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ABSTRACT OF THESIS

PAVEMENT CONDITION INDEX AND COST OF OWNERSHIP ANALYSIS ON
PREVENTATIVE MAINTENANCE PROJECTS IN KENTUCKY

The Commonwealth of Kentucky has seen increasing use over time of
preventative maintenance treatments on its asphalt pavements. Performance of two of the
most prevalent treatments employed by the Kentucky Transportation Cabinet (KYTC) —
Thin Asphalt Overlay (Thinlay) and Microsurfacing — had yet to be examined in-depth
through condition surveys. This thesis describes the data collection process to find the
Pavement Condition Index (PCI) of each preventative maintenance site in Kentucky from
the last 10 years. With PCI from each site, deterioration curves were generated for each
treatment — providing the estimated life extension benefit of each. The analysis then
converted life extension to life cycle costs to ultimately determine which product was
more cost effective. Cost effectiveness would be the definitive metric in determining
which product should be used by KYTC. It is hoped that this thesis can begin to
quantitatively and statistically answer the question of how to best approach asphalt
maintenance projects in Kentucky.

KEYWORDS: Asphalt Pavement Maintenance, Kentucky Roadway Conditions,
Pavement Condition Index, Asphalt Life Cycle Costs, Microsurfacing, Thin Asphalt
Overlay
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1. Introduction

In recent years, the Kentucky Transportation Cabinet (KYTC) has seen
Microsurfacing, Thinlay, and other preventative maintenance treatments being
increasingly applied due to factors with limited funding. FHWA defines preventative
maintenance as “a planned strategy of cost effective treatments to an existing roadway
system and its appurtenances that preserves the system, retards future deterioration, and
maintains or improves the functional condition of the system (without significantly
increasing the structural capacity).” However, a detailed publication or study on the
performance of these treatment methods in Kentucky has yet to be conducted that
incorporates data from the specific projects where they are used. It was decided to further
investigate the issue in order to answer a number of questions. Are the products being
properly applied? When applied, how do they perform over time? If one product has a
longer life than the other, which is ultimately more cost effective?

After some time of deliberation on how to move forward, the entire list of KYTC
projects was compiled where preventative maintenance treatments were applied in the past
10 years. The projects span a large variety of traffic conditions, age, and pre-existing
surface age. With the large variety of conditions represented, some general conclusions can
be made about the different paving materials.

When preparing to begin the physical pavement evaluations, ASTM D6433 was
chosen as the most favored method to provide the most credible data (ASTM 2007).
Eventually, the PCI (Pavement Condition Index) values were all calculated in order to
make conclusions about the expected service life of each material. The following pages
will detail the background information in project evaluation methodology, an analysis of
the raw data with respect to common distresses, a thorough statistical analysis, the
development of the deterioration curve for each product, and finally the cost benefit
analysis. The primary objective of this thesis is to evaluate the relationship between
preventative maintenance efforts and pavement condition. The contributions of this work
will inform and guide practitioners on issues relating to preventative maintenance
treatments including evaluating pavement conditions and life cycle cost.



2. Product Descriptions

Although both products are used in preventative maintenance applications, they
have very different properties and construction practices. These properties range from the
gradation of the mix to the simple thickness of the mat. Figure 2.1 below illustrates some
of these differences.

Thin Asphalt Overlay
(5/8"-1")
Microsurfacing
(3/16"-3/8")

Figure 2.1: Microsurfacing/Thinlay Profiles (Plantmix Asphalt Industry of Kentucky)

Thinlay is typically applied between 5/8” to 1” of thickness, compared to
Microsurfacing which is between 3/16” and 3/8” thick. During construction, Thinlay is
applied in the same manner as any HMA overlay. There are no specialized materials or
equipment required by the contractor. When applying Microsurfacing, a polymer modified
emulsion is mixed on site with the aggregate at the paver. A nozzle on the paver sprays
water onto to the surface ahead of the material in order to improve bonding. Often times in
Kentucky, a road will be crack sealed before Microsurfacing is applied in order to retard
cracking through the new surface.

