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Executive Summary: 

Summary 

A majority of state highway agencies have been engaged in Quality Management Programs (QMP) 

for a minimum of 10 years with current mix design methodologies (i.e., Superpave mix designs 

and use of the gyratory compactor). Most QMP testing protocols and resultant data are being 

applied primarily towards materials acceptance programs and, as a single/independent parameter, 

expected to predict or explain future performance.  

There are multiple factors contributing to pavement performance and any ensuing distress. The 

factors can be material related, construction related, traffic-related, or even involving 

interdependency between distresses. Studies have not been conducted to evaluate or confirm the 

significance of QMP acceptance limits and their possible impact on pavement performance. 

Current tolerance limits were established based on individual AASHTO test procedures’ related 

precision and bias statements, and local materials round-robin results. In order to prepare for 

migration to performance-based/related specifications, the current state of practice needs to be 

captured and enhanced. This will allow the department to consider performance-based/related 

factors in future studies leading to quantifiable and beneficial specification improvements. 

In addition, the amount of time and effort spent in attaining and storing the QMP data is not 

proportional to their subsequent use either by the department or the paving industry. There is a 

need to expand the use of this data and directly relate it to other measurable components 

contributing to the eventual pavement service life. Subsequently, there is an equal need to track 

and connect existing pavement conditions with production Quality Control data submitted during 

construction, and ensuing field in-situ performance data collected by highway agencies over given 

service life. Given the complexity of this study, it should focus on a small set of roadways to 

establish trends and “proof of concept.”  

This report documents the work completed in Wisconsin Highway Research Program (WHRP) 

project 0092-15-05, “Evaluation of WisDOT Quality Management Program (QMP) Activities and 

Impacts on Pavement Performance. The objective of this research is to evaluate how quality 

control criteria influence long-term pavement performance of Wisconsin flexible pavements. 

Work conducted during this project includes: 
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1- Conducted a national survey of state highway agencies to document the quality indicators

used in the different states. This survey identified the properties controlled by the 44 states

and their different approaches in conducting their quality programs.

2- Surveyed the Wisconsin DOT databases for flexible pavements constructed within the past

10 years such that enough data can be extracted to conduct the needed analysis. This led to

the identification of 30 paving projects.

3- Conducted analysis of the database containing information for the 30 pavement projects

compiled for this study. This is followed by identifying 7 projects for field distress survey

and structural testing using Falling Wheel Deflectometer (FWD).

4- Conducted field distress survey to document observed distresses. Analyze FWD results for

identifying whether the observed distresses are caused by structural deficiencies or due to

material related quality.

5- Executed in-depth review and analysis of the 7 projects selected for the field inspection for

validation of findings.

6- Provided recommendations based on analysis interpretation and validation for the

influence of quality indicators on in-service performance.

Research Approach 

The research approach focused on creating a relational database where project quality data records 

and in-service performance are linked through geo-referencing. Accordingly, for a given location 

on the pavements included in this study, complete information can be extracted about the quality 

indicators (material and construction), and in-service performance. The indicators included the 

amount of air in the mix (Va), compaction density of the pavement during placement, mixture 

volumetric, and binder content. The literature review identified quality parameters historically 

being regarded as critically influential. The critical influence defined in-terms of reported impact 

on the in-service performance of pavements.  The survey collected the parameters and 

specifications of quality control programs in 44 states. The survey shows that while different states 

apply different techniques to control the quality of their pavements, they still rely on similar quality 

indicators.  

A number of constraints and criteria were applied in project selection to help assure that the 

conclusions of the study are useful to the state of practice. In total, 30 projects were selected for 

this study. Their related information was collected from different resources and databases. Criteria 

used in selecting these projects include: (1) pavement age of more than 5 years, (2) HMA used is 
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more than 10,000 tons, (3) traffic level of more than 3 million ESALs, and (4) project length is 

more than one mile. Given the limited availability of the needed data, the final list of the 30 projects 

eventually included projects with traffic volume of less than 3 million ESALs.  

Quality and performance data records are employed in a framework for developing the targeted 

relational database. The aim is to relate pavement performance at a given location to the individual 

data points recorded at the mix production and construction stages. The source records rely on 

different formats for geo-referencing their data (stations, landmarks, GPS...). This required that 

the geographical referencing systems be converted to a single common system. Therefore, quality 

indicators and performance are mapped throughout the project length. The conversion took place 

through the digitization of the source records and matching the project plans with GPS maps.   

The research focused on four main distresses in the analysis as representatives of pavement 

performance. These distresses are Rutting, Alligator Cracking, Transverse Cracking, and 

Longitudinal Cracking. According to ASTM D6433: “Standard Practice for Roads and Parking 

Lots Pavement Condition Index Surveys,” distresses are typically categorized at different severity. 

For conducting the analysis, converting the categorical data into continuous data type was 

necessary to calculate an index value corresponding to the distresses impact on the roadway. Such 

index is calculated in accordance with the ASTM standard to quantify the distresses in a manner 

that can be incorporated in the relational database. At this stage, the data analysis was conducted 

since all data was digitized, quantified, and geo-referenced.  

In the global analysis phase, the quality and performance information of the selected 30 WisDOT 

projects were extracted to investigate the potential correlation between the quality and 

performance. The global statistical regression analysis was conducted to quantify the influence of 

quality indicators on the deterioration indices. These models were developed primarily to conduct 

a sensitivity analysis of the distresses to deviations in the quality indicators from current 

specification targets. The results showed that the greatest reduction in rutting deterioration is 

associated with increased placement density followed by mix air voids. Alligator cracking shows 

no sensitivity to field compaction but rather highly dependent on mix volumetrics.  

The project by project analysis focused on utilization of data of 7 projects such that analysis is 

conducted using data with minimal averaging. On-site distress evaluation was conducted along 

with FWD testing in order to isolate the potential failures due to the structurally compromised base 

and/or subbase layers.  In this stage of the analysis, the findings from the global analysis are 
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validated. It also helped to document the interaction between localized quality data points and the 

performance measures.  

In general, this study documents the state of performance of pavements within the State of 

Wisconsin as represented by the sampled 30 projects. The abundance of longitudinal cracking 

requires significant evaluation within the state’s network. In terms of quality measures, meeting 

current targets appear to lead to adequate quality. However, deviating from these targets is 

associated with variation in performance. For example, when a mix deviates from the target 4% 

compaction air voids (Va), the performance shows a drop when Va drops below target and within 

acceptance limit. When Va increases beyond target (and within limits) performance does not show 

change. Therefore, the limits for Va are recommended to be more stringent on the lower bound 

deviation than the upper bound. Allowing a wider upper bound limit for the VMA is correlated 

with improved performance. Finally, it is shown that placement compaction is a critical measure. 

While increasing compaction density shows improvement in durability, over-compaction is highly 

risky. 

Summary of Findings 

- State of practice survey showed that the majority of the state agencies rely on the same group

of quality indicators. These properties are primarily related to asphalt mixture volumetrics.

- The work completed in this study provides the DOT a path for evaluating the effectiveness of

the quality data, and a systematic approach for extracting valuable trends and correlations to

manage the department resources better while producing durable pavements.

- Distress survey and recording method requires some revision. The current method of sampling

of the pavement and distresses capturing may produce misleading conclusions.

- The holistic relational database created for this research was able to capture the potential

influence of the some of the quality indicators on pavement performance. The analysis also

showed that the Asphalt Cement (AC) content within the majority of mixes produced for the

studied projects showed minimal variability. This made AC content statistically inadequate for

studying its effect on the pavement performance.  In addition, the actual AC used for each

produced lot is not reported. Therefore, the effect of the deviation from the design AC content

could not be studied.

- The current specification limits for the quality indicator appear to correlate with adequate

performance when these limits are met.
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- Deviation from these limits can influence the performance. Deviation in Va to lower value

below 3.75% show association with poor performance. That is when deviation in the

production of a mix designed to achieve 4% air after Ndes compaction level leads to less air,

rutting and cracking are more likely. But deviation in production leading to the mix resisting

compaction and yield higher Va at Ndes, the performance shows minimal change.

- Deviation in the VMA and placement %Gmm show that above target levels are associated with

improved performance. The placement is %Gmm should have an upper bound limit to avoid

over-compaction, especially for thinner lifts less than 2” thick.

- For pavements of ages 7-8 years, it is found that alligator cracking is recorded in 15%, rutting

is recorded in 33%, longitudinal cracking in 62%, and transverse cracking in 71% of the

database.  With respect to the impact of these distresses, the maximum values of DI are

recorded for longitudinal cracking followed by alligator cracking, rutting, and then transverse

cracking.

- Rutting: this distress appears to be sensitive to field compaction followed by mix  lot

production air content at design number of gyrations.

- Cracking: while the statistical analysis showed good correlations for alligator cracking only,

the project by project analysis revealed that transverse and in-line longitudinal cracking are

also sensitive to the same quality indicators. Mix Va and VMA appear to play a significant

role in improving quality, with minimal sensitivity to the field compaction.

- The effective asphalt content is not tracked by the department.

Conclusions and Recommendations 

- The results of the analysis indicate that increasing field compaction density by about 2% is

desirable for pavement thicker than 2”. With the Va target being 4%, the results confirm that

this target is adequate. However, the global and by-project analysis show that deviation from

that target to lower values are not desirable.  The opposite is not true, where deviation to higher

Va values does not correlate with deterioration in performance.

- The field over-compaction of pavement for thin lifts under 2” thick, especially over the stiff

base can lead to the presence of all four types of distresses.

- The current trend in adopting performance related mix design appears to be the right path.

Relying on the volumetrics alone does not yield clear recommendations as to how to improve

pavement mixes. Consequently, the influence of the effective AC content is necessary for
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establishing such a design protocol. It is also, necessary to understand the interactive effect of 

the volumetric properties including the AC content and the pavement performance.  

- It is highly recommended that the DOT adopt the framework developed in this project to create

its own complete relational database for the entire pavement network.
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1. Background and Survey Results

1.1 Introduction 

Departments of Transportation nationwide have developed different programs to enhance the 

highway performance through inspection of asphalt paving productions and operations.  The 

quality control programs follow asphalt mixes production, testing for consistency and quality from 

the stockpiles all the way to the finished road surfaces. In these programs, a series of tests are used 

to determine the engineering properties, and quality of the asphalt mixes being produced with the 

aim of increasing service life. For example, a study in Illinois DOT showed 15% improvement of 

fatigue life as a result of the quality control program [1]. Specifications are principally designed 

to make sure that all the critical raw ingredients used in the finished pavement, as well as the 

processes, are tested for consistent quality. However, defining critical parameters and their impacts 

on the final product is complicated and sometimes controversial. Therefore, quality control 

specifications may vary from state to state. In addition to the type of the tests, frequency, sampling 

and acceptance methods for materials, and processes can also vary.   

1.2 Production and Construction Quality Indicators for WisDOT 

The Wisconsin Department of Transportation (WisDOT) developed its Hot Mix Asphalt (HMA) 

Quality Management Program (QMP) in the early 1990’s. Endorsed by the Federal Highway 

Administration (FHWA), QMP is considered a best construction practice to help ensure that the 

agency is receiving quality construction materials that are being produced by a contractor for an 

agency project. The development of the QMP specification involved identification of key asphalt 

mixture parameters and how they relate to long-term pavement performance, selection and 

potential modification of nationally standardized material testing methods and procedures, 

establishing testing frequencies and test method sample evaluation thresholds, corrective action 

guidance and pay adjustment factors. Additionally, the QMP specification required the 

development of the agency’s quality control (QC) oversight program consisting of quality 

assurance (QA) and quality verification (QV) as well as a WisDOT sponsored QMP technician 

training program which became known as the Highway Technician Certification Program (HTCP). 

Full implementation of the HMA QMP specification, defined as being normally applied to all 

projects that utilized HMA pavement material, was accelerated and in place by the mid-1990’s. 
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Since the implementation of the HMA QMP, the specification has seen multiple revisions in 

response to interpretation and application requests; but, the key HMA mixture parameters 

(aggregate gradation, asphalt content, air voids, and voids in the mineral aggregate) and in place 

pavement density have remained as the HMA QMP quality measures. As the specification 

approaches its twentieth anniversary, WisDOT is able to evaluate the effectiveness of the HMA 

QMP specification quantifiably. The effects and importance of these parameters on the long-term 

performance were investigated by many researchers in the literature. This chapter discusses the 

significance of the quality indicators used by the State of Wisconsin and their reported impact on 

in-service performance or pavements.  

Air Content (Va) 
Controlling the volume of the air in the mix is a critical parameter that maintains the mix quality 

during production in the asphalt mixing plants. In fact, the presence of air in the mixture 

significantly affects the mechanical response of the pavement to load. Zhao [2] showed that 

reducing air voids content can improve the resistance of the asphalt concrete against rutting and 

moisture damage. A study at Purdue University by Vivar et al. [3] was conducted to investigate 

the pavement performance relationship with the initial pavement density. The study attempted to 

quantify inter-relationship of moisture induced damage and mixture Va. Four hot-mix asphalt 

mixtures at four different air void contents were evaluated with the dynamic modulus and beam 

fatigue apparatus. The mixtures differed in both aggregate size and gradation. To assess durability 

effects, performance tests were performed on unconditioned, moisture conditioned and oven aged 

samples. The results indicated that reduction in Va is a significant factor in the improved 

performance and durability of the tested specimens against rutting and moisture damage 

respectively.   

In-Place Air Voids (Density) 
Construction methods and compaction efforts are influencing the behavior of the pavement in the 

field. Different methods result in producing different HMA densities, which ultimately affect the 

mechanical properties of the pavement. Therefore, due to the importance of the density, many 

agencies are trying to control it in order to protect pavements from further density related issues 

in the performance. Figure 1-1 shows the density levels required by different states as part of the 

QC/QA programs (Based on AASHTO Subcommittee on Materials 2007 Survey).  
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Figure 1-1 Compaction target density for different states, (after AASHTO 2007 SOM survey) 

Conventional quality control programs are carried out on the basis of spot tests, typically using a 

nuclear density gauge or recently using modulus-based devices [4, 5]. Several studies have 

attempted to evaluate if a correlation could be developed between stiffness measurements of the 

placed mat and in-place density measurements, thereby eliminating the need for other quality 

control/quality assurance (QC/QA) density tests [6, 7, 8, 9]. The results of these studies show that 

the relationship between these measurements and in-place density are inconsistent.  

Some transportation agencies control moisture damage by limiting the pavement density, which is 

believed to limit the access of water to the bulk of the asphalt mixture. For example, in Canada, 

the Ministry of Transportation of Ontario specifies that density in surface asphalt courses must be 

as low as possible to control moisture damage [10].  It is believed that density works as an 

important factor along with the other factors to control the rate of moisture transport in HMA 

[11,12,13].  

Epps and Monismith [14] conducted a significant laboratory study on the effect of mixture density 

on fatigue performance of asphalt mixtures at the University of California at Berkeley. In this 

research, three asphalt mixtures with different binder content and aggregate sizes. Based on the 

test results reported, the effect of 1% decrease in density on fatigue performance was estimated to 

be a reduction of 20.6%, 43.8%, and 33.8% for the high binder content, fine mix, and coarse mix, 

respectively. 
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Harvey and Tsai [15] conducted another laboratory fatigue experiment using the flexural bending 

beam test. In this experiment, dense-graded asphalt with three levels of air voids and five levels of 

binder contents. The three density levels, including 99% to 97%, 96% to 94%, and 93% to 91%. 

A relationship between cycles to fatigue failure, air voids, binder content, and the applied strain 

was determined based on 97 fatigue test results. Based on the reported results, a 1% decrease in 

density was estimated to result in a 15.1% reduction in fatigue performance. Fisher et al. [16] 

showed that as the density increased, fatigue life increased. Lee et al. [17] Observed that for every 

1% increase in density, the fatigue cracking is reduced by 19% and rutting by 10%. The similar 

trend is also shown by other studies [16, 18]. As can be noticed from these studies, mixed results 

are observed where the effect of density on performance is inconsistent. The authors of this report 

stipulate that this because the relationship between density and performance is not a linear, but 

rather quadratic where there is an optimum density value at peak performance level.  

It is also important to mention that factors related to construction such as mixture production, 

placement, and compaction also affect the void structure of asphalt mixtures in the field. For 

example, Mohamed et al. [10] found that conventional compaction techniques in asphalt layers 

generate cracks, commonly known as checks. These cracks are typically 1 – 4 in length and are 1 

– 3 in apart. These checks usually are not visible and are generated during the first or second pass 

of conventional steel-wheel rollers. Because of these cracks and due to their propagation, water 

migrates in spots that were supposed to be isolated. Furthermore, they proposed a new compaction 

technique that reduces the formation of cracks, preventing the general deterioration of the material 

due to moisture and oxidation. Chen et al. [13] also analyzed the effect of crack width on moisture 

damage. They found that crack growth and higher air void content had a similar influence on the 

moisture resistance of asphalt mixtures. Findings of their works were matching with the other 

studies since cracks act as links between air voids, generating new connected paths. There are other 

studies that analyzed the effect of lift thickness as well as other construction properties in the void 

structure and moisture susceptibility of the pavement [19, 20].  

According to Beainy et al. [21], asphalt pavement density does not increase linearly with additional 

compaction efforts. It changes randomly “due to the continuous reorientation of aggregates and 

the randomness of aggregate shapes and textures.” Generally, compaction uniformity and overall 

compaction of pavements are increased through additional roller passes, although over-
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compaction is always possible. There have been many recent advances in compaction equipment, 

and construction practices that enhance the quality of the compaction.  The literature and 

specifications are stating that the use of vibratory rollers, oscillatory rollers, or vibratory pneumatic 

tire rollers can help achieve optimized in-place density [22]. 

Starry [23] emphasized the importance of the monitoring of the surface and using real-time 

instruments like infrared sensors to achieve the ideal compaction times. He reported that 

significant improvement could be achieved by utilizing the new technologies. According to 

Scherocman [24]: “Whether asphalt mixtures are stiff or tender, breakdown or first rollers should 

be used immediately following the paver to ensure that the mixture is compacted while hot.” The 

effects of using GPS systems, color-coded maps, compaction meters, accelerometers, and other 

technologies that can improve achieving better final density values are all important and crucial to 

the pavement [22]. In fact, in addition to improving the quality, Intelligent Compaction can assist 

in collecting more detailed information of the pavement that can further analysis using the 

available software like Veta package. These technologies can be used as an advancement in density 

QC process.  

The effect of changes in mixture properties, including in-place density, binder content, and 

aggregate gradation, on rutting performance, was investigated in a field study as part of the 

WesTrack project [25]. This investigation was only conducted based on rutting data measured on 

WesTrack test sections through the first two million Equivalent Single Axle Loads (ESALs). In a 

part of the study [25], three separate rutting models were developed. Based on the first series of 

models, a 1% increase in in-place air voids was resulted increasing the rutting of fine and coarse 

and coarse replacement mixes by 11.5%, 9.6%, and 6.3%, respectively. Based on the second 

model, a 1% increase in air voids corresponds to a 7.3% increase in rutting for the fine, fine-plus, 

and coarse mixes. Also, a 1% increase in air voids was estimated to cause a 10.9% increase in 

rutting for the coarse replacement mixes.  

Blankenship [26] showed the results of a series of experiments on the Accelerated Mixture 

Performance Test (AMPT). The results showed that the “rutting resistance” measured by the flow 

number increased as the mixture density increase. It was shown that an increase in 1.5 percent 

density could increase the fatigue by 4 to 10 percent and the Flow Number by 34 percent. The 

research concluded that adding asphalt and increasing pavement density have a positive, 
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compounding effect on overall performance if higher field density is achieved with the added 

asphalt cement content.   

In a study conducted by [27], the performance of the pavement was evaluated for three different 

densities. Rutting depth as an average reported being 7.27, 6.49 and 5.12 mm for densities of 87%, 

90%, and 93% respectively. The result showed the effectiveness of increasing density in 

controlling the rutting problem of pavement. They concluded that asphalt pavement density below 

90% negatively impacts rutting performance. The result showed that 87% density resulted in 

29.5% higher rutting than the 93% density test section. It also showed that 87% density resulted 

in 31.2% and 65.9% lower average tensile strength than the 90% and 93% density test sections, 

respectively.  

In a study conducted by NJDOT, it was observed that for every 1% lower in-place air voids the 

fatigue cracking reduces 19% and rutting by 10% [17]. It has been reported in another study that 

1% decrease in in-place air void results in about a 10% decrease in the field fatigue [31].  

Mixture Properties 

Asphalt Mixture properties like VMA, the maximum theoretical density, the bulk specific gravity 

of the mix, aggregate gradation, aggregate textures are shown to be effective in the long-term 

performance of the pavement. These are shown to influence the resistance of the pavement to the 

rutting, fatigue and thermal cracking initiation and propagation. Besides the mechanical failures 

of the pavement, the quality of the ride on the pavement is correlated with other parameters such 

as skid resistance and the smoothness of the paved asphalt. The asphalt mix should be designed in 

a way to provide mechanically durable asphalt with the satisfactory level of rideability.  

Mrawira and Luca [32] studied the effects of mix design factors on the thermal properties of 

Superpave HMA. Their findings showed that the conductivity of the material, specific heat 

capacity, and thermal diffusivity are dependent on the mix design. The experimental results 

showed that the aggregate type has the most significant effect on the thermal properties. On the 

other hand, the compaction level showed to be not as statistically significant as the other factors. 

There are other studies that are also shown the sensitivity of the mixture thermal behavior to mix 

properties [33, 34, 35, 36]. They reported the high dependency of shrinking and hardening 

behavior of the asphalt due to the low temperature on its ingredients properties. 
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The skid resistance is a factor that shows the resistance of pavement surfaces, aggregates, and 

binder to sliding or skidding of the vehicle. Microtexture and Macrotexture of the mix that 

describes the aggregate component and aggregate arrangements are thoroughly investigated in the 

literature [37, 38, 39, 40]. Asi [37] investigated the effects of using the higher asphalt content, the 

Marshall mix design, aggregate gradation and aggregate quality on the skid resistance. The 

influencing factors on skid resistance at the Macrotexture level reported by Fwa and Choo [38] to 

be shape, size, gap width, layout, and gradation of the coarse aggregates. They reported that the 

area of the contact surface, as well as the number of gaps within the test area, has a significant 

effect on the measured frictional resistance. Based on this observation they recommended 

considering these factors for designing the mix to achieve the adequate skid resistance in actual 

construction. 

The effect of mix properties on IRI value is thoroughly investigated in the literature [41, 42], and 

[43]. Choi et al. [44] researched the relationship of mix properties with the IRI performance of the 

pavements. Their developed models showed the significant effects of these properties on the field 

performance of the pavements. Anderson et al. [45] and Choi et al. [44] stated that the aggregate 

gradation (passing #200), percent of air void, viscosity, asphalt content, and total asphalt layer 

thickness are influencing factors on the IRI performance of the pavement. There are efforts in the 

literature on establishing the prediction models of pavement performance through the relationship 

of mix properties and International Roughness Index known as IRI [46, 47, 48, 49]. Recent studies 

focused on the relation of mixture properties with in-service performance [50, 51, 52, 53, 54, 55, 

56]. However, these efforts were limited to developing correlation models based on the 

performance test results, rather than establishing true mechanical cause and effect relationships. 

Binder Properties 
Importance of the binder properties on the long-term performance of the pavement is undoubted. 

The flexural behavior of asphaltic pavements to some extent is dependent on the amount and type 

of the used binder.  In fact, viscoelastic properties of the binder such as relaxation and stiffness 

strongly influence the cracking performance of a mixture [57].  

The effect of binder properties on thermal cracking is shown by [36]. They showed a significant 

correlation between rheological properties of the binder and its resistance against the thermal 

cracking by using through thermal stress restrained specimen test (TSRST). A semi-empirical 
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mechanistic model was also developed by Bouldin et al. [58] to determine the critical cracking 

temperature of the asphalt mixture by conducting tests on binder by using Bending Beam 

Rheometer. They reported a good agreement between performance models with the actual 

measurements in the field.  

The relationships between the asphalt binder elastic recovery properties and the asphalt concrete 

fatigue performance were investigated by [59]. Elastic recovery (ER) and multiple stress creep 

recovery (MSCR) tests were conducted, and their results were then correlated to the predicted 

fatigue life. The results indicated that HMA mixes with high asphalt binder elastic recovery 

properties (⩾59%) exhibited better cracking resistance potential with long predicted fatigue life 

(>150 months).  

Morea et al., [62], stated that within certain limits considering well design mixtures; asphalt binder 

type, climate temperature, and the service load appear as the main factors affecting the final rutting 

performance of a mixture. Similar work in the literature shows that the bitumen rheological 

properties reflect the binder contribution in the mixture rutting performance [63]. Many asphalt 

binders were studied including, three different conventional, multigrade, oxidized and three 

polymer modified bitumen. The rheological properties of them were measured at different 

temperatures and related to the performance test results. The research showed the correlation of 

binder properties to the performance. The result showed the binder properties must be taken into 

account during the pavement design process.  

Wang et al. [64] investigated the performance of 8 different modified binders using mechanical 

tests such as rutting, fatigue, yield, and recovery tests. They developed a paving performance index 

for quantifying the cost-effectiveness of binders. However, the model was not able to provide a 

good correlation of cost and effectiveness for crumb rubber modified binders. Many recent studies 

focused on the effect of binder’s properties on in-service performance [51, 53, 65, 66, 67, 69]. The 

common assumption in these studies is that the influence of binder on performance is independent 

of other factors. Thus, developed prediction models and recommendations that are based on the 

correlations developed in the study, but not establish true causality to support these correlations.  

