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EXECUTIVE SUMMARY

This study evaluated the performance of either initially constructed or reconstructed roadways utilizing a
Superpave flexible pavement between years 2002 and 2009. The roadway segments were a minimum of one half
mile in length and were divided into four roadway functional classes developed by CDOT: interstates, principal
arterials, minor arterials, and major collectors. A statewide analysis utilizing all roadway data was also performed.
Pavement performance was evaluated using CDOT’s established terminal threshold values with respect to
smoothness measured by the International Roughness Index (IRI), permanent deformation, fatigue cracking,
transverse cracking, and longitudinal cracking.

Data analyzed in the study was obtained from CDOT’s Pavement Management Systems Program. Results of this
analysis indicate the distress triggering statewide pavement rehabilitations is IRl at 13 years followed by
longitudinal cracking at 15 years. Permanent deformation resulted in rehabilitations at 17 years, fatigue cracking
at 18 years and transverse cracking at 40 years.
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CHAPTER 1. INTRODUCTION TO THE PROJECT

1.1 BACKGROUND

The Colorado Department of Transportation (CDOT) spends more than 30 percent of its annual
construction and maintenance budget on pavements, so pavements need to be properly designed using an
analytical process with accurate design inputs. A pavement design needs to be performed during the early
phase of project development to estimate and establish the project cost. The performance life of the initial
pavement design and associated rehabilitations greatly impacts the life cycle cost analysis (LCCA) used to
determine the most cost-effective final pavement design. Currently, due to lack of actual data, an
assumption of the expected life of an asphalt pavement is often being made. Thus, a precise initial
pavement life span is essential for developing a reliable forecasting model and an accurate LCCA.

The purpose of this study was to quantify the initial design life of a roadway’s pavement prior to
rehabilitation and provide specific performance information through the analysis of pavement
management data and historical experience. The analyzed data may be used to estimate the initial life of a
pavement which may be incorporated into the LCCA within CDOT’s M-E Pavement Design Guide. It will also
provide guidance to CDOT and subcontractors in determining the cost-effectiveness of different pavement
designs, construction and maintenance costs.

1.2 DEFINITIONS
A list of terms and definitions relating to this study is located in Appendix C.

1.3 SCOPE AND GOALS OF RESEARCH
The goal of this research was to determine the performance of four roadway functional classifications
utilized by CDOT. The objectives were:

« Determine the average amount of distress per year

« Determine the rate of deterioration per year

« Determine the coefficient of determination of the regression equations
« Determine which distress thresholds were reached first

« Provide instructions for updating the data in this study

The roadway functional classifications evaluated were interstates, principal arterials, minor arterials, and
major collectors. The types of distresses and rate of change evaluated for each roadway classification were
smoothness, permanent deformation, fatigue cracking, transverse cracking, and longitudinal cracking.

CHAPTER 2. LITERATURE REVIEW

Many studies have been conducted by state agencies concerning pavement design methods in conjunction
with the LCCA. LCCA is an economic analysis used to evaluate the long-term cost of different pavement
methods which includes the initial construction, yearly maintenance, and rehabilitation costs to determine
the pavement design with the lowest long-term cost. The time between a pavement’s initial construction



and first rehabilitation is an important variable for the LCCA. For example, a pavement requiring
rehabilitation five years after construction verses one needing rehabilitation 25 years after construction
may be less cost-effective in the long term due to a larger number of rehabilitation activities.

Even the best designed pavements will experience distresses during their life. Common distresses
observed and measured in pavements after the initial construction or reconstruction include smoothness,
permanent deformation, and cracking. Many state agencies, including CDOT, conduct roadway distress
analysis and pavement performance on a yearly or bi-yearly basis. Terminal distress thresholds have been
developed by CDOT to evaluate when maintenance or rehabilitation activities are necessary to extend the
life of the pavement. Different state agencies use different initial pavement lives and terminal thresholds.

