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ABSTRACT

Throughout the course of time and due to budget constrains agencies have changed
their emphasis from construction of new roads to maintenance and rehabilitation of existing
pavement structures. To achieve so, proper evaluation of the pavement’s condition has
been the principal source of information for effective road network management of state,
city, and local transportation agencies.

The necessity of obtaining the most benefit from limited funding led to the desire
of Carson City and Douglas County’s Public Works offices to implement a Pavement
Management System for their networks. To achieve so, the Paver Software was selected as
the common data management tool.

Thorough data analysis of the pavement condition and work history data is
necessary to obtain accurate performance prediction models. Lack of data was
compensated with sewer line construction data and engineering judgement along with a
three tier cleaning process.

The current budget of both agencies was shown to be significantly lower than the
necessary budget to maintain or improve the overall pavement network condition to an
acceptable level. The reports generated serve the agencies to prioritize their spending
through cost effective treatments, defend themselves against public criticism, and for
requesting additional funding.

Based on the findings from this study, it was recommended for local agencies to
develop pavement management systems to apply the most cost effective treatments and
obtain the most out of their limited budgets. A plan was provided on how to maintain and

update the developed pavement management system.
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CHAPTER 1 INTRODUCTION

1.1. Background

Highway infrastructure is known to be of great importance for the economic growth
and productivity of a country; thus it is a task for agencies to maintain their networks at
adequate levels of ride quality and safety for its users.

New tendencies shift from using the word maintenance towards using the term
management. This is mainly due to the fact that pavement networks require continuous
maintenance to extend their service life along with appropriate network management.
Pavement management focuses on pavement section prioritization, proper treatment
application depending on the existing conditions, and optimal timing for application.

In order to properly assess the right pavements at the right time, it is necessary to
change the agency’s mentality of the “worse first”, where the main objective is to
reconstruct the badly deteriorated sections, to maintenance and rehabilitation of existing
infrastructure by using several pavement preservation techniques. Pavement preservation
techniques can be defined as a set of cost-effective practices used to extend pavement life
(avoiding or retarding the need for reconstruction) while improving both safety and ride
quality of the users. Table 1.1 summarizes some of the most common flexible pavement

preservation treatments.



Table 1.1 — Preservation Treatments for Flexible Pavements.

Flexible Pavement Treatments
Asphalt Rejuvenators Micro-surfacing
Crack Sealing/Filling Bonded Wearing Course
Coal Tar Profile Milling
Fog Seal Thin Overlay (non-structural, < 1% inch)
Chip Seals / Double Chip Seals Mill & Overlay (non-structural, < 1% inch)
Cape Seals Hot In-place Recycling
Slurry Seals Cold In-place Recycling

State departments of transportation have made great efforts to vary their perspective
towards pavement management. For example, the Nevada Department of Transportation
(NDQT) has a series of maintenance and rehabilitation policies in order to improve the
overall states’ pavement network condition (1). Some of the flexible pavements
maintenance policies include work such as chip seals, pothole filling, and patching. On the
other hand, NDOT’s rehabilitation policy incorporates techniques such as asphalt overlays
and recycling methods. In this approach budget and project scheduling become critical as
pavement conditions are greatly affected by seasonal variations (1). Significant cost
savings are anticipated when networks are proactively maintained in very good condition
and rehabilitated in fair to good condition, as opposed to reconstruction when reaching
poor and very poor conditions.

The recent pavement management system (PMS) implementation success
documented and supported by research has encouraged more local agencies into adopting
the new technology being the most cost-effective alternative to maintain their road
network.

Carson City County is located in the northwest part of the state of Nevada,

approximately thirty miles south of Reno. Carson City Public Works is in charge of



maintaining the pavement network which has 273 lane miles and an area of approximately
51 million square feet. Prior to the decision of implementing a PMS, the county came up
with an eight year slurry seal plan (plan was discontinued after 2014). Figure 1.1 shows

the segmentation the public works office created to carry out their slurry seal plan.
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Figure 1.1 — Carson City Network, 8 Year Slurry Seal Plan.

Douglas County is also located in the state of Nevada and shares borders with

Carson City County. Douglas County Public Works are in charge of maintaining a



pavement network of 174 lane miles and an area of approximately 25.5 million square feet.
Douglas County had a basic PMS, however it lacked many key inputs imperative for

appropriate operation and required extensive revisions. Figures 1.2 and 1.3 show the

network segmentation carried out by the public works office.
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Figure 1.2 — North Douglas County Network Segmenting.
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Figure 1.3 — Southeast Douglas County Network Segmentation.

The need for both of the aforementioned counties to avoid the uncontrolled
decay of their overall network condition along with their reduced funding levels lead to the
implementation of a pavement management system. This research project is intended to

support this implementation for each of these counties.

1.2. Problem Statement

Pavements will experience deterioration and eventual failure as long as they are
subjected to traffic loadings and environmental conditions. Once a pavement section
reaches failure complete reconstruction is required, which leads to the necessity of a

noteworthy amount of an agency’s budget to fulfill. However, with the reduced and limited



funding levels available for most agencies, an efficient pavement management system is
essential to improve and/or maintain the pavement condition at an acceptable level and to
extend as much as possible the service life of a pavement. This can be achieved by allowing
it only to gradually deteriorate through preventive maintenance and minor rehabilitation
techniques which have a significantly lower impact on the agency’s budget. Figure 1.4
compares the pavement condition for the two concepts of preventive maintenance versus

no maintenance throughout the life of the pavement.
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Poaor
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Figure 1.4 — Effect of Preventive Maintenance Treatments on Pavement
Performance (2).

Prior to this study Carson City Public Works lacked a pavement management
system. Annual funding was typically spent on slurry seals using the networks
segmentation. This plan lacked value since sections that were not candidates for this
maintenance technique were subject to it, this along with non-prioritized reconstruction
consumed most of the county’s budget. This approach lead to public discomfort and
continuous complaints from the users. On the other hand, Douglas County Public Works

had a basic pavement management system set up. The agency used the PAVER 6.0



Software (9) as a data management tool. Unfortunately the database lacked a considerable
amount of data and the modeling values were set to default.

Consequently, the challenge of this study was to develop an effective pavement
management system for both Carson City Public Works and Douglas County Public
Works. The system will aid in decision making for the strategical selection of both the
network section to receive treatment along with the most appropriate pavement

maintenance technique for each section, thus efficiently utilizing the limited funds.

1.3. Objective and Scope
This study was conducted to provide both Carson City County and Douglas County
Public Works with a functional pavement management system for each of their respective

networks. For this purpose, the major tasks carried out in this research were:

Identify, review, and analyze the existing pavement inventories.

Set up a pavement database for each agency by:
- Generating a pavement database in the PAVER Software (9) for Carson
City Public Works
- Updating Douglas County Public Works’ existing PAVER Software (9)
database.
e Collect and input the characteristics and past maintenance data for both counties in
order to assess the pavement condition of the respective networks.
e Develop performance models for each county according to the available data.
e Develop a pavement preservation and rehabilitation program according to the

yearly budget of each county.



CHAPTER 2 LITERATURE REVIEW
This chapter provides background information about pavement management
systems (PMS) in the United States. It summarizes the benefits, requirements, and

limitations associated with pavement management systems applied by local agencies.

2.1, Pavement Management Systems

Pavement Management Systems (PMS) provide a systematic and consistent
method for the selection of an appropriate maintenance, rehabilitation, and reconstruction
treatment along with the optimal time for application by predicting the future pavement
condition (3). Timing is vital in two aspects, first in order for a treatment to be effective it
has to be applied at a certain pavement condition, second poor timing leads to a more
aggressive treatment which translates into a considerable increase in cost. Figure 2.1
displays the economic effect of poor maintenance timing on a pavement section.

PCl

DO Excellent =

N

Good = | 40% Drop in Quality spending $1 on

preservation here, ..

. + 75% of Life
Fair =
—eliminates or delays
spending $6 to $10
on rehabilitation or

Poor =
" reconstruction here.

40% Drop in Quality

Very Poor =

12% of Life
Failed T T T T
0 5 10 15 20

Figure 2.1 — Pavement Condition Life Cycle. (4)

Since both agencies have extensive amounts of lane miles to maintain with limited
budget, a network level analysis is necessary to adequately prioritize the projects according

to the available budget. In order to achieve so and obtain the optimum results out of the



investment, a series of steps along with a data management software are required and will

be addressed individually below.

2.2, Paver 7.0.4 Software

Paver is a data management software developed by the US Army Corps of
Engineers (9). It is a tool in which all of the pavement data from a network can be input
and managed according to the necessities of the agency.

The main objective of the software is to serve as a pavement management tool. The
user interface allows data input and organization in a way that it will be readily available
for the user. It also works as a decision making tool for developing cost effective
maintenance, rehabilitation, and reconstruction alternatives for roads, streets, parking lots,
and airfields (5). The main capabilities of the software are:

e Organization of the pavement network inventory.

e Pavement condition rating from field inspection data.

e Development of pavement deterioration models.

e Determination of future pavement conditions based on present conditions and
deterioration models.

e Determination of maintenance, rehabilitation, and reconstruction needs.

e Analysis of different budget scenarios and its consequences.

e Development of pavement maintenance and rehabilitation programs.
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2.3. Pavement Management System Data Requirements
A series of basic data is required in order to have an effective pavement
management system. A list of the basic inputs required in the PAVER 7.0.4 Software (9),

in order of appearance, is shown below.

e Inventory - Distresses by severity and
- Network quantity
= ID. e Work History
= Name. - Date
- Branch - Work Category
= |D. - Work Type
= Name. - Material Type
- Section - Cost
= ID.
=  From.
= To.
=  Rank.
= Length.
»  Width.
e Inspection
- Date.

- Section’s total inspection
sample units.

- Sample units size



2.4, Assessment of Flexible Pavement Condition

In order to properly asses the existing condition of a pavement section, it is
necessary to carry out a field survey. Data collection in a proper, accurate, consistent, and
repeatable manner becomes critical since it will be the basis of project prioritization,
pavement performance, current network status, and future needs funding estimation (6).

Field surveyors must be trained to identify the different possible distress types that
can occur on an asphalt concrete pavement. Nevada Department of Transportation (NDOT)
categorizes them in four basic groups, cracking, surface deformation, patching, and surface
defects, each with individually defined distresses within the group (6). Nonetheless, since
PAVER 7.0.4 Software (9) utilizes the distresses present in ASTM D6433-11 Standard
Practice for Roads and Parking Lots Pavement Condition Index Surveys (7), each flexible
pavement distress found in the PAVER 7.0.4 Software (9) will be defined as in the
standard.

e Alligator or fatigue cracking: structural failure evidenced by a series of
interconnecting cracks caused by fatigue failure of the asphalt concrete surface
under repeated traffic loading.

e Bleeding: film of bituminous material on the pavement surface caused by excessive
amounts of asphalt binder in the mix.

e Block cracking: not load-associated interconnected cracks that divide the pavement
into nearly rectangular pieces, caused by shrinkage of the asphalt concrete and

temperature cycling.
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Bumps: small, localized, upward displacements of the pavement surface caused by
buckling or bulging of underlying Portland cement concrete (PCC) slabs overlaid
with asphalt concrete (AC), frost heave, or infiltration and buildup of material in a
crack combined with traffic loading.

Sags: small, abrupt, downward displacements of the pavement surface.
Corrugation or washboarding: series of closely spaced ridges and ripples
perpendicular to the direction of traffic, caused by the combination of traffic and
unstable asphalt concrete or base layers.

Depression: localized surface areas with lower elevation in comparison to the
surrounding pavement, caused by settlement of the subgrade or inadequate
construction.

Edge cracking: cracks within 1-1.5 feet from the outer edge of the pavement caused
by frost weakening of the base or subgrade near the edge of the pavement and
aggravated by traffic.

Joint reflection cracking: non load related distress that occurs only on AC overlays
over PCC slabs, caused by curling and/or warping of the underlying PCC slab.
Lane to shoulder drop-off: difference in elevation between the pavement edge and
the shoulder caused by erosion, settlement, or improper shoulder construction.
Longitudinal and transversal cracking: longitudinal cracks are parallel to the
movement of traffic and are typically caused by poorly constructed lane joint,
shrinkage of the AC layer, or reflective cracking (not from PCC slab joints).
Transverse cracks approximately form a ninety degree angle with the pavement

centerline and are associated with thermal contraction of the AC layer.
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Patching and utility cut patching: area of existing pavement that has been extracted
and replaced with a new material in order to repair the pavement structure or due
to a utility cut.

Polished aggregate: smoothening of the exposed aggregate of the AC layer caused
by repeated traffic loading.

Potholes: small, bowl shaped depressions in the pavement usually caused by a
combination of other surface distresses with traffic and climatic conditions.
Railroad crossing: defects nearby train tracks.

Rutting: structural failure evidenced by surface depressions under the wheel path
caused by a failure of one, several or all of the layers forming the pavement
structure (AC uplift can occur on the sides of the rut depending on the failed layers).
Shoving: permanent displacement of an area of the AC layer surface caused by
traffic loading.

Slippage cracking: half-moon shaped cracks with both ends pointed in the direction
of traffic due to a poor bond between the surface and underlying layer. Caused due
to repeated braking and/or turning of the tires which produce slipping of the surface.
Swelling: long upward bulge in the pavement surface caused by swelling and/or
frozen of the subgrade.

Raveling: dislodging of aggregate particles from the asphalt concrete layer due to
poor mix quality, low binder content, low compaction, segregation, stripping or a

combination of these.
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e Weathering: wearing away of the fine aggregate and asphalt binder matrix (mastic)
of the AC layer due to asphalt binder aging, low compaction, low asphalt binder
content, excessive fines in the mix, surface water erosion, and traffic.

The levels of severity of each distress depend on the effect it has on either the

soundness of the pavement structure, the ride quality, or a combination of both.

2.5. Flexible Pavement Condition Assessment for Network Level Analysis

In order to evaluate the condition of the pavement through visual inspection a
standardized method is required. PAVER 7.0.4 Software (9) utilizes the ASTM D6433-11
standard which uses the Pavement Condition Index (PCI) concept. PCI is a numerical
indicator that serves as a rating value of the pavement surface based on the observed
distresses (7). It is worth mentioning that PCI does not measure the structural capacity, skid
resistance, nor roughness of the pavement structure. Its sole purpose is to provide a basis
for maintenance, rehabilitation, and reconstruction planning and prioritization as well as
serving as an indicator of the suitability of the agency’s design and maintenance
techniques. The steps required to obtain the PCI value will be individually addressed
below.

The first step in obtaining the PCI value is to delimit the network, which typically can
be identified as the group of pavements that an agency is in charge of maintaining. This
group must be separated into branches depending on the agency’s road use. A branch is an
easily identified part of the pavement network that has a distinct use such as an individual

street or a parking lot (3).
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Since a branch does not necessarily have consistent characteristics throughout its entire
extension, it is necessary to divide it into smaller, uniform areas known as sections. This
segmentation is done based on the agency’s judgement, however, aspects such as
construction history, traffic, functional classification, drainage facilities and shoulders,
existing condition, and section size are typically considered.

Once the network is divided into sections, it is necessary to identify sample units. In
flexible pavement inspection a sample unit is defined as an area of about 2500 + 1000
square feet (3). It is noteworthy to mention that the segmentation is done at convenience
and not all sample units must have the same size.

Recent technology advances have made automated field data collection a possibility by
reducing the pavement inspector’s workload to video analyses of the recorded data.
Nonetheless, due to funding limitation, some agencies still use more conventional data
collection methods. Hence a manual survey is required where inspecting all of the sample
units becomes a very challenging task. Therefore, to assure a 95% confidence level, a
minimum amount of inspected sample units per section is required. Network level
management requires fewer sample units inspected per section than project level. This can
be explained by the fact that network level analysis is not concerned with preparation of
work plans and contracts but is more focused on the maintenance, rehabilitation, and
reconstruction needs of the entire network. Table 2.1 provides two examples of network

level valid criterions used to obtain the number of sample units to survey.
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Table 2.1 — Network Level Sampling Criterion Examples. (3)

For network level analysis sample units to be inspected must not be randomly
chosen, they must be representative of the overall condition of the section under study.
Also, when dealing with an apparent outlier sample unit it should be considered as an

“additional” and not a representative sample unit which slightly varies the computation of

the PCI value.

