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Abstract
Smoothness specifications are implemented by all State Highway Agencies (SHA) to promote
overall roadway quality and optimize rider comfort. There are several key benefits of improved
roadway initial smoothness, the first of which is increased user comfort, fuel efficiency, and
increased roadway lifetime. Wisconsin Department of Transportation (WisDOT) ride specification
utilizes pay adjustments (incentives and disincentives) to achieve those objectives. This study
investigates the efficiency of these specifications and their changes over the last eleven years
(2007-2017), which includes five different specifications. The focus of this study is the effect of
specifications on newly constructed roadways over time and the incentive payments made for all
types of asphalt and concrete pavement. Though there are a broad range of studies which have
evaluated ride smoothness, there is a gap in studies which aggregate and capture specification
changes and their effects on roadway smoothness.
In this study, the investigation found that the specification changes have made an impact only on
specific asphalt and concrete types. Specifically, both mainline pavement types (HMA I and PCC
II) have exhibited smoother roads over the study period. As such, it is the resulting conclusion
that specifications should be more closely tailored to the different needs of each specific
pavement type. Notably, concrete and asphalt segments were found to be significantly different
from each other, yet the specifications group the different pavement types together when the data
does not support this grouping. The study also proposes different potential optimization cases
that WisDOT may pursue to improve current specification pay adjustments, which would have
cost savings to WisDOT.
Additionally, this study analyzes the effects of specifications on localized roughness, which are
segments of increased roughness, above a threshold. The current specification, with threshold of
200 inches/mile, has shown significant improvement over the past thresholds of 150 and 175
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inches/mile, in terms of average roadway smoothness. The results from the concrete localized
roughness determined a potential for improved education so that segments are not mislabeled
and misanalysed. The specification changes did not impact concrete as significantly as it did for
asphalt. Though the thresholds are the same.
Lastly, the study analyzed project segments built under a warranty type specification. The
warranty analysis did show that warranty projects had a lower initial smoothness as compared to
non-warranty segments. The warranty program was suspended in 2012, due to long term quality
concerns.
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Chapter 1: Introduction
Background
Roadways are an integral part of any taxpayer’s day, therefore achieving smoother roadways at
a lower cost to WisDOT would be a success for everyone. There are many factors which play an
essential role in achieving a smoother roadway, but the way all these factors come together is
through the measured roadway data and through the specification which dictates acceptable
smoothness limits, incentives or disincentives, measurement practices and requirements, and
thresholds for roughness requiring corrective action.

In 2007, WisDOT moved from a Profilograph Index based specification for pavement profiles to
the International Roughness Index (IRI) which is uses a non-contact profiler to map a roadway
and designate its smoothness or roughness digitally. This process is done continually from
construction to maintenance to track the deterioration. Over the years various specification
changes were implemented which changed the incentive and disincentives for the initial, as
constructed, smoothness of the road as well as the IRI values which impacted these
(dis)incentives.

To calculate road smoothness, for compliance to specifications, a sensor mounted to a vehicle
(i.e., ATV, truck, van, etc.) captures the roughness value for many different points along a
segment of specified length and then averages all the points for one average IRI value per
segment. Depending on the IRI a specific pay adjustment is made. This pay adjustment can either
be positive (incentive), negative (disincentive), or zero (straight pay) if the IRI is within an
acceptable range. WisDOT hopes to utilize the incentives and disincentive policies to incentivize
contractors to build smoother roads and penalize rougher roads.
1

Specifications are contractual requirements for contractors to know what is expected of them
regarding quality, testing, materials, and general procedures. With new standard specification
books coming out every year, contractors must stay up to date with the WisDOT’s latest changes
constantly.

While new specification books come out yearly, specific specifications are not

necessarily changed yearly.

Besides measuring the overall smoothness of a segment, a separate report of localized
roughness is also evaluated. Localized roughness isolates segments, of varying lengths, that
have a roughness index above a specific threshold which are deemed to be localized roughness.
These are isolated areas of roughness which if included in the smoothness index can skew the
results, and as such, they are removed from the segment and are included in their own localized
roughness category. Localized roughness also has different options regarding corrective actions,
which are at the engineers’ discretion. Corrective actions depend on the potential of hazard that
these isolated roughness locations pose to the public. Corrective actions can include grinding,
removal and replacement, or left in place with a pay reduction.

While the improving road smoothness directly impacts a rider’s experience, there are also other
motivations for improving road quality. One crucial factor is that a smoother initial road can have
a longer service life than a rougher road. With a smoother initial road, maintenance can also be
reduced over its design life. A smoother road is also a safer road for all users as well as a more
enjoyable ride. Lastly, there has been work done showing smoother roads lead to increased fuel
economy and reduced operating costs for users.
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Scope of Research
WisDOT enlisted the UW-Madison to conduct a study to investigate how specifications have
impacted ride over the past eleven years. Additionally, this research furthered the analysis by
trying to find any trends in the data that could potentially lead to additional specification changes
to achieve overall road smoothness and optimize the current specification for optimal pay. This
study focuses on IRI data collected right after construction, upon which pay for the contractor was
determined.

The research covers an eleven-year period between 2007 and 2017, henceforth referred to as
the “study period”. Over this period five different specifications have been introduced at different
intervals, their names are: Ride 1.0, QMP 1.02, QMP 1.03, QMP 1.04 and Ride 2.01. These
specifications cover both concrete and asphalt road construction. All four different kinds of hot
mix asphalt (HMA) were included in this study. (HMA I, HMA II, HMA III, and HMA IV) As well as
three different kinds of Portland cement concrete (PCC). (PCC II, PCC III, and PCC IV) The
number of road segments constructed during the study period is over 500,000. The study also
focuses on ride data, as well as localized roughness data, and an analysis of warranty projects
versus non-warranty projects and its effects on ride and cost.

Objectives
Previously the data, since the introduction and use of the International Roughness Index, had
only been evaluated on a year by year basis. This study analyzes and makes conclusions based
on all the data collected since the start of the use of the IRI, specifically by specification. The focus
of this study is in the ride analysis, as the ride is the most common segment type. Additionally,
the study analyzes localized roughness which is a contributing factor of the ride. Lastly, an
analysis was conducted for the warranty projects that were done during the study period and their
3

efficiency in terms of achieving smoothness. The WisDOT warranty program was suspended in
2012 due to a variety of reasons related to overall quality and performance.
While all the objectives were aligned, certain objectives were specific to certain parts of the
analysis. As such, these are the objectives set out by both WisDOT and the researchers.
●

Determine the effectiveness of the changing specifications over the study period. The
effectiveness is based on the impact of the changing IRI specification as well as the
incentive and disincentive pay that was used per specification.

While the above is the studies primary goal, the following are goals specific to the different
analysis done.
●

Compare ride effectiveness to the WisDOT target of paying straight pay for 67% of placed
segments. Optimize the current specification to decrease the total incentive payment
made by WisDOT. Additionally, to ensure that WisDOT is paying incentive and getting
smoother roads.

●

Compare concrete roadway types and asphalt roadway type ride segments to determine
if the current state of grouping them together in specifications is justified.

●

Determine the effective use of warranty projects and their impact on both ride and
incentive cost

●

Determine the practical use of warranty segments based on specification changes and as
they compare to non-warranty ride segments.

Problem Statement
There exists an extensive amount of work on the importance of tracking the smoothness of a
roadway to make better design and maintenance decisions. WisDOT has not done a
comprehensive ride analysis study since the introduction of the International Roughness Index.
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Due to its use in roadway design as well as maintenance and tracking roadway quality over time,
the understanding of a changing IRI is critical for understanding the future performance of rider
comfort.

Organization of the Thesis
This report aims at explaining both the current and past state of pavement smoothness
specifications in Wisconsin, as well as make future recommendations based on the optimizing
the past data. The following outline is the organization that this thesis follows. Chapter 2 explains
the literature review which outlines past completed works that relate to the analysis. This
includes national smoothness averages with which to compare the Wisconsin values too. Chapter
3 discusses the methodology used to answer the objectives. The methodology explains the
parameters and data as well as explains the statistical tests used to validate the research
objectives. Chapter 4 describes the analysis conducted as part of this study. The analysis
includes an optimization section, discussed in the objectives. Chapter 5 presents the summary
of the work as well as conclusions and recommendations for WisDOT. The attached
appendices include additional information regarding the presented research.
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Chapter 2: Literature Review
Introduction
This chapter highlights the current literature and research done on the use and benefits of the
International Roughness Index as well as the gaps in the current literature. The literature review
aims to answer the importance, application, and benefits of the International Roughness Index.
As well as the definition of Localized roughness.

International Roughness Index
The index system used to measure roadway smoothness is the first component of any pavement
ride specification. The index chosen drives the determination of equipment used, data evaluation,
and pay factors for the collected data. Over the time of this study period, there has been a
nationwide transition from the use of PrI which utilizes a profilograph to measure the actual road
profile and then calculates a smoothness value, the IRI uses an inertial profiler. Wisconsin made
the transition in 2007-which is when this study begins the analysis. One of the main reasons for
this migration is that profilographs measure only the wavelength within a specific range or bands.
Additionally, different states use different bands, which cause a systematic inconsistency in
collected to data from state to state. (MoDOT, 2006) The advantages of using the IRI is that it is
reproducible mathematical processing of a measured profile and that it is time stable which the
PrI was not. Additionally, the IRI allows for independence between section lengths. The IRI is
measured in inch/mile (or meters/kilometer).
This road smoothness is effectively measured through the IRI, which is the deviation of a surface
from its true planar surface (ASTM E867). IRI includes vehicle vibrations which cause roughness,
as opposed to the previously used Profilograph Index which only measures vertical deviations,
IRI includes frequencies and amplitudes as well. The terms smoothness and roughness are used
interchangeably. (FHWA, 2016). The American Concrete Pavement Association explains the
methodology for determining IRI values as follows. Three different instruments are used to create
6

a profile of the roadway surface to accomplish this: an accelerator to measure the movement of
the vehicle, a laser sensor that measures the distance from the pavement surface to the vehicle,
and a device for measuring the position of the vehicle along the roadway. (ACPA, 2013). This
non-contact profiler is mounted to an ATV, truck, or van and can drive highway speeds to collect
the necessary data. As is drives it continually collects data, then averages the readings for the
section of to come up with the one IRI value per segment.
According to AASHTO typical asphalt and concrete IRI values are shown in Table 2.1.
Table 2.1: Typical Asphalt and Concrete Roughness Values

Typical IRI Values

Asphalt

Concrete

52 to 66 Inches/mi

57 to 72 Inches/mi

Asphalt has a lower range as it is easier to achieve road smoothness using asphalt because it
typically utilizes smaller aggregate pieces than concrete, and asphalt pavement is generally
placed in multiple layers allowing opportunities to correct the surface.

Benefits of IRI
As mentioned in the introduction there are several different reasons why smoother initial roadways
are beneficial to both a State Highway Agency (SHA) as well as the rider. National surveys of
road users have found that the top highway characteristic is road smoothness. Pavement
smoothness was also identified as one of the best quantifiable measures of the condition of
pavement. (FHWA, 2006) Another important benefit is that smoother roads last longer. Though
there are many different factors contributing to pavement life, studies have shown that smoother
pavements do last longer.
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Effect of Specification of Road Smoothness
A contributing factor to roadway smoothness are specifications specific only by the state which
can outline every aspect of operation and evaluation of a newly paved roadway only specifying
certain parts. A study conducted in 1997 provided results stating that SHA’s indicated that
smoother roads were results of incentive/disincentive provisions. (Smith, 1997) A study conducted
by National Cooperative Highway Research Program (NCHRP) found that top-performing states,
in terms of pavement smoothness, have several common practices. One of which is the use of
end-result pavement construction specifications with incentive bonuses. It was found that states
with specifications that do not prescribe specific construction methods, but rather assign
responsibility and flexibility to the contractor to achieve specific performance levels. (AASHTO,
2008) The current specification, which came out in 2016 is included in the standard specification.
Based on a study completed for the FHWA in 2005, with input in all 50 states found that 58% of
states implement the smoothness specification as a particular provision. Additionally, that study
found that some of the most substantial obstacles with proper implementation are having
adequate data in order to make decisions for appropriate pay adjustments. (FHWA, 2015)

A study conducted by the Virginia DOT concluded that ride specifications had improved ride
conditions on Virginia’s roads. The benefits were found to impact both the traveling public as well
as VDOT. The net estimated savings concluded in this study is over $10 million over five years.
Other benefits concluded were relating to improved fuel efficiency, reduced vehicle maintenance,
and fewer emissions. (Nair, H., Habib, A. Saha, B. and Nelson, S., 2014)

Effect of Incentive/Disincentive pay
A majority of states incentivize for construction of a smoother road, and conversely a pay
reduction for pavement below a specified smoothness level. Most states also require a contractor
8

to either correct pavement with a below-specified smoothness or accept a pay reduction. This
determination is based on the pavement type, location, and extent of roughness. Pay adjustments
are a lump sum value per segment length or a multiplier that is applied to the contract unit price
of the paving material. WisDOT pays disincentives and incentives as a lump sum based on
segment length, and IRI value. Each state determines their thresholds for incentive/disincentive
levels which is determined firstly by how much the state can incentivize monetarily for this. The
Virginia DOT (VDOT), conducted a study comparing asphalt pavement with a control group that
had a potential for incentive and disincentive, and a second group with only a potential for an
incentive. The results showed no statistically reliable difference between the two groups.
Furthermore, this study found that the incentive only provision did not provide meaningful benefit
to the contractors as well as VDOT. (Nair, N., McGhee, K.K., Habib, A., and Shetty, S., 2015).
Not all states have provisions for both incentives and disincentives.

