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3.3 Comparing the Performance of Different Asphalt Mixtures

One of the objectives of the project was to provide a tool to compare the relative
performance of different asphalt mixtures. The project filtering function of the application
provides the ability to select projects for comparison. Using this function allows the performance
measures of two or more projects to be compared directly, albeit visually. Any of the network-
level performance measures listed in Section 2.1.1 of this report (rutting, cracking, roughness,
etc.) may be used for comparison.

Comparing the relative performance of projects should consider a number of factors that
may influence the performance of any particular mixture used on a project. This includes not
only the traffic and climatic conditions to which a mixture is subjected, the past service life of
the mixture, design and construction properties, but also the underlying structure on which the
mixture is paved. Discretion is therefore required to ensure that projects are compared fairly. The
application dialogs provide most of the functions necessary to review the various factors that
may influence a mixtures performance. Furthermore, a statistical function is provided that allows
a more thorough comparison of mixture performance. This is discussed in more detail later in the
report.

3.4 Performance Trend Analysis

The application provides a function to investigate the performance trends of SiteManager
projects. The anticipated future performance of a project may be forecast based on past
performance measures. This is done by fitting a linear, quadratic, or exponential function to
available performance measures and estimating or predicting the performance at a future date
based on the best fit of these models. Figure 3.6 shows the performance trend analysis of average
IRI for a particular SiteManager project constructed in 2004.

The accuracy of the performance trends is significantly influenced by the initial
performance measurement and the user must indicate the start date from when to begin the
forecast. The start date for performance predictions would typically be the date when
construction of the project was completed. The end-of-construction date, however, may not
necessarily be the same as the date when the first PMIS measurement following construction of
the project was done, as is illustrated in Figure 3.6. In this figure the actual IRI of the project is
shown to rapidly decrease from 2004 to 2005 followed by a gradual increase through 2008. The
initial drop in IRI is what one would expect following rehabilitation of a roadway. The newer
road would be smoother than the old one. Over time one would expect the roughness of the road
to increase as the pavement ages. This too is the case. Thus, although the project shown in Figure
3.6 may have been constructed in 2004, the first PMIS measurement was only taken in 2005;
hence 2005 would be a better choice for the start date from which to begin the trend forecast.

27



x]

ooo0s04059

Section Info
Performance Info Table
Performance Info Chart

Performance Trend Analysis

2005 v | Average(L+R) IRI
Trend Type: |/ Linear 2} Quadratic | Exponential
a0
70
&0
S0
40
30
Actual
20
10 Predicted
u]
2004 2005 2006 2007 200s
Forecast: vear | 2010 Calc Performance 53,6
L J

Design QC/QA Daf
Construction QC/QA Data

Section Information

-
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3.5 Inputting SiteManager Projects

The application provides the functions necessary to input new SiteManager projects. The
database currently includes SiteManager projects constructed from 2004 through July 2008. As
new TxDOT projects are constructed on a monthly basis, the application database should be
updated from time to time to include these new projects. Once the application database has been
updated, the application may be used to input these new projects into the system. This process is
outlined in the application User’s manual.

The application provides various tools to assist the user with the input of new
SiteManager projects. This ensures that a link can be established between the SiteManager and
PMIS databases. To provide this link, the user must be able to identify the beginning and ending
Texas Reference Markers (TRMs) of the SiteManager project. This is necessary to be able to
communicate with PMIS. In addition, to allow the geographical positioning of the project, the
longitude and latitude of the beginning and ending points of the project must be defined.

The description fields in the DCIS Project table provide a description of the beginning
(from) and ending (to) locations, textually describing the extents of the project. These
descriptions may include street names, county lines, or other physical locations that may be used
to trace or locate these extents on the underlying map. In addition to the base street maps, the
application also provides satellite aerial photography and topographical maps to aid the user in
locating project extents. Once these extents are defined, the longitude and latitude coordinates of
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the beginning and ending points of the project may be retrieved directly from the underlying
map. If the DCIS Projects table does not provide the TRMs for the project, these may be
determined indirectly.

One way to retrieve TRMs for a SiteManager project involves plotting the TRMs along
the project route and calculating the distance from the project extents to these TRMs. If the route
and county in which the project is located is known, all the TRMS along that route and within
that county may be plotted on the underlying map. This is demonstrated in Figure 3.7 that shows
the TRMs along US 181 in Bee County. The mouse pointer has been placed over one of the
TRMs at reference marker 596. Note that for illustrative purposes the map has been rotated to
show the TRMs horizontally along the map.
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Figure 3.7: Plotting TRMs
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TRMs in Texas run from state line to state line and start from the westernmost or
northernmost point of the highway origin for all roads except interstate highways which are
numbered south to north. If the project extent falls between or within a reasonable distance from
a TRM marked on the underlying map, the distance from the project extent and the TRM can be
determined to define the TRM of the project extent. This typically would include a displacement
(positive or negative) from the marked TRM. Distances between two points on the map are
determined by calculating the geodesic distance (in miles) between the points specified by
longitude and latitude coordinates. The function used in the application to determine distances
between two points makes use of the Vincenty inverse formula for ellipsoids. This equation takes
into account the curvature of the earth and provides an accurate estimate of distances between
points that are close and far apart (http://en.wikipedia.org/wiki/Vincenty%?27s_formulae).

Measuring the distance between points is also useful if the length of the project is
available. The application provides a function to trace a line along a route and to measure the
cumulative distance from a particular starting point. The length of SiteManager projects is an
important parameter to consider when inputting new projects. PMIS data is collected every 0.1
miles; therefore a 3-mile long section will provide 30 performance measurements along the
section. Shorter sections may not provide sufficient data for statistical analyses. As a general
guideline it is recommended that only SiteManager sections at least 3-miles in length be
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considered in the application. Furthermore, the length of a SiteManager project should be
considered together with the quantity of asphalt concrete placed during construction. This may
be useful to indicate the relative thickness and extent of the project. The user should also be
aware that the lengths of some SiteManager projects are incorrectly listed as zero when in fact
the project extends several miles. In some cases, a project length of zero is listed if the
SiteManager project entails county or state-wide repairs. These particular projects should not be
considered in the application.

