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PREFACE

This is the twenty-first in the series of 22 reports describing the work
done in the project entitled "Development and Implementation of the Design,

Construction, and Rehabilitation of Rigid Pavements."

This project is being
conducted at the Center for Transportation Research, The University of Texas
at Austin, as part of the cooperative Highway Research Program sponsored by
the State Department of Highways and Public Transportation and the Federal
Highway Administration.

This report presents the results of an analytical study undertaken to
develop regression models for the prediction of distress in CRC pavements in
Texas from construction properties, environmental considerations and condition
survey measurements.

The writers are particularily grateful to the entire staff of the Center
for Transportation Research who provided support throughout the analysis and

preparation stages of this report.

Christopher S. Noble
B. Frank McCullough

March 1981
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ABSTRACT

The major purpose of this study was to develop regression models for the
prediction of distress in CRCP in Texas for use by the SDHPT in making deci-
sions concerning the allocation of funds for rehabilitation of these pavements.
Use of these models in the manner recommended in this report will facilitate
making the choice among rehabilitation alternatives and give greatly improved
efficiency with regard to utilization of these funds.

First, condition survey data from two separate surveys (four years apart)
were analyzed to establish repeatability, variability over time and the effect
of directionalized traffic. Next, analysis of variance was performed to deter-
mine the relative contributions to distress in the pavements of a series of
different factors. Multiple regression techniques were then utilized to
obtain distress prediction models in terms of these factors. Finally, guide-
lines for a procedure for utilization of these models in decision making among
rehabilitation alternatives as part of a rigid pavement evaluation system
(RPES) were outlined. It is anticipated that the models and procedufes devel-

oped here will be implemented by the Texas SDHPT in the near future.

KEY WORDS: CRCP, distress, prediction models, rehabilitation, fund allocation,

condition survey, regression, analysis of variance, decision making.
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SUMMARY

The CRCP distress condition survey data collected in 1974 and 1978 for
a series of pavements extending throughout Texas, as described in Research
Report Numbers 177-19 and 177-20, provided a solid base from which to develop
distress prediction models. Analysis of variance and multiple regression
techniques were applied to these data, as well as to information on construc-
tion and environmental variability in the development of such models. First
order procedures for using these models in making decisions among rehabilita-
tion alternatives were developed and outlined as part of a rigid pavement

evaluation system (RPES).

xi
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IMPLEMENTATION STATEMENT

It is hoped that the distress prediction models and procedures ocutlined
in this report for use of these models, when making decisions among rehabili-
tation alternatives, will be implemented by the Texas SDHPT within the near
future. Also, it is anticipated that work will continue on the establishment
of a comprehensive rigid pavement evaluation system, preliminary guidelines

for which have been outlined in this report.
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CHAPTER 1. INTRODUCTION

Background

In 1974 a detailed, visual condition survey of all the sections of con-
tinuously reinforced concrete pavement (CRCP) in use on highways throughout
the State of Texas was performed by the Center for Transportation Research
(CTR) at The University of Texas at Austin as part of a cooperative research
program with the Texas State Department of Highways and Public Transportation
(SDHPT). A description of the survey procedure, along with examples of the
rating forms which were used, may be found in Reference 1. The results of the
survey and the subsequent analysis of the data were reported in Reference 2.
In 1978 a similar survey was completed. The procedures used and the results

obtained are documented in References 3, 4, and 5.

Objectives

It is the purpose of this report to present the results of a series of
analyses which have been performed using data from both the above mentioned
surveys. Specifically, these analyses have been made with five separate ob-
jectives in mind. These are as follows:

(1) to investigate the reliability of the chosen condition survey
rating procedures with respect to precision or repeatability
(Chapter 2),

(2) to evaluate the significance of any changes in distress between the
1974 and 1978 conditions surveys (Chapter 3),

(3) to establish the breakdown of traffic, according to direction, for
sections of CRCP throughout the State of Texas (Chapter 4),

(4) to evaluate the effect of material properties, construction pro-
cedures, environment, traffic loads, aging and previous pavement
condition upon pavement distress at any point in time by develop-
ing and testing models for the prediction of distress in terms of
these variables using multiple regression analysis techniques
(Chapter 5),

(5) to develop pavement distress utility functions using discriminant
analysis techniques (Chapter 6), for incorporation into a compre=
hensive rigid pavement evaluation system and to make recommendations
(Chapter 7), for the establishment of such a system.



Scope

This report thus describes and presents the results of a set of analyses
which were performed on data obtained from surveys in 1974 and 1978 concerning
the condition of a large number of CRCP sections extending throughout the
State of Texas (Chapters 2 to 6). Recommendations for the use of a general
rigid pavement evaluation system incorporating data collection, design, and
maintenance procedures are made on the basis of the results of the analyses

(Chapter 7).



CHAPTER 2. RELIABILITY OF CRCP CONDITION SURVEY PROCEDURES

Introduction - Description of CRCP Condition Survey Procedures

A detailed visual condition survey of a large number of sections of CRCP
on highways extending throughout the State of Texas was performed in 1974 by
rating teams from the CTR at The University of Texas at Austin, and the Texas
SDHPT (Refs 1 and 2). The same sections were surveyed again in 1978 and a
complete description of the procedures used, the sections surveyed and the
results obtained is given in Refs 3, 4 and 5. Two rating teams were used,
one from each of the above bodies. The teams worked independently and surveyed
approximately equal lengths of highway overall. The highways which were sur-
veyed were divided into 0.2-mile sections for reporting purposes. Data were
collected on the following eight distress manifestations for each 0.2-mile

interval:

number of minor spalled cracks,

number of severely spalled cracks,

percent minor pumping,

percent severe spalling,

number of minor punchouts,

number of severe punchouts,

number of portland cement concrete patches, and

number of asphalt patches.

These data were then temporarily stored in computer files at the Center for
Transportation Research as a precursor for later storage at the Texas SDHPT.
A computer program was written to record and classify the data, perform sim-
ple calculations with it and print the results of these exercises in summary
form. In this manner, summary reports of both 1974 and 1978 surveys were
produced for all districts in Texas which were involved in the survey. A

comprehensive summary report for the entire State was then prepared (Ref 3).



Replication in 1978 Condition Survey - Rating Precision

Description of Replication Procedure

It is the purpose of this section to present the results of a study per-
formed by CTR personnel to evaluate the repeatability (precision) of the CRCP
condition survey (Refs 3, 4, and 5) rating procedures. Several sections of
highways from each of seven districts throughout the State were all surveyed
by two separate teams. This duplicate rating was used to determine the ef-
fect of any variation in condition survey ratings which might be attributable
to variability in rating team procedures caused by changes in personnel. That
is, in order to obtain an estimate of the reliability of the rating procedures
used, a number of sections of highway, in each of seven districts, were rated
twice as part of the 1978 condition survey and the results were examined for
any significant differences. It was assumed that differences in results
caused by any variation in a given individual rater's perception of the pave-
ment condition would be negligible. That is, if a given rater were to ex-—
amine the same section twice, he would tend to obtain virtually identical
results. A total of 86 sections of pavement from seven districts were rated
according to eight distress types by two rating teams (Ref 6). The results

were compared using both graphical and statistical techniques.

Graphical Comparison of Results of Replicate Surveys

A typical example of the comparison of the two ratings for a section of

' and "minor

CRCP in District 13, for the "severe spalling,'" '"minor spalling,'
pumping' distress conditions is shown in Fig 2.1. A scattergram of the num-
ber of spalled cracks and of the percent pumping in each section in the dis-
trict has been plotted for the two teams. A complete set of such scattergrams
for all relevant distress types is included as Appendix A of this report.

From these plots, it is apparent that any variability caused by the different

teams is essentially small.

Statistical Analysis of Results of Replicate Surveys

A statistical evaluation of the differences in the results of the com-

parison was also performed for all the distress manifestations on all sections
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which were rated twice. A nonparametric statistical test called the "sign"
test (Ref 7) was used to determine whether any differences in the results
recorded by the two teams were significant.

The null hypothesis tested by the sign test is that

1

X >X = =
p(X, s >
where XA is the judgment or score under one of the conditions (or after
the treatment) and XB is the judgement or scorz under the other condition
(or before the treatment). That is, XA and XB are the two ''scores' for
a matched pair. Another way of stating HO is: the median difference is

zero.
In applying the sign test, we focus on the direction of the differences

3
1

between every ith pair of observations, X and X noting whether the

Ai Bi’
sign of the difference is plus or minus. Under HO’ we would expect the number

of pairs which have XA > X, to equal the number of pairs which have XA < XB

That is, if the null hypotiesis were true, we would expect about half of the
differences to be negative and half to be positive. HO is rejected if too few
differences of one sign occur. For small samples ( < 30 observations) the
probability associated with the occurrence of a particular number of pluses
and minuses is determined using the binomial distribution with P = 0 =‘% s
where N = the number of pairs. If a matched pair shows no difference (i.e.,
the difference, being zero, has no sign) it is dropped frowm the analysis of

N is thereby reduced.

It should be noted that traditional parametric hypothesis tests could not
be used because the requirement of homogeneity of variance of the parameters
under consideration was not satisfied and replicate observations by each team
were not available.

The results of the statistical analysis are summarized in Table 2.1. It
is apparent from Table 2.1 that no significant differences were observed for
all distress types in each of the seven districts except for two cases.

These exceptions were in Districts 3 and 4 where the minor spalling recorded
by the two teams showed significant differences at the 99.9 percent and 99.6
percent levels, respectively. However, these two exceptions merely reflect
a source of variagbility within the manifestation rating itself, this being

a consequence of the high degree of subjectivity associated with making

assegsments of degree of minor spalling.



TABLE 2.1, COMPARISON OF RATING TEAMS - RESULTS OF SIGN
TEST FOR EQUALITY OF RATING PROCEDURES

Distress District Sign Test (Ref 7) Decision on
Type Hypothesis
Number Number Level of t@at Median
. . . Difference
Number Negative  Positive  Signif- is Zero (H )
Obser- Differ- Differ- icance 18 r o
vations* ences ences (Percent)
Minor 3 15 1 14 0.1 Reject at
Spalling 0.01 per-
cent level
4 9 9 0 0.4 Reject at
0.5 per-
cent level
10 11 2 9 6.6 Do not re-
ject at 5
percent
level
13 14 7 7 100.0
Do not re-
19 5 0 5 6.3 ject at 5
24 27 10 17 24.6 percent
25 5 1 4 37.6 level
Severe 3 4 1 3 62.5
Spalling 4 4 0 4 12.5 Do not re-
10 7 3 4 100.0 ject at 5
percent
13 9 7 2 18.0 level
24 11 7 4 54.8
Minor 3 11 1 10 12.0
Pumping 4 4 0 4 12.5 Do not re-
10 6 2 29.0 ject at 5
' percent
13 12 9 3 14.6 level
24 19 12 7 36.0

(Continued)



Table 2.1. {(Continued)

Distress District Sign Test (Ref 7) Decision on
Hypothesis
Number Number Level of that Median
Number Negative  Positive Signif- Difference
Obser- Differ- Differ- icance is Zero (H )
vations* ences ences (Percent) ©
Severe 10 9 6 3 50.2 Do not re-
Pumping 24 3 0 3 25.0 ject at 3
percent
level
Minor 10 7 6 1 12.4 Do not re-
Punchouts 24 4 1 3 62.5 ject at 3
5 percent
(<20 ft.7) 25 4 2 2 100.0 level
Severe Do not re-
Punchouts 10 8 1 7 7.0 ject at 5
) percent
(<20 ft.") level
Asphalt Reject
c t 10 8 8 0 0.8 at 1
oncrete . percent
Patch level
Portland
Re+
Cement aiJECt
10 6 5 1 3.2
Concrete percent
1
Patch leve

*0One observation is the value of the distress variable under consideration

for a highway section of CTR Project. (i.e., "n" observations imply 'n"

CTR projects in a district).



Time History Analysis of Condition Survey Data - Rating Accuracy

Following the analysis described above, which was performed to evaluate
the precision of the techniques used in the condition survey, another analysis
was performed in order to estimate the accuracy of the ratings. Using infor-
mation made available from Texas SDHPT maintenance records (Appendix B), a
time history of the cumulative number of repair patches made along two long
sections of CRCP highway in District 1 was prepared. These were 25 miles of
TH-30 in Franklin and Hopkins Counties and nine miles of US 75 in Grayson
County. The estimates of patches obtained from the 1974 and 1978 surveys
were then compared graphically with these histories for the appropriate
sections. This comparison is shown in Fig 2.2.

It is clear that in each case the condition survey estimates were in good
agreement with the maintenance records both in 1974 and 1978. The small dis-
crepancies that do occur are not considered significant enough to affect the
conclusions drawn from analyses performed on the condition survey data (Chap-
ter 3 to 7). It should be noted that as the data bank of condition survey
results which was discussed previously is updated over time, the analyses
described in the Chapter should be extended to include new information as it
arrives. In this manner, a continued check on the accuracy of the condition
survey ratings can be maintained.

It should also be noted that the values plotted from the 1978 condition

survey are for total failures, as the Texas SDHPT value plotted in each case
in these sections immediately following the 1978 condition survey. Finally,
the reader should be aware that the last SDHPT value plotted in each case

was obtained as a separate estimate by C(CTR personnel in May 1979.

Conclusions

It is generally concluded that any variation in condition survey results
due to the use of different rating groups does not contribute significantly
to differences observed between the 1974 and 1978 surveys. However, care
should be taken when analyzing measurements of the degree of minor spalling in
in any pavement because of the high degree of subjectivity associated with

such measurements. The results obtained from the accuracy study also confirm
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that the rating procedures recommended in Reference 4 give very reasonable
estimates of the true state. Accordingly, inferences made from analyses

performed on the data are well justified.

11



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



CHAPTER 3. STATISTICAL COMPARISON OF
DISTRESS IN 1974 AND 1978

Analysis Procedure-Test of Hypothesis of no Change in Condition

In order to determine whether or not significant changes in the degree
of distress of the CRC pavements which were rated in the 1974 and 1978 condi-
tion surveys occurred during the four year interval between surveys, a simple
statistical test was performed on the data. The "student t-test' (Ref 8, pp
1 to 6) was used to test the hypothesis that the mean value of a particular
distress manifestation (for example, number of failures per mile) in a given
district did not change significantly. This test was applied to three differ-
ent distress manifestations (number of failures, number of punchouts per mile

and serviceability index) for each district.

Limitations and Notes on the Analysis

It should be noted that the total number of separate projects in a dis-
trict (Ref 3) is equal to the number of observations of the value of the dis-
tress variable under consideration in a district.

Homogeneity of variance (Bartlett's Test, Ref 8) and normality (Burr-
Foster Q-Test, (Ref 8) were tested-initially. TFor all districts, the variance
of the distress variable changed significantly with the size of the distress
variable. Specifically, the hypotheses of homogeneity of variance and normal-
ity were both rejected at the 0.001 and 0.01 levels respectively for all dis-
tricts, except one. Consequently, appropriate transformations were applied
to the data. Since the sample mean varied directly with the sample variance,
a square root tranformation was utilized (Ref 8). The hypothesis of homo-
geneity of variance was then not rejected at the 0.l-percent and 1 percent
levels. The result was also substantiated by the Q-test on the transformed
data.

Finally, a summary of the data used in the analysis may be obtained from

Appendix A of reference 3.

13
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Results of the Analysis

The results of the hypothesis tests on data from all districts are

summarized in Table 3.1.

(1) Number of failures and punchouts. It is clear from Table 3.1., that
significant changes occurred in both the number of failures and the
number of punchouts in all districts of the State, covering both
wet and dry areas, except for Districts 1, 9 and 20. For District
1, there was no appreciable change in the number of failures, but
a significant change (level of significance < one percent) in the
number of punchouts. For District 9, there was a significant change
in the number of failures but not in the number of punchouts (level
of significance greater than 5 percent). For District 20, there

were only slight changes in both (level of significance less than
three percent).

(2) Serviceability Index. Data from two districts only were analyzed
and both showed significant differences between 1974 and 1978
(level of significance less than 0.05 percent).