Localized Roughness
According to AASHTO R54-10, localized roughness is defined as any 25 ft segment of roadway
which contributes disproportionately to the overall roughness index. Additionally, any segment of
differing lengths, which has an IRI above a certain threshold value is also considered a defective
segment requiring corrective action. (AASHTO R54-10). Localized roughness is focused on as it
can be a potential hazard. While some states have provisions for only asphalt localized
roughness, or concrete localized roughness, 90% of the states have localized roughness
provisions for concrete and asphalt. While 4% do not have provisions for either. There typically
are provision for localized roughness so that locations of potential hazards can be identified and
corrected separately. In Wisconsin when a location of increased roughness is identified, then the
project engineer has the following options: (WisDOT Standard Specification: Section 4.40, 2017)
–Direct the contractor to correct the area to minimize the effect on the ride
9

–Leave the area of localized roughness in place with no reduction
–Asses a pay reduction for each area in each wheel path:
●

Length<25 feet (localized roughness in/mile -200) dollars/foot or $250
whichever is least

●

Length>25 feet (localized roughness in/mile -200) dollars/foot or 10
dollars/foot whichever is least

Warranty Projects
Warranty projects initially gained interest in the United States after the reported success of
warranty use in European countries. The use of warranty is encouraged by many different factors,
two of which are the desire for improved pavement performance as well as continual pressure to
reduce field staffing. According to the Michigan DOT in 2003, the following is a map of the states
that have significant experience with pavement warranties.

Figure 2.1: States That Have Implemented Warranty Projects

The definition set forth by NCHRP Synthesis 195 for warranty is, as a guarantee of the integrity
of a product and the maker's responsibility for the repair or replacement of the deficiencies. A
warranty is used to specify the desired performance characteristics of a particular product over a
specified period of time and to define who is responsible for the product. Warranties are typically
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assigned to the prime contractor but may be passed down to the paving contractors as pass-thru
warranties. (Hancher, D., 1994) The following table shows the different warranty types.
Table 2. 2: Warranty Types

Warranty Period

Warranty Type
Materials and Workmanship
Performance

2-4 years

Short Term

5-10 Years

Long Term

10 – 20 Years

Wisconsin, was the first state to implement warranty segments which were performance based
and short term.
A study conducted in Indiana, showed that the warrantied asphalt segments were found to
increase the segments lifetime by an additional nine years. While the initial cost of the warranty
segments was 5% to 10% higher, the life cycle savings were found to be significant over the
lifetime. (Gallivan, V.L., Huber, G.R., Flora, W.F., 2004)

All the warrantied projects in Wisconsin were short-term performance warranties, with a warranty
period of 5 years. Some of the most significant concerns relating to the use of warranty, and
mainly as a contributing factor to its suspension were the industry concerns over risk and high
bonding capacity, and WisDOT’s concerns over quality and long-term performance.

Gap in Current Literature
As mentioned above, IRI models and assumptions are based on some many different factors,
that the data and conclusions cannot be assumed transferable to any state. Instead, each state
has their own sets of requirements and outside factors which cause data results to be an
individual. It is assumed that there is a measurement error between different states’ IRI values to
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be around 15% (FHWA, 2008). Therefore, this research will act as the state of practice and
efficiency of the Wisconsin system based on the geographical factors which have influenced this
data set. Additionally, this study correlates the direct relationship between incentive and
disincentive pay on the changing IRI based on the different pavement and specification types. As
such these results are not transferable to other states, however the conclusions and
recommendations can be applicable to other states given that similar trends are exhibited.
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Chapter 3: Methodology
Introduction
In 2007, the Wisconsin Department of Transportation began to use a non-contact profiler and an
IRI smoothness index. Since then, WisDOT has made five different changes to the ride
specifications. While WisDOT analyzes this data yearly, they are still seeing that some of their
goals are not being achieved, which this study hopes to highlight. Also, WisDOT has not
breakdown down the data by pavement specification type, which this study does. This chapter
discusses the methodology undertaken to perform the analysis, the results of which can be found
in the next chapter.

Data Parameters
WisDOT uses several metrics to track road quality. One such indicator is the International
Roughness Index (IRI), which is measured continuously through a pavements lifetime in order to
monitor its roughness and determine when maintenance and major renovation are required. Prior
to a road being open to the public, the contractor is responsible for measuring the IRI along the
newly constructed road. These values determine the pay the contractor will achieve for this
construction. IRI measures the smoothness of the road. Several factors exist which can impact
IRI values, which include pavement type, segment type, pavement category, etc., these are some
of the factors which this study examines.
Pavement Type
Roadway construction projects are built with one of two different pavement types: concrete
pavement or asphalt pavement. WisDOT designates four types of asphalt pavement and three
different types of concrete pavement which are included in this study: This research covers all
four different types of asphalt named and three different types of concrete. Some considerations
are made to determine which type of pavement would be best for each application, the final
decision is made based off the life cycle cost. It is important to note that is that achieving
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smoothness on asphalt pavement is easier than concrete pavement due to the aggregate size.
As such, many highways use asphalt since a smoother roadway leads to a smoother ride for
users, among a host of other benefits. However, concrete pavements last longer than asphalt
pavements.

Pavement Category
There are three different types of concrete and four different types of asphalt as shown in the
figure below. HMA I and PCC II are typically the mainline pavement is found more frequently than
segments containing bridge pavement, intersections, approaches, and railroad crossings, which
are defined as HMA III & IV and PCC III & IV. Mainline work also has no restrictions to achieving
optimal smoothness-as opposed to methods which could create constraints for smoothness
because of differing elevations. Figure 3.1 shows the seven different WisDOT pavement
categories as well as the four different categories. For example, HMA II and PCC II are both in
category II.

Figure 3.1: Pavement Categories for Asphalt and Concrete
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Segment Type
Among the pavement types, there are different designations to these pavements which are
specified in various WisDOT publications, cited below.
●

●

Mainline: Mainline pavement is defined as all permanent pavement for traffic lanes, including:
○

Tapers to parallel lanes or through lanes at intersections,

○

Tapers to climbing lanes, and

○

Tapers to ramps and loops.

Bridge: The type of bridge approach should be based on road traffic volumes. Exceptions
to these criteria may be made at the request of the maintaining authority. (WISDOT, FDM
14-10)

●

Intersection: will apply to both traditional intersections (with cross traffic) and roundabouts
(WISDOT, FDM 14-10)

●

Railroad: profile the final mainlines riding surfaces higher than 1500 feet in continuous
length including bridges, bridge approaches, and railroad crossings (WisDOT Standard
Specification: 440.1, 2017)

Pay types
A portion of the contractual specifications for pavement smoothness may include an incentive and
or disincentive clause, such that the pavement contractor can receive bonuses for lower than
targeted IRI values or pay penalties for higher values.
Wisconsin offers both incentives and disincentives. WisDOT assigns one of five different pay
types depending on a specific IRI data points. The corresponding pay adjustments shown are
based on the most recent Specification, Ride 2.01, this sample is for HMA I projects.
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Table 3.1: Specifications – Pay Tables: Ride 2.01: HMA I

Initial IRI (in/mile)
≥75
≥ 60 to < 75
≥ 35 to <60
≥30 to <35
<30

Pay Type
Full Disincentive
Partial Disincentive
Straight Pay
Partial Incentive
Full Incentive

Pay Adjustment
-250
1000-(50/3 x IRI)
0
1750-(50 x IRI)
250

For PCC II the Table 3.3 determines the pay types and adjustment per Ride 2.01.
Table 3.2: Specifications: Pay Tables: Ride 2.01: PCC II

Initial IRI (in/mile)
≥100
≥ 85 to < 100
≥ 55 to <85
≥50 to <55
<50

Pay Type
Full Disincentive
Partial Disincentive
Straight Pay
Partial Incentive
Full Incentive

Pay Adjustment
-250
(4250/3) - (50/3 x IRI)
0
2750-(50 x IRI)
250

The analysis was done using all five pay types, but for the optimization of the specification, the
pay types were reduced to three types: Disincentive, Straight Pay, and Incentive. This was done
because that optimization was trying to optimize the straight pay, and then evaluating the
segments with smoother IRI, and rougher IRI than the straight pay category.
Specification
During the study period, five different specifications were introduced and used. The following two
figures showed when the specifications were used. Figure 3.2 shows the specification changes
as they apply to asphalt and Figure 3.3 as it applies to concrete.
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Figure 3.2: Specification Changes Over Study Period: Asphalt

Figure 3.3: Specification Changes Over Study Period: Concrete

As can be seen in the above two graphs, it is uncommon for a specification to be the sole
specification in use for an entire year. This is because specifications are selected at the beginning
of a project and kept constant throughout the project duration. For example, if a project began in
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2008 and used the QMP 1.02 specification, and the project went on for a year, pavement
construction could carry over into 2009 even though that is the year that QMP 1.03 was
introduced. Because of this breakdown of specifications by year, much of the analysis conducted
was specification driven instead of the year driven in order to remove the bias of mixed
specification by year.
Another critical factor that is specification determined is the length of the segment. Ride
1.0 has a segment length of 528 feet or 0.1 miles, while the rest of the specifications state that
one segment is equal to 500 feet.
Since both concrete and asphalt release new specifications on the same annual
schedule, it is unsurprising that the distribution of specifications between the two pavement types
is similar.
Localized Roughness
IRI is calculated as the average of all the readings taken in a particular segment, as defined by
the particular specification (i.e, 500 feet for Ride 1.0 and 528 feet for Ride 2.01). If within that
segment length there exists a smaller segment with a much higher IRI than a predetermined level,
that rougher road length is designated as a “localized roughness” location. IRI values for the
localized roughness location area are not included in the calculated average value for this
segment. Designating the localized roughness location as such avoids skewing the average
roughness of the larger segment. The localized roughness locations can vary by length.
The localized roughness threshold was 150 inches/mile under specification QMP 1.02 and 175
inches/ mile for QMP 1.03. This, however, led to too many sections of pavement identified as
localized roughness. As such, the standard was increased to 200 inches/mile under QMP 1.04
and Ride 2.01.
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Length
Localized roughness is dependent on the length of the segment with a higher than the specified
threshold IRI, and therefore the length varies by situation. During substantial roadway
construction, stations are set up for road layout and construction and are used as a reference
point horizontally along the road. Stations are 100 feet in distance from one another. Station start
and end is an important parameter introduced in localized roughness analysis since that allows
for the measure of the length. The following equation calculates the length of the roadway.
Length = Station End - Station Start
Where for example a station start value is 30+79, and the station end is 31+04, in this case, the
length of this segment is 25 feet.
The length is necessary because as seen above in the specification, the 25 feet threshold
determines which pay deduction equations are followed.

Data Description
Ride Data Analysis
There have been over 500,000 segments placed over the 11 year study period,
this includes all the types of concrete (3) and asphalt (4). Figure 3.4 shows the breakdown of the
asphalt segments placed by type.
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Asphalt

Figure 3.4: Number of Asphalt Segments Placed by Year and by Type

The graph shows how prominent HMA I is among the asphalt types, which is because it is the
mainline asphalt and thus has the most significant use. HMA I is also most popular as it has two
opportunities to achieve smoothness, by contrast, HMA II has only one option to achieve
smoothness. HMA III & IV are designations for other pavement types (besides mainline) and
therefore have disruptions that limit the ability for obtaining smoothness. Next, a more in-depth
view of each asphalt type will give a better understanding of the data types and characteristics.