2.1 CDOT

The latest edition of CDOT’s M-E Pavement Design Manual (PDM) has a chapter dedicated to the LCCA that
was created to provide CDOT and consultant pavement designers with a uniform and detailed procedure
for designing pavements on CDOT projects. CDOT requires an LCCA for all new construction or
reconstruction projects with more than $2,000,000 initial pavement material cost so as to compare the
overall project cost using different types of pavement designs. The various costs of the design alternatives
are calculated over a 40-year analysis period and are the major consideration in selecting the preferred
alternative. It is imperative that careful attention be given to the calculations and the data used in the
calculations to ensure the most realistic and factual comparison between pavement types and
rehabilitation strategies. Presently, the design life of initial construction for a hot mix asphalt pavement is
17 years with rehabilitation activities planned every 10 years thereafter.

The PDM has a table with recommended threshold values of performance criteria for new construction or
reconstruction projects to be used for the M-E Design pavements. These threshold values represent the
maximum recommended distress of a roadway prior to rehabilitation.

2.2 FEDERAL HIGHWAY ADMINISTRATION

The Federal Highway Administration (FHWA) published an interim technical bulletin in 1998 titled Life-Cycle
Cost Analysis (LCCA) in Pavement Design to provide technical guidance and recommendations to engineers
and pavement designers for conducting an appropriate LCCA. The publication discussed LCCA
requirements, procedures, principles of good practice, user costs, and risk analysis.

CHAPTER 3. METHODOLOGY

Data analyzed in this study was obtained from CDOT’s Pavement Management System Program’s database
which contains the results of pavement condition surveys collected annually since 1999. Each of the
roadway sections analyzed were either newly constructed or reconstructed using a Superpave flexible
pavement and a 20-year design life. The distresses observed and measured between 2002 and 2013 were
analyzed to determine the pavement’s performance from year to year and if a reconstruction had occurred
prior to 2013. The original data was collected by CDOT’s Pavement Management Program using an
automated photo survey and laser profilometer equipment which records the pavement condition in



increments of 0.10 miles. As such, the asphalt pavement distresses are measured in 0.10 mile increments
showing the direction of travel, thus each 0.10 mile increment represents a data point. A total of 58
roadway segments with lengths ranging from 1.0 to 18.5 miles were used in this study. The segments were
either initially constructed or reconstructed sometime in the last four to 11 years. Tables showing the
locations of the roadway segments, segment lengths, the year the project was completed, and asphalt type
and binder are located in Appendix A.

The first step in analyzing the data was to search the pavement management’s database for specific
distress data collected from 2002 to 2013 and transferring it into an Excel database. The data was then
organized into roadway sections, years, and directions of travel. Using this technique, if only one side of
the roadway was reconstructed, the measured and observed distresses would not be confused with the
opposite direction, eliminating directional errors affecting the results. The next step was to calculate a
moving average for every 0.50 mile of the roadway segment surveyed. The 0.5 mile segmentation was
chosen to represent the minimum length that CDOT would use to develop a project. This process was done
with each measured distress type; smoothness, permanent deformation, and fatigue, transverse, and
longitudinal cracking. The calculated averages were filtered, and the maximum moving average was
determined and reported.

A summary sheet sorted by year showing the maximum moving average was provided for each highway
segment per type of distress. Using the averages, a slope for a distress versus time curve was calculated for
each roadway segment and plotted on a graph. A graph was created for each roadway functional
classification and distress.

Two guidelines were established in order to decide whether to accept or reject the data. The first guideline
is already in use by other CDOT projects and states, the regression equation should have a coefficient of
determination (R-squared value) of greater than 0.50 unless the data seemed reasonable. An exception
was made for longitudinal cracking because the minimum variation in the measured distress reported
resulted in low coefficient of determination values, yet the data was reasonable. The second guideline was
that no negative slopes would be used for the analysis. A negative slope means that the pavement was
correcting itself, or getting better over time. This may be the result of gaps where the pavement condition
survey data was not recorded or the pavement distress measurement may not be consistent from year to
year creating fluctuations in the overall pavement rating.

After the data were sorted, the average level of distress was calculated for each year after reconstruction.
The average was used to calculate the slope of deterioration from year to year for the length of the project.
The slope of deterioration was then calculated and graphed for each roadway type and distress. A robust
statistical analysis was not possible for all roadway classifications and distress combinations due to a lack of
applicable roadway segments and data. Instead, a trend analysis was used to show how the cumulative
distress of a particular roadway may affect performance of the pavement over time.