Many of the studies listed in this section show a significant influence of certain properties on 

pavement performance. However, in controlled experiments, the design focuses on targeted 

properties for examination. Therefore, it is unknown how the different quality-related properties 
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combined can influence the performance. For example, would high asphalt content negate the 

effect of low in place density? To conduct an experiment that evaluates this question, significant 

effort must be exerted. On the other hand, Wisconsin DOT has been implementing QMP for 20 

years. Therefore, it possesses data on enough projects concerning their construction quality and 

in-service performance. This data provides an excellent opportunity to conduct a comprehensive 

evaluation of the influence of these properties, combined, on the long-term performance of the 

Wisconsin pavement.  

1.3 Developing a Holistic Framework for Evaluation of Quality Control Indicators 

AASHTO pavement management guide stated the significance of assembling and preparing the 

best practices frameworks for the better functional management of pavements. The better 

management of the pavement is highly dependent on the proper evaluation of the current methods 

and practices. Therefore, many efforts have been made on developing a conceptual structure for 

the relation of performance with production and construction parameters [70, 25].   

Explorations of a localized performance specification for HMA construction were examined in 

studies for Wisconsin DOT [68], Illinois DOT [71], for Indiana DOT [72], and for Arizona DOT 

[73]. Assessment of the effectiveness of construction quality parameters such as density or asphalt 

content has been offered by developing localized models like a study for Rhode Island DOT by 

Mensching et al. [74]. The localized quality or production related issues of flexible pavements 

have been mildly addressed in the literature [75, 76, 77]. However, the literature stressed the 

importance of a framework to allow for the utilization of advanced tools to understand 

construction-related factors influencing long-term performance [78, 79, 80].  

In a technical report by Epps et al. [25], the above-mentioned need was addressed by developing 

prediction models. Using mechanistic-empirical theory the software application entitled 

HMASpec was developed, the software helped pay adjustments’ calculation by analyzing the 

lifecycle costs of the project. Mathematical models were also introduced as another tool to enhance 

the effectiveness of performance-related specifications for production and construction procedures 

[81]. Deacon et al. [82] developed an approach to develop performance models from the results of 

the Westrack accelerated pavement test program for use in a performance-related specification for 

flexible pavement mixes. Laboratory tests such as flexural fatigue tests and shear tests were also 
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conducted to determine fatigue response and rutting characteristics. The results were then used to 

develop performance models. Based on the performance models, it was determined that aggregate 

gradation, asphalt content, and air-void content should be considered as key construction factors 

for rutting. Witczak [73] in a study that was conducted for Arizona DOT characterized HMA 

performance factors to be used in models for the evaluation of HMA construction jobs in the state 

for rutting, fatigue cracking and thermal fracture. The derived models through the database yielded 

localized calibration, and it produced relevant results. Mogawer et al. [83] investigated the 

effective production and construction parameters on rutting and fatigue performance issues. These 

studies provide a fundamental understanding of the mechanical behavior of mixtures. However, 

most of them were done on laboratory samples.  

Leverett [84] explored the efficiency of the construction quality control program of the Michigan 

Department of Transportation that pays incentives for contractors’ conformance with 

specifications. He examined 77 projects which were constructed between 1994 and 2002, to see 

whether the QMP was successful to improve the long-term performance of the pavement or not. 

Different level of analysis was conducted on the collected data pool to assess the costs and benefits 

of the incentive/disincentive program of Michigan DOT for a variety of different pavement types 

and different pay items. However, due to the missing data elements, the analysis was limited to 

generalized evaluation of the program, as opposed to the project by project investigation. They 

have recommended using a systematic approach to store all the project data from inception to the 

end of construction and throughout the lifetime of the project that would allow all potential users 

to conduct the necessary analysis. The researchers also recommended converting the existing 

location reference system to a geographical information based system, linking the collected 

information to the common reference location system, and expanding the current analysis to the 

lower pavement structural layers to add more certainty to the results.  

Buddhavarapu et al. [85] developed a database framework to incorporate the Texas DOT recorded 

information of construction quality to the performance records of projects with the age of 3 to 10 

years. The statistical modeling of construction parameters relating to the performance was 

provided to use for revising the pay adjustment for the ride quality of HMA and concrete pavement. 

The research showed the abilities of such a framework for better pavement management. The 

operational tolerance of key HMA mix factors of asphalt content, gradation and density have also 
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investigated in another research for Texas DOT to assess their effects on the performance [86]. 

Since this study was also conducted by using the laboratory samples, it was hard to generalize its 

findings to all different types of pavement conditions in the entire state. Smit et al. [87] 

demonstrated how it is doable to track the network-level performance of surface mixtures using 

Texas DOT databases. The authors claimed that the traffic load, environmental conditions, 

properties of the mix, design and construction properties, as well as the underlying structure of 

which the surface was paved on are all contributing factors to the life of the pavement and its 

performance. They concluded that the rougher the road, the more expensive it is for Texas DOT 

to maintain. The authors expressed that it was also necessary to expand their analysis to include 

factors such as binder performance and grade, and some HMA mixture-related properties such as 

asphalt content, voids in the mineral aggregates (VMA), density, and lift thickness. 

In a study by Monismith et al. [88], performance simulations were conducted using common 

volumetric variations in California State. The types of addressed distresses were rutting and fatigue 

cracking, using Westrack and state department of transportation data. The study stressed the need 

for a systematic data management that allows analysis of the wide range of possible scenarios on 

the database. Comparing the procedure and findings of this study with those for Texas DOT [85], 

and [90] and Michigan DOT [84], the importance of geo-location of the available information as 

a mean to optimize the efforts of linking separate databases felt to be a missing link for all these 

studies.  

In a study for Illinois DOT, in order to develop a performance-related specification, an attempt to 

facilitate the linkage between quality characteristics, engineering properties, and field’s distresses 

by connecting the points of each sublot of material to its related location as station and pavement 

lift was done through a properties map. However, since the mapping was done on a small scale, 

the research was unable to offer a systematic approach for such data collection [71].  

Long-term Pavement Performance program (LTPP) provided a comprehensive database for 

several studies to investigate the effect of different parameters on the performance of the pavement. 

Choi et al. [44] investigated the contribution of material and construction variables of asphalt 

concrete on pavement performance by using a back-propagation neural network. Their results 

showed that the neural network models could efficiently be used to develop pavement performance 

models by quantifying the relationship of variables of asphalt content, void, asphalt layer 
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thickness, and some other factors. Regarding the pavement performance indicator of IRI, Von 

Quintus et al. [89] used LTPP information to study the relationship between changes in pavement 

surfaces distresses to incremental changes in IRI. Their results showed that the selected distresses 

having a significant effect on abrupt changes in IRI with time and traffic. Perera and Kohn [90] 

researched the LTPP database to evaluate the factors affecting pavement smoothness. The factors 

such as design and rehabilitation parameters, climatic conditions, traffic levels, material properties, 

and extend and severity of distress were investigated. 

Dong and Huang [91] evaluated the influencing factors on crack initiation of LTPP asphalt 

pavements and they concluded that the mixture and total thickness are not significant factors 

comparing to the high traffic levels and severe freeze-thaw cycles. Their parametric survival 

analysis showed that the on LTPP monitored sections the undesirable environments accelerated 

the initiation and progress of transverse cracking.  

From the above, it is noticed that the literature contains several attempts to relate the construction 

quality and mix properties to long-term performance. The several studies presented prove the fact 

that this quest is yet to be completed. Reported research efforts show that developing an integrated 

framework to study the relation between the different components of a pavement life is 

challenging. This research presents the finding of Wisconsin DOT QMP program to navigate 

through these challenges.  

1.4 QC/QA Program National Survey 

To understand the components of different quality control specifications, Hughes [92] led a 

National cooperative highway research program (NCHRP) research project to collect information 

on quality assurance programs of construction works in the US states including HMA construction 

works. However, the survey did not report the specific details on the frequency of the tests and 

their acceptable limits and tolerance. A survey was conducted to collect information regarding the 

practices and protocols of quality control and quality assurance programs for the transportation 

authorities. There are 52 transportation authorities exist in the United States. 50 of them are state 

agencies, and there is one federal district agency and one territorial agency. The authors contacted 

all authorities through phone calls and emails. However, among all only 44 state agencies 

responded or had their information available on their websites. In this report, in addition to the 
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description of these programs, an investigation is undertaken to show the key quality control and 

assurance measures. The results of the survey are categorized on different subjects and briefly 

discussed here. 

Figure 1-2 is shown that all 44 surveyed states are using the quality control tests from contractors. 

Out of these, 36 agencies are combining quality testing with in-house tests. Moreover, there are 6 

states that require an independent party to perform validation quality tests.  It is observed that 14 

agencies are using the same frequency of the test with contractors for QA programs, while the 

other agencies have a different frequency for test assurance. There are also 14 agencies that have 

the similar acceptable tolerance for their measurements compared to the contractors.  

 
Figure 1-2 Type of quality control and assurance programs 

Due to the wide range of QC/QA items in the survey, the test specifications related to the 

production and construction are categorized and briefly discussed here in the following sections.   

Mix Volumetrics 
Mix volumetrics such as air voids, voids in mineral aggregate, voids filled with asphalt, etc. are 

the factors that play important roles in the quality of the pavement. Therefore, proper inspection 

of them for quality control purposes is a necessity.    
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- Air Void (Va)

Air voids as the vacant pores that are existed among the coated aggregate particles have significant 

effects on the asphalt properties. It is necessary to have a certain percentage of air voids in the mix 

to allow for a better flexible response of the asphalt to the traffic load and allow it to compact 

under traffic load without ruining the structure of the pavement. On the other hand, it must be 

limited to a threshold to avoid providing the passageways for the entrance of water and air, which 

can endanger the long-term performance of the pavement. The ultimate goal of quality control 

tests is to keep the air voids on the desirable level. 

The amount of air voids in the mix is controlled both on the production stage (as a volumetric of 

the mix) and during the construction by measuring the density of the laid pavement. The majority 

of the surveyed states are controlling these properties by different methods (41 authorities). 

Controlling the air void in the lab and during production for (30) states and monitoring the 

compaction by taking cores and nuclear density tests in (27) states and (16) states are controlling 

both. The frequency of QC and QA control measurements for these items are varied from 1 sample 

per 500 tons (1), 700 tons (1), 750 tons (4), 1000 tons (3), 4000 tons (1), sublot (3) half a sublot 

(1), day (2) and half a day (2), and other standard frequencies for air void measurements. Also, the 

frequency of the test for construction stage measurements are 1 sample per 200 tons (1), 500 tons 

(2), 750 tons (3), 800 tons (1), 1000 tons (1), 10000 (1), lot (1), day (1), half a day (1), and other 

frequencies. QC control limit for the tolerance of measurement is also varied from 1% to up to the 

2 %. Distribution of this data by State is shown in Figure 1-3.  

Wisconsin DOT is controlling the mix air void through the quality control and quality verification 

programs by calculation in accordance to the AASHTO T269 (Appendix I). The number of 

contractor samples is determined on the amount of produced mix; generally, 1 in 1000 tons of 

mixture produced. The department verifies the mixture air voids by testing 1 in 5000 tons of 

mixture produced. The air void target has recently been changed to 3.0% for dense graded 

mixtures with a tolerance of +/- 1.3% for department verification tests and 4 point 

running average for contractor tests. The compaction of the mix and density of the asphalt 

layer is controlled during construction by the contractor’s certified nuclear density technician to 

assure its compliance with the specifications. The department verifies 10% of the number of 

contractor’s density tests. 
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Figure 1-3 Air content/ Density measurement as part of QC/QA program 

- Voids in Mineral Aggregate (VMA) 

Voids in the mineral aggregate are the spaces in the aggregates in the compacted mix including 

the filled spaces with asphalt. VMA is a parameter that correlates the necessary air void of the mix 

as well as the available spaces for the asphalt binder. This parameter is being tracked for (31) 

states. The measurement for QA and QC is varied from one sample per 500 tons (2), 750 tons (5), 

1000 (4), sublot (2), day (2), half a day (2). The tolerance of the acceptance is also varied from 

0.5% to up to the 2% variation from the state’s required level. VMA control measurement as part 

of QC/QA programs is shown in Figure 1-4.  

Wisconsin DOT controls VMA of the HMA mix throughout the QC/QA programs by calculating 

it in accordance to the AASHTO 35 test (Appendix I). The sampling frequency is the same as air 

voids for both contractor and department. The tolerance of acceptance is 0.5% of the required level 
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Figure 1-4 VMA measurement as part of QC/QA program 

- Voids Filled in Aggregate (VFA) 

The VFA is an important factor for durability of asphalt as well as it is a relation to the density. 

Controlling the VFA helps to avoid mixes that are susceptible to rutting especially for highways 

with higher traffic levels. However, the majority of state agencies do not track this property (32 

states). The ones that track it in (12) states have different frequency of QC and QA measurements, 

which is commonly similar to the other volumetric measurements’ requirements. The accepted 

tolerance for the VFA values is different for each state with the maximum of 5% for two states 

(Vermont and Idaho).  

Wisconsin DOT does not directly control this property as an independent item in QC/QA 

programs. However, the contractors are required to meet the state’s target range for the VFA in 

the mix design (Appendix I).  
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Figure 1-5 VFA measurement as part of QC/QA program 

- Theoretical Maximum Density (Gmm) and Compacted Bulk Density (Gmb) 

Maximum density, as well as the bulk density, are the other Volumetrics that is being tracked for 

(27) states for Gmm, and (20) states for Gmb. The common frequencies of testing for them are one 

per 1000 tons (3), or one per 750 tons (2) one per 500 tons (1), one per half day (3) and one per 

day (1), or one per each time aggregate sample is taken for sieve analysis (1) or on a sublot basis 

(1) . The acceptance tolerance is varied as low as %0.019 for (2) states to as high as 2% for (1) 

state. Some information about QC/QA specifications is shown in Figure 1-6.  

The state of Wisconsin is controlling both of these properties in QC/QA programs. The bulk 

specific gravity of the compacted mixture is determined in accordance to the AASHTO T166. 

Also, the maximum specific gravity is measured according to the AASHTO T209. The frequency 

of the test is the same as the air void frequency. (Appendix I). 
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Figure 1-6 Implementation of different QC/QA items for surveyed states  

Asphalt Binder 
The properties and amount of binder in the mix play a vital role in the overall performance of the 

pavement. This characteristic of the mix is one of the main influencing factors on the long-term 

performance of the roadways. The constructability, cost, mechanical behavior of the pavement are 

the factors that are being influenced by the content of the binder and its quality. The performance 

of the pavement in terms of resistance against rutting and fatigue cracking are the other factors that 

make binder quality control tests critical.  

All the surveyed states are controlling the binder content/quality (44/44). The frequency of test is 

varied from 1 per project (Texas), per 1000 tons (Indiana) and as required (Alabama). The viscosity 

of the binder is another type of test that is needed by only two agencies (West Virginia and 

California). While California only requires this test for asphalt rubber binders on every hour 

frequency, West Virginia requires flow number test results as 1 per 3000 tons as QC frequency 

and 1 per 6-hour production as QA frequency. Percentage of the asphalt by ignition oven or 

extraction method (3 states), fine particles to asphalt ratio (14 states) are the other common tests. 

The typical frequency of asphalt content measurements for QC is 1 per 500(4), 750(5), 1000 (5), 

3000 (1), day (4), half a day (1), sublot (1). Wisconsin DOT is controlling the AC of the mix in 

the QC program by requiring the contractors to measure AC at the frequency similar to the air void 

content measurements (Appendix I). The method used is called a bucket extraction where the P200 
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and AC are removed from the rest of the mixture. A combined P200 and AC content is achieved. 

The P200 is calculated by an assumed AC content from plant settings. WisDOT does not currently 

verify AC content or require extraction or ignition oven tests as part of the quality control program 

but plans to start verifying in the near future.  

Aggregate 
Aggregate is a collective term for all mineral materials of different sizes and properties that are 

used with the asphalt binder to form the asphalt mixture. The structure of the asphalt is based on 

the aggregates since it occupies the most volume of the asphalt mixture. Therefore, the durability 

and performance, as well as the constructability, are highly dependent on it. This is the reason why 

most of the surveyed states defined a way to control this item (42/44). Gradation of the aggregate 

and controlling it based on the state requirements is the most common one among them (42). There 

are also states that doing the control gradation test on the extracted aggregates after the mix (9). 

The typical frequencies of QC testing are 1 sample per 500 (2), 700 (1), 800 (1), day (1) and sublot 

(2).  

In addition to the overall grading measurements, there are also states that require specific details 

for the size of used aggregates in the mix. It was observed that (36) states have their own 

specifications that control the presence of certain aggregate sizes in the mix. The frequency of the 

test is the same as the frequency of the aggregate gradation. However, the acceptable tolerance of 

the measurement is varied from 1% usually for finer particle sizes to up to 10% for the coarser 

materials. These kinds of measurements also widely being used by many states (25) for assurance 

purposes.  

Aggregate shape and quality is another item that (13) states are controlling. Fracture face of the 

aggregate, elongation of particles, and the mineral composition are the main properties monitored. 

As it was mentioned, the ratio of asphalt to dust or fine particles is another controlling factor for 

DOTs (14).  

Specific gravity test for the aggregate is a QC/QA item for (1), the Moisture content of the 

aggregate (18), Aggregate plasticity test (1), Permeability of the aggregates (1), and Sand 

equivalent test (8) states.  
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Wisconsin DOT includes aggregates as part of QC and QA programs. The contractor runs 

gradation analysis at the same frequency as the air void frequency mentioned above. The tolerances 

are listed in Appendix 1. The department does not verify gradations. Contractors supply specific 

gravity values for their mix designs. The department spot checks some of the values. Quality tests 

are run by the department on contractor supplied material for pits every three years and on quarries 

each year. 

Asphalt Moisture Related Tests 
In order to control the susceptibility of pavement to the moisture, some state agencies are requiring 

the quality control and assurance moisture related tests to ensure that the performance of the 

pavement meets the requirements.  The most common type of the control test is moisture 

measurement. The US map for the distribution of the moisture content tests is shown in Figure 

1-7.  the past experiences of dealing with the moisture susceptible materials convinced some DOTs 

to not only measure the moisture content but also implement moisture susceptibility test as a 

routine QC/QA item for (9) states. Similarly, moisture susceptibility test based on AASHTO T 

283 plays an important role in QC/QA program of the state of Wisconsin. Currently, the state of 

Wisconsin does not require moisture content measurement of the mix.   

There are (10) states that are only measuring the moisture content of the aggregate and (5) states 

only measuring the moisture content of the mixture whereas there are (8) states measuring both. 

The measurement is varied from 1 sample per 1000 tons (2), 2500 tons (2), day (11), half a day 

(3), lot (1), week (1), and project (1).  
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Figure 1-7 Moisture content tests for QC/QA program 

Other Quality Control Tests 
Importance of the quality control program for the DOTs has led them to adopt a variety of other 

material and performance tests. These tests are often designed to address state’s localized known 

problems with materials and performance. For example, the stripping test for (3) states, presence 

of contaminants (1) state, emulsion residual test (2) states, Cantabro test (2) states, Wheel tracking 

tests (2), stability of the mix (4) states, controlling the temperature of the mix during production 

and placement (12) states are some of the other common tests. A summary of the QC/QA program 

items for the surveyed states is shown in Table 1-1. 
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Table 1-1 Survey of QC/QA items 
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Binder Content/ Binder Grade X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  X X X X X x X X X X X X X 
Binder Viscosity     X                                      X  

Gradation (Mix/Aggregate) X X X X X X X X X X X  X X X X X X X X X X  X X X X X X X X X X X X X X X X X X X X X 
Aggregate Gradation Detailed 

Requirements X X X  X X  X X X X X X X X X X X X X X X  X X  X X  X X X X X   X X X X X X  X 

Aggregate Shape and Quality     X         X  X  X   X X X     X X  X  X    X  X      
Air Void 

(Production/Construction) X   X X  X X X   X X X X X X X X X X  X X X X  X X X X X X X X X X X X  X X X X 

VMA (Mix) X   X X  X  X   X X X X X X X X X  X X X X   X  X   X X X X X  X X X X X X 
VFA     X       X      X X    X X X   X  X     X      X X   
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Sand Equivalent     X      X     X X              X  X    X  X      
Fine Particles to Asphalt Ratio X    X       X X  X   X X X X    X   X  X       X     X   
Moisture Content of The Mix  X   X  X      X X  X X    X   X  X           X X X      
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 X      X   X   X   X X X         X X       X     X X   

Stability    X                      X          X       X  
Moisture Susceptibility Tests    X           X X     X  X   X    X         X     X 

Wheel Tracking Test    X                                   X      
Los Angeles Test     X      X                                  

Modified Asphalt Special 
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    X                                        

Asphalt Recycling Agent      X                                       
RAP Gradation        X X       X             X         X       

RAP AC        X        X X      X      X        X X   X    
Emulsion Residue               X             X                 
Moisture In RAP     X           X             X            X    

Binder Content In RAS                X                             
RAS Gradation                X                             

Moisture In RAS                X                             
Stripping Test                 X     X                 X      
Contaminates                         X                    
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2. Data Collection And Database Development 

2.1 Project Selection Criteria 

The objectives of the study require the creation of a framework that allows evaluating the 

effectiveness of flexible pavement quality control program of Wisconsin DOT with respect to 

long-term pavement performance. The framework needs to relate the pavement performance at a 

given location to individual data points recorded in the mix production, and construction 

(placement) stages. These data points are documented per the requirements of the QMP. To 

achieve this goal, a holistic, relational database is developed based on the available information of 

Wisconsin DOT projects and other sources. This means that data residing on different databases 

within the DOT are connected based on their geolocation to allow for geospatial tracking of the 

performance of the roadway network within the jurisdiction of the DOT.  

Due to the complexity of connecting the available databases and sources of information to field 

performance, the research utilized a layered approach in order to meet the research objectives. The 

current HMA quality practice as stated in Standard Specification 460.2.8 (Appendix I) focuses on 

four mix properties: (1) Gradation, (2) Asphalt Content, (3) Air Content (lab and field), and (4) 

VMA. These parameters are commonly used to indicate the quality of the construction and 

production of the pavement. To understand the relationship between these properties and pavement 

performance, search in the available databases was conducted to characterize projects with respect 

to: 

• Variability degree of each property of the HMA mixtures. 
• Pavement structural design (Number of HMA layers, Layer thicknesses, NMAS, Base 

thickness, etc.) 
• The rate of deterioration.  

To fulfill the objectives of this study, it is necessary to obtain sufficient information for HMA 

construction projects that can be used for comprehensive relational database development. 

Therefore, some filtration is needed to assure that the conclusions of this study are useful to the 

state of practice and focused on quality rather than branching to other parameters given the scale 

of information available in the Wisconsin state databases. The following criteria are followed in 

selecting projects to incorporate in the study.  
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• Construction date  More than five years 
• HMA production  more than 10,000 tons 
• Traffic level  greater than 3 million ESALs 
• Project Length  greater than one mile 

The Wisconsin DOT stores data for thousands of construction projects over the years. Therefore, 

the above criteria are crucial to focus on the study of projects that would provide enough data 

points per project. In the collection of data, efforts were made to avoid overlay projects. This has 

proven to be difficult to achieve given the way data is currently stored.  

Applying the selection criteria listed above, 158 projects are identified. While collecting data for 

all Wisconsin DOT inventory is a significant undertaking, the true challenge was to obtain mix 

production data. This is because projects of this age have their production data archived as paper 

copies (not digital files), some of the mix production data needed to be obtained from the individual 

contractors. Due to these challenges and other ones related to data continuity, the available 

complete data for 30 projects is obtained. The details of these projects are listed below:  

• Range of construction year: 2008-2013 
• Mix production range: 18,000 to 177,000 tons 
• Length range: 2 to 21 miles 
• Pavement Condition Index: 9-100 
• Projects distributed over 20 counties and cover projects in all regions of Wisconsin DOT.  
• Asphalt Content range from 4.0 – 6.1 % 

Data sources related to these projects are housed in different locations. The project plans and 

structural designs are obtained from the Wisconsin DOT. The data for mix production, 

construction quality, and long-term performance are discussed below:  

Production Quality Data: This data is mostly obtained from individual contractors. Two 

contractors constructed these projects such that 11 projects were constructed by one, and 19 by the 

other. Production Data is recorded in lots and sub-lots, and the HMA mixes production is measured 

in tons. After digitization of the obtained documents, production dates were matched with 

placement dates (found in quality control reports) to identify the starting location of each lot. 

Placement yield rates are used to convert tonnage of production into areas of pavement 

constructed. The conversion used is 115lb/yd2 per one inch of thickness. Therefore, assuming a 
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constant thickness of each layer throughout the pavement mat, the conversion factor is used to 

estimate distances of pavement covered by the production. The original plans for the pavement are 

used to convert the distances to stations numbering on the plans.  It is important to note that many 

of the pavements were constructed on multiple lifts at different dates and thicknesses. This was 

accounted for during the conversion by obtaining construction details that reflect the lifts 

construction dates and thicknesses. Majority of the selected projects are found to have two lifts 

with the NMAS of 12.5 mm for the upper lift and 19mm for the lower lift. The recorded NMAS 

for the mixes is used to differentiate between layers. The attributes like theoretical maximum 

specific density (Gmm), percent air voids in the mix (Va), percent air voids in the mineral 

aggregate (VMA), and asphalt content (AC) are extracted from the product information and used 

further for the analysis. All the extracted information stored on Microsoft Access® software as an 

independent dataset, which further incorporated with others to form a comprehensive relational 

database. The level of collaboration from the contractors was exemplary in the collection of the 

raw production information. The distribution of the projects in terms of the counties with at least 

one project is shown in Figure 2-1. Table 2-1 lists all the projects extracted from the WisDOT 

database.  