Due to its lack of structure, Microsurfacing should be used on roadways without
excess deformation or rutting, as it will only mirror the old surface. Contrasting this,
Thinlay is useful in addressing minor rutting and can more effectively level the profile of
a road, improving rideability.



3. Establishing an Evaluation Method

A number of different rating systems and evaluation methods exist for quantifying
pavement conditions. Two prevalent methods were examined and compared. These are the
PASER and PAVER systems, which utilize two very different procedures for collecting
data and assigning a condition number to the pavement in question.

PASER is a more simplified method of surveying pavement condition. It involves
examining pavement distresses from a general viewpoint as opposed to physically
measuring cracks and deformations. There are rating categories for this system that range
from 1 (failed pavement) to 10 (excellent pavement). The rating selected by the evaluator
depends upon variables such as crack spacing, crack width, patching, crack spalling, and
the density of fatigue cracking. The PASER manual provides pictures and descriptions of
all the distress types and varying severity levels (Transportation Information Center 2002).

PAVER is a more involved system than PASER, with the evaluator obtaining
detailed distress measurements as opposed to PASER. This system provides a PCI
(Pavement Condition Index) that ranges from 0 (failed pavement) to 100 (excellent
pavement). The use of this method was examined within ASTM D6433, Standard Practice
for Roads and Parking Lots Pavement Condition Index Surveys. Using this standard, the
evaluator selects a number of random sample units (typically 2500 + 1000 square feet), and
measures all of the distresses in those units. Through an iterative calculation, these
measurements are used to determine the final PCI of the pavement.

After comparing these two systems, it was determined that ASTM D6433 would
provide stronger, less biased data for this particular study. The need to accurately monitor
pavement condition trends for industry research suggests that a more involved system than
PASER is required. After reaching this conclusion, preparation began to undergo pavement
evaluations according to the ASTM method.



4. ASTM D6433 Procedure
Required Equipment:

e Surveyor’s Wheel

e 6.5 Foot Level

e Folding Ruler

e PAVER Distress Identification Manual

Before formally beginning the evaluation, it was useful to drive the roadway and
perform a general windshield survey. This practice helps to determine the consistency of
the roadway and to check if there are any significant areas of unrepresentative distresses.
When beginning to evaluate a pavement, random sample units must first be selected, which
are then known to be consistent with the general roadway condition by performing the
windshield observations. These units can range in area from 1500 to 3500 square feet.
When in the field, a starting point is randomly selected, and the desired length of the unit
is measured along with the width. Next, the evaluator can begin measuring distresses using
the surveyor’s wheel. Some distresses are measured as linear feet, and others as square feet.
Table 4.1 summarizes the distress types defined by PAVER.

Table 4.1: PAVER Distress Types

Distress Type Measurement Type
Alligator Cracking Area
Bleeding Area
Block Cracking Area
Bumps and Sag Length
Corrugation Area
Depression Area
Edge Cracking Length
Joint Reflection Cracking Length
Lane/Shoulder Drop-off Length
Longitudinal and Transverse Cracking Length
Patching Area
Polished Aggregate Area
Potholes Count
Railroad Crossing Area
Rutting Area
Shoving Area
Slippage Cracking Area
Swell Area
Raveling Area
Weathering Area




Distress measurements are quantified by both the numerical component as well as the
severity level, which can be Low, Medium, or High. For example, severity level in
longitudinal and transverse cracking is determined by crack width, spalling, and crack
sealing condition. After determining both components, the evaluator records the

measurement on the data sheet for that sample unit.

Once the desired number of sample units is gathered, the field work for that pavement
section is complete, and the PCI calculation is performed. First, the density for each distress
type is calculated as a percentage by dividing the measurement by the sample unit area.
Using the density and the severity level, a deduct value is determined for that distress by
consulting the deduct value curves provided by ASTM. The following graph is an example
of the deduct value curves for alligator cracking. An example of a data sheet is also

provided.

