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PREFACE 
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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. 
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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 procedures devel­

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

KEY WQRDS: 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 outlined 

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. 

xiii 
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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) 

(3) 

(4) 

(5) 

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

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

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 recommendat1ons 
(Chapter 7), for the establishment of such a system. 

1 



2 

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 eTR 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 O.2-mile sections for reporting purposes. Data were 

collected on the following eight distress manifestations for each O.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 pa tches, 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). 

3 
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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 w~uld 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 

CRCP in District 13, for the "severe spalling," "minor spalling," and "minor 

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 
2 

where XA is the judgment or score under one of the conditions (or after 

the treatment) and ~ is the judgement or scorz under the other condition 

(or before the treatment). That is, X
A 

and ~ 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 
th" between every "i pair of observations, XAi 

and X ., noting whether the 
Bl 

sign of the difference is plus or minus. Under H
O

' we would expect the number 

of pairs which have X
A 

> X
B 

to equal the number of pairs which have XA < XB. 

That is, if the null hypothesis 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 
I 

and minuses is determined using the binomial distribution with P = Q = 2 ' 
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 from 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 variability within the manifestation rating itself, this being 

a consequence of the high degree of subjectivity associated with making 

assessments of degree of minor spalling. 
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TABLE 2.1. COMPARISON OF RATING TEAl'IS - RESULTS OF SIGN 
TEST FOR EQUALITY OF RATING PROCEDURES 

Distress District Sign Test (Ref 7) Decision on 
Type Hypothesis 

Number Number Level of that Median 
Difference 

Number Negative Positive Signif- is Zero (H ) 
Obser- Differ- Differ- icance 0 

vations1~ ences ences (Percent) 

Minor 3 15 1 14 0.1 Reject at 
Spa11ing 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 

19 5 0 5 6.3 
Do not re-
j ect at 5 

24 27 10 17 24.6 percent 

25 5 1 4 37.6 level 

Severe 3 4 1 3 62.5 
Spa11ing 

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 8 6 2 29.0 
ject at 5 
percent 

13 12 9 3 14.6 level 

24 19 12 7 36.0 

(Continued) 
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Table 2.1. (Continued) 

Distress District 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* 0) 

Severe 10 9 6 3 50.2 Do not re-

Pumping 24 3 0 3 25.0 ject at 5 
percent 
level 

Minor 10 7 6 1 12.4 Do not re-

Punchouts 24 4 1 3 62.5 ject at 5 

2 percent 
«20 ft. ) 25 4 2 2 100.0 level 

Severe Do not re-

Punchouts 10 8 1 7 7.0 j ect at 5 

«20 ft.2) 
percent 
level 

Asphalt Reject 

Concrete 10 8 8 0 0.8 at 1 
percent 

Patch level 

Portland 

Cement Reject 

10 6 5 1 3.2 at 5 
Concrete percent 

Patch level 

*One observation is the value of the distress variable under consideration 
for a highwRy section of CTR Project. (Le., "n" observations imply "n" 
CTR projects in a district). 
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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 

IH-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 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 
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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~~e 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. For all districts, the variance 

of the distress variable changed significantly with the size of the distress 

variable. Spec.ifically, the hypotheses of homogeneity of variance and normal­

ity were both rejected at the 0.001 and 0.01 levels respec.tively for all dis­

tricts, except one. Consequently, appropriate transformations were applied 

to the data. Since the sample mean varied direc.tly with the sample varianc.e, 

a square root tranformation was utilized (Ref 8). The hypothesis of homo­

geneity of variance was then not rejected at the O.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. 
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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 had occurred in distress between 1974 

and 1978. 
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TABLE 3.1. RESULTS OF STATISTICAL COMPARISON 
01: DISTHESS BETWEEN 1974 AND 1978 

Results of t-test 
Decision on Distress District (paired data, one sided) 

Variable Level of lIypothesls of 
Signifi- No Significant 

Degrees of cance (LOS) Change in 
Freedom t-vll1ue (percent) Distress 

1* 16 1.175 > 10 Do not rc-
j ec tat 10 
percent LOS 

3*** 23 3.158 <0.5 Heject ;1 t-

0.5 percent 
LOS 

Number 4** 19 3.445 <0.1 Reject at 
O. t percent 
LOS 

of 9 J 2 2.887 <1. 0 Reject at 
1.0 percent 
LOS 

10* 25 9.123 <0.1 Re.i ec t at 
Failures 0.1 percent 

LOS 

13*** 58 6.524 <0.1 Reject at 
0.1 percent per 
LOS 

17* 13 4.200 <0.1 Reject at 
0.1 percent 

Hi] e LOS 

19** 26 7.516 <0.1 Reject ilt 
O. t percent 
LOS 

20 ** 18 2.033 <).0 Reject [It 
3.0 percent 
LOS 

24*** 16 3.791 <0.1 Reject [It 
0.1 percent 
LOS 

25* 4.071 <0.1 Hejcct at 
0.1 percent 
LOS 

(Continued) 
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Distress District 
Variable 

1 

'3 

Number 
4",** 

of 9** 

I O*'~ 

Punchouts 

13 

r er 
17** 

Mile 19** 

20 

24 

TABLE 3.1. (Continued) 

Results of t-test 
(paired data, one sided) Decision on 

Level of Hypothesis of 

Signifi- No Significant 
Degrees of tance (L~S) Change in 

Freedon t-va1ue percent Dis tress 

16 2.873 <1.0 Reject at 
1.0 percent 
LOS 

Z3 homogeneity of variance c ri terion 
not sa tis [i('d 

19 2.798 <1.0 Reject at 
1.0 percent 
LOS 

12 1.759 >5.0 Do not re-
ject at 5 
percent LOS 

'),. 
•. 1 h.4hC) . (). 1 [{ej ec t .1 t 

0.1 percent 
LOS 

58 homogeneity of variance c ri terion 
no t sn tis r it,d 

1) 4.886 ,~o .1 

20 0.612 <0.1 

IR 2.016 <3.0 

Insufficient data available 

I) 2.0HJ <,3.0 

Rej ec t at 
0.1 percent 
LOS 

Reject at 
0.1 percent 
LOS 

Rej ec t at 
3.0 percent 
LOS 

Reject at 
3.0 percent 
LOS 

Continued 



Distress 
Variable 

Service­
ability 

Index 

District 

9 

17 

TABLE 3.1. (Continued) 

Results of t-test 
(paired data, one-sided) 

Degrees of 
Freedom 

13 

17 

Level of 
signifi­
cance (LOS) 

t-va1ue (percent) 

5.196 <0.05 

5.831 <0.05 

17 

Decision on 
Hypothesis of 
No Significant 

Change in 
Dis tress 

Reject at 
0.05 percent 

LOS 

Reject at 
0.05 percent 

LOS 

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

>";"Homogenei ty of variance hypothesis not rej ected at 1 percent LOS using 
square root transform 

***Homogeneity of variance hypothesis not rejected at .1 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 traffic 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 variation in the distribution of traf­

fic between directions. That is, although the total number of vehicles can be 

similar, the l8-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). 
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That is, 

t 
s ;\. + af . . • . . . • . . . . • . . • . . . . . • ( 4 . 1 ) 

where 

t traffic in millions of IS-kip ESALS, 

f == number of failures per mile, 

;\. = cons tant, 

a constant, 

S constant, 

If we assume that for t 0, we must have f 0, then ;\. = O. 

Hence, 

t == af 6 .•••.....•...•. (4.2) 

Using logarithmic transforms, 

log t =' log (l + Slog f •....•..••..•.. (4.3) 

To satisfy appropriate boundary conditions, the following transformation 

was used, 

Log (t + 1) == log a + Slog (f + 1) ...•.•••• (4.4) 

Results of the 

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) 

Relevant summary statistics for the analysis were 

R2 0.346 and 

MSE + 0.237. 

Revising the transformation, we 

t = 1.271 (f + 1) 0.497 - 1.0 

(4.5) 

(4.6) 



Clearly, the low value of R
2 (34.6%) indicates tl~3t 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 

21 

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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Fig 4.1. Percent of failures found in each direction of CRCP in Texas. 



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 

Data Base 

F(environment, materials, construc­
tion, previous distress). 

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 fOHr 

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 io the results 
which might be caused by extremely short sections. 

(4) All distress daca was "nondirectionalized." 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, 
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(3) traffic, 

(4) age of pavement, and 

(5) 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 to 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) Moisture: The moisture content of the soil directly beneath 
the pavement structure is a function of rainfall, humidity, 
evaporation, tion, soil 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 yearly 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, 

s surplus of water in inches of groundwater table, 

d deficit of water in inches of groundwater table, 

Ep potential eva po-transpiration in inches. 

and 

(b) 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). 

(c) Clay activity. The shrink-swell characteristics of the subgrade 
soil 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. 

(d) 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 



/ 
I 

1- 30 

I 
I 
I 
\ 
\ 
\ 
\ 

" " 

-40 

-20 

/ 

-10 
I 

I 
\ 

-30 

o 10 

\ 
\ 

"-

'\ 

20 

'\ 
, 10 

'-10 

Fig 5.1. Contours of Thornwaite moisture index for Texas (Ref 17). 
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Fig 5.2. Contours of solar radiation (Langleys/Day) for Texas (Ref 18). 
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Fig 5.3. Contours of annual average freeze-thaw cycle for Texas (Ref 18). 
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TABLE 5.1. TEXAS SDHPT TEMPERATURE CONSTANT (a) 
BY DISTRICT (REF 18) 

District Temperature Constant (it) 

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 conditions. 
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-lO 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 l8-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 

(c) 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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4 

Fig 5.4. Topographical and geological regional separation of 
Texas as utilized in this report. 
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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 Auuen­

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 comp12te 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 equatIDon. 

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 STEPOI (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 we~e 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. 



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, 

where 

N -0.381 - 0.0356X
l 

+ 0.00013lX
2

2 

+0.0461 X3(X2 - Xl) + 0.0000494 X
2

X
4 

+X5 (5.1) 

N 

Xl 

X
2 

X3 

X
4 

X5 

number of failures per mile (punchouts + patches) at future 
time chosen for prediction, 

pavement age at time of condition survey (months), 

pavement age at future time chosen for distress prediction, 

"N" at time of condition survey, 

Texas SDHPT temperature constant (Table 5.1), 

-5.840 + 0.0988 X
2 

for pit run gravel subbase aggregate, and 

o for other subbase aggregates. 