In addition to the GIS coordinates and TRM information, the user must indicate the
roadway on which the project is constructed. This may be on (i) an undivided roadway, (ii) a
divided mainlane, or (iii) on frontage roads on a divided roadway. The description field in the
DCIS table may indicate on which roadway the project is constructed. The underlying map may
also be scaled to show whether the roadway is divided or not— divided roadways show as two
distinct lines on the application base street maps when scaled to 200 feet. For interstate highways
with frontage roads it was assumed that construction always occurred on the mainlanes if this
was not indicated in the Project table. The user may, however, not wish to enter a SiteManager
project if this information is not known as this may lead to errors or inaccuracies when
determining the performance of a roadway that was mistakenly identified to be on the incorrect
lane.

SiteManager projects may be input directly from the application front-end. Projects may
also be edited directly from the front-end. The ability to enter or change data in the application
database is considered an administrative privilege and application administrators will require a
user identification and password in order to input SiteManager projects or edit existing projects.

3.6 Statistical Analysis of Performance

The statistics application is opened from the Peta icon shown on the application bar. In
contrast to the project selection and filtering functions that can be used to summarize
performance trends for individual sections, the statistics function is used to provide an overall
summary based on all of the projects in the application database. The application’s statistics
dialog, pictured in Figure 3.8, shows how different variables that can be included in a statistical
analysis are grouped in separate containers. Currently the statistical application allows for the
analysis of various influence factors including asphalt mix type, facility type, climate, low and
high temperature grade, as well as various material properties and loading conditions. Response
variables are the network-level performance measures (rutting, cracking, roughness, etc.) as
previously listed in Section 2.1.1 of the report. Running a statistical analysis requires selection of
the influence and response variables and clicking the Run button provided on the dialog. The
information is sent to the server, processed, and the results of the statistical analysis sent back to
the client in the format shown in Figure 3.9.
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The statistics analysis function is programmed to run through a Python module that
performs a regression analysis on data passed to the server. The analysis is run on the server to
obtain the coefficients of the linear equation y; = a + b x;. These are determined using a least-
squares approach. The output indicates the dependent or response variable, the number of
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observations, and the number of variables included in the regression analysis. The calculated
coefficients, standard errors, t-statistics, and probabilities of the independent variables are
provided as output. The statistical output also includes some model and residual statistics. It is
left to the user to interpret the results of the analysis although the User’s manual provides an
example with some guidelines to assist in the interpretation of the results. The application’s
statistics function does perform some error checking to ensure that the data being analyzed is
valid but does not currently check for highly correlated variables.

Source code for the application, as well as the Python scripts used to communicate with
the database server and to run the trend and statistical analyses, has been provided to TxDOT.
The next chapter further addresses the statistical analysis of SiteManager projects to investigate
the influence of different variables on the performance of asphalt mixtures.

3.7 Database Integration

The application, as developed, currently connects to the TxDOT databases installed on
the UT-Austin server. These are snapshots of the TxDOT mainframe databases that were
manually imported from copies received from the Project Director outside of the TxDOT
infrastructure. It is critical, therefore, to maintain these databases by updating them on a regular
basis, particularly the SiteManager database. The need for manual updates is a shortcoming that
should be addressed. It is therefore recommended that the application, as developed, be given
access to TxDOT databases such as the temporary Sybase databases created from DCIS and
SiteManager. These temporary or ad-hoc databases are generated on a daily basis from the
mainframe databases and would provide up-to-date records and eliminate the need for manual
updates.
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Chapter 4. Statistical Analysis of HMA Performance

This chapter describes the statistical analyses that were performed at the various stages of
the project and their most significant results. Three different analyses were performed based on
three different sets of data, which were available at the various stages of the project. For each set
of data, numerous analyses were performed but, for the sake of succinctness, only some
examples are presented in this chapter.

The first analysis was performed on the original dataset that consisted of the hot-mix
asphalt projects in DCIS that had location information in terms of TRM. In this case, the results
of the analysis of the roughness data are presented in Section 4.1. The second analysis was
performed based on the section whose location was determined by using the Corridor Analysis
Program (CAP). CAP facilitated the determination of distance-from-origin (DFO) of various
projects in DCIS. DFO was in turn related to TRM, which enabled the link with PMIS
information. In this case the analysis of cracking data is presented (Section 4.2). Finally, the third
analysis was carried out on the dataset that was obtained after the incorporation of the data from
SiteManager. In this case results of roughness (in IRI), ride, cracking, and rutting are presented
in Section 4.3.

4.1 Roughness Analysis of DCIS Sections

This analysis was one of the first statistical analyses performed as part of this research
project and included data from those hot-mix asphalt projects for which DCIS contained location
information, some 6,639 individual PMIS sections. As mentioned earlier, this accounted for less
than ten percent of the total projects in DCIS at the time. Figure 4.1 represents the relative
distribution per District of these 6,639 sections, which spanned back to 1993.
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Figure 4.1:  Section Distribution per District
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The sections represented in Figure 4.1 do not include all hot-mix projects available in
DCIS, but only those for which at least three years of performance data was available in PMIS.
Thus, the total sample size was 30,407, including performance measurements of the projects over
time. The projects as defined are therefore sections of the PMIS roadway within specific TRM
limits. In addition, it should be noted that, depending on the length of the project, several
performance data points were available. This analysis, however, is based on the average
performance for the PMIS section of roadway within the TRM limits of the project.