Conclusions

Based on the results summarized in Table 3.1, the decision was made to
conduct the analyses described in Chapters 5, 6 and 7 as it was apparent that

in most districts, significant changes had occurred in distress between 1974
and 1978.
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TABLE 3.1. RESULTS OF STATISTICAL COMPARISON
OF DISTRESS BETWEEN 1974 AND 1978

Results of t-test
(paired data, one sided) Decision on
Level of Hypothesis of
Signifi- No Significant
Degrees of cance (LOS) Change in
Freedom t-value (percent) Distress

Distress District
Variable

1* 16 1.175 > 10 Do not re-
ject at 10
percent L0OS

Jhkn 23 3.158 <0.5 Reject at
0.5 percent
1.0S

Number 4k 19 3.445 <0.1 Reject at
0.1 percent
1.0S

9 12 2.887 <1.0 Reject at
of :
1.0 percent
1.0S

10% 25 9.123 <0.1 Reject at
Fallures 0.1 percent
1.0S

13%k 58 6.524 <0.1 Reject at

0.l percent

per 1.0S

17% 13 4.200 <0.1 Reject at

0.1 percent

Mile 1.0S

19%* 26 7.536 <0.1 Reject at
0.1 percent
1.OS

20 18 2.033 <3.0 Reject at
3.0 percent
1.0S

24 k%% 16 3.791 <0.1 Reject at

0.1 percent
1.0S

25% 9 4.071 <0.1 Reject at
0.1 percent
LOS

(Cont inued)



16

TABLE 3.1. (Continued)

Distress District Results of t-test L.
Variable (paired data, one sided) Decision on
Level of Hypothesis of
Signifi- No Significant
Degrees of ance (LpS) Change in
Freedon t-value percent? Distress
1 16 2.873 <1.0 Reject at
1.0 percent
1.0S
3 23 homogeneity of variance criterion
not satisfied
Number
4Kk 19 2.798 <1.0 Reject at
1.0 percent
LOS
of 9% % 12 1.759 >5.0 Do not re-
ject at 5
percent LOS
JO*X 25 6.469 0.1 Reject at
Punchouts 0.1 percent
LOS
13 58 homogeneity of variance criterion
not satisficd
per 17%% 13 4.886 “0.1 Reject at
0.1 percent
LOS
Mile 19%* 26 6.612 <0.1 Reject at
0.1 percent
LOS
20 18 2.036 <3.0 Reject at
3.0 percent
LOS
24 Insufficient data available
25%%k 9 2.083 ~3.0

Reject at
3.0 percent
LOS

Continued
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TABLE 3.1. (Continued)

Distress District Results of t-test
Variable (paired data, one-sided) Decision on
Level of Hypothesis of
signifi- No Significant
Degrees of cance (LOS) Change in
Freedom t-value (percent) Distress
9 13 5.196 <0.05 Reject at
0.05 percent
LOS
Service- 17 17 5.831 <0.05 Reject at
ability 0.05 percent
Index LOS

*Homogeneity of variance hypothesis not rejected at 1 percent LOS using
square root transform

**Homogeneity of variance hypothesis not rejected at 1 percent LOS using
square root transform

***Homogeneity of variance hypothesis not rejected at .l percent LOS using
fourth root transform
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CHAPTER 4. TRAFFIC DIRECTION DISTRIBUTION ANALYSIS

Introduction

The purpose of this chapter is to document the development of a relation-
ship between the percent of failures and the percent of tfaffic to be assigned
to each direction of a highway. The use of this relationship to estimate the
traffic distribution for existing CRCP in Texas is also discussed.

The distribution of the number of failures per mile has been observed to
vary according to direction for a large number of Texas CRCP highway sections.
The most likely reason for this is the variatijon in the distribution of traf-
fic between directions. That is, although the total number of vehicles can be
similar, the 18-kip ESALS may be different. Furthermore, the percentage dis-
tribution of failures between directions appears to be constant along the
length of a given highway. This result supports the hypothesis that the per-
centage of failures in any direction implies the percentage of road use for
that direction. Accordingly, the relationship between the number of failures
for a given section of CRCP and the associated traffic, has been modelled us-

ing condition survey data, as described in the rest of this chapter.

Procedure

Data on the number of failures per mile and the total traffic were avail-
able for 122 CRCP sections in Texas (Ref. 3, 9). Using these data, a simple,
least-squares regression analysis was performed with the traffic and number
of failures as the dependent and independent variables respectively (Ref. 8).
The effects of other variables and associated interactions were neglected as
they were expected to be relatively insignificant. Logarithmic transformations

were used to facilitate the analysis.

Theoretical Model

Under the assumption that the equation to be developed was to be used to
estimate the ratio of traffic between the two different directions of a high-

way, an exponential model was proposed (Ref 8).

19
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That is,
Y (08 B
where
t = traffic in millions of 18-kip ESALS,
f = number of failures per mile,
A = constant,
o = constant,
g = constant,
If we assume that for t = 0, we must have f = 0, them X = 0.
Hence,
o= af b b
Using logarithmic transforms,
logt = log a + Blog £ . . . . o o v v oo oL (4.3)

To satisfy appropriate boundary conditions, the following transformation

was used,

Log (t+ 1) = loga+ B8 log(f+1). . . . . .. . . (4.4)

Results of the Analysis

Using the non-directionalised data (after logarithmic transformation)
summarized in Refs 3 and 9, a simple linear regression analysis gave equation

4.5, That is,
Log (t + 1) = 0.375 + 0.497 log (f +1) (4.5)

Relevant summary statistics for the analysis were

R2 = 0.346 and

MSE + 0.237.
Revising the transformation, we get

t = 1.271 (f + 1)0'497 - 1.0 (4.6)
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Clearly, the low value of R2(34.6%) indicates that this model cannot be
used for prediction purposes. However, it is felt that a successful prelim—
inary step has been taken towards estimating the traffic volume breakdown,

according to direction, from pavement condition.

Directional Distribution Estimates for Texas CRCP

Finally, estimates of the percentages of traffic according to direction,
for those sections of Texas CRCP from which the regresssion data were obtained,
were calculated. This was done by applying the equation 4.6 to the appropriate
f failure rate for each direction for all the 122 CRCP sections. The results

are summarized in Figure 4.1 and Appendix C.
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CHAPTER 5. DISTRESS PREDICTION MODELS

This chapter describes an attempt to obtain, through regression analysis,
a prediction model for distress in continuously reinforced concrete pavements

(CRCP). Using field observations, the following model was developed:

Number of failures per mile = F(environment, materials, construc-—
tion, previous distress).

Data Base

The data base utilized in this study is partly the same as that presented
by Machado et al in Ref 2, and partly more recent data which has been collected
on the same Texas highway sections during a statewide condition survey four
years later. Certain restrictions were placed on the collection of these data

in order to assure its quality and homogeniety. These restrictions included:

(1) All data parameters utilized must be common to every observation.
This restriction was made in an effort to eliminate gaps in the
data and so that for pavement sections not in the study it would
be possible to test the prediction models.

(2) All data must be easily obtainable for those parties wishing to

forecast performance. Since one of the objectives behind this
regression modelling is to develop quick and easy methods for pre-
dicting future distress, it would be self-defeating to include
parameters which are difficult or expensive to determine.

(3) The minimum roadway length for inclusion in the study was set at
one mile. This was to eliminate any undue bias in the results

which might be caused by extremely short sections.

(4) All distress data was 'mondirectionalized." Directional distress
measurements collected in condition surveys (Ref 3) were converted
to average per length of pavement. This was done to compensate

for the lack of available directionalized traffic data.
Five types of data were utilized for this development of the prediction

models. Specifically these were data on:

(1) environmental factors,

(2) construction factors,

23
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(3)

(4)

(5)

traffic,

age of pavement, and

pavement distress factors.

The selection of factors was made on the basis of data availability and

the results of an ANOVA which was performed prior te the regression analysis.

(1)

Environmental Factors. The environmental factors chosen for this

investigation reflect the various local soil and climatic conditions

which may contribute to the deterioration of pavement performance.

Those factors which were included are described below.

(a)

(b)

(c)

(d)

Moisture: The moisture content of the soil directly beneath
the pavement structure is a function of rainfall, humidity,
evaporation, transpiration, scil suction and other factors.

A moisture index which describes the moisture characteristics
was developed by Thornwaite (Ref 17). Contours for constant
index values are shown for Texas in Fig. 5.1. This index
relates the maximum yvearly surplus and deficit of available
water to the potential evapo-transpiration of the area.
Thornwaite's moisture index can be calculated from the
following equation:

Im = 100s - 60d
Ep
where
Im = moisture index,
= surplus of water in inches of groundwater table,
= deficit of water in inches of groundwater table, and
Ep = potential evapo~transpiration in inches.

Temperature. Three temperature related variables were used to
describe temperature effects: solar radiation (Fig 5.2), ther-
mal fatigue (Fig 5.3) and regional temperature variation (Table
5.1). Solar radiation quantifies the amount of heat from the
sun to which the area is exposed, thermal fatigue is character-
ized by the number of annual freeze-thaw cycles and regional
temperature variation is represented by Texas SDHPT temperature
constant (Ref 18).

Clay activity. The shrink-swell characteristics of the subgrade
so0il determine the potential for differential movement within
the subgrade. This can lead to longitudinal surface waves and
the formation of voids beneath the pavement. Swelling clays
typically found in Texas are listed in Ref 19 and Appendix A

of Reference 20.

Regional factor. The State of Texas was divided into major
regions. Although the regional factor is primarily a geo-
graphical demarcation, inherently it includes other factors



Fig 5.1.

Contours of Thornwaite moisture index for Texas (Ref 17).

25



26

475
1\

450 425

525  500| /472

(535 (19)
10) .

525

500

475

Fig 5.2. Contours of solar radiation (Langleys/Day) for Texas (Ref 18).



27

125
// 100
|25.y9'4 —
77052 75
100 720
125 .65.6
75
\ 698 546
3 —J Sees2
QK 79.2 6.4 50
672
634 642 94
r64.4 -400 25
7.6
25 >

4

Fig 5.3. Contours of annual average freeze-thaw cycle for Texas (Ref 18).



28

TABLE 5.1. TEXAS SDHPT TEMPERATURE CONSTANT (@)
BY DISTRICT (REF 18)
District Temperature Constant (d)
1 21
2 22
3 22
4 9
5 16
6 23
7 26
8 26
9 28
10 24
11 28
12 33
13 33
14 31
15 31
16 36
17 30
18 26
19 25
20 32
21 38
22 31
23 25
24 24
25 19
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such as vegetation type, humidity and hydrologic conditioms.
The regional factors as used in this study are shown in Fig 5.4,

(2) Construction factors. The data on construction factors utilized in
this study were collected for four different layers associated with
concrete pavement construction. These were:

(a) concrete layer properties,
(b) subbase layer properties,
(c) subgrade layer properties, and
(d) shoulder layer properties.

Each of these categories included items such as layer thickness,
constituents, quantity, etc.

(3) Traffic. Traffic data for each of the observations were obtained
from SDHPT D-10 and were reported in cumulative equivalent 18-kip
axle loads. This is consistent with previous work done in pave-
ment design, where pavements were designed to adequately accommodate
the expected 20-year equivalent 18-kip axle loading.

(4) Age. The age of the pavement was reported in months, as measured
from the time of completion of pavement construction.

(5) Pavement distress. Measurements of pavement condition were col-
lected in two surveys. The first was conducted during 1974 and the
second during 1978. The 1974 data were reported in the form of
three parameters,

(a) quantity of failures in number per mile (number of failures =
number of punchouts + number of patches,

(b) quantity of spalling in percent of spalled cracks, and

(¢) low and mean serviceability as measured by the Mays meter.

The same pavement sections were surveyed in 1974 and 1978; however,
some of the sections were overlayed after the 1974 survey and were
not included in the 1978 data set. In summary, data were collected
on 87 sections in 1974 and on 61 sections in 1978, bringing the
total number of observations to 148.

Full details of all factors used are given in Appendix F.

Inference Space

The inference space for the regression model has, as an upper bound, the
population from which the observations have been drawn. The extent to which
the actual inference space approaches the upper bound is dependent upon the

degree of restriction placed on the sampling from this population.
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The model developed in this regression has, as its inference space,
Texas CRC pavements of 8-~inch thickness which are between 2 and 15 years of
age. Extreme caution should be exercised when attempting to apply this model
outside this inference space as unrealistic predictions may result.

A detailed description of the inference space may be obtained from Appen-—
dix F. This summarizes all factors considered in the Regression Analysis and
the ranges over which they were worked. From these data the inference space

of the model may be obtained.

Method of Regression

The large number of independent variables in this analysis made it
impossible to include the complete set of variables in the model. Therefore,
a regression procedure which would select a 'best set'" from the complete set
of variables was needed. Several procedures in current use were available
to perform the necessary calculations. These included: (1) all possible
regressions, (2) backward elimination, (3) forward selection, and (4) step-
wise regression.

The first procedure involves performing all possible regressions. The
regressions are then divided into sets and each set is ordered according to
come criterion. This criterion is usually the R2 obtained from at least
squares fit (Ref 13). The leaders of each set are examined and the selection
of which equation to use is then made. As already noted, due to the large

number of variables, this procedure is impractical in this case.

The backward elimination procedure is an improvement on the all possible
regressions technique. In this procedure a regression equation containing all
the variables is computed. The partial F-test value is computed for every
variable as if it were the last to enter the equation. The lowest F-value is
compared to a preselected minimum F-value, which corresponds to a percentage

point in the F distribution. If the lowest F falls below the minimum value,

the variable which gave rise to it is removed. The regression is recomputed
without the variable and the procedure is repeated. If the lowest partial
F-value is greater than the minimum, the procedure is completed.

The forward selection procedure inserts variables into the equation until

it becomes satisfactory. At each step in the procedure R2 is calculated
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and the partial F-value for the last variable to enter the equation is
examined for significance. When this value becomes nonsignificant, the pro-
cess is completed.

Stepwise regression is an improvement of the forward selection procedure.
As each new variable enters the equation, the variables which are already in
the equation are re-examined, and any which are found to be nonsignificant
are then removed. It is possible that a variable which was the most signi-
ficant at an earlier step may become nonsignificant due to its relationships
to variables which have since entered the equation. The re-examination
procedure removes the superfluous variables and reduces the total number of
variables in the equation.

Stepwise regression utilizes the partial F criterion for selecting
variables to enter and for re-examining variables already in the equation.
At each step, the partial F-values for all variables are calculated as if
they were the last to have entered the equation. If the partial F-value for
a variable in the equation falls below a preselected minimum F -to-remove,
the variable is removed. The variables not in the equation are then exam-
ined and the one with the highest partial F-value is entered into the equa-
tion, provided it exceeds a preselected minimum F-to-enter. This is
repeated until no more variables are entered or removed and the equation is
complete.

Because of its advantages over the other procedures, a stepwise regres-
sion was performed in this analysis. The computer program STEPOl (Ref 20)
from the Biomedical package was chosen to do the stepwise regression and the
full results are summarized in Ref 20 and Appendix H of this report. For the
analysis, the F-to-enter and the F-to-remove were both set to a value of

1.32. The resulting equation is described in the following section.

Description of Distress Prediction Model

The distress prediction model obtained from the analysis discussed above
is summarized on the following page. Details of how to use this model are

outlined on page 34.
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Assuming visual condition survey information is taken at some time in
the life of a selected CRC pavement, it should be used with the equation
given below for the prediction of distress at some later time during the

pavement's life. The equation is as follows,

N = -0.381 - 0.0356X; + 0.000131X,?
+0.0461 X3(X5 - X;) + 0.0000494 XX,
X (5.1)
where
N = number of failures per mile (punchouts + patches) at future
time chosen for prediction,
X, = vpavement age at time of condition survey (months),
X2 = pavement age at future time chosen for distress prediction,
X4 = "N" at time of condition survey,
X4 = Texas SDHPT temperature constant (Table 5.1),
X5 = -5.840 + 0.0988 X2 for pit run gravel subbase aggregate, and

0 for other subbase aggregates.

Relevant summary statistics for the regression analysis from which the

equation was determined are:

R2

MSE

0.672 and
2.436.

l

Care should be taken when using the equation in the light of these statistics.
A complete summary of the results of the regression analysis is given in
Appendix H which contains a copy of the computer printout from the final

regression calculations.,

Procedure for the Use of Distress Prediction Model

The prediction equation discussed above requires the following input
parameters:
(1) condition survey data on the number of failures per mile,

(2) pavement age at the time of the survey (expressed in months),



34

(3) pavement age at the time in the future for which the prediction
is desired (months),

(4) SDHPT temperature constant for the region in Texas in which the
pavement is located, and

(5) subbase aggregate type.

Example of Use of Distress Prediction Model

The data (values of input parameters) for the selected Texas CRCP

section (CTR Section #1006) were obtained from Appendix F as follows:

X1 = 105 months (1974 condition survey),

X2 = 155 months,

X3 = 3.86 failures per mile (1974 condition survey),
X4 = 24 and

X5 = 0 (subbase aggregated is processed material).

Substituting in equation 5.1 gives

N

-0.381 - 0.0356 (105) + 0.000131 (155)2,
+0.0461 (3.86) (155-105) + 0.0000494 (155)(24),

8.11 failures per mile.

Hence, the predicted number of failures per mile for CTR Section number
in 1978, based on 3.9 failures in 1974, is 8.1. This compares favorably
the actual number of failures per mile which was recorded during the 1978

condition survey of 7.3 (Appendix F).

Conclusions and Redommendations

Conclusions

An examination of the regression analysis results and the plots of re-
siduals leads to the following conclusions. Full information may be obtained
with reference to Appendix H.

(1) The R2 (.67) and standard error of prediction (2.4) statistics N

show that the equation has an acceptable precision of prediction”.

(2) The equation tends to slightly overestimate the lower values of pre-
dicted distress and underestimates the higher values.
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(3) The equation may be conservative due to the fact that the more
highly distressed sections had been removed from the sample for
analysis purposes. This was because they had been overlayed since
1874,

(4) The plot of predicted distress versus residuals indicates that
there may be some nonhomogeneity of variance (Appendix H).

(5) The plot of observed distress versus predicted distress indicates
a good fit and supports conclusion number (1) (Appendix H).

Recommendations

(1) The ongoing collection of condition survey data should be performed
on a regular basis to provide insight into the behavior of CRCP
over time.