 

Figure 2-1 Distribution of the Wisconsin counties containing extracted projects data
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Table 2-1 General Information on the Selected Projects  

Project ID Title County Route Location in 
The State 

Length 
(Mile) 

Construction 
Date (Year) 

Number of 
Surveys* 

Number of 
SNs‡ 

HMA Usage 
(Tons) 

Traffic Level 
(ESALs) 

1017-01-70 Tomah-Camp Douglas WB Monroe IH 90 SW 10.61 2010 4 8 176,737 12,469,900 
1020-03-74 Hudson - Menomonie St. Croix IH 94 NW 6.39 2008 4 14 33,117 N/A** 
1053-02-73 Marathon City - Wausau Marathon STH 29 NC 3.72 2010 4 6 61,240 9,000,000¥ 
1053-02-78 Abbotsford - Wausau Marathon STH 29 NC 5.10 2010 4 4 91,780 N/A** 
1060-31-70 East-West Freeway Waukesha IH 94 SE 2.25 2011 4 4 38,405 19,637,000 
1066-00-71 Madison - Milwaukee Jefferson IH 94 SW 5.33 2011 3 10 84,000 12,285,900 
1104-10-70 Milwaukee - Green Bay Road Fond Du Lac USH 41 NE 6.19 2008 5 9 140,000 25,433,200 
1120-10-80 STH 26 - Breezewood Lane Winnebago USH 41 NE 2.89 2013 3 4 56,320 22,549,700 
1120-11-83 STH 26 - Breezewood Lane Winnebago USH 41 NE 1.61 2013 2 2 42,000 22,549,700 
1211-17-71 CTH X/Webster Ave - IH 43 Brown STH 172 NE 3.34 2010 4 6 61,938 6,044,400 
1211-18-71 USH 41 - CTH X/Webster Avenue Brown STH 172 NE 2.09 2010 4 6 30,340 8,030,000 
1221-14-60 Port Washington - Sheboygan Sheboygan IH 43 NE 7.44 2011 4 7 52,000 9,271,000 
1370-15-70 STH 16 Waukesha - Oconomowoc Waukesha STH 16 SE 3.60 2010 4 7 129,400 5,504,000¥ 
1590-13-71 CTH R - N Jct USH 141 Marinette USH 8 NE 8.10 2009 5 8 53,000 2,248,400 
1600-21-71 Wittenberg - NCL Shawano USH 45 NC 15.11 2008 5 14 114,140 2,306,800 
1610-41-60 Westboro - Prentice Price STH 13 NC 14.04 2011 4 13 32,606 2,109,000 
1620-00-79 Marshfield To Spencer Marathon STH 13 NC 3.26 2011 3 3 30,355 2,469,500 
1646-07-74 Westby-Viroqua Bypass/4-Lane Sec Vernon USH 14 SW 4.90 2011 3 5 36,762 3,774,100 
2210-07-70 Bluemound Road Waukesha USH 18 SE 1.82 2011 4 2 37,912 2,117,000 
2420-02-70 256th Avenue Kenosha STH 75 SE 8.40 2011 4 8 50,000 620,500 
4010-05-70 STH 144 R & U Washington STH 144 SE 5.57 2011 3 7 62,300 1,025,650¥ 
5420-03-70 Packers & Northport, C of Madison Dane STH 113 SW 2.52 2011 3 5 36,000 3,358,000 
5420-03-71 Packers & Northport, C of Madison Dane STH 113 SW 2.14 2011 3 7 41,000 3,358,000 
6140-00-75 Friendship - Wisconsin Rapids Wood STH 13 NC 5.77 2010 4 6 32,844 2,012,400 
6200-15-71 Oshkosh - USH 10 Winnebago USH 45 NE 4.93 2009 4 7 32,800 N/A** 
6430-10-71 USH 41 - USH 10 Winnebago STH 76 NE 15.31 2009 5 7 64,250 34,360 
8110-06-61 Connorsville - Bloomer Dunn STH 64 NW 6.45 2010 4 7 38,900 503,700 
9093-03-70 Price County Ln. - Silver Beach Dr. Vilas STH 70 NC 8.62 2009 5 6 36,545 788,400 
9150-04-71 STH 32 - East County Line Oconto STH 64 NE 12.23 2010 4 9 75,761 759,200 
9660-01-60 Shawano - Langlade Menominee STH 55 NC 18.56 2010 4 14 33,858 503,700 

* Refers to the number of distress surveys conducted during the service life until 2017. 

** ESALS information was not available. 

¥ Average of the ESALs for the project. 
‡ Refers to the number of segments a given project is divided into by WisDOT’s Pavement Management System. Usually, each segment is about 1mile long.  
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Construction Quality Data: Controlling the quality of construction is an essential part of each 

QMP. Since the way in which pavement is constructed significantly affects its performance. In the 

state of Wisconsin, the relative density of the compacted mat is collected to serve as an indicator 

of construction quality for QMP. These densities are taken by nuclear gauge devices in accordance 

with the state established procedures. Density tests may be performed by the contractor if the 

contract contains QMP density testing obligations. Then verification tests will additionally 

perform by the WisDOT to validate the contractor reported results. Otherwise, WisDOT performs 

all density tests. Considering that once the testing method selected for a project, it should be used 

on the entire length of the project (WisDOT CMM 8-15) [93].  The recorded density is typically 

referenced by the station and offset from the right edge of the mainline according to the project 

plans. For this research study, construction data is obtained from Wisconsin DOT highway data 

management portal named “Atwood.” Required density for each measurement was used to 

determine whether the measurement was related to the top or the bottom lift. The collected 

information then stored separately for each project along with the pertinent information. The 

attributes of this dataset including the pavement date, test date, required density, and measured 

density, are used for further analysis.  

Performance Data: According to the Wisconsin DOT performance improvement report known as 

MAPSS [97] the performance data is recorded by the DOT for the nearly 12,000 miles of state 

highway in Wisconsin, which supports 60% of the vehicle miles traveled across the state. Every 

two years, for a given highway section, the DOT conducts a performance survey and record the 

performance based on the visual signs of pavement distress such as cracks, ruts, and potholes. The 

first year the department had complete statewide coverage using the Pavement Condition Index 

(PCI) rating method was 2011. Before 2011, the department assessed pavement condition using a 

different methodology known as the Pavement Distress Index (PDI). The highway inventory 

within the Wisconsin DOT is divided into segments called Sequence Numbers (SN).  Each SN is 

typically about one-mile long. The performance is recorded through distress surveying of one-

tenth a mile of a given SN such that the third tenth is the section surveyed. Distresses are recorded 

by type, level of severity, and extent. The beginning and end of the SN are referenced in the DOT 

database (PIF) by landmarks such as intersections, county borders, rivers, etc. Using Google Earth, 

these landmarks were identified. The original plans for the paving projects were overlapped on the 

Google Map to identify the SNs belonging to a given project. The beginning and end stations of 
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each SN then identified.  The Global Position System (GPS) coordinates were also manually 

recorded based on the location of each SN using Google Earth software. The performance survey 

reports contain several distresses including Rutting, Transverse Cracking, Alligator Cracking, and 

Longitudinal. These attributes are recorded along with their different severity levels.  

Figure 2-2 shows the data fragments used to connect pavement history into one relational database. 

The figure illustrates the details mentioned in the previous points.  

 
Figure 2-2 Data Fragments used to Create Relational Database 

2.2 Developing a Holistic Database 

In this study, the challenge was to reference and coordinate the different referencing systems to 

create a cohesive geo-reference system for the investigated pavement projects. Therefore, the 

research approach started with connecting the different data sources into geo-referenced locations 

and compiling them into a holistic relational database. Data pertaining to three stages of the 

pavement life; namely material production, construction, and in-service performance, are collected 

initially for compliance in the case of production/construction, and for maintenance/liability in 

case of performance. Therefore, the data housing, labeling, and level of details are not designed to 

Data Geo-Referencing 
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be interconnected or meant for further analysis beyond these objectives. Example of such 

databases available in the WisDOT is shown below in Table 2-2. 

Table 2-2 Databases available for the Study 

Source Database Description 

Pavement 

Inventory Files 

(PIF) 

Descriptions and pavement distress data for each sequence number (SN) are provided in the 

PIF database, including International Roughness Index (IRI), Pavement Condition Index 

(PCI), rutting depth, and individual pavement distress measurements (Alligator, Transverse, 

and Longitudinal Cracking).  This database also includes highway number, surface year, 

and segment termini description, a directional lane of measurement, date of measurement, 

region number, and county. Data from the PIF provide a direct measure of flexible 

pavement performance over a flexible base. 

Construction 

Reports/Plans 

Attributes of projects constructed in each year are detailed, including such fields as prime 

contractor, base type and/or preparation (DGBC, OGBC, milled, pulverized, rubblized, 

etc.), thickness asphalt layer placed, mixture design (SMA, Superpave ESAL series, etc.), 

lane-miles of paving, and project identification number.  The paving year and highway 

number in this database merged with the SN in the Meta Manager and PIF databases to 

develop a holistic database. 

Highway Quality 

Management 

System 

This database developed by Atwood Systems contains important data for QMP material 

properties.  This database cannot be electronically linked to the databases above and 

requires manual extraction. The research team obtained electronic mix designs and QMP 

quality control data charts and moving averages to supplement this database. 

Different pavement related agencies or even different divisions within an agency often have data 

collection methods that are not necessarily compatible with the others. Therefore, it is common to 

see a variety of different methods of referencing the pavement sections locations within the 

network of roadways. For example, in this study contractors are using a construction project 

numbering scheme of station numbering, while the DOT performance division use highway 

sequence number (SN) method for referencing the performance surveyed locations. The stations 

are length-dependent numbers which are based on the construction plans and length of the 

roadway. On the other hand, Sequence Numbers (SNs) are DOT defined segments of the highways 

that have referenced locations. These references are based on either landmarks or distances. 

NCHRP Synthesis 335 [98] reported a survey in which 96% of highway agencies indicated using 

the milepost/logpoint method for referencing, while 15% additionally use landmarks in 

referencing. The milepost referencing method requires each roadway to be given a unique name 
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and/or number, and a distance along the route from a given origin to define points along the route. 

The research team decided to use a linear referencing system, which consists of a set of procedures 

and a method for specifying a location as distance, or offset, along with a linear feature, from a 

point with a known location. Thus, this method includes three components; network of highways, 

location referencing method, and datum. The location reference method refers to how to identify 

a single location in the field. The primary domains of location referencing methods include 

administrative (e.g., county), linear, geodetic/geographic, and public lands survey. Common linear 

location referencing methods include route/milepost, link node, reference point/offset, and street 

address [41]. 

Based on the available information in PIF database, the number of SNs for each project is first 

determined. Locations of start and end of SN are identified using the landmark references in the 

PIF. For some of the SNs, due to the unavailability of a detectable landmark, the length of 

consecutive SNs is used to determine the start and end location of each SN. Finally, GPS location 

of each SN was determined and used to match with the station locations in the plans. These steps 

were repeated for all the selected projects to form a database network level positioning system that 

facilitates the connection of data points in the database. Based on the points above, data belonging 

to the selected projects are collected. All the construction and production data points are given 

stationing location following the numbering in the plans sheets. The data is then grouped by the 

SNs.  At this stage, production, construction, and performance data can be connected. The data 

points for the three main components of the pavement history are then overlapped based on their 

geo-location. This allows for investigating localized variability in construction, the relation 

between production variability and construction variability, and the effect of variability and 

compliance on long-term performance. The following schematic (Figure 2-3) presents the process 

followed in creating the relational database.  
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Figure 2-3 Process to Connect Data Sources to Obtain Relational Database 

This method of conversion selected due to its convenience as well as the increasing use of geo-

referencing methods in pavement industry. In fact, nowadays, Geographic Information System 

(GIS) and Global Positioning System (GPS) technologies are propelling the use of coordinate-

based referencing systems to identify points along routes. NCHRP Synthesis 335 [95] stated the 

importance of using such systems for different pavement authorities nationwide. It identified that 

35% of surveyed agencies using longitude and latitude, and 13% using state plane coordinate or 

related systems to reference the location of their performance measurements. Several works have 

been done in the field of pavement management that tried to improve the quality of decision 

making, analyzing, and reporting by use of geographic information. [96, 97, 98, 99, 100]. 

Geospatially referencing the data has a wide application in airport management [101] 
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Management [104, 105]. The fundamental aspect of all these systems is linking the separate 

databases by using their geographical location [106].  

Figure 2-3 does not include activities such as digitization of hard copies and some other details. 

The figure is intended to present the outline for creating relational database assuming all data is 

digitally available in a format that allows manipulation using commercial database software.  For 

this study, Microsoft Access software is used to execute and process the large data points and 

integrate the different databases into one relational database. The Access-based relational database 

is built on three individual core databases, namely, Production, Construction, and Performance.  

The design of database relationships is shown in Figure 2-4. The structure of the database is such 

that it allows for extracting queries related to a level of quality under study, yet all information 

with respect to other components maintain their connection. For example, in order to investigate 

the effects of HMA density on rutting of pavements within the database, an Access-based query 

was used with rutting as the search object. The query will then include all pavement sections with 

rutting as reported distress, in addition, it will pull the construction and production data of these 

sections. All the data retrieved is then presented in one table that includes the different fragments 

shown in Figure 2-2. Therefore, the extracted information is used for further analysis for optimized 

investigation process, while the structure of the global relational database remains to be separate 

and independent. By using this feature, many queries regarding the effects of binder content, Va, 

VMA, In-Place Density on the individual distresses such as Rutting, Alligator, Transverse and 

Longitudinal cracking were extracted and analyzed, which the results are shown in next chapters. 
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Figure 2-4 Database structure created using Microsoft Access® 

2.3 Calculation of Deterioration Index (DI) 

The pavement performance data is recorded by the DOT for different distresses.  The distresses 

are surveyed every two years for a given SN. For flexible pavements, the distress survey is 

conducted to calculate Pavement Condition Index (PCI) according to the ASTM D6433 [107]. 

However, for this study, individual distresses are more valuable for tracking the potential 

correlation of quality control indicators to pavement durability. Based on the PCI method, each 

distress is recorded in terms of severity level and extent. The recorded data obtained from the DOT 

underwent multiple steps in order to integrate it into the relational database for analysis. Therefore, 

four types of distresses are studied as representatives of long-term performance of the pavement 

were selected to use for analysis. These types of distresses are as following: 
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1. Rutting; which can be the result of a permanent reduction in the HMA volume due to 

consolidation, traffic densification, or permanent movement with the constant volume due to 

the plastic deformation or shear. It can also be a combination of them [108]. This type of the 

distress was selected to investigate the effects of construction and production parameters like 

density and asphalt content on it.  

2. Alligator Cracking; also called Alligator Cracking or Fatigue Cracking, happens due to the 

maximum tensile strain at the bottom of the asphaltic layer of a flexible pavement after 

repetitions of enough number of vehicular load [109]. 

3. Longitudinal Cracking; is an extension of top-down cracking that begins from the road 

surface and gradually extends to the depth of pavement, and it occurs along the vehicle driving 

direction of the road. This type of crack is also a point of interest since it is widespread and 

has detrimental effects on the serviceability of the pavement.  

4. Transverse Cracking; is happening roughly perpendicular to the pavement’s centerline.  

Given that the majority of the studied projects do not include any overlays, most of the 

transverse cracks are correlated with the thermal shrinkage of the pavement. Although in a 

few overlay projects reflection cracking are also recorded as transverse cracking data. The 

literature reports a high dependency of transverse cracking on the pavement production and 

construction parameters [110]. 

According to Shahin [111], there is a well-established procedure of essential steps in developing 

the Pavement Condition Index (PCI) value, which is a widely accepted parameter for describing 

the pavement distress state (ASTM D6433-09) [107]. However, this study focuses on the four 

types of distresses mentioned above. Based on the PCI method, the first step is to define each 

pavement distress types, the level of severity, and extent of distress. The next step is calculating 

the deduct value by using the deduct curves developed by Shahin [111], the deduction value curves 

are shown in Figure 2-5, Figure 2-6 and Figure 2-7 for Rutting, Alligator cracking, and 

Longitudinal/Transverse cracking respectively.  
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Figure 2-5 Deduct Value curves for different severities of Rutting (after Shahin 2005) 

 

Figure 2-6 Deduct Value curves for different severities of Alligator Cracking (after Shahin 2005) 
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Figure 2-7 Deduct Value curves for different severities of Longitudinal/Transverse Cracking (after Shahin 2005) 

In order to calculate the “Deterioration Index” values, the data related to the four selected distresses 

of Rutting, Alligator, Longitudinal and Transverse Cracking were identified and isolated from the 

state DOT performance survey in PIF database. This data contains information regarding the 

numbers, area, and severity of each distress. Based on the length and area of surveyed sections, 

the density of each severity level calculated for individual distresses. Finally, the equations 

describing the curves shown above are used to convert the density at a given severity level into a 

deduct value, then the total deduct values for all three levels of severities are added together 

representing a value for the overall deterioration in the pavement due to this given distress. This 

value is called Deterioration Index or DI, and each distress type is now receiving a single value 

reflecting its level of deterioration as a score out of 100. Therefore, the high DI represents a high 

deterioration of the pavement. 

This process has been employed by one of the authors in a previous study [65]. This step is 

conducted to isolate the degree of deterioration per distress type rather than the generalized PCI. 

As a result, each SN possesses five distinct deterioration indices; one for each of the four distresses, 

and one represents the summation of all distresses deterioration indices. The DI values were 

calculated for all conducted performance surveys. By comparing the survey time and construction 

time of the pavement, the age of pavement at the time of the survey was determined. By matching 

the DI values versus the age of the SN for each performance survey, the deterioration rate also can 
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be easily calculated. During the process, it was noticed that in some cases, the pavement type for 

several SN was recorded differently than the other data sources like the construction maps. Also, 

due to the contradiction of PIF information of construction year with the construction information, 

the reported construction years in the contractors’ documents are used. 

Separate field surveys were conducted by the research group in accordance with the Wisconsin 

Pavement Distress Survey Procedures to evaluate the pavement performance independently. Based 

on the results, DI values calculated with the same procedure. However, since research team 

reported distresses for every 25 ft and at three different locations of pavement including right wheel 

path, left wheel path and centerline, the calculated DI values have higher resolution compared to 

the WisDOT performed survey. This higher resolution enabled identification of the localized 

problems and construction-related problems. Based on the field surveys, it is observed that there 

is a high level of construction-related longitudinal cracks on the selected pavements. The research 

team decided to separate the construction-join longitudinal cracks from the in-lane ones in order 

to help better understanding of the sources of the performance problems. The DI values then 

calculated based on for four selected distress plus the one for construction-joint Longitudinal 

cracks.   

It is important to note that the DI is calculated based on the curves provided in ASTM D6433. The 

authors of this report did not validate the relationship between the distresses and their 

corresponding DI. This is beyond the scope of this project. The DI method provides a useful tool 

to quantify each distress independently for further analysis.   

In addition to the field surveys, by using the already identified GPS coordinates of the SNs ending 

and starting points, the Google Earth satellite and aerial photos were used to verify the extent of 

reported distresses in the field. The problem with this approach was the date of the available photo 

images in the Google database. Having the clear and up-to-date photos of the selected projects was 

a challenge. However, field surveys and taken photos helped to overcome this issue.  

2.4 Data Analysis 

After calculating the DI values and establishing a network level geo-referencing system, the 

relational database is completed and can be applied on a global level to study all projects’ data for 

generalized trends. The relational database can also be used on a project by project basis to study 
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the influence of quality compliance and variability of long-term performance. For the purpose of 

this research, the project level analysis as well as the network level analysis was conducted to 

illustrate the capability of this approach to capture the potential relation between quality indicators 

at the time of construction and long-term performance.  

The project-level analysis intends to explore the role of factors not present in the DOT database 

on performance. Therefore, the on-site visits focused on conducted structure evaluation of the 

roadways to establish whether observed distresses are resulting from structural deficiencies. It also 

allows for evaluating the level of conformity and variability of the quality data and their possible 

correlation with observed performance.  This report includes in-depth analysis of 7 projects out of 

the total 30. Detailed exploration of the QMP quality indicators, along with the field survey and 

non-destructive field test (FWD) was used in this analysis to allow better investigation of the long-

term effects of production and construction issues on the performance. These 7 projects were 

selected based on the level of construction and production information availability, diversity and 

Figure 2-8 Location of the selected projects for project level analysis on the Wisconsin map 
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severity of the distresses, and feasibility of the field survey in terms of traffic control and 

accessibility. Moreover, the projects were selected from different location of the state to be 

representative of the Wisconsin highway network. The Location of these projects is shown in 

Figure 2-8.  
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3.  Global Level Analysis 

In this chapter, the quality indicators are studied for 30 projects extracted from the Wisconsin DOT 

roadway database. This study provides insight into the potential relationship between quality 

indicators measured during production and/or construction to the long-term performance recorded 

on the DOT’s pavement information system database as known as PIF. This section starts by 

studying the distributions of the quality indicators as they are reported. This will help understand 

potential bias in the data and provide the needed information for further investigation on their 

influence on pavement performance.  

The main challenge in conducting global level analysis is that the resolution of the data is not 

consistent. The production data is converted and recorded to the area, the placement data is 

measured by stations, and the performance data is recorded by Sequence Numbers (SN).  In order 

to unify the resolution, the analysis at this level is conducted using the SN as the basis for 

comparison. Therefore, in the analysis phase, the quality indicators are averaged for each SN. For 

example, for a project that is comprised of 6 SNs, then the quality indicators for production and 

construction will be averaged for each of 6 SNs, to be compared with the performance.  

The information provided in this chapter raises questions of what happens if the mix quality does 

not conform to the specifications. More importantly, what is conformity? The analysis of the data 

as well as employment of statistical modeling (Sections 3.2 and 3.3) attempt to answer these 

questions. Chapter 4 investigates the implication of these questions at the deeper level as the 

analysis is conducted at the project level. 

3.1 Distribution of Quality Indicators  

This section presents the distribution of the sampled data used in this research study. It is important 

to study the distribution to understand the boundaries of the analyses that follow. In addition, the 

distribution provides an overview of the variability and conformity of the quality indicators at the 

global level. In fact, these 30 projects can be considered a sample of the Wisconsin roadway 

network.  
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Production Mix Air Voids (Va) 
The distribution of the production mix air void shows a wide range of values (1.8% to 5.4%) for 

the upper lift and much wider range for the lower lift (2.25% to 6.75). However, given that most 

designs are targeting 4% with the tolerance of +/- 1.3%, the average of the distribution overlaps 

with this value (3.91% for upper and 4.05 for the lower lift). Figure 3-1 shows the distribution of 

Va from 2442 individual data points produced by the contractors for 12.5mm mixes used for the 

upper lift of pavement. The values are the exact measurements, and no average value is included. 

Figure 3-2 shows the distribution of the 19mm lower lift mixes.  

 
Figure 3-1 Distribution of Va for all Mixes Used for Upper Lift 
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Figure 3-2 Distribution of Va for all Mixes Used for Lower Lift 

The distributions in Figure 3-1 and Figure 3-2 conveys the intention of designers to conform to the 

DOT specifications. The distributions also confirm that for the surface layer the majority of the 

mixes try to avoid falling below 3 % Va as shown in Figure 3-1. The range of 3.6 to 4.8% contains 

the majority of the data points. For the 19mm mix, this trend is not as clear. By assuming a normal 

distribution, the data suggests that 64% of the 12.5mm mixes fall between 3.5% and 4.5% Va. For 

19mm mixes the percentage is 60%.  

Production VMA 
For VMA, the mix design typically aims to exceed the minimum required value. The mixes 

included in this study are 12.5mm and 19mm for top and bottom lifts respectively. According to 

the Wisconsin DOT specifications (Appendix I), the minimum VMA for 12.5mm is 14% and for 

19mm is 13% with the Job Mix Formula (JMF) limit of -0.5% and warning limit of 0.2%. By 

examining the distribution of the data, it can be noticed that the average value exceeds these 

minimums. The VMA for upper lift mixes ranges from 12.75% to 18%, for lower lift 19mm mixes 

the range is from 12.75% to 16.75%. This means that the bottom lift mixes are generally 

conforming to the specifications, while for the top lift, about 11% of all data did not meet the 

minimum level of specification.  
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Figure 3-3 Distribution of VMA for Upper Lift Mixes 

 
Figure 3-4 Distribution of VMA for Lower Lift Mixes 

The distribution of the lower lift in Figure 3-4 shows two peaks. This observation indicates the 

possibility of two classes of mixes is used in the lower lift. The wide range is a natural product of 

the specifications as it calls for the minimum value of VMA. On the other hand, it is clear that 

there is a bias in production towards higher VMA for mixes.  

18.017.116.215.314.413.512.6

600

500

400

300

200

100

0

Mean 15.04
StDev 0.8499
N 2409

Production VMA(%) (Upper Lift)

Fr
eq

ue
nc

y

Histogram of Production VMA(%) (Upper Lift)
Normal 

17.2516.5015.7515.0014.2513.5012.75

250

200

150

100

50

0

Mean 15.17
StDev 0.9082
N 909

Production VMA(%) (Lower Lift)

Fr
eq

ue
nc

y

Histogram of Production VMA(%) (Lower Lift)
Normal 



44 
 

Asphalt Content (AC) 
The asphalt content ranged from 4% to 6% for the upper and lower lifts. The upper lift average 

AC value is slightly higher (5.32%) than the lower lift mixes (5.16%). The distribution of the AC% 

indicates a bias in the distribution towards values above 5%.  

 
Figure 3-5 Distribution of Asphalt Binder Content Used in the Upper Lift 12.5mm Mixes 
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Figure 3-6 Distribution of Asphalt Binder Content Used in the Lower Lift 19mm Mixes 

It is important to note that for both types of mixes, the content of 5.2% took place in more than 

50% of all mixes produced and included in this study. This represents a challenge to establish a 

relationship between the AC and performance given the lack of variation in the AC content.   