10 7

Alligator Cracking Asphalt 1
o L T T T -
ol LTI T LI T e
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Pl LTI AT AT ]
e ol (LUK AT LTl 1 il
i R
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[ [ 1

0.1 1 10 100

Distress Density - Percent

Figure 4.1: Alligator Cracking Deduct Curves (ASTM 2007)



ASPHALT SURFACED ROADS AND PARKING LOTS SKETCH:
CONDITION SURVEY DATA SHEET 100°
FOR SAMPLE UNIT ~
257
BRANCH _SPRINGFIELDPSECTION oo SAMPLE UNIT, ——— N
SURVEYED BY__yxax DATE_jp 3.1 93 SAMPLE AREA 25c0 4l Drectiom ok m
1. Alligator Cracking 6. Depression 11, Patching & Util Cut Patching 16. Shoving
2. Bleeding 7. Edge Cracking 12. Polished Aggregate 17. Slippage Cracking
3. Block Cracking 8. Jt. Reflection Cracking 13. Potholes 18. Sweil
4, Bumps and Sags 9. Lane/Shoulder Drop Off 14. Rallroad Crossing 19. Weathering/Raveling
5. Corrugation 10. Long & Trans Cracking 15. Rutting
DISTRESS] DENSITY | DEDUCT
SEVERITY| QUANTITY TOTAL % VALUE
L 15 1«4 1<4 '3 0.52 2.9
| H e ® 1 & 4 0.56 234
7L 32 i5 1§ 24 41 130 5.20 7.5
&M 20 15 35 27 23 10 13 143 5.7 251
Iy 3. 245 22 | o.8% 7.9
BL ! ! 0.04 0.2
154 4 q 8 2t 0.84 6.9
i1SL 250 250 10. 0 573

Figure 4.2: ASTM D6433 Samples Data Sheet (ASTM 2007)

After assigning each distress type a deduct value, an iterative process is used to
calculate the maximum CDV (Corrected Deduct Value). This is described as follows:

e |f either one or zero deduct values are greater than two, then the sum of the deduct
values is used as the max CDV. Otherwise, the iterative process must be used.
e List the deduct values in descending order.

e Calculate m, the allowable number of deducts (do not round m to a whole number).
9
m=1+ <%) (100 — HDV) < 10

HDV = highest individual deduct value

e Reduce the number of individual deduct values to the m largest deduct values,
including the fraction. For example, if there are 8 deduct values, but m = 6.4, then
only use the 6 highest deduct values along with 0.4 of the 7. If the number of
deduct values is less than m, use all of the deduct values.

e With the usable deduct values recorded depending on m, complete the iterative
process of reducing the smallest value greater than 2.0 to 2.0 and summing the
deduct values. This is visually represented in the table below.



m=1+(9%98)(100-251)=79<8

Use highest 7 deducts and 0.9 of eighth deduct.

0.9515.3--‘4’_8
# Deduct Values Total|l q |CDV
e —— ..
1 251 234 imsfluz | 79 [-‘?.5 6.9 k‘-l_?/ 047 8 |sLe
2 llas | 3yl s uz |79 |75 (63| 2 ots| 7 | 500
3 251|234 )99 ) 2| 79|75 2 | 2 60| &6 |4e.0
4 llasi (234 g ol | 2 |2 | 2 05| 5 |y10
5 ll2s0 |a3ufimgn2| 2 |2 |2 |2 *3‘1.6 4 |4g0
6 [z |4 M3l 2|2 |2 |2 |2 754| 3 [48.0
7 251 )23l 2 |2 |2 |2 |2 |2 95| 2 |44.0
8 llzsi| 2 a2l 212 12 |2 31| 1 |80

o] [T

Figure 4.3: Example Iterative Calculation (ASTM 2007)

e Record g as the number of deduct values with a value greater than 2.0.
e The correction curves, as shown below, are then used to find the CDV (corrected
deduct value) using g and the total sum of DV’s as variables.
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Figure 4.4: CDV Curves (ASTM 2007)

e Repeat this process until q=1.
o Take the largest of the CDV’s as the max CDV.
e PCl is then calculated as 100 — max CDV.

Once a PCl is calculated for each sample unit in the section, an area weighted average
is calculated in order to determine the final PCI of the pavement. Figure 4.5 provides a

rating scale based on the PCI value.