Relevant summary statistics for the regression analysis from which the 

equation was determined are: 

R2 0.672 and 

MSE 2.436. 
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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), 
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(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: 

Xl 105 months (1974 condition survey), 

X2 155 months, 

X3 3.86 failures per mile (1974 condition survey), 

X
4 

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) 

(2) 

The R2 (.67) and standard error of prediction (2.4) statistics 
show that the equation has an acceptable precision of prediction*. 

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 
1974. 

(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). 

Recommenda tions 

(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. 

*Inclusion 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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Introduction 

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

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 I) 

MEAN VALUE STANDARD DEVIATION 

NON- NON-
DISTRESS OVERLAID OVERLAID TOTAL OVERLAID OVERLAID 

MANIFESTATION SECTIONS SECTIONS SECTIONS SECTIONS SECTIONS 

Number of failures/mile 14.08 4.20 8.14 15.56 2.01 

Minor Spa11ing (%) 22.38 12.76 15.16 32.12 19.52 

Severe Spa11ing (%) 5.61 6.11 6.08 4.96 2.74 

Pumping (%) 6.54 5.73 5.90 5.79 3.43 

TOTAL 
SECTIONS 

3.99 

21. 36 

3.06 

3.77 

w 
00 
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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 

where 

z 

z 

a. 
1 

z. 
1 

n 
/. 

i=1 
a.z. 

1 1 

discriminant score, 

weighting coefficients, and 

1, ... , n) (6.1) 

standardized values of the n discriminating variables 
(distress measures) used in the analysis. 
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where 

The standardized values, z. , were calculated as follows: 
1 

Z. 
1 

X. 
1 

(J 
X. 

1 

x. -x. 
1 1 

(J 
(i 1, ... , n) (6.2) 

X. 
1 

value of the distress manifestation, i , for the case 
being classified, 

mean value of the distress manifestation, i , and 

standard deviation for x .. 
1 

Hence, for any particular pavement, data on each x. should be substituted 
1 

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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Fig 6.1, Representative distribution of z~ -scores for data set 
used in Discriminant Analysis Ref 21). 
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z 

z 

< 

> 

0.819, probability that pavement belongs to the group of good 
pavements < probability of belonging to the group of 
bad pavements, 

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

Hore 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 z ~ - Grand Mean (6.3) 

i. e. 
n 

z 0.819 + L a. z .. 
i=i 

1 1 
(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 - 0.138
1 

- 0.032X2 - 0.020X3 , (6.5) 

where 

Xl number of failures per mile, 

X
2 

minor spa11ing (percent), and 

X3 severe spa11ing (percent). 
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TABLE 6.2. CONSTANTS TO BE USED WITH EQUATIONS 6.1 and 6.2. 

i Distress Manifestation a. x. 0 
1 1 x. 

1 

1 Failures per mile -1. 12 3.99 8.14 

2 Minor spalling (percent) -0.49 21.36 15.17 

3 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-
1 

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. 

where 

The average utility being obtained from an equation of the form 

AVU 

AVU 

u 
ms 

u 
ss 

u 
p 

c 
x u 

ss 
d 

x u 
p 

average visual utility, 

(6.6) 

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

utility assigned to the appropriate percent of minor 
spalling, 

utility assigned to the appropriate percent of severe 
spalling, and 

utility assigned to the appropriate percent of pumping. 
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The exponents for Eq (6.4) may be defined as follows: 

a b 

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 values 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) 

u(z) (6.7) 



1.0 

0.8 

0.6 
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0.4 

0.2 

-3.0 -2.0 -1.0 0.0 1.0 2.0 
Zeta Values 

Fig 6.3. Average visual utility versus zeta values for CRCP. 
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where 

u(z) utility assigned to a pavement for a combination of 
distress modes with a discriminant score z. 

f( z) 

t 

b
l 

b2 
= 

b
3 

b
4 

= 

b
5 

1 1 2 
exp[- 2" (z) ], 

0.31938, 

- 0.35656. 

1.78148, 

-1. 82126, 

1. 33027, 

In the case of z < 0 

then 

u(z) (6.6) 

where 

t = 1 
1 - 0.23l64(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 z is deter­

mined. This utility value ranges from zero to one; the closer the utility 

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

tation 

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 z 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 z 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 ~ value for the 

group of overlayed pavements. This mean z 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 

z 2.113 0.138X
1 

- 0.032X
2 

- 0.020X
3 

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) If 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. 
values outside the range of our data, the z 
not applicable. 

That is, for distress 
equation drived is 

(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 

Group 

Overlayed 

Nonoverlayed 

Total 

Number of 

Observa tions 

34 

199 

233 

Number of 

Correct 

Predictions 

22 

185 

207 

Percent 

Correct 

64.7 

93.0 

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 0 to 1, 

and would be determined from quantitative ratings of important pavement pro-

per ties at the chosen time. The pavement score would be a function of the 

pavement's rated condition (as measured by visual condition survey), rough­

ness, skid resistance quality, maintenance requirements and functional 

utility. These last two factors would reflect the pavement's utility to the 

community 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 a utility function which ,,,ould 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 

where 

PS F (AVU, RQU, SRU, MCU, FCU) 

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. 

(D Establishment and Updating of a Pavement Histo~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 
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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. 

(2) 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. 

(3) Calculation of Ride .Qua1ity 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 
pavemen t types. 

(4) 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 I1aintenance 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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CURVE 

A 

B 

C 

TABLE 7.1. RIDE QUALITY RELATIONS FOR 
COMPOSITE PAVEMENTS (REF 24) 

UTILITY RELATION 

Utility '" 1. 0 

Utility 
2 

1. 0 - O. 10 ( 2. 5-S I) 
0.5 

Utility = -0.2666 + 0.58333S1 

Utility = 0.20 (~)2 
0.8 

Utility = 1.0 

Utility = 1.0- 0.10 (3.0-S1t 
0.5 

Utility = -0.5583 + 0.58333S1 

Utility = 0.20 ( 81 
2 

1. 

Utility = 1.0 

Utility 1.0 - 0.10 (3.5~SI)2 

Utility -0.85 + 0.58333S1 

Utility 0.20 (~r 
1.80 

INFERENCE SPACE 

2.5<SI<5.0 

2.0<SI<2.5 

0.8<S .0 

0<SI<0.8 

3.0<SI<5.0 

2.5<81<3.0 

1.3<SI<2.5 

0<SI<1.3 

3.5<SI<5.0 

3.0<SI<3.5 

1.8<81< .0 

0<SI<1.8 

-------------- -~---- ------
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MRM in Serviceability Index Units 

Fig 7.1. Ride quality utility relations for composite pavements (Ref 24). 
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CURVE 

A 

B 

C 

TABLE 7.2. SKID RESISTANCE UTILITY RELATIONS FOR 
COMPOSITE PAVEMENTS (REF 24) 

UTILITY RELATION INFERENCE SPACE 

Util = 1.0 sO<SN<7s 

Utility = 1.0 - 0.20 (sO-SN)2 39<SN<50 

Utility -1.4286 + 0.05714SN 2.85<SN<39 

Utili 0.20 ( SN-Or 0<SN ... 28.5 
28.5 

Utility 1.0 50<SN<7s 

Utility = 1.0 - 0.20 ( 50-SN)2 32.5<SN<50 
17.5 

Utili ty -1.05714 + 0.Os714SN 22<SN<32.5 

Utility 0.20 ( ~~r 0<SN<22 

Utility 1.0 50<SN<75 

Utility 1.0 - 0.20 (50-SN) 2 27 .5<SN<50 
22.5 

Utility -0.7714 + 0.05714SN 17<SN<27.5 

Utility 0.20 ( i~Y 0<SN<17 
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Fig 7.2. Skid resistance utility relations 
for composite pavements (Ref 24). 
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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. In the flow chart, z has 
been used, rather than the corresponding utility. This z is 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 
ma intenanc e. 

For a given pavement, it is necessary to define the inputs 
and decide which strategy to follow. If the z value is less 
than the chosen limiting value, the rehabilitation ~sing 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. 

(c) Cost of roto-milling surface. 



TABLE 7.3. 

Subgrade 
Type 

Clay 

Granular 

AC OVERLAY THICKNESS BY 
SUB GRADE TYPE (REF 25) 

Thickness of Overlay (inches) 
<10,000 VPD* >10,000 VPD* 

7 8 

5 6 

*Vehicles per day 

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

Thickness Cost per mile 
(inches) (dollars) 

2 61 000 

3 91 000 

4 121 000 

5 152 000 

6 182 000 

7 212 000 

8 242 000 
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Fig 7.3. Simplified maintenance approach for CRCP rehabilitation 
decision making (Ref 25). 



The cost of roto--mi11ing was assumed to be $10,000 per mile. 
Hore 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 spa11ing: 

cost per mile ($1000 x punchouts per mile) 

+ ($2 x 0.5 x number of severely 
spa11ed cracks per mile). 

In this equation, a cost of $1000 per punchout and $2 per 
spa11ed crack was used. The factor of 0.5 in the above 
equation is used to estimate the number of spa11ed cracks 
to be repaired in one year relative to the total number of 
spa11ed cracks. 

It should be remembered that the cost figures used here are 
approximate only and should be used for prefeasibi1ity or 
feasibility estimates only. Detailed cost calculations 
should be made using appropriate local costs. 

(2) Maximum Average Pavement Score Approach 
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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 "Hain­
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 
T 

1 
T f PSdt 

o 

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

Average PS 
over T years 

T 
1 L: PS!::,t 
T t=l 

where !::'t 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. CONCLUSIONS 

Based on this study, the following observations were made: 

(1) CRCP condition survey measurements obtained in 1974 and 1978 
were sufficiently reliable for the purpo·ses of the investigation 
concerning a large set of Texas pavements. 

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

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

(4) 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. 