3.1 DATA ANALYSIS

An example of how the running average for every 0.5 mile was calculated is provided in Table 3.1. This
particular example shows the measured smoothness starting at mile marker 279.5 and ending at mile
marker 280.4. The first five IRl values are added together and then divided by the number five resulting in



88.4 inches per mile. Once the moving average has been calculated for length of the roadway, the

maximum average value is determined. For the example shown in Table 1, 96.8 inches/mile is the

maximum average IRl value, has been highlighted in red and reported at the bottom of the table.

Table 3.1 Calculating Average Roadway Condition

Beginning Mile Marker Ending Mile Marker IRI (inches/mile) Average IRI
(inches/mile)

279.5 279.6 96

279.6 279.7 79

279.7 279.8 76

279.8 279.9 93

279.9 280.0 98 88.4

280.0 280.1 79 85

280.1 280.2 95 88.2

280.2 280.3 85 90

280.3 280.4 127 96.8

280.4 280.5 83 93.8
Maximum Average IRI 96.8

Tables located in Appendix B show the maximum running average of a particular distress and the
associated years. In some cases, the collected data had gaps where the pavement condition survey data
was either not recorded or the survey was not performed due to lack of funding or manpower. This is
evident between the years of 2002 and 2006 when data was generally only collected every other year. A
total of 58 roadway segments were evaluated in this study and are broken into four functional
classifications for a total of 228.7, see Table 3.2.

Table 3.2 Number of Segments for Each Functional Classification

Functional Classification Number of Segments Total Number of Miles
Interstate 6 54.9
Principal Arterial 39 131.4
Minor Arterial 9 29.2
Major Collector 13.2
Total 58 228.7

3.1.1 Data Reduction

As mentioned earlier, the analysis used data collected from four to 11 years after a roadway’s initial
construction or reconstruction. The running average calculated for each roadway distress was regressed
linearly indicating the distress associated with the number of years after initial reconstruction.



For example, the cumulative smoothness (IR) change for interstates regressed linearly resulted in the
equation:

AIRI=4.08T

Where,
A IRl = change (usually an increase) in the smoothness in inches per mile
T = time after reconstruction, years

The same analysis was made for each distresses resulting in the following equations for interstates:

Smoothness: AIRI=4.04T

Permanent Deformation: A Rutting=0.06T
Fatigue Cracking: A Fatigue =401.24T
Transverse Cracking: A Transverse =47.39T
Longitudinal Cracking A Longitudinal =101.20 T

Linear regression was performed on all roadway segments as shown in Table 3.3. The table also shows the
coefficient of determination and the number of projects utilized in the regression.

Table 3.3 Linear Regression for Change in Performance

Slope R? Maximum n
Interstates Smoothness 4.04 0.62 6
Permanent Deformation 0.06 0.81 6
Fatigue Cracking 401.24 0.82 6
Transverse Cracking 47.39 0.82 6
Longitudinal Cracking 101.20 0.52 6
Principal Smoothness 7.39 0.59 39
Arterials Permanent Deformation 0.02 0.74 39
Fatigue Cracking 98.47 0.63 39
Transverse Cracking 18.19 0.65 39
Longitudinal Cracking 28.34 0.42 39
Minor Smoothness 5.38 0.69 9
Arterials Permanent Deformation 0.02 0.53 9
Fatigue Cracking 85.56 0.61 9
Transverse Cracking 57.29 0.63 9
Longitudinal Cracking 20.80 0.33 9
Major Smoothness 9.73 0.53 4
Collectors Permanent Deformation 0.05 0.88 4
Fatigue Cracking 86.37 0.82 4
Transverse Cracking 39.84 0.73 4
Longitudinal Cracking 8.07 0.26 4




Statewide Smoothness 6.60 0.57 58
Permanent Deformation 0.02 0.61 58
Fatigue Cracking 136.33 0.66 58
Transverse Cracking 27.90 0.67 58
Longitudinal Cracking 35.86 0.40 58

3.2 TERMINAL THRESHOLD

The terminal threshold is the point at which the level of measured distress in the roadway exceeds what is
considered by CDOT forces as an acceptable condition, resulting in a zero remaining service life of the
pavement. The threshold values were obtained from the CDOT 2015 M-E Pavement Design Manual, are
shown in Table 3.4 and are also represented as dashed, red, horizontal lines on the performance curves
located in Appendix B. The terminal thresholds provide a baseline indicating when or if the pavements

have exceeded an acceptable roadway condition and should being rehabilitated.