Figure 4.2 shows the breakdown distribution of the analyzed projects according to
various characteristics such as: (a) environmental region, (b) mixture type, and (c) highway
system. It can be observed that there is a fair representation of each characteristic, with the dry-
cold region, Type C mixtures, and the US Highway system being the most frequent. Only
mixture types for which there were sufficient data are included. For this reason, for example,
Superpave, PFC and SMA mixtures are excluded since there were only a limited number of
projects using these mixtures at the time.
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Figure 4.2: Mixture Distribution According to Various Characteristics
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For the statistical analysis reported herein, the following independent variables were
considered: (i) environmental/climatic region at five levels (wet-cold (WCo), wet-warm (WWa),
dry-cold (DCo), dry-warm (DWa), and mix), (ii) mixture type at three levels (Type C, Type D
and CMHB-C), (iii) specification type (either Item 340 or Item 341), (iv) highway system at four
levels (FM, SH, US, IH), (v) traffic level (Traf), and (vi) amount of maintenance (Main), which
was the dollar value spent to maintain the entire project. The dependent variable in this case was
roughness in IRI according to the following general linear model specification:

IRl = B, + B\ Traf + B,Main+ BWCo+ BWWa+ ;DCo+ fDWa+ f§,340C + ;340D (4.1)
+ 3,341C + B,,341D + 3, IH + B, US + 3.,SH

where 340C, 340D, 341C and 341D are used to represent Type C and Type D mixes under Items
340 or 341, respectively. The rest of the variables are described above.

This model was developed to capture the average roughness per project over time and
how this average is affected by each of the variables considered. Thus, if the corresponding
coefficient (f) of a variable is positive and significantly different from zero (t-Stat larger than
approximately 2.0 or P-value smaller than 0.05), the corresponding variable contributes
significantly to increase roughness. It should be noted that not all variables are explicitly
incorporated into the model. CMHB-C mixes, FM highway system, and mix environment are
apparently missing. However, the intercept term (fy) in the model presented in Equation 4.1
captures the average roughness condition in IRI for a reference dataset, which, in this case,
consists of CMHB-C mixtures on the FM system in the moderate environmental region (Central
Texas). This does not necessarily represent a particular pavement type but sets a reference point
for benchmarking the other variables relative to the reference variables. Thus, the influence of
each variable is determined relative to the reference variables. The results of this analysis are
given in Figure 4.3. Figure 4.3 is the output summary table of the results of the statistical
analysis performed using MS Excel. The following are the most interesting findings of this
analysis:

1) All variables considered are significant; however, not all have the expected signs.

2) Traffic is associated with increased roughness (the more traffic, the rougher the road).

3) Maintenance activities (in dollars) are also associated with increased roughness. This can
be interpreted as follows: the rougher the road, the more TxDOT has to spend on it. This
interpretation, however, has to be taken lightly since no information about the specific
type of maintenance work is available at this time.

4) The wet-warm region seems to be the worst in terms of roughness, while Central Texas
(mixed/moderate environment) seems to be the best condition.

5) The interstate system (IH) is maintained in better conditions than the US system, which
in turn is better than the state highway system (SH). The FM system seems to be the
roughest.
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Regression Statistics

Multiple R 0.41
R Square 0.17
Adjusted R Square 0.16
Standard Error 26.79
Observations 6,639
ANOVA df SS MS F
Regression 13 949,254 73,019.5 101.8
Residual 6,625 4,753,886 717.6
Total 6,638 5,703,140

Coefficients Standard Error t Stat P-value
Intercept 68.30 2.09 32.7 6.9E-218
Traff_M 0.00061 0.00006 10.7 1.1E-26
Maint_M 0.00344 0.00027 12.5 2.0E-35
WETCOLD 8.50 1.80 4.7 2.5E-06
WETWARM 18.16 1.47 12.3 1.8E-34
DRYCOLD 9.92 1.29 7.7 2.0E-14
DRYWARM 8.98 1.44 6.3 4.3E-10
Item340TYC 12.82 2.07 6.2 6.7E-10
Iltem340TYD 22.34 1.85 121 3.1E-33
Item341TYC 18.66 1.30 144 4.8E-46
Iltem341TYD 15.67 1.36 115 2.3E-30
IH -29.60 1.70 -17.4 2.4E-66
us -23.87 1.37 -17.5 6.7E-67
SH -10.86 1.45 -7.5 9.6E-14

Figure 4.3: Results of the Roughness Analysis

The findings above should be interpreted only as interim results. Further statistical
analysis including cross terms effects, should be included. In addition, it should be emphasized
that the data for this analysis has been aggregated and treated at a network-level and several
assumptions had to be made. One of the main assumptions is that the DCIS material data and the
PMIS performance data correspond to the same highway lane. This assumption, although true in
the majority of cases, does not necessarily hold true. The network-level analysis should be robust
enough to cancel out random errors; however, if systematic errors are present, the analysis will
not be able to pick those out.

This dataset (6,639 sections) was also analyzed to establish roughness trends, that is, the
rate at which roughness changes with traffic or time. For this case, the following simple
regression model was utilized:

IRI=B,+B T ... Eq(42)

The parameter B; in Equation 4.2 captures the change of roughness with time or slope.
The value of this parameter was estimated for each project for which at least three years of
performance data was available. Figure 4.4 shows the histogram of the 6,639 slopes calculated.
Although roughness should increase with time, a large number of negative slopes can be
observed. This is because, unfortunately, PMIS does not capture maintenance and rehabilitation
activities, nor the exact time when this work is performed on the specific projects.
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Figure 4.4: Results of the Roughness Slope Analysis

Figure 4.4 shows that 63% of the slopes are non-negative, i.e., roughness increases with
time for these projects. Further analysis of the slopes revealed that only 2,900 of the 6,639 slopes
were significantly different from zero at the 5% level. The slopes are necessary for the trend
analysis but, with the lack of maintenance and rehabilitation records, the estimated slopes can
only give an idea of the overall network condition, not the condition of individual projects. That
is, if the slopes were mostly negatives, this would serve as an indication that the average
pavement roughness of the network is improving. Finally, it should also be remembered that this
sample represents less than ten percent of the projects contained in DCIS.

The analysis reported in this section highlighted the potential benefits of the network-
level analysis; however, it also highlighted some shortcomings. The most important problems
encountered were: (i) the lack of location information in DCIS (less than ten percent), (ii)
inability to identify the specific lane where the projects were constructed (PMIS performance
data are only available for one lane), (iii) short times series information (between three to seven
years of performance were available for the analyzed sections), and (iv) the lack of detailed
information on maintenance and rehabilitation activities. If the latter were available, the
information could be incorporated into the model and the estimated slopes would represent the
change of roughness with time (or traffic) at a project-level rather than at a network-level.