HMA I:
Table 3.4 below shows the specifics regarding the acquired data for HMA I by the specification.
First, is the number of segments placed per specification. Next is the average IRI, which has been
calculated by taking the average of all the IRI values for the specification, divided by the total
number of segments. Lastly, the average incentive paid column signifies the incentive cost
20

increase (or decrease if negative) per segment for a specific specification. This was calculated by
summing the total incentive and disincentive paid and divided by the total number of segments.
Table 3.3: HMA I- Data Breakdown by Specification

Specification

n (Number of Segments)

AVERAGE: IRI

RIDE 1.0

22,123

43.78

Average
Incentive
Paid
16.01

QMP 1.02

31,497

39.35

63.59

QMP 1.03

53,262

41.47

48.50

QMP 1.04

38,779

37.46

91.84

RIDE 2.01

11,436

36.72

107.06

HMA II:
Table 3.5 below represents the data breakdown of HMA II, regarding its number of segments by
the specification, average IRI by specification, and the average incentive payment per segment
by the specification.
Table 3.4: HMA II – Data Breakdown by Specification

Specification

n (Number of
Segments)

AVERAGE:
IRI

RIDE 1.0

6,014

46.25

Average
Incentive
Paid
203.66

QMP 1.02

2,332

52.83

155.02

QMP 1.03

910

62.01

73.60

QMP 1.04

564

52.92

136.75

RIDE 2.01

0

-

-
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HMA III:
Table 3.6 shows the characteristics of HMA III by the specification.
Table 3.5: HMA III – Data Breakdown by Specification

Specification
RIDE 1.0

n (Number of
Segments)
2,219

AVERAGE: IRI
67.18

Average Incentive
Paid
125.15

QMP 1.02

4,096

57.58

37.68

QMP 1.03

7,328

62.54

27.70

QMP 1.04

5,617

53.18

58.08

RIDE 2.01

532

89.03

1.92

In situations where a smooth ride is both hard to control and difficult to achieve, HMA III is the
designated pavement type. This is because HMA III (and PCC III) are never given disincentive
because of the inability of a contractor to realistically achieve smoother pavement.
As such incentives are paid based on the adjoining segments. For example, if an HMA III segment
is placed next to an HMA II segment, then the incentive will be paid for the HMA III segment as if
it was an HMA II. Except if the IRI is in the disincentive range at which point there is no pay
adjustment.
HMA IV:
Table 3.7 contains the values for HMA IV. Since HMA IV was introduced in 2010, there is no data
for Ride 1.0 and QMP 1.02.
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Table 3.6: HMA IV – Data Breakdown by Specification

Specification
RIDE 1.0

n (Number of
Segments)
0

AVERAGE: IRI
-

Change in Unit
Price
-

QMP 1.02

0

-

-

QMP 1.03

11,772

71.29

131.14

QMP 1.04

6,950

69.30

55.69

RIDE 2.01

4,158

79.34

35.08

Asphalt Usage
The following series of pie graphs show the usage of the above four kinds of asphalt as
percentages based on the actual data.
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Figure 3.5: Asphalt Types and Their Uses

Figure 3.5, shows the two pie graphs for HMA I and HMA II which are predominately or entirely
used for mainline purposes. However, HMA IV is also predominantly used as a mainline asphalt
type. This may result in an improper classification of pavement type for different uses.
Concrete
The following figure shows the distribution of concrete segments placed for the study period.
Similar to asphalt, PCC II has a high number of segments as compared to the other concrete
types.
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Figure 3.6: Number of Asphalt Segments Placed by Year and by Type

PCC II:
The table below shows the specifics of PCC II in terms of the number of segments poured, the
average IRI per specification, as well as unit cost increase- per segment - for each specification.
A negative average incentive paid value indicated a unit cost decrease.
Table 3.7: PCC II – Data Breakdown by Specification

Specification
Ride 1.0

n (Number of
Segments)
3,931

AVERAGE: IRI
78.95

Average
Incentive Paid
5.10

QMP 1.02

5,964

76.58

-26.60

QMP 1.03

9,516

76.70

-26.11

QMP 1.04

4,002

83.13

-43.45

RIDE 2.01

934

74.30

11.75
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PCC III:
Shown in Table 3.9 are PCC III’s details. As can be seen, the number of segments with this
designation has decreased over time.
Table 3.8: PCC III – Data Breakdown by Specification

Specification
RIDE 1.0

n (Number of
Segments)
529

AVERAGE: IRI
110.86

Change in Unit
Price
4.45

QMP 1.02

666

113.57

3.59

QMP 1.03

943

103.39

4.51

QMP 1.04

513

118.58

2.46

RIDE 2.01

80

107.11

23.95

PCC IV:
Table 3.10 shows the distribution of PCC IV over the five-different specification. As can be seen
below, PCC IV has no segments placed until QMP 1.03, that is because in 2010 it was introduced.

Table 3.9: PCC IV – Data Breakdown by Specification

Specification
RIDE 1.0

n (Number of
Segments)
0

AVERAGE:
IRI
-

Average Incentive
Paid
-

QMP 1.02

0

-

-

QMP 1.03

5069

125.69

7.33

QMP 1.04

1711

117.89

0.32

RIDE 2.01

134

133.53

0

Concrete Usage
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The following series of pie graphs show the usage of the above four kinds of asphalt as
percentages based on the actual data.

Figure 3.7: Concrete Types and Their Uses

As expected, PCC II is used for mainline purposes. While PCC III has more diverse uses.

Localized Roughness Analysis
As previously mentioned, localized roughness are locations with an increased IRI value of 200
in/mile that has been isolated as a “hot spot”. Below are the number of segments which have
localized roughness incidents by year for asphalt and then concrete. As mentioned above, there
are instances in which the localized roughness is the result of a physical constraint, and therefore
the contractor is not responsible for this and is not penalized because of it. Therefore, those types
of segments were excluded from the localized roughness analysis. There were no localized
roughness provisions for Ride 1.0 and therefore are not included in this analysis.
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Percentage of Localized Roughness by Year:
Asphalt
Percntage of Total Segments
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Figure 3.8: Localized Roughness Incidences by Year: Asphalt

It is interesting to note that the distribution of the localized roughness sections, matches closely
with the graph of asphalt segment placed by year (Figure 3.4). Which follows intuition that as
more segments are placed, then there is an increase in localized roughness incidents.

The following pie chart shows the percentage by specification of the segments in the figure above.
From Figure 3.3 above, it can be seen that QMP 1.03 was in effect for the longest number of
years and does have the most segments and therefore seeing QMP 1.03 have the highest
percentage of localized roughness is unsurprising.
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LOCALIZED ROUGHNESS BY SPECIFICATION
QMP 1.02

QMP 1.03

QMP 1.04
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31%

Figure 3.9: Localized Roughness Data Breakdown by Specification: Asphalt

Figure 3.10 below shows the number of segments with localized roughness incidents by year for
concrete.

Percentage of Localized Roughness by Year: Concrete
Percntage of Total Segments
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Figure 3.10: Localized Roughness Incidences by Year: Concrete

29

2017

The figure above, again somewhat follows the Figure previously presents (Figure 3.6) which
shows the percentage of total number of concrete segments placed by year. It is interesting to
note that with concrete (as opposed to asphalt) there are several years where the percentage of
localized roughness incidents are greater than the total number of segments placed that year.
This is possible because within one ride segment, there are many opportunities for localized
roughness- of varying lengths. This can speak to the quality of the segments placed in those
years.
The following graphic shows the percentage breakdown of the localized roughness incidence by
specification type. As can be seen below, QMP 1.03 has the most segments by percentage with
48% of the occurrence falling within that specification.

LOCALIZED ROUGHNESS BY SPECIFICATION
QMP 1.02

QMP 1.03

QMP 1.04

17%

15%

RIDE 2.01

20%
48%

Figure 3.11: Localized Roughness Data Breakdown by Specification: Concrete

Warranty Type Analysis
Warranty type projects were introduced in the 90s and suspended in 2012. This projects type
allowed for a contractor to be responsible and have control over all aspects of the paving process
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such as the mix design, testing, and placement methodology, and provides the DOT a short-term
guarantee (up to five years). This was beneficial to the DOT as they then decreased their costs
for yearly pavement inspections. Eventually, warranty was suspended because of the long-term
performance issues that arose. Figure 3.12 shows the number of segments placed on warranty
projects versus non-warranty projects.

Figure 3.12: Comparison of Warranty and Non-Warranty Segments by Year

Asphalt projects allocated warranty but none for concrete. From the figure above, we can see that
a small percentage of warranty projects were from the total number of segments placed.

Data Analysis
The analysis conducted was for all the segments types previously described, ride, localized
roughness, and warranty projects. The following diagram shows the general analysis steps that
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were followed for each stream. The first two analyses conducted was done for asphalt and
concrete separately analyzing the data by year as well as by specification. The warranty project
analysis was done by breaking up the data set by warranty projects, and non-warranty project
types. Once the data was initially analyzed a more rigorous analysis was conducted, and the use
of statistics was used to verify the initial findings. With the verified findings, conclusions were
drawn, and final recommendations were outlined. During the analysis process, WisDOT was able
to help draw and verify the conclusions drawn.
The following diagram shows the analysis methodology followed by the analysis by the
specification.

Figure 3.13: Analysis Procedure

Data Visualization:
The following are the tools used in for useful data visualization.
Box Plots: This data visualization tool was used to show the spread of the data points as
compared to the other specifications or years. The initially plotted box plots demonstrated the
necessity for outlier removal. Additionally, the boxplots helped identify the different percentiles of
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the data which contributed to starting points for the cost savings model established. The following
figure gives a short overview on how to read the data in a boxplot.

Figure 3.14: Boxplot Explanation

Histograms: The first step was determining data normality. Plotting histograms accomplished this
and drove the rest of the analysis with nonparametric data. The data has a long right tail, which
makes sense since the IRIs can range to any maximum depending on different factors not
captured in this study. This required the use of a robust outlier removal process.

Data Normalization
To normalize the data in the most robust manner, the median absolute deviation or MAD method
was implemented. This method utilizes the median of the data instead of the mean which
attributes to the robustness of the method.
𝑀𝐴𝐷 = 𝑚𝑒𝑑𝑖𝑎𝑛 (|𝑥 − 𝑚𝑒𝑑𝑖𝑎𝑛(𝑥)|)
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Where Xi is the IRI value and Median(xi) is the median of the IRI values. A MAD value is calculated
for each IRI value

𝑀 =

0.6745 ∗ (𝑥 − 𝑚𝑒𝑑𝑖𝑎𝑛 (𝑥 )
𝑀𝐴𝐷

If the absolute value of the modified Z-score named 𝑀𝑖 is calculated greater than 3.5, that
observation is deemed an outlier. That outlier is then removed. (Nassereddine, 2016)

Statistical Tests
●

Kruskal-Wallis: This test may also be referred to as “one-way ANOVA on ranks” is a
nonparametric test that is used to determine a potential for statistical significance between
at least two groups of an independent variable. To conduct this test, the values should be
independent of each other and are not assumed to be normally distributed. This is
commonly used in this study to see if the following Wilcoxon rank test was necessary. If
the Kruskal Wallis test proved significant the null hypothesis was rejected, and it was
concluded that the observations from at least one of the categorical groups come from a
different population- to find which of the groups comes from the different population the
Wilcoxon rank test was done. (“Kruskal-Wallis H Test”, 2018)

●

Wilcoxon Rank Test: This test may also be referred to as “Mann-Whitney U Test” which is
used to compare the differences between two independent groups when the dependent
variable is not normally distributed. This test is used to assess the statistical significance
between two categorical groups. (“Mann-Whitney U Test”, 2018)

●

Binomial Test: This test is used to predict the probability that a given observation falls into
one of two categories. This test is used in the optimization of the current specification
(Ride 2.01).(“Binomial Logistic Regression”, 2018)
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All the above statistical tests were established significant at a p-value less than or equal to 0.05.
If that was the case, the null hypothesis was rejected, and a relationship between the values could
be established. Visual plots accompany these tests, to help visually show and strengthen the
conclusions drawn. Some additional accompaniments to the above statistical tests are described
below.
●

Bonferroni adjustment: when conducting multiple analyses on the same dependent
variable, there is an increased chance of Type I error (incorrectly rejecting the null
hypothesis-false positive) the adjustment is made to decrease the possibility of error. This
is done by decreasing the p-value to a more stringent value, making it less likely to have
a type I error. The p-value is decreased according to the following equations.
𝑝 − 𝑣𝑎𝑙𝑢𝑒 =

0.05
(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑎𝑖𝑟𝑤𝑖𝑠𝑒 𝐶𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛𝑠)

Summary
With the support of the Wisconsin Department of Transportation, both raw data and suggestions
were acquired. These impacted the direction and type of analysis that was conducted. Following
the methodology outlined above as well as the statistical tests an unbiased set of results,
conclusions, and final recommendations were being developed to assess the impacts of
specifications to road smoothness, both in general ride as well as localized roughness. Lastly, a
set of conclusions were also researched for warranty projects. The following chapter outlines the
statistical test results as well as the subsequent conclusions drawn.
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Chapter 4: Data Analysis
Introduction
The data described in the methodology (chapter 3) has been analyzed to show the effects of the
ride, localized roughness, and warranty projects over the study period, and how specification
changes have impacted these values. The analysis will be presented by each of the main
categories described (ride, localized roughness, and warranty) and then by pavement type within
each of those categories. These categories followed a similar analysis process by comparing the
IRI by specification, and then analyzing the incentive and disincentive payments by specifications
to determine road smoothness and the corresponding cost by the specification. Additionally, the
optimization of the specification for Ride has been included in the Ride Analysis.

Ride Analysis: Asphalt
The first analysis discussed below is the ride. This analysis was conducted in order to see the
smoothness of the pavement over time, and the effects of incentive payment on smoothness. As
previously discussed, smoother roads lead to cost benefits regarding more extended lasting
pavement, overall user comfort, and potentially thinner layers of asphalt, among others. The
analysis was conducted for all four types of asphalt, and three types of concrete, and a
comparison of the asphalt and concrete. The data presented here is all for IRI values collected
directly after construction upon which the contractors pay is determined, and before the roadway
is open to the public. The conclusion and recommendations can be found in the next chapter.