Construction In-Place Density (%Gmm) 

The distribution of the In-place density can be used as an indicator of construction quality. The 

distributions of all the measurements are shown in Figure 3-7 and Figure 3-8. The data pool for 

this property is the largest of all the data collected.  
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Figure 3-7 Distribution of Compaction Level as Measured by the Relative Density of the Upper Lifts 

 
Figure 3-8 Distribution of Compaction Level as Measured by the Relative Density of the Lower Lifts 

Assuming the data is normally distributed, the mean and standard deviation for the upper and lower 

lifts can be used to estimate the proportion of tests not meeting the target values for in-place 

density. For the upper lift, about 11% of the distribution falls below the 91.5% relative density. 

For the lower lift, the portion below the 90.5% is only 0.16%. Thus, virtually all lower lift 

compactions met the target density of WisDOT specifications at the time of construction. The 
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statistical analysis studies whether the increase in compaction density is correlated with the better 

performance. This step helps to validate the currently used thresholds.  

3.2 Distress General Correlations with Measured Quality Indicators 

In this section, the SNs that are showing measurable distress values as included in the PIF database 

were compared to their corresponding average values of the quality indicators. These comparisons 

serve as screening for observation of general trends. The graphs are drawn based on non-zero value 

distresses, according to the fourth conducted performance survey which represents performance 

after 7-8 years of service. This also means that for all the 197 SN included will be evaluated at the 

same age.  

Quality Indicators’ Correlations with Rutting  
The following plots show the SN exhibiting non-zero values for Rutting and their corresponding 

quality indicator values. The SNs are plotted in descending order with respect to their rutting DI 

values; the higher DI means, the worse Rutting problem. Comparing the slopes of quality indicator 

property against rutting helps in isolating potential correlations for further analysis.  
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Figure 3-9 Rutting Against Production Quality Indicators 

 
Figure 3-10 Rutting Against Construction Quality Indicators 

Observations of Rutting Performance:  

1- Potential correlation between Va and Rutting for 12.5mm and 19mm mixes; as mix Va 

goes below 4%, rutting increases.  

2- Relationship with VMA is unclear at this point.  

3- No apparent correlation between rutting and AC content. This is due to lack of diversity 

in the values of the AC content. The AC content is not tested during production like Va. 

The lack of this information does not allow for conducting a realistic analysis of the 

correlation between the AC content and performance.  

4- Potential correlation between in-place density and rutting for 12.5mm mixes; as in-place 

density increases, rutting decreases. No apparent correlation with 19mm mixes.  

5- Rutting DI is maxed at a value under 20/100. Rutting is recorded in 33 of the 101 SNs of 

the same age included in this project.   
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Quality Indicators’ Correlations with Alligator Cracking  
The plots show the alligator cracking as reported in the PIF. Fewer SNs are reported to experience 

alligator cracking compared to the rutting.  

  

 
Figure 3-11 Alligator Cracking Against Production Quality Indicators 
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Figure 3-12 Alligator Cracking Against Construction Quality Indicator 

Observations of Alligator Cracking:  

1- There is a potential correlation between VMA and in-place density with the top lift HMA. 

By increasing these values, the pavement is showing better performance in terms of 

Alligator cracking. 

2- Alligator cracking DI is maxed above 20/100 and is recorded in 15 out of the 101 SNs of the 

same age included in this project.  

3- Some of the plots in Figure 3-11 and Figure 3-12 do not include all the SNs showing alligator 

cracking due to the unavailability of their corresponding quality indicator data.  
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Quality Indicators’ Correlations with Longitudinal Cracking  
Longitudinal cracking is the most common in the database. The SNs with non-zero DI for 

Longitudinal Cracking are plotted below.  

   

  

   
Figure 3-13 Longitudinal Cracking Against the Production Quality Indicators 
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Figure 3-14 Longitudinal Cracking Against the Construction Quality Indicator 

Observations for Longitudinal Cracking: 

1- There is not an apparent association between the quality indicators and longitudinal 

cracking.   

2- Lack of correlation could be due to the presence of a significant amount of joint 

longitudinal cracking included in this category. Therefore, it is difficult to separate the 

effect of the quality indicators, and construction practice on the presence of this cracking.  

3- It will be helpful if separate fields are created in the PIF database to separate longitudinal 

construction joint cracks from in-lane performance cracks.  

4- Longitudinal cracking DI is maxed at 50/100. It is recorded in 62 of the 101 SNs of the 

same age included in this project. Compared to the other distress and DI definition, this is 

a serious rate for pavements of this age.  
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Quality Indicators’ Correlations with Transverse Cracking  
Based on the distribution of Transverse Cracking at the global level, the graphs were prepared 

based on non-zero values of DI for Transverse Cracking.  

  

   

 
Figure 3-15 Transverse Cracking Against the Production Quality Indicators 
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Figure 3-16 Transverse Cracking Against the Construction Quality Indicators 

Observations for Transverse Cracking: 

1- Potential correlation between VMA of 12.5mm & 19mm lift mixes and transverse 

cracking. The higher the VMA, the lower the DI of the transverse cracking.  

2- No apparent association with any other quality indicator.  

3- While transverse cracking is recorded for many SNs (71/101), its impact on the pavement 

is only maxed at a value less than 7/100. This indicates that most of the transverse cracks 

recorded are at low severity levels.  

4- It is significantly important to note that the DOT distress recording method always 

assume a sealed crack as a low severity crack which might be misleading. The 

information shown in Figure 3-15 and Figure 3-16 indicate that transverse cracking is not 

a serious issue in Wisconsin while the reality could be different. There is no way to revise 

these numbers for the true level of severity of the transverse cracks. The on-site distress 

survey conducted by the authors show a significant discrepancy in attributing the level of 

severity of the distresses between the DOT records and the case on the ground.  
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3.3 Statistical Quantification of the Impact of Quality Indicators on DI of Reported 
Distresses 

In this section, the observations made from sections 1 and 2 will be used to closely examine the 

association of the different distresses with the quality indicators. The following plots are not 

intended to evaluate the strength of correlation between distresses and the quality indicators. They 

are to serve in examining the association between the distress and the quality indicators identified 

in the previous sections. The examination focuses on evaluating if the trends are logical, the 

specification limits are reasonable and assign the independent factor for developing regression 

models. The statistical analysis conducted in this section is based on data collected on the fourth 

conducted distress survey by the DOT, which represents the long-term performance at the 

comparable ages for all pavements. This means the pavement ages for all the SN included is about 

eight years. The SNs with zero DI values for investigated distress were omitted from this analysis. 

Rutting 
DI values for Rutting at 12.5mm pavement lift is found to possibly correlate with multiple factors 

related to mix production quality and placement quality indicators. The following series of plots 

demonstrate these correlations leading to a regression model combining these factors into one 

equation.  
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Figure 3-17 Rutting Against the Va(%) of the 12.5mm Mixes 

Figure 3-17 shows a logical relationship between the mix production Va and the rutting DI. The 

trend shows that deviation in production leading to reduction in Va is correlated with increased 

rutting damage. This means that when mixes are designed to achieve 4% Va at Ndes, changes in 

production leading air content to reduce further under the same level of compaction energy put 

this mix at risk. This observation is not about scrutinizing the Va limit of 4% but rather the effect 

of deviating from this limit for a given design during production. As to the cause of this shift, the 

data collected during this study did not include the asphalt cement content during production. This 

makes understanding why Va changed during production difficult. 

The highlighted band in Figure 3-17 encompasses mixes of Va of 4±0.1%. It can be observed that 

this band contains the highest variability of DI values. This is understandable given that the mix is 

designed targeting this value. Thus it influences the statistical independence of Va. The range of 

4±0.1% is selected to be as narrow as possible. It is not meant to separate the data into passing vs. 

not passing groups. Its purpose is to isolate the highly diverse group of data due to the realities of 

mix design procedures. On the other hand, evaluating mixes deviating from the target Va by less 
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than 0.1% their DI is clustered closely at higher Rutting DI values. These observations emphasize 

the effects of  production variation on Va is critical for rutting resistance.  

 
Figure 3-18 Rutting Against the VMA(%) of the 12.5mm Mixes 

The aggregate structures as indicated by the VMA also shows a trend of influence on the rutting 

DI. While most of the mixes meet the required VMA, yet its higher level of values correlate with 

a reduction in rutting damage. (Figure 3-18)  
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Figure 3-19 Rutting Against the In-Place Density of the 12.5mm Mixes 

With respect to construction, Figure 3-19 shows a consistent trend in reduction of the rutting 

damage when the pavement is compacted well above the minimum required density. The trend 

shown in Figure 3-19 shows that increasing in-place density from 92% to 94% correlates with a 

50% reduction in rutting deterioration.  

A regression model is prepared to predict rutting DI based on the quality indicators measured 

during production and construction. The regression equation is shown below.  

Rutting DI = 280.46 - (4.25) (Va) – (0.71) (VMA) – (2.60) (%Gmm) Equation 3-1 

The model maintains the trends observed earlier. Figure 3-20 shows the actual rutting DI plotted 

against the predicted and the 95% confidence interval. The figure shows that the model is able to 

predict all the data points with 95% confidence.  
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Figure 3-20 DI Model of Rutting for 12.5 mm Mixes 

With respect to the 19mm pavement lifts, the rutting factor shows some correlation with the mix 

Va. Figure 3-21 shows that the trend is similar to that noticed for the 12.5mm mixes, whereas the 

Va increases, the rutting damage is decreased.  
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Figure 3-21 Rutting Against the Va(%) of the 19 mm Mixes 

Again, the general trend follows the basic understanding of mix compaction. While the statistical 

correlation is not strong (R2 = 24%), the true value of the relationship is that it follows the logic. It 

is important to note that each data point represents the average value for one SN. In addition, the 

DI is calculated based on surveying only 10% of the length of the SN. These factors are expected 

to influence the strength of the correlation along with interaction with other hidden factors not 

shown in the data.  More importantly, the clustering of the SNs with higher rutting damage are 

consistently made with mixes of lower Va. Combining this observation with that made for Figure 

3-17 increases the confidence in the association between Va and in-service rutting.  
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Alligator Cracking  
For alligator cracking for the 12.5mm mix also show a logical trend against the production and 

construction quality indicators. The following figures (Figure 3-22, Figure 3-23 and Figure 3-24) 

show that alligator cracking damage is reduced at higher Va, higher VMA, and higher in-place 

density.  

 
Figure 3-22 Alligator Cracking Against the Va(%) of 12.5mm mixes 
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Figure 3-23 Alligator Cracking Against the VMA (%) of 12.5mm Mixes 

 
Figure 3-24 Alligator Cracking Against the In-Place Density of 12.5mm Mixes 

The previous figures (Figure 3-22, Figure 3-23 and Figure 3-24) contains one SN showing higher 

alligator cracking damage (more than double that of the following data point). This circled SN is 

deviating the statistical analysis due to its value. This SN belongs to STH 55. This project has 

alligator and longitudinal cracking as the dominant type of distress. In addition, the FWD tests 
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indicated a soft pavement structure. Due to these facts, the regression model is prepared without 

including this project. The regression model is shown below: 

12.5mm Alligator DI = 101.878 – (1.509) (Va) – (2.629) (VMA) – (0.550) (%Gmm) Equation 3-2 

The comparison between the actual and predicted fatigue damage is shown in Figure 3-25. The 

comparison includes 95% confidence interval of the regression model.  

 
Figure 3-25 Alligator Cracking DI Model for 12.5mm Mixes 

For the 19 mm mix, similar trends are observed for the production and construction quality 

indicators.  The following set of figures (Figure 3-26, Figure 3-27, and Figure 3-28) establish the 

correlation between the quality indicators and the alligator DI. While the correlation coefficients 

are not strong, the trends follow expectations.  
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Figure 3-26 Alligator Cracking Against the Va(%) for 19mm Mixes 

 
Figure 3-27 Alligator Cracking Against VMA(%) for 19 mm Mixes 
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Figure 3-28 Alligator Cracking Against In-Place Density for 19 mm Mixes 

The regression model prepared using the quality indicators, provide adequate prediction within 

95% confidence interval. Also, the coefficients of the model follow the expected trends. This 

model could encompass the data points with 95% confidence as shown in Figure 3-29.  

19 mm Alligator DI = 40.828 – (2.848) (Va) – (1.471) (VMA) – (0.018) (%Gmm) Equation 3-3 

 

Figure 3-29 Alligator Cracking DI Model for 19 mm Mixes 
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3.4 Global Analysis Summary and Sensitivity Analysis 

It is important to note that the purpose of the regression models included in section 3.3 do not serve 

for prediction of pavement distresses as a function of quality indicators. The basic use of regression 

is to analyze the data at hand not to predict future patterns. These models are prepared to establish 

the effect of deviating from the specification limits on the recorded performance.  

Using the regression models, the influence of the quality indicators can be evaluated through a 

simple sensitivity analysis. The starting point should be what is the status of the distresses after 7-

8 years of service if all the quality indicators are met? The sensitivity analysis examines the change 

in the distresses due to the ± 1% deviation in Va and VMA and -1% and +2% changes in in-place 

density while the remaining ones stay constant. The following plots (Figure 3-30, Figure 3-31 and 

Figure 3-32) show these changes.  

 
Figure 3-30 Change in the Deterioration Indices due to Unit Change in %Va 
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Figure 3-31 Change in the Deterioration Indices due to Unit Change in %VMA 

Figure 3-32 Change in the Deterioration Indices due to Unit Change in %Gmm 

Figure 3-32, Figure 3-31, and Figure 3-30  reveal that the most reduction in overall deteriorations 

is achieved when the %Gmm is increased by 2%. The analysis of the %Gmm included adding 2 
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%Gmm to the acceptance value due to the fact that the current state of practice already clusters 

around this value. On the other hand, if the pavements are constructed at the acceptance values as 

set by the specifications, the expected distresses after 7-8 years of service will be the noticeable 

levels of rutting and alligator cracking. The PCI value due to these distresses alone (not accounting 

for others such as longitudinal and transverse cracking) will be less than 80. Therefore, it may be 

beneficial to revise the current specifications limits for quality indicators. It is recommended to 

narrow the range of the Va lower limit, increase the minimum VMA, and increase the minimum 

%Gmm. However, the %Gmm should also implement a maximum value for %Gmm to avoid over 

compaction of the pavement lifts during construction.  
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4. Project Level Analysis

In this chapter, the selected field sections are discussed individually. This will allow for utilization 

of the high-resolution data collected on site for the in-service performance. As discussed in chapter 

2, the quality data is used to characterize each SN within a given project. The regression models 

developed in the previous chapter will be tested on the project level in an attempt to validate them. 

The in-service performance data is obtained from two different sources. The first source is supplied 

by Wisconsin DOT. This is the part of the DOT continuous effort to track the performance of its 

network. The data from this source is extracted from the Pavement Information System Database 

(PIF). The PIF tracks the performance through sending crews to evaluate each SN every two years. 

The SN is evaluated through the distress evaluation of the third tenth of the mile from starting 

point of the SN.  

The second source of the in-service performance is through site visits. The distress of every SN 

within the project is evaluated at the same segment the PIF was used.  The field survey observations 

were processed based on the Wisconsin pavement distress survey procedures. This allows for 

comparing the results of this study against that in the PIF. In addition, FWD is conducted for all 

these SNs to isolate possible failure due to subsurface failure and to quantify the in-place 

mechanical properties of the test sections. The results were analyzed using ERI’s in-house 

developed Pavement Analysis Software.  

4.1 Comparison of Collected Projects to Database 

In order to validate the selected projects for field testing, their performances are compared to the 

database discussed in chapter 3 and the WisDOT database (PIF). This comparison is to 

demonstrate that the performance of the selected projects are comparable to the WisDOT data 

population as well as the collected ones. Figure 4-1 shows the comparison between the average 

Rutting performances for the different years of the survey. The average values included in the 

Figure 4-1 reflect the average of all the data points (SNs) included in the sources labeled in the 

figure. The comparisons are based on the different categories of projects in the PIF; the entire 

stored projects in the PIF, the 30 initially selected projects, and the 7 selected projects for the 

detailed analysis.  
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Figure 4-1 Comparison of Rutting DI for Selected Field Projects and the Created Database with PIF 

On average, the rutting is not major distress in the projects included in the database. As seen in 

Figure 4-1, the average rutting for all projects scores below 10 out of a maximum of 100. The 

average rutting of the selected projects for field survey is slightly higher than the average of the 

collected database. This can help the analysis to look at more details and investigate the causes of 

this problem. However, considering that the score is out of 100, the averages are comparable. 

Figure 4-2 shows that most of the SN within the collected database (101 SNs) show no rutting on 

their fourth conducted survey. The distribution in Figure 4-2 shows that the first three quartiles of 

the SN experience no rutting.  
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Figure 4-2 Distribution of Rutting DI for the Database 

With respect to alligator cracking, Figure 4-3 shows that the 30 collected projects have a 

comparable level of alligator cracking to the network. Although, the seven selected projects for 

the field survey are showing a comparatively higher alligator cracking problem, which again, 

enables the more detailed research on its causes. 

Figure 4-3 Comparison of Alligator Cracking Deterioration Index for Selected Field Projects and the Created Database with 

PIF 
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The distribution of the database of all the SNs based on the fourth conducted survey shows a 

similar distribution to that of the rutting. therefore, data used to generate the distribution reflect 7-

8 years of service (Figure 4-4). The distribution shows that the 95% confidence interval for the 

alligator DI ranges from 0.623 to 2.181.  

 
Figure 4-4 Distribution of Alligator Cracking DI for the Database 

The Figure is showing that the majority of the sections are reporting a low level of alligator DI. 

Only few sections (within the fourth quartile of the distribution) are showing high level of DI at 

maximum of 21.5.  

The selected SNs for the field survey are also comparable to the network with respect to the 

longitudinal cracking damage. This is shown in Figure 4-5. In fact, the selected projects are on 

average slightly higher than the database (according to the fourth survey).  
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Figure 4-5 Comparison of Longitudinal Cracking DI for Selected Field Projects and the Created Database with PIF 

The distribution of the longitudinal cracking is more prevalent over more SNs than the rutting and 

alligator cracking. In addition, the maximum value observed is much higher (48.8) than the 

previously discussed distresses of Alligator Cracking and Rutting (Figure 4-6). Analysis of the 

distribution show 95% confidence interval on the DI of longitudinal cracking ranges from 4.69 to 

8.97.  

 
Figure 4-6 Distribution of Longitudinal Cracking DI for the Database 
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Figure 4-7 Comparison of Transverse Cracking DI for Selected Field Projects and the Created Database with PIF 

Figure 4-7 shows the comparison of the selected projects for research and field evaluation against 

the WisDOT database in terms of transverse cracking. The selected projects are on average lower 

than the average of the database. However, due to the low level of damage index for this distress 

type, it is difficult to match the database.  

 
Figure 4-8 Distribution of Transverse Cracking DI for the Database 
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Transverse cracking is also prevalent in the database. However, the extent of the deterioration due 

to transverse cracking is minimal compared to the longitudinal cracking. The maximum value for 

the DI is only 6.6. (Figure 4-8) 
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4.2 Project USH 45 (#1600-21-70) 

Construction year: 2008 

Design Traffic: 2,306,800 ESALS 

Asphalt Binder Content: 5.2% 

Asphalt Layer Thickness: 6.25”  

SN 61420 61430 61440 61450 61460 61470 61480 61490 61500 61510 61520 61530 61540 61550 

PCI 78 84 90 91 89 91 85 81 85 86 100 86 77 81 

USH 45 is a North-South United States Highway. The project is located Northeastern of the state 

of Wisconsin, in Shawano County. The total length of the project is 15.107 mile, and it covers 14 

Sequence Numbers (SNs). The location of the project is shown in Figure 4-9. The project was 

constructed using 114,140 tons of HMA. This highway contains two lifts of 12.5 mm and 19 mm 

NMAS for upper and lower lift respectively.  

 

Figure 4-9 Highway USH 45, project 1600-21-70, Wittenberg-NCL, Shawano County 

In-Service Performance 
The last performance survey by DOT was conducted on 2016 and is illustrated in Figure 4-10. The 

deterioration indices for the recorded distresses are stacked for all the SNs encompassed within 
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this project. As can be noted, rutting is the predominant distress throughout this project. Only one 

SN does not show rutting. Transverse cracking is consistently distributed throughout the project at 

minimal levels of impact; this could be weather-related.  

 
Figure 4-10 Performance of the project (based on the DOT information) (2016) 

Data shown in Figure 4-10 represent performance after eight years of service for this highway.  

For an under 3 million ESALs pavement, alligator cracking is not expected at this age, which is 

consistent with this project performance. On the other hand, four SNs are showing the noticeable 

level of longitudinal cracking. Given the way the PIF records longitudinal cracking, it does not 

separate longitudinal due construction joints from performance-based longitudinal cracking. The 

authors confirmed that most of these cracks are due to construction joints. Figure 4-11 shows the 

results of the on-site distress survey. The results contradict with the reported performance on the 

PIF database.  
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Figure 4-11 Performance of the project USH 45 (based on the on-site survey, 2017) 

Figure 4-11 does not include rutting because it was not examined in the field due to the traffic 

control issues. In addition, alligator cracking is the most dominating followed by transverse 

cracking. No falling weight deflectometer (FWD) testing was conducted on this project, again due 

to the traffic-related issues. Therefore, it is impossible to verify if the cracking is because of the 

structural issues or related to the materials quality indicators.  

Production Quality 
Production quality data were obtained from the contractors. The production lots were converted to 

mat area based on the design thickness in the plans. As a result, the production quality data is 

associated with the appropriate SN. Figure 4-12 and Figure 4-13 show the average air content of 

the gyratory samples tested at the contractor’s lab. The figures are for the mixes used for the upper 

and lower lifts. With the target being 4% air, both mixes are showing total averages of much lower 

values.  
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Figure 4-12 Production information air voids (Va) based on station locations (Project USH 45) (Upper Lift) 

 
Figure 4-13 Production information air voids (Va) based on station locations (Project USH 45) (Lower Lift) 

Based on the statistical analysis conducted in chapter 3, Va for the 12.5 mm and 19 mm mixes are 

consistently lower values (less than 4). This level of Va is associated with higher level of alligator 

cracking. Figure 4-12 and Figure 4-13 clearly show that the majority of the tests for both types of 

mixes are lower than 3.75%. In fact, only a few of the tests met the 4% Va target.  
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Figure 4-14 Production information of voids in mineral aggregates (VMA) based on station locations (Project USH 45) 

(Upper Lift) 

 
Figure 4-15 Production information of voids in mineral aggregates (VMA) based on station locations (Project USH 45) 

(Lower Lift) 

The values of the VMA are also aligned with the trends noted in the global analysis. This project 

production data is highly consistent with minimal variability. This consistency did not prevent the 

pavement from showing a high level of cracking at early ages. (Figure 4-14 and Figure 4-15) 
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Placement Quality 
Figure 4-16 and Figure 4-17 show the placement density for both lifts. The top lift is averaging 

1.0% above the required density, while the lower lift is averaging 3.1% above the required density.  

 
Figure 4-16 In-Place density (Gmm %) based on station locations (project USH 45) (Upper Lift) 

 
Figure 4-17 In-place density (Gmm %) based on station locations (project USH 45) (Lower Lift) 
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USH 45 Summary (#1600-21-70) 
1. The in-place density for the SN presented in the figures show consistent values around the

average. This is confirmed by the low value for the standard deviations within the

individual SN and the pooled data. The results represent an attention-grabbing situation.

While low Va is correlated with high alligator cracking, the high in-place density is

correlated with low alligator cracking. Examining the regression coefficients, and

correlation trends presented in the global analysis (chapter 3), the weight impact of

changing one unit of Va on alligator cracking DI is about three times that of the in-place

density. This could be the reason.

2. The regression model prepared based on the PIF database showed a significant level of

rutting and no alligator cracking. Since rutting was not examined in the field along with

the FWD, it is difficult to compare the global analysis for rutting to the on-site distress

survey results.

3. The PCI values reported in the PIF database show high values that underestimate the effect

of the PIF reported rutting damage or the on-site measured alligator cracking.

4. It is noteworthy that such soft mix did not experience rutting, which is the common belief.

However, the data coincide very well with the global analysis. As the Va increase, the

pavement is more prone to cracking than rutting. On the other hand, as %Gmm increases,

the potential for rutting drops. This is the case for this pavement where the pavement was

constructed with an average of 2% higher %Gmm.
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4.3 Project STH 13 (#1610-41-60) 

Construction year: 2011 

Design Traffic: 2,109,000 ESALS 

Asphalt Binder Content: 5.3% 

Asphalt Layer Thickness: 2” + (existing 3.75” to 5”)  

SN 14190 14200 14210 14220 14230 14240 14250 14260 14270 14280 14290 14300 
PCI 79 82 82 79 79 81 81 77 81 82 73 72 

This project is located in Price County in North Central Wisconsin. It is constructed in 2011 using 

36,600 tons of HMA. The project covers 13 SNs. However, due to the lack of information about 

the last SN, only information of 12 SNs are discussed here. The most recent distress survey was 

conducted in 2016. The pavement was built with one lift of 12.5 mm NMAS. Figure 4-18 shows 

the location of the project. The surface lift was constructed on an existing layer of HMA and a 

concrete layer beneath it.  

 
Figure 4-18 Highway STH 13, project 1610-41-60, Westboro-Prentice, Price County 

In-Service Performance 
The PIF database, show that longitudinal and transverse cracking are the predominant distresses 

within this project. Field visits confirmed that the longitudinal cracking is distributed in the 

centerline of the highway and the center of the lanes. Visual inspection indicates that the transverse 
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cracks observed are most likely reflective cracks from the existing underlying HMA layer. Figure 

4-19 shows the distribution of the DI of the different distresses recorded on this highway in PIF. 

It is surprising to notice that alligator cracking is recorded in two of the 13 SNs. At the time of 

recording the data in the PIF database, the pavement was only five years old.   