Standard PCT™
Rating Scale

Figure 4.5: ASTM D6433 Rating Scale (ASTM 2007)



5. Software Development for PCI Calculation

The previously described method of PCI Calculation is one that can be somewhat
time consuming. Therefore, with the large number of pavement sections included in this
study, it was decided to house a more automated calculation process within an Excel
spreadsheet. Purchasing expensive pavement condition software was not an ideal option,
so the software would need to be developed in-house.

The first step was to determine the equations for the deduct value curves, as well
as the corrected deduct value curves. As described in the ASTM D6433 document, the
process of developing the curves was empirically based without any strict mathematical
equations defining them. Therefore, the curves were manually replotted by estimating the
coordinate values along them. The CADRE Regression software was used to input the data
points and apply a line of best fit to each curve. An equation for the line would then be
displayed within the software. Some sample screenshots from CADRE are shown below.

X Y 8

S [ -1.4099E+00

2 |02 05 -1.7020E+00

1 03 25 -4 7030E-01

4 |04 35 21557E01

5 05 45 6.1304E-02

& |06 55 35951E-01

7 o7 65 6.7827E-01

g |08 75 1.0168E+00

Y 8 87443601

10 |1 85 7.5055E-01

n |2 12 8.9105E-01

2 |2 17 2.0850E-01

13 |4 20 4 1051E01 ;

1 |5 22 35395602

5 |6 245 5.47UEDT

% |7 %5 2.8586E-01

17 e 28 273601 | vemesm vl y- T ageXra A"

18 |9 30 42033601

19 [10 31 24371E01 A Vaue

o —r—r o

21 |30 445 24250804 []A2 0.0115640032456768
* 2 C]A3 -D.000465700207994937

[J A4 4.05588746464017E-06

Figure 5.1: CADRE Regression Output

With the DV and CDV curve equations obtained, they were programmed into the
Excel files as macro functions. For example, the function for alligator cracking was defined
as AC(q,Sev), where “g” is the number of deduct values greater than 2, and “Sev” is the
severity of the distress type.

The iterative process within the PCI calculation would also need to be programmed
as a separate table within the spreadsheet. This was accomplished through a series of IF
statements. An example of one of the cell’s coding is as follows:

10



=IF(1>ROUNDUP($B$34,0),"BLANK",(IF(COUNT($D$12:$D$31,$G$12:$G$31,
$J$12:$1$31)<1,"BLANK",(IF(N12="BLANK" (IF(COUNT($D$12:$D$31,$G$12:$G$
31,$1$12:$)$31)<$B$34, LARGE(($D$12:$D$31,$G$12:$G$31,$$12:$1$31),1),(1-(1-
$B$34))*LARGE(($D$12:$D$31,$G$12:$G$31,$J$12:$J$31),1))), LARGE(($D$12:$D$
31,$G$12:$G$31,$$12:$1$31),1))))))

The completed calculation table is shown below, based on deduct values obtained
from the input area of the spreadsheet.

# Deduct Values Total q CcDvV
1 16.7 12.3 8.9 7.6 1.5 1.4 BLANEK BLANK BLANK BLANEK 48.3 4 24.69
2 16.7 12.3 8.9 2.0 1.5 1.4 BLANEK BLANK BLANK BLANEK 42.7 3 25.91
3 16.7 12.3 2.0 2.0 1.5 1.4 BLANEK BLANK BLANK BLANEK 35.8 2 26.15
4 16.7 2.0 2.0 2.0 1.5 14 BLANK BLANK BLANK BLANK 25.5 1 25.55
5 2.0 2.0 2.0 2.0 1.5 1.4 BLANK BLANK BLANK BLANK 10.8 1] 0.00
6 2.0 2.0 2.0 2.0 1.5 1.4 BLANK BLANK BLANK BLANK 10.8 1] 0.00
7 2.0 2.0 2.0 2.0 1.5 1.4 BLANEK BLANK BLANK BLANEK 10.8 0 0.00
8 2.0 2.0 2.0 2.0 1.5 1.4 BLANK BLANK BLANK BLANK 10.8 1] 0.00
g 2.0 2.0 2.0 2.0 1.5 1.4 BLANEK BLANK BLANK BLANEK 10.8 0 0.00
10 2.0 2.0 2.0 2.0 1.5 14 BLANK BLANK BLANK BLANK 10.8 o 0.00