4.2 Cracking Analysis (incorporating CAP projects)

The analysis reported in this section is based on the dataset that was obtained from the
Corridor Analysis Program (CAP). CAP contains a database of projects for which CCSJ are
known as well as DFOs (distance-from-origin). Furthermore, PMIS contains a table that links
DFOs with TRMs, thus, the link between DCIS and PMIS could be established.

With the incorporation of the CAP database, the number of sections was increased to 7,821. For

each of the PMIS sections there were at least three years of performance data. These resulted in
62,730 observations. Figure 4.5 shows the distribution of the projects according to the following
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characteristics: (a) location by District, (b) location by climate, (¢) mixture type, and (d) by
highway system (facility). As for the previous analysis, only variables having sufficient data
were included in the analysis.
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Figure 4.5: Distribution of sections used in the analysis

Two models equivalent to those described in Equations 4.1 and 4.2 were estimated with
the exception that the dependent variable was alligator cracking (in percentage). The independent
variables were traffic, maintenance, environmental region (wet-cold, wet-warm, dry-cold, dry-
warm, and mix), mixture type (Type C, Type D and CMHB-C), specification type (340 or 341),
and highway system (FM, SH, US, IH). Also, as before, mixed or moderate environment
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(Central Texas), CMHB-C mixtures, and the FM system were used as the set of reference
conditions.

Figure 4.6 shows the summary of the statistics results with the ANOVA table and the
individual statistics of the model parameters. Recall that only those variables whose parameter p-
value is less that 0.05 can be considered statistically significant at the 5% level. Figure 4.6 shows
that, on average, maintenance, wet-warm environment, Type C (Item 340), and the Interstate
highways system (IH) are not significantly different than the reference case, i.e., mixed
environment, CMHB-C, and FM system. The rest of the variables seem to have a significant
effect. In particular, it should be noticed that the data indicate that Type D mixes (Item 341)
show less alligator cracking than Type C mixes (Item 341).

Regression Statistics

Multiple R 0.177
R Square 0.031
Adjusted R Square 0.030
Standard Error 3.871
Observations 7821
ANOVA df SS MS F

Regression 13 3765.23 289.63 19.32
Residual 7807 117007.92 14.99
Total 7820 120773.16

Coefficients Standard Error t Stat P-value
Intercept 0.230 0.289 0.795 0.426
Traff_ M 0.000 0.000 -2.188 0.029
Maint_M 0.000 0.000 -0.070 0.944
WETCOLD -1.157 0.228 -5.070 0.000
WETWARM 0.125 0.193 0.646 0.518
DRYCOLD -0.435 0.168 -2.583 0.010
DRYWARM -0.623 0.180 -3.467 0.001
Item340TYC 0.227 0.276 0.822 0.411
ltem340TYD 0.700 0.253 2.760 0.006
ltem341TYC 1.401 0.186 7.523 0.000
ltem341TYD 0.896 0.200 4.492 0.000
IH 0.163 0.191 0.851 0.395
us 0.632 0.179 3.533 0.000
SH 1.273 0.190 6.698 0.000

Figure 4.6: Statistics of Alligator Cracking Model incorporating CAP Data

Some of the results of this analysis (Figure 4.6) were expected, some others were not. It
could even be argued that some of the results are not logical. Some of the reasons for these
unexpected results could be associated with the assumptions described in the previous section.
Another important reason is that alligator cracking, as available in PMIS, is highly variable and,
to some extent, subjective. The percentage of alligator cracking reported in a PMIS section may
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depend on the operator collecting the data and the weather conditions at the time of data
collection. Season (cold or hot), time of the day (morning, mid-day, afternoon), light (sunny or
shady), and moisture (dry or after a rain episode) are all characteristics that may affect the
number of cracks that an operator may see and report. For this reason, it is strongly
recommended that cracking data (and in general, any type of pavement distress data) should be
automatically collected to the maximum extent possible, hence, avoiding the subjectivity
introduced by a human rater.

In addition to the analysis above, the rate of alligator cracking progression was also
estimated for each of the 7,821 projects. Figure 4.7 shows the histogram of the distribution of the
7,821 slopes (rate of cracking progression) that were estimated. The positive slopes indicate that
the percentage of alligator cracking increases with time, while negative slopes indicate that
cracking decreases with time.
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Figure 4.7: Rate of Alligator Cracking Progression (all projects)

The vast majority of the slopes represented in Figure 4.7 were found not to be statistically
significant from zero, so additional filtering was done to eliminate not-significant slopes. As a
result, it was found that only 1,455 sections had slopes statistically significant. Figure 4.8 shows
the distribution of significant slopes only.
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Figure 4.8: Rate Cracking Progression (only significant slopes)

The analysis of the data from Figure 4.8 revealed that 63.8 percent of the slopes were positive
while 36.2 were negative. However, these values should not be interpreted as project-specific
tendencies but rather as the picture of the entire network. In other words, these statistics mean
that cracking is going up in 63.8 percent of the projects and going down in the rest of the projects
in the sample. The lack of information on project-specific maintenance activities makes it
difficult to use the actual slope values as a measure of the cracking rate progression for specific
projects (i.e., project-level).

4.3 Incorporation of SiteManager Data

The third analysis reported in this chapter was based on the dataset that was created with
the incorporation of SiteManager. With the incorporation of SiteManager, several advantages
were realized immediately: (i) a much larger, more accurate and richer database in terms of
material information, testing, and properties, and (ii) the ability to link three sources of
information such as DCIS, PMIS, and SiteManager. Before the incorporation of SiteManager,
the assumption had to be made that what was tendered was actually built. Thus, change orders or
any other potential change between design and construction were not captured.

Unlike the analyses reported in the two previous sections, which were based on existing
databases where location information of some type was available, the database for this analysis
was completely developed as part of this research project. SiteManager contains CCSJ and
descriptive information in terms of project location. This descriptive information was used to
map the section and obtain its coordinates (latitude and longitude) using a GIS platform. This
information was then used to link SiteManager to both DCIS (by means of CCSJ) and PMIS (by
means of location).