Table 3.4 Zero-Remaining Service Life

Roadway Type Distress Terminal Threshold
Interstates Smoothness (in./mi.) 160
Permanent Deformation (in.) 0.40
Fatigue Cracking (in./mi.) 2,000
Transverse Cracking (in./mi.) 1,500
Longitudinal Cracking (in./mi.) 500
Principal Arterials | Smoothness (in./mi.) 200
Permanent Deformation (in.) 0.5
Fatigue Cracking (in./mi.) 2,500
Transverse Cracking (in./mi.) 1,500
Longitudinal Cracking (in./mi.) 500
Minor Arterials Smoothness (in./mi.) 200
Permanent Deformation (in.) 0.65
Fatigue Cracking (in./mi.) 3,000
Transverse Cracking (in./mi.) 1,500
Longitudinal Cracking (in./mi.) 500
Major Collectors Smoothness (in./mi.) 200
Permanent Deformation (in.) 0.65
Fatigue Cracking (in./mi.) 3,000
Transverse Cracking (in./mi.) 1,500
Longitudinal Cracking (in./mi.) 500

As mentioned earlier, the running average was calculated for each roadway classification and distress and
plotted on a graph. Additionally, one standard deviation of the average was also plotted. A terminal
threshold based on values in the PDMI was assigned to each distress based on the roadway’s classification.




For Example, the smoothness threshold for an interstate is 160, while the minor arterial’s smoothness
threshold is 200. The terminal threshold(s) was also plotted on the graphs to determine how many years
after the initial construction/reconstruction until the terminal threshold would be reached.

CHAPTER 4. RESULTS OF STUDY

All of the pavement performance data for smoothness, rutting, fatigue, transverse, and longitudinal
cracking with respect to each roadway type is presented in Appendix B. The rate of change of distress over
time is also represented in Appendix B’s tables and figures and was been calculated as a linear function.
The average number of highway segments (n) which contributed to these statistics is also shown to provide
an indication of the analysis robustness. Year O (zero) on the graphs represents the time roadway
segments initial construction or reconstruction.

A summary of the statewide results for the first year to rehabilitation is shown in Table 4.1 and the
pavement performance data for smoothness, rutting, fatigue, transverse, and longitudinal cracking with
respect to each roadway type is shown in Appendix B. The average number of highway segments (n) which
contributed to these statistics is also shown to provide an indication of analysis’s robustness. Year 0 (zero)
on the performance curve graphs is the time of initial reconstruction, Appendix B.

Table 4.1 Summary of Statewide Pavement Performance Data

Years Until Threshold was Exceeded
Distress Terminal Slope R’ Average Average—1 | Average+1
Threshold Std. Dev. Std. Dev.
Smoothness (IRI) 160 (in./mi.) 6.60 | 0.57 13 7 19
200 (in./mi.) 6.60 | 0.57 19 13 25
Permanent Deformation 0.4 inches 0.02 0.61 17 14 20
@ 0.5 inches 0.02 | 061 22 19 25
0.65 inches 0.02 | 0.61 29 26 32
Fatigue Cracking ! 2,000 (ft./mi.) | 136.33 | 0.66 18 5 25
2,500 (ft./mi.) | 136.33 | 0.66 22 9 29
3,000 (ft./mi.) | 136.33 | 0.66 25 13 33
Transverse Cracking 1,500 (ft./mi.) 27.90 | 0.67 40" 40" 40"
Longitudinal Cracking 500 (ft./mi.) 35.86 | 0.40 15 9 40"

(1) A terminal threshold of 160 inches per mile was used for interstates and an IRI of 200 inches was used for all other roadways.
(2) A terminal threshold 0.4 inches was used for interstates, 0.5 inches for principal arterials, and 0.65 for all other roadways.