HMA I
The first asphalt type is HMA I, which as seen in Figure (3.4) is the dominant type of asphalt. This
is because it is used only for mainline purposes which can be seen in the pie graph in the data
description (Figure 3.5) with 100% of the segments being mainline. Additionally, it is important to
note that HMA I has multiple opportunities to achieve ride smoothness. Meaning that if a
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contractor places a segment with a high IRI, the contractor may have been required to grind off
the existing pavement, thus creating a smoother lower surface to start paving, or the overall
pavement thickness required multiple layers and each successive layer gave an opportunity to
correct any roughness.
Since this analysis revolves around the impact of the specification to the changes in pavement
over time, the following figure shows the different specifications and their corresponding
differences in terms of IRI and cost changes. The following diagram shows the changing
specifications based on their IRI bands. HMA I, is classified as a category I pavement type. As
can be seen below the specifications made a big jump regarding pay band changes between the
first two specifications (Ride 1.0 and QMP 1.02) and has remained constant since them. Besides
this, the potential pay adjustment has also been adjusted from a disincentive of -$500 for Ride
1.0 and then moving to -$250 for the remaining specifications. The maximum incentive paid have
always been $250. While ride smoothness specifications remained the same for the past four
specifications, other aspects did change such as material property requirements, quality testing
requirements, quality assurance measures, etc. These other differences were not identified part
of this study.

Figure 4.1: Specification Change and Impact on IRI and Inventive Pay: Category 1
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Figure 4.2: Pay Adjustment for HMA I

Even with such a large volume of data points within HMA I, a histogram confirmed that the data
is not normally distributed and therefore the central limit theorem is not applicable and
nonparametric tests are pursued. The following histogram shows the data specific to Ride 2.01,
the most current specification.
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Figure 4.3: Normality Histogram for HMA I: Ride 2.01

The summary table below shows the normality of all the specifications for HMA I. As can be seen,
all of the specification data are not normal, and all have a long right tail. The histograms for all of
the specifications can be found in the Appendix.

Table 4.1: Normality Results for HMA I by Specification

Ride 1.0

Not Normal

QMP 1.02

Not Normal

QMP 1.03

Not Normal

QMP 1.04

Not Normal

Ride 2.01

Not Normal
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The data distribution for each specification can be seen in the boxplot below. Both the medians
and means are decreasing over time (means 43 inches/mile to 37 inches/mile) which means that
over time the HMA I pavements are getting smoother. This means the roadways are more
comfortable for the public to be driving on. It is important to note that the boxplot below captures
157,097 segments.

Figure 4.4: Boxplot of HMA I: IRI Values by Specification

The following table shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon
Rank test. Significance was tested with a 95% confidence interval. Since there are ten pairwise
comparisons, the Bonferroni Adjustment was applied to decrease the type I error, and as such a
p-value less than 0.005 was considered significant.
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Table 4.2: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of HMA I

Significance at 95%
Statistical Test

P-Value
Level (0.005)

Kruskal Wallis

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.02

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.03

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.04

< 2.2e-16

Very Significant

Ride 1.0-Ride 2.01

< 2.2e-16

Very Significant

Wilcoxon Rank

QMP 1.02- QMP 1.03

< 2.2e-16

Very Significant

Test

QMP 1.02- QMP 1.04

< 2.2e-16

Very Significant

QMP 1.02- Ride 2.01

< 2.2e-16

Very Significant

QMP 1.03- QMP 1.04

< 2.2e-16

Very Significant

QMP 1.03- Ride 2.01

< 2.2e-16

Very Significant

QMP 1.04- Ride 2.01

< 2.2e-16

Very Significant

The second part of a changing IRI examines how the incentive payments have affected that
change over time. Figure 4.5 shows that over this time period, the incentive payment has
increased. The term incentive/segment means the additional payment per segment that is paid to
the contractor; this value does not take into account the unit cost prices of the asphalt.
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Figure 4.5: Boxplot of HMA I: Incentive per Segment Values by Specification

The following table shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon
Rank test to test the significant difference between incentive pay between the different
specifications. Significance was tested with a 95% confidence interval. Since there are ten
pairwise comparisons the Bonferroni Adjustment was applied to decrease the type I error, and as
such a p-value less than 0.005 was considered significant.
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Table 4.3: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Incentive per Segment of HMA I

Statistical Test

Significance

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.02

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.03

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.04

< 2.2e-16

Very Significant

Ride 1.0-Ride 2.01

< 2.2e-16

Very Significant

QMP 1.02- QMP 1.03

0.04271

Not Significant

QMP 1.02- QMP 1.04

< 2.2e-16

Very Significant

QMP 1.02- Ride 2.01

< 2.2e-16

Very Significant

QMP 1.03- QMP 1.04

< 2.2e-16

Very Significant

QMP 1.03- Ride 2.01

< 2.2e-16

Very Significant

QMP 1.04- Ride 2.01

< 2.2e-16

Very Significant

Kruskal Wallis

Wilcoxon Rank
Test

P-Value

From the results above, the incentive pay has been statistically different between each individual
specification except for QMP 1.02 and QMP 1.03 which are statistically similar.
Next is the analysis of the disincentive pay, Figure 4.6 shows boxplot and Table 4.4 reflect the
distribution of the disincentive paid.
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Figure 4.6: Boxplot of HMA I: Disincentive per Segment Values by Specification

The following table shows the results of the Kruskal Wallis test which indicates that there is at
least one pair which are statistically different. Following that the Wilcoxon Rank Test was
performed to test which pair was significant. A P-value less than 0.005 was considered significant,
due to the Bonferroni Adjustment.
Table 4.4: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Disincentive per Segment of HMA I

Statistical Test

P-Value

Kruskal Wallis

Wilcoxon Rank Test

Significance

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.02

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.03

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.04

< 2.2e-16

Very Significant

Ride 1.0-Ride 2.01

< 2.2e-16

Very Significant

QMP 1.02- QMP 1.03

0.7375

Not Significant

QMP 1.02- QMP 1.04

0.6075

Not Significant

QMP 1.02- Ride 2.01

0.003272

Significant
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QMP 1.03- QMP 1.04

0.7597

Not Significant

QMP 1.03- Ride 2.01

0.002905

Significant

QMP 1.04- Ride 2.01

0.009649

Not Significant

Based on the above table QMP 1.02, QMP 1.03, and QMP 1.04 are statistically similar. Which
based on the specification changes seen in the figure below means that the specification change
which occurred for specification QMP 1.02 was statistically significant.

HMA I Optimization

One of WisDOT’s goals with the segment incentive/disincentive payment is to achieve ⅔ of the
placed segments to be within the straight pay band. This value was chosen since it would include
67% of the segments and would pick up all the values within one standard deviation of the mean.
The remaining 33% is split evenly between the incentive and the disincentive. The resulting
distribution of payment is represented graphically below, as can be seen, the ⅔ goals is within
the first standard deviation. This goal is for both HMA I as well as PCC II- however PCC II already
achieves these goals successfully while HMA I does not.

Figure 4.7: WisDOT Segment Payments Breakdown

45

With this in mind, all of the specifications were graphed in terms of their payment of incentive,
disincentive, and straight pay to see whether this goal has been met. For these graphs partial and
full (dis)incentive was grouped together under either incentive or disincentive. The actual
represented in green represents the actual collected data that has been plotted. The target
represented in orange is representative of the original goals of WisDOT described above. The yaxis with regard to the percentage of segments. The target was calculated by taking the total
number of segments for that specification and multiplying that by 16.5% for disincentive, 67% for
straight pay, and 16.5% for incentive. The following set of graphs were the result.
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Figure 4.8: HMA I- Actual vs Target Pay Distributions By Specification

In the graphs above, the goal of 67% of the segments being straight pay has not been successfully
accomplished by any of the specifications. Instead, all the graphs are stronger biased on the
incentive side. The following table is the results of a binomial test, which tests the significance of
the actual difference between the straight pay actual and the straight pay target. The null
hypothesis is that the probability of achieving the straight pay is 0.67, and the alternate hypothesis
is that the probability is not 0.67. The following table shows the results.

Table 4.5: Results of Binomial Test by Specification of Achieving 67% Straight Pay Segments

Specification

Probability

P-Value

Significance

RIDE 1.0

0.605

<2.2e-16

Very Significant

QMP 1.02

0.571

<2.2e-16

Very Significant

QMP 1.03

0.620

<2.2e-16

Very Significant

QMP 1.04

0.461

<2.2e-16

Very Significant

RIDE 2.01

0.395

<2.2e-16

Very Significant
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Following the results from the above table, both visually and statistically, the straight pay actual
is never reaching its target. With QMP 1.03, having the highest probability of success, and
graphically can be seen to confirm that.

Looking at the previous figures, the graphs are continually skewed towards incentive. The current
specification (Ride 2.01) has an IRI range for straight pay between 35 and 60 in/mile. Seeing as
that leads to skew towards incentive, an optimization of IRI was conducted to find a different
straight pay band that would better fit the goal of 67% of straight pay segments.

Using Excel Solver, several different cases were optimized depending on different potential
constraints that are deemed more important than others. The following case was conducted on
the current specification (RIDE 2.01).

Case I:
The current IRI band is 35 to 60 in/mile; this case looks to optimize the range based on maintaining
the same spread of 25 units within the band.
The following are the current model inputs:

Figure 4.9: Excel Solver Case I Inputs
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Screenshots of the constraints and use of the solver tool can be found in the appendix. Based on
optimizing the number of straight pay segments to change the probability of straight pay from
currently 0.39 to 0.67 led to the following results.

Figure 4.10: Excel Solver Case I Results

Based on the results, a potential bound shift would be 26.25 to 51.25 in/mile. This would maintain
the band with the same length of 25. This would increase the percentage of total straight pay
segments from 0.39 to 0.63.
Based on the results, a binomial test was conducted again to prove the validity of the results. The
table below summarizes those results as compared to the original Ride 2.01 results.
Table 4.6: Results of Binomial Test of Case I Optimization

Case

Probability

P-Value

Significance

Ride 2.01 (Original)

0.395

<2.2e-16

Very Significant

Case I

0.6258

<2.2e-16

Very Significant
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Since the p-value here is still very significant, further cases were tested to find a more efficient
scenario.
Case II:
For the second optimized case, the restriction of a band length of 25 was removed. The value
optimized for was the percentage of 0.39, to increase that to the desired 0.67. The same starting
values as case one were used. The following shows the results of this optimization.

Figure 4.11: Excel Solver Case II Results

In this case, the band length is 33, with the IRI range for straight pay being from 27 to 60 in/mile.
In this case, the upper bound would remain constant, and the lower band would shift lower-from
35 to 27 in/mile.
Based on the above results, the binomial test was conducted again, as a means for validation. In
this case, the P-value is greater than 0.05, and therefore the P-value is not significant, and that
means that we keep the null hypothesis.
Table 4.7: Results of Binomial Test of Case II Optimization

Case

Probability

P-Value

Significance

Ride 2.01 (Original)

0.395

<2.2e-16

Very Significant

Case II

0.658

0.06585

Not Significant
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By shifting the bounds in this manner, the percentage of incentive and disincentive are 30% and
4% respectively.

Figure 4.12: Optimized Ride 2.01- Case II Results

The Figure 4.12 shows the graphical representation of what the proposed specification would look
like.
An additional trial to optimize the 30% and 4% yielded no viable results without violating other
constraints.
The above two cases are recommendations for WisDOT in case they want to make changes to
be more proactive with regards to getting 67% of the segments in the straight pay category.
Additionally, the results of these optimizations are positive for the contractors as well at WisDOT
since it increases the amount of straight pay by decreasing disincentive. This is something that is
very beneficial to contractors.
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HMA II
HMA II is also a category of mainline pavement type, different than HMA I, HMA II only has one
chance to achieve smoothness. Additionally, HMA II hasn’t been used since 2015, and therefore
Ride 2.01 will not appear in any of the analysis below.
HMA II is considered in a category II pavement (along with PCC II). Therefore, the following figure
shows the specification changes that have been implemented and the associated
incentive/disincentive payment changes that have been made over time. The figure shows the
specifications on the left, and the dark blue ribbon at the bottom are values of the IRI.
As demonstrated in the following figure (Figure 4.13) , the big changes in pay bands are between
Ride 1.0 and QMP 1.02. During this time the straight pay band shifted from a higher range IRI to
a lower range IRI. Since QMP 1.02 no changes have been made in terms of shifting the pay
bands.
Another important distinction between Ride 1.0 and QMP 1.02 is that in the former the incentive
maximum was $250 and the disincentive was -$500. While for QMP 1.02, the incentive maximum
is $250 and disincentive is -$250.

Figure 4.13: Specification Change and Impact on IRI and Inventive Pay: Category II
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Figure 4.14: Pay Adjustments for Category II

Even with a large volume of data points within HMA II, a histogram confirmed that the data is not
normal and therefore the central limit theorem is not applicable and nonparametric tests are
pursued. The following histogram shows the data specific to QMP 1.04 and the remaining
histograms can be found in the appendix.

Figure 4.15: Normality Histogram for HMA II: QMP 1.04
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The summary table below shows the normality of all the specifications for HMA II. As can be seen,
all of the specification data are not normal, and all have a long right tail. The histograms for all of
the specifications can be found in the Appendix.