Once the segmentation is completed and the survey sample units selected, the
condition survey can be carried out. Each distress type, extent, and severity observed
throughout the sample unit should be recorded according to the ASTM D6433-11 Standard
Practice for Roads and Parking Lots Pavement Condition Index Surveys (7). Table 2.2

summarizes the possible distresses discussed in section 2.4 along with their severity levels,

and quantity units.

No. of Sample No. of Units to be No. of Sample No. of Units to be
Units in Section inspected Units in Section inspected
(N) (n) (N) (n)
1-5 1 1 1
6-10 2 2-4 2
11-15 3 5-20 3
16 - 40 4 >20 4
10% (round up to
>40 next whole sample
unit)
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Table 2.2 — Flexible Pavement Distress Summary

Distress Severity Level Units
Alligator Cracking L-M-H Ft?
Bleeding L-M-H Ft?
Block Cracking L-M-H Ft?
Bumps/Sags L-M-H Linear Ft
Corrugation L-M-H Ft?
Depression L-M-H Ft?
Edge Cracking L-M-H Linear Ft
Joint Reflection Cracking L-M-H Linear Ft
Lane/Shoulder Drop-off L-M-H Linear Ft
Longitudinal and Transversal Cracking L-M-H Linear Ft
Patch/Utility Cut L-M-H Ft?
Polished Aggregate N/A Ft?
Pothole L-M-H Number of occurrences
Railroad Crossing L-M-H Ft?
Rutting L-M-H Ft?
Shoving L-M-H Ft?
Slippage Cracking L-M-H Ft?
Swelling L-M-H Ft?
Raveling -H Ft?
Weathering L-M-H Ft?

*Severity levels: L: Low: M: medium; H: high.
The use of an adequate data collection sheet while conducting a manual inspection
is strongly recommended as it facilitates the PCI calculation, Figure 2.2 shows an example

sheet of a sample unit data collection.
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Figure 2.2 — Pavement Condition Survey Data Sheet. (7)

Once all sections are inspected the PCI value can be calculated. The calculation

steps required are outlined as follows.

1. Add the total amount of each distress type at its corresponding severity level.

2. Divide the total quantity calculated in step 1 by the total area of the sample unit and

multiply by a hundred to obtain a density percentage.

Determine the deduct value (DV) using the density calculated in step two and the

deduct value curves for the corresponding distress and severity level. Figure 2.3

shows an example of a deduct value curve, the deduct value curves for every

flexible pavement distress can be seen in Appendix B.
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Figure 2.3— Alligator Cracking Deduct Value Curves. (7)

4. The corrected deduct values (CDV) must be determined, if one or none of the
deduct values calculated in step 3 is greater than two, use this value instead of the
corrected deduct value, if not determine the CDV as follows:

e List the deduct values from greater to larger, and identify the highest deduct
value (HDV).

e Determine the allowable number of deduct values (m) from Equation 2.1,
9
m=1+ (E) (100 — HDV) < 10 (2.1)

e Reduce the number of deduct values to m (include fractions of the number),
this reduction is made on the list that was previously rearranged from largest
to smallest. If the total amount of deduct values is lower than “m” include
all of the deduct values in the analysis.

e Determine “q” which is the total number of deduct values greater than two.

e Obtain the total deduct value by adding the individual deduct values.
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e Repeat the prior step while changing the lowest deduct value to 2.0 until

g=1.

€ 9

e Determine the CDV for each total deduct value and its corresponding “q

from Figure 2.4.
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Figure 2.4 —Corrected Deduct Value Curves. (7)

From all of the corrected deduct values, the maximum corrected deduct value (max
CDV) is obtained and the PCI is calculated with Equation 2.2.
PCI = 100 — max CDV (2.2)
PCI must be corrected if any of the two following cases occur:
e A sample unit has a distress that has two severity cases the highest PCI of
the two options below must be selected:
= PCI with the individual distress percent of each severity.
= PCI with the summation of the distress percentages at both severity
levels as if this total was the higher severity.

e A sample unit has a distress that has all three severity cases the highest of

the options below must be selected:



= PCI with the individual distress percent of each severity.

= PCI with the summation of the distress percentages at low and
medium severity levels as if this total was medium severity and the
high severity distress.

= PCI with the summation of the distress percentages at medium and
high severity levels as if this total was high severity and the low
severity distress.

= PCI with the summation of the distress percentages at low and high
severity levels as if this total was high severity and the medium
severity distress.

= PCl with the summation of the distress percentages at low, medium,
and high severity levels as if this total was high severity.

Once all of the sample units are surveyed and their respective PCI value
determined, the overall PCI of the section (PCls) must be calculated. If all the sample units
were randomly selected the average area weighted PCI shown in Equation 2.3 is used.
However, if additional sample units were surveyed, the overall section PCI calculation
varies and the additional units PCI (PCla) is calculated as a weighted PCI (same as Equation

2.3) and Equation 2.4 is used to calculate PCls.

PCl, = PCI, = —2i=12(,’j“:*_“”) (2.3)
i=14711

Where:
PCI,. = area weighted PCI of randomly surveyed units.

PClI,; = PCI of random sample unit i.
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A,; = areaof random sample unit i.
n = total number of surveyed sample units.

PCI, = P—“;(A—Zi=1Aai31+m(Zi=1Aai) (2.4)

Where:

PCI, = areaweighted PCI of additional surveyed units.

A, = areaof additional surveyed unit i.

m = total number of additional surveyed sample units.

An example of the computation of the PCI for a section is shown in Appendix A.
Once the calculation is completed, the section can be ranked according to the PCI value
obtained. Table 2.3 shows ASTM D6433-11 (7) ranking categories according to their PCI

value.

Table 2.3 - ASTM D6433-11 PCI Ranks. (7)

PCI Range Rank
100 -85 Good
85-70 Satisfactory
70 —55 Fair
55-40 Poor
40 — 25 Very Poor
25-10 Serious

10-0 Failed

2.6. Pavement Performance Modeling

The prediction of pavements behavior throughout their service life is imperative for
a pavement management system. In order to achieve a correct prediction for a select
pavement group, an adequate performance model must be developed.

Prediction models for network level analysis are mainly used to prioritize

maintenance, rehabilitation, and reconstruction (M, R, & R) requirements. Also they
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become imperative when long-term planning scenarios are required since applying or
delaying a treatment for a specific section would affect both the rate of deterioration of the
pavement as well as the agency’s budget (the level of M, R, & R could vary).

Multiple techniques such as straight line extrapolation, regression analysis, S-
shaped curves, probability distributions, polynomial least squared, or Markovian can be
used to determine prediction models (3).

PAVER 7.0.4 Software (9) utilizes the “Family Method” which consists of a series
of steps for developing a performance model, these steps are individually addressed below.

1. Pavement family definition: several factors such as functional classification, surface
type, zone, latest construction date, or a group of pavement that deteriorate similarly
may be used to define the family. Upon the available data ant the targeted precision
of the model, the number of families can be defined by the agency.

2. Data filtering: data points that the agency is suspicious about or does not have
certainty of its source must be filtered. When a same section has a considerable
increase in PCI within consecutive inspections, the section was most likely subject
to a major rehabilitation or reconstruction and therefore must be excluded or moved
to a different family. The software also allows the user to set boundaries for which
whatever point that exceeds these boundaries is excluded from the analysis.

3. Outlier analysis: once the obviously erroneous data points have been filtered in step
2, a statistical analysis is carried out with the remaining points. This way pavements
with unusual performance will not affect the behavior of the model. The software
carries out this procedure by calculating the differences between the observed and

predicted PCI values for a polynomial least error curve (3). These differences are
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known as prediction residuals and follow a statistically normal distribution which
allows a confidence level to be set (8)

Family model development: once the data has undergone both the data filtering and
the outlier analysis, a polynomial least square error curve is developed. It is
noteworthy to mention that this polynomial equation must be constrained due to the
fact that pavement can only deteriorate with time, therefore a positive slope will is
not possible.

Prediction of future conditions: since the prediction model will represent the
average conditions of the family according to the input data, the prediction of any
value that deviates from the average is calculated upon its position relative to the
family model. Since the assumption of a family model is that the sections within
the family deteriorate at the same rate regardless of the age, to those sections that
differ in PCI from the model, the prediction curve is drawn through this point and
parallel to the family model as shown in Figure 2.5.
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Figure 2.5 —Modified Prediction Curve. (3)
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2.7. Maintenance, Rehabilitation, and Reconstruction Planning

One of the main objectives of a pavement management system is to apply the right

treatment on the right section at the right time. Due to budget limitations planning becomes

of great importance to achieve this objective.

Paver 7.0.4 Software (9) has four categories in which maintenance and

rehabilitation (M&R) fall under.

Localized stopgap M&R: pavement sections under the critical condition for which
there is not enough funding to reconstruct, therefore the localized distresses are
repaired to maintain the pavement in a safe operational condition. Treatments are
selected based on the existing distresses.
Localized preventive M&R: pavement sections above critical condition which have
localized distresses, maintenance activities such as crack sealing and patching are
carried out in order to avoid an accelerated rate of deterioration. Treatments are also
selected based on the existing distresses
Global preventive M&R: activities applied over the entire area of the pavement
section, these treatments’ goal is to retard the deterioration of the pavement and
therefore extend its service life. Surface treatments and thin asphalt overlays form
part of this category, the recommended treatment is selected based on the existing
condition of the pavement. This condition can fall in any of the following
categories.

= Minimum or no distresses.

= Climate related distresses

= Skid related distresses
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e Major M&R: these activities target severe functional problems and/or structural
deficiencies within the section’s structure. Structural deficiencies are defined
according to the percentage of existing distresses over the section area, for flexible
pavements the percentages used in the Paver 7.0.4 Software (9) are summarized in
Table 2.4. Structural overlays, recycling techniques, and reconstruction fall upon
this category, the section PCI is reset to 100 after any treatment under this category

is applied.

Table 2.4 — Flexible Pavement Structural Deficiency Definition. (3)

. Severity Percentage of

Distress Combination* Section Area
Alligator Cracking L+M+H > 0.5%
Patching M+H > 10%
Potholes L+M+H > 0.1%
Rutting M+ H > 1.0%

*L: low; M: medium; H: high

Three methods are built into the software, the minimum condition, the consequence
of localized distress maintenance, and the critical PCI. This later one is based on the
assumption that it is more cost effective to maintain pavements in good condition rather
than addressing pavements that have already failed (3). Therefore since the target of a well-
functioning PMS is to use the existing budget in the most cost effective manner, the critical
PCI method is the best analysis option.

The critical PCI is the value that if surpassed, the condition of the section will
significantly decrease with time. At this point it would no longer be a candidate for
rehabilitation techniques but would require reconstruction which is significantly

detrimental to the budget. Agencies must define their critical PCI according to their goals,
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judgement, and past experiences. Figure 2.6 illustrates the way categories are assigned

according to the critical PCI method.
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Figure 2.6 - M&R Categories Assigned According to a Critical PCI of 60. (3)

Localized M&R and stopgap M&R have no effect on the service life of the section
consequently the PCI is not affected by treatments under these categories. . On the other
hand, when global M&R is properly timed it will indeed increase service life which will
have to be reflected in the PCI value. To take this into consideration the increase in the
pavement life due to each treatment is specified and the effective increase in PCI is
calculated depending on the performance model the section is assigned to. When an agency
has found that some localized treatments do increase the service life of the pavement, the
global M&R procedure may be used. Any major M&R will immediately take the PCI of
the section to 100.

The critical PCI method intends to maintain as much of the network above the
critical PCI value to reduce the amount of major M&R and increase the amount of localized
M&R and global M&R. The budget is prioritized according to the M&R categories in the

following order.
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1. Localized stopgap M&R
2. Localized preventive M&R
3. Global preventive M&R
4. Major above critical M&R (only when structural deficiency is present)
5. Major below critical M&R
It can be seen that besides the localized stopgap, the categories are ordered to
optimize budget by addressing preventive maintenance the highest priority. When an
agency considers localized stopgap M&R should not be carried out and those sections
should be allowed to furtherly deteriorate, this category can be excluded from the analysis.
Within each category a prioritization must also be carried out, parameters such as
functional classification and use are the factors that come into play for this prioritization,
each agency must set its priorities according to their objectives. Most likely more than one
section will fall within the same category and share a priority factor. At this point the

section with the PCI closest to the critical PCI would be prioritized.

2.8. Study Cases

The need for a tool to manage assets corresponding to pavements is undeniable,
thus departments of transportation, cities, and county agencies throughout the United States
of America have adopted pavement management systems. Selected cases will be discussed

below as an example in order to fully comprehend the importance of these systems.

2.8.1. California Department of Transportation (Caltrans).
Caltrans has dedicated an office exclusively to pavement management and

performance, its main objective is monitoring all of the performance of its state highways.



In order to achieve this, pavement condition data is collected and processed by the PaveM
software (11) for pavement maintenance and rehabilitation strategy recommendations.

PaveM Software was developed by Caltrans as a tool to assist management with
cost effective decision making regarding maintenance, rehabilitation and reconstruction
(12). It intends to have readily available information from various sources to improve
pavement analysis, recommend proactive strategies based on the department’s policies, and
predict future conditions with the help of performance models to assure proper budget
allocation. Also the software has the capability to carry out optimization for both network
and project level along with standard maps and reports generation from any of the available
data.

The basic inputs for the software come from the existing pavement management
information branch system, any ground penetrating radar (GPR) data collections, and all
automated pavement condition surveys.

The existing data prior to the development of the software was provided by the
information branch and later inputted in accordance with the required format.

Ground penetrating radar, geographic coordinates, coring and soil sampling data
provide a geographically localized highway network structure inventory of layer
thicknesses and materials.

Automated pavement condition surveys provide pavement surface types, pavement
images, and longitudinal and transverse surface profile. All of this data is later analyzed to
compute international roughness index (IR1), mean profile depth (MPD), and a pavement

condition indicator for the entire network.
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2.8.2. City of Los Angeles, CA.

The city of Los Angeles is in charge of maintaining a network of approximately
6,500 centerline miles. As of 1982 the Bureau of Street Services managed to create a
Pavement Management System in order to monitor and maintain this network. At that time
due to the network’s size and the limitations in budget it was decided to carry out a
windshield survey every five years to assess the condition of the pavement. As of 1998 the
Micro Paver System (renamed to Paver), was adopted to select the most economical M&R
strategy based on the section’s PCI (12).

Currently the network is divided into two categories, select and local streets. Select
streets are all non-residential streets which connect distant locations while local roads are
residential streets. Table 2.5 summarizes the characteristics of these two street types.

Table 2.5 — City of Los Angeles Street Type Characteristics (12)

Centerline

Street Type Miles Width Traffic Service Life
Select ~ 2,600 45 —100 ft. Heavy 15 — 20 years
Local = 3,900 15— 45 ft. Local 30 — 35 years

The network counts with 5,840 centerline miles of asphalt concrete, 493 centerline
miles of Portland cement concrete, and 107 centerline miles of other types.

The city developed a pavement rating system for which they defined a PCI range,
the structure’s condition, and the type of maintenance required. The pavement rating

system for City of Los Angeles is summarized in Table 2.6.
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Table 2.6 — City of Los Angeles Pavement Rating System (12)

Rank Condition PCI Physical Condition Maintenance
Range
= No cracking
A Good 100-86 | = No oxidation None
» No base failure
= Minimal cracking
B Satisfactory 85-71 | = No oxidation Slurry Seal
*= No base failure
. = Minimal cracking AC Maintenance
C Fair 70-56 | 0 — 5% base failure Overlay
(1.0-2.01in)
= Some cracking AC Resurfacing
D Poor 55-41 |\ 6350 base failure (20-25in)
= Major or unsafe cracking AC Resurfacmg.
E Very Poor 40-0 « 36 50% base fail and/or Reconstruction
6 base failure .
(6.0—12.0in)

The network has a total of 69,000 sections which were routed manually to assure
accurate pavement data. An automated vehicle carries out the distress data collection,
digital images of the street surface are captured while laser beams capture roughness and
rutting. The data is then processed at two work station in an office, both digital images and
laser profiles are analyzed by a software for each of the 69,000 sections. Once the analysis
is complete, through the Paver Software (9) PCI computation along with a critical PCI
method M&R budgeting scenarios are carried out.