(3) A terminal threshold of 2,000 feet per mile was used for interstates, 2,500 feet per mile for principal arterials, and 3,000 feet
per mile for all other roadways.

(4) Years until terminal threshold was exceeded is greater than 40 years.

4.1 PRINCIPAL ARTERIALS
The initial construction and/or reconstruction sections analyzed consisted of 39 sections and four to 11
years of data. The analysis shows that on average, the smoothness threshold was met at year 19, and the



permanent deformation and fatigue cracking threshold was met at year 23. However, the transverse
cracking threshold was not met within the 40 years used by CDOT’s LCCA model, thus was truncated to
year 40. The longitudinal cracking threshold was met at year 15. Data for principal arterials is summarized
in Table 4.2.

Table 4.2 Summary of Principal Arterial Pavement Performance Data

Years Until Threshold was Exceeded
Distress Terminal Slope R’ Average Average—1 | Average+1
Threshold Std. Dev. Std. Dev.
Smoothness (IRI) 200 (in./mi.) 7.39 0.59 19 14 23
Permanent Deformation 0.5 inches 0.02 0.74 23 20 26
Fatigue Cracking 2,500 (ft./mi.) | 98.47 | 0.63 23 9 35
Transverse Cracking 1,500 (ft./mi.) | 18.19 | 0.65 40" 40" 40"
Longitudinal Cracking 500 (ft./mi.) | 28.34 | 0.42 16 9 40

(1) Years until terminal threshold was exceeded is greater than 40 years.

4.2 MINOR ARTERIALS

The initial construction and/or reconstruction sections analyzed consisted of nine sections and four to nine
years of data. The analysis shows that on average, the smoothness threshold was met at year two, the
permanent deformation threshold was met at year 30 and the fatigue cracking threshold was met at year
31. The transverse cracking threshold was met at year 32 and the longitudinal cracking threshold was met
at year 10. The data for minor arterials is summarized in Table 4.3.

Table 4.3 Summary of Minor Arterial Pavement Performance Data

Years Until Threshold was Exceeded
Distress Terminal Slope R? Average Average—1 | Average+1
Threshold Std. Dev. Std. Dev.
Smoothness (IRI) 200 (in./mi.) 5.38 0.69 25 16 31
Permanent Deformation 0.65 inches 0.02 0.52 30 27 32
Fatigue Cracking 3,000 (ft./mi.) | 85.56 | 0.61 31 16 35
Transverse Cracking 1,500 (ft./mi.) | 57.29 | 0.63 32 27 33
Longitudinal Cracking 500 (ft./mi.) 20.80 | 0.33 10 9 24

(1) Years until terminal threshold was exceeded is greater than 40 years.

4.3 INTERSTATES AND MAIJOR COLLECTORS

There were limited roadway sections available for analysis for functional classification of interstates (six
projects) and major collectors (four projects). This resulted in insufficient data to determine the number of
years until first rehabilitation for these two classifications. The data collected from these roadway sections
was added to the statewide data for statewide analysis.



CHAPTER 5. ANALYSIS

An analysis was performed to determine the average time it takes for each distress to reach a zero-year
service life, indicating the first year for rehabilitation. Pavement performance is measured by the overall
deterioration over time and is represented as a linear slope. The slope is the main contributing factor in
determining the number of years until the zero-life or terminal threshold of a distress is met. The data in
this study is intended for possible incorporation into CDOT’s LCCA process.

CHAPTER 6. RECOMMENDATIONS

The analysis was performed on limited data based on CDOT’s use of Superpave HMA in 2002. Currently,
only 58 roadway segments meet the Superpave criteria and some roadway types only had four or five
segments used for analysis. Our analysis indicates the majority of the projects have not required
reconstruction, thus are considered ongoing and should be used for additional performance data
collection. It is recommended that an analysis occur every few years until the sample size becomes large
enough to adequately represent all performance criteria. In addition to the existing 58 roadway segments,
data from new construction or reconstruction projects should be added to the database. A program or
process that can automatically select data from the Access database should be developed so the entire
roadway network can be easily analyzed.