 
Figure 4-19 Performance of the project STH 13 (based on the DOT information) (2016) 

 
Figure 4-20 Performance of the project STH 13 (based on the research group survey) (2017) 

Figure 4-20 shows the DI distribution for the different distresses based on the on-site distress 

survey. Again, the results are different compared to the PIF in terms of the extent of the distresses, 
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although the survey was conducted only one year after the PIF. However, both sources agree on 

the types of distresses observed. The PIF data for SN 14310 reflects distresses not included in this 

project as it is at the edge of the project.  

Since the longitudinal and transverse cracking observed, appear to be influenced by factors such 

as reflective cracking and construction joints. It is difficult to rely on these distresses for evaluating 

the role of the quality data. Therefore, the analysis will mainly focus on the early alligator cracking 

observed. The SNs showing alligator cracking are 14200, 14210, 14220, 14230, 14240, 14260, 

14270, and 14280.  

SN 14220 shows the most deterioration among these SNs for this highway. It is important to note 

the FWD test revealed that the pavement structure for this SN is one of the strongest as shown by 

the low value of deflection (D0) under the load reported in Figure 4-20.  For this report the D0 

values are used to screen potential dependency of the distresses on structural issues. Based on 

experience, the following levels of D0 are used to evaluate structure stability: Good: D0 <10, 

Moderate: 10 < D0 <15, Poor: 15 < D0. 

In Figure 4-21, the back-calculated modulus at the 50ft spacing within the surveying section show 

the consistent value of high Moduli for the pavement structure. This means that the failures 

observed are not due to structural deficiency, but rather material related.  
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From (ft.) 0 50 100 150 200 250 300 350 400 450 

To (ft.) 50 100 150 200 250 300 350 400 450 500 
D0 (mils) 7.45 10.37 5.63 8.35 6.21 9.14 10.1 8.32 6.45 6.36 

Alligator Cracking (DI) 8.06 0.00 0.00 28.98 52.04 35.09 17.68 41.02 36.85 33.57 
Longitudinal Cracking (DI) 0.00 0.00 0.00 0.00 0.00 0.00 24.88 33.60 0.00 0.00 

Construction-joint 
Longitudinal Cracking (DI) 0.00 7.53 0.00 30.20 0.00 0.00 0.00 0.00 0.00 0.00 

Transverse Cracking (DI) 37.54 37.54 37.54 65.73 42.98 43.50 35.55 42.61 49.32 31.23 
Figure 4-21 Elastic moduli of layers compared with distresses for SN 14220  

It is important to note that the back-calculated modulus for the base layer is higher than that of the 

surface layer. This is because the base layer is, in fact, a combination of an older HMA pavement 

layer and a concrete layer beneath it. This is a critical case since having base layer stiffer than the 

surface layer increases internal stresses within the surface layer. Combining this with the fact that 

the pavement thickness is only 2”, this is a typical scenario for early life cracking.  
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Production Quality 
The distribution of the mix quality is shown in Figure 4-22 and Figure 4-23 below. 

Figure 4-22 Production information of air voids (Va %) based on station locations (project STH 13) 

The average air voids for the mix production is 4.11% which is indicative of on spec mix. Some 

SN show mixes compacted to low air levels close to 3% and others compacted to high levels close 

to 5%. The same trend of fluctuation is observed for the VMA as seen in Figure 4-23. The average 

VMA for the project is 14.54, which is on spec, with a lower level of variability compared to Va. 
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Figure 4-23 Production information voids in mineral aggregates (VMA %) based on station locations (project STH 13) 

Figure 4-22 and Figure 4-23, some SN needs a closer look due to the noticeable trends in the mix 

data. For example, SN 14280 on average is conforming to Va of 4.22%, but multiple tests for the 

mix Va within this SN do not conform to the specs. In fact, this SN has one the lowest recorded 

Va in the project and the highest variability. This coincides with the highest alligator cracking 

noticed on site. The adjacent SNs (14290 and 14300) show no sign of alligator cracking while 

having some of the tests giving low levels of Va. It appears that the contractor was gaining control 

of the mix for these SNs and that there is interaction with placement density that will be discussed 

later.  

Placement Quality 
Field compaction on this project achieved to an average of high density at 3.16% above target 

required density. Figure 4-24 shows the distribution of the in-place density quality. The variability 

in the in-place density is also prevalent similar to the production variability.  SN 14220, which is 

the one showing the most cracking, in general, has a 4% wide range of density measurements, but 

all the individual tests exceed specification requirements. In fact, only one data point was 

compacted below target dentistry in the entire project.   

 
Figure 4-24 Construction information of in-place density (Gmm %) based on station locations (project STH 13)  
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STH 13 Summary (#1610-41-60): 
1- Production data showed variability within specification limits.

2- Placement quality shows the significantly high level of compaction with a density more

than 3% above required target density. However, it is highly variable.

3- Several types of distresses are observed. Causes for some could be due to reflective

cracking. Figure 4-25 shows sample pictures from the project. This level of cracking after

five years of service is highly likely to be due to reflective cracking, especially that the

pavement is only 2” thick over old HMA. Thus, the analysis focuses on alligator cracking

4- Most of flagged SNs based on the production quality do not overlap with the alligator

cracking SN. The following table lists the flagged SNs against the alligator cracking SNs.

5- It can be concluded that the placement quality data show association with the in-service

performance for this project. The FWD results show that the pavement structure is

adequate.  The distinctions in the columns listed in the table above are not based on average

values from the SN but rather individual data points within the SN.

6- The selection of 3.75% Va as the lower threshold is based on the results of the analysis of

the global data.

7- The 96% Gmm cutoff in the placement density is driven by the data and engineering

judgment. For a 2 in the thick pavement, compacting beyond this density could lead to

damaging the aggregate structure in the mix.

8- Another factor that could have had a detrimental effect on the performance is the material

selection. Binder type (modification) and grade are unknown for this project. Also, the job

mix formula could be inadequate for such an overlay over the stiff base. It is expected if a

soft JMF is placed in a thin layer (2 inches in this case) on stiff base, that cracking under

traffic will take place rapidly.
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Figure 4-25 Satellite and street view photos from Google Earth ® of the distresses (SN 14300) 

Table 4-1 List of SN showing Alligator Cracking and Flagged Based on Production Quality 

Alligator 
Cracking 

Production 
Below 

3.75%Va 

Production 
Above 

4.75%Va 

Production 
High 

Variability 

Placement 
Over 

96%Gmm 

Placement 
Under 

91%Gmm 
14200 × × 
14210 × 
14220 × 
14230 × 
14260 × 
14270 × 
14280 × × 
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4.4 Project STH 13 (#1620-00-79) 

Construction year: 2011 

Design Traffic: 2,469,500 ESALS 

Asphalt Binder Content: 6.1% 

Asphalt Layer Thickness: 6”  

SN 13690 13700 13710 
PCI 100 99 96 

This project is a section of highway 13 located in the Marathon County at the center of the state.  

The construction of the project was completed in 2011 with 30,355 tons of HMA. This highway 

has 3.26 miles length starting from Marshfield town, and it ends at Spencer County (Figure 4-26). 

Based on the production information, the top lift layer of HMA has an NMAS of 12.5 mm. The 

last conducted performance survey was done in 2016.  

 
Figure 4-26 Highway STH 75, project 1620-00-79, Marshfield-Spencer, Marathon County 

In-Service Performance 
The project has three SNs in total. At the time of the PIF survey, the pavement was five years old. 

As the PCI numbers suggest, minimal distresses are expected. Figure 4-27 is showing the 

distribution of the distresses on the entire length of the project. According to the PIF, the two first 

SNs (13690 and 13700) are clear of sings of distresses. However, the last SN (13710) is showing 

the minor level of transverse cracking. The performance surveys of this project did not show any 
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rutting problem on the entire length. Similar to the previous projects, the 2017 on-site distress 

survey shows more details than the PIF. The results are shown in Figure 4-28.  

Figure 4-27 Performance of the project STH 13 (based on DOT information) (2016) 

Figure 4-28 Performance of the project STH13 (based on research group survey) (2017) 

Based on the information presented in Figure 4-28 significant construction joint longitudinal 

cracking is observed. There is a consistent presence of the transverse cracking but at a lower level. 

The results show that two of the three SNs are having significant alligator cracking. The FWD 

deflection under the drop weight (D0) is also shown in the figure. These values are consistently on 
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the lower side indicating structurally stable pavement on average. To evaluate the structural 

stability of SN 13700 and 13710, the Figure 4-29 and 4-30 are shown detailed results of the FWD 

test and the special distribution of the distresses . 

From (ft.) 0 50 100 150 200 250 300 350 400 450 
To (ft.) 50 100 150 200 250 300 350 400 450 500 

D0 (mils) 3.61 3.55 3.28 3.7 4.78 4.91 5.29 4.05 3.88 3.92 
Alligator Cracking (DI) 35.14 26.35 48.15 46.26 46.19 48.29 34.33 21.28 14.29 20.42 

Longitudinal Cracking(DI) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Construction-joint 

Longitudinal Cracking (DI) 15.31 5.59 18.73 28.88 9.87 20.26 4.73 13.30 0.00 10.14 

Transverse Cracking (DI) 35.59 5.00 0.00 13.40 9.87 11.34 1.09 0.70 0.00 0.00 
Figure 4-29  Elastic moduli of layers compared with distresses for SN 13700 

As can be seen in Figure 4-29, the data suggests a significant drop in surface modulus in the middle 

of the 500ft test section. This drop coincides with the presence of higher severity alligator cracking. 

For SN 13710, the FWD showing a different picture of the structural capacity.  
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From (ft.) 0 50 100 150 200 250 300 350 400 450 

To (ft.) 50 100 150 200 250 300 350 400 450 500 

D0 (mils) 4.07 5.65 7.32 6.95 6.9 9.75 8.46 6.74 7.34 7.66 
Alligator Cracking (DI) 23.53 29.99 11.77 36.85 30.09 11.77 26.81 27.22 11.77 0.00 

Longitudinal Cracking(DI) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Construction-joint Longitudinal 

Cracking (DI) 57.01 57.01 57.01 57.01 27.44 28.88 28.88 57.01 46.69 8.19 

Transverse Cracking (DI) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 24.25 0.00 0.00 
Figure 4-30  Elastic modulus of layers compared with distresses for SN 13710 

The results show that the entire section is structurally weak. On the other side, the nature of the 

FWD testing is to obtain a relative comparison between the different points on the same project 

and comparison of the relative stiffness of the different layers. The results suggest that the stiffness 

of the surface layer is higher than the underlying layers, but they are within the same order of 

magnitude, which suggests a soft structure.  

At this point, the failure in the pavement sections appears to be structural. The following sections 

investigate the possible contribution of the production and placement quality measures.  

Production Quality 
With respect to data used for evaluating this quality, the only available data was for the 12.5 mm 

NMAS top lift mix. Data for the 19 mm bottom lift was not available. Figures 4-31 and 4-32 show 

the Va and VMA production data by location on the project and SN.  
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Figure 4-31 Production information air voids (Va %) based on station locations (project STH 13) 

The Va data is on average meeting the target level of 4%. That is on spec. However, SN 13700 is 

showing high variability as demonstrated by the standard deviation (correspond to the coefficient 

of variability of 17% respectively). Assuming normal distribution, 53% of the area is below 4% 

Va, and 38% is below 3.75%. This is a low level of Va according to the global analysis conducted 

in the previous chapter and is associated with Alligator cracking. SN 13710 show ideal values for 

Va with minimal variability, yet it experienced alligator cracking as well. VMA data show the 

lower level of variability and 100% conformity. The distribution is shown below. There is no 

apparent association between the VMA and the observed performance.  

2

3

4

5

6

7

0 10 20 30 40 50 60 70 80 90 100

Pr
od

uc
tio

n 
Va

 (%
)

Station Location as Percentage of the Total Length (Total Lenght= 3.26mile)

Production Va for Upper Lift

x̄= 4.76
σx̅=1.03

x̄=3.96
σx̅=0.67

x̄=4.30
σx̅=0.41

Target Va= 4%

x̄= 4.24
σx̅=0.63

13700 13710SN=13690 



96 
 

 
Figure 4-32 Production information of voids in mineral aggregates (VMA %) based on station locations (project STH 13) 

Placement Quality 
Placement quality data is available for both lifts. The distribution of the measurements is shown 

in Figures 4-33 and 4-34. The upper lift shows an average density of about 1% above requirement. 

The bottom lift is about 1.9% above requirement. 

 
Figure 4-33 Construction information of in-place density (Gmm %) based on station locations (project STH 13) (Upper Lift) 
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Figure 4-34 Construction information of in-place density (Gmm %) based on station locations (project STH 13) (Lower Lift) 

The placement density is showing 100% conformity for both lifts. In addition, the density levels 

do not suggest any excessive levels of compaction was applied.  

STH 13 Summary (#1620-00-79): 
1- Production data show high variability in some locations. These locations also show non-

conforming Va data points.  

2- Placement density does not appear to be influenced by the variability in production. All 

measurements were either on spec or exceeding. Further, the variability for both lifts is 

much lower compared to production.  

3- Structural nondestructive testing and mixture volumetric suggest that the distresses 

observed are due to the interaction of both structural and material deficiencies.  

4- SN 13700 is characterized by the lowest level of Va as well as the fluctuation in structural 

stability. This section experiences the most alligator cracking in the project.  

5- Comparing this project to the one before it; they are the same age, but the level of 

deterioration in project #1620-00-79 is much lower. This could be attributed to the 

adequate level of placement compaction.  
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4.5 Project STH 75 (#2420-02-70) 

Construction year: 2011 

Design Traffic: 620,500 ESALS 

Asphalt Binder Content: 5.2% 

Asphalt Layer Thickness: 2”  

SN 95820 95830 95840 95850 95860 95870 95880 95890 

PCI 82 79 80 77 80 81 80 88 

State Trunk Highway 75 construction location is in the southeastern part of Wisconsin State. The 

highway runs from Wisconsin Highway 50 and 83 to the highway 11. This project construction is 

8.36 mile long. It serves Kenosha and Racine counties. The construction of the project was 

completed in 2011 by using 50,000 tons of HMA. Location of the project is shown in Figure 4-35. 

Figure 4-35 Highway STH 75, project 2420-02-70, Kenosha and Racine Counties 
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In-Service Performance 
The performance of the project STH 75 as reported in the PIF is shown in Figure 4-36. Transverse 

and longitudinal cracking are the most common among all the SNs. Alligator cracking is reported 

in one SN only. In any case, all these distresses are reported to have low DI value. The on-site 

survey is again documenting higher levels of distresses. The survey shows that the longitudinal 

cracking distributed between centerline construction joint cracking, and in line longitudinal 

cracking. The on-site survey noted alligator cracking in all SN. The extent of the distress is greatest 

at the ends of the project limits as shown in Figure 4-36.  

 
Figure 4-36 Performance of the project STH 75 (based on the DOT information) (2016) 

 
Figure 4-37 Performance of the project STH 75 (based on the research group survey) (2017) 
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As seen in Figure 4-37, transverse cracking is uniformly distributed over all the SNs of the project, 

same as the longitudinal cracking. While the middle portion of the project shows the least amount 

of distress overall, which contradicts with the PIF, minor rutting is also noted in this portion of the 

project. Examining the D0 average values for these SNs, the structure appears to stable. Thus, the 

distresses are not expected to be due to structural failures.  

Production Quality 
Production quality shown in Figure 4-38 and Figure 4-39 reflects the Va and VMA of the 12.5 mm 

upper lift. With respect to Va, the average of the projects in on spec, with the individual SNs show 

on spec Va as well. However, SN 95860 show high standard deviation (COV = 19%) due to the 

variation of about 1.5% air within the SN. The VMA data reported show minimal variability, with 

all the data points exceeding the minimum required value.  

 
Figure 4-38 Production information of air voids (Va %) based on station locations (project STH 75) (Upper Lift) 
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Figure 4-39 Production information of voids in mineral aggregates (VMA %) based on station locations (project STH 75) 

(Upper Lift) 

The middle SNs (95850 and 95860) show the high value of Va while they have the least level of 

distresses.  The three SN at the first 40% of the project length shows a significant number of sublots 

with low Va (below 3.75%). These SN show a gradual increase in distress DI.  

The last 40% of the project length, show even more severe levels deterioration indices. Va for the 

three SN making the last 40% of the length shows an increasing trend. SN 95870 shows Va level 

as low as 3.6%, and it continues to increase until it reaches its highest for SN 95890 at Va value 

of 4.8%. While this increasing trend indicated continuous changes in the mix to achieve Va, the 

VMA shows a lower level of variability. However, this could relate to variations in the mix, but 

the data available does not provide information about these possible variations. Therefore, the 

sever distress levels at this portion of the project cannot be associated with production quality on 

a cause and effect relationship.  

Placement Quality 

Placement quality data show all data conforming to the required density value. SN 95890 show 

the incomparable average density of 94.83%; this is about 2% above all other SNs in the project.  
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Figure 4-40 Construction information of In-Place Density (Gmm %) based on station locations (project STH 75) (12.5 mm 

Lift) 

The placement density shows consistent compaction throughout the first 90% of the project length. 

SN 95890 is showing on average 1.5% more compaction than required at %Gmm of 92.99. This 

is due to few spots showing a very high level of densification as high as 96.4%. For a 2in lift, this 

level of compaction is dangerous. Combining this over compaction with the fact that the mix at 

this location shows high resistance to compaction in as demonstrated by the high level of mix Va. 

There is a good chance that the severe level of deterioration observed is due to crushing of the mix 

during construction.  

STH 75 Summary (#24-20-02-70): 
1. Low Va is associated with increased DI for the first 40% of the project length.  

2. Variations in the mix may be related to the increased DI for the last 40% of the 

project length. However, the information available does not provide conclusive 

evidence.  

3. The field over-compaction is associated with the highest level of distresses in this 

project.  
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Table 4-2 Summary of the project STH 75 

SN Alligator 
Cracking Rutting Production Below 

3.75%Va 
Production Above 

4.75%Va 
Production High 

Variability 
Placement Over 

96%Gmm 
95820 ×  ×    
95830 ×  ×    
95840  × ×    
95850  ×     
95860  × × × ×  
95870 × × ×    
95880 × ×     
95890 × ×    × 

 
4. Table 4-2 significantly helps in painting a picture that coincides with fundamentals of 

asphalt mixtures and the results of the global analysis.  

• Low Va in production and high %Gmm during placement correlate with 

alligator cracking.  

• Rutting performance does not follow a singular path. The data available 

suggest the rutting may be influenced by the mix non-conformity and the over 

compaction during compaction. However, the data available does not include 

binder properties that may contribute to this distress.   
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4.6 Project STH 76 (#6430-10-71) 

Construction year: 2009 

Design Traffic: 34,360 ESALS 

Asphalt Binder Content: 4.9% 

Asphalt Layer Thickness:  2.5” & 4” + (3” to 4.5” existing)  

SN 60780 60790 60800 60810 60820 60830 60850 

PCI 92 92 87 90 89 89 87 

State trunk highway 76 is a state highway in the Wisconsin state. This highway runs north-south 

in the east-central part of the state. It starts from highway 45 near Bear Creek to a junction with 

US Highway 45 in the downtown of Oshkosh. The project number 6430-10-71 is a 7.84-mile 

project constructed in 2009 in Winnebago County as a part of highway 76. The construction of the 

project consumed 31,250 tons of HMA for two lifts of asphalt. The lower lift of 4inch thickness 

has 19 mm NMAS while the upper lift of 2.5inch thickness has 12.5 mm NMAS.  The project 

consists of 7 SNs. The location of the project is shown in Figure 4-41.  

In-Service Performance 
Performance survey (Figure 4-42 ) of this project, is showing the distribution of the distresses on 

the entire length of the project. The degree of deterioration is minimal throughout the project length 

with minor transverse cracking distributed uniformly.  SN 60800 is showing noticeable rutting and 

minimal longitudinal cracking.   
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Figure 4-41 Highway STH 76, project 6430-10-71, Winnebago County 

 
Figure 4-42 Performance of the project STH 76 (based on the DOT information) (2016) 
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Figure 4-43 Performance of the project STH 76 (based on the research group survey) (2017) 

Field distress survey was not conducted on SN 60780 due to traffic control issues. However, the 

rest of the SN conform with PIF with respect to the presence of transverse cracking, but the extent 

and severity of the distress are much more severe according to the on-site survey. FWD testing 

was conducted for this project, but the results are unreliable due to the presence of the transverse 

reflective cracking. This pavement is eight years old at the time of the onsite survey. Other than 

the transverse cracking (which is not a reflection of the properties measured in the quality 

program), the remaining distresses are adequate for the age.  

Production Quality 
Production information shown in Figure 4-44, Figure 4-45 are reflecting the Va information for 

the upper and lower lift of the project STH 76. The VMA information for the upper and lower lift 

are also shown in Figure 4-46 and Figure 4-47 respectively.  
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Figure 4-44 Production information of air voids (Va %) based on station locations (project STH 76) (Top lift, NMAS=12.5 

mm) 

 
Figure 4-45 Production information of percent of air voids (Va %) based on station locations (project STH 76) (Lower lift, 

NMAS=19 mm) 
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Figure 4-46 Production information of air voids (Va %) based on station locations (project STH 76) (Lower lift, NMAS=12.5 

mm) 

Figure 4-47 Production information of air voids (Va %) based on station locations (project STH 76) (Lower lift, NMAS=19 

mm) 
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The 12.5 mm mix compaction resistance as measured by Va is consistent throughout the project 

except for SN 60790 which shows some tests below the 3.75%. This section is the only SN 

showing measurable levels of alligator cracking. The case is a bit different for the 19 mm mix. 

This is because a higher level of variability observed in the available data. The VMA of the 12.5 

mm mix is consistently non-conforming, for all the SN.  

Placement Quality 
Production quality shown in Figure 4-48 and Figure 4-49 does not show over compaction. 

However, it shows higher variability with some test points falling below the minimum accepted 

density for both distresses.  

Figure 4-48 Construction information of in-place density (Gmm %) based on station locations (project STH 76) (Top lift) 
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Figure 4-49 Construction information of in-place density (Gmm %) based on station locations (project STH 76) (Lower lift) 

 
Figure 4-50 Pavement condition on the place with the highest compaction variation (SN=60850) 
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STH 76 Summary (#6430-10-71): 
1. Performance of this pavement is dominated by transverse reflective cracking. 

2. Other moderate levels of distresses are present in some of the SNs.  

3. The production and placement quality data show some individual data points not 

conforming to the specifications limit. However, the majority of the data points are 

adequate.  

4. Overall, the quality indicators during construction represent conforming pavement. Thus, 

the lack of significant and severe levels of distresses is attributed to the adequate 

production and placement compaction.  
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4.7 Project STH 64 (#8110-06-61) 

Construction year: 2010 

Design Traffic: 503,700 ESALS 

Asphalt Binder Content: 5.2% 

Asphalt Layer Thickness: 3.5”  

SN 86130 86140 86150 86160 86170 86180 86190 

PCI 75 85 84 90 84 84 85 

State Trunk Highway 64 as a state highway in the state of Wisconsin, runs east-west across central 

Wisconsin. The total length of the highway is about 275 miles. However, this selected project is 

only 6.4 miles of it from Connorsville to Bloomer at Dunn County in the north-west of the state. 

The project was completed in 2010 by use of 38,900 tons of HMA.  The project level is located at 

a higher elevation at the west side of the project. The height decreases towards the east as it reaches 

to the flat areas. The location of this project in Wisconsin State is shown in Figure 4-51. The project 

covers totally seven SNs. 

Figure 4-51 Highway STH 64, project 8110-06-61, Connorsville-Bloomer, Dunn County 
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In-Service Performance 
The long-term performance can be investigated through the performance indicators that are shown 

in Figure 4-52.  According to the PIF, the longitudinal and transverse cracking recorded are of the 

minimal level; only SN 86130 is showing noticeable rutting.  

 
Figure 4-52 Performance of the project STH 64 (based on the DOT information) (2016) 

 
Figure 4-53 Performance of the project STH 64 (based on the research group survey) (2017) 

Figure 4-53 shows the on-site survey along with the D0 values from the FWD.  A significant level 

of transverse cracking is noticed for the first 70% of the project length. No rutting is observed, and 

alligator cracking is noted at SN 86150. SNs 86130 and 86150 demonstrate the highest level of 
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deterioration and the highest value of D0. SNs 86180 and 86190 did not show measurable 

distresses.  

In general, the types of distresses observed in this pavement do not indicate poor production or 

construction quality. A closer look is paid to SN 86130, and 86150 due to their high comparable 

DI to SN 86180 and SN 86190 due to the lack of recordable any distresses.  

 

From (ft.) 0 50 100 150 200 250 300 350 400 450 
To (ft.) 50 100 150 200 250 300 350 400 450 500 

D0 (mils) 13.91 13.44 12.69 11.12 12.67 11.85 8.03 7.67 7.91 7.8 
Alligator Cracking (DI) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Longitudinal Cracking(DI) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Construction-joint 

Longitudinal Cracking (DI) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Transverse Cracking (DI) 41.31 59.93 42.98 35.59 55.19 28.29 42.98 47.41 35.59 35.59 
Figure 4-54  Elastic modulus of layers compared with distresses for SN 86130  
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From (ft.) 0 50 100 150 200 250 300 350 400 450 
To (ft.) 50 100 150 200 250 300 350 400 450 500 

D0 (mils) 10.36 8.47 7.5 9.84 8.36 7.61 8.76 7.69 11.07 15.42 
Alligator Cracking (DI) 0.00 0.00 11.77 0.00 0.00 13.28 0.00 0.00 36.85 44.72 

Longitudinal Cracking(DI) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Construction-joint Longitudinal 

Cracking (DI) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Transverse Cracking (DI) 24.95 24.95 24.25 0.00 37.54 24.25 26.71 26.71 24.25 24.25 
Figure 4-55 Elastic modulus of layers compared with distresses for SN 86150 

Production Quality 
The production mix Va is shown in Figure 4-56  provides a noticeable trend. For the first 70% of 

the project length, mix compaction Va is consistently below the 4.0 % level. Some mix tests had 

Va value of as low as 3%. For the remaining 30% of the project is constructed with more 

compaction resistant mix of average air above 4.2%.  The same region of the project is the one 

with the least distresses.  
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Figure 4-56 Production information of air voids (Va %) based on station locations (project STH 64)  

 
Figure 4-57 Production information of voids in mineral aggregates (VMA %) based on station locations (project STH 64) 

The mix VMA is showing a lower level of variability and more conformity compared to Va (Figure 

4-57). There is no apparent association between the VMA of this mix and the noted performance.  
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Placement Quality 

 
Figure 4-58 Construction information of in-place density (Gmm %) based on station locations (project STH 64) 

The placement density is showing full conformity, SNs showing the higher level of distresses (SN 

86130 & 86150) are compacted to more than 2% Gmm above the minimum required, yet they 

experienced significant levels of deterioration. This project continues a trend where field 

compaction cannot improve soft mixes. The data validates the continuous need to monitor quality 

during production and construction. However, the quality measures used currently still do not 

provide clear-cut thresholds for distinguishing good from poor quality.  