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

(6) 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
tat:Lon of CRCP in Texas. 
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APPENDIX A 

GRAPHICAL COMPARISON OF RESULTS OF CRCP CONDITION SURVEY REPLICATION 
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Fig A.I. Condition survey replication for District 3. 
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APPENDIX B 

SUMMARY OF DATA ON HISTORY, LOCATION AND SIZE OF REPAIRS 
ALONG CRCP HIGHWAY SECTIONS IN DISTRICT 1 
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TABLE B.l. PATCH HISTORY, LOCATION AND SIZE IN DISTRICT 1-
DATA SUMMARY FROM TEXAS SDHPT MAINTENANCE RECORDS 

Highway CFTR Location of Date Age of Area of 
Proj ec t Patch (Mile Patched Pavement Patch (ft2) 
Number Pos t 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 
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TABLE B.1. PATCH HISTORY, LOCATION AND SIZE IN DISTRICT 1-
DATA SUMMARY FROM TF~S SDHPT MAINTENANCE RECORDS 

(Continued) 

Highway CTR Location of Date Age of Area of 
Proj ec t Patch (Mile Patched Pavement Patch (ft2) 
Number Post Limits) at Patching 

(months) 

IH30-West lOS lS0.0-149.0 11.6.69 48 7.S 
Bound Lane lOS 10.4.72 83 9.0 

lOS 10.4.72 83 20.0 

lOS 149.0-148.0 3.1S.73 98 21.0 
lOS 4.1S.74 101 10.0 
lOS 4.27.74 101 28.0 
lOS 9.30.74 106 S.S 

104 14S.8-144.8 12.9.74 108 4.S 
103 141. 4-140.4 9.4.73 97 lS.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. 2S. 63 S4 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 S6 12.0 

101 132.4-133.4 3.4.70 S6 42.0 
101 3.10.70 S6 12.0 

102 133.4-134.6 12.6.71 78 15.0 

102 134.6-13S.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 S.28.69 4S 24.0 

lOS 148.0-149.0 6.22.73 93 6.8 



TABLE B.2. PATCH LOCATION AND SIZE IN DISTRICT 1 - DATA SUMMARY 
FROM DETAILED 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) (ft2) (mile pos t) (ft2 ) 

22.08 

22.08 

22.09 

22.30 

23.00 

23.32 

23.41 

24.63 

25.28 

26.00 

26.24 

26.36 

26.39 

26.88 

27.00 

27.20 

27.38 

27.50 

27.55 

27.58 

0.5 27.59 18.0 29.43 30.0 

3.0 27.64 12.0 29.4lj 5.0 

20.0 27.71 10.0 29.50 30.0 

5.0 27.78 10.0 29.51 16.0 

1.0 27.80 4.0 29.55 108.0 

1.0 27.85 8.0 29.56 108.0 

20.0 28.18 30.0 29.57 98.0 

12.0 28.30 24.0 29.58 8.0 

2.0 28.58 16.0 29.59 2.0 

4.0 28.90 4.0 29.60 40.0 

12.0 28.91 9.0 29.61 4.0 

5 patches 28.95 36.0 29.69 116.0 

40.0 28.97 16.5 30.30 36.0 

6.0 29.99 30.0 30.35 42.0 

4.0 29.00 8.0 30.46 10.0 

20.0 29.09 30.0 30.99 12.0 

1.0 29.12 15.0 31. 35 36.0 

12.0 29.20 9.0 31.35 4.0 

18.0 29.29 42.0 57 Patches ~ 1.0 ft2 
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 2 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) (ft 2 ) (mile post) (ft2) (mile post) (ft2 ) 

128.79- 6.0 131. 82 24.0 133.58 to Overlay 
128.95 to Overlay 132.02 <1.0 

133.63 
129.01 133.65 to Overlay 

132.10 1.0 133.83 129.12 24.0 

132.14 9.0 
133.84 4.0 

129.22 18.0 

132.18 200.0 
133.84 24.0 

129.28 9.0 
134.85 6.0 

132.30 to Overlay 
129.30 42.0 132.40 

134.95 12.0 
132.59 48.0 134.96 24.0 129.31 36.0 
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. 25 9.0 133.12 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 SlZE IN DISTRICT 1 - DATA SUMMARY 
FROM DETAILED INSPECTION BY CTR PERSONNEL, MAY 1979 

Highway: IHJO East Bound Lanl', Cll{ Project Nos. 101 to 105. 

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

(mile pos t) (ft 2 ) (mile post) (f t 2 ) (mile post) (ft2 ) 

128.79- 6.0 132.59 48.0 135.64 48.0 

128.95 to Overlay 132.60 30.0 135.66 24.0 
129.01 

132.61 6.0 135.88 1.0 
129.12 24.0 

132.69 2.0 135.89 18.0 
129.22 18.0 

132.74 to Overlay 135.91 24.0 
129.28 9.0 132.80 

135.99 1.0 
129.30 42.0 132.87 to Overlay 

132.92 136.05 30.0 
129.31 36.0 

133.09 24.0 136.19 16.0 
129.39 18.0 

133.10 4.0 136.25 36.0 
129.90 1.0 

133.10 8.0 136.49 18.0 
130.01 1.0 

133.12 3.0 136.75 to Overlay 
130.05 0.3 136.83 

130.15 2.0 133.12 10.0 
136.90 to Overlay 

130.51 1.0 133.15 25.0 137.07 

130.51 4.0 133.21 4.0 137.09 to Overlay 

133.55 15.0 137.26 
130.63 25.0 

133.58 to Overlay 137.68 <1.0 
130.81 <1.0 

133.63 137.90 4.0 
130.83 to Overlay 

133.65 131.01 to Overlay 138.01 to Overlay 
133.83 138.09 

131. 25 9.0 
133.84 4.0 138.11 to Overlay 

131.69 <1.0 
133.84 24.0 138.15 

131.79 6.0 
134.85 6.0 138.17 <1.0 

131.80 36.0 
134.95 12.0 138.17 <1.0 

131. 81 8.0 
134.96 138.37 to Overlay 24.0 

131. 82 24.0 138.46 
134.96 4.0 

132.02 <1.0 138.58 to Overlay 
135.02 4.0 138.68 

132.10 1.0 
135.05 18.0 133.79 2.0 

132.14 9.0 
135.29 Overlay 139.26 to 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 
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TABLE B.2. PATCH LOCATION AND SIZE IN DISTRICT 1 - DATA SUMMARY 
FROM DETAILED INSPECTION BY CTR PERSONNEL, MAY 1979 

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

Location Size of Loca tion Size of Location Size of 
of Patch Patch of Patch Patch of Patch Patch 

(mile post) (ft2 ) (mile post) (f t 2 ) (mile post) (ft2 ) 

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 
141.38 to Overlay 148.65 12.0 
141. 50 

141.51 Overlay 149.49 20.0 to 
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 
142.81 to Overlay 152.30 18.0 
143.02 

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 1-2.0 

147.32 30.0 

147.56 1.0 

147.59 <1.0 

147.62 4.0 



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

Highway~ IH30 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) (ft2 ) (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 2.3 138.56 

<1.0 143.26 2.3 138.54 to Overlay 
138.36 

150.85 12.0 143.26 2.3 138.27 6.0 
150.45 1.0 143.12 to Overlay 138.25 Overlay 

143.05 to 
150.33 10.0 138.15 
150.05 8.0 143.04 to Overlay 138.03 6.0 

142.85 
149.94 24.0 137.82 4.0 
149.85 48.0 142.30 8.0 
149.60 24.0 142.22 60.0 137.25 54.0 
145.45 10.0 137.16 to Overlay 
145.35 15.0 142.06 84.0 137.05 
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 8.0 

147.63 2.0 
140.27 18.0 136.03 20.0 

147.00 20.0 139.50 to Overlay 
146.85 6.0 139.42 

136.02 12.0 

146.60 <1.0 139.39 to Overlay 135.96 15.0 

139.25 135.94 6.0 

Continued 
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APPENDIX C 

RESULTS OF CRCP DIRECTIONAL TRAFFIC DISTRIBUTION ANALYSIS 
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TABLE C.l. ESTIMATED TRAFFIC DISTRIBUTIONS 
FOR DISTRICT 4 

T = 2.37 (F + 1).497_1 

where: T:Traffic Applications in Millions 

F:Failures Per Mile 

i = EB, WB 

F (Ti/L:T)xlOO 

eTR EB WE EB WE 

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. ESTIMATED TRAFFIC DISTRIBUTIONS 
FOR DISTRICT 9 

T = 2.37 (F + 1).497_1 

where: T:Traffic Applications in Millions 

F:Failures Per Mile 
i = NB, SB 

,----

F (Ti/LT)xlOO 

NB SB 
_.-f-.-

NB SB CTR -- --

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 36.8 63.2 

908 0.0 0.0 50.0 50.0 

907 19.0 0.0 87.4 12.6 

9US 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),497_ 1 

where: T:Traffic Applications in MIllions 

F:Failures Per Mile 

i = EB, WB 
- --

F (T i l IT) xl00 

CTR EB WB EB WE 

1006 8.5 6.5 49.3 50.7 

1007 ll.5 11.0 50.6 49.4 

1001 ll.5 4.5 61.8 38.2 

1005 1.3 1.7 Lf 7.2 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 10.8 9.1 52.2 ~7.8 

1014 22.4 11.0 59.9 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 54.4 

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).497_1 

where: T:Traffic Applications in Millions 

F:Fai1ures Per Mile 
i=EB,WB 

F ( Tjj'L:T)x100 

CTR EB WE EB WB 

1317 1.1 1.7 45.8 54.2 

1320 0 3.2 26.3 73.7 

1321 .4 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 



TABLE C.5. ESTIMATED TRAFFIC DISTRIBUTIONS 
FOR DISTRICT 17 

T = 2.37 (F + 1).497_ 1 

where: T:Traffic Applications in Millions 

F:Failures Per Mile 

i = NB, SB 

I 

F (Ti /l:T)xIOO 

CTR NB SB NB 

1711 .1 .6 42.8 . 
1701 0.0 0.0 50.0 50.0 

1702 .4 ? 

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. ESTIMATED TRAFFIC DISTRIBUTIONS 
FOR DISTRICT 19 

T = 2.37 (F + 1)·497_] 

where: T:Traffic Applications in Millions 

F:Fai1ures Per Mile 
i = EB, WE 

F (Ti!L:T)xlOO 

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 44 
1906 20.6 15.1 54 46 
1907 0 45 8.4 91.6 
1904 7.2 4.1 57 43 
1901 4 2.3 65.5 43.5 



TABLE C.7. ESTIMATED TRAFFIC DISTRIBUTIONS 
FOR DISTRICT 24 

T = 2.37 (F + 1).497_1 

where: T:Traffic Applications in Millions 

F:Failures Per Mile 

i = EB, WB 

F (Ti/l:T)xlOO 

CTR EB WB Ell WB 
-

2422 .5 0 58.1 41.9 

2423 .7 0 60.4 39.6 

2420 .4 .4 50 50 

2415 0 0 50 50 

2414 .1 .4 45.3 54.7 

2412 0 0 50 50 

2411 0 .2 46.1 53.9 

2409 0 0 50 50 

2/+10 .3 .6 46.1 53.9 
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TABLE C.8. ESTIMATED TRAFFIC DISTRIBUTIONS 
FOR DISTRICT 25 

T = 2.37 (F + 1).497_1 

where: T:Traffic Applications in Millions 

F:Failures Per Mile 

i = EB, WB 

F (Ti/ZT)xlOO 

CTR EE WE EB WE 
- ----

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 
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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, environment, 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 environmental, 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 environment 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: 

where 

Variance in y explained by factor A Total variance in y 

multiplied by ~R! 