In 2011, a ten year plan was prepared to improve the overall network condition to
a PCI value of 80. This strategy consisted of assigning $19 million in preventive
maintenance (slurry seals) and $243 million for maintenance overlays, resurfacing, and
reconstruction. Nevertheless, this funding was not realistic since prior to 2011 the annual
budget was approximately $85 million. Another scenario to maintain the pavement in the
current condition was carried out and the required budget was $126 million. Therefore both

planning scenarios had a significant shortfall (12).
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From 2011 to 2015, the maintenance program extended the service life of streets in
good condition by applying between 1,100-1,545 lane miles of slurry seal per fiscal year
and 800-900 lane miles in fair and poor condition have been rehabilitated (13).

The City of Los Angeles through its PMS has managed to maintain the overall PCI
of their network with a considerable shortfall in their budgets. Nonetheless the public
works office continues to search for funding to increase their yearly budget as well as
processes and equipment to increase recycling of materials to reduce costs. This effort is

made due to the high risk posed if the network is left to deteriorate at an uncontrolled rate.

2.8.3. Nevada Department of Transportation (NDOT).

Pavement management systems are only useful when pavement preservation
techniques are proven to extend the service life of pavement sections under the appropriate
conditions. The Nevada Department of Transportation (NDOT) along with the University
of Nevada at Reno (UNR) evaluated the long-term performance of the preservation
activities typically implemented by NDOT to validate their use is cost effective (14).

Performance was assessed based on the present serviceability index (PSI) at the
time of application, the treatment objectives were to hold the current condition, improve-
extend pavement performance, or prevent the deterioration of the section. PSI was
calculated with Equation 2.5, NDOT’s flexible pavement equation at the time the analysis

was carried out (14).
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PSI =5 % ¢(700041<IRI) _ 1 38« RD2 — 0.03 *\/C + P (2.5)
Where:

IRI = international roughness index (in/mi).

RD = rut depth (in).

C = cracking (ft/1000 ft?).

P = patching (ft?1000 ft?).

Since NDOT is in charge of maintaining state routes (SR), U.S. routes (US), and

interstates (IR), sections from all categories were analyzed. The pavement preservation

activities analyzed along with their performance are listed below.

Chip seal: effective on SR regardless of pretreatment PSI and on US and IR with a
pretreatment PSI greater than 2.8.

Sand seal: more effective on SR with pretreatment PSI greater than 2.5, not applied
on IR.

Scrub seal: similar effectiveness on SR with pretreatment PSI greater than 2.5 and
US with pretreatment PSI greater than 2.8, not applied on IR.

Fog seal: low benefits on SR, US, and IR. Benefit observed when SR pretreatment
PSI greater than 2.5 and US and IR pretreatment PSI greater than 2.8.

Crack filling: more effective on SR than US and IR roads, particularly for SR
pretreatment PSI greater than 2.5

Maintenance overlay cold mix: highest effectiveness on SR when pretreatment PSI
is greater than 2.5, also effective on US roads.

Machine patching paver laid plantmix: effective on both SR and US roads.



e Machine patching blade laid cold mix: low benefit to performance on both SR and

US roads.

e Machine patching blade laid plantmix: higher effectiveness on SR than US and IR
roads.

Recommended preservation activities depend on the present serviceability index
(PSI), roughness of the pavement section prior the application of the treatment, rut depth,
fatigue cracking, block cracking, and thermal cracking. The activities listed above are
arranged based on expected performance, pavement life extension, and benefit cost
analysis.

Treatment performance is of great use for pavement management systems at the
project level. The prioritization at the network level recommends the sections to be
addressed; however the pavement engineer must then conduct a field evaluation of the
actual condition of the pavement and recommend the most appropriate treatment with the

most cost effective outcome based on performance.

2.8.4. Washoe County, NV.

The Washoe Regional Transportation Commission (RTC) in combination with the
University of Nevada at Reno carried out a study to determine the optimum time and
effectiveness of single and sequential applications of slurry seals on flexible pavements
(15, 16). The necessity to carry out the study came from shrinking agency budgets and the
need to make cost effective decisions in the future.

The overall objectives of the study were to evaluate the field performance of single

and sequential slurry seal applications and to develop performance models for pavements
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with no preventive maintenance, a single slurry seal (applied at age 0, 1, 3, 5, 7, and 9),
and sequential slurry seals (second slurry seal applied at ages 7 or 9) for each age of
application in order to identify the optimum time of application for the RTC region (16).
Newly constructed and recently overlaid pavement sections from Washoe County, City of
Reno and City of Sparks where evaluated. A total of 2866 sections formed part of this
study, Table 2.7 summarizes the distribution of the evaluated sections.

Table 2.7 — Evaluated Section Distribution (15)

Newly
Treatment Constructed Overlaid Sections Total Nu_mber o
. Sections
Sections
No treatment 525 1,848 2,373
Single Slurry Seal 85 236 321
Two Sequential Slurry Seals 82 90 172

Participating agencies facilitated PCI data which was used to develop performance
models for all of the study cases. Arterial, collector, and residential (local) roads fourth-
degree polynomial performance models were generated for newly constructed and overlaid
sections with no treatment, single slurry seal, and sequential slurry seal. Table 2.8
summarizes the generated performance models for new construction do-nothing scenario
by functional classification.

Table 2.8 — Generated Performance Models for New Construction (Do-Nothing) (15)

Functional . )
Classification Equation R N
Arterial PCl= -0.0058AGE“+0.1863AGE®-1.7141AGE?-0.6472AGE+99.752 | 0.978 | 36

Collector PCI=  0.001AGE*-0.0312AGE®+0.2715AGE?-4.4837AGE+100.77 0.979 | 33

Residential PCl= -0.0026AGE*+0.0891AGE®-0.9833AGE?-0.8446 AGE+99.24 0.911 | 525

Once models were generated, the treatment life and life extension product of the

treatment were obtained. The no treatment model and the slurry seal treatment model were
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plot together, the treatment life is the time it takes the pavement to return to the original
PCI value if no treatment was applied, the life extension is the difference in age from where
each model reach the set threshold PCI value (40 was used in this study). Figure 2.7 shows

the treatment life and life extension of a single application of two sequential slurry seal

applications.
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Figure 2.7 — Performance Models for a Newly Constructed Residential Section with
No Treatment and Two Sequential Slurry Seals Applied in Year 3 and 9. (16)

It was concluded that the optimum time for a slurry seal application depends on
the type of construction activity, for newly constructed pavements the optimum time is
three years after construction and for overlaid pavements the optimum time is between
three and five years (15). However, to simplify the agencies task it was recommended for
the slurry seal to be applied at year 3 regardless of the construction activity. For two
sequential slurry seals on the other hand, the optimum application time for the first slurry
seal is year 3 while the second should be applied in year 7 (15). These ages can also be

seen as threshold PClI values, Table 2.9 summarizes the recommended values according to
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the construction type. These recommendations will be of use for both of the public works
pavement preservation and rehabilitation programs.

Table 2.9 — Recommended Threshold PCI Values for Slurry Seal Applications (16)

Threshold PCI Values

Construction Type

First Slurry Seal Second Slurry Seal
Application Application
Newly Constructed Sections 90 — 87 86
Overlaid Sections 87 -85 77




CHAPTER 3 DATA ANALYSIS
This chapter provides detailed information about the data and the analysis methods
used in this study. In addition, a detailed description of the Carson City Public Works data

decryption process is provided.

3.1. Carson City

Carson City Public Works contracted the Infrastructure Management Services
(IMS) consulting firm (20) to collect pavement distress data using automated technology.
This firm utilizes vehicles that move all across the agency’s network while recording the
pavement surface. The recorded videos are then analyzed and the surveyed section area
and appropriate distresses are determined.

A major setback of using Cartegraph’s asset management tool (10) was the
difficulty to extract the measured data. Also the lack of information concerning the internal
calculation procedure used in the software. After completing the data extraction a
decryption process was necessary. Table 3.1 summarizes the data categories found in the
output from a survey carried out in 2011. Some categories were excluded from the analysis

as the method of procurement and/or calculation didn’t provide meaningful information.
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Table 3.1 — Cartegraph Output Data Categories.

Cartegraph Output Spreadsheet Categories

Street ID Total Rut Patching Low
Segment ID Alligator/Divided Slab Low Patching Moderate
On Street Alligator/Divided Slab Moderate Patching High
From Street Alligator/Divided Slab High Rut Low
To Street Bleeding/Polished Aggregate Low Rut Moderate
Pavement Classification Bleeding/Polished Aggregate Moderate Rut High

Functional Classification

Bleeding/Polished Aggregate High

Raveling/Joint Spall Low

GIS Width Block/Scaling Cracking Low Raveling/Joint Spall Moderate
PMS Width Block/Scaling Cracking Moderate Raveling/Joint Spall High
GIS Length Block/Scaling Cracking High Edge/Corner Break Low

PMS Length Distortion/Faulting Low Edge/Corner Break Moderate
GIS Area Distortion/Faulting Moderate Edge/Corner Break High
PMS Area Distortion/Faulting High Roughness Index (RCI)

IRI Linear Crack (trans/long) Low Surface Distress Index (SDI)

Left Rut Linear Crack (trans/long) Moderate Overall Condition Index (OCI)
Right Rut Linear Crack (trans/long) High Current OCI

3.1.1. Data Analysis

The available data from the 2011 network survey was thoroughly analyzed deeply
in order to fully understand the variables. Several categories such as roughness index
(RCI), surface distress index (SDI) and overall condition index (OCI) required extensive
work due to their importance.

Analysis showed that the OCI takes into consideration distresses and ride quality,
therefore, SDI and RCI are taken into consideration for the calculation of OCI. The weight
factors assigned by Cartegraph (10) for the calculation of the OCI were found to be 20%
of the RCI and 80% of the SDI.

It was found that SDI is a numerical rating of the pavement condition based on the
present distresses on the surface of the pavement. It ranges from zero to one hundred, with
zero being the worse and one hundred the best possible condition. Due to the similarity of
the definitions of the SDI and ASTM D6433-11’s PCI (7), an excel sheet following the

latter procedure was created to verify that the SDI values obtained from Cartegraph (10)
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were indeed PCI values. Figure 3.1 shows an example of the distress deduct value curves

developed.

100
DV =12.043In(DD) + 33.976

90
DV = 10.693In(DD) + 24.152

[
TE DV = 8.5251In(DD) + 15.323
(7]}
a
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(a)
100
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E
©
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g
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(b)
Figure 3.1 — Generated Deduct Value Curves for: (a) Alligator Cracking and (b)
Rutting.

A total of 100 random surveyed areas were verified in the spreadsheet and later
validated in the Paver 7.0.4 Software (9). It was found that the SD1 and the PCI were indeed

equivalent. Table 3.2 summarizes the results from this analysis on five random sections.
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Table 3.2 — Recommended Threshold PCI Values for Slurry Seal Applications (16)

Branch ID Section ID SDI Spreadsheet Paver
Goni 102 19 16 19

Windridge 575 82 79 82

Mayflower 577 48 50 49
Karin 1018 73 73 73
Roop 1092 75 72 74

The RCI was not thoroughly analyzed since there was no available records of the
equipment used to measure the International Roughness Index (IRI) and it was not crucial
once the SDI calculation was figured out.

Nine types of distresses were surveyed by Cartegraph (10) and only eight were
found in Carson City’s network due to the fact that there was no concrete sections. The
most prominent distresses found were linear cracking, patching, and rutting as 98.3%, 49%,
and 35% of the sections respectively exhibited those distresses.

A major limitation was the lack of original construction dates and work history of
a big percentage of the network’s sections. Construction information from sewer lines was
found to be the only feasible approach to approximate the construction dates of the sections.
The original pavement construction dates for these sections were estimated from these
dates under the assumption that every time any sewer line was installed there was either a

pavement construction or a reconstruction.

3.1.2. Data Input
After the data was cleaned and put to a format where all of the required input

categories were identified with ease, the input process began. The network was broken
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down into 817 branches and, 2,950 sections of which 226 are arterials, 477 are collectors,
2239 are locals, and 8 are unpaved. Once the branches and sections were identified, the
data input was carried out. The list of steps of the entire process is shown below.
1. Select the network name (Carson City) and ID (CC).
2. The network’s branches are defined as any road, street, lane, drive, avenue, court,
way, circle, loop, and boulevard. For each branch it is necessary to input its name,
ID, and use.
3. Sections were maintained as in the Cartegraph (10) inspection files and GIS file.
Every section has the following basic input parameters:
= Section ID
= From
= To
= Original construction date
= Length
=  Width
= Rank (Primary, Secondary, Tertiary)
= Surface type (AC or PCC)
Additionally traffic and street type tabs were created. The first was obtained for the
available roads from NDOT’s Traffic Records Information Access (TRINA) (17)
application. The average traffic from 2010 to 2014 was used by recommendation
of Carson City Public Works. The later was used to assure future database users

could identify the functional classification of each section.
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4. Each inspection must be done individually. The required parameters are listed

below.
= Inspection date
= Section’s total sample units
= Sample unit number (when multiple sample units exist)
= Sample unit area
= Sample unit type (random or additional)

= Distress type, severity, and quantity.

Figure 3.2 shows the inspection window from the Paver 7.0.4 Software (9) for

2015’s survey of Boeing Way section 140.
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Figure 3.2 — Paver 7.0.4 Software Sample Unit Inspection Window. (9)

5. The work history was obtained from the agency’s archives, the inputs required for
each historical treatment are the following:
=  Work category (Major MR, Global MR, Localized MR, Layer Construct)
=  Work date
= Work type
= Material Type
= Thickness (when applicable)
= Unit cost and quantity or total cost.
6. Every individual section must be manually assigned to the corresponding section
in the shapefile.
This process was carried out for each section and two complete inspection surveys,
more than half a million data points had to be manually inputted into the Paver 7.0.4

Software (9) database.

3.2. Douglas County
Douglas County Public Works had an existing database in a previous version of the
Paver Software. A deep analysis of the existing data within the database was necessary to

assess its validity.

3.2.1. Data Analysis
A total of 504 sections were found, these were broken down into 4 arterial (section

rank “B”), 62 collectors (section rank “C”), and 438 local roads (section rank “E”’). Within



these 504 section a total of 244 were assigned as asphalt concrete and 260 as surface
treatments.

Next the work type history was looked into, 4 work types were found and only 28
sections were subject to any work. The work types along with the respective number of
sections subject to them are listed below.

e Slurry seal: 12 sections

e 2.5” overlay: 5 sections

e Single chip seal: 9 sections

e Double chip seal with fabric: 2 sections

Evidently the amount of sections subject to these treatments throughout the years
was higher but the data was never input into the database.

According to ASTM D6433-11 (7), as of 2014, the existing condition of the
pavement network for Douglas County was as shown in Figure 3.3.
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Figure 3.3 — PCI Distribution by Surface Area. (9)
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It was observed that even though there are 438 local road sections, some
discrepancies within the historic values were found. Only 162 roads were identified as local

roads (section rank “E”), the remaining 276 were separated in section ranks “T”” and “S”.

3.2.2. Data Corrections and Input

The surface type for the surface treatments (ST) was changed to asphalt concrete
(AC). The surface treatments appeared as a surface type; however, there was no records of
any surface treatment in the work history. The agency was consulted about this issue but
no records to support the data were found, it was then decided to change all of them to AC
to avoid errors in the performance model generation. Figure 3.4 shows and example of the

issue exposed above.
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Figure 3.4 — Branch Vista Grand, Section 1 Surface Type and Work History.
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The 276 sections which had section ranks of “T” and “S” in the historical values

were modified to match their current values (section rank “E”) to have a consistent

database.

A 14 page file summarizing the maintenance and rehabilitation carried out on the

network over a 10 year period (2004-2014) along with a 2015 network survey were added

to the work history in the database.

Due to the lack of work history data the agency developed a work history

spreadsheet from their archives. Within the spreadsheet four scenarios were found, and for

each of them a different approach was followed. A list of these scenarios is shown below.

Maintenance, rehabilitation, and/or reconstruction work history was added for 359
sections to the database. Within these sections it was discovered that only 77
sections had an original construction date (OCD), 54 sections had a dedicated date
which was used as an OCD, and 228 sections lacked an OCD. For these 228
sections the agency was able to come up with dates for 140 of them, the remaining
88 were changed to the nearest decade prior to their last work done (e.qg. if the first
treatment was applied in 1994, the OCD was fixed to 1990).