The results presented in this section were based on the analysis of the data for the first
150 Control-Section-Jobs (CSJs) of this new dataset. These correspond to the 150 longest
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projects available because they provide a larger database in terms of material properties and test
results (SiteManager) and in terms of performance (PMIS). Figure 4.9 represents the distribution
of these sections according to (a) highway system, (b) climate, (c) asphalt binder performance
grade, and (d) mix type.
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PG 64-22
PG 76-22
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CMHB-C® Type C

Type D

(d) by Mixture Type

Figure 4.9: Distribution of Sections According to Main Characteristics

The 150 CSJs resulted in a total of 13,577 performance observations; however, these
included data for pavement types outside the scope of this project and some projects with
insufficient, incomplete or missing data. After cleansing the data, a total number of 8,182
performance observations were available for further analysis. The independent variables
considered in this analysis were: (i) five environmental regions as before, (ii) four highway
systems as before, and (iii) four mixture types, i.e., Type C, Type D, CMHB-C, and SMA-D.
The reference case consisted of Type C mixes, FM highway system, and mixed or moderate
environmental conditions.
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The first analysis consisted of evaluating the effect of the variables on roughness in the
left wheelpath. The summary results are presented in Figure 4.10 (a). Variables that were found
not to be significant were highlighted (see Figure 4.10). For comparative purposes, an equivalent
analysis of ride score data was also performed. The results of this analysis are shown in Figure
4.10 (b).

df SS MS F__Significance F
Regression 10 491452.6 49145.3 74.2 0.000
Residual 8172 5415616.3 662.7
Total 8182 5907068.9
Coefficients  Standard Error t Stat P-value
Intercept 74.67 1.23 60.88 0.00
CMHBC -4.38 1.26 -3.47 0.00
SMAD -0.25 1.28 -0.20 0.84
TYD -4.00 0.76 -5.28 0.00
IH -10.89 1.07 -10.16 0.00
SH -7.61 0.96 -7.92 0.00
us -14.16 1.00 -14.20 0.00
DC 3.22 117 2.76 0.01
DW -0.50 1.30 -0.38 0.70
wcC 15.96 1.25 12.76 0.00
WW -1.17 1.12 -1.05 0.29
(a) Left IRI
df SS MS F___Significance F
Regression 10 343.1 34.3 143.7 0.000
Residual 8172 1950.8 0.2
Total 8182 2293.8
Coefficients Standard Error t Stat P-value
Intercept 4.07 0.02 174.89 0.00
CMHBC 0.14 0.02 5.94 0.00
SMAD -0.03 0.02 -1.22 0.22
TYD 0.09 0.01 5.92 0.00
IH 0.25 0.02 12.29 0.00
SH 0.22 0.02 12.27 0.00
us 0.42 0.02 22.00 0.00
DC -0.12 0.02 -5.27 0.00
DW 0.02 0.02 0.93 0.35
wWcC -0.39 0.02 -16.52 0.00
Ww 0.04 0.02 1.75 0.08
(b) Ride Score

Figure 4.10: ANOVA Comparison of Left IRI and Ride Score

Despite the reduced number of projects used in this analysis, the sample size was slightly
larger because longer sections were utilized. The first conclusion that could be drawn from the
results shown in Figure 4.10 is that both models are very similar (in terms of their basic
statistics), which indicates that the algorithm used to establish ride score relies heavily on
roughness. In addition, some more specific conclusions could be drawn from the model. The first
interesting result is that Type D mixes and CMHB-C mixes are better than Type C mixes in
terms of roughness (or ride score). It can also be observed that the FM system is significantly
rougher than the IH, US, and SH systems. Finally, on average, pavements in the dry-cold (DC)
and wet-cold (WC) regions are rougher than those pavements in the other three environmental
regions considered.

The effect of the variables on rutting was also evaluated. In this case deep rutting, as per
PMIS definition, was used. The results of this analysis are presented in Figure 4.11. For the
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sections in the dataset, Type D mixes show significant more rutting than Type C mixes, while
SMA-D mixes have better rutting resistance than Type C. IH, US, and SH highway systems
show less rutting than the FM system. In general, mixes in the wet-cold, dry-cold, and dry-wet
environments show more rutting than mixes in the Central Texas region; while mixes in the wet-
warm environment show less rutting. Although this finding does not seem to be realistic, it
should be noted that it is likely that mixes used in the wet-warm environment are more rutting
resistant than those used elsewhere. Further statistical analyses including the effect of cross-
terms should be carried out to address this question. However, as second order terms are
incorporated into the analysis, more data is required to establish statistical significant results.

df SS MS F  Significance F

Regression 10 94.3 9.4 35.4 0.000
Residual 8172 2176.0 0.3
Total 8182 2270.3

Coefficients Standard Error t Stat P-value
Intercept 0.18 0.02 7.32 0.00
CMHBC -0.03 0.03 -1.35 0.18
SMAD -0.09 0.03 -3.33 0.00
TYD 0.07 0.02 4.79 0.00
IH -0.06 0.02 -2.66 0.01
SH -0.22 0.02 -11.22 0.00
us -0.19 0.02 -9.46 0.00
DC 0.10 0.02 417 0.00
DW 0.09 0.03 3.34 0.00
wcC 0.12 0.03 4.91 0.00
WWwW -0.07 0.02 -3.35 0.00

Figure 4.11: ANOVA Effect of Various Properties on Deep Rutting

The last analyses reported in this section included the effects of the variables on alligator
cracking and longitudinal cracking. The results of these analyses are presented in Figure 4.12 (a)
and (b), respectively. In the case of alligator cracking (a distress associated with traffic loading)
several of the variables are not significant (see highlighted variables in Figure 4.12 (a)). One of
the most interesting findings is that SMA-D and CMHB-C mixes show significantly less
alligator cracking than Type C mixes. In this case, the difference between Type C and Type D
mixes is not significant. Dry-warm and wet-cold environments seem to have less alligator
cracking than mixed (Central Texas). Overall the results are quite reasonable and promising.
More significant and insightful results are expected as the dataset increases.