Change in 
factor A 

R2 for regression equation due to inclusion of 
after all other variables have been included 
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TABLE D.l. DESCRIPTION OF DATA (OBSERVATIONS) 
ON DEPENDENT VARIABLES 

Description of Data 

Values of dependent variables 
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
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
ables are taken from both 
1974 and 1978 condition 
surveys, with corresponging 
values for "traffic" and 
"age" fac tors. Values of 
previous distress factors 
are taken at zero age and 
in 1974, respectively for 
all sections. 

No. of 
Failures 

(x) 

87 

67 

154 

Number of Observations 

No. of 
Punchouts 

(y) 

84 

67 

Not 
Appicable 

Percent 
Spalling 

(>5) 

87 

59 

Not 
Applicable 

Serviceabili ty 
Index 

(81) 

87 

none 

Not 
Applicable 



and 

the multiple correlation coefficient for the regression 
equation (Refs 8 and 10). 
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The significance of the contribution of each factor was tested using the F 

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

F 

2 
6R

A
/ 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, c, and d summarize the 

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

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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Priority 

* 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

TABLE D.2. RESULTS OF ANOVA: HIERARCHY OF FACTORS 
AFFECTING CRCP DISTRESS 

a. Factors Affecting "Number of Failures" 

Factor Description* 

Previous number of failures (PZ) 

Pavement age (X) 

Cumulative traffic (Y) 

Thorn Moisture Index (R) 

Subgrade Stabilizer Type (N) 

Subbase Stabilization Percent (J) 

Subgrade Clay Activity (U) 

Interaction of Y with J 

Subbase Stabilizer Type (K) 
with X 

Interaction of K with N 

K with Geographical Regional 
Factor (V) 

Interaction of J with N 

Interaction of J with V 

Concrete Aggregate Type (A) 
with K 

V with Previous Age (PX) 

Interaction of X with J 

Interaction of R with J 

Interaction of Y with K 

Subbase Thickness (G) with (R) 

Interaction of U with J 

Level of Significance (%) 

Less than 0.1% 

" 
" 
" 

" 
" 
" 

" 

" 

" 
" 
" 

" 
" 
II 

II 

" 
II 

II 

" 

" 

" 
" 

" 
" 

" 
II 

II 

II 

" 

II 

II 

II 

" 
II 

II 

II 

0.1% 

7.5% 

8.0% 

9.0% 

9.0% 

10.0% 

0.1% 

0.3% 

0.4% 

1.0% 

1.5% 

3.0% 

3.0% 

4.0% 

4.0% 

7.0% 

8.5% 

10.0% 

10.0% 

For notation see Table F2 of Appendix F. 



Priority 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

TABLE D.2. RESULTS OF ANOVA: HIERARCHY OF FACTORS 
AFFECTING CRCP DISTRESS 

b. Factors Affecting "Number of Punchouts" 

Factor Description Level of Significance 

Previous Number of Failures (PZ) Less than 0.2% 

Concrete Aggregate Type (A) " " 0.5% 

Subgrade Clay Activity (U) " " 2.5% 

Thorn Moisture Index (R) II " 4.0% 

Subbase Stabilizer Type (K) II " 7.0% 

Pavement Age (X) " " 7.0% 

Subgrade Stabilizer Type (N) 
II " 1.0% 

X wi th Subbase Stabilizer 
Percent (J) " " 0.1% 

X with Subbase Stabilizer 
Type (K) II " 0.1% 

J with Geographical Regional 
Fac tor (V) " " 0.3% 

Interac tion of K with N II " 0.3% 

Previous Traffic (PY) 
with PZ II " 0.5% 

Interaction of R with X " " 1. 5% 

X with Traffic (Y) " " 2.0% 

Interaction of J with N II " 2.0% 

Interac tion of K with Y II " 2.5% 

In terac tion of K with V " " 2.5% 

Interac tion of R with Y " " 2.5% 

X with Subbase Thickness (G) II " 3.0% 

Interaction of J with Y " " 7.0% 

107 
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Priority 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

l3 

TABLE D.2. RESULTS OF ANOVA: HIERARCHY OF FACTORS 
AFFECTING CRCP DISTRESS 

c. Factors Affecting "Percent Spalling" 

Factor Description 

Previous Number of Failures (PZ) 

Cumulated Traffic (Y) 

Subbase Stabilizer Percent (J) 

Geographical Regional 
Factor (V) 

Interaction of J with Subgrade 
Stabilizer Type (N) 

Interaction of J with Concrete 
Aggregate Type (A) 

Interaction of J with Sub grade 
Clay Activity (U) 

Interaction of Thorn Moisture 
Index (R) with A 

Interaction of Previous Traffic 
(PY) with PZ 

Interaction of R with V 

Interaction of R with N 

Interaction of J with V 

Interaction of J with PY 

Level of Significance (%) 

Less than 

" " 
" " 

" " 

" " 

" " 

" " 

" " 

" " 
" " 
" " 
" " 
" " 

0.5% 

5.0% 

7.0% 

8.0% 

0.6% 

2.5% 

3.5% 

3.5% 

3.5% 

4.0% 

7.0% 

10.0% 

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. 



Priority 

1 

2 

3 

TABLE D.2. RESULTS OF ANOVA: HIERARCHY OF FACTORS 
AFFECTING CRCP DISTRESS 

d. Factors Affecting "Serviceability Index" 

Factor Description Level of Significance (%) 

Pavemen t Age (X) 

Subbase Stabilizer Percent (J) 

Geographical Regional Factor (V) 

Less than 

" " 
" " 

0.1% 

7.0% 

8.0% 

Others not significant at 10% level of significance. 
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Notes 1. Size 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. Full details of analysis have been summarized in Appendix E 
Table E.4. 

3. Interactions were not studied. 



no 

(3) 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 
leaving sufficient degrees of freedom of error. 

(4) 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 
effects alone. 

(5) 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 
(Ref 16) were used in the analysis. 

(6) Fixed factors were initially assumed in order to simplify the 
analysis. 

(7) Other factors could be included in a more comprehensive analysis 
once a larger data base has been assembled. The SPSS MANOVA pro­
gram should be used for analysis (Ref 11). 

(8) 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
niques rest on related assumptions. 

Comments on the Results of the Analysis 

(1) 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 lis 
of the 20 most important factors affecting tot8l 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, 



geographical regional factor and subbase stabilizer percent 
are highly significant. 

(2) The six factors which most affected punchouts along with the 18 
important interactions have been listed in Table D.2b. L\gain, 
previous failures playa 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. 

(3) Again different spa11ing 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. 
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(4) 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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ANOVA TABLES FOR FACTORS AFFECTING CRCP DISTRESS 
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Nomenclature 

APPENDIX E. ANOVA TABLES FOR FACTORS AFFECTING 
CRCP DISTRESS 

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

Tables E.I to E.4 on pages to Also, 

ll5 

R2 % of total variance explained by regression equation including 
all factors, 

dof. 
1 

dof 
res 

F 

Residual variance for regression equation with all factors, 

Contribution of factor ,i, to total variance explained by the 
regression equation after adjusting for all other factors, 

Degrees of freedom for factor ,i, 

Degrees of freedom for residual, and 

2 
fiR . /dof. 

1 1 

2 I-R /dof 
res 

Note: For main effects 

and thus 

F. 
1 

R2 (all) 
reg. 

2 
l1R ./dof. 

1 1 

R2 (all except factor i) 
reg. 

[1-R2 (all)]/dof (all) 
reg. res. 

bur for interaction terms, 

and thus 

2 
l1R .. 

1J 

F .. 
1J 

R2 (all + ij) - R2 (all) 
reg. reg. 

2 
l1R . ./dof .. 

1J 1J 

[1_R
2 

(all + ij)]/dof (all + ij) 
reg. res. 



...... 

...... 
TABLE E.!. RESULTS OF ANOVA - DEPENDENT VARIABLE : FAILURES PER MILE 0' 

a. Data from 1974 Condition Survey. 

Precision Factor 6R2 dof R2 dof dof F Level of 
of or Factor Factor Equation eq'n Residual Ca1c'd. Significance 

Analysis Covariate (%) 00 

Up to 5 A 2.76 5 64.66 41 45 0.70 Not sig. at 10% 
levels K 0.82 3 " " " 0.35 " " " " 
for each N 1.25 1 " " " 1.59 " " " " 
factor 0 1. 24 5 If " " 0.32 " II " " 

U 0.89 1 " " " 1.13 " II " " 
V 0.38 4 " " " 0.12 " " " " 
B 0.29 2 " " " 0.18 " " " " 
G 0.63 4 " " " 0.20 " " " " 
J 0.20 4 " " " 0.06 " II " " 
R 1.89 4 II " " 0.60 " " " " 
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 " " " " 
for each N 2.08 1 " " " 2.30 " " " " 
factor 0 0.11 1 " " " 0.12 " " " " 

U 2.60 1 II II " 2.87 Sig. at <10% 
V 1.89 1 II " " 2.09 Not sig. at 10% 
B 0.07 1 " II II 0.08 " " " " 
G 0.33 1 " " " 0.36 " " " " 
J 0.43 1 " " " 0.48 II " " " 
R 1.08 1 " " " 1.19 " " " " 
X 7 " " " 

Continued 



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

a. Data from 1974 Condition Survey (Continued) 

Precision Factor lIR2 dof R2 dof dof F Level of 
of or Factor Factor Equation eq'n Residual Ca1c'd. Significance 

Analysis Covariate (%) (%) 

Up to 2 y 1.12 1 32.92 12 74 1.24 Not sig. at 1O:~ 
levels PX 
for each PY 
factor PZ 

Interactions 

AK 3.13 1 36.05 13 74 3.57 Sig. at < 8.0% 
KN 6.62 1 39.54 " " 7.99 " " < 0.8% 
KV 5.30 1 38.30 " " 6.% " " < 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% 



f-' 
f-' 