Max CDV: 26.15

PCI: 73.85

Rating: SATISFACTORY

Figure 5.2: Excel Iterative Calculation for PCI

As shown above, the table completes the iterative process and then sums each of
the rows to fill the “Total” column. Based on the derived CDV equations and the values
for Total and g, a CDV value is obtained for each row. The max CDV and PCI are then
calculated, and a rating based on the scale shown in Section 4 is displayed.

When a user opens the spreadsheet, they will be shown the following display:
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P/ IKY ASPHALT SAMPLE UNIT PAVEMENT CONDITION INDEX CALCULATOR (ASTM D6433) (See the right
Y side of the sheet for notes)
Sample Unit:
Surveyed By:
Date:
Area of Sample Unit (ft) 2500
Severity Levels
Distress Type Low Medium High
Recorded Quantity | Density (%)| Deduct Value| Recorded Quantity | Density (%)| Deduct Value| Recorded Quantity [ Density (%) | Deduct Value
1. Alligator Cracking (ft%) 35 1.40 123 0.00 - 0.00 -
2. Bleeding (ft%) 0.00 - 0.00 - 0.00
3. Block Cracking (ft%) 0.00 - 0.00 - 0.00
4. Bumps and Sags (ft) 0.00 - 0.00 - 0.00
5. Corrugation (ft?) 0.00 - 0.00 - 0.00
6. Depression (ft%) 0.00 - 0.00 - 0.00
7. Edge Cracking (ft) 0.00 - 0.00 - 0.00
8. Joint Reflection Cracking (ft) 0.00 - 0.00 - 0.00
9. Lane/Shoulder Dropoff (ft) 0.00 - 0.00 - 0.00
10. Long. And Trans. Cracking (ft) 20 080 14 30 1.20 89 0.00
11. Patching (ft%) 0.00 - 0.00 - 0.00
12. Polished Aggregate (ft%) 0.00 -
13. Potholes (Count) 2 0.08 16.7 0.00 - 0.00
14. Railroad Crossing (ft*) 0.00 0.00 0.00
15 Rutting (ft2) 25 1.00 76 0.00 - 0.00
16. Shoving (ft%) 0.00 - 0.00 - 0.00
17_Slippage Cracking (%) 0.00 - 0.00 - 0.00
18. Swell (%) 0.00 - 0.00 - 0.00
19 Raveling (ft*) 0.00 - 0.00 - 0.00
20. Weathering (ft*) 18 0.72 16 0.00 - 0.00
FINAL PCI: 73.8 RATING: SATISFACTORY

Figure 5.3: Input Area for PCI Calculator

The user must simply input the sample unit area and the recorded distress quantities
from their field collection, and all other values are calculated by the spreadsheet. The final
PCI and rating category are displayed at the bottom of the spreadsheet.

Ultimately, this software provides a means of more efficiently obtaining PCI values
for the preventative maintenance study. There is a certain degree of error due to the process
of manually plotting the deduct value curves, though the margin seems to be negligible as
long as the same curve equations are used on a consistent basis.
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6. List of Pavement Sites

To properly draw any conclusions from the set of data, a sufficient number of both
Microsurfacing and Thinlay sites would need to be evaluated. By examining state bidding
information, the recent history of these products within the state provided a total of 42
different sites to evaluate, including 26 Microsurfacing, 15 Thinlay, and 1 Chip Seal. These
sites represent a multitude of different ages, traffic conditions, and pre-surfacing
conditions. The sites are summarized in Table 6.1.