STH 64 Summary: 
1. Low Va are associated with high deterioration. 

2. The only alligator cracking SN in the onsite survey is associated with the lowest level of 

Va in the entire project. The same SN show placement quality record including the most 

under compacted test point (less than 92%Gmm), and the most compacted test point 

(more than 96%Gmm).  

3. FWD D0 are highest at the top-distressed sections. Yet the values of the D0 are within 

typical well-performing structures. The modulus values for the base and subgrade for 

these sections are also at adequate levels. This indicates that the surface layer is soft.  
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4. SN 86180 and SN 86190 consistently show that they were constructed with the stable 

mix as indicated by the production quality results. The placement quality indicates the 

adequate level of compaction.  
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4.8 Project STH 55 (#9660-01-60) 

Construction year: 2010 

Design Traffic: 503,700 ESALS 

Asphalt Binder Content: 5.5% 

Asphalt Layer Thickness: 2” + (4” existing) 

SN 76950 76960 76970 76980 76990 77000 77010 77020 77030 77040 77050 77060 77070 77080 
PCI 80 84 64 65 61 75 66 79 72 75 68 69 76 77 

The state trunk highway 55 is located in the US state of Wisconsin. This highway travels south to 

north in the northeastern part of Wisconsin from the Route 151, located at the north of Bothertown, 

to the Michigan state line at the Brule River. The total length of the STH 55 is 175.5 miles. The 

selected project is a part of the entire highway and is located in the Menominee County, with the 

length of 18.56 miles. The project goes along with the Wolf River from Shawano to Langlade 

Counties.  The project constructed in 2010 by using 33,858 tons of HMA. The project has totally 

14 Sequence Numbers.  The location of the project in Wisconsin State is shown in Figure 4-59.  

 

Figure 4-59 Highway STH 55, project 9660-01-60, Shawano-Langlade, Menominee County 
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In-Service Performance 
The quality of the performance is shown in Figure 4-60. As is shown, the DI is dominated by 

longitudinal cracking. All SN experience minor transverse cracking.  Alligator cracking is noticed 

in 12 out of the 14 SNs, and rutting is noticed in 5 SNs.  SN 77010 experience the most level of 

deterioration caused mostly by longitudinal cracking.  

 
Figure 4-60 Performance of the project STH 55 (based on DOT information) (2016) 

Figure 4-61 shows the results of the onsite distress survey and FWD testing. The dominating 

distress is alligator cracking. This contradicts the PIF results. The reason could be that the PIF is 

calculated mostly from videos of the surface, with the onsite survey is taken from actual 

measurement. Thus, what looks like longitudinal cracking on the screen, could be categorized as 

an alligator on site. 

 

0 10 20 30 40 50 60 70 80 90 100

Station Location as Percentage of the Total Length (Total Lenght=18.56mile)

0

10

20

30

40

50

60

70

80

90

100

D
et

er
io

ra
tio

n 
In

de
x

Rutting

Alligator Cracking

Longitudinal Cracking

Transverse Cracking

SN=76950 76960 76970 76980 
76990 77000 77010 77020 77030 77040 77050 77060 77070 77080 



121 
 

 
Figure 4-61 Performance of the project STH 55 (based on research group survey) (2017) 

Figure 4-61 also shows the D0 values. The values are showing are mostly within the moderate 

range for the D0.  This indicates a potential interaction between structural stability and materials. 

Therefore, the modulus for the pavement layers are calculated and shown for all SN in the 

following figure. With respect to SN 77010, the most distressed in the project, a plot of the 

individual FWD tests conducted is shown in Figure 4-63 with the distresses DI overlapped.  

 

Figure 4-62 Average moduli of the layers for project STH 55 
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Figure 4-62 shows the distribution of the average moduli for all the SNs included in the project. 

For each of the SNs, a 500ft section was tested with FWD at 50 ft. spacing.  It is clear that the 

sections with the lowest level of surface modulus are the ones with the highest level of DI.  

From (ft.) 0 50 100 150 200 250 300 350 400 450 
To (ft.) 50 100 150 200 250 300 350 400 450 500 

D0 (mils) 14.04 11.59 9.42 6.83 7.35 14.1 7.87 15.09 12.61 6.45 
Alligator Cracking (DI) 75.34 85.21 64.39 49.09 67.92 68.97 50.75 50.64 65.89 36.85 

Longitudinal Cracking (DI) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.21 0.00 0.00 
Construction-joint 

Longitudinal Cracking (DI) 12.62 12.15 5.06 3.33 0.00 28.88 56.44 26.41 14.05 51.90 

Transverse Cracking (DI) 38.05 40.36 24.25 29.06 38.50 24.25 33.48 29.06 24.25 24.25 
Figure 4-63 E modulus of subgrade for SN=77010 

Based on the information above, pavement structure appears to be one of the influencing factors. 

The following sections discuss the quality measures for this project.   

Production Quality 
Production data for this project is not complete. The Va and VMA data is only available for a 

subset of the SNs.  
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Figure 4-64 Production information of air voids (Va %) based on station locations (project STH 55) 

 
Figure 4-65 Production information of voids in mineral aggregates (VMA %) based on station locations (project STH 55) 

The available results from the production quality data show that the Va values are not conforming 

on average, but the VMA values are on average above the minimum required. Low Va indicates a 
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soft mix which is associated with increased distresses, especially that this mix is used at 2-inch 

thickness.  

Placement Quality 

 
Figure 4-66 Construction information of in-place density (Gmm %) based on station locations (project STH 55) 

Placement density shown in Figure 4-66 represents a full record of the %Gmm. The average 

density for the project is 93.9, which is 1.4% above the minimum required for all individual tests 

meeting or exceeding requirements.  SN 77010 shows consistent densification values with the 

maximum value of about 95%Gmm (3.5% above the minimum required). For a soft mix (as shown 

by the Va and D0) and thin lift of 2 inches over existing, this level of compaction may be excessive. 

This trend follows that noticed for STH 64, STH 75, and STH 13.  

STH 55 Summary 

1. The available production data is inconclusive. 

2. FWD results for the modulus values show that the sections with the highest level of 

deterioration are the ones with the lowest modulus values.  

3. Placement compaction is in some cases 4% above the minimum required at 95.5%. This 

is a 2” layer paved over an exititing compacted surface.   

4. The same sections that are over compacted are showing the lower surface modulus. These 

sections have the highest DI.  
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4.9 Project Level Analysis Summary 

The following represent summaries and recommendations based on the observations made during 

the project level analysis. 

1- Thin lifts compacted at more than 95% are showing a higher level of deterioration. 

2- Normal thickness lifts show no improvement of performance for compaction beyond 96%. 

3- According to the observation, Low Va during projection in some cases lead to high early 

deterioration.  

4- Combination of high in-field compaction with a soft mix of low Va is the most deteriorated. 

5- There appears to be an optimum level of field compaction that correlates with minimal 

deterioration. For thin lifts, this range is from 92 to 94%, and for typical thickness, it is 

from 93 to 95%. 

6- Performance does not show sensitivity to mixture production variability. However, 

placement variability shows some evidence.  

7- Structural stability cannot be fixed without proper pavement mix quality. 
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5. Summary and Conclusions

Summary of Findings 

This project involved handling a significant volume of data for a large number of projects. The 

goal of utilizing this data is to understand the relationship of the quality indicators with in-service 

performance. The analysis approach allows for developing a strategy to improve the durability of 

the Wisconsin roadway network and to upgrade data collection and storage methods.  The 

following statements summarize the results of the work completed for this project:  

- The analysis included in the project could not be conducted without the development of the

relational database. Implementing this method on the network level for all DOT data will yield

significant benefits such as defining effective tolerance limits for quality indicators or associate

trends in in-service performance to appropriate design inputs or material quality indicators.

The work completed in this study is intended to provide the DOT a path to not only evaluate

the effectiveness of the quality data but also, a systematic approach for extracting valuable

trends and correlations to manage the department resources better while producing durable

pavements. This was demonstrated by the ability to connect deviations in construction quality

to in-service performance. This approach was also able to extract trends in distress evolution

and distribution within the database.

- It is recommended that distress survey and recording is revised. Given the advancement of

technology, many of the distresses can be captured using advanced image analysis software,

or a mix of human and software analysis. This will result in increasing the volume of sections

reviewed. The current approach of surveying only about 10% of the total surface using video

recording can result in misleading conclusions.

- As shown in chapter 4, the discrepancy in attributing distress levels of severity is observed

between PIF and on-site distress surveys. It is understandable that on-site survey is not practical

for the entire roadway network. However, there is room for improving the pavement condition

assessment. Advancements in imaging and sensing could result in minimizing such

discrepancy. In addition, the distress recording could benefit from revisiting the current

definitions for some of the common distresses. For example, combining construction joint

longitudinal cracks with in-line longitudinal cracks in one category limits the effectiveness of

the PIF in tracking damage evolution as well as connecting this damage to potential causes.
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- With respect to the evaluated distresses in this study, for pavements of ages 7-8 years, it is

found that alligator cracking is recorded in 15%, rutting is recorded in 33%, longitudinal

cracking in 62%, and transverse cracking in 71% of the sections collected to form the database.

The corresponding deterioration index calculated for these distress distributions is at maximum

for longitudinal cracking followed by alligator cracking, rutting, and then transverse cracking.

- The extent of damage is evidently not a function of the abundance. For example, transverse

cracking is observed in the majority of roadway section, but the associated DI value is the least

among the four distresses studied in this research.

Conclusions and Recommendations 

- Given the focus of this research study, it is understandable that the findings are confined by

the dataset available for analysis. This research was not intended to develop deterioration

models of the Wisconsin roadways, but rather explore potential correlations between quality

indicators and in-service performance. The quality in this analysis is defined in terms of

deviation from the targeted specification limits. Therefore, no attempt was made to evaluate

the effectiveness of the specification limits, but rather the association of deviation from the

limits to performance.

- Further research is obviously needed to establish such deterioration models. The authors would

like to draw attention to the need for upgrading the current specifications to encompass

performance related QMP for better association with in-service performance.

- The following conclusions are developed to address the presence of distresses from a quality

control point of view:

1. Rutting: this distress appears to be sensitive to field compaction followed by mix air

content at design number of gyrations (Va). Exceeding the current minimum required

field compaction density, but up to 2% correlates with reduced rutting levels. The trend

is only observed for lifts thicker than 2”. For thin lifts, over compaction is associated

with increased cracking potential. This is demonstrated by the analysis of the database

and confirmed by the on-site surveys.

 Correlation between rutting and the target Va is showing sensitivity the

direction of deviation from the target. Meeting the target Va or exceeding by up

to 1% correlate with reduced rutting levels, on the other hand, when the
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deviation from the target drops below 0.25% rutting rate increases. This is 

demonstrated by the analysis of the database and confirmed by the on-site 

surveys. This means that variation during production phase is critical when they 

lead to ease of densification under the same level of compaction energy. 

 The above points need to be further qualified after incorporating the asphalt 

content of the lots. The deviation in production may be due to fluctuation in the 

lot AC effective content. In this case, the trend and correlation between the Va 

and performance are logical. Therefore, not tracking the effective asphalt as a 

quality measure within Wisconsin DOT is highly detrimental to any further 

analysis.  

2. Cracking: while the statistical analysis showed good correlations for alligator cracking 

only, the project by project analysis revealed that transverse and in-line longitudinal 

cracking are also sensitive to the same quality indicators. Mix deviation from the target 

Va and VMA appear to play a significant role in improving quality, with minimal 

sensitivity to field compaction. Similar to rutting, changes in production leading to drop 

in Va by more than 0.25% increased the risk of cracking. Exceeding the VMA limit by 

1% correlated with the significant reduction in cracking. Fluctuation of both Va and 

VMA for the same mix design could be a function of variation in the effective asphalt 

binder or changes in the aggregate structure. The current system of quality management 

does not track AC or the aggregate structure. Therefore, the effectiveness of the quality 

program can be greatly enhanced by exploring the relation of these parameters to 

performance.  

 Field over-compaction of pavement, especially for thin lifts thinner than 2” over 

the stiff base can lead to the presence of all four types of distresses.  

3. Variability in quality indicators values, as measured by standard deviation, does not 

appear to correspond to any of the distresses studied. Only when the variability of 

quality indicators in the test point’s results in mixes to fall within the ranges discussed 

in the previous points, distresses may occur.  

4. The current trend in adopting performance related mix design appears to be the right 

path. As can be seen from the above points, relying on the volumetrics alone does not 

yield clear recommendations as to how to improve pavement mixes. Consequently, the 
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influence of the effective AC content is necessary for establishing such design protocol. 

It is also, necessary to understand the interactive effect of the volumetric properties 

including the AC content and the pavement performance. The bottom line is that the 

volumetrics properties are used to represent the ability of the mix (AC and aggregate 

structure) to perform during the service life. However, the department does not track 

either AC or aggregate gradation during production.  

- Given the analysis in this study and the findings of the literature and States survey, it appears

that the most important components of a quality program are determining the frequency of

testing to have representative sampling and setting the right quality limits. In addition, the

current properties measured are adequate under the current mix design protocol. However,

tolerance limits may need revisions.

- The research approach used in this study provides the foundation for the DOT to build its

relational database of the existing pavement inventory. To build such database, the researchers

recommend the following steps:

1. Digitization of all mix production quality data.

2. Require the contractors to identify the GPS coordinates (location) for the placement of

lots produced.

3. Integrate project plans with digital mapping system to easily convert project stations

into GPS coordinates.

4. Define sequence numbers using GPS coordinates to be integrated within the mapping

system.

5. House construction and production data in electronic storage in the form of

georeferenced databases.

6. Build user-friendly interface for quarrying data flexibly according to the needs of the

DOT.

7. Collect additional data with regards to mix effective asphalt content.

8. Define distresses in more focused terms including splitting current categories into more

subdivisions that can be tracked for future analysis. These subdivisions include

separating longitudinal cracks from construction joints, to between wheel path, and on

wheel path. For Transverse cracking, to be separated into reflective and load related

(thermal loading for example) cracking.
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9. Finally, it is highly recommended that the further data collection from the visited sites

is conducted. The further data should include taking cores for calculating the asphalt

binder content and evaluating aggregate gradation for each of the lots produced. This

will allow for this study to close the loop on the relationship between quality measures

and in-service performance.



131 
 

6. References: 

1. Patel, Arti, Marshall Thompson, Eric Harm, and William Sheftick. "Developing QC/QA 
specifications for hot mix asphalt concrete in Illinois." Transportation Research Record: 
Journal of the Transportation Research Board 1575: 66-74. (1997) 

2. Zhao, Wenbin. "The effects of fundamental mixture parameters on hot-mix asphalt 
performance properties." Ph.D. diss., Clemson University, (2011). 

3. Vivar, Eliana Del Pilar, and John E. Haddock. HMA pavement performance and durability. 
No. FHWA/IN/JTRP-2005/14. (2006). 

4. Lemus, L.; Fathi, A.; Gholamy, A.; Tirado, C.; Mazari, M; and Nazarian, S. “Geospatial 
Relationship of Intelligent Compaction Measurement Values with In-Situ Testing for 
Quality Assessment of Geomaterials.” ASCE’s International Conference on Transportation 
& Development (2018). 

5. Fathi, A.; Tirado, C.; Gholamy, A.; Lemus, L.; Mazari, M.; and Nazarian, S. “Quality 
Management of Earthworks Using Influence Depth of Intelligent Compaction Roller.” 
Transportation Research Board, 2018 Annual Meeting, Washington, DC. (2018) 

6. Minchin, R.; Thomas, H. R.; and Swanson, David. “Theory Behind Vibratory Based 
Onboard Asphalt Density Measuring System.” Transportation Research Record 1761, 
Transportation Research Board, National Research Council, Washington, D.C. (2001) 

7. Maupin, G. W. “Preliminary Field Investigation of Intelligent Compaction of Hot-Mix 
Asphalt.” VTRC-08-R7, Virginia Department of Transportation. (2007). 

8. Chang, George, Qinwu Xu, Jennifer Rutledge, Bob Horan, Larry Michael, David White, 
and Pavana Vennapusa. "Accelerated implementation of intelligent compaction technology 
for embankment subgrade soils, aggregate base, and asphalt pavement materials." (2011). 

9. Chang, George, Qinwu Xu, Jennifer Rutledge, and Sabrina Garber. A study on intelligent 
compaction and in-place asphalt density. No. FHWA-HIF-14-017. (2014). 

10. Mohamed, E. H. H., Halim, A. O. A. E., and Kennepohl, G. J. "Assessment of the influence 
of compaction method on asphalt concrete resistance to moisture damage." Construction 
and Building Materials, 7(3), 149-156. (1993). 

11. Arambula, Edith, Eyad Masad, and Amy Epps Martin. "Influence of air void distribution 
on the moisture susceptibility of asphalt mixes." Journal of materials in civil engineering 
19, no. 8 655-664. (2007): 

12. Masad, E., Al-Omari, A., and Chen, H.-C. "Computations of permeability tensor 
coefficients and anisotropy of asphalt concrete based on microstructure simulation of fluid 
flow." Computational Materials Science, 40(4), 449-459. (2007). 

13. Chen, J.-S., Lin, K.-Y., and Young, S.-Y. "Effects of crack width and permeability on the 
moisture-induced damage of pavements." Journal of Materials in Civil Engineering 
(ASCE), 16(3), 276-282. (2004) 

14. Epps, J. A. and Monismith, C. L. “Influence of Mixture Variables on the Flexural Fatigue 
Properties of Asphalt Concrete.” Proceedings, Association of Asphalt Paving 
Technologists, Vol. 38, Pp. 423-464. (1969) 



132 
 

15. Harvey, J. T. and Tsai, B. W. “Effects of Asphalt Content and Air Void Content on Mix 
Fatigue and Stiffness.” TRB 1543, Transportation Research Board, Washington, D.C. 
(1996) 

16. Fisher, Jonathan, Clark Graves, Phillip Blankenship, Salman Hakimzadeh-Khoee, and R. 
Michael Anderson. "Factors affecting asphalt pavement density and the effect on long-term 
pavement performance." (2010) 

17. Lee, Jong-Sub, Nelson Gibson, and Y. Richard Kim. "Use of Mechanistic Models to 
Investigate Fatigue Performance of Asphalt Mixtures: Effects of Asphalt Mix Design 
Targets and Compaction." Transportation Research Record: Journal of the Transportation 
Research Board 2507: 108-119. (2015) 

18. Zhao, Wenbin. "The effects of fundamental mixture parameters on hot-mix asphalt 
performance properties." Ph.D. diss., Clemson University, (2011). 

19. Cooley Jr., L. A., Prowell, B. D., and Brown, E. R. "Issues pertaining to the permeability 
characteristics of coarse-graded Superpave mixes." Rep. No. 02-07, National Center for 
Asphalt Technology, Auburn University. (2002) 

20. St. Martin, J., Cooley, L. A., and Hainin, H. R. "Production/construction issues for moisture 
sensitivity of hot mix asphalt pavements." Moisture Sensitivity of Asphalt Pavements: A 
National Seminar, San Diego, California, 209-222. (2003). 

21. Beainy, Fares, Dharamveer Singh, Sesh Commuri, and Musharraf Zaman. "Laboratory and 
Field Study on Compaction Quality of an Asphalt Pavement." International Journal of 
Pavement Research and Technology 7, no. 5 (2014): 317-323. 

22. Tran, Nam, Pamela Turner, and James Shambley. Enhanced Compaction to Improve 
Durability and Extend Pavement Service Life: A Literature Review. No. NCAT Report 
No. 16-02. (2016). 

23. Starry, Dale W., Jr. “Vibratory Rollers.” Transportation Research Circular E-C105. Factors 
Affecting Compaction of Asphalt Pavements. Transportation Research Board, 36-48. 
(2006) 

24. Scherocman, J.A. (2006). Compaction of Stiff and Tender Asphalt Concrete Mixes. 
Transportation Research, Issue E-C105, 69-83. 

25. Epps, J. A.; Seeds, S. B.; Monismith, C. L.; Harvey, J. T.; Alavi, S. H.; Scholz, T. V.; 
Leahy, R. B.; and Ashmore, S. C. “Recommended Performance-Related Specifications for 
Hot-Mix Asphalt Construction: Results of the Westtrack Project.” NCHRP Report 455, 
National Cooperative Highway Research Program, Transportation Research Board, 
Washington, D.C. (2002) 

26. Blankenship, Phillip B., and R. Michael Anderson. "Laboratory Investigation of HMA 
modulus, flow number and flexural fatigue on samples of varying density." Journal of the 
Association of Asphalt Paving Technologists 79 (2010). 

27. AASHTO, TP. "79-09. Standard method of test for determining the dynamic modulus and 
flow number for hot mix asphalt (HMA) using the asphalt mixture performance tester 
(AMPT)." AASHTO, USA (2011). 

28. Blankenship, Phillip. "How Much Does Density Matter?" Asphalt: The Magazine of the 
Asphalt Institute 13 Oct. 2009: Web. 7 Oct (2010). 



133 

29. Cross, Stephen Alan, Mohd Rosli Hainin, and Alex Ado-Osei. Effects of Segregation on
Mix Properties of Hot Mix Asphalt. No. K-TRAN: KU-96-6. (1998).

30. Seeds, Stephen B.; Hicks, Gary R.; Elkins, Gary E.; Zhou, Haiping; and Scholz, Todd V.
“LTTP Data Analysis: Significance of ‘As-Constructed’ AC Air Voids to Pavement
Performance.” Applied Pavement Technology, Inc., NCHRP Project 20-50(14), Final
Report. (2002)

31. Linden, R. N., J. P. Mahoney, and N.C. Jackson. Effect of Compaction on Asphalt Concrete
Performance. In Transportation Research Record 1217, TRB, National Research Council,
Washington, D.C., Pp. 20–28. (1988),

32. Mrawira, Donath M., and Joseph Luca. "Effect of Aggregate Type, Gradation, and
Compaction Level on Thermal Properties of Hot-Mix Asphalts." Canadian Journal of Civil
Engineering 33, No. 11: 1410-1417. (2006)

33. Carlson, J. D., R. Bhardwaj, P. E. Phelan, K. E. Kaloush, and J. S. Golden. "Determining
thermal conductivity of paving materials using cylindrical sample geometry." Journal of
materials in civil engineering 22, no. 2: 186-195. (2010)

34. Nguyen, Quang Tuan, Hervé Di Benedetto, and Cédric Sauzéat. "Determination of thermal
properties of asphalt mixtures as another output from cyclic tension-compression test."
Road Materials and Pavement Design 13, No. 1: 85-103. (2012)

35. Chen, Jiaqi, Miao Zhang, Hao Wang, and Liang Li. "Evaluation of thermal conductivity of
asphalt concrete with heterogeneous microstructure." Applied Thermal Engineering 84
(2015): 368-374.

36. Isacsson, Ulf, and H. Zeng. "Cracking of asphalt at low temperature as related to bitumen
rheology." Journal of materials science 33, no. 8 (1998): 2165-2170.

37. Asi, Ibrahim M. "Evaluating Skid Resistance of Different Asphalt Concrete Mixes."
Building and Environment 42, No. 1 (2007): 325-329.

38. Fwa, T., Choo, Y. and Liu, Y. “Effect of Aggregate Spacing on Skid Resistance of Asphalt
Pavement.” Journal of Transportation Engineering, (2003) 129, 420-426.

39. Masad, E., A. Luce, and E. Mahmoud. Implementation of AIMS in Measuring Aggregate
Resistance to Polishing Abrasion and Breakage. Texas Transportation Institute, Research
Report 5-1707-03-1, Texas A&M University, College Station, TX, 2006.

40. Masad, E., T. Al-Rousan, J. Button, D. Little, and E. Tutumluer. Test Methods for
Characterizing Aggregate Shape, Texture, and Angularity. NCHRP Project 4-30A Final
Report, National Cooperative Highway Research Program, Washington, D.C., 2005.

41. Flintsch, Gerardo W., Randy Dymond, and John Collura. Pavement management
applications using geographic information systems. No. Project 20-5 FY 2002, (2004).

42. Dessouky, Samer, Eyad Masad, and Fouad Bayomy. "Evaluation of asphalt mix stability
using compaction properties and aggregate structure analysis." International Journal of
Pavement Engineering 4, no. 2 87-103. (2003)

43. Kajner, L., M. Kurlanda, and G. A. Sparks. Development of Bayesian Regression Model
to Predict Hot-Mix Asphalt Concrete Overlay Roughness. In Transportation Research
Record 1539, TRB, National Research Council, Washington, D.C. pp. 125–131. (1996)



134 

44. Choi, Jae‐Ho, Teresa M. Adams, and Hussain U. Bahia. "Pavement Roughness Modeling
Using Back‐Propagation Neural Networks." Computer‐Aided Civil and Infrastructure
Engineering 19, No. 4: 295-303. (2004)

45. Anderson, D. A., D. R. Luhr, and C. E. Antle. "NCHRP Report 332 “Framework for
Development of Performance-Related Specifications for Hot-Mix Asphaltic Concrete.”
National Cooperative Highway Research Program." Transportation Research Board of the
National Academies. Washington, Dc (1990).