A total of 91 sections were not present in the spreadsheet, these sections were not
modified in the database.

Within the spreadsheet 54 sections had no work history, the sections within the
database were left as existed.

Some sections were part of the work history spreadsheet but not part of the paver
database. These 31 sections were not added to the database since they are no longer

part of the agency’s network.
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CHAPTER 4 PERFORMANCE MODELS
This chapter presents in detail the process to develop the performance models for
each county. In addition, it provides the section assignment of all the models generated

within the Paver 7.0.4 Software (9).

4.1, Data Selection

The climatic conditions of the state of Nevada lead to the decision that polymer-
modified asphalt binder should be mandatory to improve the performance life of asphalt
pavements. It was necessary to decouple the sections that were constructed with
unmodified asphalt binder (PG64-22) from those constructed with polymer-modified
asphalt binder (PG64-28NV). Both agencies decided to use full depth polymer-modified
asphalt mixtures starting in 2007 as a common flexible pavement construction practice.

Multiple scenarios had to be evaluated to achieve definite performance models
representative of the pavement deterioration rates encountered in each agency. Table 4.1
summarizes all scenarios generated during the development of the performance model
family of curves. Each model requires a selection of the data that will comprise it, such

selection is critical to assure appropriate model generation
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Table 4.1 — Generated Trial Performance Models by County.

Carson Douglas
City County

X

Model

Combined Unmodified and Polymer-Modified Asphalt Binders’ Sections for
Arterial, Collector, and Local Roads

Combined Unmodified and Polymer-Modified Asphalt Binders’ Sections for
Arterial and Collector Roads

Unmoadified Asphalt Binder Sections for Arterial Roads

Polymer-Modified Asphalt Binder Sections for Arterial Roads

Combined Unmodified and Polymer-Modified Asphalt Binder’s Sections for
Arterial Roads

Unmodified Asphalt Binder Sections for Collector Roads

Polymer- Modified Asphalt Binder for Collector Roads

Combined Unmodified and Polymer-Modified Asphalt Binders’ Sections for
Collector Roads

Unmodified Asphalt Binder Sections for Local Roads

Polymer-Modified Asphalt Binder Sections for Local Roads

Combined Unmodified and Polymer-Modified Asphalt Binder Sections for
Local Roads

Unmodified Asphalt Binder Sections for Arterial and Collector Roads
Polymer-Modified Asphalt Binder Sections for Arterial, Collector, and Local
Roads

Unmodified Asphalt Binder Sections for Arterial, Collector, and Local Roads
Slurry Seal

Chip Seal

Double Chip Seal With Fabric

Overlay

X

XX X | X]| X [X[X]| X | X[X] X |X]|X
X

XX XX

From the available data it was not possible to generate all of the models for both of
the agencies. Many of the models generated were not representative due to lack of data or
low confidence on the source of the data. Figure 4.1 shows examples of non-representative

models.
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Figure 4.1 — Generated Trial Performance Models: (a) Douglas County Unmodified
and Polymer-Modified Asphalt Binder Sections for Arterial Roads, (b) Douglas
County Double Chip Seal With Fabric, and (c) Carson City Slurry Seal.

4.2. Data Cleaning Procedure

Every performance model required a thorough individual manual selection of the
data used to generate it. A three tier procedure was established to overcome inaccurate
dates forming part of the models generation.

Tier 3

e Pavement sections with age greater than 30 years
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Eliminated from the performance models since experience has shown that flexible
pavements do not last longer than 30 years in Northern Nevada. Figure 4.2 shows

an example of this Tier 3 cleaning process.
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Figure 4.2 — Carson City Unmodified Binder Collector Roads Tier 3 Cleaning.

Pavement age from years 15 to 30 years.

Given the similarities in climate/environment among the various counties, the
recently developed performance models from Washoe County RTC (15) were used
to develop the intervals for PCI values (See Table 2.8).

A PCI soft limit was set as the RTC model plus an additional 20%, this percentage
was determined based on the variability of the data from which the models were
generated. To do so, all of the measured PCI data was compared to the RTC
developed model plus 20% and the percentage of measured data within the range
was calculated. It was observed that at least 90% of the measured data fell within
this range for arterial, collector, and local roads

To avoid forcing the Carson City and Douglas County models to be the same as the

RTC models an additional 5% was added bringing the PCI hard limit to the RTC
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model plus an additional 25%. It was then observed that at least 95% of the
measured data fell within this range for arterial, collector, and local roads. Table
4.2 summarizes the data for the soft and hard limit determination for collector roads.

Table 4.2 -Soft and Hard Limit Determination for PCI Values on Collector Roads.

Age | PClyeasurea | PClrre Soft Limit Hard Limit Within Within
RTC+20% RTC+25% RTC+20%7? RTC+20%7?
0 100 100 100 100 v v
0 100 100 100 100 v v
1 97 97 100 100 v v
1 96 97 100 100 v v
2 96 93 100 100 v v
2 95 93 100 100 v v
2 97 93 100 100 v v
3 81 89 100 100 v v
3 85 89 100 100 v v
4 85 85 100 100 v v
4 86 85 100 100 v v
5 87 82 98 100 v v
6 78 78 94 98 v v
6 77 78 94 98 v v
8 69 70 84 88 v v
8 71 70 84 88 v v
11 61 57 69 72 v v
11 57 57 69 72 v v
14 44 44 53 55 v v
14 44 44 53 55 v v
15 49 40 48 50 X v
15 41 40 48 50 v v
15 40 40 48 50 v v
15 39 40 48 50 v v
Percentage of Data Within Limits 96.4% 100%

e All data above the hard limit was excluded from the performance models
development, all data in between the hard and soft limits was evaluated to
determine if their PCI values were logical according to the age, and all of the data
below the soft limit was kept as a part of the performance models. Table 4.3
summarizes the PCI soft and hard limits for each functional classification and

Figure 4.3 shows a performance model before and after the tier 2 cleaning.



Table 4.3 — Tier 2 PCI Limits.

Functional PCI Soft Limit PCI Hard Limit
Classification After 15 years After 15 years
(RTC model +20%) (RTC model +25%)
Arterial Roads 47 49
Collector Roads 48 50
Local Roads 41 43
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Figure 4.3 — Tier 2 Cleaning Process for Carson City Unmodified Asphalt Binder
Sections for Collector Road.

Tier 1

e Pavement age from years 0 to 15.

e A project by project evaluation of appropriate construction dates and logical PCI

values. Figure 4.4 shows an example of the outcome of the tier 1 cleaning process.
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Figure 4.4 — Tier 1 Cleaning Process for Carson City Unmodified Asphalt Binder
Sections for Collector Roads.

4.3. Performance Model Selection

The three tier procedure was carried out for the performance models that had
sufficient and representative data. A 95% confidence interval was used for the outlier
boundaries. Previous experience has shown that a PCI of 40 is an appropriate threshold
value for reconstruction, thus both Carson City and Douglas County models critical PCI

was set to 40. The model selection will be detailed individually for each agency.

4.3.1. Carson City

As mentioned in the data selection, sections constructed with polymer-modified
binder asphalt binder, unmodified asphalt binder, subject to an overlay, or any surface
treatment were analyzed separately. Figure 4.5 shows the final models for unmodified

asphalt binder sections for arterial, collector, and local roads.

54



100

Conditicn
Canditicn

=

E

204 6 8 10012 14 16 180N R ¥ o8 B N R H P R T [ A S RS L - A A -

Age Age

(a) (b)

Conditicn

H
204 6 B 10 12 ¥4 % 18 W o R” M B BN

hge

(©)

Figure 4.5 — Developed Performance Models for Unmodified Asphalt Binder
Sections: (a) Arterial Roads, (b) Collector Roads, and (c) Local Roads.

It can be observed in Figure 4.5 that the performance model for arterial roads
(Figure 4.5a) is practically linear due to the lack of representative data. In case of the
performance model for local roads (Figure 4.5c¢), a significant PCI drop is observed at the
beginning due to the lack of existing data for the first six years. The performance model
for collector roads (Figure 4.5b) is the most representative model from the existing data
even though data is also missing for the first six years.

A significant PCI drop in the first six years for the combined performance models

for arterial and collector roads as well as arterials, collectors, and local roads was also
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observed. Therefore they were excluded from further analysis. Figure 4.6 shows the

behavior of the two models mentioned above.
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Figure 4.6 — Developed Performance Models for Unmodified Asphalt Binder

Sections: (a) Arterial and Collector Roads and (b) Arterial, Collector, and Local
Roads.

Based on the generated models the collector roads performance model is the most
representative out of the five evaluated as part of this effort. To recommend this model for
the entire performance model of unmodified asphalt binder sections an acceptable
statistical relationship between the local and arterial data with respect to the collector model
must exist. This relationship was verified with the analysis of the fitted model statistical
approach (18). The complete statistical analysis for local and arterial roads is shown in
Appendix C. Table 4.4 summarizes the coefficient of determination (R?) for each
functional classification model and Figure 4.7 shows the scattering of the local and arterial
roads data compared to the collector model.

Table 4.4 — Generated Models Statistics.

Model R? Notes
Collector Roads | 0.639 From generated model
Arterial Roads 0.850 | Data relationship with the collector model
Local Roads 0.661 | Data relationship with the collector model
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Figure 4.7 — Local and Arterial Data Scattering.

These coefficients of determination (R?) are considered acceptable due to the data
source, thus the performance model for unmodified asphalt binder sections on collector
roads was considered representative for all of the unmodified asphalt binder sections
regardless of their functional classification.

The performance models for polymer-modified asphalt binder sections were
initially attempted by functional classification. However, since the amount of data was not
sufficient they were all merged into a performance model for polymer-modified asphalt

binder sections on arterial, collector, and local roads. The merged model data was subject
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to the tier 1 cleaning process. Figure 4.8 shows all of the generated models for polymer-

modified asphalt binder sections.

Age

(€)

Figure 4.8 — Polymer Modified Performance Models: (a) Arterial Roads, (b)
Collector Roads, (c) Local Roads, (d) Arterial, Local, and Collector Roads, and (e)
Clean Arterial, Collector, and Local Roads.
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As it was previously mentioned, polymer modified asphalt binder was implemented
around 2007; therefore, none of the polymer modified models have data beyond six years.
The clean polymer modified binder arterial, collector, and local roads performance model
was merged with the clean unmodified binder arterial, collector, and local model to

overcome this issue, Figure 4.9 shows the outcome of this merger.

Figure 4.9 — Polymer Modified and Unmodified Binder Arterial, Collector, and
Local Roads Performance Model.

The coefficient of determination (R?) of the merged model is 0.869, an acceptable
value for the source of the data used to generate this model.

The slurry seal model developed was not appropriate due to the ages at application
of the surface treatment. Literature has shown that slurry seal applications are most
effective at early stages of the pavement life (3-5 years) and sequential applications
approximately 4 years after the first application (7-9 years) (16). According to Carson
City’s pavement network database, 800 sections were subject to slurry seals, all between
the years 2010 and 2015. From these 800 sections only 16 were applied at a pavement age
below 10 years, thus the model was discarded. Figure 4.10 shows the percentage

distribution of slurry sealed sections based on the age at application.
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Figure 4.10 — Distribution by Pavement Age at Application of a Slurry Seal.

Only two representative pavement performance models are recommended for
Carson City. For sections constructed with unmodified asphalt binder the unmodified
collector model was statistically proven to be representative for all functional
classifications. For sections constructed with polymer modified asphalt binder the merged
polymer modified and unmodified binder model is recommended for all functional
classifications since all of them are accounted for in the model. Figure 4.11 shows the

definite performance models developed for Carson City Public Works.
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Figure 4.11 — Carson City Polymer Modified Binder and Unmodified Binder
Performance Models.

4.3.2. Douglas County

A procedure similar to that followed for Carson City was carried out for the
performance model determination for Douglas County. Sections constructed with polymer-
modified asphalt binder, unmodified asphalt binder, subject to an overlay, or any surface
treatment where analyzed separately. Figure 4.12 shows the performance models for
unmodified asphalt binder sections for arterial, arterial and collector, and local roads after

the three tier cleaning process.
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Figure 4.12 — Developed Performance Models for Unmodified Asphalt Binder

Sections: (a) Arterial and Collector Roads, (b) Collector Roads, (c) Local Roads, (d)
Arterial, Collector, and Local Roads.

It can be observed in Figure 4.12 that the performance model for arterial roads
(Figure 4.12a) is linear due to the lack of data (only 4 arterial sections form part of the
network). A linear behavior is also observed for the performance model for collector and
arterial roads (Figure 4.12b). The performance model for local roads (Figure 4.12c) was
missing data for the first four years, however is representative for local roads only.

The combined performance model for arterial, collector, and local roads (Figure
4.12d) was found to be the most representative model from the existing data. Its coefficient

of determination (R?) is 0.815 which was considered acceptable (data for every functional
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classification was also included). It is because of the previous reasons that the performance
model was recommended for all of the network’s sections constructed prior to 2007 where
unmodified asphalt binder was used.

The amount of polymer-modified asphalt binder sections was not sufficient to
generate models by functional classification, they were all merged into a performance
model for polymer-modified asphalt binder for arterial, collector, and local roads model.
The merged model data was revised by means of the tier 1 procedure. Figure 4.13 shows

the generated performance model for polymer-modified sections.

Age

Figure 4.13 — Polymer Modified Binder Performance Model.

It can be observed that the model does not have data beyond 7.5 years given that
use of polymer-modified asphalt binder commenced in 2007. To have a 30 year prediction
model two cases were analyzed, by merging the model for the polymer-modified asphalt
binder sections with the performance model for unmodified asphalt binder sections first for
combined arterial, collector, and local roads, and second for arterial, collector, and local
roads excluding all of the data from before 7.5 years. Figure 4.14 depicts both of the cases

analyzed.

63



Canditicn
Candition

i i
D 2 4 6 8 0 2 ¥ 18 18w n o u o wn on 2 4 6 8 W o2 ¥ 8 18w o n o u own o n

Age Age

(a) (b)
Figure 4.14 — Developed Performance Models for Combined Polymer-Modified and

Unmodified Asphalt Binder Sections for Arterial, Collector, and Local Roads: (a)
All Data and (b) Excluding Data From Before 7.5 Years.

It can be seen that excluding the data from before 7.5 years does not have a great
impact of the overall performance model. Including all of the data reflects the average
behavior of the three functional classifications. Hence, the performance model for polymer-
modified and unmodified asphalt binder sections on arterial, collector, and local roads with
all of the data was recommended for sections constructed using polymer-modified asphalt
binder. The coefficient of determination (R?) of this merged model is 0.888, an acceptable
value considering the data utilized to generate this model.

The slurry seal, single chip seal, double chip seal with fabric, and overlay models
developed were not appropriate due to the ages at application, lack of data for earlier ages
of the treatments, and multiple treatment applications on a same section with no surveyed
data between treatments. Figure 4.15 and 4.16 show the percentage distribution of treated

sections based on the year of application.

64



25%

20%

15%

10%

% Treated Sections

5%

0%

18%
16%
14%
12%
10%
8%
6%
4

% Treated Sections

X

2%
0%

15.3%

1.7%

7]

6.8%

Qq

N

o

15.3%

»

>
&
N7 AT AT A A AP

Year

(b)

22.0%

16.9%

0,

Figure 4.15 — Distribution by Year of Treatment Application for: (a) Slurry Seal
and (b) Single Chip Seal.
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Seal with Fabric and (b) Overlay.

In summary, two pavement performance models were recommended for Douglas

County. Sections constructed prior to 2007 with unmodified asphalt binder perform

according to the performance model for unmodified asphalt binder sections on arterial,

collector, and local roads. For sections constructed with polymer-modified asphalt binder

the merged performance model for polymer-modified and unmodified asphalt binder



sections on arterial, collector, and local model was recommended. Figure 4.17 shows the

definite performance models developed for Carson City Public Works.
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Figure 4.17 — Douglas County Polymer-Modified and Unmodified Asphalt Binder
Performance Models.

