8-inch-thick concrete 

reconstruction, with lower initial construction costs and similar maintenance costs. Most of the 

observed distress for the demonstration projects can be attributed to joint sawing. Therefore, since 

thinner concrete pavements are cured more rapidly, saw-cutting must be done immediately after 

construction. 

 

Per the findings of this report, low-volume, thin concrete reconstruction can provide an acceptable, 

cost-effective construction approach compared with traditional 8-inch thick JPCP reconstruction, 

suitable for MDOT use where appropriate. It is recommended that the monitoring of this 

demonstration project by MDOT be ended, and the project evaluations considered complete. It 

should be noted that the basis of this conclusion was drawn from low-volume, non-freeway roads. 

Therefore, this reconstruction fix type may not apply to high-volume and/or freeway roadways. 

The small panel size requires twice as many joints as standard reconstruction, which may increase 

noise and potential for joint faulting. Furthermore, since the thin concrete reconstructions do not 

have dowels, the risk for load transfer distresses, such as faulting or spalling, increases for routes 

with high traffic volume and larger truck classes. 
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Appendix A: Pavement Design Records, Estimates, and Miscellaneous Notes 
 

 

Figure A 1. M-13 Proposed Cross-section Design Notes 
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Figure A 2. M-99 Proposed Cross-section and Design Notes 
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Figure A 3. Cross Section of Low-Volume Concrete on M-13 and M-99 

 

 

Figure A 4. FWD Test Results on M-99 Northbound 
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Figure A 5. FWD Test Results on M-99 Southbound 
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Figure A 6. DCP Results for M-99 Northbound Station 37+50 
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Figure A 7. DCP Results for M-99 Northbound Station 38+00 
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Figure A 8. DCP Results for M-99 Northbound Station 38+50 
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Figure A 9. DCP Results for M-99 Northbound Station 39+00 
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Figure A 10. DCP Results for M-99 Northbound Station 40+00 
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Figure A 11. DCP Results for M-99 Northbound Station 40+50 
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Figure A 12. DCP Results for M-99 Northbound Station 41+00 
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Figure A 13. DCP Results for M-99 Northbound Station 41+50 
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 Figure A 14. DCP Results for M-99 Northbound Station 42+00 
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 Figure A 15. DCP Results for M-99 Southbound Station 37+50 

 



 
 
 

35 

 

Figure A 16. DCP Results for M-99 Southbound Station 38+00 

 



 
 
 

36 

 

 Figure A 17. DCP Results for M-99 Southbound Station 38+50 
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Figure A 18. DCP Results for M-99 Southbound Station 39+00 
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Figure A 19. DCP Results for M-99 Southbound Station 39+50 
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Figure A 20. DCP Results for M-99 Southbound Station 40+00 
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Figure A 21. DCP Results for M-99 Southbound Station 40+50 
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Figure A 22. DCP Results for M-99 Southbound Station 41+00 
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Figure A 23. DCP Results for M-99 Southbound Station 41+50 
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Figure A 24. DCP Results for M-99 Southbound Station 42+00 
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Figure A 25. Subgrade Density Results on M-99 Northbound 
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 Figure A 26. Subgrade Density Results on M-99 Southbound 



 
 
 

46 

 

 Figure A 27. Subbase Density Results on M-99 Northbound 
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Figure A 28. Subbase Density Results on M-99 Southbound 
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Figure A 29. Proposed Typical Section M-13 (4 lanes)  
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Figure A 30. Proposed Typical Section M-13 (5 lanes) 
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Figure A 31. Proposed Typical Section M-99 (4 lanes)
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Figure A 32. April 2022 Field Evaluation Report for M-99 
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Figure A 33. April 2022 Field Evaluation Report for M-13, Page 1 
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Figure A 34. April 2022 Field Evaluation Report for M-13, Page 2 

  

 

Figure A 35. April 2022 Field Evaluation Pictures for M-13 
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Figure A 36. April 2022 Field Evaluation Pictures for M-99 
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Figure A 37. MDOT LCCA Cost Estimation for Thin Concrete Reconstruction 

 

 

Figure A 38. MDOT LCCA Cost Estimation Spreadsheet for Standard PCC 

Reconstruction 
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Appendix B 1: Interim Warranty Inspection Report for M-99 
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Appendix B 2: Final Warranty Inspection Report for M-99  
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Appendix C: CESAL Computations   
 

Table C 1. M-13 Actual CESAL Estimation Data from Mary Street to North Street 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

YEAR CAADT DD LD TF CESALS 

2025 448 0.57 0.9 0.78 65,434 

2024 435 0.57 0.9 0.78 63,528 

2023 422 0.57 0.9 0.78 61,677 

2022 410 0.57 0.9 0.78 59,881 

2021 418 0.57 0.9 0.78 61,049 

2020 362 0.57 0.9 0.78 52,870 

2019 440 0.57 0.9 0.78 64,262 

2018 321 0.54 0.9 0.78 44,415 

2017 341 0.54 0.9 0.78 47,182 

2016 349 0.54 0.9 0.78 48,289 

2015 405 0.54 0.9 0.78 56,038 

2014 461 0.54 0.9 0.78 63,786 

2013 450 0.54 0.9 0.78 62,264 

2012 440 0.54 0.9 0.78 60,880 

2011 434 0.54 0.9 0.78 60,050 

2010 419 0.54 0.9 0.78 57,975 

2009 404 0.59 0.9 0.78 61,075 

2008 454 0.59 0.9 0.78 68,634 

2007 440 0.59 0.9 0.78 66,575 

2006 427 0.59 0.9 0.78 64,578 

    Cumulative CESALS 1,190,441  
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Table C 2. M-99 Actual CESAL Estimation Data from Mechanic Street to Pearl Street 

 

 Table C 3. M-99 Initial Design CESAL Estimation Data for M-13 and M-99  

ROUTE LOCATION CAADT DD LD TF GF CESALS 

M-13 

Mary Street 

to North 

Street 

509 0.51 0.8 0.78 26.87 1,588,690 

M-99 

Mechanic 

Street to 

Pearl Street 

103 0.51 1.0 0.78 20.33 303,397 

 

YEAR CAADT DD LD TF CESALS 

2026 93 0.51 1 0.78 13,564 

2025 91 0.51 1 0.78 13,169 

2024 88 0.51 1 0.78 12,785 

2023 85 0.51 1 0.78 12,413 

2022 83 0.51 1 0.78 12,051 

2021 86 0.51 1 0.78 12,487 

2020 76 0.51 1 0.78 11,035 

2019 65 0.51 1 0.78 9,438 

2018 65 0.51 1 0.78 9,438 

2017 66 0.51 1 0.78 9,583 

2016 75 0.51 1 0.78 10,890 

2015 74 0.51 1 0.78 10,745 

2014 73 0.51 1 0.78 10,599 

2013 196 0.51 1 0.78 28,459 

2012 192 0.51 1 0.78 27,878 

2011 189 0.51 1 0.78 27,442 

2010 183 0.51 1 0.78 26,619 

2009 178 0.51 1 0.78 25,820 

2008 172 0.51 1 0.78 25,046 

2007 167 0.51 1 0.78 24,294 

 Cumulative CESALS 333,755 
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