Table 4.8: Normality Results for HMA II by Specification

Ride 1.0

Not Normal

QMP 1.02

Not Normal

QMP 1.03

Not Normal

QMP 1.04

Not Normal

The data distribution for each specification can be seen in the boxplot below. As can be seen both
the medians and means are increasing over time which means that over time the HMA II
pavements are getting rougher. The means for HMA II are 46.25 inches/mile (Ride 1.0) and
increases to 52.92 inches/mile (QMP 1.04). Which means the roadways are less comfortable for
the public to be driving on. It is important to note that the boxplot below captures 9,820 segments.
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Figure 4.16: Boxplot of HMA II: IRI Values by Specification

The following table shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon
Rank test. Significance was tested with a 95% confidence interval. Since there are 6 pairwise
comparisons the Bonferroni adjustment decreased the significance of the p-value to less than
0.0083.
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Table 4.9: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of HMA II

Statistical Test

P-Value

Significance

Kruskal Wallis

<2.2 e-16

Very Significant

Wilcoxon
Test

Rank Ride 1.0-QMP 1.02

<2.2 e-16

Very Significant

Ride 1.0-QMP 1.03

<2.2 e-16

Very Significant

Ride 1.0-QMP 1.04

<2.2 e-16

Very Significant

QMP 1.02- QMP 1.03

8.383e-09

Very Significant

QMP 1.02- QMP 1.04

4.46e-06

Very Significant

QMP 1.03- QMP 1.04

0.03796

Not Significant

Based on the above results shown in Table 4.9, the means are all statistically different except for
QMP 1.03 and QMP 1.04.

The second part of a changing IRI is seeing how the incentive payments have affected that
change over time. The following Figure 4.17 shows that over this time period by specification, the
amount of incentive payment has decreased. The term incentive/segment means the additional
payment made per segment to the contractor as incentive pay, this value does not take into
account the unit cost prices of the asphalt. In this case, most of the pay was incentive, with very
little disincentive pay, and therefore both incentive and disincentive are seen in the following
boxplot.
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Figure 4.17: Boxplot of HMA II: (Dis)Incentive per Segment Values by Specification

Table 4.10 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon Rank test
to test the significant difference between incentive pay from different specifications. Significance
was tested with a 95% confidence interval. Since there are eight pairwise comparisons the
Bonferroni adjustment meant that a p-value less than 0.0083 was significant.

57

Table 4.10: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Incentive per Segment of HMA II

Statistical Test

P-Value

Significance

Kruskal Wallis

<2.2e-16

Very Significant

Wilcoxon
Test

Rank Ride 1.0-QMP 1.02

<2.2e-16

Very Significant

Ride 1.0-QMP 1.03

<2.2e-16

Very Significant

Ride 1.0-QMP 1.04

<2.2e-16

Very Significant

QMP 1.02- QMP 1.03

<2.2e-16

Very Significant

QMP 1.02- QMP 1.04

4.624e-06

Very Significant

QMP 1.03- QMP 1.04

0.0002256

Very Significant

Based Table 4.10, all of the means for all the specifications are statistically different from each
other. And that while the roads have been getting rougher, the incentive pay has decreased as
well.

HMA III
HMA III is meant for pavements containing segments with portions of a bridge, bridge approaches,
intersections, etc. These segments are for pavement with a speed limit over 55 MPH. HMA III is
considered in a category III pavement (along with PCC III). due to the specific category of this
pavement type, this category does not have specific specifications in terms of pay adjustments.
Rather, HMA III and PCC III do not have disincentive, and their incentive is paid out based on the
category of the adjoining segment. This is because in these specific pavement situations, it is
increasingly difficult to achieve the smoother ride and therefore the contractor does not get
penalized over inability of smoothening a difficult roadway. But if the roadway is smooth enough
for incentive, the incentive is determined based on the equations for the adjoining segment. For
example, if a HMA III segment is placed alongside an HMA II segment, and it is smooth enough
to achieve full incentive, then the HMA III segment will follow the pay equations for HMA II.
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The data for this study did not include data on the adjoining members and therefore much of the
trends seen for HMA III cannot be explained due to the high variability of the segments, which
cannot be accounted for.

Even with a large volume of data points within HMA III, a histogram confirmed that the data is
not normal and therefore the central limit theorem is not applicable and nonparametric tests are
pursued. Figure 4.18 shows the data specific to Ride 2.01.

Figure 4.18: Normality Histogram for HMA III: Ride 2.01

Table 4.11 below shows the normality of all the specifications for HMA III. All of the specification
data are not normal, and all have a long right tail. The histograms for all of the specifications can
be found in the Appendix.
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Table 4.11: Normality Results for HMA III by Specification

Ride 1.0

Not Normal

QMP 1.02

Not Normal

QMP 1.03

Not Normal

QMP 1.04

Not Normal

Ride 2.01

Not Normal

The data distribution for each specification can be seen in the boxplot in Figure 4.19. As can be
seen both the medians and means are decreasing over time which means that over time the HMA
III pavements are getting smoother, except for an unexplainable spike in Ride 2.01. The IRI for
Ride 1.0 is 67.18 inches/mile and 89.03 inches/mile for Ride 2.01. Which means the roadways
are more comfortable for the public to be driving on. It is important to note that the boxplot below
captures 19,792 segments.
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Figure 4.19: Boxplot of HMA III: IRI Values by Specification

Table 4.12 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon Rank test.
Significance was tested with a 95% confidence interval. Since there are 10 pairwise comparisons
the Bonferroni Adjustment meant that a p-value less than 0.005 was significant.
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Table 4.12: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of HMA III

Statistical Test

P-Value

Kruskal Wallis

Wilcoxon Rank Test

Significance

<2.2e-16

Very Significant

Ride 1.0-QMP 1.02

<2.2e-16

Very Significant

Ride 1.0-QMP 1.03

<2.2e-16

Very Significant

Ride 1.0-QMP 1.04

<2.2e-16

Very Significant

Ride 1.0-Ride 2.01

<2.2e-16

Very Significant

QMP 1.02- QMP 1.03

1.954e-05

Very Significant

QMP 1.02- QMP 1.04

<2.2e-16

Very Significant

QMP 1.02- Ride 2.01

<2.2e-16

Very Significant

QMP 1.03- QMP 1.04

<2.2e-16

Very Significant

QMP 1.03- Ride 2.01

<2.2e-16

Very Significant

QMP 1.04- Ride 2.01

<2.2e-16

Very Significant

Based on the above results of the Wilcoxon Rank test, all the means of all the specifications are
considered statistically different. This is something that we can expect due to the high variability
in the pavement type.
The second part of a changing IRI is seeing how the incentive payments have affected that
change over time. The following figure shows that over this time period, the incentive payment
has increased. The term incentive/segment means the additional payment made per segment to
the contractor as incentive pay, this value does not take into account the unit cost prices of the
asphalt. As can be seen in the following boxplot, Figure 4.20, the median for 4 of the specifications
are 0 and therefore the MAD outlier removal was not possible.

62

Figure 4.20: Boxplot of HMA III: (Dis)Incentive per Segment Values by Specification

Table 4.13 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon rank test to
test the significant difference between incentive pay from different specifications. Significance
was tested with a 95% confidence interval. Since there are 10 pairwise comparisons the
Bonferroni adjustment meant that a p-value less than 0.005 was significant.
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Table 4.13: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Incentive per Segment of HMA III

P-Value

Statistical Test
Kruskal Wallis

Wilcoxon Rank Test

Significance

<2.2e-16

Very Significant

Ride 1.0-QMP 1.02

<2.2e-16

Very Significant

Ride 1.0-QMP 1.03

<2.2e-16

Very Significant

Ride 1.0-QMP 1.04

<2.2e-16

Very Significant

Ride 1.0-Ride 2.01

<2.2e-16

Very Significant

QMP 1.02- QMP 1.03

2.272e-09

Very Significant

QMP 1.02- QMP 1.04

<2.2e-16

Very Significant

QMP 1.02- Ride 2.01

<2.2e-16

Very Significant

QMP 1.03- QMP 1.04

<2.2e-16

Very Significant

QMP 1.03- Ride 2.01

<2.2e-16

Very Significant

QMP 1.04- Ride 2.01

<2.2e-16

Very Significant

As shown in the Table 4.13, all of the specifications’ means are statistically different from each
other. Besides for Ride 1.0, all the other specification show a minimum and median value of “0”.
Meaning that most of these segments are in the straight pay category. This means that the
specification change that occurred between the first specification to QMP 1.02 has positively
impacted the amount of incentive paid as it moved a mostly incentive segment type to being more
of a straight pay segment.
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HMA IV
The fourth and final asphalt type is HMA IV, which has segments that includes intersections,
bridges, approaches, and railroad crossings with a posted speed less than 55 MPH. HMA IV was
introduced in 2010 and therefore has specification guidelines in QMP 1.03, QMP 1.04 and Ride
2.01.
HMA IV is considered a category IV pavement (along with PCC IV). As such the following figure
shows the specification changes that have been implemented and the associated
incentive/disincentive payment changes that have been made over time. The figure shows the
specifications on the left, and the dark blue ribbon at the bottom are values of the IRI.
As is evident in Figure 4.21, the significant changes in pay bands are between QMP 1.03 and
QMP 1.04. During this time the straight pay band shifted to a lower bound IRI. Since QMP 1.04
no changes have been made in shifting the pay bands.

Figure 4.21: Specification Change and Impact on IRI and Inventive Pay: Category 4

The incentive for HMA IV has always ranged from the incentive maximum being $250 and
disincentive is -$250.
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Pay Adjustment by IRI (Category IV)
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Figure 4.22: Pay Adjustment for Category IV

Even with a large volume of data points within HMA IV, a histogram confirmed that the data is
not normal and therefore the central limit theorem is not applicable and nonparametric tests are
pursued. Figure 4.23 shows the data specific to Ride 2.01.

Figure 4.23: Normality Histogram for HMA IV: Ride 2.01
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The summary table below (Table 4.14) shows the normality of all the specifications for HMA IV.
As can be seen, all of the specification data are not normal, and all have a long right tail. The
histograms for all of the specifications can be found in the Appendix.

Table 4.14: Normality Results for HMA IV by Specification

QMP 1.03

Not Normal

QMP 1.04

Not Normal

Ride 2.01

Not Normal

The data distribution for each specification can be seen in the boxplot below, Figure 4.24. As can
be seen both the medians and means are increasing over time which means that over time the
HMA IV pavements are getting rougher. The IRI for QMP 1.03 is 71.29 inches/mile and 79.34
inches/mile for Ride 2.01. Which means the roadways are less comfortable for the public to be
driving on. It is important to note that the boxplot below captures 22,880 segments.
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Figure 4.24: Boxplot of HMA IV: IRI Values by Specification

Table 4.15 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon Rank test.
Significance was tested with a 95% confidence interval. Since there are three pairwise
comparisons, the Bonferroni Adjustment meant that a p-value less than 0.016 was significant.
Table 4.15: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of HMA IV

Statistical Test

P-Value

Significance

Kruskal Wallis

1.171e-09

Very Significant

QMP 1.03- QMP 1.04 5.232e-09

Very Significant

QMP 1.03-Ride 2.01

3.659e-16

Very Significant

QMP 1.04- Ride 2.01

<2.2e-16

Very Significant

Wilcoxon Rank Test

As demonstrated by the above table, there is a significant difference between the means of the
specifications.
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The second part of a changing IRI sees how the incentive payments have affected that change
over time. The term incentive/segment means the additional incentive per segment that is due to
incentive pay; this value does not take into account the unit cost prices of the asphalt.

Figure 4.25: Boxplot of HMA IV: (Dis)Incentive per Segment Values by Specification

Table 4.16 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon rank test to
test the significant difference between incentive pay from different specifications. Significance
was tested with a 95% confidence interval. A p-value less than 0.016 was deemed significant.
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Table 4.16: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Incentive per Segment of HMA IV

Statistical Test

P-Value

Significance

Kruskal Wallis

<2.2e-16

Very Significant

<2.2e-16

Very Significant

Wilcoxon Rank Test QMP 1.03-Ride 2.01

<2.2e-16

Very Significant

QMP 1.04- Ride 2.01

<2.2e-16

Very Significant

QMP 1.03- QMP 1.04

As shown above and the boxplot, the difference all three specifications are statistically different.
Though not captured in the results of the table above, after the specification change, QMP 1.04
and Ride 2.01 do have median values of 0.

Asphalt Ride Analysis Summary
Table 4.17 summarizes the results of the four different asphalt types in terms of their IRI and the
incentive payment over the study period. For example, HMA I has had a smoother IRI over the
study period, and the IRI has increased as well. This would be expected since incentive pay
increases as IRI increase. Alternatively, HMA II has had a smoother ride, but the incentive
payments have decreased. That means that the specifications are impacting HMA II positively.
Table 4.17: Asphalt Ride Summary in Terms of IRI and Incentive Payment

IRI

Incentive Payment

HMA I

Smoother

Increase

HMA II

Smoother

Decrease

HMA III

Rougher

Increase

HMA IV

Rougher

Decrease

A comparison of all the asphalt types was also done, to confirm independence of all the WisDOT
asphalt pavement types. Figure 4.26 shows the boxplot comparing the IRI values for all four
asphalt types.
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Figure 4.26: IRI Values Comparing all Asphalt Types

Accordingly, Table 4.18 shows the results of the Kruskal Wallis test and Wilcoxon Rank test. A PValue less than 0.05 was considered significant.