(2) The prediction equation should be regularly updated by the inclu-

sion of the additional survey data recommended.

*Tnclusion of additional terms would have increased the R2 but would have
tended to over-fit the data, detracting from the model's predictive use~

fulness.
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CHAPTER 6. USE OF DISCRIMINANT ANALYSIS TO EVALUATE
THE DISTRESS CONDITION OF CRCP#*

Introduction

This chapter describes an application of discriminant analysis (Ref 22,
23) techniques to the evaluation of the distress condition of CRCP for the
purpose of defining the terminal point for major rehabilitation. The specific
objectives considered in this evaluation were:
(1) the development of a utility function to assign a quality score
to a CRC pavement, and

(2) the definition of a criterion for use in determining the need for
either major rehabilitation or an overlay on CRCP of known condi-
tion.

Background

The data used in this analysis were obtained during the distress condition
surveys of CRCP in Texas which were performed in 1974 and 1978 (Ref 2, 3),
Several manifestations of distress were recorded, namely punchouts and patches
per mile (together recorded as patches per mile), percent of minor spalling,
percent of severe spalling and percent of pumping. Some of the pavements sur-
veyed during 1974 were overlayed prior to the survey in 1978 (Appendix I).
Discriminant Analysis was applied to these data to establish criteria to facil-
itate making the decision to overlay. Specifically, by using data on several
distress manifestations from two groups of pavements (overlayed and nonover-
layed) to describe their difference, the discriminant analysis provided a suit-
able utility function and set of criteria. Table 6.1 summarizes some statisti-

cal parameters of the sample data.

Discriminant Analysis

A major problem encountered in previous attempts to develop combined
overall quality indicators for pavements lies in selecting specific values
of the combined index as critical values or terminal values. The logical

boundaries or ranges of acceptability for this overall rating can potentially

*Ref. 21.
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TABLE 6.1.

STATISTICAL PARAMETERS OF THE SAMPLE (APPENDIX T)

MEAN VALUE STANDARD DEVIATION
NON- NON-
DISTRESS OVERLAID OVERLAID TOTAL OVERLAID OVERLAID TOTAL
\i T

MANIFESTATION SECTIONS SECTIONS SECTIONS SECTIONS SECTIONS SECTIONS
Number of failures/mile 14.08 4.20 8.14 15.56 2.01 3.99

Minor Spalling (%) 22.38 12.76 15.16 32.12 19.52 21.36

Severe Spalling (%) 5.61 6.11 6.08 4.96 2.74 3.06

Pumping (%) 6.54 5.73 5.90 5.79 3.43 3.77

8¢
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be determined through the use of discriminant analsis, which is specifically
geared to determining natural groupings of composite variables. This is ac-
complished by selecting composite variables on the basis of maximum differences

among group means of composite scores,coupled with minimum overlap in the dis-

tributions of these scores.

Essentially then, the discriminant analysis is a statistical technique
used to classify data into groups. Its objective is to construct a boundary,
which is referred to as a discriminant equation, such that the elements of
each group can be separated. Also, once the equation is defined, any new ele-
ment can be assigned into one of the predetermined groups. The technique has
been used here to establish relations which distinguish whether or not a pave-
ment falls into a "group of pavements" requiring a particular rehabilitation
activity, based on visual condition survey information. Using data from
Appendix I, the discriminant function (equation) has been determined here for
a group of CRC pavements in Texas, as discussed in the next section of this
chapter.

In the development of the discriminant function, a subprogram called

'discriminant' of the statistical package SPSS was used (Ref 10).

Analysis Procedure, Development of Discriminant Function

It was decided that the data obtained for percent pumping was not repre-
sentative of the population, and so the analysis was carried out without con-
sidering percent of pumping as a variable. Specifically, the discriminant

function (equation) developed to discriminate between groups was of the form

n
z” = ¥ a.z, (i =1, ... , n) (6.1)
. i"i
i=1
where
z” = discriminant score,
a., = weighting coefficients, and
i
2. = standardized values of the n discriminating variables
1

(distress measures) used in the analysis.
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The standardized values, z;, , were calculated as follows:

X, X
z, = 5 i =1, ..., n) (6.2)
X,
i
where
X, = value of the distress manifestation , i , for the case
being classified,
gi = mean value of the distress manifestation , i , and
ox = standard deviation for gi'
i

Hence, for any particular pavement, data on each X should be substituted
into Equation 6.1 and equation 6.2 in order to obtain a value of z”, the dis-
criminant score for that pavement. This value is called the z”“-score or

zeta “-score for that pavement.

Interpretation of Discriminant Score

If "z"-scores" for all the pavements in the original (historical) data
set are calculated, then mean z”-scores for each group may also be calculated.
The individual z“-score will tend to be distributed normally about these means,
and a frequency distribution for each of the two groups may be plotted
(against z”"-score) on one continuous horizontal axis. For the analysis per-
formed here such a plot is shown in Figure 6.1. A grand mean (zero-point for
the continuum) for all the z”“-scores has also been calculated, and it lies
between the two group means. Information for these calculations may be ob-
tained from the computer output (Appendix I). If we assume that Figure 6.1
represents the distribution of the z”-score for a set of pavements, each of
which is either in ''bad" condition (overlayed) or 'good" condtion (non-over-
layed), then the z”-score for any particular individual pavement may be inter-

preted as follows:

z” = -0.819, (grand mean); probability that the pavement belongs
to group of good pavements = probability that it
belongs to the group of bad pavements = 50%,
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z” < 0.819, probability that pavement belongs to the group of good
pavements < probability of belonging to the group of
bad pavements,

z” > 0.819, probability that the pavement belongs to the group of
good pavements > probability of belonging to the group
of bad pavements.

More specifically, pavements located in the "zone of conflict" (zone of ignor-
ance) are pavements whose classification is uncertain within the reliability

of the analysis.
In order to simplify the interpretation of equation (6.1), the z~ value

can be modified so that scores are compared to zero, rather than to the grand

mean (-0.819) by using the equation

z = 2z~ - Grand Mean, (6.3)

n
z = 0819 +Z% a.z.. (6.4)

The modified distributions are shown in Figure 6.2.

Results of the Analysis

Table 6.2 summarized the parameters for the above equations which were
obtained from the analysis.
By substituting the values from Table 6.2, the equation can be further

simplified to the following;

z = 2.113 - O.1381 - O.O32X2 - 0.020X3, (6.5)
where
X1 = number of failures per mile,
X2 = minor spalling (percent), and
X, = severe spalling (percent).
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TABLE 6.2. CONSTANTS TO BE

USED WITH EQUATIONS 6.1 and 6.2.

Distress Manifestation a, X, o}

i i Xg
Failures per mile -1.12 3.99 8.14
Minor spalling (percent) -0.49 21.36 15.17
Severe spalling (percent -0.12 3.07 6.08
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Development of a Utility Function

Once the discriminant function has been developed, it can be used to
assess a utility value for any CRCP under evaluation by developing a corres-
ponding utility function. That is, the z value described above can be more
easily interpreted if it is transformed to a Utility estimate from some Utility
Function. The function must range from zero to one depending upon the degree
of distress of the facility (how 'bad' or 'good' the pavement is). To achieve

this, several options could be followed.

(1) Use of z function as it is. The =z values not only discrimi-

nate between overlayed and nonoverlayed sections when compared to the boun-
dary value, but depending on the magnitude of =z , they indicate how good
or how bad the distress in the CRCP is. The higher =z , the better, and
viceversa.

(2) Ignoring the sign of the =z function. If the sign is ignored, each

weighting coefficient, a; represents the relative contribution of its asso-
ciated type of distress to the discriminant function. This weighting coeffi-

cient can be used in combination with utility curves of each type of distress.

The average utility being obtained from an equation of the form

AV = ud x ub X uo x ud (6.6)
f ms ss P
where
AVU = average visual utility,

u. = utility assigned to the appropriate number of failures per
mile for the pavement being evaluated (obtained from given
curves),

e = utility assigned to the appropriate percent of minor
spalling,
U, < utility assigned to the appropriate percent of severe

spalling, and

u = utility assigned to the appropriate percent of pumping.
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The exponents for Eq (6.4) may be defined as follows:
a = al/Z|ai|; b = a2/E|ai|; etc.

The remainder of the symbols are defined similarly.

(3) Utility developed from the z equation. There is a probability

associated with each =z value that can be used as a utility value for a CRCP
facility. It is the probability that a given pavement belongs to the nonover-
layed pavement group. That is, if a pavement has a probability close to one,
of belonging to the nonoverlayed group, then it is in good condition and

its utility is equal to that probability. Conversely, if the pavement has a
low probability of being in the nonoverlayed group, then its utility will be
low.

In this report, only the third option is investigated further because it
was felt to be the best approach of the three. The utility functions may be
obtained more easily than with the second approach because of boundary value
problems, interpretations is easier than for the first approach, and the

utility function may be derived directly from the discriminant analysis.

Utility Function Developed from the z Equation

Figure 6.3 is a plot of =z wvalues against the probability of belonging
to the nonoverlayed group for any distress modes combination. Under the
assumption that this probability is normally distributed, either of two pro-

cedures may be used to obtain the required probabilities as follows:
(a) by the appropriate use of normal distribution probability tables, or

(b) by means of a numerical approximation procedure as show below.

The Equation that relates =z to this probability for =z > 0 is Ref 22, 23)

2 3 4 5
u{z) = 1.0 - f(z)(b1t+b2t +b3t +b4t +b5t) (6.7)
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where

u{z) = wutility assigned to a pavement for a combination of

distress modes with a discriminant score =z ,

1 1 2
f(z) = exp[- 5 (2)71],
Y7 2
t = 1
1+ 0.23164(z) °
b1 = (,31938,
b2 = - (.35656,
b3 = 1.78148,
b, = -1.82126,
b, = 1.33027,

In the case of 2z < 0

then

- 2 3 4 5
u(z) = f(z)(flt + bzt + b3t + b4t + b5t ) (6.6)

where

1
1 - 0.23164(z) *

Then, if the appropriate equation is applied to find the probability asso-
ciated with a given =z , the utility of a pavement with such 2z 1is deter-
mined. This utility value ranges from zero to one; the closer the utility

is to one, the better the condition of the CRCP.

Criteria for Major Rehabilitation

According to the discriminant function that has been developed, it its
z is smaller than zero, a pavement would be classified as a candidate to be
overlayed. Nevertheless, referring to Fig 6.2, it is found that a lower

value of 2z should be adopted as criteria to decide when to overlay.
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Figure 6.2 is an oversimplification of the distribution of the overlayed
and nonoverlayed pavements. Pavements located in the ''zone of conflict' are
pavements that are not in an excessively bad condition, such that there is
significant doubt as to whether they belong to either the overlayed or non-
overlayed group. For this set of data, the derived 2z boundary value occurs
in a position which is shifted to the right of its correct position because
of the existence of sections with negligible distress that have been over-
layed regardless. For these pavements, the criteria used in the decision to
overlay apparently were not functions of the distress modes considered above.

With the above considerations, it was felt that a better criterion to
use when deciding whether or not to overlay is the mean 2z value for the
group of overlayed pavements. This mean 2z value is calculated by substi-
tuting the mean distress values calculated for this group into the discrimi-

nant equation. These mean distress values are summarized in Table 6.1.

From the discriminant function calculated above, this mean =z value is

N
]

2.113 - 0.138X1 - 0.032X2 - 0.020X3

2,113 - 0.138(15.56) - 0.032(32.12) - 0.020(4.96)

-1.17

The criteria proposed to decide when to overlay then become:
(a) Any pavement with utility u(z) §_0.120 should be overlayed, or

(b) 1If the cost of repairing a pavement is larger than the cost of
overlaying, that pavement should be overlayed, whatever its utility.

Conclusions

At this stage it is important to mention some assumptions inherent to
the approach we have followed and that might invalidate our results- if not

satisfied:

(1) The discriminant function obtained is linear, but this might not be
correct. This situation arises from the fact that the mathematics
involved in the discriminant analysis are based on the assumption
that distributions of the groups are equivalent (variances and
covariances should be the same in both groups).
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(2) The variables have been assumed to be normally distributed.

(3) The subjective decisions of overlaying the sections that we have
used in our analysis have been assumed to be correct.

(4) The data points used are not comprehensive. That is, for distress
values outside the range of our data, the =2z equation drived is
not applicable.

(5) Not all distress types have been included. The criteria followed
to overlay some of the sections used in our analysis could have
been different if a different set of distre-s types had been used.

Non-parametric and nonlinear discriminant analysis techniques could be used
if assumptions (1) and (2) are found not to be valid.

Within the restrictions mentioned above, the prediction results obtained
in a test analysis were encouraging. In Table 6.3, the observations from the
data which were correctly classified by the z-equation are summarized. Al-
though the data used to test the prediction capability of the discriminant
function were also the data used to develop the equation, it is clear from
Table 6.3 that suitable precision has been obtained.

Also, it is believed that this approach is a step further in the ration-
alization of the evaluation of the distress condition of the pavement. Full

details of all calculations may be obtained from Appendices I and J.



TABLE 6.3. PREDICTION PRECISION

OF DISCRIMINANT EQUATIONS

Pavement Number of Number of Percent

Group Observations Correct Correct
Predictions

Overlayed 34 22 64.7

Nonoverlayed 199 185 93.0

Total 233 207 88.8

51
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CHAPTER 7. PRELIMINARY GUIDELINES FOR A RIGID PAVEMENT
EVALUATION SYSTEM (RPES)

Outline of System Functions

It is the purpose of this chapter to present a set of guidelines for the
establishment of a rigid pavement evaluation system and its use in decision
making concerning pavement design, maintenance and rehabilitation. A system
is proposed here which could be used to determine a total "utility" or "value"
at any point in time for any chosen pavement. This 'utility' would be
represented as a total "pavement score (PS)" on a linear scale from O to 1,
and would be determined from quantitative ratings of important pavement pro-
perties at the chosen time. The pavement score would be a function of the
pavement's rated condition (as measured by visual condition survey), fough—
ness, skid resistance quality, maintenance requirements and functional
utility. These last two factors would reflect the pavement's utility to the
comnunity and the various costs or benefits occurring to the community for
different rehabilitation activities in comparison with others. The system
would incorporate a procedure for making decisions on the particular rehabil-
itation activity to be performed on the basis of maximizing utility as
reflected directly in the pavement score . Alternately, the maintenance cost
and functional considerations could be treated separately in the decision
making process through the introduction of a total utility maximization pro-

cess. The second alternative is discussed here.

Limitations of System Functions

It is important to remember that preliminary guidelines only, for a
rigid pavement evaluation system are presented here. Development of a more
complete system incorporating reliability into the decision making process
is anticipated in the next year under CFHR project 249. Thus, the system
presented here will only be useful for making recommendations for deciding
among categories of rehabilitation. That is, for deciding whether or not,
at the time of analysis, any chosen pavement should be completely rebuilt,

levelled-up, patched or left untouched. Decisions concerning the extent

53
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and details of the particular rehabilitation program within the recommended
category should be made as part of a separate analysis which would be per-

formed after the category has been chosen.

Summary of System Components

Two specific objectives are considered in this evaluation; first, the

development of 4 utility function which would assign a quality (utility, value,

performance) score to any chosen rigid pavement; second, the definition of
criteria for selecting from rehabilitation alternatives for the pavement.
Essentially, for any rigid pavement, a total pavement score (PS) would be
predicted in terms of a series of component utilities as listed below, and

decisions made on the basis of the value of PS. That is

PS = F  (AVU, RQU, SRU, MCU, FCU)
where
F = Utility Function
PS = Pavement Score
AVU = Average Visual Utility (Distress Utility)
RQU = Ride Quality Utility (Distress Utility)
SRU = Skid Resistance Utility (Distress Utility)
MCU = Utility Accountable to the cost of any chosen rehabilitation
activity (Maintenance Cost Utility)
FCU = Functional Classification Activity.

It should at all times be remembered that the PS is indicative of the need

for rehabilitation.

Use of RPES: Calculation of Distress Utilities

The use of the proposed system to achieve the two specific objectives
which were mentioned above, is disscussed here. Specifically, the recommended
techniques for estimating individual pavement distress component utilities

(AVU, ROU, SRU) are outlined.

(1) Establishment and Updating of a Pavement History Data Bank.

A data bank, containing the construction, environment, load,
distress and repair history, for each pavement under consideration
should be established. This data bank should be updated on a



(2)

(3)

(4)
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on a regular basis (preferably annually) particularly with regard
to repairs, traffic, distress condition, ride quality and skid
resistance. Preliminary steps toward the creation of such a pave-
ment history data bank for rigid pavements in Texas, using a dig-
ital computer and appropriate data summary programs (Refs 3 and 4),
have already been taken at the Texas SDHPT.

Calculation of Average Visual Utility.

Information on the distress condition of the pavements under
investigation at the time of analysis should be obtained using
visual condition surveys. The type of data to be collected and
the manner in which it should be recorded has been defined in
Refs 4 and 5 for CRCP, JRCP and overlays. The new information
should be added to the data bank discussed in Step 1. The updated
information should then be used to compute the Average Visual
Utility of the pavement at the time of analysis. Relations for
this computation were presented in the preceding chapter.