Until additional data is collected and analyzed, implementation for changes in ‘years to first rehabilitation’
for the LCCA should be limited and engineering judgment and regional/historical experience should be
taken into consideration. We recommend that in conjunction with the data obtained in this study, Region
Material Engineers use the analysis of individual roadways along with their expertise.

This study did not address the type of gradation and binder used for each segment’s reconstruction. As the
data base increases, more detailed analysis of the various products may be performed.

CHAPTER 7. CONCLUSIONS

The following conclusions were reached from the data analysis:

1. The pavement management database is a useful tool for analyzing the performance of various
distresses to roadways after initial construction or reconstruction.

2. There was not enough data in the database to evaluate each roadway functional classification on
an individual basis. Interstates and major collectors were excluded from the individual
classifications, but were included in the statewide performance results.

3. The triggering mechanism for reconstruction is smoothness at year 13 followed by longitudinal
cracking at year 15 and permanent deformation at year 17.



4. Transverse cracking showed the least amount of distress on statewide projects resulting in 40 years
until the terminal threshold would be met.

CHAPTER 8. FUTURE RESEARCH

A more complete analysis of CDOT’s pavement management database is needed to ensure a sample size
large enough for all criteria to be represented adequately. Some roadway types did not have adequate
amounts of data or the data that was included did not meet the predetermined criterion. The spreadsheets
need to be continually updated as CDOT collects additional pavement distress data. A program or process

that can automatically select data from the Access database is needed so the entire roadway network can
be analyzed annually.
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Table A.1. Interstate Roadway Sections Used in the Study

Roadway Year of La_st Type of Construction Begirynin End_ing Length Directio
Constructio Dept Grading of the Top PG Binder g Mile Mile n
n L ier Marker Marker
25A 2008 10.0 SX (100) 64-22 79.6 85.5 5.9 1
25A 2008 10.0 SX (100) 64-22 79.6 85.5 5.9 2
70A 2005 11.0 5.0 11.6 6.6 1
70A 2005 11.0 5.0 11.6 6.6 2
70A 2004 6.75 22.0 37.0 15.0 1
70A 2004 6.75 22.0 37.0 15.0 2
Table A.2. Minor Arterial Roadway Sections Used in the Study
Roadway | Year of Last Type of Construction Beginning | Ending Length | Direction
Construction Depth Grading of the Top | PG Binder Mile Mile
Liee Marker Marker
7D 2005 13.0 SX (100) 76-28 68.1 69.4 1.3 1
9D 2004 6.0 S (75) 58-34 109.0 113.5 55 1
52A 2006 6.0 S 64-28 36.9 42.0 51 1
115A 2005 7.0 S (100) 64-28 24.2 26.0 1.8 1
115A 2005 7.0 S (100) 64-28 24.3 225.5 1.2 2
115A 2004 6.0 S (100) 64-28 35.8 37.1 1.3 2
115A 2004 6.0 S (100) 64-28 36.1 38.2 2.1 1
133A 2008 7.0 0.0 5.0 5.0 1
133A 2008 7.0 6.0 11.0 6.0 1
Table A.3. Major Collector Roadway Sections Used in the Study
Roadway | Year of Last Type of Construction Beginnin | Ending | Length | Directio
Constructio g Mile Mile n
n Dept Grading of the Top PG Binder Marker Marker
h Lift
12A 2003 6.0 S (75) 58-28 51.7 55.6 3.9 1
79A 2008 7.0 SX (100) 64-28 0.0 1.3 1.3 1
92A 2003 6.0 0.0 4.0 4.0 1
92A 2003 6.0 0.0 4.0 4.0 2
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Table A.4. Principle Arterial Roadway Sections Used in the Study