Table 4.18: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of All Asphalt Types

Statistical Test

P-Value

Significance

Kruskal Wallis

< 2.2e-16

Very Significant

HMA I- HMA II

< 2.2e-16

Very Significant

HMA I – HMA III

< 2.2e-16

Very Significant

HMA I – HMA IV

< 2.2e-16

Very Significant

Wilcoxon Rank
Test
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HMA II – HMA III

< 2.2e-16

Very Significant

HMA II – HMA IV

< 2.2e-16

Very Significant

HMA III – HMA IV

< 2.2e-16

Very Significant

From the results shown in table 4.18 above, all asphalt types have statistically different means.

Ride Analysis Concrete
The following is the analysis of Ride concrete pavement. All the three types of concrete PCC II,
PCC III and PCC IV are all analyzed here in terms of their changing IRI over time and the incentive
and disincentive pay per segment. There are significantly less concrete segments with 33,992
concrete segments in total. Additionally, it is more difficult to achieve a smoother pavement with
concrete than asphalt, and that is due to larger aggregate size, construction techniques and only
opportunity to achieve the surface smoothness.

PCC II
PCC II is the most common category type as it is used generally on high volume roads and there
are fewer intersections, railroad crossings to contend with. PCC II is categorized under category
II pavement which groups HMA II and PCC II under the same group. Figure 4.13 which depicts
the bands of IRI for different pay categories, and incentive/disincentive pay is the same for both
pavement types (HMA II and PCC II).
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Prior to investigating PCC II further, a normality test was conducted on PCC II, separated by
specification. The resulting histogram can be seen below for Ride 2.01.

Figure 4.27: Normality Histogram for PCC II: Ride 2.01

As can be seen in Table 4.19, all of the specifications have a non-normal distribution. Though
they have a large sample size, the central limit theorem does not hold, and parametric tests are
done instead.

Table 4.19: Normality Results for PCC II by Specification

Ride 1.0

Not Normal

QMP 1.02

Not Normal

QMP 1.03

Not Normal

QMP 1.04

Not Normal

Ride 2.01

Not Normal
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Figure 4.28 shows the distribution of the IRI over the five different specifications. As can be seen,
the means and medians seem to be consistently around the same values. The mean for Ride 1.0
is 78.95 inches/mile and 74.30 inches/mile for Ride 2.01. Next, we will test for statistical equality
of difference among the means of the different specifications.

Figure 4.28: Boxplot of PCC II: IRI Values by Specification

Table 4.20 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon Rank test.
Significance was tested with a 95% confidence interval. Since there are ten pairwise comparisons,
the Bonferroni adjustment meant that a p-value less than 0.005 was significant.
Because of the large sample size, the confidence interval gives a better idea in terms of what is
actually significant and what is significant due to the large sample size.
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Table 4.20: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of PCC II

P-Value

Significance at 95%

Statistical Test
Level (0.005)
Kruskal Wallis

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.02

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.03

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.04

< 2.2e-16

Very Significant

Ride 1.0-Ride 2.01

3.112e-05

Very Significant

Wilcoxon

QMP 1.02- QMP 1.03

0.281

Not Significant

Rank Test

QMP 1.02- QMP 1.04

2.857e-16

Very Significant

QMP 1.02- Ride 2.01

3.31e-09

Very Significant

QMP 1.03- QMP 1.04

3.419e-14

Very Significant

QMP 1.03- Ride 2.01

4.09e-10

Very Significant

QMP 1.04- Ride 2.01

< 2.2e-16

Very Significant

As can be seen above, the Kruskal Wallis test showed that at least one pair was significantly
different. Based on the Wilcoxon rank test, all of the pairs are considered statistically different
except for QMP 1.02 and QMP 1.03 which are statistically similar.
Figure 4.29 shows the relationship between incentive pay and specification for PCC II.
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Figure 4.29: Boxplot of PCC II: Incentive per Segment Values by Specification

Table 4.21 shows the summary of the Kruskal Wallis test and Wilcoxon rank test of the cost
adjustments through the specifications.
Table 4.21: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Incentive per Segment of PCC II

Statistical Test

P-Value

Significance

Kruskal Wallis

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.02

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.03

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.04

< 2.2e-16

Very Significant

Ride 1.0-Ride 2.01

< 2.2e-16

Very Significant

QMP 1.02- QMP 1.03

2.112e-08

Very Significant

QMP 1.02- QMP 1.04

8.129e-06

Very Significant

QMP 1.02- Ride 2.01

< 2.2e-16

Very Significant

QMP 1.03- QMP 1.04

0.5371

Not Significant

QMP 1.03- Ride 2.01

2.927e-14

Very Significant

QMP 1.04- Ride 2.01

7.564e-09

Very Significant

Wilcoxon Rank
Test
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As can be seen in the above table, all of the incentives are statistically different and increasing,
except for QMP 1.03 and QMP 1.04 which are statistically similar.
Figure 4.30 looks at the disincentives paid over the specifications. While the incentives were
increasing, the disincentives appear to be much more stagnant, except for a big jump between
Ride 1.0 and QMP 1.02.

Figure 4.30: Boxplot of PCC II: Disincentive per Segment Values by Specification

Table 4.22 shows the results of the Kruskal Wallis test which indicates that there is at least one
pair that is statistically different. Following that the Wilcoxon Rank Test was performed to test
which pair was significant. A p-value less than 0.005 was considered significant, due to the
Bonferroni adjustment.

77

Table 4.22: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Disincentive per Segment of PCC II

P-Value

Significance

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.02

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.03

< 2.2e-16

Very Significant

Ride 1.0-QMP 1.04

< 2.2e-16
9.004e-12

Very Significant
Very Significant

0.4283
0.1626
0.3887

Not Significant
Not Significant
Not Significant

0.01972

Not Significant

0.2041

Not Significant

0.9374

Not Significant

Statistical Test
Kruskal Wallis

Wilcoxon Rank
Test

Ride 1.0-Ride 2.01
QMP 1.02- QMP 1.03
QMP 1.02- QMP 1.04
QMP 1.02- Ride 2.01
QMP 1.03- QMP 1.04
QMP 1.03- Ride 2.01
QMP 1.04- Ride 2.01

Based on Table 4.22, Ride 1.0 is statistically different from all the other specifications. However,
the remaining specifications are all statistically similar to each other. This is positive toward the
specification change that occurred at QMP 1.02 which changed the IRI bounds and impacted the
disincentives significantly.
The combination of the incentive and disincentive paid for PCC II, results in continual total
disincentive per segment as shown in Table 3.8.

PCC III
PCC III is pavement used for portions of a bridge, bridge approaches, intersections, gaps with
posted speed over 55 MPH. PCC III, is categorized under category III pavement which group
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HMA III and PCC III under the same group. Similar to HMA III, PCC III segments do not have any
disincentive, only incentives which are paid based on the adjacent segment.

Prior to investigating PCC III further, a normality test was conducted on PCC III, separated by
specification. The resulting histogram can be seen below for Ride 2.01, and the remaining
histograms can be seen in the appendix.

Figure 4.31: Normality Histogram for PCC III: Ride 2.01

Table 4.23 shows that all of the specifications have a non-normal distribution. Though they have
a large sample size, the central limit theorem does not hold, and parametric tests are done
instead.
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Table 4.23: Normality Results for PCC III by Specification

Ride 1.0

Not Normal

QMP 1.02

Not Normal

QMP 1.03

Not Normal

QMP 1.04

Not Normal

Ride 2.01

Not Normal

The data distribution for each specification can be seen in the Figure 4.32. As is evident, both
the medians and means are decreasing over time which means that over time the PCC III
pavements are getting smoother. The median IRI for Ride 1.0 is 110.86 inches/mile and 107.11
inches/mile for Ride 2.01. Which means the roadways are more comfortable for the public to be
driving on. It is important to note that the boxplot below captures 2,731 segments.
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Figure 4.32: Boxplot of PCC III: IRI Values by Specification

Table 4.24 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon rank test
which compares the means of each specification. Significance was tested with a 95% confidence
interval. Since there are ten pairwise comparisons the Bonferroni adjustment meant that a p-value
less than 0.005 was significant.

Table 4.24: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of PCC III

Statistical Test

P-Value

Significance

Kruskal Wallis

1.539e-05

Very Significant

Ride 1.0-QMP 1.02

0.1808

Not Significant

Ride 1.0-QMP 1.03

4.258e-05

Very Significant

Ride 1.0-QMP 1.04

1.606e-05

Very Significant

Ride 1.0-Ride 2.01

0.1584

Not Significant

Wilcoxon Rank Test
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QMP 1.02- QMP 1.03 0.01332

Not Significant

QMP 1.02- QMP 1.04 3.016e-07

Very Significant

QMP 1.02- Ride 2.01

Not Significant

0.3285

QMP 1.03- QMP 1.04 5.986e-16

Very Significant

QMP 1.03- Ride 2.01

0.9438

Not Significant

QMP 1.04- Ride 2.01

0.00102

Significant

Based on the results of the Table 4.24, there is no significant difference between the first
specification (Ride 1.0) and the current specification (Ride 2.01). This means that though the IRI
appears to be decreasing any changes in specifications has not impacted the IRI over time.
The second part of a changing IRI sees how the incentive payments have affected that change
over time. Figure 4.33 shows that over this time period, the incentive payment has increased. The
term incentive/segment means the additional cost per segment that is due to incentive pay; this
value does not consider the changing unit cost prices of concrete.
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Figure 4.33: Boxplot of PCC III: (Dis)Incentive per Segment Values by Specification

Table 4.25 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon rank test to
test the significant difference between incentive pay from different specifications. Significance
was tested with a 95% confidence interval. Since there are 10 pairwise comparisons the
Bonferroni adjustment meant that a p-value less than 0.005 was significant.
Table 4.25: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Incentive per Segment of PCC III

Statistical Test

P-Value

Significance

Kruskal Wallis

0.02955

Significant

Ride 1.0-QMP 1.02

0.006832

Not Significant

Ride 1.0-QMP 1.03

0.01812

Not Significant

Ride 1.0-QMP 1.04

0.002661

Significant

Ride 1.0-Ride 2.01

0.01371

Not Significant

Wilcoxon Rank Test
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QMP 1.02- QMP 1.03 0.5015

Not Significant

QMP 1.02- QMP 1.04 0.5666

Not Significant

QMP 1.02- Ride 2.01

Very Significant

3.777e-06

QMP 1.03- QMP 1.04 0.2266

Not Significant

QMP 1.03- Ride 2.01

1.431e-05

Very Significant

QMP 1.04- Ride 2.01

9.327e-07

Very Significant

Based on Table 4.25, it appears that there is either no significance or small significance in the
difference between the means of the (dis)incentive payments made under PCC III.

PCC IV
PCC IV is pavement used for portions of a bridge, bridge approaches, intersections, gaps with
posted speed less than 55 MPH. PCC IV, is categorized under category IV pavement which group
HMA IV and PCC IV under the same group.
Prior to investigating PCC IV further, a normality test was conducted on PCC IV, separated by
specification. The resulting histogram can be seen below for Ride 2.01.
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Figure 4.34: Normality Histogram for PCC IV: Ride 2.01

The summary Table 4.26 shows the normality of all the specifications for HMA IV. As can be seen,
all of the specification data are not normal, and all have a long right tail. The histograms for all of
the specifications can be found in the Appendix.

Table 4.26: Normality Results for PCC IV by Specification

QMP 1.03

Not Normal

QMP 1.04

Not Normal

Ride 2.01

Not Normal

The data distribution for each specification can be seen in Figure 4.35. As can be seen, both the
medians and means have decreasing and then increased over time which means that over time
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the PCC IV pavements. The mean IRI for QMP 1.03 is 125.69 inches/mile and 133.53 inches/mile
for Ride 2.01. It is important to note that the boxplot below captures 6,914 segments.

Figure 4.35: Boxplot of PCC IV: IRI Values by Specification

Table 4.27 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon rank test
which tests the difference between the means of each specification. Significance was tested with
a 95% confidence interval. Since there are three pairwise comparisons, the Bonferroni adjustment
meant that a p-value less than 0.017 was significant.
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Table 4.27: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of PCC IV

P-Value

Significance

8.229e-14

Very Significant

QMP 1.03- QMP 1.04 2.148e-11

Very Significant

QMP 1.03- Ride 2.01

0.0003662

Very Significant

QMP 1.04- Ride 2.01

1.097e-08

Very Significant

Statistical Test
Kruskal Wallis

Wilcoxon Rank Test

According to the Table 4.27, the means are all considered statistically different.
The second part of a changing IRI sees how the incentive payments have affected that change
over time. Figure 4.36 shows that over this time period, the incentive payment has increased. The
term incentive/segment means the additional cost per segment that is due to incentive pay; this
value does not consider the changing unit cost prices of the concrete.

Figure 4.36: Boxplot of PCC IV: (Dis)Incentive per Segment Values by Specification
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Table 4.28 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon rank test to
test the significant difference between incentive pay from different specifications. Significance
was tested with a 95% confidence interval. Since there are three pairwise comparisons, the
Bonferroni adjustment meant that a p-value less than 0.017 was significant. Even though the
above boxplot shows the means around zero, the statistical tests are provided for completeness.