4.4. Section Assignment

Each untreated section of the Carson City Network and the Douglas County
Network was properly assigned to its respective pavement performance model in
accordance with the asphalt binder used when constructed. Since slurry seal, single chip

seal, double chip seal with fabric, and overlay performance models were not representative,
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sections subject to any of these treatments were also assigned to the unmodified and

polymer-modified performance models accordingly. Figure 4.18 shows the section

assignment tool used in the Paver 7.0.5 Software (19).
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Figure 4.18 — Performance Model Data Assignment for Carson City Polymer-
Modified Asphalt Binder (19).

68



CHAPTER 5 BUDGET PLANNING
Limited budgeting is a problem agencies encounter on a daily basis, hence the
necessity of optimizing their use to obtain the most out of them. Several budgeting
scenarios were performed in the Paver 7.0.4 Software (9) in order to reach an optimum
utilization of the available funds for the counties. The purpose of this chapter is to provide
a summary of the procedures adopted to carry out the future planning according to each

county’s current budget.

5.1. Required Inputs

Prior to executing any future planning, several input values must be determined to
achieve an accurate plan. The definition of maintenance and rehabilitation (M&R) models
becomes also critical. As mentioned in chapter 2, there are four different M&R families
each with different required inputs. Figure 5.1 shows a summary of these families currently
available in Paver 7.0.5 (19) along with the condition at which they are applied. Each

family will be detailed individually below.

N

Localized Major M&R ,

Preventive Global M&R |1 (structurally Locallﬁggtopgap Major M&R
M&R deficient)

Critical PCI

Above Critical PCI Below Critical PCI

Figure 5.1 — Paver Budgeting Flow Chart.

5.1.1. Localized Preventive and Localized Stopgap Maintenance and Rehabilitation
Localized preventive (applied to sections above-critical PCI value) and localized

stopgap (applied to sections below critical PCI value) maintenance share the same input
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requirements within the Paver 7.0.4 Software (9). There are six tabs with different input
requirements, each will be individually addressed below.
e Work types: the software has several built in and additional types can be added if
necessary. Table 5.1 summarizes the work types for Carson City and Douglas
County.

Table 5.1 — Localized Work Types.

Work Type Carson City Douglas County
No Localized M&R v v
Pothole Filling v v
Crack Sealing v v
Patching (Deep) v v
Patching (Leveling) v v
Shoulder Leveling v v

e Cost by work types: for every work type it is necessary to have a corresponding
cost and unit of measurement. Table 5.2 summarizes the average costs by work type
which were collected for each agency using recent bid tabulations.

Table 5.2 — Localized Treatments Cost by Agency.

Work Type Carson City Douglas County Unit
No Localized M&R $0.00 $0.00 Ft?
Pothole Filling $3.08 $3.08 Ft?
Crack Sealing $0.45 $0.45 Ft
Patching (Deep) $6.50 $6.50 Ft?
Patching (Leveling) $3.15 $3.15 Ft?
Shoulder Leveling $2.05 $2.05 Ft

e Distress maintenance policies: determines the required work type based on the

section’s distresses and severity level. These policies are summarized in Table 5.3.
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Table 5.3 — Distress Maintenance Policies

Distress Severity Work Type Unit
Alligator Cracking High Patching (Deep) Ft?
Alligator Cracking Medium Patching (Deep) Ft?

Long & Trans Cracking High Patching (Deep) Ft?
Long & Trans Cracking Medium Crack Sealing Ft
Patching/Utility Cut High Patching (Deep) Ft?

Pothole Low Pothole Filling Ft?

Pothole Medium Pothole Filling Ft?

Pothole High Patching (Deep) Ft?

Rutting High Patching (Leveling) Ft?

Rutting Medium Patching (Leveling) Ft?

Shoving Medium Patching (Leveling) Ft?

Shoving High Patching (Leveling) Ft?
Slippage Cracking High Patching (Leveling) Ft?
Slippage Cracking Medium Patching (Leveling) Ft?

Block Cracking Medium Crack Sealing - AC Ft
Block Cracking High Crack Sealing - AC Ft
Bumps/Sags Medium Patching (Leveling) Ft?
Bumps/Sags High Patching (Leveling) Ft?
Corrugation High Patching (Leveling) Ft?
Corrugation Medium Patching (Leveling) Ft?
Depression High Patching (Deep) Ft?
Depression Medium Patching (Deep) Ft?

Edge Cracking Medium Crack Sealing - AC Ft
Edge Cracking High Patching (Deep) Ft?
Joint Reflective Cracking High Patching (Deep) Ft?
Joint Reflective Cracking Medium Crack Sealing - AC Ft
Lane/Shoulder Drop-off Medium Shoulder leveling Ft
Lane/Shoulder Drop-off High Shoulder leveling Ft

e Consequence of maintenance policy: shows the outcome of applying a determined
treatment over a certain distress. Table 5.4 summarizes Carson City and Douglas

County’s consequences for crack sealing.



Table 5.4 — Crack Sealing Consequences.

Pre Treatment Post Treatment

Distress Severity Distress Severity

Long & Trans Cracking High Long & Trans Cracking Medium
Long & Trans Cracking Low Long & Trans Cracking Low
Long & Trans Cracking Medium Long & Trans Cracking Low

Block Cracking High Block Cracking Medium
Block Cracking Low Block Cracking Low
Block Cracking Medium Block Cracking Low

Edge Cracking High Edge Cracking Medium
Edge Cracking Low Edge Cracking Low
Edge Cracking Medium Edge Cracking Low

Joint Reflective Cracking High Joint Reflective Cracking Medium
Joint Reflective Cracking Low Joint Reflective Cracking Low
Joint Reflective Cracking Medium Joint Reflective Cracking Low

Preventive Cost by Condition: treatment costs are related to the condition of the
pavement (PCI). This tab does not form part of the budgeting, it is applied to
unassigned sections and every section of both networks is assigned to the
maintenance and rehabilitation family models.

Preventive M&R Families: the previously defined distress maintenance policy, cost
by work type, and cost by condition (when applicable) are assigned to the created
family. The localized preventive M&R Families has an additional tab for lifespan
increase, where the service life extension of the pavement due to preventive work
types is defined. Previous experience has shown that for localized work types a
service life increment of 2 years is common, hence the value was selected for both

agencies.
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5.1.2. Global Preventive Maintenance and Rehabilitation

Global maintenance is applied over the entire area of the pavement section to retard

the deterioration of the pavement and extend its service life. Within the Paver 7.0.4

Software (9) there are four tabs which require data input.

Work types: there are several treatments built in and additional treatments can be
added when necessary. The inputs of higher importance for the budgeting scenarios
are the application interval (time in years when the selected work type would be
reapplied) and the delta (time in years it would take for the condition of the
pavement to return to where it was prior to the application of the global treatment).
The delta category is assessed in different ways depending on the Paver Software
versions utilized. Paver Software Version 7.0.4 (9) maintains the value of PCI over
the delta period. In Paver Version 7.0.5 (19) there is an increment in the PCI of the
section which according to the performance model assigned will return to the pre-
treatment PCI in delta years (e.g. assume a delta of 3 years, the age of the section
before the treatment is 3.8 and the PCI is 87.2, post treatment PCI is 98.1 which
corresponds to an age of 0.8 according to the performance model assigned to the
section, after 3 years the section’s PCI will return to 87.2). Table 5.5 summarizes
the work types for Carson City and Douglas County and Figure 5.2 and 5.3 illustrate

the concept of application interval and delta for both versions of the Paver Software.
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Table 5.5 — Global Work Types by Agency.

Work Type Carson City Douglas County
No Global M&R v v
Chip Seal v v
Double Chip Seal v v
Micro Surface v
Cape Seal v
Coal Tar v
Fog Seal v
Slurry Seal v v
Sand Tar v
Thin Asphalt Overlay (<2 in) v
100 T
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Figure 5.2 —Global M&R Treatment Analysis Example for Paver Version 7.0.4.
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Figure 5.3 —Global M&R Treatment Analysis Example for Paver Version 7.0.5.

Consequent surface: provides information of the resultant surface produced
(depending on the existing surface type) when a given work type is applied. This
tab applies only to those global treatments which result in changes to the pavement
surface. From all of the treatments selected by the agencies only the thin lift asphalt
overlay has this effect and would fit in this category.

Cost by work type: similar to the localized and stopgap preventive M&R. Table
5.6 summarizes the average costs by work type which were collected for each

agency using recent bid tabulations.
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Table 5.6 — Global Treatments Cost by Agency.

Work Type Carson City Douglas County Unit
No Global M&R $0.00 $0.00 Ft?
Chip Seal $0.21 $0.30 Ft?
Double Chip Seal $0.42 $0.85 Ft?
Micro Surface $0.25 - Ft?
Cape Seal $1.10 - Ft?
Coal Tar $0.19 - Ft?
Fog Seal $0.17 - Ft?
Slurry Seal $0.45 $0.25 Ft?
Sand Tar $0.25 - Ft?
Thin Asphalt Overlay (<2 in) $1.20 - Ft?

e Global M&R families: in this tab the work type for three categories (minimum or
no distresses, climate related distresses, and skid related distresses) and the costs
table by work type are defined. For both agencies the recommended treatments
based on the existing condition of the pavement are:

= Minimum or no distresses: No global M&R.
= Climate related distresses: Slurry seal.
= Skid related distresses: Chip seal.

An additional feature of the Paver 7.0.5 Software (19) is the capability of planning
global preventive M&R within a range as well as selecting a minimum pavement age
before the treatment can be applied. The study carried out for Washoe County served as a
reference to determine these parameters. The maximum and minimum PCI vales were set
to 90 and 77 respectively and the minimum age for surface treatment application to 2 years

for both agencies.

5.1.3. Major Maintenance and Rehabilitation
Major maintenance is also applied over the entire area of the pavement section, it

can be applied when the section is above the critical PCI but is structurally deficient and
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also when the section is below the critical PCI. In both cases the section’s PCI is reset to
100 after any treatment is applied. Within the Paver 7.0.4 Software (9) there are six tabs
which require data input.

e Work types: all of the major M&R work types are listed in this tab, as in both the
localized and the global M&R there are built in work types and if the agency utilizes
any other work type it can be added to the list. Carson City and Douglas County
work types were extracted from previous years’ work history bid tabulations, the
findings are summarized in Table 5.7.

Table 5.7 —-Major Work Types by Agency.

Work Type Carson City Douglas County
No Major M&R v
New Construction v
AC Surface Recycling — Cold
AC Surface Recycling — Hot
Break & Seat & Overlay
Complete Reconstruction — AC
2 in AC Overlay
4 in AC Overlay
6 in AC Overlay
Cold Mill and Overlay — 2 in
Cold Mill and Overlay — 3 in
Cold Mill and Overlay — 4 in
Surface Reconstruction — AC

ANERRNANENANRNENANENENENEN
<

e Cost by work type tables: similar to the localized, stopgap, and global preventive
M&R, all costs associated with Major M&R work types by county are summarized

in Table 5.8 (obtained from bid tabulations).



Table 5.8 — Major Treatments Cost by Agency.

Work Type Carson City Douglas County Unit
No Major M&R $0.00 $0.00 Ft?
New Construction $5.38 $5.50 Ft?
AC Surface Recycling — Cold $0.39 - Ft?
AC Surface Recycling — Hot $0.36 - Ft?
Break & Seat & Overlay $5.00 - Ft?
Complete Reconstruction — AC $5.63 - Ft?
2 in AC Overlay $1.75 $2.00 Ft?
4 in AC Overlay $2.70 - Ft?
6 in AC Overlay $3.95 - Ft?
Cold Mill and Overlay — 2 in $2.75 $3.00 Ft?
Cold Mill and Overlay — 3 in $3.15 - Ft?
Cold Mill and Overlay — 4 in $3.70 - Ft?
Surface Reconstruction — AC $3.50 $4.00 Ft?

Cost by condition: all costs associated with specific pavement condition types (PCI
ranges) are listed in this tab. This tab does not form part of the budgeting, it is
applied to unassigned sections and every section of both networks is assigned to
the maintenance and rehabilitation family models.

Consequent surface: Similar to global preventive M&R, surface types resultant
from the performed work types on different surfaces are listed here.

Minimum condition table: the minimum condition (critical PCI) for each year is
selected in this tab, for both agencies it was maintained at 40 throughout the
analysis period.

Major M&R families: in this tab the major maintenance and rehabilitation family
that will be assigned to each section is created. A name to identify each family must
be selected along with its respective minimum condition and cost by condition

tables.
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5.2. Carson City

Several budgeting and planning scenarios where analyzed for Carson City’s
network. All of the deterioration families explained above were assigned to all of the
sections before running any scenario. Also an application interval of 5 years and a delta of
3 years where selected for both the slurry seal and the chip seal based on the findings of

the RTC study (15).

5.2.1. Current Available Budget
Currently Carson City Public Works counts with a budget of one million one
hundred thousand dollars ($1,100,000.00) per year. This amount is currently distributed as
follows:
e Localized Preventive M&R: $100,000.00
e Global Preventive M&R: $150,000.00
e Major M&R: $850,000.00
Whenever the Global M&R funds are not utilized (no pavement section is a
candidate), they are reallocated for Major M&R.
Two different analyses were carried out to determine the impact this budget would
have after a ten and twenty year, a period with an inflation rate of 3%. Table 5.9
summarizes the outcome of these analysis and Figure 5.4 and 5.5 show the variation of PCI

(area weighted average) through time.
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Table 5.9 — Summary of 10 and 20 Year Current Budget Analysis.

Current After 10 Years After 20 Years
Condition PCI Range Area Lane Area Lane Area Lane
(ft?) Miles (ft?) Miles (ft?) Miles
Good and
- 100<PCI<70 | 18,371,557 99 1,1849,106 10 977,475 5
Satisfactory
Fair and
Poor 70<PCI<40 | 26,386,674 | 142 | 12,380,469 67 1,507,623 8
Very Poor,
Serious, and 40<PCI<0 6,010,790 32 36,539,446 | 197 48,283,923 260
Failed
Total Backlog (Million $) 281 521
Invested Funds (Million $) 11 22
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Figure 5.5 — Carson City Current Budget Area Weighted PCI and Backlog
Variation for a 20 Year Period.

It can be observed that maintaining the current budget would cause a significant
deterioration in the pavement network especially if maintained for a 20 year period. It
would be unacceptable after 10 and 20 years to have 10 and 5 lane miles respectively in a
condition above a PCI of 70. Another aspect that is of great importance is the backlog
(amount of money required to eliminate the need for Major M&R); if the current budget is
maintained, the amount of funds required after both analysis periods would be
unobtainable. It is clear that the current budget available for Carson City Public Works is

significantly lower with respect to the networks size.
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5.2.2. Upcoming Years Budget (Gas Tax)

gas tax for pavement maintenance, Table 5.10 summarizes Carson City Public Works

As of 2017 each county of the state of Nevada will be awarded a percentage of the

projected budget for the following twenty years.

Table 5.10 — Future Carson City Budget.

Year Current Projected P_rojected Cour_1ty Available
Budget Gas Tax Diesel Tax Portion Budget

2016 | $1,000,000.00 $0.00 $0.00 $0.00 $1,000,000.00
2017 | $1,000,000.00 | $1,068,185.11 $125,086.97 $749,109.87 $1,749,109.87
2018 | $1,000,000.00 | $2,157,733.92 $252,675.69 $1,513,201.93 $2,513,201.93
2019 | $1,000,000.00 | $3,268,966.89 $382,803.67 $2,292,500.93 $3,292,500.93
2020 | $1,000,000.00 | $4,402,208.75 $515,508.94 $3,087,234.59 $4,087,234.59
2021 | $1,000,000.00 | $5,557,788.55 $650,830.04 $3,897,633.67 $4,897,633.67
2022 | $1,000,000.00 | $6,736,039.72 $788,806.01 $4,723,932.01 $5,723,932.01
2023 | $1,000,000.00 | $7,937,300.13 $929,476.41 $5,566,366.55 $6,566,366.55
2024 | $1,000,000.00 | $9,161,912.15 | $1,072,881.34 | $6,425,177.38 $7,425,177.38
2025 | $1,000,000.00 | $10,410,222.68 | $1,219,061.43 | $7,300,607.81 $8,300,607.81
2026 | $1,000,000.00 | $11,682,583.24 | $1,368,057.82 | $8,192,904.32 $9,192,904.32
2027 | $1,000,000.00 | $12,723,135.98 | $1,489,908.98 | $8,922,635.83 $9,922,635.83
2028 | $1,000,000.00 | $13,902,198.14 | $1,627,979.92 | $9,749,502.90 | $10,749,502.90
2029 | $1,000,000.00 | $15,081,260.30 | $1,766,050.86 | $10,576,369.98 | $11,576,369.98
2030 | $1,000,000.00 | $16,260,322.46 | $1,904,121.79 | $11,403,237.06 | $12,403,237.06
2031 | $1,000,000.00 | $17,439,384.62 | $2,042,192.73 | $12,230,104.13 | $13,230,104.13
2032 | $1,000,000.00 | $18,618,446.77 | $2,180,263.67 | $13,056,971.21 | $14,056,971.21
2033 | $1,000,000.00 | $19,797,508.93 | $2,318,334.60 | $13,883,838.29 | $14,883,838.29
2034 | $1,000,000.00 | $20,976,571.09 | $2,456,405.54 | $14,710,705.36 | $15,710,705.36
2035 | $1,000,000.00 | $22,155,633.25 | $2,594,476.48 | $15,537,572.44 | $16,537,572.44

In order to obtain the maximum benefit from the upcoming budget, the scenarios

in Table 5.11 were analyzed.
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Table 5.11 — Budget Allocation Scenarios.