Calculation of Ride Quality Utility (RQU)

As with the visual condition survey, appropriate data on
the ride quality of the pavement should be collected by taking
roughness measurements using the procedures and reporting tech-
niques established in Refs 4 and 5. These data should be added
to the appropriate section of the data bank as discussed in
Step 1. Utility accountable to ride quality for the pavement
under consideration should then be calculated from this latest
roughness data, which would be in the form of Serviceability
Index (SI)(Refs 4 and 5) values. The relations for this

calculation,which were obtained from Ref 24, are summarized in
Table 7.1 and Fig 7.1 for different traffic loads and different
pavement types.

Calculation of Skid Resistance Utility (SRU)

As for the Ride Quality Utility, Skid Resistance Utility
should be calculated after appropriate information (in terms of
Skid Numbers) (Ref 23) has been collected and added to the data
bank. The relations summarized in Table 7.2 and Fig 7.2 should
be used with the appropriate traffic load and pavement type.

Use of RPES: Alternative Procedures for Making Rehabilitation Decisions

(1

Simplified Maintenance Approach

This simplified approach was developed at the CFHR in October
1979 (Ref 25) as a procedure for allowing rapid, rational
decision-making, with regard to the most suitable choice of main-
tenance (or rehabilitation) activity for any given CRCP in
Texas. It should be noted that the total pavement score concept,
which was discussed at the beginning of this chapter, is not
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TABLE 7.1, RIDE QUALITY RELATIONS FOR
COMPOSITE PAVEMENTS (REF 24)

CURVE UTILITY RELATION INFERENCE SPACE
A Utility = 1.0 2.5<S1<5.0
5 <8I<
Utility = 1.0 - 0.10 (g&;gjgg) 2.0<8I<2.5
0.5
Utility = -0.2666 + 0.58333SI 0.8<S1<2.0
Utility = 0.20 { SI \? 0<SI<0.8
0.8
B Utility = 1.0 3.0<S1<5.0
Utility = 1.0 - 0.10 {3.0-5T)\? 2.5<51<3.0
0.5
Utility = -0.5583 + 0.58333SI 1.3<S1<2.5
Utility = 0.20 ( ST )2 0<S1<1.3
1.3
C Utility = 1.0 3.5<81<5.0
Utility = 1.0 - 0.10 (3.5-SI\? 3.0<SI<3.5
0.5
Utility = -0.85 + 0.58333SI 1.8<S1<3.0
0<s1<1.8

Utility = 0.20/ SI \?
1.80
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Fig 7.1. Ride quality utility relations for composite pavements (Ref 24).
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TABLE 7.2. SKID RESISTANCE UTILITY RELATIONS FOR

COMPOSITE PAVEMENTS (REF 24)

CURVE UTILITY RELATION INFERENCE SPACE
A Utility = 1.0 50<8N<75
Utility = 1.0 - 0.20 (50~SN)2 39<SN<50
Utility = ~1.4286 + 0.05714SN 2.85<SN<39
Utility = 0.20 (w)z 0<SN<28.5
28.5
B Utility = 1.0 50<SN<75
Utility = 1.0 - 0.20 (;(J-_SN)Z 32,5<SN<50
17.5
Utility = -1.05714 + 0.05714SN 22<SN<32.5
Utility = 0.20 (gN_)?— 0<SN<22
22
c Utility = 1.0 50<SN<75
Utility = 1.0 - 0.20 (SO-SN)Z 27.5<SN<50
22.5
Utility = -0.7714 + 0.05714SN 17<SN<27.5
Utility = 0<SN<17

0.20 (gtg)z
17
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utilized here nor is the variation in distress after rehabili-
tation. Rather, the level of rehabilitation activity to be
chosen is a function of the distress utilities at the time of
analysis only (AVU, RQU, SRU). The functional classification
utility of the pavement is not treated here, nor is the effect
of the cost of each rehabilitation activity on the decision.
However, some typical costs (1979 dollars) for the most impor-
tant rehabilitation activities have been included here (Tables
7.3 and 7.4. If a more comprehensive decision analysis
allowing for the effect of time is required, alternative pro-
cedures (b) should be considered. However, if a rapid analysis
is needed, this simplified approach, as summarized in Fig 7.3,
could be used.

Figure 7.3 is a flow chart of the maintenance approach
suggested. The inputs required are the current utilities of
the pavement related to distress, skid and riding quality, and
limiting values for these utilities. 1In the flow chart, =z has
been used, rather than the corresponding utility. This 2z 1is a
distress weighting function defined before (Refs 3 and 21).
The outputs in Fig 7.3 are the alternative maintenance approaches,
i.e., thick overlay, 2-inch overlay, roto-mill surface, and
maintenance.

For a given pavement, it is necessary to define the inputs
and decide which strategy to follow. If the =2z value is less
than the chosen limiting value, the rehabilitation ysing a thick
overlay is recommended. If =z is larger, then the riding quality
has to be checked. If the riding quality does not satisfy the
limit imposed, a 2-inch overlay is recommended. If it is above the
limit, the skid resistance has to be checked. The maintenance stra-
tegy proposed in the case where the skid resistance is below the
limit, is to roto-mill the surface. If the skid resistance complies
with the requirements, then only minor rehabilitation is required.

Once the type of maintenance has been defined, the cost can
be determined:

(a) Thick overlay cost.

First, the thickness of the overlay has to be defined. Table
7.3 gives some indication of thicknesses depending on the
type of soil and the average daily traffic expected.

Once an overlay thickness has been chosen, the cost per mile
is selected from Table 7.4. The costs in this table were
defined assuming that asphalt concrete has a cost of $30

per ton and a unit weight of 135 pounds per cubic foot; the
overlay was assumed to be 30 feet wide including the shoulders
for a typical 2-lane highway.

(b) Two-inch overlay cost.
The cost can be obtained from Table 7.4.

(¢) Cost of roto-milling surface.



TABLE 7.3. AC OVERLAY THICKNESS BY
SUBGRADE TYPE (REF 25)

Subgrade Thickness of Overlay (inches)
Type <10,000 VPD* >10,000 VPD*
Traffic Traffic
Clay 7 8
Granular 5 6

*Vehicles per day

TABLE 7.4, COST PER MILE OF AC OVERLAYS (REF 25)

Thickness Cost per mile
{inches) {dollars)

61 000
91 000
121 000
152 000
182 000
212 000
242 000

00 o~ N W N
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Fig 7.3.
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The cost of roto-milling was assumed to be $10,000 per mile.
More details of the analysis can be found in Ref 26.

(d) Minor rehabilitation cost.

The following equation was derived in order to define an
approximate cost of repairing punchouts and severe spalling:

cost per mile = (381000 x punchouts per mile)

+ (82 x 0.5 x number of severely
spalled cracks per mile).

In this equation, a cost of $1000 per punchout and $2 per
spalled crack was used. The factor of 0.5 in the above
equation is used to estimate the number of spalled cracks
to be repaired in one year relative to the total number of
spalled cracks.

It should be remembered that the cost figures used here are
approximate only and should be used for prefeasibility or
feasibility estimates only. Detailed cost calculations
should be made using appropriate local costs.

Maximum Average Pavement Score Approach

This procedure allows the pavement designer to select a re-
habilitation strategy which maximizes average total utility over
the remaining life of the rehabilitated pavement as measured by the
"pavement score' (PS) function which was described earlier. For
this procedure, pavement score at any age would be defined as the
product of visual, ride quality and skid resistance utilities of
the pavement at that time. "Functional Classification'" and "Main-
tenance (rehabilitation) Utility Cost'" have not yet been included
in this procedure owing to a lack of data. However, it would be
a simple matter to include them in the pavement score function in
the same manner as the visual utilities (product). This could be
done once suitable ratings of the functional value of each pavement
to the community and the relative costs of maintenance activities
have been established.

Hence
PS = AVU x RQU x SRU

where all terms are as defined previously. The designer would thus
take the following approach in order to arrive at a decision on
rehabilitation for any given pavement. First, the previously
mentioned data bank should be used to obtain appropriate CRCP dis-
tress utilities and properties. Then, using the distress prediction
models described in Chapter 5 of this report, the average visual
utility of the pavement should be calculated for a series of times
in the future up to the end of the design life of the pavement,
assuming the rehabilitation utility under consideration. This
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Summary

should be done on an annual basis and repeated for RQU and SRU using
appropriate relations. In this manner an estimate of the variation
in the PS over the anticipated life of the pavement can be made.
Then, the average PS for the pavement and rehabilitation activity

under consideration can be estimated graphically, or by summation,
Since

Average PS = Psdt

=
O -+

where T 1is the life of the pavement in years and t is time in
years, or

Average PS = 1

over T years t

PS At

N~

where At is the time increment between estimates of PS.

Then, in order to choose between rehabilitation alternatives, this
analysis would have to be performed for each alternative and the
selection made on the basis of maximum average pavement score. An
external weighting by functional classification or cost of activity
could be performed at this stage if desired, and consideration
should also be given to availability of funds.

A more complete analysis could be obtained by considering the net-
work of all CRCP sections in the State at one time and the effect
of any single rehabilitation on the entire network. Such an analy-
sis would require more sophisticated models than are at present
available. Preliminary concepts relevant to this end have been
documented in Ref 27. Once this is done, the distribution of funds
could be made on a completely rational basis using Decision Analysis
techniques (Ref 28).

Guidelines for establishing a comprehensive rigid pavement rehabilitation

evaluation and decision system have been outlined. Rational simplified tech-

niques for using such a system have been established and described here. It

is hoped that these simplified techniques will be implemented by the Texas

SDHPT as soon as possible, and future research will accomplish the completion

and establishment of the comprehensive system in the near future.



CHAPTER 8. CONCLUSTIONS

Based on this study, the following observations were made:

(1)

(2)

(3)

(4)

(5)

(6)

CRCP condition survey measurements obtained in 1974 and 1978
were sufficiently reliable for the purposes of the investigation
concerning a large set of Texas pavements.

Significant changes in distress occurred between 1974 and 1978
for the Texas CRC pavements under consideration in this analysis.

Directional distribution estimates according to lane for traffic
on the above mentioned pavements have been established.

The relative importance of a large number of environmental,
construction, load, and distress measurement variables with
regard to their effect on visual distress has been established.

Regression models have been developed for the prediction of
distress in CRCP throughout Texas, in terms of these variables.

Guidelines have been presented for the establishment of a rigid
pavement evaluation system for the use in decision making
concerning the allocation of funds for the purposes of rehabili-
tation of CRCP in Texas.
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TABLE B.1l. PATCH HISTORY, LOCATION AND SIZE IN DISTRICT 1-
DATA SUMMARY FROM TEXAS SDHPT MAINTENANCE RECORDS
Highway CFIR Location of Date Age of Area of
Project Patch (Mile Patched Pavement Patch (ftz)
Numb er Post Limits) at Patching
(months)
US75-North 108 30.9-29.9 4.9.75 92 4
Bound Lane 4.4.75 92 6
108 29.9-28.9 11.22.74 64 6
11.12.75 97 4.2
4.11.75 92 7.5
108 28.9-27.9 4.11.75 92 6.0
108 27.9-26.4 2.4.72 66 10.0
11.12.75 99 8.0
12.13.74 80 15.0
108 25.7-24.7 2.4.72 54 22.5
108 24.,7-23.7 11.13.75 99 3.0
US75-South 108 22.1-22.3 10.27.70 38 20.0
Bound Lane 2.20.73 66 4.0
108 24 .3-25.3 1.23.74 77 24.0
108 26.3-27.3 6.11.75 93 40.0
2.20.73 66 6.0
2.8.72 54 4.0
108 27.3-28.3 2.20.73 66 5.0
2.8.72 54 4.0
4.8.75 91 16.5
1.5.76 103 7.5
108 28.3-29.3 11.9.77 123 8.0
4.4.75 91 10.0
11.1.76 101 25.0
8.25.75 95 36.0
108 29.3-30.3 1.5.76 99 28.0
2.20.73 66 38.0
11.22.72 52 12.0
12.14.77 123 9.0
. 2.7.72 55 8.0
4.6.76 103 25.0
4.14.75 92 6.0
9.19.75 97 12.0
108 30.3-31.3 1.22.74 77 8.0
11.19.73 75 7.5
108 31.3-31.7 11.19.73 75 13.3

Continued



84

TABLE B.1. PATCH HISTORY, LOCATION AND SIZE IN DISTRICT 1 -
DATA SUMMARY FROM TEXAS SDHPT MAINTENANCE RECORDS

(Continued)
Highway CTR Location of Date Age of Area of
Project Patch (Mile Patched  Pavement Patch (ft?)
Numb er Post Limits) at Patching
{months)
TH30-West 105 150.0-149.0 11.6.69 48 7.5
Bound Lane 105 10.4.72 83 9.0
105 10.4.72 83 20.0
105 149.0-148.0 3,15.73 98 21.0
105 4.15.74 101 10.0
105 4.27.74 101 28.0
105 9.30.74 106 5.5
104 145.8-144.8 12.9.74 108 4.5
103 141.4-140.4 9.4.73 97 15.0
103 138.4~137.4 2.12.69 41 10.0
103 137.4-136.4 11.14.69 40 48.0
103 136.4-136.2 11.14.71 64 20.0
101 134.4-133.4 11.25.68 54 1.0
IH30~-East 101 128.4-129.4 10.22.71 87 1.0
Bound Lane 101 130.4-131.4  2.1.71 69 4.0
101 131.4-132.4 3.9.70 56 12.0
101 132.4-133.4 3.4.70 56 42.0
101 3.10.70 56 12.0
102 133.4-134.,6 12.6.71 78 15.0
102 134.6-135.6 3.6.70 70 20.0
103 135.6-136.4 3.19.70 70 8.0
103 136.4-137.4 11.27.72 87 30.0
104 146.6-147.6 12.27.73 99 | 10.0
104 5.28.69 45 24 .0
105 148.0-149.0 6,22.73 93 6.8




TABLE B.2. PATCH LOCATION AND SIZE IN DISTRICT 1 - DATA SUMMARY
FROM DETATILED INSPECTION BY CTR PERSONNEL, MAY 1979

Highway: U.S. 75 South Bound Lane, CTR Project No. 108. -

Location Size of Location Size of Location Size of
of Patch Patch of Patch Patch of Patch Patch

(mile post) (£ft2) (mile post) (£t2) (mile post) (ft2)
22.08 0.5 27.59 18.0 29.43 30.0
22.08 3.0 27.64 12.0 29.44 5.0
22.09 20.0 27.71 10.0 29.50 30.0
22.30 5.0 27.78 10.0 29.51 16.0
23.00 1.0 27.80 4.0 29.55 108.0
23.32 1.0 27.85 8.0 29.56 108.0
23.41 20.0 28.18 30.0 29.57 98.0
24.63 12.0 28.30 24.0 29.58 8.0
25.28 2.0 28.58 16.0 29.59 2.0
26.00 4.0 28.90 4.0 29.60 40.0
126.24 12.0 28.91 9.0 29.61 4.0
26.36 5 patches 28.95 36.0 29.69 116.0
26.39 40.0 28.97 16.5 30.30 36.0
26.88 6.0 29.99 30.0 30.35 42.0
27.00 4.0 29.00 8.0 30.46 10.0
27.20 20.0 29.09 30.0 30.99 12.0
27.38 1.0 29.12 15.0 31.35 36.0
27.50 12.0 29.20 9.0 31.35 4.0
27.55 18.0 29.29 42.0 57 Patches 3 1.0 ft2
27.58 2.0 29.36 18.0

Highway: U.S. 75 North Bound Lane, CFTR Project No. 108.

Information on patch size was not recorded for the north
bound lane, however, a count was performed resulting in a

total of 22 patches »1.0 ft? being observed at this date.
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TABLE B.2,

PATCH LOCATION AND SIZE IN DISTRICT 1 - DATA SUMMARY

FROM DETAILED INSPECTION BY CFTR PERSONNEL, MAY 1979

Highway: IH30 East Bound Lane, CFTR Project Nos. 101 to 105.