TABLE E.1. RESULTS OF ANOVA - DEPENDENT VARIABLE : FAILURES PER MILE 00 

b. Data from 1978 Condition Survey 

Precision Factor llR2 dof R2 dof dof F Level of 
of or Factor Factor Equation eq'n Residual Ca1c'd. Significance 

Analysis Covariate (%) (%) 

Up to 5 A 2.69 5 97.53 53 l3 1.08 Not sig. at 10.0% 

levels K 0.55 3 " " " 0.37 " " " " 
for each N 0.00 1 " " 0.00 " " " " 
f ac tor 0 0.53 5 " " 0.22 " " " " 

U 0.31 1 " " 0.63 " " " " 
V 0.44 4 " " 0.22 " " " " 
B 0.38 2 " 0.39 " " " " 
G 0.96 4 " 0.48 " " " " 
J 0.59 4 " 0.30 n " " " 
R 0.52 4 " 0.26 " " " " 
X 2.11 4 " " 1.06 " " " " 
y 0.52 4 " " 0.26 " " " " 
PX 1.98 4 " " 1.00 " " " " 
PY 0.70 4 " " 0.35 " " " " 
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 " " " " 
for each N 0.00 1 " " " 0.00 " " " " 
factor 0 0.35 1 " " " 0.91 " " " " 

U 0.15 1 " " " 0.38 " " " " 
V 0.59 1 " " " 1.52 " " " " 
B 0.00 1 " " " 0.26 " " " " 
G 0.22 1 " " " 0.55 " " " " 
J 0.68 1 " " " 1. 74 " " " " 
R 0.07 1 " " " 0.19 " " " " 

Continued 



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

b. Data from 1978 Condition Survey (Continued) 

Precision Factor lIR2 dof R2 dof dof F Level of 
of or Factor Factor Equation eq'n Residual Ca1c'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 10.0% 
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% 

In terac tions 

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% 



I--' 
N 

TABLE E.1. RESULTS OF ANOVA - DEPENDENT VARIABLE"': FAILURES PER MILE 0 

c. Data from 1974 & 1978 Condition Surveys. 

Precision Factor lIR2 dof R2 dof dof F Level of 
of or Factor Factor Equation eq'n Residual Ca1c'd. Significance 

Analysis Covariate (%) ( %) 

Up to 5 A 1. 32 5 64.00 53 100 0.68 Not sig. at 10.0% 
levels K 0.61 3 11 " 0.52 11 11 11 " 
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 1 " " 2.32 " " 
V 0.63 4 " " 0.40 " 11 

B 0.49 2 " " 0.63 " 11 

G 1.46 4 " " C.94 " " 
J 0.55 4 " " 0.35 " " 
R 1.12 4 11 11 0.72 " 11 

X 6.01 4 11 " 3.84 Sig. at < 0.8% 
Y 2.28 4 " 11 " 1.45 Not sig. at 10.0% 
PX 2.84 4 " " " 1.81 " 11 " " 
PY 0.86 4 " " " 0.55 " " " 11 

PZ 6.92 4 " " " LI.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 11 , 

" " 
for each N 1.00 1 I! " 2.41 " " " 
factor 0 0.04 1 " " 0.09 " " " 

U 0.98 1 " " 2.38 " " " 
V 0.55 1 " " 1.32 " " " 
B 0.07 1 " " 0.16 " " " 
G 0.27 1 " " " 0.65 " " " 
J 1.25 1 " " " 3.01 sig. at < 9.0% 
R 1.35 1 " " " 3.27 " " < 8.0% 

Continued 



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

c. Data from 1974 & 1978 Condition Survey (Continued) 

Precision Factor llR2 dof R2 dof dof F Level of 
of or Factor Factor Equation eq'n Residual Ca1c'd. Significance 

Analysis Covariate (%) (%) 

Up to 2 K 7.22 1 " If If 17.46 Sig. at < 0.1% 
levels y 1. 39 1 " " " 3.36 " " < 7.5% 
for each PX 0.80 1 If " " 1.9l Not sig. at 10.0% 
factor PY 0.15 1 If " If 0.36 " " " If 

PZ 13.61 1 " If " 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 If " 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 " 11 4.55 n " < 3.0% 

VPX 1.71 1 45.45 " " 4.24 " " < 4.0% 
GR 1.13 1 44.87 " II 2.78 " " <10.0% 
JR 1.50 1 45.24 " " 3.69 " " < 7.0% 
JX 1. 76 1 45.50 " " 4.35 " 11 < 4.0% 



Precision 
of 

Analysis 

Up to 5 
levels 
for each 
factor 

Up to 2 
levels 
for each 
factor 

TABLE E.l. RESULTS OF AN OVA - DEPENDENT VARIABLE: NUMBER OF PUNCHOUTS 

(See Refs 2 & 3 for D.V. data) 

Factor 
or 

Covariate 

A 
K 
N 
0 
U 
V 
B 
G 
J 
R 
X 
y 

PX 
PY 
PZ 

A 
K 
N 
0 
U 
V 
B 
G 
J 

llR2 

Factor 
(%) 

4.65 
0.70 
1.62 
1.69 
1.08 
0.15 
0.82 
1.55 
1.31 
1.91 
3.26 
6.26 

1.04 
1.72 
7.10 
0.76 
0.92 
1.86 
0.00 
2.56 
3.32 

a. Data from 1974 Condition Survey 

dof 
Factor 

5 
3 
1 
5 
1 
4 
2 
4 
4 
4 
4 
4 

1 
1 
1 
1 
1 
1 
1 
1 
1 

R2 
Equation 

(%) 

53.32 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
II 

28.83 
" 
" 
" 
11 

" 
II 

" 
" 

dof 
eq'n 

41 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
II 

12 
" 
" 
If 

" 
" 
" 
" 
II 

dof F 
Residual Calc'd. 

45 0.90 
" 0.22 
" 1.56 
" 0.33 
" 1.08 
II 0.03 
II 0.04 
" 0.37 
II 0.32 
" 0.46 
If 0.79 
" LSI 

74 1.08 

" 1. 79 

" 7.38 
" 0.79 
" 0.95 
" 1.93 
If 0.00 

" 2.66 
II 3.45 

Level of 
Significance 

Not sig. at <10.0% 
" " " " 
" " " " 
" " " " 
" " " " 
" " " " 
" " " " 
" " " " 
II " " " 
" " " " 
" " " " 
" " " " 

Not sig. at 10.0% 

" " " " 
Sig. at < 0.9% 

Not sig. at 10.0% 
" " " " 
" " " " 
If " " " 
" II II II 

Sig. at < 7.0% 

Continued 

....... 
N 
N 



Precision 
of 

Analysis 

Up to 2 
levels 
for each 
factor 

TABLE E.l. RESULTS OF ANOVA - DEPENDENT VARIABLE: NUMBER OF PUNCHOUTS 

(See Refs 2 & 3 for D.V. data) 

a. Data from 1974 Condition Survey (Continued) 

Factor lIR2 dof R2 dof dof F Level of 
or Factor Factor Equation eq'n Residual Calc'd. Significance 

Covariate ( %) (%) 

R 5.68 1 28.83 12 74 5.90 Sig. at < 2.5% 
X 8.18 1 8.51 " " < 0.5% 
Y 0.00 1 0.00 Not sig. at 10.0% 
PX 
PY 
PZ 

Interac tions 

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 " " < 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 II " < 0.3% 
GX 4.24 1 33.07 13 73 4.63 " " < 3.0% 
JX 13.15 1 41. 98 13 73 16.55 " II < 0.1% 
JY 3.46 1 32.29 13 73 3.72 " " < 7.0% 
RX 6.14 1 34.97 13 73 6.90 " " < 1.5% 
RY 4.62 1 33.45 13 73 5.07 " II < 2.5% 
XY 5.02 1 33.85 13 73 5.54 " " < 2.0% 

I-' 
N 
W 



TABLE E.2. RESULTS OF ANOVA - DEPENDENT VARIABLE NUMBER OF PUNCHOUTS 
I-' 

(See Ref 3 for D.V. data) N 
P-

b. Data from 1978 Condition Survey 

Precision Factor lIR2 dof R2 dof dof F Level of 
of or Factor Factor Equation eq'n Residual Ca1c'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 " " 7.0% < 
for each N 0.00 1 " II " 0.09 Not sig. at <10.0% 
factor 0 1.84 5 " " " 3.49 Sig. at <10.0% 

U 1.12 1 " " " 11.36 " " 2.5% < 
V 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 " " " 2.50 " " " " 
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 " " " 3.67 " " <10.0% 
PY 1.53 4 " " II 3.62 " " <10.0% 
PZ 12.88 4 " " " 30.54 " " < 0.2% 

Up to 2 A 0.74 1 17.68 15 51 0.44 Not sig. at 10.0% 
levels K 1.09 1 " " " 0.65 " " " " 
for each N 0.04 1 " " " 0.02 " " " " 
level 0 0.04 1 " " " 0.02 " " " " 

U 0.13 1 " " " 0.08 " " " " 
V 0.75 1 " " " 0.45 " " " " 
B 0.04 1 " " " 0.03 " " " " 
G 0.00 1 " " " 0.00 " " " " 
J 3.76 1 " " " 2.24 " " " " 
R 0.72 1 " " " 0.43 " " " " 
X 0.09 1 " " " 0.06 " " " " 



Precision 
of 

Analysis 

Up to 2 
levels 
for each 
factor 

TABLE E.2. RESULTS OF ANOVA - DEPENDENT VARIABLE NUMBER OF PUNCHOUTS 

b. 

Factor lIR2 
or Factor 

Covariate (%) 

Y 2.18 
PX 0.09 
PY 0.43 
PZ 6.65 

Interac tions 

PYPZ 13.01 

(See Ref 3 for D.V. data) 

Data from 1978 Condition Survey (Continued) 

dof R2 dof dof 
Factor Equation eq'n Residual 

( %) 

1 17.68 15 51 
1 II II II 

1 II II " 
1 II " II 

1 30.69 16 50 

All other two factor interactions not 
significant at 10% 

F 
Ca1c'd. 