Table 4.28: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Incentive per Segment of PCC IV

Statistical Test
Kruskal Wallis

Wilcoxon Rank Test

P-Value

Significance

0.993

Not Significant

QMP 1.03- QMP 1.04 < 2.2e-16

Very Significant

QMP 1.03- Ride 2.01

0.0008222

Very Significant

QMP 1.04- Ride 2.01

0.4634

Not Significant

Even though the Kruskal Wallis test yielded results that appeared to make the follow-up Wilcoxon
Rank Test superfluous, it found that the means were in fact statistically different. Except for QMP
1.04 and Ride 2.01 which both had a mean and median of zero.

Summary Concrete Ride
In the case of PCC II, while the IRI has been decreasing over the specifications, the incentives
have been increasing. Alternatively, the disincentives have been increasing or getting closer to 0.
Table 4.29 summarizes how IRI and Incentive payment have changed over the study period. For
example, PCC II has a decreasing IRI while the incentive payments have been decreasing as
well.
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Table 4.29: Concrete Ride Summary in Terms of IRI and Incentive Payment

IRI

Incentive Payment

PCC II

Smoother

Decrease

PCC III

Smoother

Increase

PCC IV

Rougher

Decrease

A comparison of all the asphalt types was also done, to confirm independence of all the WisDOT
asphalt pavement types. Figure 4.37 shows the boxplot comparing the IRI values for all four
asphalt types.

Figure 4.37: IRI Values Comparing all Asphalt Types

Accordingly, Table 4.30 shows the results of the Kruskal Wallis test and Wilcoxon Rank test. A PValue less than 0.05 was considered significant.
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Table 4.30: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of All Asphalt Types

Statistical Test

P-Value

Significance

Kruskal Wallis

< 2.2e-16

Very Significant

PCC II – PCC III

< 2.2e-16

Very Significant

PCC II – PCC IV

< 2.2e-16

Very Significant

PCC III-PCC IV

7.481e-07

Very Significant

Wilcoxon Rank
Test

Comparison of Asphalt Ride and Concrete Ride
As mentioned in the methodology, while there are four types of asphalt, and three types of
concrete. Their characterizations into four categories which combine asphalt and concrete
together are of interest. Primarily due to literature specifying different IRI acceptability value. As
such, the following boxplot compares all the asphalt type and all the concrete types based on their
IRI. As a reminder, HMA I is in its own category and does not have a concrete counterpart and
therefore is omitted. The pairs are shows again in Table 4.31.
Table 4.31: Pavement Types and Corresponding Categories

Category I

HMA I

Category II

HMA II and PCC II

Category III

HMA III and PCC III

Category IV

HMA IV and PCC IV

The Figure 4.38 shows the relationship between IRI values and pavement types.
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Figure 4.38: Boxplot of All Pavement Types: IRI by Pavement Type

As can be seen, the averages and means seem very different between the categories mentioned
above. Table 4.32 below summarizes the results of the Kruskal Wallis test and Wilcoxon test
which compares the averages of each IRI. Since there are three pairwise comparisons, a p-value
less than 0.016 is considered significant.
Table 4.32: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of All Categories

P-Value

Significance

< 2.2e-16

Very Significant

< 2.2e-16

Very Significant

Wilcoxon Rank Test HMA III-PCC III

< 2.2e-16

Very Significant

HMA IV-PCC IV

< 2.2e-16

Very Significant

Statistical Test
Kruskal Wallis
HMA II-PCC II
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From the results of the statistical tests above, all three categories combine to statistically different
groups. It can also been see from Figure 4.38, that the variability of the concrete types is much
greater than the asphalt types which can be due to quality.
The following boxplot (Figure 4.39), compares the pavement types with the pay adjustment
values.

Figure 4.39: Boxplot of All Pavement Types: (Dis)Incentive per Segment Values by Pavement Type

Due to the median being 0 for most of the specification, the MAD outlier technique cannot be
utilized. PCC II has the highest variability in pay adjustment. The following Table 4.33, shows the
results of the statistical tests. With three different pairwise comparisons, a p-value less than 0.016
is significant.
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Table 4.33: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Pay Adjustment Values of All
Categories

P-Value

Significance

< 2.2e-16

Very Significant

< 2.2e-16

Very Significant

Wilcoxon Rank Test HMA III-PCC III

< 2.2e-16

Very Significant

HMA IV-PCC IV

< 2.2e-16

Very Significant

Statistical Test
Kruskal Wallis
HMA II-PCC II

Again, the pairwise comparisons show the statistical difference between the asphalt and concrete
types are significant.

Localized Roughness Analysis
Introduction
Localized roughness, are locations of roughness above an IRI threshold. These “hot spots” have
varying lengths and are analyzed as a separate category in the specifications, and have therefore
been separated in this analysis as well to see how the specifications and changes made to
localized roughness have impacted these hot spots over time. This section will analyze the effects
of specification changes first on asphalt and then on concrete. It needs to be clarified that localized
roughness can have varying lengths. This is because localized roughness is locations with higher
than average IRI, that can pose potentially hazardous to the public. Therefore a 30-foot segment
with a very high IRI, can negatively impact a 500-foot segment with average IRI. And thus
negatively impact any incentive that could be paid. Therefore, locations with an IRI over 200
in/mile are designated as localized roughness locations. Previous specifications have identified
the threshold to be 150 in/mile (QMP 1.02) and 175 in/mile (QMP 1.03). Looking closer at the
asphalt localized segments show similarities with the ride data analyzed previously. The two main
factors are the IRI, or roughness over the specification time period, and the amount of disincentive
imposed. Since localized roughness only occurs at high IRI levels, there is never incentive paid.
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The disincentive, or pay reduction imposed, is dependent on the following tables (Table 4.34 &
4.35 & 4.36).
Table 4.34: Localized Roughness Specification QMP 1.02

Localized Roughness
(inches/mile)
>150

IRI Length

Pay Reduction (dollars)

<=25 feet

(IRI - 150) dollars/foot
Max = $625

>150

> 25 feet

$25 dollars/ foot

Table 4.35: Localized Roughness Specification QMP 1.03

Localized Roughness
(inches/mile)

IRI Length

Pay Reduction (dollars)

>175

<=25 feet

(IRI - 175) dollars/foot or $250,
whichever is less

>175

> 25 feet

(IRI - 175) dollars/foot or
10 dollars/foot, whichever is
less

As can be seen above, QMP 1.02 and QMP 1.03 have incremental changes to their disincentive
schedules. Also, it is important to note that Ride 1.0 does not include stipulations for localized
roughness.
Table 4.36: Localized Roughness Specification QMP 1.04 & RIDE 2.01

Localized Roughness
(inches/mile)
>200

IRI Length

Pay Reduction (dollars)

<=25 feet

(IRI - 200) dollars/foot or $250,
whichever is less
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>200

> 25 feet

(IRI - 200) dollars/foot or 10
dollars/foot, whichever is less

QMP 1.04 and Ride 2.01 also have identical disincentive schedules.
There are situations in which the area is not preventable, for example, a manhole cover which
can cause some increased roughness. For these incidents, the contractor may not be responsible
for a pay reduction. And that is up to the engineers’ discretion, whether a disincentive is charged.
In those instances, the data identified this- and those data points were omitted from the following
analysis.
The localized roughness is not broken up into the pavement and concrete types because they
follow the same pay equations regardless of the types.

Asphalt
First, is the analysis of asphalt segments with localized roughness. Table 4.37 below shows the
general data description for these localized roughness segments-and compares the IRI and
amount of disincentive for each specification. Additionally, the number of segments of localized
roughness are compared to the total ride segments for reference. The ride segments signify all
the asphalt pavement types within that specification.

Table 4.37: Summary of Localized Roughness Segments: Asphalt

Number
Segments

of Number (Localized

QMP 1.02

QMP 1.03

QMP 1.04

RIDE 2.01

1,716

5,396

4,375

3,194

Roughness)

95

37,925

73,272

51,910

16,126

4.52%

7.36%

8.43%

19.81%

Average

222.40

221.66

249.72

246.41

Standard Deviation

54.02

50.74

49.92

48.19

Average

-179.12

-159.90

-34.76

-7.21

Standard Deviation

172.90

180.67

90.80

42.36

Number (Ride
Segments)
% Localized
Segments (of Ride)
IRI

Disincentive

From Table 4.37 above, it is important to note, that localized roughness is a factor of the ride. As
such, the more ride segments are placed in a particular year-the more localized roughness
incidence occur.

The graph below (Figure 4.40) shows the number of segments per specification that has had
localized roughness incidents. Differing from the ride analysis, each of these segments has
different lengths and therefore the linear line plots the total average length of the localized
roughness by specification. As can be seen for QMP 1.03 there were over 5,000 incidents of
localized roughness (the most of any specification); however, the average linear foot per segment
was around 16 feet which remains consistent throughout the last three specifications. Due to this,
it is essential to look at not only the number of incidents but also how many feet all those incidents
add up to.
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Figure 4.40: Localized Roughness: Number of Segments and Average Linear Foot per Segment

With the description of the data shown in the figure above, the following graph shows the IRI over
the study period. As can be seen the average and medians for the first two specifications (QMP
1.02 and QMP 1.03) are very similar, and the last two specifications (QMP 1.04 and Ride 2.01)
seem very similar as well.
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Remembering that the threshold change occurred at QMP 1.04 the following table shows the
results of the Kruskal Wallis test, which shows that there is a pair that is significantly different.
The Wilcoxon Rank test was used to find the statistically different pair.

Figure 4.41: Boxplot of Asphalt Localized Roughness: IRI Values by Specification

Table 4.38 shows the summary of the Kruskal Wallis test and the follow up, Wilcoxon Rank test.
Significance was tested with a 95% confidence interval. Since there are 6 pairwise comparisons
the Bonferroni adjustment decreased the significance of the p-value to less than 0.0083.
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Table 4.38: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of Localized Roughness
Segments

P-Value

Significance

<2.2 E-16

Very Significant

QMP 1.02- QMP 1.03

0.9441

Not Significant

QMP 1.02- QMP 1.04

<2.2 E-16

Very Significant

QMP 1.02- Ride 2.01

<2.2 E-16

Very Significant

QMP 1.03- QMP 1.04

<2.2 E-16

Very Significant

QMP 1.03- Ride 2.01

<2.2 E-16

Very Significant

QMP 1.04- Ride 2.01

0.009596

Not Significant

Statistical Test
Kruskal Wallis

Wilcoxon Rank
Test

As can be seen by the following table and corresponding box plot above the first two specifications
(QMP 1.02 and QMP 1.03) have no statistical difference in their IRI. However, both of those
specifications are statistically different from the later specifications (QMP 1.04 and Ride 2.01).
QMP 1.04 and Ride 2.01 are also not significantly different from each other.
One of the reasons for the specification change was the high number of localized roughness
incidences. And therefore, the threshold for localized roughness increased from 150 in/mile to
200 in/mile.
Figure 4.42 and subsequent analysis table (Table 4.39) shows the relationship between
disincentive paid and specification type.
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Figure 4.42: Boxplot of Asphalt Localized Roughness: Pay Adjustment by Specification

Table 4.39 shows the results of the Kruskal Wallis test, which shows that there is a pair which is
significantly different. There are six pairwise comparisons, and so a p-value of less than 0.008 is
deemed significant. (This is due to the Bonferroni adjustment for pairwise comparisons.)
Table 4.39: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Incentive per Segment of Localized
Roughness

Statistical Test

P-Value

Significance(<.008)

Kruskal Wallis

0.008598

Significant

QMP 1.02- QMP 1.03

0.1369

Not Significant

QMP 1.02- QMP 1.04

0.6476

Not Significant

QMP 1.02- Ride 2.01

0.006278

Significant

QMP 1.03- QMP 1.04

0.5236

Not Significant

QMP 1.03- Ride 2.01

0.001822

Significant

QMP 1.04- Ride 2.01

0.003747

Significant

Wilcoxon Rank
Test
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Based on the results from the table above. QMP 1.02, QMP 1.03 and QMP 1.04 are all statistically
similar. As opposed to Ride 2.01 which is statistically different from the other three. This finding
does not support the specification change as the reason for less disincentive being paid. Instead,
based on the above figure showing the number of segments and total linear foot, it is possible
that specification did play a role since the number of total linear feet of localized roughness peaked
at QMP 1.04 and then declined.

The asphalt specification change was successful in creating a significant change in localized
roughness, however with that comes higher IRI values and for an unexplained reason a higher
number of total linear feet of localized roughness incidences.

Concrete
The following analysis is for the localized roughness incidents that occurred in concrete over the
study period. Similar to asphalt, there are only four specifications, as the first specification (Ride
1.0) does not include localized roughness specifications. Table 4.40 below shows the general
data description for this localized roughness segments-and compares the IRI and cost for each
specification. Additionally, the number of segments of localized roughness is compared to the
total ride segments for reference. The ride segments signify all the concrete pavement types
within that specification.