Location Size of Location Size of Location Size of
of Patch Patch of Patch Patch of Patch Patch
(mile post) (£t2) (mile post) (££2) {mile post) (F£2)
128.79~ 6.0 131.82 24.0 133.58 to Overlay
128.95 to Overlay 132.02 <1.0 133.63
129.01
132.10 1.0 i§3.gs to Overlay
129.12 24.0 3.83
132.14 9.0 133.84 4.0
129,22 18.0
. .0
132.18 200.0 133.84 24
129,28 9.0
134.85 6.0
132.30 to Overlay
129.30 42.0 132.40
) 134.95 12.0
129.31 36.0 132.59 48.0 134.96 24.0
132.60 30.0 134.96 4.0
129.39 18.0 135.02 4.0
129.90 1.0 132.61 6.0
135.05 18.0
130.01 1.0
132.69 2.0
130.05 0.3 135.29 to Overlay
132.74 to Overlay 135. 31
130.15 2.0 132.80 :
135.60 <1.0
- 132.87 to Overlay
130.51 1.0 132.92 135.64 48.0
133.09 24.0 135.66 24 .0
130.51 4.0
135.88 1.0
130.63 25.0 133.10 4.0
130.81 <1.0 133.10 8.0 135.89 18.0
130.83 to Overlay 135.91 24.0
131.01
. 133-12 3.0 135.99 1.0
131.2 9.0
31.25 133.12 10.0 136.05 30.0
131.69 1.0
< 133.15 25.0 136.19 16.0
131.79 6.0 133.21 4.0 136.25 36.0
131.80 36.0 133.55 15.0 136.49 18.0
131.81 8.0
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TABLE B.2. PATCH LOCATION AND S1ZE IN DISTRICT 1 - DATA SUMMARY
FROM DETAILED INSPECTION BY CTR PERSONNEL, MAY 1979
Highway: 1IH30 East Bound Lane, CTR Project Nos. 101 to 105.
Location Size of Location Size of Tocation Size of
of Patch Patch of Patch Patch of Patch Patch
(mile post) (Ft2) (mile post) (ftz) {(mile post) (ftz)
128.79- 6.0 132.59 48.0 135.64 48.0
128.95 to Overlay 132.60 30.0 135,66 24.0
129.
29.01 132.61 6.0 135.88 1.0
129.12 24.0
132.69 2.0 135.89 18.0
129.22 18.0
29.2 132.74 to Overlay 135.91 24.0
129.28 9.0 .
29 132.80 135,99 1.0
129.30 42.0 .
9.3 132.87 to Overlay 136.05 30.0
132.92
129.31 36.0
136.19 16.0
133.09 24,0
129.39 18.0
136.25 36.0
133.10 4.0
129.90 1.0
136.49 18.0
133.10 8.0
130.01 1.0
133.12 3.0 136.75 to Overlay
130.05 0.3 : : 136.83
. 10.
130.15 2.0  133.12 0.0 136.90 to  Overlay
130. 51 1.0 133.15 25.0 137.07
130. 51 4.0 133.21 4.0 ii;.gz £o Overlay
130.63 25.0 133.55 15.0 X '68 o
130. 81 <1.0 133.58 to Overlay 137. .
' 133.63 137.90 4.0
130.83 ¢ Overla
131.01 © Y 133.65 to Overlay 138.01 to Overlay
: 133.83 138.09
131.2 9.0
31.25 133.84 4.0 138.11 to Overlay
131.69 <1.0 133.84 2.0 138.15
. 6.0
131.79 134.85 6.0 138.17 <1.0
131.80 36.0 134.95 12.0 138.17 <1.0
. 8.0
131.81 134.96 24.0 138.37 to Overlay
9 138.46
131.82 24.0
134,96 4.0
132.02 <1.0 138.58 to Overlay
135.02 4.0 138.68
. 1.0
132.10 135.05 18.0 133.79 2.0
. 9.0
132.14 135.29 to Overlay 139.26 to Overlay
132.18 200.0 135.31 139.47
132.30 to Overlay = 135.60 <1.0 139.61 30.0
132.40

Continued



TABLE B.2. PATCH LOCATION AND SIZE IN DISTRICT 1 - DATA SUMMARY
FROM DETAILED INSPECTION BY CTR PERSONNEL, MAY 1979

Highway: 1IH30 East Bound Lane, CTR Project Nos. 101 to 105.

Location Size of Location Size of Location Size of
of Patch Patch of Patch Patch of Patch Patch
(mile post) (ft?)  (mile post) (ft?)  (mile post) (£t?)
139.64 9.0 147.62 6.0

139.65 30.0 147.62 1.0

139.72 0.5 147.99 4.0

140. 20 <1.0 147.99 4.0

140. 50 <1.0 148.01 180.0

141.25 to Overlay 148.15 12.0

141.35 148.45 6.0

iii:gg to Overlay  1,8.65 12.0

141.51 to Overlay 149.49 20.0

141.60 149.51 20.0

141.62 to Overlay 149.53 6.0

141.68 150.10 12.0

142,23 <1.0 150, 29 1.0

142.35 9.0 150.55 300.0

142.42 9.0 151. 30 4.0

142.56 15.0 151.45 450.0

1Z§:g; to overlay 155 30 18.0

143.85 20.0 152.75 <1.0

145.82 1.0 84 patches » 1.0 ft2

146.25 4.0

147.21 12.0

147.25 12.0

147.32 30.0

147.56 1.0

147.59 <1.0

147.62 4.0
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TABLE B.2. PATCH LOCATION AND SIZE IN DISTRICT 1 - DATA SUMMARY
FROM DETATLED INSPECTION BY CTR PERSONNEL, MAY 1979
Highway: 1IH30 West Bound Lane, CTR Project Nos. 101 to 105.
Location Size of Location Size of Location Size of
of Patch Patch of Patch Patch of Patch Patch
(mile post) (ft2) (mile post) (£t2) (mile post) (ft2)
152.85 60.0 145.54 <1.0 139.13 48.0
66.0 145.09 4.0 138.97 45.0
16.0 145.08 12.0 138.65 6.0
152.75 120.0 144,60 20.0 138.63 to Overlay
151.15 <1.0 143.26 2.3  138.06
138.54 to Overlay
<1.0 143,26 2.3 138. 36
150.85 12.0 143.26 2.3 138.27 6.0
150.45 1.0 izg.ég to Overlay 138.25 to Overlay
150.33 10.0 ) 138.15
150.05 8.0 143.04 to Overlay 138.03 6.0
142.85
149.9¢4 24.0 137.82 4.0
149, 85 48.0 142.30 8.0 ) :
izg.ig ig.g 142.22 60.0 137.25 54.0
145.35 15.0 142,06 84.0 ig;'ég ro Overlay
145.34 12.0 141,96 25.0 '
145.33 2.0 ) 137.07 to Overlay
2.0 141.85 9.0 136.91
149.25 12.0 <1.0 136.76 20.0
149.16 8.0 <1.0 136.67 to Overlay
149.15 5.0 136.61
149.14 <1.0 2.3 :
149.13 4.0 141.75 12.0 136.33 6.0
9.0 141.66 to Overlay 136.32 6.0
30.0 141.34 136.27 22.0
148.65 <1.0 141.39 to Overlay 136.25 to Overlay
148. 35 8.0 141.16 136.19
148.07 12.0 140.66 to Overlay 136.18 4.0
141.56
136.04 .0
147.63 2.0
140, 27 18.0
136.03 20.0
147.00 20.0
139,50 to Overlay 136.02 12.0
146.85 6.0 139.42 : )
146.60 1.0 139.39 to overlay 13°:96 15.0
139.25 135.94 6.0

Continued
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TABLE C.1.

T:

2.37 (F + 1)°%?

7

-1

ESTIMATED TRAFFIC DISTRIBUTIONS
FOR DISTRICT 4

where: T:Traffic Applications in Millions

F:Failures Per Mile

i = EB, WB

F (T3 /XT)x100
CTR EB WB EB WB
411 4 .6 47.5 52.5
408 0 2.5 28.6 71.4
409 .2 0 53.7 46.3
404 0 0 50.0 50.0
403 0 0 50.0 50.0
402 0 0 50.0 50.0
407 4.6 6.1 46.4 53.6
405 .5 1.1 43.9 56.1
406 .6 .3 53.9 46.1
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TABLE C. 2.

T

ESTIMATED TRAFFIC DISTRIBUTIONS

FOR DISTRICT 9

2.37 (F + 1)

7

-1

where: T:Traffic Applications in Millions

F:Failures Per Mile

i = NB, SB

F (T{/rT)x100
CTR NB SB NB SB
906 2.4 5.1 41.1 58.9
903 0.0 0.0 50.0 50.0
901 0.0 0.0 50.0 50.0
902 0.0 0.0 50.0 50.0
910 0.0 0.0 50.0 50.0
909 0.0 1.0 326.8 63.2
908 0.0 0.0 50.0 50.0
907 19.0 0.0 87.4 12.6
905 5.0 1.2 65.6 34.4
904 6.8 18.1 47.8 52.2




TABLE C.3. ESTIMATED TRAFFIC DISTRIBUTIONS
FOR DISTRICT 10

T=2.37 (F+ 1) %97

where: T:Traffic Applications in Millions

F:Failures Per Mile

i = EB, WB

F (T;/LT)x100

| CTR EB WB EB WB
1006 8.5 6.5 49.3 50.7
1007 11.5 11.0 50.6 49.4
1001 11.5 4.5 61.8 38.2
1005 1.3 1.7 47.2 52.8
1004 18.4 18.8 49.7 50.3
1002 2.6 1.7 54.7 45.3
1003 9.7 3.9 61.4 38.6
1009 5.3 2.6 58.5 41.5
1010 16.8 9.1 52.2 47.8
1014 22.4 11.0 5¢.9 40.1
1008 16.5 1.7 75.4 24,6
1011 3.8 5.8 44 .7 55.3
1012 2.7 3.9 45.6 Sk .4
1013 6 0 41.8 58.2
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TABLE C.4. ESTIMATED TRAFFIC DISTRIBUTIONS
FOR DISTRICT 13

T=2.37 (F+1)%97

where: T:Traffic Applications in Millions

F:Failures Per Mile

i = EB, WB

F (T1/£T)x100
CTR EB WB | EB WB
1317 1.1 1.7 | 45.8 54.2
1320 0 3.2 | 26.3 73.7
1321 A 1.4 | 40.4 59.6
1316 .8 1.3 | 45.6 54.4
1315 1.1 2.0 | 44 56
1313 1.1 7.1 | 29.9 70.1
1314 0 0| 50 50
1311 0 1.1 | 36 64




TARBLE C.5. ESTIMATED TRAFFIC DISTRIBUTIONS
FOR DISTRICT 17

T=2.37 (F + 1) 7,

where: T:Traffic Applications in Millions

F:Failures Per Mile

i = NB, SB
I
F (T4 /5T)x100

CTR NB SB NB SB
1711 .1 42.8 57.2
1701 0.0 0.0 | 50.0 50.0
1702 A ?
1705 0.0 0.0 | 50.0 50.0
1704 .3 6.6 | 23.6 76.4
1703 .9 5.0 | 32.1 67.9
1707 .2 1.0 | 40.5 59.5
1710 2.8 5.3 | 42.2 57.8
1709 0.0 0.0 | 50.0 50.0
1708 1.7 4.9 | 37.8 62.2
1706 2.9 4.8 | 43.9 56.1
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TABLE C.6.

T

ESTIMATED TRAFFIC DISTRIBUTIONS

FOR DISTRICT 19

= 2.37 (F + l).&9?_}

where: T:Traffic Applications in Millions

F:Failures Per Mile

i = EB, WB

F (T;/2T)x100
CTR EB WB EB WB
1918 1 .9 63.2 36.8
1919 .7 .5 52.4 47.6
1914 .4 0 56.8 43.2
1910 0 0 50 50
1911 .9 1.7 30.3 69.7
1902 16.1 8.9 57.6 42.4
1909 3.8 1 64 36
1908 29.8 18.7 56 4,
1906 20.6 15.1 54 46
1907 0 45 8.4 91.6
1904 7.2 4.1 57 43
1901 4 .3 65.5 43.5




TABLE C.7. ESTIMATED TRAFFIC DISTRIBUTIONS
FOR DISTRICT 24

T=2.37 (F+ 1)1

where: T:Traffic Applications in Millions

F:Failures Per Mile

i = EB, WB

F (T4/ET)x100
CTR EB WB EB WB
2422 .5 0 58.1 41.9
2423 .7 0 60.4 39.¢
2420 A A 50 50
2415 0 0 50 50
2414 .1 ' 45.3 54.7
2412 0 0 50 50
2411 0 .2 46.1 53.9
2409 0 0 50 50
2410 .3 .6 46.1 53.9
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TABLE C.8.

T

2.37 (F+ 1)

ESTIMATED TRAFFIC DISTRIBUTIONS
FOR DISTRICT 25

-1

where: T:Traffic Applicatiens in Millions

F:Faillures Per Mile

i = EB, WB

F (T;/IT)x100
CTR EB WB EB WB
2501 0 .3 44.6 55.4
2503 0 .8 38.7 61.3
2504 .7 .7 50.0 50.0
2502 .1 .1 50.0 '50.0
2505 0 0 50.0 50.0




APPENDIX D

ANOVA - RELATIVE SIGNIFICANCE OF
FACTORS AFFECTING CRCP DISTRESS



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



APPENDIX D. ANOVA - RELATIVE SIGNIFICANCE OF
FACTORS AFFECTING CRCP DISTRESS

Description of Analysis - Anova using Multiple Linear Regression

Analysis of variance was performed to evaluate the significance of
the effect of construction, enviromment, load and previous condition vari-
ables on present distress in the pavement. Data on the condition of 87
different sections of CRCP across the State of Texas encompassing a variety
of envirommental, construction and load conditions were used in the analysis
(Refs 2 and 3). Four different distress manifestations were investigated
in relation to seven construction factors, three environmment factors, single
factors representing the variation in age and traffic, and three different
factors describing distress manifestations earlier in the pavement's life.
These data are fully tabulated in Ref 2 and 3. A brief description of each
different level of each factor is given along with the number of observations
of the dependent variable taken at each level of these factors in both 1974
and 1978. A more complete description of the factors themselves is given in
Chapter 5. The analysis was performed on three different sets of data for
four distress manifestations as described in Table D.l. in order to confirm
the consistency of the results over time. Owing to the high degree of inter-
correlation between the factors (covariates) as seen in Appendix G it was
decided to use multiple regression package computer programs (Ref 10) to cal-
culate the statistics needed for the analysis of variance. For each distress
manifestation, an estimate of the contribution of each factor to the total

variance was obtained as follows:

Variance in y explained by factor A = Total variance in vy

multiplied by ARi

where

. 2 ,
Change in R for regression equation due to inclusion of
factor A after all other variables have been included

AR
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TABLE D.1. DESCRIPTION OF DATA (OBSERVATIONS)
ON DEPENDENT VARTABLES

Number of Observations

%701

No. of No. of Percent Serviceability
Description of Data Failures Punchouts Spalling Index

(x) 62 (&) (S1)

Values of dependent variables 87 84 87 87
taken from 1974 condition

survey with corresponding

values for "traffic" and

"age' factors. Values of

previous distress factors

are taken at zero age for

all sections,

Values of dependent vari- 67 67 59 none
ables are taken from 1978

condition survey with corre-

sponding values for "traffic"

and "age' factors. Values

of previous distress factors

are taken in 1974 for all

sections.

Values of dependent vari- 154 Not Not Not
ables are taken from both Appicable Applicable Applicable
1974 and 1978 condition A ,
surveys, with corresponging

values for "traffic"” and

"age" factors. Values of

previous distress factors

are taken at zero age and

in 1974, respectively for

all sections.
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and

2 .
R°™ = the multiple correlation coefficient for the regression

equation (Refs 8 and 10).

The significance of the contribution of each factor was tested using the F

statistic which was calculated as follows (Refs 8 and 10).

ARi/ degrees of freedom for factor A

1 - R2 with all variables in the equation/d of residual

and then compared with tabulated values of F (Ref 8) for given significance
levels.

It should be emphasized that this approach was adopted because of the
intercollinearity of factors arising from unequal numbers of observations in
each cell (treatment combination) and unequal spacing of levels (values) of
quantitative factors (covariates) (Appendix G). Multivariate analysis-of-
variance programs (Ref 11), could also be used to confirm the results ob-

tained using the procedure discussed above.

Results of Analysis - Significant Factors

The results of the analysis of variance (Refs 8 ch 4, 12 ch 18, and 13)
for each of those of the three data sets which were analyzed for the four de-
pendent variables are reproduced in full in Appendix E along with a summary
of the models tested in each case. The significance levels of the F sta-
tistic calculated for each factor (covariate) are summarized in the following
pages for all four variables. Tables D.2.a, b, ¢, and d summarize the

results for the variable '"Number of Failures,'" '"Number of Punchouts,'" '"Percent

1 ¥

Severe Spalling," and "Serviceability Index,” respectively.

Notes and Limitations on the Analysis

(1) The SPSS Standard Regression Procedure was used (Ref 10).

(2) Dummy variables were created to perform the regression on the
qualitative variables (Ref 10 pp 375).
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TABLE D.2. RESULTS OF ANOVA: HIERARCHY OF FACTORS
AFFECTING CRCP DISTRESS

a. Factors Affecting "Number of Failures"

Priority Factor Description* Level of Significance (%)
1 Previous number of failures (PZ) Less than 0.17
2 Pavement age (X) 0.1%
3 Cumulative traffic (Y) " " 7.57%
4 Thorn Moisture Index (R) " " 8.0%
5 Subgrade Stabilizer Type (N) " " 9.0%
6 Subbase Stabilization Percent (J) " " 9.0%
7 Subgrade Clay Activity (U) " " 10.0%
8 Interaction of Y with J " " 0.1%
9 Subbase Stabilizer Type (K)

with X " " 0.3%
10 Interaction of K with N " " 0.47
11 K with Geographical Regional

Factor (V) " " 1.0%
12 Interaction of J with N " " 1.5%
13 Interaction of J with V " " 3.0%
14 Concrete Aggregate Type (A)

with K " " 3.0%
15 V with Previous Age (PX) " " 4.0%
16 Interaction of X with J " " 4.0%
17 Interaction of R with J " " 7.0%
18 Interaction of Y with K " " 8.5%
19 Subbase Thickness (G) with (R) " " 10.0%
20 Interaction of U with J " " 10.0%

%
For notation see Table F2 of Appendix F.