1.30 
0.06 
0.25 
3.96 

9.01 

Level of 
Significance 

Not sig. at 10.0% 
" " " " 
II II II " 

Sig. at < 6.0% 

Sig. at < 0.5% 



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

(See Refs 2 & 3 for D.V. data) N 
(j'\ 

b. Data from 1974 Condition Survey 

Precision Factor t;R2 dof R2 dof dof F Level of 
of or Factor Factor Equation eq'n Residual Ca1c'd. Significance 

Analysis Covariate (%) (%) 

Up to 5 A 2.14 5 62.20 41 45 0.51 Not sig. at 10.0% 
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 " " " 0.19 " " " " 
V 7.89 4 " " " 2.35 Sig. at < 8.0% 
B 0.08 2 " " " 0.05 Not sig. at 10.0% 
G 1.96 4 " " " 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 4 " " " 1. 74 " " " " 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 " " " 0.25 " " " 
for each N 1.40 1 " " " 1.32 " " " 
factor 0 1.44 1 " " " 1.36 " " " 

U 0.70 1 " " " 0.66 " " " 
V 0.46 1 " " " 0.43 " " " 
B 0.10 1 " " " 0.10 " " " 
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 " " " " 
X 1. 24 1 " " " 1.17 " " " " 
Y 0.08 1 " " " 0.07 " " " " 

Continued 



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

(See Refs 2 & 3 for D.V. data) 

b. Data from 1974 Condition Survey (Continued) 

Precision Factor llR2 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% 
fac tor NG 4.90 1 26.10 " " 4.84 " " < 4.0% 



Precision 
of 

Analysis 

Up to 5 
levels 
for each 
factor 

Up to 2 
levels 
for each 
f ac tor 

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

Factor 
or 

Covariate 

A 
K 
N 
0 
U 
V 
B 
G 
J 
R 
X 

(See Refs 2 & 3 for D.V. data) 

b. Data from 1978 Condition Survey 

lIR2 

Factor 
dof 

Factor 
R2 

Equation 
dof 

eq'n 
dof F 

Residual Calc'd. 
Level of 

Significance 
( %) (%) 

Not enough observations of Z available to provide sufficient 
degrees of freedom for residuals at this many levels of each 
factor. 

0.02 1 35.17 15 43 0.01 Not sig. 
1.48 1 " " " 0.93 " " 
0.02 1 " " " 0.02 " " 
1.40 1 " " " 0.88 " " 
0.06 1 " " " 0.04 " " 
0.19 1 " " " 0.12 " " 
0.09 1 " " " 0.06 " " 
1.15 1 " " " 0.73 " " 
2.73 1 " " " 1. 73 " " 
1.54 1 " " " 0.98 " " 
0.00 1 " " " 0.00 " " 

at 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

10.0% 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

Continued 

....... 
N 
ex> 



TABLE E.3. RESULTS OF ANOVA - DEPENDENT VARIABLES PERCENT SPALLING 

(See Refs 2 & 3 for D.V. da ta) 

b. Data from 1978 Condition Survey (Continued) 

Precision Factor lIR2 dof R2 dof dof F Level of 
of or Factor Factor Equation eq'n Residual Ca1c'd. Significance 

Analysis Covaria te (%) ( %) 

Up to 2 Y 0.00 1 35.17 15 43 0.00 Not sig. at 10.0% 
levels PX 0.02 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% 



Precision 
of 

Analysis 

Up to 5 
levels 
for each 
factor 

Up to 2 
levels 
for each 
factor 

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

Factor 
or 

Covariate 

A 
K 
N 
0 
U 
V 
B 
G 
J 
R 
X 
Y 
PX 
PY 
PZ 

llR2 

Factor 
(%) 

3.69 
1.86 
0.30 
2.16 
0.51 
4.13 
0.44 
2.28 
4.26 
3.21 

10.64 
2.52 

Data from 1974 Condition Survey 

dof 
Factor 

5 
3 
1 
5 
1 
4 
2 
4 
4 
4 
4 
4 

R2 

Equation 
(%) 

79.88 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

dof 
eq'n 

41 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

dof F 
Residual Calc 'd. 

45 1.65 
" 1.38 
" 0.67 
" 0.97 
" 1.15 
" 2.31 
" 0.49 
" 1.27 
" 2.38 
" 1. 79 
" 5.95 
" 1.41 

Insufficient data available at the time of 
this analysis to perform this regression. 

Level of 
Significance 

Not sig. at 
" " " 
" II " 
" " " 
" " " 

Sig. at < 
Not sig. at 

" " " 
Sig. at < 

Not sig. at 
Sig. at < 

Not sig. at 

10.0% 
" 
" 
" 
" 

8.0% 
10.0% 

" 
7.0% 

10.0% 
0.1% 

10.0% 



APPENDIX F 

SUMMARY OF DATA USED IN ANOVA AND DISTRESS 
PREDICTION MODEL ANALYSIS 
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INTRODUCTION 

Nature and Extent of Comprehensive Data from 1974,_1978 Surveys (Table Fl) 

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 Fl. 

Additional Data From 1980 Survey (Table FlL 

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 i~cluded here. The 

number of these pavement sections, broken down by district, is indicated in 

Table Fl. It 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 

3 11 4 

4 7 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 9 0 July 7 to 11 

25 3 3 

Total 86 61 
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SytDbol 

No. 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

o 
P 

Q 

R 

S 

T 

U 

V 

w 
X 

Y 

Z . 
SI 

TABLE F2. NOTATION USED IN SUMMARY OF COORDINATED DATA 

Explanation 

CFTRSection 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) 

Factor Type* 

(not applicable) 

qualitative 

quantitative 

quantita tive 

qualitative 

qualitative 

qualitative 

quantitative 

qualitative 

qualitative 

quantitative 

qualitative 

qualitative 

quantitative 

qualitative 

Shoulder Layer Surfacing Type (5 levels) qualitative 

Shoulder Layer Base Material Type (5 levels)qualitative 

Shoulder Layer Stabilizer Type (3 levels) qualitative 

Thornwaite Moisture Index quantitative 

Average Annual No. of Freeze-Thaw Cycles quantitative 

Amount of Solar Radiation(Langleys per day) quantitative 

Subgrade Clay Content (percent) quantitative 

Texas Geographic and Topographic Regional 
Factor (10 levels) qualitative 

Texas SDHPT Temperature Constant quantitative 

Age of Pavement Section (months) quantitative 

Accumulated Traffic (millions of l8KESALS) quantitative 

Failures/mile (punchouts + patches) quantitative 

Serviceability Index quantitative 



Symbol 

PX 

PY 

PZ 

PSI 

* 

TABLE F2. NOTATION USED IN SUM}~RY OF COORDINATED DATA 
(Continued) 

Explanation Factor Type* 

Age on Date of Previous Survey (months) quantitative 

Traffic on Date of Previous Survey quantitative 

No. of Failures on Date of Previous Survey quantitative 

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 F3. Actual 
values are used for the quantitative factors or covariates. 

137 
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Factor 

A 

D 
E 

F 

H 

I 

K 

L 

N 

o 

TABLE F3. DESCRIPTION OF LEVELS USED FOR QUALITATIVE FACTORS 

Description of Levels 

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

Cen tral Mix or other 
Slipform Paver or other 

Internal Vibration 
Pan Vibration 
Both 

2 Course Surface Layer 
Surface Treatment 
Asphalt 
None 
Water 

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

Asphalt 
Cement 
Lime 

Road Mixer 
Central Mixer 
None 

Asphalt 
Cement 
Lime 

One Course Surface Treatment 
Two Course Surface Treatment 
Asphalt Concrete 
Cement Concrete 
Sod 



TABLE F3. DESCRIPTION OF LEVELS USED FOR QUALITATIVE FACTORS (Cont.) 

Factor Description of Levels 

P Flexible Material 
Roadbed Treatment 
Foundation Course 
Shell Mater ial 
Existing Material 

Q 

v 

Asphalt 
Cement 
Lime 

1: Trans-Pecos Region 
2: High Plains Region 
3: Low Rolling Plains Region 
4: Edwards Plateau Region 
5: Southern Region 
6: Lower Valley Region 
7: South Central Region 
8: North Central Region 
9: East Texas Region 

10: Upper Coast Region 
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TABLE F4. SUMMARY OF COORDINATED CRCP CONDITION SURVEY DATA 

(Only those measurements which reflect meaningful continuity between 
surv~ys are included here). 

1974 data . pages 141-148 

1978 data pages 148-154 
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QJ01 * 
* 
* 
* 

"'" 1 * 
* 
* 
11\ 

A(II\ * 
* 
* 
* * '~1 AtA"'''0''0 lq 20 0~ 01V '0AiA~~ 1~00000 ~:5 010 100 * 

* 18t b0A0 AtA0A AA~PlI 111\0 16 5~ 425 81 00AAA9~1~A 21 * 
* ,Iil, 171 9;tl6b 3;8. * * 
* ,~, t2~ 2.51~ 2.91 2:q * 
* 10~ AAA00010 3Q 2~ ~A At0 '00{000 t~0000A &~0 019 tee * 
* 102 b000 A1A0~ t00A0 AA~ 17 51§ 42e ~3 00A~~~ll~0 21 ~ 
* 10~ 156 8r·b~8 1;2t * _ 
• 10~ 105 2.1Q5. 1.21 Z:6 . * 
************************************.*****************.*.*********** 
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* ••• _***************************************************.*********** * CFHr:f A ,R.. C DF, F r; lot r ., I( L * 
*********************** •• ***.*****************.*********;*********** * C'MP ~ N n P Q R STU Y w * 
********.******************.**.** •• ~**************.*.*.************* * C'HR X V ~ 51 * 
*******************************-********.*******.*.***.*.*********** * CFHQ p~ PV Pl PSI * 
***********************-****************** ••• *********.-.***.**-**** 

* 
* 
* 
* 
* 
* 
* 
* --* 
* 
* ., 
* 
11 

* 
* -* • .. 
* 
* .. 
* 
* 
* 
* 
* • 
• 
* 
* 
* • 
* 
* 
* 
* 
* 
* • 
* 

1~~ ~~~~A0'~ l~ za ~A ~10 60~10~~ 
1~~ b~A0 A1A0~ 0A0~1 A1A 18 5~ ~~7 

t~' 15~ e;b]~ 1;2A 3;" 
101 '04 1..1AQ 1.e2 3.1 
t~a ~~~~~01~ 10 2~ 0~ ~,~ b~~ie0A 
t~a 6000 01~0~ ~~0~1 ~lA 19 5~ a~A 
t04 '52 1;~ql t;t~ 1;& 
'~Q .~1 t.Q~~ .67 3.2 
t~~ Al~0A0~0 l~ 3~ 1t ~01 b~~t0~~ 
t0S ~~01 ~1~~~ 1~0~0 A1~ ,~ 7A a1~ 
1~~ 112 S;2Qa a;UA 3;7 
,~~ 6t .q1~ .7~ 3." 
,~, ~~t0A0~~ 19 24 ~~ 100 a00At0~ 
lAI ~~M~ ~,,~~ ~~1~~ A~P -8 7~ Q~b 