Percentage of Budget
Category - - -
Scenario 1 Scenario 2 Scenario 3
Localized Preventive M&R 5% 10% 5%
Globalized Preventive M&R 25% 40% 70%
Major M&R 70% 50% 25%

In order to properly compare different scenarios, the budget must be equal for all
cases. The Paver 7.0.5 Software (19) does not reallocate the funds if they are not utilized
for a certain year. To overcome this issue multiple runs had to be carried out adjusting the
Major M&R budget to include the unused Global Preventive M&R budget. Table 5.12 and
5.13 summarize the final percentages of the budget once the reallocation was done and the
comparison of the three budget allocation scenarios.

Table 5.12 — Final Budget Allocation Scenarios.

Percentage of Budget

Category Scenario 1 Scenario 2 Scenario 3

10 20 10 20 10 20
Years | Years | Years | Years | Years | Years
Localized Preventive M&R 5% 5% 10% 10% 5% 5%

Globalized Preventive M&R | 4% 1% 5% 1% 6% 2%
Major M&R 91% 94% 85% 89% 89% 93%
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Table 5.13 — Scenario Comparison for: (a) 10 years and (b) 20 years.

(a)
Scenario 1 Scenario 2 Scenario 3
Condition PCI Range Area Lane Area Lane Area Lane
(ft?) Miles (ft?) Miles (ft?) Miles
G(.)Od and 100<PCI<70 | 7,610,085 41 7,368,729 40 7,994,323 43
Satisfactory
Fair and
Poor 70<PCI<40 | 11,579,965 62 11,675,116 63 11,029,605 59
Very Poor,
Serious, and 40<PCI<0 31,578,971 | 170 | 31,725,177 171 31,745,093 171
Failed
Total Backlog (Million $) 239 240 239
(b)
Scenario 1 Scenario 2 Scenario 3
Condition PCI Range Area Lane Area Lane Area Lane
(ft3) Miles (ft?) Miles (ft?) Miles
Good and
- 100<PCI<70 | 11,466,824 62 11,978,844 64 11,504,912 62
Satisfactory
Fair and
Poor 70<PCI<40 | 9,009,279 48 7,504,811 40 8,892,762 48
Very Poor,
Serious, and | 40<PCI<0 30,292,918 163 31,285,367 168 30,281,347 163
Failed
Total Backlog (Million $) 333 341 333

It can be observed that the difference between scenario one and scenario three is
not large when only lane miles are analyzed. For the ten year plan there is a two lane mile
difference in the acceptable range (above a PCI of 70), also when the total backlog is
observed, there is no difference. When the twenty year plan is observed, there is no
difference in acceptable lane mile nor in the backlog. The two lane-mile difference can be
seen as the product of distancing from the worse first approach to a global pavement
preservation approach that targets pavement sections in acceptable conditions first. Figure

5.6 shows preventive maintenance and rehabilitation allocation of funds for all three

scenarios.
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pavement network is Scenario 3. Figure 5.7 and 5.8 shows the variation of the condition of

the network by area weighted average and the variation of the backlog throughout ten and
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Figure 5.6 — Preventive Maintenance Budget Allocation
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Variation for a 20 Year Period.

The addition of the gas tax to the current budget will have a positive impact in the
overall condition of the network. A comparison of the gas tax budget and the current budget

for both a ten and twenty year period is summarized in Table 5.14.



Table 5.14 — Comparison of Gas Tax Budget to the Current Budget Analysis for: (a)
10 years and (b) 20 years.

(a)
Current Budget Gas Tax Budget Difference*
Condition PCI Range Area Lane Area Lane Area Lane
(ft3) Miles (ft?) Miles (ft?) Miles
Good and
- 100<PCI<70 | 1,849,106 10 7,994,323 43 6,145,217 33
Satisfactory
Fair and
Poor 70<PCI<40 | 12,380,469 67 11,029,605 59 -1,350,864 -7
Very Poor,
Serious, and 40<PCI<0 36,539,446 197 31,745,093 171 -4,794,353 -26
Failed
Total Backlog (Million $) 281 239 42
Invested Funds (Million $) 11 46 35
(b)
Current Budget Gas Tax Budget Difference*
Condition PCI Range Area Lane Area Lane Area Lane
(ft?) Miles (ft?) Miles (ft?) Miles
Good and
- 100<PCI<70 977,475 5 11,504,912 62 10,527,437 57
Satisfactory
Farand | jo<pcrsd0 | 1507623 | 8 | 8982762 | 48 | 7475130 | 40
Very Poor,
Serious, and 40<PCI<0 48,283,923 260 30,281,347 163 -18,002,576 -97
Failed
Total Backlog (Million $) 521 333 188
Invested Funds (Million $) 22 174 152

*(Gas Tax Budget) — (Current Budget)

Over a ten year analysis period, a 35 million dollars increase in the overall budget
would reduce 42 million dollars in the total backlog. Also, this budget increase would have
an impact on the ride comfort of the user since an additional 33 lane-miles will be above
the acceptable pavement condition index (PCI > 70). When the analysis period is extended
to twenty years, a 152 million dollar increase in the overall budget reduces the total backlog
by 188 million dollars. Similarly to the ten year analysis period an increase in the user ride
comfort is observed, an additional 57 lane miles are in an acceptable condition. Also 40

lane-miles passed from below the critical PCI (PCI < 40) to the poor category which has a



significant impact on the budget due to the cost difference from the required treatments
between one category and the other.

It is noteworthy to mention that even though the gas tax increment for the annual
budget improves the condition of the pavement with respect to the current budget, the
overall condition of the pavement network at the end of the ten and twenty year periods is
below the acceptable conditions and the backlog will become unmanageable for the

agency.

5.2.3. Unconstrained Budget (Overall Network PCI of 75 £ 5 and 70 + 5)

Unconstrained budget scenarios were carried out to determine the agency’s
economic requirements to maintain the overall network PCl at a level of 75 £ 5 0or 70 £ 5,
this level was selected to have a satisfactory overall network PCI. The 10 year plan has
June 1%, 2016 as a starting date and an inflation rate of 3% was applied. Table 5.15
summarizes the required budget to maintain the overall network PCI for each of the target
values. Figure 5.9 and 5.10 show the variation of the condition, area weighted PCI, backlog

and required budget as a function of time, and Table 5.16 compares the two scenarios.
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Table 5.15 — Required Budget for Target PCI.

Budget .
Year Difference*
70+5 75+5

2016 $25,115,462.58 $29,680,793.43 $4,565,330.85
2017 $25,115,861.74 $29,681,760.99 $4,565,899.25
2018 $25,111,077.54 $29,681,407.13 $4,570,329.59
2019 $25,111,467.97 $29,680,752.19 $4,569,284.22
2020 $25,112,926.74 $23,858,794.00 -$1,254,132.74
2021 $25,115,606.85 $12,106,343.48 -$13,009,263.37
2022 $25,114,924.57 $12,392,302.31 -$12,722,622.26
2023 $18,000,819.69 $17,018,875.79 -$981,943.90
2024 $21,134,686.56 $21,325,376.28 $190,689.72
2025 $25,114,185.02 $29,642,769.59 $4,528,584.57
Total $240,047,019.26 $235,069,175.20 -$4,977,844.06

*(75 £ 5) — (70 £ 5)

There is a 5 million dollar difference between both scenarios, targeting a 70 £ 5
overall PCI uses a lower budget throughout the first four years but will require a larger
budget for the following years when compared to the target overall PCI of 75 + 5. Also

total required budget is lower for the target PCI of 75 + 5 even though the initial investment

is higher than that required for the target PCI of 70 £ 5.
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Required Budget Variation for a Target PCI of 70 + 5.

91



100
920
80
70
60
40

Il R m .

¢°\’b ¢°\:‘ m"\’% m"\’q '»&0 '19”\' m"ﬁ wdf’ '»&b‘ m&c’

Percentage of Area
w
)

Years

M Failed M Serious B Very Poor Poor Fair #Satisfactory M Good

100 100

S5 90 79 80 90 ©
(o] 77 77 75 c
s 80 70 L 72 71 70 80 2
T 70 & 70 S
[ So ‘:
Z 60 ~ 60 ©
~ [-T)
T 50 Sso 50 S
= Ss @
5 40 R 0 3

(] ~
330 ________ \:\——_~~‘ _-- 30 %
g 20 N ~< o= =-T 20 £
< 10 Sso e 10 3
So [-+]

0 e e e 0
© A G o N S 0 %) » )
O & N N
S S S S ¥ K\ SV g S SV
Years
= PC| == Backlog = = = Budget

Figure 5.10 — Carson City Network Condition, Area Weighted PCI, Backlog, and
Required Budget Variation for a Target PCI of 75 + 5.

The yearly variation of the condition is very similar for both of the scenarios,
however the backlog elimination for the target overall PCI of 75 £ 5 is reached in the year

2020 whereas an additional 2 years are required for the target overall PCI of 75 + 5.



Table 5.16 — Target PCI Comparison.

70+5 75+5 Difference*
Condition PCI Range Area Lane Area Lane Area Lane
(ft?) Miles (ft3) Miles (ft?) Miles
Good and
- 100<PCI<70 | 30,846,536 166 30,271,448 163 575,088 -3
Satisfactory
Fair and
Poor 70<PCI<40 18,767,502 101 19,952,566 107 -1,185,064 6
Very Poor,
Serious, and 40<PCI<0 1,154,983 6 545,008 3 609,975 -3
Failed

*(75+£5) — (70 £ 5)
When the selected target overall PCI is 75 £ 5 is compared to an overall PCI of 70

+ 5, the latter one has 3 additional lane miles above the acceptable condition (PCI > 70)
and also 3 additional lane miles below the critical value (PCI < 40).

In summary, the target overall PCI of 75 + 5 has a lower overall cost, the backlog
elimination happens two years before giving the user better ride comfort for a longer period
of time, and only has a difference of 3 lane miles from the 70 + 5 at the end of the analysis
period.

Comparing this required budget to the upcoming gas tax budget shows how big of
an influence addressing the right pavement at the right time has over the network’s

condition.

5.3. Douglas County

Similar scenarios to those analyzed for Carson City’s network were carried out for
the Douglas County Network. Each deterioration family was assigned to every section
previous to running any budgeting scenario, the application interval of 5 years and a delta
of 3 years where selected for both the slurry seal and the chip seal based on the findings of

the RTC study (15).
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5.3.1. Current Available Budget

Douglas County Public Works has an available budget of approximately three
million dollars ($3,000,000) per year. For the purpose of this analysis the amount is
distributed as follows:

e Localized Preventive M&R: $300,000.00
e Global Preventive M&R: $450,000.00
e Major M&R: $2,250,000.00

As it was done for the Carson City Network, whenever the Global M&R funds are
not utilized (no pavement section is a candidate), they are reallocated for Major M&R.

A ten and a twenty year period analysis with an inflation rate of 3% were carried
out to determine the impact this budget would have over the condition of the network.
Table 5.17 summarizes the outcome of these analysis and Figure 5.11 and 5.12 show the
variation of PCI (area weighted average) through time.

Table 5.17 — Summary of 10 and 20 Year Current Budget Analysis.

Current After 10 Years After 20 Years
Condition PCI Range Area Lane Area Lane Area Lane
(ft?) Miles (ft2) Miles (ft2) Miles
Good and
Satisfactory 100<PCI<70 | 11,220,088 75 9,518,609 64 5,780,239 39
Fair and
Poor 70<PCI<40 | 5,026,331 34 5,126,780 34 5,658,241 38
Very Poor,
Serious, and | 40<PCI<0 9,599,623 65 11,200,653 75 14,407,562 97
Failed
Total Backlog (Million $) 77 137
Invested Funds (Million $) 30 60
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Figure 5.12 — Douglas County Current Budget Area Weighted PCI and Backlog
Variation for a 20 Year Period.

Maintaining the current budget would cause a significant deterioration in the
pavement network especially if maintained for a 20 year period. It is unacceptable to have
approximately 63% and 78% of the network below a PCI of 70 for ten and twenty year
periods respectively. Analyzing the backlog, the amount of funds required will grow
significantly if this budget were to be maintained. Therefore, the current budget available
for Carson Douglas County Public Works is not enough with respect to the networks

requirements.

96



5.3.2. Upcoming Years Budget (Gas Tax)

As it was mentioned above in the Carson City analysis, starting in 2017 each county
of the state of Nevada will be awarded a percentage of the gas tax for pavement
maintenance. Also the agency is requesting a Gas Indexing increment that would increase

their overall budget. Table 5.18 summarizes Douglas County Public Works projected

budget for the following ten years.

Table 5.18 — Future Douglas County Budget.

Year (ﬁngg:)t() New Gas Tax Gas Indexing Ge&e;iltg;g:se
2016 | $3,324,000.00 $900,000 $636,000 $675,000.00
2017 | $6,486,000.00 $900,000 $1,285,000 $700,000.00
2018 | $5,898,000.00 $900,000 $1,947,000 $700,000.00
2019 | $4,562,000.00 $900,000 $2,622,000 $700,000.00
2020 | $3,550,000.00 $900,000 $3,310,000.00 $700,000.00
2021 | $1,383,000.00 $900,000 $4,012,000.00 $700,000.00
2022 | $2,509,000.00 $900,000 $4,727,000.00 $700,000.00
2023 | $2,050,000.00 $900,000 $5,457,000.00 $700,000.00
2024 | $1,684,000.00 $900,000 $6,200,000.00 $650,000.00
2025 | $1,491,000.00 $900,000 $6,958,000.00 $650,000.00

Douglas County required two different scenarios, one that would include the Gas
Indexing and one that would not include it due to the uncertainty of receiving it. To

optimize the benefits of the upcoming budget, the following scenarios in Table 5.19 were

analyzed.
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Table 5.19 — Budget Allocation Scenarios.

Percentage of Budget
Category Scenario 1 Scenario 2 Scenario 3
Gas No Gas Gas No Gas Gas No Gas
Indexing | Indexing | Indexing | Indexing | Indexing | Indexing
Localized Preventive M&R* 8% 14% 8% 14% 8% 14%
Globalized Preventive M&R 22% 16% 42% 40% 70% 70%
Major M&R 70% 70% 50% 46% 22% 16%

*Fixed by the agency

To properly compare different scenarios, the budget must be equal for all cases.

Since the Paver 7.0.5 Software (19) does not reallocate the non-utilized funds for a certain

year, multiple runs were performed adjusting the Major M&R budget to include the unused

Global Preventive M&R budget. Table 5.20 and 5.21 summarize the budget reallocation

percentages and the data comparison of the three budget allocation scenarios respectively.

Table 5.20 — Final Budget Allocation Scenarios.

Percentage of Budget
Category Scenario 1 Scenario 2 Scenario 3
Gas No Gas Gas No Gas Gas No Gas
Indexing | Indexing | Indexing | Indexing | Indexing | Indexing
Localized Preventive M&R* 8% 14% 8% 14% 8% 14%
Globalized Preventive M&R 2% 3% 2% 3% 2% 3%
Major M&R 90% 82% 90% 82% 90% 82%
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Table 5.21 — Scenario Comparison for: (a) Gas Indexing (b) No Gas Indexing.