TABLE D.2, RESULTS OF ANOVA: HIERARCHY OF FACTORS

AFFECTING CRCP DISTRESS

b. Factors Affecting "Number of Punchouts"

107

Priority Factor Description Level of Significance (%)
1 Previous Number of Failures (PZ) Less than 0.2%
2 Concrete Aggregate Type (A) " " 0.5%
3 Subgrade Clay Activity (U) h " 2.5%
4 Thorn Moisture Index (R) " " 4.0%
5 Subbase Stabilizer Type (XK) " " 7.0%
6 Pavement Age (X) " " 7.0%
7 Subgrade Stabilizer Type (N) .\ . | o
8 X with Subbase Stabilizer

Percent (J) " " 0.1%

9 X with Subbase Stabilizer

Type (K) " "0.1%
10 J with Geographical Regional

Factor (V) " " 0.3%
11 Interaction of K with N " " 0.3%
12 Previous Traffic (PY)

with PZ " " 0.5%
13 Interaction of R with X " " 1.5%
14 X with Traffic (Y) " " 2.0%
15 Interaction of J with N " " 2.0%
16 Interaction of K with Y " " 2.5%
17 Interaction of K with V " " 2.5%
18 Interaction of R with Y " "oo2.5%
19 X with Subbase Thickness (G) " " 3.0%
20 Interaction of J with Y " " 7.0%
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TABLE D.2. RESULTS OF ANOVA: HIERARCHY OF FACTORS
AFFECTING CRCP DISTRESS

c. Factors Affecting "Percent Spalling"

Priority  Factor Description Level of Significance (%)
1 Previous Number of Failures (PZ) Less than 0.5%
2 Cumulated Traffic (Y) " " 5.0%
3 Subbase Stabilizer Percent (J) " " 7.0%
4 Geographical Regional

Factor (V) " " 8.0%
5 Interaction of J with Subgrade
Stabilizer Type (N) " " 0.6%
6 Interaction of J with Concrete
Aggregate Type (A) " " 2.5%
7 Interaction of J with Subgrade
Clay Activity (U) " " 3.5%
8 Interaction of Thorn Moisture
Index (R) with A " " 3.5%
9 Interaction of Previous Traffic
(PY) with PZ " " 3.5%
10 Interaction of R with V " " 4.07%
11 Interaction of R with N " " 7.0%
12 Interaction of J with V " " 10.0%
13 Interaction of J with PY " " 10.0%

No other factors showed a significant effect at the 10% level.

Notes: The results obtained using the 1978 data were considered more
reliable than those obtained from the 1974 analysis owing to
the larger data spread despite higher levels of significance.
For notation see Appendix F, Table F.2.
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TABLE D.2. RESULTS OF ANOVA: HIERARCHY OF FACTORS
AFFECTING CRCP DISTRESS

d. Factors Affecting "Serviceability Index"

Priority  Factor Description Level of Significance (%)
1 Pavement Age (X) Less than 0.1%
2 Subbase Stabilizer Percent (J) " " 7.0%
3 Geographical Regional Factor (V) " " 8.0%

Others not significant at 107 level of significance.

Notes 1. 8ize of sample of observations (data) is too small for any real
conclusions to be drawn from these results. More data is needed,
although 80% of the total variance was explained by the equation
containing all the main effects.

2. TFull details of analysis have been summarized in Appendix E
Table E.4.

3, Interactions were not studied.



110

The problem of possible curvilinearity for the covariates was treated
by looking for linear, quadratic, cubic and quartic powers of

each covariate (quantitative variable) in the analysis. It was
assumed that the proportion of variance explained by these four
powers combined would sufficiently represent the total variance
attributable to the factor concerned. Justification for this can

be seen in earlier work (Ref 2, 14 and 15). The quartic power

was the highest that could be used to give a valid inference

based on the number of observations available while still

The analysis was performed both with and without two factor inter-
actions as pooling of levels was necessary in the latter case to
leave sufficient degrees of freedom for a residual variance esti-
mate. The drawback to the pooling of course, is that the inference
space is reduced, hence the need for the analysis of the main

Lack-of~fit and pure error terms were pooled in the estimate of
residual (unexplained) variance which was used in the significance
tests. This was done because of the lack of replication for the
different cells (treatment combinations) and the variation in the
number of observations per cell. Standard F-distribution tables

Fixed factors were initially assumed in order to simplify the

Other factors could be included in a more comprehensive analysis
once a larger data base has been assembled. The SPSS MANOVA pro-

The presence of dangerously high intercorrelations, of outliers,

the homogeneity or otherwise of variance and the normality or other-
wise of the distribution of the dependent variables were investi-
gated before performing the analysis, since the least square tech-

(3)
leaving sufficient degrees of freedom of error.
(4)
effects alone.
(5
(Ref 16) were used in the analysis,
(6)
analysis.
(7
gram should be used for analysis (Ref 11).
(8)
niques rest on related assumptions.
Comments on the Results of the Analysis
ey

The first distress manifestation examined was number of failures
per mile (number of failures = number of punchouts plus number
of patches). The analysis was performed for all three data sets
(1974, 1978 and combined - see Table D.1). A hierarchical listing
of the 20 most important factors affecting total failures, based
on the results of all three analyses (Appendix E), is given in
Table D.2. It is apparent that previous failures and pavement age
highly significant factors, while traffic, subbase stabilizer per-
centage and moisture also play important roles. The significant
interactions of these terms and others have also been listed. Of
these, combinations of stabilizer type, subgrade stabilizer type,



(2)

(3)

(4)
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geographical regional factor and subbase stabilizer percent
are highly significant.

The six factors which most affected punchouts along with the 18
important interactions have been listed in Table D.2b. Again,
previous failures play a highly significant role along with
concrete aggregate type, and subgrade clay activity. Inter-
actions of the pavement age, subgrade stabilizer type, subbase
stabilizer percent and type, geographical regional factor, pre-
vious traffic and previous failures are particularly important.
It was not possible to perform analyses on the combined 1974 and
1978 data since different techniques were used for measuring
punchouts in these two surveys.

Again different spalling measuring techniques prohibited pooling
the data so separate analyses on the 1974 and 1978 data were
run. The results are summarized in Table D.2c from which it

is clear that again, previous failures, subbase stabilizer,
percent and traffic are highly significant, as are interactions
of concrete aggregate type, subbase stabilizer percent, subgrade
clay activity, moisture index and geographical regional factor.

Insufficient data was available for the analysis of serviceability
index, but preliminary results indicate that pavement age, sub-
base stabilizer percent and geographical factor are significant.
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APPENDIX E. ANOVA TABLES FOR FACTORS AFFECTING
CRCP DISTRESS

Nomenclature

See Table F.2 of Appendix F for an explanation of the symbols used in

Tables E.1 to E.4 on pages to . Also,
2 .
R = 7 of total variance explained by regression equation including
all factors,
l—R2 = Residual variance for regression equation with all factors,
AEZi = Contribution of factor ,i, to total variance explained by the
regression equation after adjusting for all other factors,
dofi = Degrees of freedom for factor ,i,
dofres = Degrees of freedom for residual, and
ARZ./dof.
F o= i i
1-R?/dof
res
Note: For main effects
2 2 2 .
AR, = R (all) - R (all except factor i) ,
i reg. reg.
and thus ARZ./dof.
i i
F, = —
i

_n2
[1-R reg.(all)]/dOfres.(all) ,

bur for interaction terms,

2 R (all + 1j) - RZ_ (all) ,
g. reg.

AR™ .,
ij re

and thus

=
1]

.. ARZ../dof..
ij ij ij

2 . R
- + ] + .
[1-R reg.(all 13)]/d0fres.(all ij)



TABLE E.1. RESULTS OF ANOVA - DEPENDENT VARIABLE : FAILURES PER MILE

a. Data from 1974 Condition Survey.

Precision Factor AR? dof R2 dof dof F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance

Analysis Covariate (%) (%

Up to 5 A 2.76 5 64 .66 41 45 0.70 Not sig. at 10%

levels K 0.82 3 " " " 0.35 " " "o

for each N 1.25 1 " " " 1.59 o "o

factor 0 1.24 5 " " " 0.32 oo weon
U 0.89 l 131 tH 131 1'13 1 tt 1t 121
V 0’38 4 141 " 121 0‘12 $t 11 11 13}
B 0 . 29 2 " tt 13 O . 18 1t 13} 1 it
G 0.63 4 1y 11} 11 0.20 11 [1] It 1]
J 0'20 4 143 3] 1 0.06 [ 1] 11 1" 144
R 1'89 4 4] 1" Tt 0.60 11 11 11 11
X 6.87 4 " " " 2.19 Sig. at <10%
Y 5.09 4 " " " 1.62  Not sig. at 10%
PX - - - - - - -
PY - - - - - - -
PZ - - - - - - -

Up to 2 A 0 1 32.92 12 74 0.00 Not sig. at 10%

levels K 1.72 1 " " " 1.89 "oon v

for each N 2,08 1 " " " 2.30 " " "o

factor 0 0.11 1 " " " 0.12 " " "o
U 2.60 1 " " " 2.87 Sig. at <10%
\ 1.89 1 " " " 2.09 Not sig. at 10%
B 0.07 l 11} " 1 0.08 11} 111 13 (3]
G 0.33 l 1" (A} " 0.36 " " ”n n
J 0.43 l 12 " 1" 0.48 12 1" " 1"
R 1.08 l ty 1" 11 1.19 " 1y " 1n
X 7.33 1 " " " 8.09 Sig. at <0.6%

Continued
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TABLE E.1. RESULTS OF ANOVA - DEPENDENT VARIABLE : FAILURES PER MILE

a. Data from 1974 Condition Survey (Continued)

Precision Factor AR? dof R2 dof dof F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance

Analysis Covariate (% (%)

Up to 2 ¥ 1.12 1 32,92 12 74 1.24 Not sig. at 103

levels PX - - - - - - -

for each PY - - -~ - - - -

factor PZ - - - - - - -

Interactions

AK 3.13 1 36.05 13 74 3.57 Sig. at < 8.0%
K 6.62 1 39.54 " " 7.99 " " < 0.8%
KV 5.30 1 38.30 " " 6.36 " " < 1.5%
KX 8.65 1 41.57 " " 10.80 " " < 0.3%
NJ 4.44 1 37.56 " " 5.18 " "< 2.5%
NX 4.33 1 37.25 " " 5.03 " "< 3.0%
uJ 2.91 1 35.83 " " 3.31 " " < 9.0%
Ux 2.57 1 35.49 " " 2,91 " " <10.0%
vJ 4.83 1 37.75 " " 5.66 " "< 2,0%
VX 2.94 1 36.86 " " 3.34 " "< 9,0%
JX 8.72 1 41.64 " " 10.91 " " < 0.3%
JY 10.87 1 43,79 " " 11.84 " "< 0.1%

LTT



TABLE E.1. RESULTS OF ANOVA - DEPENDENT VARIABLE : FAILURES PER MILE
b. Data from 1978 Condition Survey
Precision Factor AR? dof R? ‘dof dof F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance
Analysis Covariate (% (7
Up to 5 A 2.69 5 97.53 53 13 1.08  Not sig. at 10.0%
levels K 0.55 3 " " " 0.37 " 1" " "
for each N 0.00 1 " " " 0.00 " " " "
factor 0 0.53 5 " " " 0.22 " " " 1"
U 0.31 1 " n n 0.63 " " " "
\ 0.44 4 " " " 0.22 " " " "
B 0.38 2 " " " 0.39 " " " "
G 0.96 4 " " " 0.48 " " " n
J 0.59 4 " " Ul 0.30 n " " "
R 0.52 4 " " " 0.26 " " " "
X 2.11 4 " " " 1.06 " " " "
Y 0.52 4 " n " 0.26 1 " " "
PX 1.98 4 " n " 1.00 1" " " 1"
PY 0.70 4 " " " 0.35 1 1" " "
PZ 7.07 4 " " " 3.57 Sig. at <10.0%
Up to 2 A 0.96 1 80.93 15 51 2.46 Not sig. at 10.0%
levels K 0.08 1 " " " 0.19 " 1" 1" "
for each N 0.00 1 " " n 0.00 " " n "
factor 0 0.35 1 " " " 0.91 n " " "
U 0.15 1 " " " 0.38 " " " "
\ 0.59 1 " " " 1.52 " " " "
B 0.00 1 " " " 0.26 " " " "
G 0.22 1 n " " 0.55 " " " "
J 0.68 1 " " " 1.74 " ) " "
R 0.07 1 " " " 0.19 " " " "

Continued
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TABLE E.1. RESULTS OF ANOVA - DEPENDENT VARIABLE : FAILURES PER MILE

b. Data from 1978 Condition Survey (Continued)

Precision Factor ARZ? dof R2 dof dof F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance
Analysis Covariate (%) (%)
Up to 2 X 5.03 1 80.93 15 51 12.92 Sig. at< 0.1%
levels Y 0.45 1 " " " 1.15 Not sig. at 10.07%
for each PX 1.15 1 " " " 2.95 Sig. at<10.0%
factor PY 0.29 1 " " " 0.75 Not sig. at 10.0%
PZ 27.90 1 " " " 71.70 Sig. at< 0.1%
Interactions
NV 1.64 1 82.57 16 50 4.53 Sig. at< 5.0%
UPZ 1.30 1 82.23 " " 3.52 Sig. at< 8.0%
JR 1.18 1 82.11 " " 3.15 Sig. at< 9.0%
JPX 1.21 1 82.14 " " 3.26 Sig. at< 9.0%
XPZ 3.39 1 84.32 " " 10.37 Sig. at< 0.3%

611



TABLE E.1. RESULTS OF ANOVA - DEPENDENT VARIABLE": FAILURES PER MILE
c. Data from 1974 & 1978 Condition Surveys.

01

Precision Factor AR? dof R? dof dof F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance

Analysis Covariate (7 (%)
Up to 5 A 1.32 5 64.00 53 100 0.68 Not sig. at 10.0%
levels K 0.61 3 1" n " 0 .52 n 1" " 1"
for each N 1.26 1 " " " 3.21 Sig. at < 9.0%
factor 0 1.46 5 " " " 0.75 Not sig. at 10.0%

U 0.91 l 1] 1] " 2' 32 n " " 1"

V ) 0.63 4 1" " " 0-40 " " 1" (3]

B 0'49 2 1" 1" "n 0.63 1] 1" 1" 13

G 1.46 4 1" " 1" C.94 " 1] " 1"

J 0.55 4 11 1" 1" 0-35 1" 1" " 1]

R 1.12 4 1" 11" 1" 0.72 " 1" 1" "

X 6.01 4 " " " 3.84 Sig. at < 0.8%

Y 2.28 4 " " " 1.45 Not sig. at 10.0%

PX 2.84 4 " \1} 1 1.81 " 1" 1"t 111

PY 0.86 4 1" " " 0. 55 T 1" 1t 1"

PZ 6.92 4 " " " 4.42 Sig. at < 0.4%
Up to 2 A 0.20 1 43.74 15 138 0.47 Not sig. at 10.0%
levels K 0.53 1 " " " 1.28 " " " "
for each N 1.00 l 1 " " 2.41 1" [2] 1" 1"
factor 0 0.04 1 " " " 0.09 " " " "

U 0-98 l " " 1" 2. 38 " " n 1

V 0-55 l i3] " 1] 1-32 1" 1" 1 1"

B 0.07 l " "n 1 0.16 " " 1 1} 1]

G 0.27 l 1" 11 " 0 .65 1] 1 11} 1"

J 1.25 1 " " " 3.01 sig. at < 9.0%

R 1.35 1 " " " 3.27 " "< 8.0%

Continued



TABLE E.1.