~~, toA 1~5~1 ;37 l<~ 
J~1 '16 .q~7 .2P 2~8 
,~, AA'~A00~ ]9 l~ 1A t~~ ~~~,~~0 

,01., e~90 ~~(lI001 11"''''';:1 Am, ." 7A l.IC;lt 
]01 ~ t'7~~ "8'" 3'A 
,~., '!q !4Q~ :~P 2~7 
]1~ ~~10A~0~ 1q 10 01 100 a0~p.01A 

]1~ ~~0~ A~AHA lAH~0 I~H .t~ 7A ~b~ 

'1~ 1P1 :S~q ;~A 3;8 
31~ ~5 :~.0 .00 3.3 
111.1 0~1~000~ JQ 101 11 0011 U0At~A~ 
11~ 01000 Al~A~ 0(l1t~~ AAA .~ 1~ ac;? 
~la 7~ 2;715 ;&? 3~4 
1'1.1 ,8 .J43 .~A l.? 
q~? t8000MAA 3Q 24 .~ ~01 ~~0pAl~ 

Q~~ ~~01 A~OII~ lA@~0. 0011 -18 1~0 47~ 
4~~ 1bb 13;a~2 .~~ 2,7 
40? 1\4 1.I.3~4 ~.~ 2.5 
4~' tn000~~~ ]Q 2~ 101 t~0 ~0P~P~~ 
a~~ ~~01 ~~~1~ tQ0~0 Pl~ -te \~~ 1.I1~ 

~~, ~5' tl;',ij :~0 3~2 
"~; 191 4."47 R.P 3.0 
aHa 1~P0A~0~ 39 21.1 1~ 100 beA'p~~ 

u~a ~HOI ~~1~M lA0~0" A10 -lq !00 475 
40a 144 Q;~bb .~A 3,' 
ij~4 q2 3.~p8 0.~ 2.8 
4~~ 1~A00AA~ 1Q 3~ 00 A~l b0001'0~ 
4~b ~0Al 0~1~A 000011 1A~ .l~ ,Op 4'S 
U~~ 140 b;0QS b;'~ 1;1 
4M6 SA 2.~57 '~2A 1.1 

lAAP~~~ &:~ ~10 
16 A~A0~0~1~8 21 

1~0A~I~ &:0 0\0 
4~ 00~~"8~t~~ ,t 

0~~!A0p ~:~ ~t~ 
lA8 ~0e~m'~lAI 2t 

00A~001 4:0 ~t0 
31 0~00RAP1~~ 12 

00~~~~' 4:0 0tA 
UA 0~AA~~~1~A 22 

~~1~~~~ a:0 tAA 
~ ~~(lI~"'I'I~l,1lI 22 

"'~PI"'AA1 4:~ 13tp1 
37 ~~~~~~~t~0 2! 

lA0P00~ ~:5 ~At 
10~ 01A~~~~M~1 q 

10gee00 ?:e ~10 
tPl0 01P~0"~0~A q 

1Ae~A0A 2:~ ~t0 
100 0t0~AP~~Ae Q 

0tAAA0~ ~:5 10~ 
100 ~tA0APlAeAI q 

, . 

tAG!! * 
* 
* 
* 

100 * 
* -* 

tllle * 
* 
* 
* 

01 A * 
* 
* 
* 

A10 * 
* 
* 
* 

fl,JCII * 
* 
* 
* 

I1IU * 
* 
* ., 

14'10 * 
* 
* -01" ., 

* 
* 
* 

All * 
* 
* ., 

tA0 * 
* 
* 
* • *****.************* •• ********************************** •• * •• ****-** 
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*.***.************************.**************.**.******************* * CFHP A 8 C DF F G H t J I( L * 
*****************.***.** ••• ******** •• ** ••• *.*.**** •• ****~.** •• **.*** * CFHP M N n P Q R STU V ~ * 
***.*******.******************** •• *******.****.******~.*~.** •• *.*.*. * C F Hr./ l( Y 1 S J * , , 

**.******.********.******************************** •••• *.* ••••• ** ••• * CFH~ PX pV PZ PftI * 
, . . 

**** •• ***********.***.*.*.*** •••••••• * •••• *****.** •••• ** ••• * •••••• ** 

* 4~~ '~~00~A~ 3q l~ 11 t00 ~0~t~0~ tAPA~9~ ~:~ ~t~ 010. 
• 4~A ~~~1 ~~,~~ ~~A~' ~I~ ~20 fUA a,s 100 ~10AAAA0A~ q * 
• a~~ tt' U;4Q9 :li 3;5 • 
* 40~ b~ 1.325 A:~ 3.1 * 
• al~ '~A~A0A~ 3q 3& 1\ t0~ b~~A'A~ 1~0~0~0 ~:8 pe, ~t'. 
* 41~ a~~1 l~~"~ ~~~A' 00' -2A 1~A .75 1A8 A10~A~~0~' q • 
* ~1~ 74 2;714 ;ue l~b * 
* UtA 2? .UQ8 .14 3.& • 
* q~7 t~A~0ijAd lQ 24 AA ~10 &00~081 ~00t0.0 2:5 001 !Ae. 
• Q07 6~~1 ~~'~M l~~A~ ~~~ A ~A 4l~ 2A 00A'AA~t~9 2~ * 
* Q~' 'Q~ q;7GA J;&i * * 
• q07 qA t.8~~ 1.Q~ * * 
* qAA '~~~~AA~ ]Q 24 AA 1~~ a~0AAtP 0R100AA 2:5 A01 '0~. 
• q~A b~~l ~~1~R tA0~~ ~RA e 5~ Ul~ lR~ A000~~~t~A 2A • 
* Q~A 14' 8;471 A;b~ a~a • 
• q~~ Qt t.1&4 2.2~ 2.b • 
* lA~1 A~~lP0A~ l~ 24 ~p I~V 1~0~10A0 1~0AAAA A:e ~Ae ~~e. 
* lA~1 ~RAH Al~~~ tAAAR ~e~ 'A 5A 425 Je e0A~A~~RiM 14 • 
* 1V11~ t 1 62 q; '3' 1 8; Iii • * 
* lA0t 1J2 4.'Q7 S.~b 3:2 • 
* t~~? nARA1AR~ 3Q ?~ 0A 1~A 400t000 tA~A~~~ A=0 A~0 p~~ * 
* t~~2 R~~~ 01~"~ ~~~At ~lP 11 5~ 4~5 ~ ~~~A~~~0,~ 24 • 
* lA~? 'R~ Q:S7\ 2;1~ • * 
* tR~' t3R l:]~t .4~ 3:1 • 
* l~~~ ~~A1A000 ]Q l4 ~A tA~ A00~00P AP0A~R0 A:A AA0 P00 * 
• lR~1 A~MP P1A~A ~A~~1 ~tR 12 5p a~5 ~ 000AM~~0iA I' • 
* lA~1 175 q~&03 b;q1 * • 
* tAH~ t2~ 3.~~H 2.2l 3:2 * 
* lR~8 ~~~lA~A~ 3Q 2~ ~A tew b001A0~ 1A00000 J:0_ At0 010 * 
* 1~~a ~~~~ ~1A@~ 0A~~t ~tA 12 5~ 42~ 18 A~00AA~010 20 * 
* lA~a t7~ q;273 1~;bh * • 
• l~~Q 125 3.S~~ 1.6~ l:~ * 
* 1~~1'.i R~"~~0~~ lQ 24 An lA~ 6A~i~~A tA~~9AR ~:0 ~t0 ~lA. 
* lA~~ A~A~ ~I~~~ 1AA0~ AH~ 1] 5A U25 0 A~AR0~~0.~ l4 * 
* 'A~~ '~6 7:9~5 1~54 * * 
• 1~~~ !t~ 3:B~~ .q~ 3:0 • 
* 1AA~ A001A~AH ]q 24 ~A t~~ &0~'R0~ 10~~00~ ":p At0 ~t0 * 
• tA~h 0HAA 'tA~A I~O~~ A~A 14 5~ 414 t0~ r~~0~A~0~0 24 • 
* t~~~ 151'.i q,'b~l 7;'0 * • 
• l~~~ '0~ l.M~0 J.~6 3:1 • 
* l~A? r0Pl~~0~ ]q 2u A0 tA~ ~AAi0~0 100A~~0 1=0 'to 01i * 
• tH~7 00A0 a10~A 1~~A~ A0P tu 50 u~a ~7 0~00~'~R1m 24 • 
* 10~7 15~ q;4b5 t1;lq *. * 
* 10~7 1~5 2.eu~ 6.b~ 3.1 , , * 
*.*.****.******~***~***~******.*.********.****.***.**.**~.**.*.*.* •• 
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*w*************************.***************** •• ******** •••• ***.*.*** 
* CFHR A A C or F G W t ~ ~ L * 
*******~.**********.*************************.***-*****.~** •• ******* 
* C':H~ M III ('\ P ,0 R STU V W * 
****************************.*********.*****************~*********** 
• r,FHR x Y 7 ST • 
***********************.******.**************.**********~.*.*.***.*W 
* CFHP p~ py P? , PSI * 
********************** ••• ****.*********.***************.~ ••• *******. 