(a)
Scenario 1 Scenario 2 Scenario 3
Condition PCI Range Area Lane Area Lane Area Lane
(ft?) Miles (ft?) Miles (ft?) Miles
Good and
- 100<PCI<70 | 19,632,639 | 132 | 19,632,639 132 19,632,639 | 132
Satisfactory
Fair and
Poor 70<PCI<40 | 5,566,511 37 5,566,511 37 5,566,511 37
Very Poor,
Serious, and | 40<PCI<0 646,893 4 646,893 4 646,893 4
Failed
Total Backlog (Million $) 8 8 8
(b)
Scenario 1 Scenario 2 Scenario 3
Condition PCI Range Area Lane Area Lane Area Lane
(ft?) Miles (ft?) Miles (ft?) Miles
Good and
- 100<PCI<70 | 13,036,149 88 13,036,149 88 13,036,149 88
Satisfactory
Fair and
Poor 70<PCI<40 | 5,572,485 37 5,572,485 37 5,572,485 37
Very Poor,
Serious, and | 40<PCI<0 7,202,884 48 7,202,884 48 7,202,884 48
Failed
Total Backlog (Million $) 51 51 51

There is no difference between all three scenarios due to the fact that the funding
was optimized in order for it to be completely utilized. It was necessary to reallocate the

funding not utilized for Global M&R, the excess funds were transferred to the Major M&R

(as mentioned above) to attempt the elimination of as much of the backlog as possible.

Global M&R never exceeds 2% and 3% of the budget for the gas indexing and no
gas indexing scenarios respectively due to the large backlog of the agency, therefore when
the unassigned budget is reallocated Scenarios 1, 2, and 3 are the same. Figure 5.13 and

5.14 show the variation of the condition of the network by area weighted average and the

variation of the backlog for both cases.
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Figure 5.14 — Douglas County No Gas Indexing Area Weighted PCI and Backlog
Variation.

The upcoming gas indexing will have a positive impact in the overall condition of
the network. At the end of the ten year analysis period the backlog is close to being
eliminated and the overall condition of the network is above the acceptable threshold value
(PCI > 70). Observing the no gas indexing, the backlog is practically constant and the
overall condition of the network at the end of the analysis period would be lower than the
current condition (50% of the network area would be below the acceptable condition). To
determine the benefits of the budget increase, a comparison of both budgets to the current

budget was carried out, this comparison is summarized in Table 5.22.
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Table 5.22 — Comparison of Gas Tax Budget to the Current Budget Analysis for: (a)
Gas Indexing (b) No Gas Indexing.

()

Current Budget Gas Tax Budget Difference*
Condition PCI Range Area Lane Area Lane Area Lane
(ft?) Miles (ft?) Miles (ft3) Miles
Good and
Satisfactory 100<PCI<70 | 9,518,609 64 19,632,639 132 10,114,030 68
Fﬁ;‘gg‘pd 70<PCI<40 | 5126780 | 34 | 5566511 | 37 439,731 3
Very Poor,
Serious, and 40<PCI<0 11,200,653 75 646,893 4 -10,553,761 -71
Failed
Total Backlog (Million $) 77 8 69
Invested Funds (Million $)** 30 86 56
(b)
Current Budget Gas Tax Budget Difference*
Condition PCI Range Area Lane Area Lane Area Lane
(ft?) Miles (ft?) Miles (ft?) Miles
Good and
X 100<PCI<70 | 9,518,609 64 13,036,149 88 3,517,540 24
Satisfactory
F";ggfd 70<PCI<40 | 5126,780 | 34 | 5572485 | 37 445,705 3
Very Poor,
Serious, and 40<PCI=0 11,200,653 75 7,202,884 48 -3,997,769 -27
Failed
Total Backlog (Million $) 77 51 27
Invested Funds (Million $) 30 49 19

*(Gas Tax Budget) — (Current Budget)

When the gas indexing is included, a 56 million dollars increase in the overall
budget would reduce 69 million dollars in the total backlog. Also, this budget increase
would have an impact on the ride comfort of the user since 76% of the network will be
above the acceptable pavement condition index (PCI > 70). When the gas indexing is
excluded, a 19 million dollar increase in the overall budget reduces the total backlog by 27
million dollars. Similarly to the ten year analysis period an increase in the user ride comfort
is observed, the difference is not as significant (51% of the network would be in an
acceptable condition as opposed to the 37% of the current budget); however, an additional

24 lane miles would be in an acceptable condition.



The gas tax increment improves the condition of the pavement with respect to the
current budget, nonetheless a significant amount of the network would still be below the
acceptable PCI. On the other hand, when the gas indexing is added to the yearly budget the

network condition will significantly increase.

5.3.3. Unconstrained Budget (Backlog Elimination)

It was not necessary to carry out a target overall network PCI above 70 since the
upcoming gas index tax will meet this criteria. An unconstrained budget scenario to
eliminate the backlog over a ten year period was carried out to compare with the selected
scenario from the upcoming gas tax budget. Table 5.23 summarizes the required budget to
eliminate the backlog in a ten year period and the budget for Scenario 2 of the upcoming
gas tax budget, Figure 5.15 and 5.16 show the variation of the condition, area weighted

PCI, backlog and required budget as a function of time, and Table 5.22 compares the two

budget scenarios.

Table 5.23 — Required Budget for Backlog Elimination.

Budget
Year . Gas Difference*
Backlog Elimination Indexing

2016 $13,827,128.57 $5,535,000.00 $8,292,128.57
2017 $13,830,124.50 $9,371,000.00 $4,459,124.50
2018 $13,830,141.84 $9,445,000.00 $4,385,141.84
2019 $13,827,003.19 $8,784,000.00 $5,043,003.19
2020 $13,827,103.43 $8,460,000.00 $5,367,103.43
2021 $13,827,916.70 $6,995,000.00 $6,832,916.70
2022 $13,826,041.04 $8,836,000.00 $4,990,041.04
2023 $13,825,989.71 $9,107,000.00 $4,718,989.71
2024 $13,825,358.53 $9,434,000.00 $4,391,358.53
2025 $13,632,003.38 $9,999,000.00 $3,633,003.38
Total $138,078,810.90 $85,966,000.00 $52,112,810.90

*(Backlog Elimination) — (Upcoming Gas Tax Budget)
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Figure 5.15 — Douglas County Network Condition, Area Weighted PCI, Backlog,
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Figure 5.16 — Douglas County Network Condition, Area Weighted PCI, Backlog,
and Required Budget Variation for Gas Indexing.

There is a 46 million dollar difference between both scenarios, however the overall
network PCI at the end of the analysis period of Scenario 2 is lower (PCI = 78) and has a
negative slope that indicates that the pavement will only deteriorate if the trend of the

budget is maintained.



Table 5.24 — Backlog Elimination Comparison.

Backlog Elimination Gas Indexing Difference*
Condition PCI Range Area Lane Area Lane Area Lane
(ft?) Miles (ft3) Miles (ft?) Miles
Good and
- 100<PCI<70 | 22,283,950 150 19,632,639 132 -2,651,312 -18
Satisfactory
Fair and
Poor 70<PCI<40 | 3,562,092 24 5,566,511 37 2,004,419 13
Very Poor,
Serious, and | 40<PCI<0 0 0 646,893 4 646,893 4
Failed

*(Gas Indexing) — (Backlog Elimination)

A difference of 52 million dollars is a significant amount of money for a local
agency, however an 18 lane mile difference above the acceptable condition, a 13 lane miles
between a PCI of 70 and 40, and a 4 lane miles below the critical PCI are the outcome of
utilizing these additional funds. Since the upcoming gas tax will considerably reduce the
backlog and have a high percent of the network (76%) above the acceptable PCI as an
outcome with 52 million dollars less than the required funds to eliminate the backlog (an
86% of the network above the acceptable PCI), it can be concluded that the upcoming gas

indexing for a ten year analysis period has been accommodated in the most cost effective

manner.
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CHAPTER 6 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

6.1. Summary and Conclusions
The implementation of a pavement management system for local counties is a
tedious and labor intensive process. Carson City Public Works and Douglas County Public
Works in cooperation with researchers at the University of Nevada, Reno developed a plan
to develop and implement a pavement management system for their respective networks.
In summary the major tasks completed in this research are presented below:
e Identify, review, and analyze the existing pavement inventories.
e Set up a pavement database for each agency by:
- Generating a pavement database in the PAVER Software (9) for Carson
City Public Works
- Updating Douglas County Public Works’ existing PAVER Software (9)
database.
e Collect and input the characteristics and past maintenance data for both counties in
order to assess the pavement condition of the respective networks.
e Develop performance models for each county according to the available data.
e Develop a pavement preservation and rehabilitation program according to the
yearly budget of each county.
These tasks were conducted to ensure the pavement management system accurately
predicts pavement performance within the county’s limits regardless of the asphalt binder
used in the construction process. Multiple challenges and limitations were encountered in

the tasks mentioned above. Pavement engineering judgement became crucial to overcome

107



these while maintaining the integrity of the performance models and required future work

prioritization. Based on all of the data analysis completed in this study, the following

summarizes the major findings from this study:

Keeping an organized and accurate work history of the network for which the
agency is responsible is essential for performance model generation. The findings
and challenges of each county are addressed below:
= Carson City lacked original construction dates for their network, to
overcome this issue sewer line construction dates were used as original
construction dates. Relying on these sewer dates is problematic since the
dates were mainly available by decade prior to 1990, however it was the
only feasible option to predict the networks original construction dates.
Additional section work history prior to 2010 was scarce, both of these
problems were taken into account in the performance model development.
= Douglas County’s database lacked original construction dates for several of
their sections that had received additional work throughout their service life.
This issue was solved by changing the original construction date to the
nearest decade of the latest additional work applied.
Precise prediction of pavement performance requires reliable original construction
dates, additional work history, and uniform pavement condition survey data. The
data for both counties did not comply with all of these requirements, hence the
necessity of a data cleaning procedure. The three tiers process utilized for this
purpose is summarized as follows:

= Tier 3: eliminate all of the data above 30 years of age.
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= Tier 2: pavements date between the age of 15 and 30 is eliminated when
above the hard limits (Washoe RTC model + 25%), between the hard and
soft limits (Washoe RTC model + 20%) a project by project evaluation of
the data is conducted to verify the validity of the data, and all of the data
below the soft limits forms part of the model.
= Tier 1: all of the data of pavements with ages between 0 and 15 are
individually analyzed to verify its validity.
A total of four reliable pavement performance prediction models were generated
and are summarized in Table 6.1. Each county has a performance model for
pavements constructed with polymer-modified asphalt binder as well as
unmodified asphalt binder.

Table 6.1 — Major Treatments Cost by Agency.

Agency Use Equation R? N
Polymer- | PCI= 100 - 4.7234 AGE + 0.5348 AGEZ -0.0631 AGE? 0.869 | 507
Carson | Modified +0.0028 AGE* - 4.0916 > AGE® :
City | PCI= 100 - 1.8947 AGE - 0.4859 AGEZ + 0.0313 AGE?
Unmodified 2 0.0005 AGE* 0.639 | 90
Polymer- | PCI= 100 - 6.5403 AGE + 15127 AGE?- 0.1971 AGE® | oo | g6
Douglas | Modified +0.0094 AGE*- 0.0002 AGES :
County | PCI= 100 - 0.0003 AGE - 1.4999 AGE2 + 0.2698 AGE?
Unmodified - 0.0232 AGE* + 0.0009 AGES - 1.3091x10% agee | 0815 | 185

e Maintenance and rehabilitation planning within the Paver 7.0.5 Software (9) must
not be used as a definite future work prioritization tool but serve as a guide for the
agency. Prioritizing according to the available budget, obtaining fund requirements
to meet a certain overall network PCI, or the cost of having all of the network above
the critical PCI in a defined number of years are some of the scenarios an agency

can analyze. Unused funds should always be reallocated to optimize the utilization
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of the yearly budget since agencies are not allowed to rollover their budget between
years. The findings by agency for some of these scenarios are shown below:
= Carson City Public Works

- The current available budget is insufficient to maintain a network of
this extent. Were this budget maintained, the required funds to
overcome the backlog would be unobtainable and would grow
considerably with the passing of time.

- The upcoming gas tax budget will improve the overall condition of
the network and will reduce the backlog in comparison with the
current budget. However, the overall condition of the network after
ten and twenty year periods would still decrease through time only
at a slower rate than that of the current budget.

- In order to reach an overall network PCI of 75 + 5 over a ten year
period, a total of 235 million dollars are required. Such amount
significantly differs from the 46 million dollars gas tax budget which
proves the large backlog the agency will face after 10 years,

- Overall, it was shown that Carson City Public Works is receiving a
low budget to confront the needs of such a large network.

= Douglas County Public Works

- The current budget is insufficient to significantly improve the

overall condition of the network due to the condition it is in at this

time.
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- The future gas indexing will increase the overall condition of the
network considerably. In a ten year period the backlog would be
reduced to 8 million and less than 25% of the network would be
below the acceptable condition.

- Where the gas indexing not to pass, the budget with the awarded gas
tax will not suffice to maintain the network in acceptable conditions.
49% of the network would be below the acceptable PCI.

- Utilizing these analysis, the agency can justify the importance the
additional gas indexing has over the future conditions of their
pavement network.

In summary, based on the findings from this study, it is concluded that Pavement
Management Systems serve as a tool which assists agencies in decision making and
identification of cost effective strategies to provide serviceable and safe pavement
structures. Implementing a PMS requires great effort on behalf of the agency, nonetheless
large benefits can be obtained in the long term as long as accurate and trustworthy data are
input. Accordingly, agencies must count with trained, qualified, experienced, and above all

dedicated personnel to maintain the system.

6.2. Recommendations

The pavement management system implementation is a continuous process that
many state departments of transportation, cities, and local agencies are looking into
adopting as a cost-effective decision making tool. The work completed in this study

validates future decisions made by the agencies. However, further improvements can be
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made as the performance models for the polymer-modified asphalt binder sections were
completed with data of unmodified asphalt binder and surface treatment performance
models were not developed due to lack of representative data. This study recommends the
following tasks to be completed in order to improve the pavement management systems:

e Continuously survey the entire network (every two or three years whenever the
budget allows for it) to enhance the existing developed performance models for
polymer-modified asphalt binder sections.

e Input any work done as soon as it is completed to maintain the database up to date
and facilitate the development of treatment specific models.

e Implement the optimum single and sequential slurry seal application times from
Washoe RTC while enough data is collected to develop surface treatment
performance models.

e Select the sections that are candidates for maintenance, reconstruction, and
rehabilitation from the software prioritization. Nonetheless, the final selection of
the sections to treat must be done after a pavement engineer visits the site and
assesses the actual condition of the pavement and determines the appropriate
treatment.

e Utilize the future budgeting scenarios wisely to plan ahead of time and run what if
scenarios in order to justify a petition for additional funding.

In summary, due to the limited personnel local agencies typically count with it is
not possible to have a fully dedicated person to handle the implementation of a pavement
management system. It is because of this that many times the required work to develop a

pavement management system becomes overwhelming for agencies and simplified non

112



cost-effective measures are taken to address their network. To overcome this problem it
would be suggested to hire a pavement engineer to exclusively dedicate his time to
implement, maintain, and improve the Pavement Management System along with any

additional pavement related tasks.

6.3. Acknowledgment for Carson City and Douglas County.

It would not have been possible to achieve the objectives of this study without the
willingness to implement a pavement management system and the continuous help
received from both public works offices. Patrick Pittenger, Daniel Doenges, and Dirk
Goerning from Carson City and Ron Roman and Jon Erb from Douglas County were

always eager to collaborate with any required data whenever it was available.
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CHAPTER 7 APPENDIX A
This chapter provides a detailed example explaining how the pavement condition
index (PCI) can be obtained using the ASTM D6433-11 procedure (7). The distresses from
Carson City Public Works 2011 network survey branch Apollo Drive section 412 were
used in this calculation to provide a clear explanation. The survey data for this particular
section is summarized in Table 7.1.

Table 7.1 — Apollo Drive Section 412 Distress Survey Data.