Table 6.1: List of Projects (continued)

Date Surface Let
Visited County Age Year | Route Treatment
6/17/2016 | Edmonson 2014 2013 | KY0259/101 | Thinlay
7/19/2016 | Perry 2013 2013 | KY 15 Thinlay
7/19/2016 | Letcher 2015 2015 | US 119 Thinlay
6/17/2016 | Hardin/Meade 2016 2015 | KY 1500 Thinlay

Chip Seal (Pre-
7/2/2016 | Pendleton 2016 2015 | KY 9 Condition)
6/16/2016 | Christian 2013 2013 | US0068 Thinlay
6/15/2016 | Graves 2014 2014 | KY121X Thinlay
6/14/2016 | Muhlenberg 2013 2012 | US 62 Thinlay
7/20/2016 | Laurel (South) 2015 2015 | KY 363 Micro
6/8/2016 | Mercer 2014 2014 | US 127 Cape Seal
6/16/2016 | Todd 2012 2012 | KY0178 Thinlay
6/8/2016 | Mercer 2014 2014 | US 127 Double Micro
6/8/2016 | Mercer 2014 2014 | US 127 Thinlay
6/15/2016 | Graves 2014 2014 | KY0097 Thinlay
7/22/2016 | Adair 2014 2013 | KY 80 Thinlay
7/7/2016 | Mason 2015 2015 | KY 9 Thinlay
6/8/2016 | Mercer 2014 2014 | US 127 Micro
7/20/2016 | Laurel (North) 2015 2015 | KY 363 Micro
6/14/2016 | Graves 2011 2011 | KY0994 Micro
6/8/2016 | Mercer 2014 2014 | US 127 Crack Seal
7/7/2016 | Fleming 2015 2015 | KY 11 Micro
6/14/2016 | McCracken 2011 2011 | KY0994 Micro
6/8/2016 | Mercer 2014 2014 | US 127 Control
7/21/2016 | Pulaski 2013 2012 | KY 461 Thinlay
6/29/2016 | Washington/Nelson | 2015 2015 | KY 555 Micro

Micro (Pre-
6/16/2016 | Todd 2016 2015 | US 68 Condition)

Micro (Pre-
6/16/2016 | Warren 2016 2015 | US 231 Condition)
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7/21/2016 | Rockcastle 2015 2015 | US 25 Micro
us 25E

7/20/2016 | Bell 2011 2011 | south Micro
7/21/2016 | Wayne 2011/2007 | 2007 | KY 92 Thinlay

Thinlay (Pre-
7/20/2016 | Jackson 2016 2015 | KY 290 Condition)

Micro (Pre-
6/16/2016 | Logan 2016 2015 | US 68 Condition)
7/7/2016 | Bath 2015 2015 | KY 11 Micro
6/23/2016 | Marion 2015 2015 | US 68 Micro
6/24/2016 | Fayette 2015 2015 | KY 353 Micro

Thinlay (Pre-
7/21/2016 | Pulaski 2016 2015 | KY 192 Condition)
6/29/2016 | Nelson 2015 2015 | US 31E Micro

us 25E

7/20/2016 | Bell 2012 2012 | north Micro
6/15/2016 | Fulton 2012 2012 | JC9003 Micro
7/22/2016 | Green 2007 2007 | KY 218 Thinlay
7/6/2016 | Rowan 2015 2015 | KY 801 Micro
7/6/2016 | Lewis 2013 2012 | KY 9 Micro
7/6/2016 | Greenup 2014 2013 | KY 10 Micro
6/30/2016 | Pike 2013 2012 | US 23 Micro
7/19/2016 | Harlan 2015 2015 | KY 38 Micro

Micro (Pre-
6/16/2016 | Allen 2016 2015 | US 231 Condition)
6/24/2016 | Nicholas 2010 2010 | US 68 Micro
6/23/2016 | Boyle 2010 2010 | KY 52 Micro
7/7/2016 | Bath 2012 2012 | KY 11 Micro
7/1/2016 | Clark 2008 2008 | KY 9000 Micro
8/10/2016 | Warren 2016 2015 | US 231 Micro
8/10/2016 | Allen 2016 2015 | US 231 Micro
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7. Raw Data Collected

Using the previously described methods of analysis under ASTM D6433, the sites
were systematically evaluated through the months of June, July, and August of 2016. There
were a total of 145 sample units surveyed, which correlates to an average of about 3.5 per
site, and totals 342,637 square feet. Over all 42 sites, approximately 1600 photos were
taken and entered into a d