¢, Data from 1974 & 1978 Condition Survey (Continued)

RESULTS OF ANOVA - DEPENDENT VARIABLE :

FAILURES PER MILE

Precision Factor AR? dof R2 dof dof F Level of
of or Factor Factor Equation eq'n Residual Cale'd. Significance
Analysis Covariate (% (%)
Up to 2 K 7.22 1 " " " 17.46 Sig. at < 0.1%
levels Y 1.39 1 t 1 t 3.36 Tt " < 7.5%
for each PX 0.80 1 " Y " 1.91 Not sig. at 10.0%
factor PY 0.15 1 " " 1" 0.36 ] " r "
Pz 13,61 1 " " " 32.89 Sig. at < 0.1%
Interactions
KN 3.63 1 47.37 16 137 9.30 Sig. at < 0.4%
KV 2.82 1 46.56 " " 7.12 " " < 1.0%
AK 1.85 1 45.59 " " 4,58 " " < 3.0%
KY 1.29 1 45.03 " " 3.17 Sig. at < 8.5%
NJ 2,43 1 46,17 " " 6.09 " "< 1.5%
uJ 1.20 1 44 .94 " " 2.93 " " <10.0%
vJ 1.83 1 45.57 " " 4.55 " "< 3,07
VPX 1.71 1 45,45 " " 4.24 " "< 4,07
GR 1.13 1 44,87 " " 2.78 ' " <10.0%
JR 1.50 1 45,24 " " 3.69 " o< 7.0%
JX 1.76 1 45.50 " " 4.35 " o< 4,07

17T



TABLE E.1. RESULTS OF ANOVA - DEPENDENT VARIARLE : NUMBER OF PUNCHOUTS
(See Refs 2 & 3 for D.V. data)
a. Data from 1974 Condition Survey
Precision Factor AR? dof R% d?f dof F Level of
of or Factor Factor Equation eq n Residual Calc'd. Significance

Analysis Covariate (% (%)
Up to 5 A 4.65 5 53.32 41 45 0.90 Not sig. at <10.0%
levels K 0.70 3 1] 1" 1" 0-22 1" 1" 1 tt
for eaC.h N 1.62 l " 11 1A 1-56 " 1" 1" "
factor 0 1.69 5 " " " 0.33 " " " "
| U 1.08 1 " " 1" 1.08 L1 t 11 1]

V 0.15 4 t " 1" 0.03 tt n 11 1t

B 0‘82 2 11 11 11 0.0A 141 11 11" 113

G 1.55 & 1 1t 11 0‘3? 144 1] 11 11}

J l- 31 4 it Tt 114 O‘ 32 11 11 It ¥

R l 91 4 111 111 " 0.&6 1t ¥ 111 1"

X 3.26 z} 1 ¥ " O‘?g 1 i3] 11 ¥t

Y 6:26 4 1 1t ¥¥ l. 51 i " 1] 1t

PX - - - - - -

PY - - - - - - -

Pz - - - - - - -
Up to 2 A 1.04 1 28.83 12 74 1.08 Not sig. at 10.0%
levels K 1.72 1 " " 1 1.79 " " " "
for each N 7.10 1 " " " 7.38 Sig. at < 0.9%
factor 0 0.76 1 " " " 0.79 Not sig. at 10.0%

U 0.92 1 " " " 0.95 " " " "

v 1.86 1 1 It " 1.93 " Y 1 "

B 0.00 1 tt 1] " 0.00 " " " 1"

G 2. 56 1 " 1] " 2.66 " " 1] "

J 3.32 1 " " u 3.45 Sig. at < 7.0%

Continued
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TABLE E.1. RESULTS OF ANOVA - DEPENDENT VARIABLE : NUMBER OF PUNCHOUTS
{(See Refs 2 & 3 for D.V. data)

a. Data from 1974 Condition Survey (Continued)

Precision Factor AR? dof R2 dof dof F Level of
of or Factor Factor Equation eq'n Residual Calec'd. Significance

Analysis Covariate (%) (%)

Up to 2 R 5,68 1 28.83 12 74 5.90 Sig. at < 2.5%

levels X 8.18 1 8.51 " < 0.5%

for each Y 0.00 1 0.00 Not sig. at 10.0%

factor PX - - - - - - -
PY - - - - - - -
PZ - - - - - - -

Interactions

KN 8.37 1 37.20 13 73 9.73 Sig. at < 0.3%
Kv 4.83 1 33.66 13 73 5.32 " "< 2,5%
KJ 2.97 1 31.80 13 73 3.17 " " < 8.5%
KX 14.54 1 43.37 13 73 18.74 " " < 0.1%
KY 4,51 1 33.34 13 73 4,94 " "< 2.5%
NV 3.13 1 32.19 13 73 3.36 " " < 8.0%
NJ 5.21 1 34.04 13 73 5.77 " o< 2.0%
uJ 2.76 1 31.59 13 73 2.94 " " <10.0%
VG 3.14 1 31.97 13 73 3.36 " "< 8.0%
vJ 8.95 1 37.78 13 73 10.50 " o< 0.3%
GX 4,24 1 33.07 13 73 4.63 " Yo< 3.0%
JX 13.15 1 41.98 i3 73 16.55 " "< 0.1%
JY 3.46 1 32.29 13 73 3.72 " "<« 7.0%
RX 6.14 1 34.97 13 73 6.90 " o< 1.5%
RY 4.62 1 33.45 13 73 5.07 " Yoo« 2.5%
XY 5.02 1 33.85 13 73 5.54 " "< 2,0%
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TABLE E.2. RESULTS OF ANOVA - DEPENDENT VARIABLE : NUMBER OF PUNCHOUTS

{(See Ref 3 for D.V. data)

b, Data from 1978 Condition Survey

Precision Factor AR? dof R? dof dof F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance
Analysis Covariate (%) (%)
Up to 5 A 8.73 5 99.47 53 13 16.57 Sig. at < 0.5%
levels K 1.50 3 " " " 4.73 T L 7.0%
for each N 0.00 1 " " " 0.09 Not sig. at <10.0%
factor 0 1.84 5 " " " 3.49 Sig. at <10.0%
U 1.12 1 " " " 11.36 " Yo< 2.5%
\ 1.20 4 " " " 2.85 Not sig. at 10.0%
B 0.80 2 " " " 3.81 Sig. at <10.0%
G 1.15 4 " " " 2,72 Not sig. at 10.0%
J 1.06 4 " 1" " 2’50 " " 1" 11
R 2.41 4 " " " 5.72 Sig. at < 4.0%
X 1.91 4 " " " 4,53 " "< 7.0%
Y 1.68 4 " " " 3.98 " " < 9.0%
PX 1.55 4 v 1 " 3.67 " " <10.0%
PY 1.53 4 " " " 3.62 "o <10.0%
PZ 12.88 4 " " " 30.54 "oov < 0.2%
Up to 2 A 0.74 1 17.68 15 51 0.44 Not sig. at 10.0%
1evels K 1‘09 l " " t 0.65 " 1] 1" 1"
for each N 0.04 1 " " " 0.02 monoon "
lEVel O 0.04 l 11 H 1" 0‘02 134 " n it
U 0.13 l tt 12} n 0.08 it 13} 134 1t
v 0.75 l n 12 11} 0'45 tt 141 144 114
B 0.04 l " 1] 1t 0-03 1t 1] 1" 1A}
G 0.00 l " 11 2] 0.00 111 ¥ 13 1
J 3‘76 l ¥t 1" " 2.24 1" 13} 11 1t
R 0.?2 l 111 1t i3] 0.43 " " 11 11
X 0.09 1 1} 1" " 0.06 " 1" " n

Continued
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TABLE E.2. RESULTS OF ANOVA - DEPENDENT VARIABLE : NUMBER OF PUNCHOUTS
{See Ref 3 for D.V. data)
b. Data from 1978 Condition Survey (Continued)
Precision Factor ARZ dof R? dof dof F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance

Analysis Covariate (%) (%)
Up to 2 Y 2.18 1 17.68 15 51 1.30 Not sig. at 10.0%
levels PX 0.09 1 u " " 0.06 " " " B
for each PY 0.43 1 H " " 0.25 " " " "
factor PZ 6.65 1 " Y " 3.96 Sig. at < 6.0%

Interactions

PYPZ 13.01 1 30.69 16 50 8.01 Sig. at < 0.5%

All other two

factor interactions not

significant at 10%

SCT



TABLE E.3. RESULTS OF ANOVA - DEPENDENT VARIABLE : PERCENT SPALLING
(See Refs 2 & 3 for D.V. data)
Data from 1974 Condition Survey
Precision Factor AR? dof R2 dof dof F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance

Analysis Covariate (%) (%)
Up to 5 A 2.14 5 62.20 41 45 0.51 Not sig. at 10.07%
levels K 2.23 3 " " " 0.84 " " " "
for each N 0.59 1 " " " 0.70 " " " "
factor 0 5.87 5 " " " 1.40 " " " "

U 0.16 1 " 11 11 0.19 " " 1] "

v 7.89 4 " " " 2.35 Sig. at < 8.0%

B 0.08 2 " " " 0.05 VNot sig. at 10.0%

G 1-96 4 " " 1" 0-58 " " " "

J 8.15 4 " " " 2.43 Sig. at < 7.0%

R 2,61 4 " " " 0.78 Not sig. at 10.0%

X 5.86 A 1" 1] " 1.74 1] " " "

Y 9.24 4 " " " 2.75 Sig. at < 5.0%

PX - - - - - - -

PY - - - - - - -

PZ - - - - - - -
Up to 2 A 0.83 1 21.20 12 74 0.78 Not sig. at 10.0%
levels K 0.27 1 " " 1" 0.25 " " " "
for each N 1.40 1 " " " 1.32 " " " "
factor 0 1.44 1 " " n 1.36 n " " "

U 0.70 1 " n " 0.66 " " 1 "

\Y 0.46 1 " " " 0.43 1" " " "

B O-lo 1 1" 1" " O .lO " 3] 1" 1"

G 3.35 1 " " " 3.14 Sig. at < 9.0%

J 2.64 1 " " " 2.48 Not sig. at 10.0%

R 0.20 1 " " " 0.19 " " " 1]

X 1.24 1 13} 113 [} l-l7 " 1] 1" 1]

v 0.08 1 1 " " 0.07 " " " "

Continued

9¢t



TABLE E.3. RESULTS OF ANOVA - DEPENDENT VARTABLE : PERCENT SPALLING
(See Refs 2 & 3 for D.V. data)

b. Data from 1974 Condition Survey (Continued)

Precision Factor ARZ dof R2 dof dof F Level of
of or Factor Factor Equation eqn Residual Calc'd. Significance
Analysis Covariate (% (%)
Interactions

Up to 2 AG 3.50 1 24,70 13 73 3.39 Sig. at < 7.5%
levels KG 4.53 1 25.73 " " 4.45 " "< 5.0%
for each KJ 3.86 1 25.06 " " 3.76 " "< 6.0%
factor NG 4.90 1 26.10 " " 4.84 " "< 4.0%

lcl



'TABLE E.3. RESULTS OF ANOVA - DEPENDENT VARTIABLE : PERCENT SPALLING

(SeerRefs 2 & 3 for D.V. data)

b. Data from 1978 Condition Survey

Precision Factor AR? dof R? dof dof F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance

Analysis Covariate (%) (%)

Up to 5 Not enough observations of Z available to provide sufficient

levels degrees of freedom for residuals at this many levels of each

for each factor.

factor

Up to 2 A 0.02 1 35.17 15 43 0.01 Not sig. at 10.0%

levels K 1.48 1 " " " 0.93 " " " "

for each N 0.02 1 " " 1" 0.02 n " 1" "

factor 0 1.40 1 n " " 0.88 " " 1" "
U 0.06 l 1" n T 0'04 1" " 1" "
V 0.19 l " 1" " 0'12 " n 1" "
B 0.09 l " " " 0.06 " 1" t "
G 1'15 l 1" 1" " 0.73 1" " 1 "
J 2.73 l 1 " " 1-73 1 " " "
R 1'54 l " " " 0'98 " " 13} "
X 0.00 1 " n 1" 0.00 " " " "

Continued
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¢ PERCENT SPALLING

- TABLE E.3. RESULTS OF ANOVA - DEPENDENT VARIABLES
(See Refs 2 & 3 for D.V. data)
b. Data from 1978 Condition Survey (Continued)
Precision Factor AR? dof R dof dof F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance
Analysis Covariate (%) (%
Up to 2 Y 0.00 1 35.17 15 43 0.00 Not sig. at 10.0%
levels PX 0.02 1 i w 1" 0.01 " " " "
for each PY 0.16 1 " " " 0.10 " " " "
factor Pz 14.13 1 " " " 8.94 Sig. at < 0.5%
Interactions
AJ 8.09 1 43,26 16 42 5.71 Sig. at < 2.5%
AR 7.61 1 42.78 " " 5.32 " "< 3.0%
NJ 11.60 1 46,77 " " 8.71 " "< 0.6%
NR 5.34 1 - 40.51 " " 3.59 " "< 7.0%
UR 7.26 1 42,43 " " 5.05 " "< 3.5%
vJ 4.37 1 39.54 " " 2.89 " " <10.0%
VR 7.11 1 42.28 " " 4.93 " "< 4.0%
JPY 4.44 1 39.61 " " 2.94 " " <10.0%
PYPZ 7.26 1 42.43 " " 5.05 " "< 3.5%

All other two factor interactions not significant

at 10%

6¢T



TABLE E.4. RESULTS OF ANOVA - DEPENDENT VARIABLE SI

Data from 1974 Condition Survey

Factor AR? dof R2 dof dof

Precision F Level of
of or Factor Factor Equation eq'n Residual Calc'd. Significance
Analysis Covariate (%) (%
Up to 5 A 3.69 5 79.88 41 45 1.65 Not sig. at 10.0%
levels K 1.86 3 v " " 1.38 "o " "
for each N 0.30 1 B " " 0.67 " " " "
factor 0 2.16 5 " v " 0.97 " " " "
U 0 . 51 ].. T 12 1" l . ls " "t 1" 9
v 4,13 4 " " " 2.31 Sig. at < 8.0%
B 0.44 2 " " " 0.49 Not sig. at 10.0%
G 2.28 4 11 11 [1] 1.27 tt 11} it 114
J 4.26 A " " " 2.38 Sig. at < 7.0%
R 3.21 4 " " " 1.79 Not sig. at 10.0%
X 10.64 4 " " " 5.95 Sig. at < 0.1%
Y 2.52 4 " " " 1.41 Not sig. at 10.0%
PX - - - - - -
PY - - - - - -
PZ - - - - - -
Up to 2 Insufficient data available at the time of
levels this analysis to perform this regression.
for each

factor

0¢T
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INTRODUCTION

Nature and Extent of Comprehensive Data from 1974, 1978 Surveys (Table F1l)

Measurements of 4 pavement performance parameters (punchouts, failures,
spalling, and serviceability index) and 17 pavement characteristics (includ-
ing environmental, construction, traffic, age and distress factors) were
taken in two separate condition surveys in 1974 and 1978. The information
was collected for a series of CRCP sections at locations scattered through-
out Texas as summarized in Table Fl and References 2 and 3. The number of
sections for which characteristic data were available and which were rated

in each district in both surveys is also given in Table F1.

Additional Data From 1980 Survey (Table Fl)

Also included in Table Fl is a list of the anticipated dates on which
each of the above pavement sections is to be rated during 1980. This con-
dition survey is to be concluded jointly by the CTR at the University of
Texas at Austin, and the Texas SDHPT. Once available, these data will be

incorporated into the total data bank.

Summary of Coordinated Data from 1974, 1978 Surveys (Tables F2, F3, F4)

A summary of the values of all the measured parameters for those pave-
ment sections which were '"condition surveyed" in both 1974 and 1978 is in-
cluded as Table F2 (Notation), Table F3 (Description of Levels used for
Qualitative Factors) and Table F4 (Summary of Data). Only those measurements
which reflect meaningful continuity between surveys are iqcluded here. The
number of these pavement sections, broken down by district, is indicated in
Table F1. Tt should be noted that the CTR section numbers used in Table
F4 were originally allocated in 1974. Some of these were changed after the

1978 survey. These changes have not been incorporated into Table F4.



TABLE Fl.

NATURE AND EXTENT OF COORDINATED CRCP CONDITION SURVEY DATA

Texas SDHPT No. of Sections Rated Anticipated Dates
District No. 1974 1980 for 1980 survey

1 6 5 June 16 to 20

11 4
6

9 4 2

10 13 13

13 14 13 June 23 to July 3

17 7 5 June 23 to July 3

19 12 10 June 16 to 20

20 0 July 7 to 11

25

Total 86 61

Sl
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TABLE F2.

NOTATION USED IN SUMMARY OF COORDINATED DATA

Symbol

Explanation

Factor Typex*

<deFUD’UOZ.’IL"?<L4HCﬁO'ﬂMUOCU>OZ

N R X o=

wm
=

CFTR Section Location Number
Concrete Aggregate Type (8 levels)
Number of Longitudinal Bars
Transverse Bar Spacing (in.)
Concrete Mix Type (2 levels)
Concrete Paving Type (2 levels)
Concrete Vibration Type (3 levels)
Subbase Thickness (in.)