For the case of longitudinal cracking (a distress typically associated with environmental
effects rather than traffic loading), Type D and Type C mixes do not seem to be significantly
different; however, all other variables are (see Figure 4.12 (b)). As before, SMA-D and CMHB-
C mixes are performing better than Type C mixes in terms of longitudinal cracking. Fewer
longitudinal cracks are observed in Central Texas, while the most critical region is the dry-cold
environment.
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df SS MS F___Significance F

Regression 10 4112.8 411.3 121 0.000
Residual 8172 278407.5 34.1
Total 8182 282520.4
Coefficients Standard Error t Stat P-value
Intercept 1.98 0.28 7.12 0.00
CMHBC -1.29 0.29 -4.51 0.00
SMAD -1.86 0.29 -6.42 0.00
TYD 0.13 0.17 0.73 0.47
IH 0.14 0.24 0.59 0.55
SH -0.57 0.22 -2.62 0.01
us -0.18 0.23 -0.79 0.43
DC -0.19 0.27 -0.70 0.48
DW -1.06 0.29 -3.58 0.00
wC -1.45 0.28 -5.12 0.00
WW -0.31 0.25 -1.24 0.22
(a) Alligator Cracking
df SS MS F Significance F
Regression 10 341071.0 341071 58.0 0.000
Residual 8172 4805616.6 588.1
Total 8182 5146687.6
Coefficients __Standard Error t Stat P-value
Intercept -3.12 1.16 -2.70 0.01
CMHBC -15.03 1.19 -12.64 0.00
SMAD -4.69 1.20 -3.90 0.00
TYD 0.06 0.71 0.09 0.93
IH 10.88 1.01 10.78 0.00
SH 3.83 0.90 4.23 0.00
us 7.03 0.94 7.48 0.00
DC 14.05 1.10 12.75 0.00
DW 7.65 1.23 6.25 0.00
wWC 3.75 1.18 3.18 0.00
WW 5.10 1.05 4.86 0.00

(b) Longitudinal Cracking
Figure 4.12: ANOVA Comparison of Alligator and Longitudinal Cracking

4.4 Summary of the Statistical Analyses

In this chapter, a series of statistical analyses were presented together with the
corresponding results. The objective of this chapter was to present the types of analyses and
conclusions that can be drawn from such analyses. The specific results presented herein,
however, should be taken as provisional results only. The three analyses presented in the
previous three sections correspond to the various stages of the study and the various datasets
available at that time. Currently, a larger database is available online containing no less than 500
control section jobs (CSJs) with data from DCIS, PMIS, and SiteManager. The user is able to
perform statistical analyses in real-time from the online application available at
http://pavements.ce.utexas.edu/TxDB/TxDB.html. Since the databases will be constantly
updated, these real-time analyses will produce the most updated results. Several aspects have the
potential to significantly improve the accuracy of the analyses presented here. These aspects
include: (a) a larger dataset, (b) information on maintenance and rehabilitation activities, (c)
specific lane where PMIS data in collected, and (d) compulsory inclusion of location information
in all TxDOT database, i.e., DCIS and SiteManager.
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Chapter 5. Conclusions & Recommendations

The primary objective of the project was to develop a system to track the performance of
HMA in Texas. The report outlines database and software developments done to achieve this
goal. The developed system makes use of TxDOT databases including DCIS, PMIS,
SiteManager, and GISTRM. The latter database consists of geographical coordinates of TRMs in
Texas and was instrumental in establishing a link between SiteManager and PMIS. A web-based
GIS software application was developed. This application provides a front-end with functions to
(1) input new SiteManager projects into the system; (ii) filter, query, and edit existing projects;
(ii1) report general, performance, design, and construction information for SiteManager projects;
and (iv) to statistically evaluate the influence of various factors, including HMA mixture type, on
pavement performance. A mapping function is provided to identify the longitude and latitude
coordinates of project beginning and ending extents.

The inclusion of the SiteManager database served to replace the use of DCIS. This was
beneficial in that it facilitated the identification of asphalt mixtures used on TxDOT projects.
Unfortunately, the project description and location information in SiteManager is lacking, and
for this reason, the application as developed still makes use of the DCIS project table that
provides more complete records. It is recommended that this shortcoming be addressed to
eliminate the need for DCIS tables that would ease the maintenance of the application. It is
further recommended that the application be given access to on-line TxDOT databases, such as
the temporary or ad-hoc Sybase databases, generated daily from the TxDOT mainframe
databases. This would eliminate the need to manually update the application databases and
provide up-to-date information for queries and analyses.

The report outlines a number of shortcomings of the SiteManager QC/QA table used to
track design and construction information for HMA mixtures. These relate mainly to problems
experienced by the researchers to extract information from this table for querying purposes. It is
recommended that this SiteManager table be revised to include data that has been validated and
that the database include all HMA properties calculated from the current input fields. This would
significantly improve the integrity of the data and the performance of database queries that
currently require pre-validation and pre-calculation before data can be presented.

The report includes a series of statistical analyses that were presented together with the
corresponding results to investigate the relative roughness, rutting, and cracking performance of
various HMA mixtures, under varying conditions with respect to climate, traffic, pavement
facility (structure), and amount of maintenance applied. While in general, the analysis results do
positively indicate trends that are expected, others are unrealistic— the roughness measurements
provided more realistic results compared to the cracking and rutting measurements. The
incorporation of SiteManager allowed a better identification of project location and extents that
addressed the shortcomings of using DCIS. As expected, this resulted in reduced errors
associated with the analyses presented. Thus, while the analyses reported highlighted the
potential benefits of a network-level analysis to track the performance of HMA in Texas, it also
indicated some limitations with respect to the use of PMIS data, notably the insensitivity of the
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performance variables to PMIS rutting severity groupings and the subjective nature of PMIS
visual assessments of cracking. The importance of identifying the first PMIS measurement on a
section following its end-of-construction/rehabilitation date was emphasized together with the
importance of tracking the maintenance done on a road section over its service life. While the
latter was not a critical aspect for the SiteManager projects evaluated (constructed from 2004
onwards), it should be considered carefully as the SiteManager database grows over time.