46. Bianchini, Alessandra, and Paola Bandini. "Prediction of Pavement Performance through
Neuro‐Fuzzy Reasoning." Computer‐Aided Civil and Infrastructure Engineering 25, No.
1: 39-54. (2010)

47. Ziari, Hasan, Jafar Sobhani, Jalal Ayoubinejad, and Timo Hartmann. "Prediction of IRI in
Short and Long Terms for Flexible Pavements: Ann and Gmdh Methods." International
Journal of Pavement Engineering 17, No. 9 (2016): 776-788.

48. Liu, Litao, and Nasir Gharaibeh. "Bayesian Model for Predicting the Performance of
Pavements Treated with Thin Hot-Mix Asphalt Overlays." Transportation Research
Record: Journal of the Transportation Research Board 2431 (2014): 33-41.

49. Mazari, Mehran, and Daniel D. Rodriguez. "Prediction of Pavement Roughness Using A
Hybrid Gene Expression Programming-Neural Network Technique." Journal of Traffic
and Transportation Engineering (English Edition) 3, No. 5: 448-455. (2016)

50. West, R., Rodezno, C., Julian, G., Prowell, B., Frank, B., Osborn, L. V., & Kriech, T. Field
performance of warm mix asphalt technologies (No. Project 9-47A). (2014)

51. Wen, H., Wu, S., Mohammad, L. N., Zhang, W., Shen, S., & Faheem, A. Long-Term Field
Rutting and Moisture Susceptibility Performance of Warm-Mix Asphalt Pavement.
Transportation Research Record: Journal of the Transportation Research Board, (2575),
103-112. (2016)

52. Wang, Y. The effects of using reclaimed asphalt pavements (RAP) on the long-term
performance of asphalt concrete overlays. Construction and Building Materials, 120, 335-
348. (2016).

53. Wu, S., Wen, H., Zhang, W., Shen, S., Faheem, A., & Mohammad, L. N. Long-Term Field
Transverse Cracking Performance of Warm-Mix Asphalt Pavement and Its Significant
Material Property. Transportation Research Record: Journal of the Transportation
Research Board, (2576), 109-120. (2016)

54. Anderson, E., & Daniel, J. Long-term performance of pavement with high recycled asphalt
content: case studies. Transportation Research Record: Journal of the Transportation
Research Board, (2371), 1-12. (2013)

55. Tran, N., Xie, Z., Julian, G., Taylor, A., Willis, R., Robbins, M., & Buchanan, S. Effect of
a Recycling Agent on the Performance of High-RAP and High-RAS Mixtures: Field and
Lab Experiments. Journal of Materials in Civil Engineering, 04016178. (2016)

56. Anderson, K. W., Russell, M., Uhlmeyer, J. S., DeVol, J., Johnson, C., & Weston, J. Long-
Term Performance of a Hot In-Place Recycling Project—Final Report. (2016)

57. Rowe, Geoffrey M., Mark J. Sharrock, and Sérgio Raposo. "Cracking and Linear Visco
Elastic Binder Properties." In 8th RILEM International Conference on Mechanisms of
Cracking and Debonding in Pavements, pp. 3-8. Springer, Dordrecht, (2016).



135 

58. Bouldin, Mark G., Raj Dongre, Geoffrey M. Row, Mark J. Sharrock, and David A.
Anderson. "Predicting thermal cracking of pavements from binder properties: theoretical
basis and field validation." In Association of Asphalt Paving Technologists Proc, vol. 69.
(2000).

59. Zhang, Jun, Geoffrey S. Simate, Sang Ick Lee, Sheng Hu, and Lubinda F. Walubita.
"Relating asphalt binder elastic recovery properties to HMA crack modeling and fatigue
life prediction." Construction and Building Materials 111 (2016): 644-651.

60. Zhang, Jun, Lubinda F. Walubita, Abu NM Faruk, Pravat Karki, and Geoffrey S. Simate.
"Use of the MSCR test to characterize the asphalt binder properties relative to HMA rutting
performance–A laboratory study." Construction and Building Materials 94 (2015): 218-
227.

61. Laukkanen, Olli-Ville, Hilde Soenen, Terhi Pellinen, Serge Heyrman, and Geert Lemoine.
"Creep-recovery behavior of bituminous binders and its relation to asphalt mixture
rutting." Materials and Structures 48, no. 12 (2015): 4039-4053.

62. Morea F, Agnusdei J, Zerbino R the use of asphalt low shear viscosity to predict permanent
deformation performance of asphalt concrete. Mater Struct 44:1241–1248. (2011)

63. Morea, F., R. Zerbino, and J. Agnusdei. "Wheel tracking rutting performance estimation
based on bitumen Low Shear Viscosity (LSV), loading and temperature
conditions." Materials and structures 47, no. 4 (2014): 683-692.

64. Wang, Chao, Lidong Zhao, Wei Cao, Dongwei Cao, and Bo Tian. "Development of paving
performance index system for selection of modified asphalt binder." Construction and
Building Materials 153 (2017): 695-703.

65. Bahia, Hussain, Hassan A. Tabatabaee, Tirupan Mandal, and Ahmed Faheem. Field
Evaluation of Wisconsin Modified Binder Selection Guidelines-Phase II. Wisconsin
Highway Research Program, 2013.

66. Nazzal, M. D., Iqbal, M. T., Kim, S. S., Abbas, A. R., Akentuna, M., & Quasem, T. (2016).
Evaluation of the long-term performance and life-cycle costs of GTR asphalt pavements.
Construction and Building Materials, 114, 261-268.

67. Zhao, S., Liu, J., Li, P., & Burritt, T. Asphalt Binder Adaption for Climatic Conditions in
Cold Regions: Alaska Experience. Journal of Materials in Civil Engineering, 04016184.
(2016)

68. Corvetti, J. A., and Hall, K. t. “Local Calibration of the Mechanistic Empirical Design
Software for Wisconsin,” WHRP 0092-09-30, 0092-09-31, Wisconsin Department of
Transportation, (2012)

69. Bahia, Hussain U., Pouya Teymourpour, Dan Swiertz, Cheng Ling, Remya Varma,
Tirupan Mandal, Preeda Chaturabong, Erik Lyngdal, and Andrew Hanz. Analysis and
feasibility of asphalt pavement performance-based specifications for WisDOT. No. 0092-
15-04. Wisconsin Highway Research Program, (2016)

70. Jeong M. Implementation of a simple performance test procedure in a hot mix asphalt
quality assurance program. Ph.D. dissertation. Arizona State University; (2010).

71. Buttlar, W. G., and Harrell M. "Development of end-result and performance-related
specifications for asphalt pavement construction in Illinois." Crossroads: 195-202. (2000)



136 
 

72. Park, J., Yuan, C., & Cai, H. Long-term pavement performance indicators for failed 
materials (Joint Transportation Research Program Publication No. FHWA/IN/JTRP-
2016/10). West Lafayette, IN Purdue University (2016). 

73. Witczak, Matthew W. Development of Performance-Related Specifications for Asphalt 
Pavements in the State of Arizona. No. FHWA-SPR-08-402-2. Arizona Department of 
Transportation, (2008). 

74. Mensching, David J., et al. "Modeling flexible pavement overlay performance for use with 
quality-related specifications." Construction and Building Materials 48 (2013): 1072-1080. 

75. Adlinge, Sharad S., and A. K. Gupta. "Pavement deterioration and its causes." International 
Journal of Innovative Research and Development 2.4 (2013): 437-450. 

76. Perera, R. W., and S. D. Kohn. "Issues in pavement smoothness." Transportation Research 
Board, Washington, DC (2002). 

77. St. Martin, J., Cooley, L. A., and Hainin, H. R. "Production/construction issues for moisture 
sensitivity of hot mix asphalt pavements." Moisture Sensitivity of Asphalt Pavements: A 
National Seminar, San Diego, California, 209-222. (2003). 

78. Kassem, Emad, et al. "Evaluation of full-depth asphalt pavement construction using X-ray 
computed tomography and ground penetrating radar." Journal of Performance of 
Constructed Facilities 22.6 (2008): 408-416. 

79. Beainy, F., Commuri S., and Zaman M. "Dynamical response of vibratory rollers during 
the compaction of asphalt pavements." Journal of Engineering Mechanics 140.7 04014039. 
(2013) 

80. Gharaibeh, Nasir, and Alberto Miron. "Warranty Specifications for Highway Construction; 
Current Practices and Evolution to Advanced Quality Systems." Transportation Research 
Record: Journal of the Transportation Research Board 2081 77-82. (2008) 

81. Weed, Richard. "Mathematical modeling procedures for performance-related 
specifications." Transportation Research Record: Journal of the Transportation Research 
Board 1946: 63-70. (2006) 

82. Deacon, J.A., Monismith, C., & Harvey, J. WesTrack: Performance Models for Permanent 
Deformation and Fatigue. Nichols Consulting Engineers, Reno, NV, June (2000). 

83. Mogawer, Walaa S., et al. "Evaluation of the effects of hot mix asphalt density on mixture 
fatigue performance, rutting performance and MEPDG distress predictions." International 
Journal of Pavement Engineering 12.02 (2011): 161-175. 

84. Leverett, Brent Charles. Effects of incentive/disincentive program on pavement 
performance. Michigan State University, (2008). 

85. Buddhavarapu, Prasad, Andre F. Smit, Jorge A. Prozzi, Wei Fan, and Zegeye 
Gurmu. Revised Pay Adjustment Factors for HMA and Concrete Pavements. No. 
FHWA/TX-14/0-6675-1. (2014) 

86. Banerjee, Ambarish, Andre de Fortier Smit, and Jorge A. Prozzi. "Influence of operational 
tolerances on HMA performance." Construction and Building Materials 27.1 (2012): 15-
23. 

87. Smit, Andre de Fortier, and Jorge A. Prozzi. Developing a Sustainable Flexible Pavement 
Database in Texas. No. FHWA/TX-09/0-5496-1. (2009). 



137 

88. Monismith, C. L., L. Popescu, and J. Harvey. "Performance-Based Pay Factors for Asphalt
Concrete Construction; Comparison with A Currently Used Experience-Based Approach
(With Discussion)." Journal of the Association of Asphalt Paving Technologists 73 (2004).

89. Von Quintus, Harold, Ahmed Eltahan, and Amber Yau. "Smoothness Models for Hot-Mix
Asphalt-Surfaced Pavements: Developed from Long-Term Pavement Performance
Program Data." Transportation Research Record: Journal of the Transportation Research
Board 1764 139-156. (2001)

90. Perera, R. W., and Starr D. Kohn. LTPP Data Analysis: Factors Affecting Pavement
Smoothness. Transportation Research Board, National Research Council, (2001)

91. Dong, Qiao, and Baoshan Huang. "Evaluation of Influence Factors on Crack Initiation of
LTPP Resurfaced-Asphalt Pavements Using Parametric Survival Analysis." Journal of
Performance of Constructed Facilities 28, No. 2 412-421. (2012)

92. Hughes, Charles S. State construction quality assurance programs. Vol. 346.
Transportation Research Board, (2005).

93. Wisconsin Department of Transportation, “Construction and Materials Manual: Chapter 8-
Materials Testing, Sampling, Acceptance, Section 15- Density Testing” 2017

94. Wisconsin Department of Transportation, “MAPSS Performance Improvement Report,”
October (2017)

95. Transportation Research Board, “Pavement Management Applications Using Geographic
Information Systems,” NCHRP Synthesis 335, Washington, D.C. (2004).

96. Lee, H.N., Jitprasithsiri, S., Lee, H., Sorcic, R.G. Development of geographic information
system-based pavement management system for Salt Lake City. Transportation Research
Record (1524), 16–24. (1996)

97. Harter, Gerald. "An integrated geographic information system solution for estimating
transportation infrastructure needs a Florida example." Transportation Research Record:
Journal of the Transportation Research Board 1617 50-55. (1998)

98. Abkowitz, Mark, Stephen Walsh, Edwin Hauser, and Larry Minor. "Adaptation of
geographic information systems to highway management." Journal of Transportation
Engineering116, no. 3 (1990): 310-327.

99. NCHRP Research Results Digest No 180: Implementation of Geographic Information
Systems (GIS) in State DOTs. TRB, National Research Council, Washington, DC. (1991).

100. Osman, Omar, Hayashi, Yoshitsugu, Geographic information systems as platform for
highway pavement management systems. Transportation Research Record 1 (1442), 19–
30. (1994)

101. Parsons, Ogden, “Recommended Guidelines for the Collection and Use of Geospatially
Referenced Data for Airfield Pavement Management.” National Academies of Sciences,
Engineering, and Medicine. Washington, DC: The National Academies Press. (2010).

102. Peng Z.-R., A proposed framework for feature-level geospatial data sharing: a case study
for transportation network data, Pages 459-481 | 20 Feb (2007)

103. Zhang S. Jianting, Muhammad Javed, and L. Gruenwald. Prototype for wrapping and
visualizing geo-referenced data in a distributed environment using XML technology. In
Proceedings of the eighth ACM symposium on Advances in geographic information
systems. ACMGIS 2000, Washington D.C. USA, (2000).



138 

104. Kim, H.-S.; Sun, C.-G.; Cho, H.-I. Geospatial Big Data-Based Geostatistical Zonation of
Seismic Site Effects in Seoul Metropolitan Area. ISPRS Int. J. Geo-Inf. 6, 174. (2017)

105. Khademian, Z., K. Shahriar, and M. Gharouni Nik. "Developing an algorithm to estimate
in situ stresses using a hybrid numerical method based on local stress
measurement." International Journal of Rock Mechanics and Mining Sciences55 80-85.
(2012)

106. Medina, A., Flintsch, G. W., and Zaniewski, J. P. “Geographic information systems-based
pavement management system.” Transportation Research Record 1652, Transportation
Research Board, Washington, DC, 151–157. (1999)

107. ASTM D6433-16 Standard Practice for Roads and Parking Lots Pavement Condition
Index Surveys, ASTM International, West Conshohocken, PA, (2016)

108. Roque. Reynaldo, Birgisson Bjorn, Darku Daniel, Christos A. Drakos. “Evaluation of
laboratory testing systems for asphalt mixture design and evaluation, Florida Department
of Transportation.” (2004).

109. Huang YH. Pavement Analysis and Design. New Jersey, USA: Pearson Prentice-Hall,
Upper Saddle River; (2004)

110. Roberts, Freddy L., Prithvi S. Kandhal, E. Ray Brown, Dah-Yinn Lee, and Thomas W.
Kennedy. "Hot mix asphalt materials, mixture design, and construction." (1991).

111. Shahin, M.Y. “Pavement Management for Airports, Roads, and Parking Lots” ISBN: 978-
0-387-23464-9, Springer, (2005)



139 

7. Appendix I

Section 460 Hot Mix Asphalt Pavement 
460.1 Description 

(1) This section describes HMA mixture design, providing and maintaining a quality management program for HMA
mixtures, and constructing HMA pavement. Unless specifically indicated otherwise, references within 460 to HMA
also apply to WMA.

460.2 Materials 
460.2.1 General 

(1) Furnish a homogeneous mixture of coarse aggregate, fine aggregate, mineral filler if required, SMA stabilizer if
required, recycled material if used, warm mix asphalt additive or process if used, and asphaltic material.

460.2.2 Aggregates 
460.2.2.1 General. 

(1) Provide coarse aggregates from a department-approved source as specified under 106.3.4.2. Obtain the engineer's
approval of the aggregates before producing HMA mixtures.
(2) Furnish an aggregate blend consisting of hard durable particles containing no more than a combined total of one
percent, by weight, of lumps of clay, loam, shale, soft particles, organic matter, adherent coatings, and other
deleterious material. Ensure that the aggregate blend conforms to the percent fractured faces and flat & elongated
requirements of table 460-2. If the aggregate blend contains materials from different deposits or sources, ensure
that material from each deposit or source has an LA wear percent loss meeting the requirements of table 460-2.

460.2.2.2 Freeze-Thaw Soundness 
(1) If the aggregate blend contains materials from different deposits or sources, ensure that material from each
deposit or source has a freeze-thaw loss percentage meeting the requirements of table 460-2 and 106.3.4.2.2.

460.2.2.3 Aggregate Gradation Master Range 

(1) Ensure that the aggregate blend, including recycled material and mineral filler, conforms to the gradation
requirements in table 460-1. The values listed are design limits; production values may exceed those limits.
TABLE 460-1 AGGREGATE GRADATION MASTER RANGE AND VMA REQUIREMENTS 

SIEVE 

PERCENT PASSING DESIGNATED SIEVES 
NOMINAL SIZE 

No. 1 
(37.5 mm) 

No. 2 
(25.0 mm) 

No.3 (19.0 
mm) 

No. 4 
(12.5 mm) 

No. 5 
(9.5 mm) 

SMA No. 4 
(12.5 mm) 

SMA No. 5 
(9.5 mm) 

50.0-mm 100 
37.5-mm 90 –100 100 
25.0-mm 90 max 90 -100 100 
19.0-mm 90 max 90 -100 100 100 
12.5-mm 90 max 90 -100 100 90 - 97 100 
9.5-mm 90 max 90 -100 58 - 72 90 - 100 

4.75-mm 90 max 25 - 35 35 - 45 
2.36-mm 15 – 41 19 - 45 23 - 49 28 - 58 32 - 67 15 - 25 18 - 28 
75-µm 0 – 6.0 1.0 - 7.0 2.0 - 8.0 2.0 - 10.0 2.0 - 10.0 8.0 - 12.0 10.0 - 14.0 

% MINIMUM 
VMA 11.0 12.0 13.0 14.0[1] 15.0[2] 16.0 17.0 

[1] 14.5 for LT and MT mixes.
[2] 15.5 for LT and MT mixes.

460.2.3 Asphaltic Binders 
(1) The department will designate the grade of asphaltic binder in the HMA Pavement bid item. Use the binder grade
the bid item specifies. Do not change the PG binder grade without the engineer's written approval. The department
will designate the grade of virgin asphaltic binder in the contract, however, the contractor may use virgin binder,
modified binder, a blend of virgin and recovered binder, or a blend of

Revise 460.2.2.3(1) table 460-1 to include gradation numbers and traffic levels used for the new combined bid items. This revision incorporates 
STSP 460-025 HMA Pavement (gradation)(traffic)(binder)(designation). 

http://wisconsindot.gov/rdwy/stndspec/ss-01-06.pdf#ss106.3.4.2
http://wisconsindot.gov/rdwy/stndspec/ss-01-06.pdf#ss106.3.4.2.2
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modified and recovered binder. When the percent asphalt binder replaced exceeds the allowable limits in 460.2.5, 
provide test results from extracted and recovered binder to ensure that the resultant asphaltic binder conforms to 
the contract specifications. 

460.2.4 Additives 
460.2.4.1 Hydrated Lime Antistripping Agent 

(1) If used in HMA mixtures, furnish hydrated lime conforming to ASTM C977 and containing no more than 8 percent 
unhydrated oxides. Percent added is by weight of the total dry aggregate. 

460.2.4.2 Liquid Antistripping Agent 
(1) If used in HMA mixtures, add liquid antistripping agent to the asphaltic binder before introducing the binder into 
the mixture. Provide documentation indicating that addition of liquid antistripping agent will not alter the 
characteristics of the original asphaltic binder performance grade (PG). 

460.2.4.3 Stone Matrix Asphalt Stabilizer 
(1) Add an organic fiber, an inorganic fiber, a polymer-plastic, a polymer-elastomer, or approved alternate stabilizer 
to all SMA mixtures. If proposing an alternate, submit the proposed additive system, asphaltic binder, and 
stabilizer additive, along with samples of the other mixture materials to the department at least 14 days before the 
project let date. The department will approve or reject that proposed alternate additive system no later than 48 
hours before the project let date. 
(2) Use a single additive system for all SMA pavement in the contract. 

460.2.4.4 Warm Mix Asphalt Additive or Process 
(1) Use additives or processes from the department's approved products list. Follow supplier or manufacturer 
recommendations for additives and processes when producing WMA mixtures. 

460.2.5 Recycled Asphaltic Materials 
(1) The contractor may use recycled asphaltic materials from FRAP, RAP, and RAS in HMA mixtures. Stockpile 
recycled materials separately from virgin materials and list each as individual JMF components. 
(2) Control recycled materials used in HMA by evaluating the percent binder replacement, the ratio of recovered 
binder to the total binder. Conform to the following: 
MAXIMUM ALLOWABLE PERCENT BINDER REPLACEMENT 

RECYCLED ASPHALTIC MATERIAL LOWER LAYERS UPPER LAYER 
RAS if used alone 25 20 
RAP and FRAP in any combination 40 25 
RAS, RAP, and FRAP in combination [1] 35 25 

[1] When used in combination the RAS component cannot exceed 5 percent of the total weight of the aggregate blend. 
460.2.6 Recovered Asphaltic Binders 

(1) Establish the percent of recovered asphaltic binder from FRAP, RAP, and RAS for the mixture design according to 
AASHTO T164 using the appropriate dust correction procedure. If production test results indicate a change in the 
percent of recovered asphaltic binder, the contractor or the engineer may request a change in the design recovered 
asphaltic binder. Provide the department with at least 2 recent extraction samples supporting that change. Ensure 
that those samples were prepared according to CMM 8-65 by a WisDOT qualified laboratory. 
(2) The contractor may replace virgin binder with recovered binder up to the maximum percentage allowed under 
460.2.5 without changing the asphaltic binder grade. If using more than the maximum allowed under 460.2.5, furnish 
test results indicating that the resultant binder meets the grade the contract originally specified. 

460.2.7 HMA Mixture Design 
(1) For each HMA mixture type used under the contract, develop and submit an asphaltic mixture design according 
to CMM 8-66 and conforming to the requirements of table 460-1 and table 460-2. The values listed are design 
limits; production values may exceed those limits. The department will review mixture designs and report the 
results of that review to the designer according to CMM 8-66. 

http://www.astm.org/cgi-bin/resolver.cgi?C977
http://wisconsindot.gov/rdwy/cmm/cm-08-65.pdf#cm8-65
http://wisconsindot.gov/rdwy/cmm/cm-08-65.pdf#cm8-65
http://wisconsindot.gov/rdwy/cmm/cm-08-66.pdf#cm8-66
http://wisconsindot.gov/rdwy/cmm/cm-08-66.pdf#cm8-66
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TABLE 460-2 MIXTURE REQUIREMENTS 
Mixture type LT MT HT SMA 

ESALs x 106 (20 yr design life) <2.0 2 - <8 >8 > 5 mil

LA Wear (AASHTO T96) 
100 revolutions (max % loss) 13 13 13 13 
500 revolutions (max % loss) 50 45 45 40 

Soundness (AASHTO T104) 
(sodium sulfate, max % loss) 12 12 12 12 

Freeze/Thaw (AASHTO T103) 
(specified counties, max % loss) 18 18 18 18 

Fractured Faces (ASTM D5821) 
(one face/2 face, % by count) 65/  75 / 60 98 / 90 100/90 

Flat & Elongated (ASTM D4791) 
(max %, by weight) 

5 
(5:1 ratio) 

5 
(5:1 ratio) 

5 
(5:1 ratio) 

20 
(3:1 ratio) 

Fine Aggregate Angularity 
(AASHTO T304, method A, min) 40 43 45 45 

Sand Equivalency (AASHTO T176, min) 40 40 45 50 

Gyratory Compaction 
Gyrations for Nini 6 7 8 8 
Gyrations for Ndes 40 75 100 65 
Gyrations for Nmax 60 115 160 160 

Air Voids, %Va 
(%Gmm Ndes) 

4.0 
(96.0) 

4.0 
(96.0) 

4.0 
(96.0) 

4.0 
(96.0) 

% Gmm Nini <= 91.5[1] <= 89.0[1] <= 89.0 
% Gmm Nmax <= 98.0 <= 98.0 <= 98.0 
Dust to Binder Ratio [2] (% passing 0.075/Pbe) 0.6 - 1.2 0.6 - 1.2 0.6 - 1.2 1.2 - 2.0 

Voids filled with Binder (VFB or VFA, %) 68 - 80[4] [5] 65 – 75[3] [5] 65 - 75[3] [5] 70 - 80 

Tensile Strength Ratio (TSR) (AASHTO T283) 
no antistripping additive 0.75 0.75 0.75 0.75 
with antistripping additive 0.80 0.80 0.80 0.80 

Draindown (AASHTO T305) (%) 0.30 
[1] The percent maximum density at initial compaction is only a guideline.
[2] For a gradation that passes below the boundaries of the caution zone (ref. AASHTO M323), the dust to binder ratio limits are
0.6 - 1.6.
[3] For No. 5 (9.5mm) and No. 4 (12.5 mm) nominal maximum size mixtures, the specified VFB range is 70 - 76%.
[4] For No. 2 (25.0mm) nominal maximum size mixes, the specified VFB lower limit is 67%.
[5] For No. 1 (37.5mm) nominal maximum size mixes, the specified VFB lower limit is 67%.

460.2.8 Quality Management Program 
460.2.8.1 General 

(1) Provide and maintain a QC program defined as all activities, including mix design, process control
inspection, sampling and testing, and process adjustments related to producing and placing HMA pavement
conforming to the specifications.
(2) The department will provide product quality verification as follows:

1. By conducting verification testing of independent samples.
2. By periodically observing contractor sampling and testing.
3. By monitoring required control charts exhibiting test results and control parameters.
4. By the engineer directing the contractor to take additional samples at any time during production.