Subbase Surface Type (6 levels)
Subbase Aggregate Type (7 levels)
Subbase Stabilizer Content (percent)
Subbase Stabilizer Type (3 levels)
Subbase Mixing Type (3 levels)
Subgrade Stabilization Depth (in.)
Subgrade Stabilizer Type (3 levels)
Shoulder Layer Surfacing Type (5 levels)

(not applicable)
gualitative
quantitative
quantitative
qualitative
qualitative
qualitative
quantitative
qualitative
qualitative
quantitative
qualitative
qualitative
quantitative
qualitative
qualitative

Shoulder Layer Base Material Type (5 levels)qualitative

Shoulder Layer Stabilizer Type (3 levels)
Thornwaite Moisture Index

Average Annual No. of Freeze-Thaw Cycles

Amount of Solar Radiation(Langleys per day)

Subgrade Clay Content (percent)

Texas Geographic and Topographic Regional
Factor (10 levels)

Texas SDHPT Temperature Constant

Age of Pavement Section (months)

Accumulated Traffic (millions of 18KESALS)

Failures/mile (punchouts + patches)
Serviceability Index

qualitative

quantitative
quantitative
quantitative

quantitative

qualitative.
quantitative
quantitative
quantitative
quantitative

quantitative
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TABLE F2.  NOTATION USED 1IN SUMMARY OF COORDINATED DATA

{(Continued)

Symbol Explanation Factor Type*
PX Age on Date of Previous Survey (months) quantitative
PY Traffic on Date of Previous Survey quantitative
PZ No. of Failures on Date of Previous Survey quantitative
PSI SI on Date of Previous Survey quantitative

*Dummy values of "0" or "1" are used in the appropriate column of Table F4
to indicate the absence or presence, respectively, of each level of the
qualitative factors. These levels are described in Table ¥3. Actual
values are used for the quantitative factors or covariates.
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TABLE F3. DESCRIPTION OF LEVELS USED FOR QUALITATIVE FACTORS

Factor Description of Levels

A Siliceous River Gravel (SRG)
Limestone (L)
Limestone River Gravel (LRG)
SRG + LRG
SRG + L
SRG + LRG + Slag
LRG + Slag
SRG + Slag

D Central Mix or other
E Slipform Paver gr gther

¥ Internal Vibration
Pan Vibration
Both-

H 2 Course Surface layer
Surface Treatment
Asphalt
None
Water

1 Processed Material
Natural Soil
Pit Run Gravel
Limestone
Sand
Shell Material
Sandstone

K Asphalt
Cement
Lime

L Road Mixer
Central Mixer
None

N Asphalt
Cement
Lime

0 One Course Surface Treatment
Two Course Surface Treatment
Asphalt Concrete
Cement Concrete
Sod
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TABLE F3. DESCRIPTION OF LEVELS USED FOR QUALITATIVE FACTORS (Cont.)

Factor Description of Levels

P Flexible Material
Roadbed Treatment
Foundation Course
Shell Material
Existing Material

Q Asphalt
Cement
Lime

Trans-Pecos Region

High Plains Region

Low Rolling Plains Region
Edwards Plateau Region
Southern Region

Lower Valley Region
South Central Region
North Central Region

East Texas Region

Upper Coast Region

OWwWoO~NOVN W

()
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TABLE F4. SUMMARY OF COORDINATED CRCP CONDITION SURVEY DATA

(Only those measurements which reflect meaningful continuity between
surveys are included here),.

1974 data . . « v « v « « « « « « « » . . pages 141-148

1978 data . . . . . . . . .+ . . . . . . pages 148-154
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APPENDIX G

CORRELATION MATRIX FOR DATA USED IN ANOVA AND
DISTRESS PREDICTION MODEL ANALYSTIS
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APPENDIX H

COMPUTER PRINTOUT FROM STEPWISE REGRESSION ANALYSIS
FOR DISTRESS PREDICTION MODEL DEVELOPMENT
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DESCRIPTION OF VARIABLES
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TABLE H.1.

REGRESSTION ANALYSIS (Ref 29)

DESCRIPTION OF VARIABLES USED IN STEPWISE

Variable Number

Description

O o0 ~N O v BNy =

—
[e=]

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Concrete Aggregate

Slip Form Paver or

Subbase Aggregate

I

Siliceous River Gravel (SRG)

Limestone (L)

Limestone River Gravel (LRG)

LRC + Slag

other

- Processed Material

Natural Soil
Pit Run Gravel

Limestone

Sand

Shell Material

Sandstone

Subgrade Stabilizer Type

Thornwaite Moisture Index

Average Annual No. of Freeze-Thaw Cycles

Subgrade Clay Content (percent)

Texas SDHPT Temperature Constant
Age of Pavement Section (months)
Failures Per Mile (punchouts + patches)

Age on Date of Previous Survey (months)

Failures per mile on Date of Previous Survey

Change in Age Since Date of Previous Survey

Interaction of No.

18 and No.

18
18
18
18
18
18

1

2
3
4
5
6
7

Continued



TABLE H.1.

DESCRIPTION OF VARIABLES USED IN STEPWISE
REGRESSION ANALYSIS (Ref 29) (Continued)

167

Variable Number Description
30 Interaction of No. 18 and No. 8
31 " " "o18 " "9
32 " " "o18 " " 10
33 " oon o118 " 11
34 " " "o18 " "2
35 " " "o18 " "13
36 " " "o18 " " 14
37 " ™ 18 " " 15
38 " " "o18 " " 16
39 " " o188 M "7
40 " " "o18 " " 18
41 " teonmo22 0" "2l
42 " " o1 " " 16
43 " R VA " 42
44 " " R VA " 16
45 " " o140 " 15
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COMPUTER PRINTOUT EXCERPTS
(Reference 29)
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RUN NAME DISCRIMINANT ANALYSIS OF OVERLAYEpD SECTIONS
VARTARLE LIST FAILURE,MINORSP,SEVERES,PUMPING,0yFRLAY

INPUT FORMATY FIXED‘“‘I'S.lISXIFS.istlrsglisprSQllsxp'S.i)
N OF CASES 233

VAR LARFLS FATLURE, NUMBER OF FAILURES PER MILE
VAR | ABELS MINORSP,PERCENT NF HMINOR SPALLING
VAR | ABELS BEVERES,PERCENT OF SFVERE SPALLING
VAR [ ABELS PUMPING,PERCENT OF PUMPING

VAR LABFLY OVERLAY,HAS HIGHWAY REEN OVERLAYFEp2

VALUE LABELS OVERLAY(1,AIYES(2,@)INO
DISCRIMINANT GROUPSEOVERLAY(1,0,2,8)/VARIABLESeFAILURE,MINORSP,

SEVERES,; PUMPING/
ANALYSISSFAILURE,MINORSP, SEVERES,PUMPING/
METHOD®DIRECT

OPTIQNS 6,7

STATISTICS 1,2,7

READ INPUT DATA _ _

26,0 33,0 5,9 11,0 1,0
28,3 52,0 1,0 9,0 1,0
8,3 50,0 4,o e,s 1,0
29,5 50,9 2,0 11,9 1,0
1,5 20,0 2,0 19,0 1,0
6,5 20,0 2,9 19,5 1,0
50, ¢ 5,0 12,9 4,5 1.0
49,4 20,9 10,0 2,0 1,0
12,5 20,0 5,9 10,0 1,0
12,5 2,0 1.9 24,8 1,0
8,0 20, @ 3,0 17,¢ 1,0
13,1 5.0 0,0 12,9 1,0
5,9 5'.9 9,9) W,B l'ﬂ
8,4 5.0 8,0 9,0 1,0
us,7 5,0 12,9 2,0 1.0
3.0 5.0 17,0 2,0 1,
16,3 5,0 12,0 2,0 1,0
2,9 S0 5,2 2,0 1,0
7,5 ) 2,0 9,0 1,0
11,8 36,0 13,0 1e,0 1,0
9,9 33,2 0,7 8,0 2,0
2,0 uz, s 8,9 8,0 z,n
7,8 38,4 ¢, 2,0 2,9
u,9e 34,7 n,2 2,0 2,0
10,0 28,9 e.3 2,0 2,0
4,08 32,3 0,0 8,0 2,@
2,8 43,7 1,4 0,0 2,0
2,0 53;0 2,2 e,q 2,0
4.0 25,4 2,9 1,4 2,0
3,9 55,3 2,3 @,0 2,0
g, 0 17,1 "o 38,4 2,0
1,9 17,4 8,4 18,4 2,9
8,8 16,2 n,o 6,0 2,&
4,0 7.t 2,2 1,6 2,0
¢, 5,3 2.4 8,6 2,0
1,0 7,7 v, 8,8 2,0
2,0 1,6 e,2 2,0 2,0
8,0 1428 2,2 9,0 2,0
1,0 24,8 9,0 3,0 2,
1,0 17,6 e,0 1,3 2,0
3,0 7.3 4,0 5,8 2,8
2,90 10,1 ¢.1 11,8 2,0
8,0 37;3 0,8 3,6 2,
2.3 B.B U.ﬂ 206 2'0
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PROGRAM OUTPUT



fa sl 79 18,27, 4%,
Q'.Q..‘.“.!"QQQQ".“‘OO'OQ.""'..*.'
» COMPUTATION CENTER -
- UNIVERSITY OF TEFXAS AT AUSTIN «
e 80CTaL SCIENCES COMPUTING LABORATORY o

EEP2RAASREERSERTRESHNRNR RO NSRPTRTORES,
B 5 8 8 « « STATISTICAL PACKAGE FOR YHE $OCTAL SCIENCFS

COC o@Ra/7CYBER TH VERSION 7.8 o INSTALLED | JULY 7@

RUN NaME DISCRIMINANT ANALYSIS OF OVER AvED SECTIONS
VARTABLE (18T Fal URE,MINORSP,SEVERES,PUMBING,OVERLAY

IWPUT FORMAY PINEO(MX, FS,1,%%,"S 1 ,5X,%%5,1,%5x,7%,1,5,%¥5,1)
ACCORDING YO YOUR INPUT FORMAY, VIRIASLES AQF Tn AF READ 48 FOLLO=S§

VvARJABLE FORMay REZORD CoLUnNS

FallLuRe s, H L1 .
HINORAP r s, 1 i 1Se 1%
SEVERES ¥F 5,1 H 2% 2%
PURPING r s, 1 1 15= 3%
CvERLAY LA PO | H a%e @b
THE INPUY FORMAT BROVIDES FOR 5 vaRIABLES, 5 Il 8E READ
11 PROYIDES For 1 RECOROS (sCaRDEe) PER CARE, 4 “iXImys OF 49 o«COLUMNEr ARE USED ON 4 RECHRD,
N OF CASES 233
viak LABELS FAILURE, NUMBER OF FAT{LURES PgR MILE
vaR LABELS MINDREP, PERCENT OF MINOR 8PaL(LING
ViR LABELS SEVERES,PERCENT OF SEVERE SMa[LING
val LABELS PUMPING PERCENT OF PUMPING
VAR LABELS OVERLAY,HAg NIGHNAY REEN QVER_AYEN2

YALUE LaBELS  OvERLaY(1,8)veS8(2,@)ND
DISCRIMINANT GROUPSmOYERLAY(Y 8,2, 8) /VARIABLESEFATL URE ,MINCRSP,

T BEVERES,PUNPING/
ANALYBIBRFP AT L URE ,MINORSP AEVERER,PUMPING/
METNODSDIRECY
0PTIONS ,?
STLATIRTICS 16247

READ INPUT DaTA

20884402 Cn NEEOED FOR DIBLRINRININY

DPTION « |
IGNNRE MISYING vALUE INDICATORS

OPYION » S
PRINT CLASSIFICATION REBULYE TABLE

OPTION = ¢
POINT DIICRIMINANT SCORES ANO CLASBIFICATION INFORMLTION

OPTION = 7
PRINY & SINGLE PLOT OF CaSES

PiGE

061



DISCRYIMTNANT ANALYATS OF OVERLAYED SECTIONS

FILe NONAME

GROUR COUNTS

NUXBEG

MEiNS

Falpyre
MINDREP
SPVERES
PUMPING

SYanDaRD DEVI]

FaliJre
“INNRSR
SpvEaps
PUMPING

(CRELYINN DAYE »

LRAUP )

38,

GROYP 1

15,5617
12,12099
8, 917
§, 7978

ATIONS
GRAUM |

14,8849
22,3878z
§,610%59
6,889

craus 2

199,

Groye 2

2,01508
19,5201%
27,7857
3,83216

GROUP 2

a,28738%
12,7694
s,11039
$,73%38

14 aUG 79

T0oYaL

233,

TOTAL

31,9918
21,383498
3,P8918
3.17725

ToYap

8,16212
15,169%58
6,883a7
5.,9250¢

16T



DISCAININANT aNA{YSIS OF OVERLAYED SECTIONS 14 406 79 15,27 .49, PaGE 4

Fi e NOMWANE (CREATION OATE = ja& AUG T79)

® % % e e m e e e s w e« waewwes D] SR M NNy AN AL YS! & e o uw oo ¢ 5 5 0 00 08 v e e a0
ANALYSIS wumMgre |

$OLUTION %gTw0Op = pIRFCT,

PRICA PROBABILITIES « EQUAL

cRouP GROUP 2
59888 L5002
NUMBER EIGENVALUE CANONICAL PEaCENT wiLxs CHlaSGUARE n.F, SIGNIFICANCE
REMOVED CORRELATION  CF TRACE LAMBD,
(] L87259 Lb3ats 16,9 L5874a 117,79128 8 002

1} FUNCYTIONS sy L RE USED IN REMAINING ahaLYSES

STAuOARDITED DISCRIMINANT FUNLTION CDEFFICIENTS

i

Falpune “l 12005
HINOASP e, 888028
SEvengs ., 12009
PyNS ING ,AY8pa

CENTROIDS OF GRaUPS IN REDUCED SPALE

SRgus ¢ vy ,%755¢6
GROUs 2 «337%3

T6T



DISCRIMINANT ANALYSIS CF OVERLAYED SECTYIONS

Calg
SUBFIL SEQNUM

L R BT -

HISSING
Vi UES

ACTUML
eROUP

PR N PP R T I ARSI R I IR AN A AN I A T R T IV T I B I RS e et b sk o e o i ok M B e g b S G e e o

*ne

L XX ]
LA R
L N4
“ew

e
o

L2 X ]

GROUP Des?

A NG N A R PG A P N A A I R P N I R I R AR S vo P P T I o B oo R ) oon g e on g o g IR A R o 5 v om e IR 0 oo e o

3,989
5,838
'!,o
1,279
%21
8,880
16,302
19,54
123
1,081
592
L9302
JBUs
322
12,10%
L0881
. 358
78
218
B8
JR2¢
513
1,890
«538
<924
360
592
1,892
193
1.11e
383
119
288
e
529
+3%7
. T8%
W 213
821
N-TY
,108
T
B850
962
823
2185
514
Bl
823
200
o173
«303
L8839
137

ITS
228
,678%
L258
ave
'o1s
,eee
,202
,0e2
) 317
T
,338
838
571
(201
,817
, 551
LT8¢
822
, 793

HIGHEST PROBABILITY
PLX/G)Y PULG/X

L9008
1,888
LBad
995
5132
1,580
1,800
1,008
876
, 589
710
J60¢
Ll
82
1,008
939
2788
L9865
920
L8808
S5
738
562
127
611
L 788
JT18
Sed
L8408
. 359
LY
,978
L9877
Ll
L 887
L83
R 1T
LY
s 939
902
L %69
L974
890
K ITY
911
7S
087
+9%1
L5
. 984
L84
L8463

N

~1GHESTY

GROUR PLG/X)

2

Ladli 2.0

-~ Ry NG

DR e I il e e e s el R "R TR

881

LT
tees
L268

1a aUG 79 18,277,649, PAGE s

DISCRIMINANY SCORES
1

«3,%68
i 220
»1,55¢
3,187
., 38a
-d 422
b, 8248
at 308
.l.x},
-,832
., 427
o122
Jves
=% ,45%
307
-1‘37‘
o017
T23e
01.7!3
197
v, 379
-,927
*, 19
el P14
., 350
..032
-, 70y
.. 182
. 922
r957
H82
793
1,917
1,988
N3t
1,284
AL
"300
2382
1]
,vas
L84
1.7
L1485
oT68
1,354
28606
+50a
1853
-, 870
3%

« 832
Ye?

€61



O1SCAI™INANTY ANALYSIS OF OVERLAYED SECTIONS

CASE
SUBFIL SEGNUM

ss
Se
sy
58
se
(1]

108

M1831ING
VALUES

ACTUAL
GRour

LYR VLV VLV VI VL VI VIR PR PRV VLV I R T T T VI T B T L S VI Y Y VL VL VIV VY VRV VY
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APPENDIX J. EXAMPLE CALCULATION OF
DISCRIMINANT SCORE

Table J.1 presents a summary of the calculations performed to obtain
the "zeta" values for several CRCP sections along a principal highway in
the State of Texas.

The table consists of 7 columns; the first column is the CTR number
given to the section, the second column is the length of the project(miles),
columns 3 to 6 give the amount of distress for each of several distress
manifestations, and the last column gives the '"zeta'" values. For more de-
tail in the equations used, please refer to Appendix I.

It should be noted that the smaller the zeta value the worse the con-
dition of the pavement. If the value is positive, we interpretate it as
indicating a pavement in good condition.

In addition to the ranking for each CTR section, a weighted average

is given for the sections.
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TABLE J.1. EXAMPLE CALCULATION OF DISCRIMINANT SCORE

CFTR# LENGTH F/M 7MS 7SS %p
1006FB 5.2 8.5 52.3 3.9 1.4 -0.85
WB 6.2 71.5 2.3 6.0 -1.10
1007EB 4.8 11.5 69.3 1.5 1.5 -1.77
WB 11.0 84.8 5.0 2.6 -1.98
1001EB 4.0 11.5 67.7 5.7 8.6 -1.75
WB 4.5 43.5 3.7 7.6 0.03
1005EB 8.2 1.3 60.0 1.0 1.9 -0.05
WB 1.7 64.7 1.0 0.2 -0.27
1004 EB 8.0 18.4  56.1 6.9 5.2 -2.39
WB L 18.8 61.9 8.2 8.6 -2.63
30.2 -1.27

F/M -~ failures per mile
7MS

1

percent minor spalling
%8S - severe spalling
%P

pumping

Note: Highway: IH20 - Dist 10

Van Zandt Co.

(From Kaufman C/L East to Smith C/L)
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