The performance analysis results presented in this report are based on limited data
available at the time. The application, however, includes a statistical analysis procedure that can
be used to run real-time analysis of data, the volume of which is expected to grow over time as
new SiteManager projects are added and the application databases are updated. A larger dataset
will provide more robust analysis of mixture performance but will also allow performance
analysis to be done at the district level— currently the limited number of SiteManager projects in
the database limits analyses to performance of mixtures in Texas as a whole. This warrants the
continued maintenance of the application databases as recommended previously.

Provision was made to expand the analysis to include factors such as binder performance
grade and some HMA mixture related properties such as asphalt content, VMA, density, and lift
thickness. Clearly there is the potential to improve the analysis procedure by incorporating
additional influence factors and to expand the analysis procedure to allow cost-benefit
calculations by incorporating cost information available in the SiteManager database.

The application provides a framework to track the performance of HMA in Texas. The
link currently established between SiteManager and PMIS can be extended to link and include
other TxDOT databases, e.g., the Texas Flexible Pavements database and the Maintenance
Management Information System (MMIS) database. The application could be expanded and used
to track the performance of other materials in Texas, not just HMA. It may be used to investigate
the actual service lives of pavement systems in Texas. Furthermore, the geographical component
of the application opens up numerous possibilities that may be explored to optimize construction
operations. Clearly the current application only scratches the surface of what is now possible and
it is strongly recommended that TxDOT continue the development of the application.
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Appendix

The following is a listing of the SQL Query linking the SiteManager and PMIS database tables.

SELECT GEN DB _PRJS.CONT ID,GEN DB PRJS.PRJ NER,
GEN DB PRJS.LN ITM NBR,GEN DB PRJS.QTY,
GEN_DB_PRJS.PRICE,GEN DB PRJS.DISTRICT,
GEN_DB_PRJS.COUNTY,GEN DB_PRJS.PJROUTE,

GEN DB _PRJS.BTRM,GEN DB_PRJS.ETRM,GEN DB PRJS.ISPECYR,
GEN DB PRJS.MIX,GEN DB PRJS.GRADE,GEN DB PRJS.FAC,
GEN_DB_PRJS.CLIMATE,GEN DB PRJS.DESAC,

GEN DB PRJS.FLDDENSITY,GEN DB PRJS.LABGMB,

GEN DB _PRJS.VMA,GEN DB PRJS.HT,PMIS.FISCAL YEAR,
PMIS.SIGNED HIGHWAY RDBD ID,PMIS.BEG REF MARKER NBR,
PMIS.BEG REF MARKER DISP,PMIS.END REF_MARKER NBR,
PMIS.END REF MARKER DISP,PMIS.PVMNT TYPE DTL RD LIFE CODE,
PMIS.CURRENT 18KIP MEAS,PMIS.AADT CURRENT,
PMIS.SPEED LIMIT MAX,PMIS.NUMBER THRU LANES,
PMIS.VISUAL LANE CODE,PMIS.TOTL SURF RDWAY WIDTH MEAS,
PMIS.RURAL URBAN CODE, PMIS.SHOULDER TYPE RIGHT CODE,
PMIS.SHOULDER WIDTH RIGHT MEAS,PMIS.SHOULDER TYPE LEFT CODE,
PMIS.SHOULDER WIDTH LEFT MEAS,

PMIS.SECT LENGTH CENTERLINE MEAS,PMIS.MAINTENANCE COST AMT,
PMIS.DISTRESS SCORE,PMIS.CONDITION SCORE,
PMIS.RIDE_SCORE, PMIS.LIRI,PMIS.RIRI,PMIS.AIRI,
PMIS.SKID SCORE,PMIS.ACP_RUT AUTO SHALLOW AVG_ PCT,
PMIS.ACP RUT AUTO DEEP_AVG PCT,

PMIS.ACP RUT AUTO SEVERE AVG PCT,

PMIS.ACP RUT AUTO FAILURE AVG PCT,

PMIS.ACP PATCHING PCT,PMIS.ACP FAILURE QTY,
PMIS.ACP BLOCK CRACKING PCT, PMIS.ACP ALLIGATOR CRACKING PCT,
PMIS.ACP LONGITUDE CRACKING PCT,