(3) Refer to CMM 8-36 for detailed guidance on sampling, testing, and documentation under the QMP.

Revise 460.2.7(1) table 460-2 to switch from E mixes to LT, MT, and HT mixes; and change tensile strength ratios. This revision 
incorporates STSP 460-025 HMA Pavement (gradation)(traffic)(binder)(designation). 

http://www.astm.org/cgi-bin/resolver.cgi?D5821
http://www.astm.org/cgi-bin/resolver.cgi?D4791
http://wisconsindot.gov/rdwy/cmm/cm-08-36.pdf#cm8-36
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460.2.8.2 Contractor Testing 
460.2.8.2.1 Required Quality Control Program 
460.2.8.2.1.1 Personnel Requirements 

(1) Provide HTCP-certified sampling and testing personnel. Provide at least one full-time HMA technician certified
at a level appropriate for sampling and production control testing at each plant site furnishing material to the
project. Before mixture production begins, provide an organizational chart in the contractor's laboratory. Include
the names, telephone numbers, and current certifications of personnel with QC responsibilities. Keep the chart
updated.
(2) Ensure that sampling and testing personnel are minimally qualified as follows [1]:

- HMA technician certified at a level appropriate for sampling and production control testing.
- HMA ACT [2].

[1] After informing the engineer, a non-certified person under the direct observation of a certified HMA technician may sample
for a period not to exceed 3 calendar days.
[2] A certified HMA technician must coordinate and take responsibility for the work an ACT performs. No more than one ACT can
work under a single certified technician.
(3) Have a certified HMA technician ensure that sampling and testing is performed correctly, analyze test results, and
post resulting data.
(4) Have an HMA technician certified at a level appropriate for process control and troubleshooting or mix design
available to make necessary process adjustments.

460.2.8.2.1.2 Laboratory Requirements 
(1) Conduct QC testing in a facility conforming to the department's laboratory qualification program.
(2) Ensure that testing equipment conforms to the equipment specifications applicable to the required testing methods.

460.2.8.2.1.3 Required Sampling and Testing 
460.2.8.2.1.3.1 Contracts with 5000 Tons of Mixture or Greater 

(1) Furnish and maintain a laboratory at the plant site fully equipped for performing contractor QC testing. Have the
laboratory on-site and operational before beginning mixture production.
(2) Obtain random samples and perform tests according to CMM 8-36. Obtain HMA mixture samples from trucks at
the plant. Perform tests the same day taking the sample.
(3) Retain the split portion of the contractor HMA mixture and blended aggregate samples for 14 calendar days at
the laboratory site in a dry, protected area. The engineer may decrease this 14-day retention period. At project
completion the contractor may dispose of remaining samples if the engineer approves.
(4) Use the test methods identified below, or other methods the engineer approves, to perform the following tests at a
frequency greater than or equal to that indicated:
Blended aggregate gradations: Drum plants: 

- Field extraction by CMM 8-36.
- Belt samples, optional for virgin mixtures, obtained from stopped belt or from the belt

discharge using an engineer-approved sampling device and performed according to
AASHTO T11 and T27.

Batch plants: 
- Field extraction by CMM 8-36.

Asphalt content (AC) in percent: AC by 
calculation. 
AC by nuclear gauge reading, optional. AC by inventory, 
optional. 
Bulk specific gravity of the compacted mixture according to AASHTO T166. Maximum 
specific gravity according to AASHTO T209. 
Air voids (Va) by calculation according to AASHTO T269. VMA by 
calculation according to AASHTO R35. 
(5) Test each design mixture at a frequency at or above the following:
TOTAL DAILY PLANT PRODUCTION
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FOR DEPARTMENT CONTRACTS SAMPLES 
in tons PER DAY [1]

50 to 600 1 
601 to 1500 2 
1501 to 2700 3 
2701 to 4200 4 

greater than 4200 see footnote [2] 

[1] Frequencies are for planned production. If production is other than planned, conform to CMM 8-36.
[2] Add a random sample for each additional 1500 tons or fraction of 1500 tons.
(6) Also conduct field tensile strength ratio tests according to ASTM D4867 on mixtures requiring an antistripping
additive. Test each full 50,000 ton production increment, or fraction of an increment, after the first 5000 tons of
production. Perform required increment testing in the first week of production of that increment. If field tensile
strength ratio values are either below the spec limit or less than the mixture design JMF percentage value by 20 or
more, notify the engineer. The engineer and contractor will jointly determine a corrective action.

460.2.8.2.1.3.2 Contracts with Less Than 5000 Tons of Mixture 
(1) Conform to 460.2.8.2.1.3.1 modified as follows:

- The contractor may conduct QC tests in an off-site laboratory.
- No field tensile strength ratio testing is required.

460.2.8.2.1.3.3 Contracts with Less Than 500 Tons of Mixture 
(1) The engineer may waive QC testing on contracts with less than 500 tons of mixture. If testing is waived, acceptance will
be by visual inspection unless defined otherwise by contract change order.
(2) If HMA density testing is waived under 460.3.3.3, QC testing is also waived.

460.2.8.2.1.3.4 Temporary Pavements 
(1) The engineer may waive all testing for temporary pavements, defined for this purpose as pavements that will be
placed and removed before contract completion.

460.2.8.2.1.4 Documentation 
460.2.8.2.1.4.1 Records 

(1) Document observations, inspection records, mixture adjustments, and test results daily. Note observations and
inspection records in a permanent field record as they occur. Record process adjustments and JMF changes.
Submit copies of the running average calculation sheets for blended aggregate, mixture properties, and asphalt
content along with mixture adjustment records to the engineer each day. Submit testing records and control charts
to the engineer in a neat and orderly manner within 10 days after paving is completed.
(2) Continue charts, records, and testing frequencies, for a mixture produced at one plant site, from contract to
contract.

460.2.8.2.1.4.2 Control Charts 
(1) Maintain standardized control charts at the laboratory. Record contractor test results on the charts the same day
as testing. Record data on the standardized control charts as follows:

- Blended aggregate gradation tests in percent passing. Of the following, plot those sieves the design
specifications require: 37.5-mm, 25.0-mm, 19.0-mm, 12.5-mm, 9.5-mm, 2.36-mm, and 75-µm.

- Asphalt material content in percent.
- Air voids in percent.
- VMA in percent.

(2) Plot both the individual test point and the running average of the last 4 data points on each chart. Show QC data
in black with the running average in red. Draw the warning limits with a dashed green line and the JMF limits with
a dashed red line. The contractor may use computer generated black-and-white printouts with a legend that
clearly identifies the specified color coded components.

460.2.8.2.1.5 Control Limits 
(1) Conform to the following control limits for the JMF and warning limits based on a running average of the last 4
data points:
ITEM JMF LIMITS WARNING LIMITS 
Percent passing given sieve: 

37.5-mm +/- 6.0 +/- 4.5 
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25.0-mm +/- 6.0 +/- 4.5 
19.0-mm +/- 5.5 +/- 4.0 
12.5-mm +/- 5.5 +/- 4.0 
9.5-mm +/- 5.5 +/- 4.0 

2.36-mm +/- 5.0 +/- 4.0 
75-µm +/- 2.0 +/- 1.5 

Asphaltic content in percent - 0.3 - 0.2
Air voids in percent +/- 1.3 +/- 1.0
VMA in percent [1] - 0.5 - 0.2

[1] VMA limits based on minimum requirement for mix design nominal maximum aggregate size in table 460-1.
(2) Warning bands are defined as the area between the JMF limits and the warning limits.

460.2.8.2.1.6 Job Mix Formula Adjustment 
(1) The contractor may request adjustment of the JMF according to CMM 8-66.2. Have an HMA technician certified
at a level appropriate for process control and troubleshooting or mix design submit a written JMF adjustment
request. Ensure that the resulting JMF is within specified master gradation bands. The department will have a
certified Hot Mix Asphalt, Mix Design, Report Submittals technician review the proposed adjustment and, if
acceptable, issue a revised JMF.
(2) The department will not allow adjustments that do the following:

- Exceed specified JMF tolerance limits.
- Reduce the JMF asphalt content unless the production VMA running average meets or exceeds the minimum

VMA design requirement defined in table 460-1 for the mixture produced.
(3) Have a certified Hot Mix Asphalt, Troubleshooting, Process Control technician make related process adjustments.
If mixture redesign is necessary, submit a new JMF, subject to the same specification requirements as the original
JMF.

460.2.8.2.1.7 Corrective Action 
(1) When running average values trend toward the warning limits, consider taking corrective action. Document
corrective actions undertaken. Include test results in the contract files and in running average calculations.
(2) Notify the engineer if running average values exceed the warning limits. If two consecutive running average
values exceed the warning limits, stop production and make adjustments. Do not restart production until after
notifying the engineer of the adjustments made. Do not calculate a new running average until the fourth test
after the required production stop.
(3) If the process adjustment improves the property in question so that the running average after 4 additional tests is
within the warning limits, the contractor may continue production with no reduction in payment.
(4) If the adjustment does not improve the properties and the running average after 4 additional tests stays inside the
warning bands, the mixture is nonconforming and subject to pay adjustment.
(5) If the contractor fails to stop production and make adjustments when required, all mixture produced from the stop
point to the point when the running average is back inside the warning limits is nonconforming and subject to pay
adjustment.

(6) If the running average values exceed the JMF limits, stop production and make adjustments. Do not restart
production until after notifying the engineer of the adjustments made. Continue calculating the running average
after the production stop.
(7) If the air voids running average of 4 exceeds the JMF limits, the material is nonconforming. Remove and replace
unacceptable material. The engineer will determine the quantity of material to replace based on the testing data
using the methods in CMM 8-36 and an inspection of the completed pavement. If the engineer allows the mixture to
remain in place, the department will pay for the mixture and asphaltic material as specified in 460.5.2.1.
(8) If the running average of 4 exceeds the JMF limits for other properties, and the engineer allows the mixture to
remain in place, the department will pay for the mixture as specified in 460.5.2.1. The engineer will determine the
quantity of material subject to pay reduction based on the testing data and an inspection of the completed
pavement.

Delete 460.2.8.2.1.7(6) to move pay adjustment for nonconforming materials to the payment subsection. 

http://wisconsindot.gov/rdwy/cmm/cm-08-66.pdf#cm8-66.2
http://wisconsindot.gov/rdwy/cmm/cm-08-36.pdf#cm8-36


145 

Chapter 1  460.2.8.2.2 (Vacant) 
460.2.8.3 Department Testing 460.2.8.3.1 Quality 
Verification Program 460.2.8.3.1.1 General 
(1) The engineer will conduct QV tests to determine the quality of the final product and measure characteristics that
predict relative performance.

460.2.8.3.1.2 Personnel Requirements 
(1) The department will provide at least one HTCP-certified HMA technician, certified at a level appropriate for
sampling and mixture production control testing, to observe QV sampling of project mixtures.
(2) An HMA technician certified at a level appropriate for sampling and mixture production control testing, or an HMA
ACT working under the HMA certified technician, will split samples and do the testing. An HMA technician certified
at a level appropriate for sampling and mixture production control testing must coordinate and take responsibility
for the work an ACT performs. No more than one ACT can work under a single certified technician.
(3) An HMA technician certified at a level appropriate for sampling and mixture production control testing will ensure
that sampling and testing is performed correctly, analyze test results, and post resulting data.
(4) The department will make an organizational chart available at the testing laboratory and to the contractor before
mixture production begins. The department's chart will include names, telephone numbers, and current certifications
of QV testing personnel. The department will update the chart with appropriate changes, as they become effective.

460.2.8.3.1.3 Laboratory Requirements 
(1) The department will furnish and maintain a facility for QV testing conforming to the department's laboratory
qualification program requirements and fully equipped to perform QV testing. In all cases, the department will
conduct testing in a separate laboratory from the contractor's laboratory.

460.2.8.3.1.4 Department Verification Testing Requirements 
(1) HTCP-certified department personnel will obtain random samples by directly supervising HTCP-certified
contractor personnel sampling from trucks at the plant. The department will sample according to CMM
8-36. Sample size must be adequate to run the appropriate required tests in addition to one set of duplicate tests
that may be required for dispute resolution. The engineer will split the sample for testing and retain the remaining
portion for additional testing if needed.
(2) The department will verify product quality using the test methods specified in 460.2.8.3.1.4(3), other engineer-
approved methods, or other methods the industry and department HMA technical team recognizes. The
department will identify test methods before construction starts and use only those methods during production of
that material unless the engineer and contractor mutually agree otherwise.
(3) The department will perform testing conforming to the following standards:
Bulk specific gravity (Gmb) of the compacted mixture according to AASHTO T166. Maximum
specific gravity (Gmm) according to AASHTO T209.
Air voids (Va) by calculation according to AASHTO T269. VMA by
calculation according to AASHTO R35.
(4) The department will randomly test each design mixture at the following minimum frequency:
FOR TONNAGES TOTALING:
Less than 501 tons .......................................................................................................................... no tests required 
From 501 to 5,000 tons..................................................................................................................................one test 
More than 5,000 tons............................................................... add one test for each additional 5,000-ton increment 

460.2.8.3.1.5 Documentation 
(1) The engineer will document observations during QV sampling, and review QC mixture adjustments and QC test
results daily. The engineer will note results of observations and inspection records in a permanent field record as
they occur.

460.2.8.3.1.6 Acceptable Verification Parameters 
(1) The engineer will provide test results to the contractor within 2 mixture-production days after obtaining the sample.
The quality of the product is acceptably verified if it meets the following limits:

Vacate 460.2.8.2.2 to eliminate contractor assurance HMA testing from the contract. The department no longer recognizes these tests as a valid 
means to assure the accuracy of QC test results. 
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- Va is within a range of 2.7 to 5.3 percent.
- VMA is within minus 0.5 of the minimum requirement for the mix design nominal maximum aggregate size.

(2) If QV test results are outside the specified limits, the engineer will investigate immediately through dispute
resolution procedures. The engineer may stop production while the investigation is in progress if the potential for a
pavement failure is present.
(3) If production continues for that mixture design, the engineer will provide additional retained sample testing at the
frequency provided for in CMM 8-36. This supplemental testing will continue until the material meets allowable
differences or as the engineer and contractor mutually agree.

460.2.8.3.1.7 Dispute Resolution 
(1) When QV test results do not meet the specified limits, the bureau's AASHTO accredited laboratory and certified
personnel will referee test the retained portion of the QV sample and the retained portion of the nearest available
previous QC sample.
(2) The department will notify the contractor of the referee test results within 3 business days after receipt of the
samples.
(3) The department will determine mixture conformance and acceptability by analyzing referee test results, reviewing
mixture project data, and inspecting the completed pavement all according to CMM 8-36.

460.2.8.3.1.8 Corrective Action 
(1) Remove and replace unacceptable material at no additional expense to the department.
(2) The department will reduce pay for the tonnage of nonconforming mixture, as determined during QV dispute
resolution, if the engineer allows that mixture to remain in place. If production of that mixture design continued
during the investigation, the department will also adjust pay for that mixture forward to the next conforming QV or
QC point. The department will pay for the affected mixture as specified in 460.5.2.1.

Chapter 2  460.2.8.3.2 Independent Assurance Testing 
(1) The department will evaluate both the contractor and department testing personnel and equipment as specified in
106.3.4.3.4.

460.3 Construction 
460.3.1 General 

(1) Construct HMA pavement of the type the bid item indicates encoded as follows:
Combined Bid Item Encoding 

GRADATIONS (NMAS) 1 37.5 
mm 
2 25.0 mm 
3 19.0 mm 
4 12.5 mm 
5 9.5 mm 
6 4.75 mm 

TRAFFIC VOLUME 
LT Low 
MT Medium 
HT High 

BINDER DESIGNATION LEVEL 
S Standard 
H Heavy 
V Very Heavy 
E Extremely Heavy 

(2) Construct HMA pavement conforming to the general provisions of 450.3.
460.3.2 Thickness 

(1) Provide the plan thickness for lower and upper layers limited as follows:

Revise 460.3.1 to specify the encoding for the combined bid item naming convention. 

Revise 460.3.2(1) to include gradation numbers and update the minimum and maximum required thickness. 
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NOMINAL 
SIZE 

MINIMUM LAYER 
THICKNESS 

MAXIMUM LOWER 
LAYER THICKNESS 

MAXIMUM UPPER 
LAYER THICKNESS 

MAXIMUM SINGLE 
LAYER THICKNESS[3]

in inches in inches in inches in inches 
No. 1 (37.5 mm) 4.5 6 4.5 6 
No. 2 (25.0 mm) 3.0 5 4 6 
No. 3 (19.0 mm 2.25 4 3 5 

No. 4 (12.5 mm)[1] [4] 1.75 3[2] 2.5 4 
No. 5 (9.5 mm)[1] [4] 1.5 3[2] 2 3 
[1] SMA mixtures use nominal size No. 4 (12.5 mm) or No. 5 (9.5 mm).
[2] SMA mixtures with nominal sizes of No. 4 (12.5 mm) and No. 5 (9.5 mm) have no maximum lower layer thickness specified.
[3] For use on cross-overs and shoulders.
[4] Can be used for a leveling layer or scratch coat at a reduced thickness.

460.3.3 HMA Pavement Density Maximum Density Method 
460.3.3.1 Minimum Required Density 

(1) Compact all layers of HMA mixture to the density table 460-3 shows for the applicable mixture, location, and layer.
TABLE 460-3 MINIMUM REQUIRED DENSITY [1] 

LOCATION LAYER 

PERCENT OF TARGET MAXIMUM DENSITY 

MIXTURE TYPE 

LT and MT HT SMA [5]

TRAFFIC LANES [2]
LOWER 

UPPER 

91.5[3] 

91.5 

92.0[4] 

92.0 
SIDE ROADS, LOWER 91.5[3] 92.0[4] 

CROSSOVERS, 
TURN LANES, & 
RAMPS 

UPPER 91.5 92.0 

SHOULDERS & LOWER 89.5 89.5 
APPURTENANCES UPPER 90.5 90.5 

[1] The table values are for average lot density. If any individual density test result falls more than 3.0 percent below the minimum
required target maximum density, the engineer may investigate the acceptability of that material.
[2] Includes parking lanes as determined by the engineer.
[3] Minimum reduced by 2.0 percent for a lower layer constructed directly on crushed aggregate or recycled base courses.
[4] Minimum reduced by 1.0 percent for a lower layer constructed directly on crushed aggregate or recycled base courses.
[5] The minimum required densities for SMA mixtures are determined according to CMM 8-15.

460.3.3.2 Pavement Density Determination 
(1) The engineer will determine the target maximum density using department procedures described in CMM 8-15.
The engineer will determine density as soon as practicable after compaction and before placement of subsequent
layers or before opening to traffic.
(2) Do not re-roll compacted mixtures with deficient density test results. Do not operate continuously below the
specified minimum density. Stop production, identify the source of the problem, and make corrections to produce
work meeting the specification requirements.
(3) A lot is defined in CMM 8-15 and placed within a single layer for each location and target maximum density
category indicated in table 460-3. The lot density is the average of all samples taken for that lot. The department
determines the number of tests per lot according to either the linear sublot system or the nominal tonnage system
defined in CMM 8-15.
(4) A certified nuclear density technician, or a nuclear density ACT working under a certified nuclear density
technician, will locate samples and perform the testing. A certified nuclear density technician must coordinate and
take responsibility for the work an ACT performs. No more than one ACT can work under

Revise 460.3.3.1(1) table 460-3 to switch from E mixes to LT, MT, and HT mixes. This revision incorporates STSP460-025. 
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a single certified technician. The responsible certified technician will ensure that sample location and testing is 
performed correctly, analyze test results, and provide density results to the contractor weekly. 

460.3.3.3 Waiving Density Testing 
(1) The engineer may waive density testing for one or more of the following reasons:

1. It is impracticable to determine density by the lot system.
2. The contract contains less than 750 tons of a given mixture type placed within the same layer and target

maximum density category.
(2) If the department waives density testing notify the contractor before paving. The department will accept the
mixture by the ordinary compaction procedure as specified in 450.3.2.6.2.
(3) If HMA QC testing is waived under 460.2.8.2.1.3.3, density testing is also waived.

460.4 Measurement 
(1) The department will measure the HMA Pavement bid items acceptably completed by the ton as specified in 450.4.

460.5 Payment 
460.5.1 General 

(1) The department will pay for measured quantities at the contract unit price under the following bid items:
ITEM NUMBER DESCRIPTION UNIT 
460.5000 - 5999 HMA Pavement (gradation) LT (binder)(designation) TON 
460.6000 - 6999 HMA Pavement (gradation) MT (binder)(designation) TON 
460.7000 - 7999 HMA Pavement (gradation) HT (binder)(designation) TON 
460.8000 - 8999 HMA Pavement (gradation) SMA (binder)(designation) TON 
460.2000 Incentive Density HMA Pavement DOL 
460.5.2 HMA Pavement 
460.5.2.1 General 

(1) The department will pay for the HMA Pavement bid items at the contract unit price subject to one or more of the
following adjustments:

1. Disincentive for density of HMA pavement as specified in 460.5.2.2.
2. Incentive for density of HMA pavement as specified in 460.5.2.3.
3. Reduced payment for nonconforming smoothness as specified in 450.3.2.9.
4. Reduced payment for nonconforming QMP HMA mixtures as specified in 460.2.8.2.1.7.

(2) Payment for the HMA Pavement bid items is full compensation for providing HMA pavement including binder; for
mixture design; for preparing the foundation; and for QMP and aggregate source testing.
(3) If provided for in the plan quantities, the department will pay for a leveling layer, placed to correct irregularities in
an existing paved surface before overlaying, under the pertinent paving bid item. Absent a plan quantity, the
department will pay for a leveling layer as extra work.
(4) The department will administer pay reduction for nonconforming QMP mixture under the Nonconforming QMP
HMA Mixture administrative item. The department will reduce pay based on the contract unit price for the HMA
Pavement bid item.
(5) The department will reduce pay for nonconforming QMP HMA mixtures as specified in 460.2.8.2.1.7, starting
from the stop point to the point when the running average of 4 is back inside the warning limits. The engineer will
determine the quantity of material subject to pay reduction based on the testing data and an inspection of the
completed pavement. The department will reduce pay as follows:

Revise 460.5.1(1) to add combined bid items that specify the gradation, traffic, binder, and designation. This revision incorporates 
STSP460-025. 

Revise 460.5.2.1 to specify nonconforming combined bid item pay adjustments. This revision incorporates STSP460-025. 
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ITEM 

PAYMENT FOR MIXTURE [1] [2] 
PRODUCED WITHIN 
WARNING BANDS 

PRODUCED OUTSIDE JMF 
LIMITS 

Gradation 90% 75% 
Asphalt Content 85% 75% 

Air Voids 70% 50% 
VMA 90% 75% 

[1] For projects or plants where the total production of each mixture design requires less than 4 tests refer
to CMM 8-36.
[2] Payment is in percent of the contract unit price for the HMA Pavement bid item. The department will
reduce pay based on the nonconforming property with lowest percent pay.
[3] In addition to any pay adjustment listed in the table above, the department will adjust pay for
nonconforming binder under the Nonconforming QMP Asphaltic Material administrative item. The
department will deduct 25 percent of the contract unit price of the HMA Pavement bid item per ton of
pavement placed with nonconforming PG binder the engineer allows to remain in place.
(6) If the department discovers nonconforming mixture during a QV dispute resolution investigation,
and the engineer allows that mixture to remain in place, the department will pay for the quantity of
affected material as specified in 460.2.8.3.1.8 at 50 percent of the contract price.
(7) If the department waives density testing under 460.3.3.3, the department will not adjust pay
under either 460.5.2.2 or 460.5.2.3.
(8) Restore the surface after cutting density samples as specified in 460.3.3.2(1) at no additional cost to
the department.

460.5.2.2 Disincentive for HMA Pavement Density 
(1) The department will administer density disincentives under the Disincentive Density HMA
Pavement administrative item. If the lot density is less than the specified minimum in table 460-3,
the department will reduce pay based on the contract unit price for the HMA Pavement bid item for
that lot as follows:
DISINCENTIVE PAY REDUCTION FOR HMA PAVEMENT DENSITY 

PERCENT LOT DENSITY PAYMENT FACTOR 
BELOW SPECIFIED MINIMUM (percent of contract price) 

From 0.5 to 1.0 inclusive 98 
From 1.1 to 1.5 inclusive 95 
From 1.6 to 2.0 inclusive 91 
From 2.1 to 2.5 inclusive 85 
From 2.6 to 3.0 inclusive 

More than 3.0[1] 

70 

[1] Remove and replace the lot with a mixture at the specified density. When acceptably replaced, the
department will pay for the replaced work at the contract unit price. Alternatively the engineer may allow the
nonconforming material to remain in place with a 50 percent payment factor.
(2) The department will not assess density disincentives for pavement placed in cold weather
because of a department-caused delay as specified in 450.5.2(3).

460.5.2.3 Incentive for HMA Pavement Density 
(1) If the lot density is greater than the minimum specified in table 460-3 and all individual air
voids test results for that mixture placed during the same day are within +1.0 percent or - 0.5
percent of the design target in table 460-2, the department will adjust pay for that lot as follows:
INCENTIVE PAY ADJUSTMENT FOR HMA PAVEMENT DENSITY 

PERCENT LOT DENSITY ABOVE SPECIFIED MINIMUM PAY ADJUSTMENT PER TON [1]

From -0.4 to 1.0 inclusive $0 
From 1.1 to 1.8 inclusive $0.40 

More than 1.8 $0.80 
[1] The department will prorate the pay adjustment for a partial lot.
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(2) The department will adjust pay under the Incentive Density HMA Pavement bid item.
Adjustment under this item is not limited, either up or down, to the bid amount the schedule of
items shows.
(3) The department will restrict incentive payment for shoulders paved integrally with the traffic
lane, if the traffic lane does not meet incentive requirements, the department will not pay
incentive on the integrally paved shoulder.
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