Roadway | Year of Last Type of Construction Beginning | Ending | Length | Direction
Construction Depth Grading of the PG Mile Mile
e .. - Marker Marker
14C 2005 7.5 S 64-28 176.0 194.5 18.5 1
21B 2008 7.5 SX (100) 76-28 148.0 149.4 1.4 1
21B 2008 7.5 SX (100) 76-28 148.0 149.4 1.4 2
21B 2002 8.0 SX (100) 76-28 150.0 151.0 1.0 1
21B 2002 8.0 SX (100) 76-28 150.0 151.0 1.0 2
21B 2004 8.0 SMA (100) 76-28 151.0 153.6 2.6 2
24A 2005 6.0 S (100) 58-28 277.8 279.5 1.7 1
24A 2005 6.0 S (100) 58-28 278.0 279.5 1.5 2
24A 2002 6.0 S (100) 58-28 279.5 282.5 2.9 1
24G 2004 9.5 S (100) 64-28 312.2 313.9 1.7 1
24G 2004 9.5 S (100) 64-28 312.2 313.9 1.6 2
24G 2005 8.0 SX (100) 64-28 313.9 318.9 51 1
34A 2007 12.0 SX 64-22 88.7 90.8 2.1 1
34A 2007 12.0 SX 64-22 88.7 90.8 2.1 2
40A 2002 6.0 SX (68) 58-40 244.3 247.1 2.8 1
40A 2007 6.0 SX (75) 58-34 247.1 249.1 2.0 1
40A 2004 6.0 229.9 232.4 2.5 1
40A 2004 6.0 229.9 232.4 2.5 2
50A 2002 6.75 46.3 53.3 7.0 1
50A 2003 7.0 53.3 59.0 5.7 1
50A 2004 7.0 59.0 65.4 6.4 1
50A 2004 6.75 65.4 70.5 51 1
50A 2004 6.75 65.4 70.5 51 2
50A 2006 6.5 103.0 109.4 6.4 1
50B 2008 7.0 SX (100) 64-22 338.0 341.0 3.0 1
83A 2005 10.0 SMA (100) 76-28 20.4 21.8 1.4 1
83A 2005 10.0 SMA (100) 76-28 20.4 21.7 1.3 2
85A 2004 6.0 S (75) 64-28 132.5 134.0 1.5 1
85A 2004 6.0 S (75) 64-28 132.5 134.0 1.5 2
85A 2006 6.0 SX (100) 64-28 134.0 135.1 1.1 1
85A 2006 6.0 SX (100) 64-28 134.0 135.1 1.1 2
85B 2004 10.0 SX (100) 76-28 186.2 187.4 1.2 1
160A 2009 6.0 SX (75) 64-22 21.4 23.1 1.7 1
160A 2004 7.0 SX (75) 58-28 55.2 56.7 1.5 1
160A 2004 6.0 SX (75) 58-34 158.6 163.9 54 1
160A 2002 6.0 SX (75) 58-28 163.9 168.8 4.9 1
285B 2003 6.5 SX (75) 58-34 100.4 111.6 11.7 1
285D 2008 7.5 SX (100) 64-28 233.0 235.0 2.0 1
287C 2000 6.0 S 76-28 316.0 318.3 2.3 1
550A 2009 6.0 SX (75) 64-22 0.8 3.0 2.2 1
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DEFINITIONS

Analysis Period
The period of time for which the economic analysis is to be made. Ordinarily, the period will
include at least one rehabilitation activity.

Design Period

The number of years from initial construction or rehabilitation until terminal service life. This
term should not be confused with pavement life or analysis period. By adding asphalt overlays
as required, pavement life may be extended indefinitely, or until geometric considerations or
other factors make the pavement obsolete. The initial design period is the number of years for
which the volume and type of traffic and the resultant wheel or axle load application are
forecast, and on which the pavement designs are calculated.

Economic Analysis
A justification of the expenditure required and the comparative worth of a proposed
improvement as compared to other alternate plans.

Expressway
A divided arterial highway for through traffic with full or partial control of access and generally
with grade separations at major intersections.

Fatigue Cracking
A series of small, jagged, interconnecting cracks caused by failure of the asphalt concrete
surface under repeated traffic loading (also referred to as alligator cracking).

Freeway
An expressway with full control of access and all at-grade intersections eliminated.