PMIS.ACP TRANSVERSE CRACKING QTY, PMIS.ACP RAVELING CODE,
PMIS.ACP FLUSHING CODE
FROM PMIS INNER JOIN GEN DB PRJS ON
RTRIM (LEFT (PMIS.SIGNED HIGHWAY RDBD ID,2) +
CAST (CAST (SUBSTRING (PMIS.SIGNED HIGHWAY RDBD 1ID,3,4)
AS INT) AS VARCHAR (4))+
SUBSTRING (PMIS.SIGNED HIGHWAY RDBD ID,7,1))=
GEN_DB_PRJS.PJROUTE AND
PMIS.FISCAL YEAR >= GEN DB_PRJS.PMISYR
WHERE
(CAST (LEFT (PMIS.BEG_REF MARKER NBR,4) AS FLOAT) +
PMIS.BEG REF MARKER DISP >= GEN DB PRJS.BTRM) AND
(CAST (LEFT (PMIS.END _REF MARKER NBR, 4) AS FLOAT) +
PMIS.END REF MARKER DISP <= GEN DB PRJS.ETRM) AND
(RIGHT (PMIS.SIGNED HIGHWAY RDBD ID, 1) = 'K') AND
(GEN_DB PRJS.LANE <> 3) AND
(PMIS.PVMNT TYPE DTL _RD LIFE CODE = N'04' OR
PMIS.PVMNT TYPE DTL RD LIFE_CODE = N'05' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'06' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'09') OR
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(CAST (LEFT (PMIS.BEG_REF MARKER NBR, 4) AS FLOAT) +
PMIS.BEG REF MARKER DISP <= GEN DB PRJS.BTRM) AND
(CAST (LEFT (PMIS.END REF MARKER NBR, 4) AS FLOAT) +
PMIS.END REF MARKER DISP >= GEN DB PRJS.ETRM) AND
(RIGHT (PMIS.SIGNED HIGHWAY RDBD ID, 1) = 'K') AND
(GEN_DB_PRJS.LANE <> 3) AND
(PMIS.PVMNT TYPE DTL RD LIFE CODE = N'04' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'05' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'06' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'09') OR
(CAST (LEFT (PMIS.BEG_REF MARKER NBR, 4) AS FLOAT) +
PMIS.BEG REF MARKER DISP >= GEN DB PRJS.BTRM) AND
(CAST (LEFT (PMIS.END REF MARKER NBR, 4) AS FLOAT) +
PMIS.END REF MARKER DISP <= GEN DB PRJS.ETRM) AND
(RIGHT (PMIS.SIGNED HIGHWAY RDBD ID, 1) = 'L') AND
(GEN_DB_PRJS.LANE <> 3) AND
(PMIS.PVMNT TYPE DTL RD LIFE CODE = N'04' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'05' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'06' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'09') OR
(CAST (LEFT (PMIS.BEG_REF MARKER NBR, 4) AS FLOAT) +
PMIS.BEG REF MARKER DISP <= GEN DB PRJS.BTRM) AND
(CAST (LEFT (PMIS.END REF MARKER NBR, 4) AS FLOAT) +
PMIS.END REF MARKER DISP >= GEN DB PRJS.ETRM) AND
(RIGHT (PMIS.SIGNED HIGHWAY RDBD ID, 1) = 'L') AND
(GEN_DB_PRJS.LANE <> 3) AND
(PMIS.PVMNT TYPE DTL RD LIFE CODE = N'04' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'05' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'06' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'09') OR
(CAST (LEFT (PMIS.BEG_REF _MARKER NBR, 4) AS FLOAT) +
PMIS.BEG REF MARKER DISP >= GEN DB PRJS.BTRM) AND
(CAST (LEFT (PMIS.END REF MARKER NBR, 4) AS FLOAT) +
PMIS.END REF MARKER DISP <= GEN DB PRJS.ETRM) AND
(RIGHT (PMIS.SIGNED HIGHWAY RDBD ID, 1) = 'X') AND
(GEN_DB_PRJS.LANE = 3) AND
(PMIS.PVMNT TYPE DTL RD LIFE CODE = N'04' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'05' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'06' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'09') OR
(CAST (LEFT (PMIS.BEG_REF _MARKER NBR, 4) AS FLOAT) +
PMIS.BEG REF MARKER DISP <= GEN DB PRJS.BTRM) AND
(CAST (LEFT (PMIS.END REF MARKER NBR, 4) AS FLOAT) +
PMIS.END REF MARKER DISP >= GEN DB PRJS.ETRM) AND
(RIGHT (PMIS.SIGNED HIGHWAY RDBD ID, 1) = 'X') AND
(GEN_DB_PRJS.LANE = 3) AND
(PMIS.PVMNT TYPE DTL RD LIFE CODE = N'04' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'05' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'06' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'09') OR
(CAST (LEFT (PMIS.BEG_REF MARKER NBR, 4) AS FLOAT) +
PMIS.BEG REF MARKER DISP >= GEN DB PRJS.BTRM) AND
(CAST (LEFT (PMIS.END REF MARKER NBR, 4) AS FLOAT) +
PMIS.END REF MARKER DISP <= GEN DB PRJS.ETRM) AND
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(RIGHT (PMIS.SIGNED HIGHWAY RDBD ID, 1) = 'R') AND
(GEN_DB_PRJS.LANE <> 3) AND
(PMIS.PVMNT TYPE DTL RD LIFE CODE = N'04' OR
PMIS.PVMNT TYPE DTL RD LIFE_CODE = N'05' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'06' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'09') OR
(CAST (LEFT (PMIS.BEG_REF_MARKER NBR, 4) AS FLOAT) +
PMIS.BEG REF MARKER DISP <= GEN DB PRJS.BTRM) AND
(CAST (LEFT (PMIS.END REF MARKER NBR, 4) AS FLOAT) +
PMIS.END REF MARKER DISP >= GEN DB PRJS.ETRM) AND
(RIGHT (PMIS.SIGNED HIGHWAY RDBD ID, 1) = 'R') AND
(GEN_DB_PRJS.LANE <> 3) AND
(PMIS.PVMNT TYPE DTL RD LIFE CODE = N'04' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'05' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'06' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'09') OR
(CAST (LEFT (PMIS.BEG_REF _MARKER NBR, 4) AS FLOAT) +
PMIS.BEG REF MARKER DISP >= GEN DB PRJS.BTRM) AND
(CAST (LEFT (PMIS.END REF MARKER NBR, 4) AS FLOAT) +
PMIS.END REF MARKER DISP <= GEN DB PRJS.ETRM) AND
(RIGHT (PMIS.SIGNED HIGHWAY RDBD ID, 1) = 'A') AND
(GEN_DB_PRJS.LANE = 3) AND
(PMIS.PVMNT TYPE DTL RD LIFE CODE = N'04' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'05' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'06' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'09') OR
(CAST (LEFT (PMIS.BEG_REF_MARKER NBR, 4) AS FLOAT) +
PMIS.BEG REF MARKER DISP <= GEN DB PRJS.BTRM) AND
(CAST (LEFT (PMIS.END REF MARKER NBR, 4) AS FLOAT) +
PMIS.END REF MARKER DISP >= GEN DB PRJS.ETRM) AND
(RIGHT (PMIS.SIGNED HIGHWAY RDBD ID, 1) = 'A') AND
(GEN_DB_PRJS.LANE = 3) AND
(PMIS.PVMNT TYPE DTL RD LIFE CODE = N'04' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'05' OR
PMIS.PVMNT TYPE DTL RD LIFE CODE = N'06' OR
PMIS.PVMNT TYPE DTL RD LIFE_CODE = N'09')
ORDER BY PMIS.FISCAL YEAR
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