101

Table 4.40: Summary of Localized Roughness Segments: Concrete

Number
Segments

QMP 1.02

QMP 1.03

QMP 1.04

RIDE 2.01

3,505

10,846

4,450

1,922

N (Ride Segments)

6,630

15,528

6,226

1,125

% Localized

52.87%

69.85%

71.47%

170.84%

Average

196.04

205.46

223.80

164.36

Standard Deviation

29.44

32.84

33.93

63.64

Average

-126.34

-101.33

-77.22

-45.31

Standard Deviation

810.15

144.98

141.65

98.32

of N (Localized
Roughness)

Segments (of Ride)
IRI

Cost

Table 4.40 shows the relationship between ride segments and localized roughness. The higher
the number of ride segments placed, the more localized roughness incidences there are.

Figure 4.43 shows the number of segments of concrete that had localized roughness incidents
additionally, the linear curve shows the average linear foot per segment of a localized roughness
incidence since each incident can have a varying length. This figure should be compared with the
previous graph (Figure 3.6), which shows the number of segments placed per specification, since
localized roughness is a function of total segments places. In the case of concrete, the number of
segments, as well as the total linear feet, have been decreasing.
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Figure 4.43: Localized Roughness: Number of Segments and Average Linear Foot per Segment: Concrete

Figure 4.44 shows the relationship between the IRI by specification. Alternatively, to asphalt,
concrete does not appear to have a strong relationship between the changing specification
impacting the IRI.
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Figure 4.44: Boxplot of Concrete Localized Roughness: IRI Values by Specification

Table 4.41 shows the results of whether the different specifications are statistically different from
each other. As with asphalt, there are six pairwise comparisons, and thus the p-value is deemed
significant if it is less than 0.008 because of the application of the Bonferroni adjustment for
pairwise comparisons.
Table 4.41: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of Concrete Localized
Roughness Segments

P-Value

Significance

<2.2 E-16

Very Significant

1.02- QMP <2.2 E-16

Very Significant

1.02- QMP <2.2 E-16

Very Significant

1.02- Ride <2.2 E-16

Very Significant

1.03- QMP <2.2 E-16

Very Significant

1.03- Ride <2.2 E-16

Very Significant

1.04- Ride <2.2 E-16

Very Significant

Statistical Test
Kruskal Wallis

Wilcoxon Rank
Test

QMP
1.03
QMP
1.04
QMP
2.01
QMP
1.04
QMP
2.01
QMP
2.01
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As Table 4.41 above shows, all the pairwise comparisons are very significantly different from each
other. Which means that in terms of IRI the specification change did not affect localized
roughness.
The next factor is the impact of cost or disincentive paid for these localized roughness segments.
Figure 4.45 shows the relationship between the disincentive paid by segment and the
specifications.

Figure 4.45: Boxplot of Concrete Localized Roughness: Pay Adjustment by Specification

Based on the above boxplot, Table 4.42 shows the results of the Wilcoxon rank test. P-values
below 0.008 are deemed significant due to the Bonferroni pairwise adjustment.
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Table 4.42: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of Incentive per Segment of Concrete
Localized Roughness

P-Value

Significance

<2.2 E-16

Very Significant

QMP 1.02- QMP 1.03

0.003866

Significant

QMP 1.02- QMP 1.04

<2.2 E-16

Very Significant

QMP 1.02- Ride 2.01

5.755e-09

Very Significant

QMP 1.03- QMP 1.04

<2.2 E-16

Very Significant

QMP 1.03- Ride 2.01

6.811e-06

Very Significant

QMP 1.04- Ride 2.01

0.3997

Not Significant

Statistical Test
Kruskal Wallis

Wilcoxon Rank
Test

Based on the p-values above, the last two specifications are statistically similar, and the first two
are statistically different from all the other specifications.
For concrete, the specification did not impact the effects of changing IRI. However, the
specification change did affect the disincentive paid.
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Warranty Project Analysis
Introduction
Warranty projects were introduced in 1995 in an effort to produce higher quality roads with less
oversight provided by WisDOT. This translates to contractors having full control of all aspects of
the mix design, placement, and monitoring of the pavement. There were several reasons for the
eventual suspension of the use of warranty projects, the most prominent reason was the
increased occurrence of long-term performance problems. The discontinuation occurred in 2012.
The following section describes the comparison of warranty projects by specification, and its
comparison to normal ride segments for reference.
Because, warranty projects were suspended in 2012, the analysis only encompasses the first
three specifications (Ride 1.0, QMP 1.02, QMP 1.03). Additionally, this study focuses on warranty
asphalt segments since no concrete warranty segments were placed during the study period.
In order to get an understanding of project volume and general characteristics, Table 4.43
summarized the warranty projects discussed.

Table 4.43: Summary of Warranty Segments: Asphalt

Ride 1.0

QMP 1.02

QMP 1.03

of N (Warranty Segments)

5,677

9,658

13,209

N (Ride Segments)

30,356

37,925

73,272

Average

42.41

39.04

40.57

Standard Deviation

15.60

15.54

15.81

Average

47.66

93.67

70.17

Standard Deviation

92.40

112.79

107.15

ASPHALT
Number
Segments

IRI

Cost
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Based on the data in Table 4.43 the following boxplot (Figure 4.46) shows the relationship
between the IRI of warranty projects by specification.

Figure 4.46: Boxplot of Warranty Segments: IRI Values by Specification

Based on the Figure 4.46, and the previous ride analysis, the IRI average values are lower for the
warranty project. The following boxplot (Figure 4.47) shows the comparison between the ride data
and the warranty project for HMA I.
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Figure 4.47: Boxplot of HMA I: Warranty and Non-Warranty Segments: IRI Values by Specification

Based on the above boxplot (Figure 4.47), the following table (Table 4.44) shows the relationship
between the means of each specification for the non-warranty segments and warranty segments.
Significance was established in the P-value was less than 0.05.

Table 4.44: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of Warranty and NonWarranty Segments of HMA I

P-Value

Statistical Test

Wilcoxon Rank Test

Ride 1.0W-Ride 1.0 NW

<2.2E-16

QMP 1.02W- QMP 1.02NW

<2.2E-16

QMP 1.03W- QMP 1.03NW

<2.2E-16
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As can be seen in Table 4.44 above, for all the specifications, the warranty and non-warranty
projects had a statistically significantly different mean.
The following boxplot (Figure 4.48) shows the relationship between the IRI of warranty and nonwarranty projects for HMA II.

Figure 4.48: Boxplot of HMA III: Warranty and Non-Warranty Segments: IRI Values by Specification

Based on the above boxplot, Table 4.45 shows the relationship between the means of each
specification for the non-warranty segments and warranty segments. Significance was
established in the P-value was less than 0.05.

Table 4.45: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of Warranty and NonWarranty Segments of HMA II

P-Value

Statistical Test

Wilcoxon Rank Test

Ride 1.0W-Ride 1.0 NW

2.253e-08

QMP 1.02W- QMP 1.02NW

<2.2E-16
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For all the specifications, the warranty and non-warranty projects had a statistically significantly
different mean.
Figure 4.49 shows the relationship between the IRI of warranty and non-warranty projects for
HMA III.

Figure 4.49: Boxplot of HMA III: Warranty and Non-Warranty Segments: IRI Values by Specification

Table 4.46 following table shows the relationship between the means of each specification for the
non-warranty segments and warranty segments. Significance was established in the P-value was
less than 0.05.
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Table 4.46: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of Warranty and NonWarranty Segments of HMA III

P-Value

Statistical Test

Wilcoxon Rank Test

Ride 1.0W-Ride 1.0 NW

<2.2E-16

QMP 1.02W- QMP 1.02NW

<2.2E-16

QMP 1.03W- QMP 1.03NW

<2.2E-16

As can be seen in the table above, for all the specifications, the warranty and non-warranty
projects had a statistically significantly different mean.

Figure 4.50 shows the relationship between the IRI of warranty and non warranty projects for
HMA IV. Because HMA IV, was only introduced in 2010, which was also the year that QMP 1.03
was mostly used, and as such the following bar graph only shows the data for HMA IV and QMP
1.03.
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Figure 4.50: Boxplot of HMA IV: Warranty and Non-Warranty Segments: IRI Values by Specification

Based on the above boxplot, Table 4.47 shows the relationship between the means of each
specification for the non-warranty segments and warranty segments. Significance was
established in the P-value was less than 0.05.

Table 4.47: Results of Kruskal Wallis and Wilcoxon Rank Test- Comparison of IRI Values of Warranty and NonWarranty Segments of HMA IV

Wilcoxon Rank Test

Statistical Test
QMP 1.03W- QMP 1.03NW

P-Value
<2.2E-16

As can be seen in the table above, for all the specifications, the warranty and non-warranty
projects had a statistically significantly different mean.

113

While warranty segments are not being used anymore in Wisconsin, they are something that
many states have implemented at some point. During the study period, the smoothness of
warranty segments was significantly better than those without warranty. Meaning that the goal of
initially having a smoother ride to have a long-lasting roadway was met. Unfortunately, that long
term quality did not align with expectations and the warranty program was suspended.
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Chapter 5: Conclusion and Recommendations
Introduction
The importance of smoother roads has a rippling impact through different channels. Smoother
initial roads benefit the taxpayers and general users, additionally it leads to a prolonged service
life for the roadway which could save on roadway rebuilding which would occur later than
expected. The two different segments types analyzed, ride and localized roughness, offer a
complete view of initial roadway pavement construction that allows for future decisions to be made
with the most up-to-date and current data.

Research Conclusions
Ride Analysis
The Ride Analysis conducted for all four types of asphalt (HMA I, HMA II, HMA III, and HMA IV),
as well as three types of concrete (PCC II, PCC III, and PCC IV) show a variety of success rates
for the different specifications introduced. For HMA I-mainline asphalt- the specifications prove to
be successful with a decreasing IRI over all five specifications, with an increase in the amount of
incentive which is expected with a decreasing IRI. For PCC II the IRI is also decreasing, and the
incentive pay is increasing.
In addition to the ride analysis conducted, the optimization cases that have been run optimize the
ability to increase the amount of straight pay segments to achieve the 67% straight pay that
WisDOT has tried to accomplish. This has shown that with a change in straight pay bounds from
currently being 35 to 60 in/mile to 27 to 60 in/mile will allow for a 66% of the segments to be within
the straight pay category as opposed to the previously 39%. This will decrease incentive pay for
WisDOT, but also decrease disincentive previously paid by contractors.
Additionally, asphalt and concrete were shown to have significantly different smoothness level by
their specification categories. This puts concrete contractors at a disadvantage, as they can not
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achieve the same smoothness that asphalt contractors can due to larger aggregate used in
concrete which interfere with smoothness abilities. Additionally, it was found that the variability of
segments within these groups was always higher for concrete than it was for asphalt.

Localized Roughness
Localized roughness segments are segments of varying length that have an IRI value above a
threshold, they can also be indicative of quality of the roadway. As the engineer has much control
over the disincentive and categorization of the segment, a potential recommendation would be to
outline a localized roughness segment more clearly giving the engineer less power and thus less
variability in the results of the localized roughness. Localized roughness specification changes
have been positive in their impact on asphalt IRI. The current specification of 200 in/mile has been
significantly better than its predecessor specification thresholds for asphalt. However, concrete
has not been as successful with no significant changes between the current and previous
specification.
Warranty Analysis
Though warranty project has not been used since 2012, this warranty analysis was included to
have a holistic view of road smoothness over the study period, and the different programs
established to show WisDOT’s commitment to improving ride. While the warranty projects were
successful in producing segments with lower initial IRI, there were external factors which
contributed to the discontinuation of the use of warranty – specifically long-term quality issues.
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Recommendations
This research has made strong conclusions of the different specifications and how they have
impacted both roadway smoothness and associated incentive paid. The following are a list of
recommendation to continue to improve road smoothness.


Based on the results of this study, and conversations with WisDOT, there seems to be an
ability to modifying current considerations based on this study’s results. This can impact
for example road thicknesses, as that is a factor of road longevity for which smoothness
plays a large role. While current models have been established previously, the input
variable for the construction (or starting), IRI remains the input value which can be
changed as the starting IRI that is currently being used is higher than this study’s results
show. This could result in more accurate design inputs which could decrease the thickness
of a road if the initial smoothness is lower than the currently used initial smoothness value.



The optimization of current specifications based on the results of this study would help
continually drive smoothness to be as best as possible. Additionally, the most optimized
case presented in this research would decrease the disincentive which would be beneficial
to the contractor as well as decrease incentive that WisDOT current pays out.



As shown through the results of this study, and supported by AASHTO studies, concrete
and asphalt have significantly different smoothness values, and as such having concrete
and asphalt in the same category puts concrete contractors at a significant disadvantage
as concrete is not able to achieve equal smoothness to asphalt.



With continual specification changes, education of the changes in specification and
general applicability is critical in terms of being able to rely on tracked data. In this study,
we have found discrepancies in the use of certain pavement types for different uses than
what they are specifically intended. Also, the characterization of the localized roughness
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of segments even if they did not meet the threshold. While including the specification in
the standard specification (instead of special provisions) has probably helped with the
accessibility of the information, this study does show that there is a potential for increased
educational opportunities in this field.



Future work may investigate the impact of different contractors on achieving smoother
pavements as the variability between methods and experience in smoothness could
potentially be found significant.



Future work may also want to explore how these short-term impacts of initial project
smoothness impacts long term roadway smoothness.
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Appendix B -Histograms
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HMA III
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HMA IV

PCC II
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PCC III

PCC IV

124