Distress Severity Level Quantity
Alligator Cracking Low 739.00 ft?
Longitudinal and Transversal Cracking Low 5,494.00 ft
Raveling Medium 253.80 ft?
Rutting Low 1,953.00 ft?
Sample Unit Area: 17,132 ft?

From the data above, the density for each severity level along with its respective
deduct value are calculated.

e Alligator cracking

739
17132

* 100 = 4.31%

= Density =
= Deduct Value = 23.18

e Longitudinal and Transversal Cracking

5494
17132

* 100 = 32.07%

= Density =
=  Deduct Value = 28.64

e Raveling

253.80
17132

* 100 = 1.48%

=  Density =

=  Deduct Value =9.06
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e Rutting

1953
17132

= Density = * 100 = 11.40%
= Deduct Value = 29.54
The deduct values are then arranged from largest to smallest (29.54; 28.64; 23.18;
9.06) and the highest deduct value (HDV) is determined (29.54). Then the allowable

number of deducts (m) is determined.
9
m=1+ (%) (100 — 29.54) = 7.47

Since there are only 4 deduct values all of them must be considered. Then the total
number of deduct values greater than 2.0 (q) must be determined, in this case all four deduct
values are greater than two thus, g = 4. Next the CDV determination must be carried out,
its calculation is summarized in Table 7.2, the CDV were determined from Figure 2.4.

Table 7.2 — Flexible Pavement Distress Summary

Deduct Values Total q Cbv
29.54 28.64 23.18 9.06 90.42 4 52
29.54 28.64 23.18 2 83.36 3 53
29.54 28.64 2 2 62.18 2 46
29.54 2 2 2 35.54 1 34

The highest CDV obtained is 53, therefore the PCI of section 412 of the Apollo

Drive branch would be:

PClcc.apotio:arz = 100 — 53 =47



CHAPTER 8 APPENDIX B
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This chapter provides the deduct value charts for the computation of the pavement

condition index (PCI) extracted from the ASTM D6433-11 procedure (7), let it be noted

that these deduct value curves are only valid for United States customary units.
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CHAPTER 9 APPENDIX C
This chapter provides the statistical analysis of the relationship between the Carson
City local and arterial roads data with respect to the unmodified binder collector roads
model.
The coefficient of determination (R?) and the estimate of the error variance

(MSE=62) were calculated through the following equations:

SSR

where:

n
SSR = regression sum of squares = Z(f/i - y)?
i=1

n
SSE = regression sum of squares = Z(yi — 9:)?

=1
SST = total sum of squares = SSR + SSE
n = sample size

k = degrees of freedom = 4 (4th degree equation)

Tables 9.1 and 9.2 summarize the results of the statistical analysis for local and

arterial roads with respect to the collector roads model.



Table 9.1 — Arterial Roads Statistical Analysis.

Collector Avrterial MSE
Model Data (yi-§)2 | SSE Error Variance ¥y | (yiy)? | SST @i-§) SSR R?

Year PCI (§i) PCI (yi) k=4 n=12

471 83 68 234 817 1926.419

8.71 64 59 28 384 618.9743

11 54 70 245 935 222.9623

11 54 69 215 875 222.9623

23 34 36 4 12 30.63887

27 33 27 35 154 42.20129

1402 200 39 5243 4454 0.850

31 24 45 433 31 231.6893

31 24 29 23 109 231.6893

31 24 18 38 459 231.6893

31 24 19 27 417 231.6893

31 24 17 52 503 231.6893

31 24 16 67 548 231.6893
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Table 9.2 — Local Roads Statistical Analysis.

Collector Local MSE
Model Data (yi§)2 | SSE | Errorvariance | § | (yr§)2 | SST i) SSR | R?

Year | PCI @) PCI (y1) k=4 n=330

4.47 84 20 4148 670 1483.949
5.35 80 93 161 2220 1185.583
5.35 80 87 45 1690 1185.583
6 77 87 96 1690 982.1892
6 77 36 1699 08 982.1892
6.35 76 65 111 365 879.394
6.35 76 73 6 735 879.394
6.35 76 61 211 228 879.394
6.51 75 68 46 489 835.3546
6.51 75 67 61 446 835.3546
6.51 75 81 39 1233 835.3546

53921 166 46 118642 78449 | 0.661

6.51 75 84 85 1453 833.999
7.77 69 77 69 968 521.031
7.77 69 82 177 1304 521.031
7.77 69 84 234 1453 521.031
7.77 69 76 53 907 521.031
7.77 69 80 127 1164 521.031
7.77 69 84 234 1453 521.031
7.77 69 84 234 1453 521.031
7.77 69 65 14 365 521.031
7.77 69 71 5 631 521.031
7.77 69 72 11 682 521.031
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1530

1233

521.031

582

521.031

365

222.8803

51

222.8803

83

222.8803

260

222.8803

102

222.8803

848

222.8803

631

222.8803

365

222.8803

293

222.8803

723

222.8803

228

222.8803

147

222.8803

1453

222.8803

1233

222.8803

1304

222.8803

489

222.8803

166

222.8803

228

222.8803

26

222.8803

328

222.8803

328

210.6496

7.77 69 85 265
7.77 69 81 151
7.98 68 70 5
7.98 68 65 7
7.98 68 53 217
7.98 68 55 162
8.07 67 62 28
8.14 67 56 120
8.14 67 75 64
8.14 67 71 16
8.14 67 65 4
8.14 67 63 16
8.47 65 19 2156
9.17 62 61 1
9.17 62 58 17
9.35 61 84 512
9.35 61 81 385
10 59 82 551
10 59 68 90
10 59 33 651
10.35 57 61 16
10.35 57 51 36
10.35 57 64 49
10.37 57 64 50
10.51 56 82 657
10.51 56 60 13

1304

174.9369

199

174.9369

142.7204
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172

907

142.7204

66

142.7204

285

142.7204

582

142.7204

631

142.7204

405

142.7204

790

142.7204

124

130.6016

735

125.1411

51

125.1411

293

125.1411

83

125.1411

260

123.1328

405

123.1328

124

123.1328

37

117.2352

199

112.3603

489

112.3603

582

112.3603

365

112.3603

790

112.3603

66

96.82238

735

96.82238

10.51 56 59 7
10.51 56 76 385
11 54 54 0
11 54 29 642
11 54 70 245
11 54 71 277
11 54 66 136
11 54 74 386
11 54 57 7
11 54 73 348
11 54 53 2
11 54 63 75
11 54 55 0
11 54 62 59
11 54 66 136
11 54 57 7
11 54 52 6
11 54 60 32
11 54 68 186
11 54 70 245
11 54 65 114
11 54 74 386
11 54 54 0
11 54 73 348
11 54 67 160

111 54 52 4

446

96.82238

37

96.82238

96.82238
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582

147

96.82238

631

96.82238

968

96.82238

534

96.82238

848

96.82238

848

96.82238

199

96.82238

260

91.79235

534

89.97375

682

88.71487

365

50.06962

50.06962

35.32359

79

35.32359

17

35.32359

228

35.32359

166

27.54872

37

27.54872

631

27.54872

10

27.46443

293

27.46443

124

27.46443

66

27.46443

11.43 53 70 301
11.43 53 58 29
11.77 51 71 386
11.77 51 7 657
11.77 51 69 311
11.77 51 75 559
11.77 51 75 559
11.77 51 60 75
11.77 51 62 113
11.77 51 69 311
11.91 51 72 448
11.98 51 65 207
11.98 51 48 7
11.98 51 45 31
11.98 51 37 185
12 51 50 0
12 51 61 110
12 51 33 307
12.07 50 52 3
12.14 50 71 440
12.14 50 49 1
12.14 50 63 169
12.14 50 57 49
12.14 50 54 16
12.35 49 57 60
12.35 49 65 248

124

27.46443

365

27.46443

27.46443
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228

293

27.46443

260

27.46443

147

27.46443

405

27.46443

228

25.16964

735

15.61063

405

15.61063

199

15.61063

446

15.61063

199

15.61063

293

13.89369

24

12.71133

228

8.628217

51

3.858727

228

3.858727

682

2.946109

147

0.022939

907

0.022939

0.049942

534

0.049942

47

0.049942

365

0.049942

631

0.049942

12.35 49 61 138
12.35 49 63 189
12.35 49 62 162
12.35 49 58 76

12.35 49 66 280
12.35 49 61 138
12.35 49 73 564
12.35 49 66 280
12.35 49 60 115
12.35 49 67 315
12.42 49 60 121
12.45 49 63 199
12.47 49 41 61

13.17 46 61 210
13.17 46 53 42

13.54 45 61 245
13.54 45 72 710
13.54 45 58 160
13.54 45 76 939
13.77 45 44 0

13.77 45 69 592
13.77 45 39 32

13.77 45 65 414
13.77 45 71 694
13.77 45 62 301
13.77 45 62 301

260

1.222925

260

3.940713

9.399288
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172

735

9.399288

405

11.15187

735

11.15187

147

11.15187

682

11.15187

1031

11.15187

848

11.15187

172

23.69608

260

23.69608

1031

23.69608

51

24.6546

17

24.6546

790

24.6546

66

24.6546

124

25.82687

193

28.46258

15

28.46258

24

28.46258

524

28.46258

47

28.46258

62

28.46258

141

28.46258

141

28.46258

13.77 45 59 206
13.77 45 73 803
13.77 45 66 456
13.77 45 73 803
13.77 45 58 178
13.77 45 72 748
13.77 45 78 1112
13.85 44 75 934
14.23 43 59 244
14.23 43 62 347
14.23 43 78 1199
14.23 43 53 93
14.23 43 50 44
14.31 43 74 952
14.37 43 54 121
14.61 42 57 215
15 41 32 88
15 41 42 0
15.1 41 41 0
15.81 40 23 275
15.81 40 39 0
16 39 38 1
16 39 34 27
16 39 34 27
16 39 28 125
16 39 39 0

320

28.46258

47

28.46258

28.46258

130



24

141

28.46258

222

28.46258

141

28.46258

79

28.46258

118

28.46258

141

28.46258

15

28.46258

320

28.46258

79

28.46258

670

28.46258

222

28.46258

47

28.46258

35

28.46258

193

28.46258

222

28.46258

47

28.46258

723

28.46258

619

28.46258

35

28.46258

62

28.46258

320

28.46258

1217

28.46258

193

28.46258

16.47 38 41 7
17 37 34 12
17.77 36 31 29
17.77 36 34 6
18 36 37 1
18 36 35 1
18 36 34 4
18 36 42 35
18 36 28 65
18 36 37 1
19.81 35 20 212
19.81 35 31 13
19.81 35 39 20
20 34 40 31
20 34 32 6
20 34 31 12
20 34 39 21
20.25 34 19 235
21 34 21 171
21 34 40 35
21 34 38 15
21 34 28 37
21 34 11 533
21 34 32 4
21 34 21 171
21 34 22 146

619

28.46258

570

28.46258

28.46258
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320

222

28.46258

47

28.46258

166

28.46258

1672

28.46258

62

28.46258

285

28.46258

1839

28.46258

1591

28.46258

15

28.46258

24

28.46258

47

28.46258

222

28.46258

24

28.46258

62

28.46258

166

28.46258

47

28.46258

222

28.46258

118

28.46258

118

28.46258

524

28.46258

24

28.46258

320

28.46258

15

28.46258

21 34 28 37
21 34 31 9
21 34 39 24
21 34 33 1
21 34 5 846
21 34 38 15
21 34 29 26
21 34 966
21 34 789
21 34 42 63
21 34 41 48
21 34 39 24
21 34 31 9
21 34 41 48
21 34 38 15
21 34 33 1
21 34 39 24
21 34 31 9
21 34 35

21 34 35 1
21 34 23 123
21 34 41 48
21 34 28 37
21 34 42 63
21 34 33

21 34 32 4

166

28.46258

193

28.46258

28.46258
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252

47

28.46258

24

28.46258

47

30.22683

1017

30.22683

395

30.6389

395

30.6389

30.6389

252

30.6389

193

30.70155

252

30.70155

1148

30.70155

98

30.7989

193

31.60016

670

31.60016

98

31.60016

62

31.60016

778

31.60016

285

31.60016

357

31.60016

15

31.60016

193

31.60016

98

31.60016

118

31.60016

21 34 30 17
21 34 39 24
21 34 41 48
21 34 39 24
21 34 14 403
21 34 26 65
21 34 26 65
21 34 43 80
21 34 30 17
21 34 32 4
21 34 30 17
21 34 12 488
21 34 36 4
21 34 32 4
21 34 20 198
21 34 36 4
21 34 38 15
21 34 18 259
21 34 29 26
21 34 27 50
21 34 42 63
21 34 32

21 34 36

21 34 35

21 34 43 80
21 34 42 63

31.60016

15

31.60016

31.60016
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62

31.60016

98

31.60016

524

31.60016

24

31.60016

570

31.60016

24

31.60016

723

31.60016

24

31.60016

35

31.60016

79

31.60016

47

31.60016

166

31.60016

193

31.60016

395

31.60016

35

31.60016

15

31.60016

193

31.60016

35

31.60016

193

31.60016

834

31.60016

778

31.60016

47

31.60016

47

31.60016

15

31.60016

21 34 38 15
21 34 43 80
21 34 36 4
21 34 23 123
21 34 41 48
22 34 22 142
22 34 41 50
23 34 19 221
23 34 41 51
23 34 40 37
23 34 37 10
24 34 39 26
24 34 33
24 34 32 4
24.25 34 26 62
25 34 40 38
25 34 42 67
25 34 32 3
25 34 40 38
25 34 32 3
25 34 17 282
25 34 18 249
25 34 39 27
25 34 39 27
25 34 42 67
25 34 25 77

436

31.60016

31.60016
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252

436

31.60016

62

31.60016

35

31.60016

24

31.60016

320

31.60016

320

31.60016

193

31.60016

395

31.60016

1017

31.60016

570

31.60016

1148

31.60016

47

31.60016

62

31.60016

285

31.60016

222

31.60016

320

31.60016

62

31.60016

24

31.60016

47

31.60016

193

31.60016

252

31.60016

35

31.60016

35

31.60016

395

31.60016

25 34 30 14
25 34 25 77
25 34 38 18
25 34 40 38
25 34 41 52
25 34 28 34
25 34 28 34
25 34 32 3
25 34 26 61
25 34 14 392
25 34 22 139
25 34 12 475
25 34 39 27
25 34 38 18
25 34 29 23
25 34 31 8
25 34 28 34
25 34 38 18
25 34 41 52
25 34 39 27
25 34 32 3
25 34 30 14
25 34 40 38
25 34 40 38
25 34 26 61
25 34 28 34

320

31.60016

31.60016
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98

436

31.60016

79

31.60016

320

31.60016

141

31.60016

222

31.60016

252

31.60016

166

31.60016

1017

31.60016

166

31.60016

723

31.60016

723

31.60016

436

34.75743

285

42.2085

35

42.2085

42.2085

436

57.24443

723

57.24443

479

57.24443

98

85.75758

357

1553.674

47

1553.674

166

1553.674

252

1553.674

25 34 36 5
25 34 25 77
25 34 37 10
25 34 28 34
25 34 34

25 34 31

25 34 30 14
25 34 33 1
25 34 14 392
25 34 33 1
25 34 19 219
25 34 19 219
25 34 25 77
25 34 29 23
25 34 40 38
25 34 43 85
25 34 25 77
25 34 19 219
25 34 24 96
25 34 36 5
25 34 27 46
25 34 39 27
25 34 33 1
25 34 30 14
25 34 24 96
25 34 19 219

479

1553.674

723

1553.674

1553.674
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15

15

1553.674

166

1553.674

47

1553.674

285

1553.674

62

1553.674

15

1553.674

79

1553.674

98

1553.674

1553.674

62

1553.674

47

1553.674

570

1553.674

222

1553.674

24

1553.674

1553.674

524

1553.674

47

1553.674

1553.674

166

1553.674

25 34 42 67
25 34 42 67
25 34 33 1
25 34 39 27
25 34 29 23
25 34 38 18
25 34 42 67
25 34 37 10
25 34 36 5
25 34 43 85
25 34 38 18
25 34 39 27
25 34 22 139
25 34 31 8
26 34 41 56
27 33 43 102
27 33 23 98
27 33 39 37
28 32 43 124
28 32 33 1
28 32 25 47
29 30 43 165

436

1553.674

1553.674

1553.674
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