Functional Classification Map

A map produced by CDOT showing the location various roadways throughout the state and there
functional classification which is dependent on the type and volume of traffic over time. Figure
1 is the 2012 CDOT Function Classification Map.
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Functional Classification Map
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Figure 1. Functional Classification Map
http://dtdapps.coloradodot.info/staticdata/Downloads/StatewideMaps/func class pdf.pdf

Hot Mix Asphalt

High quality, thoroughly controlled hot mixture of AC (binder) and high quality aggregate, which
can be compacted into a uniform mass, to act as a surface course and carry traffic. Stone
Matrix Asphalt (SMA) and Polymer Modified Asphalt (PMA) are both types of HMA. In historic
documents, HMA may also be referred to as Plant Mixed Bituminous Pavement and Hot
Bituminous Pavement.

Longitudinal Cracking
Cracks are parallel to the pavement centerline or laydown direction.

Major Collector
A road of the intermediate functional category that collects traffic from the local roads to
arterials or distributes traffic to local roads from arterials.

Minor Arterial

A highway primarily for through traffic, usually on a continuous route with less traffic than a
principal arterial.
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IRI

The International Roughness Index is the obtained from measured longitudinal road profiles to
evaluate the pavement’s smoothness and to identify specific locations where repairs or
improvements are needed.

Maintenance
The preservation of the entire roadway, including surface, shoulders, roadsides, structures, and
such traffic control devices as are necessary for its safe and efficient utilization.

M-E Design

AASHTOWare Pavement M-E Design software uses the methodology and pavement design models
described in the AASHTO Interim Mechanistic-Empirical Pavement Design Guide Manual of
Practice for pavement design and analysis.

Pavement Management

Pavement management is the evaluation, documentation, and analysis of the amount, quality
and type of pavement under the responsibility of any given owner or agency. It is also the
planning and budgeting for the upkeep and replacement of paved assets.

Pavement Performance
The trend of serviceability with load applications.

Pavement Rehabilitation

Work undertaken to extend the service life of an existing facility. This includes placement of
additional surfacing material and/or completing any other work necessary to return an existing
roadway, including shoulders, to a condition of structural or functional adequacy. This could
include the complete removal and replacement of the pavement structure.

Performance Period
The period of time that the initially constructed or rehabilitated pavement structure will last
(perform) before reaching its terminal serviceability. This is also called the design period.

Permanent Deformation
Longitudinal surface depressions in the wheel paths (also referred to as rutting).

Principal Arterial
A highway primarily for through traffic, usually on a continuous route.

Probabilistic Life Cycle Cost Analysis

A process where probabilistic LCCA inputs are described by probability functions that convey
both the range of likely inputs and the likelihood of their occurrence. Probabilistic LCCA also
allows for the simultaneous computation of differing assumptions for many different variables.
Probabilistic LCCA allow the value of individual data inputs to be defined by a frequency
(probability) distribution.
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Remaining Service Life (RSL)
The remaining service life is the number of years a pavement is expected to last until
maintenance and rehabilitation treatments no longer improve or maintain the surface condition.

Service Life
The service life is the number of years a pavement is expected to last from completion of
construction until pavement failure.

Standard Normal Deviate (Zg)

The standard normal deviate is a statistical value identical to Z-scale value used in the standard
normal distribution. It is a measure of the deviation of any observations from the mean of all
observations expressed in terms of the number of standard deviations. The standard normal
deviate, Z can be calculated from the equation, Z = (observed value - mean of all observed
values) / standard deviation of all observations. Each calculated Z value corresponds to a
certain level of significance, confidence interval, certainty or reliability value in a standard
normal distribution curve.

Structural Deficiency

Any condition that adversely affects the load carrying capability of the pavement structure.
These include inadequate thickness as well as cracking, distortion, and disintegration. Several
types of distress (i.e., distress was caused by poor construction techniques, low temperature
cracking) are not initially caused by traffic loads, but do become more severe under traffic, to
the point that they also detract from the load carrying capability of the pavement.

Surface Life
A period of time where treatments can be performed on a pavement that maintain or improve
the surface condition.

Transverse Cracking

Cracks that are perpendicular to the pavement centerline or laydown direction (also referred to
as thermal cracking).
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