* t (.1 [~ FI (~\HH1~ t ~'" 3Q 21J 0P! ~H" 1 b01.l11!'10P! 1"''''''~0Q! ~'OI -. 0118 (lit 1/1 * 
* HH'R ~l''''Y'I ~t~l'!~ "~0!111 ~1~ 15 5~ ~;t4 ~ "'~"'I'I"QlOI"'11l.1 24 * 

\5Q 6;q1\~ · 3'7 * l~rl~ q,r)! , * 
* t~~R "1U 2. ~ 1 (! 2.t,Q 3.5 • 
* 1 !~II!Q '" t ~~HhH~'~ 1<» 21J PIt 1~'" ~0P1t"'0'" I ll.I"t'I0 liH! 1:0 Ii'UI VlUI * 
* 1 l'Hlq ~0A~ OJ HH1~ III 01 0C'1 1 0'~ 10 5'" 424 0 ~r;HHI"'Cllf)lm1" 2" * 
* , (A;' Q 15'" q;lCi8 1J:~15 * * 
* ll'H1Q 1(~'" 2.b!\~ :/;)~ 3:4 * 
* 1~117\ ~vl'" t ~"~i-i 3<» 20 tiit'l 1"'0 60P11A0P1 1",,,,,,,,,010 3:0 "'HI PIlI!! * 
* t~,~ "'lH~~ IIIlf'l-AQ! ~~(lt~!1Il • Pll'" 1 ~ SA 424 Ct3 PlC1P1V1I'1AIII1l.I10 24 * 
* 1~1c;, '!J1 8;?~" to,1h * * 
* H~ 1 r~ q., 2.404 ~.~6 3:1 * 
* 1 ~ 1 , "'~HHH~ 1 ill 0 ]0 20 ~t 100 b0P1;OI\I101 lABOJ~D.l'" ':0 Plto! A10 * 
• 1 Pl1 , P!~l~" ~t"'l'" ~ '" (~~ \ ~1~ 11 501 '4t'2 0 VI~"'QJPlI'I0I0;PI l4 * 
* , ~ 11 143 b:1b~ I. : 7 c; 3;7 * 

t:qqll 
, 

* ICH 1 q3 .A~ 1.4 * 
* 1"'1:> (l!\J\~"'" t ~~~ ~q J~ ", lV10 e0~,,,,~~ 1"'0V1V1~~ ]:0 ~10 ~t0 * 
* 1 ~ 1 :> "'~PI~ 01 t 01 vJr~ ""~AOIt ~1~ lEl 5~ 1J~2 ? Rr~"'PI"'OI"B; 0 24 * 
* l~P 1311 ~~1:j4q 3;2CJ 3;8 * 
* 1 PI P tHI 1.QlI~ l.'n 3.4 * 
* It'Il IJ r;HHHH'I 1 'I (~ 3Q ell eo'" 1"0 60"', AMI HHiI~~(HIl '-8 . I'U "'1(11 * 
* l~tll t'l000 ~1",i(\~ ~\4~(lIl 0I1~ ?~ Sill lJ22 PI rH~"'rlI"''''1I'019 III * 
* 1(1114 ,,,.q 1:~"A · t 7 • I-lll • * 
* 1 ~HI qQ 2: ~ 7'~ S:bA 3:2 * 
* 130\ 10~I-'l~LHW 3q iltJ ~, PI 1~" ~""OIt"'~'" 0t~~~~01 IJ-"" ~U lli1!Ql • ~ 

* llvl1 FHH~l ~ 1 PI '.'IL~ L~O!t.,~ , "'t'" -A 2~ 42'5 Mil 1-'t'l0"'~"'1(l1",'" 13 * 
t71 3: nt~ , 

3~2 * t ~ ~11 7,3" • • 1l(.1, 1 1 Q t : :p,4 1 • 1 ~ ~.1 * 
* 1~~l' 1 ~IHHHH~~ 1q 2lJ ~OI 1"~ t-.0~1fl1"'PI ~!~~I'I~'" ,,:0 "'10 UlQJ * 
* n"':'. f,1!ll'" '" PI 1 OIII'IA ~0l~~1 '" 10' -b 2'" 42'5 80 0"'~~AA1"'?0 3~ * 
* 1'''' , 'HI 3~217 A;B 3~3 * 
* l'v.I~ q9 1 • luI • AlI 3.2 * 
* 1 'vl~ 1 lHII1HH-I" ~ !~ 3~ tVl! 01~ *>0~t~!II~ "'lP1(l1.,,,~ 15"0 

!' 
~tII! 100 * 

* n~~ ~[iI""l OItA0P1 VI"'~~' "'1~ .R 2'" "25 25 "'~~O!!lIt'I.0l'1Ql 33 * 
2;71?1q · * t~0' 1 21 2,1~ * * 

* 1'~~ "1 .1Ifo1li1 .8~ ':2 * 
* 1,~1J 1 r~'HH~~""· ,Q lC11 , (~ At\3 &~'" 1 AW~ 01~~0~0 4:5 "'tel U0 * 
* 1 ,~(~ MHH ~ I I'll-\[.4 ~Aji1C'1' At~ -10 UI 425 ~b Qlt;'JIPAI'I0!Q!'"0 33 * 

2; 11 C · * 13 M ! 1 IS 2,1A * * 
* 1 3 VIII f.d .687 .B~ * * 
* 111il~ t "'~(/I'HHl'" ,q 30 1 , 1110"1 b0e,~0C'J "'to""I~~ ~.I§ (l!U1I 1010 * ! 

* 11 11.1 iii n~"'0 CIIlf'100 "'CllVlP1 PI t 14 ·1~ 2A 425 25 (lI"lIIfjlJOI~, ~,d' 33 * 
2;?Cj7 · 1;0 • 11((":; qt .3-; * 

* 1,"'C; 5'7 .~111 ~.'" 3.1 .. 
***.*******w**************************************.*.***.*********** 
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*·***.*~** •••• ********w.*.~**.**_*.***************.*****.*********** 
* CFHR A 8 C I)~ F G \oj T ., I( L * 
*********-*****.*.********.**-**.*.***.*** •• _******.****~*.********* 
• CFHp ~. N n p ~ R S T IJ v \iii * 
****,***** •• ***********.******.************-************.*.********* 
* CFM~ X Y Z II * 
w**************.******************.********************************* 
* CFH~ P'( PV ", Pst * 
******-****-*-********************************.********************* 

* 131117 t ~'HhH~ ~Hhl ,q 3A \ 1 001 &(41",0101(11 0tm"'0~~ 4;5 ~t0 t0ftlJ * • 1 "Hi 7 MHH~ P, UHH~ "Aia01 010 -12 2'" 425 25 0 A"''''AIII1fi'1pB ~3 * 
* 1.3~1 or; 2;4010 ; ~H .. .. 
* nwl' 8t • i";'~ .J1 3:4 * 
* t1k\A 1 "0m"'0"'~ 3q 3'" (H~ Ii\U &0011 A"'''' 0AGIJI" 00 I 4'4 01~ IlItR * , 
* 110A "'n"'~ At 01W ~~0eA , 0'~ -12 20 'I2~ q7 0~0AOItII,8",A 3'J • 
* t'l~F! 1\1 2~125 ;5'7 3 * 1 * 
* t Ji1-- ~1 • b:t 1 .1(, 3:2 * • 110Q t~0I0Ar1~0 V~ 3 Ell k'A ~H' e(ll0l1"'00 1\'110A~I'IA 1"9 ?lU! AlA * .. 
* t~{1tQ MHH ~1"'~'~ 10PlOl", OIft'lrA .. a 2", 1.j~'5 71 i'l(l!PH~PI(llJ10t'!B 33 * 
* nHO \It' a;01'Q ~;8A 3~4 * 
* n~q I5b .~",q 1 • 1 ~ ":"1 * 
* 13\~ , ~HHH~0"'0 10 lW' 1 , tQl~ b~0t"'0Q1 0f10A~"'l u'5 ~t,. 010 * " * 11 , r~ 70011 "'tAIt(/! VlflIllllPit ntOl -HI 2111 425 ~5 ~"'O~0Q" P'tllQI :53 * 1ft 1 ~ , L~ HIt 1:955 3~9~ 3'3 ... 

:S?7 
r 

* 1~t~ 1J7 .~A 3.'1 * 
* " 1 1 1PQ!~1(!09!.:t 3Q lP. t 1 ~,,,, 1 a0~0!~~ U001V'0~1 D: 7 i) 1 PI ~0t '* * III I 101(111 ~Vlt~A 1 OIl~"'\'I CJI?lOI -1b 21'1 IJlli el ~~Ar~OII"i"'; APillI ~3 * 
1ft nt1 A.4 1;175 t;4] ]'7 * , 
* nt 1 3~ .!t«;EI .3£1 3.5 .. 
* B1? 1 "'1lI000GH1 3"1 lb 11 001 e001;P""'" 0t0~H~jllr ,:5 ~te Cilt0 * 
* \'3 t;1 -'~l '" t ~ ~1 A 0:1 ~, ~!iH.II(l!1 AlA -2A 21'1 a til'S IS7 ~~A~~ClliQJ".1/t :11 ... 
* 111~ fHl ';&]2 1 ; :n 1;1 * 
* t3l=' 2b .'3D1 .21J 3.2 ... 
* n t« 1n(;lln""'H~ 30 1& 11 001 alll"'A1~'~ 11'1""'At1~ ,,'4 1"10 l'I()It * , ... 1 311~ bFI!11 Af1Ai'V'I 0"'fH~ , !IiIP -18 219 425 lIti "~AOIl'I()I,flAA 3J * 
• 131 l l 78 1;f)~7 1:£il1 ~:7 * 
* 1 "U tI 21J .112 ~.r4 * * 
* n J r; 1 ". IJIIIIO! fj Y'I ~l 3q 3~ t , ;"11 lJ"'CJl,,!(IlA t"""'(:'IAP! 4·4 tPl'" CllQlt * t 

* 131 Ci Mlil11 1 i"OIIH~ ~""''''1 10'" -., 201 4(>') q] APlP"'~1'I1"0''''' 33 * 
• ill r; 01 2~2"2 ;1Q 3;7 * 
* 1~\C:; q • tll 1 • ,HI 3.7 * 
'* 11104] , {HHHH:' P Vj '0 ill 11'1 P01 aPlOl",,,,,t?I 11'l0A~A0 0:5 11'10 12ICH '* * 170~ "PICHI 0~'~0I ~I/t¥l"'0 ,1'I1lI & 4Ej "itS 51'1 "U"j.llOIA",,,,\pA 31 * 

q:l1!il · 3;3 * t7w~ 132 3.01 ... 
1:~00 • • t7"'~ 1q '.I.j~ 3.4 * 

* tl~')Cj t~(ilWI~0~A ,Q 3'" 1 1 1(i1" tH.lPlA0 1 p, 111!0(i1ll1\I'IA ~:'" HUlJ "'0t * 
* l'ACj ~n"'\ PllG'lI01 It'1~QlVI 1}101 3 5A 425 lAO' 00ADltJI"'lIItf'll2l ll!l * 

l1Q e;SRt · 3·b * 17~e; U,12 * , 
* 1710 '5 6& 1.10~ , • , a 3.6 * .. 1'~~ 1 ~HHHI10A"l 3q 3& 1 1 UH~ U"ARfI till 1 A'H'!0~rI 4'1S • IBM ""lit '* * 11.a1. o~l}Il "'~t0V' ~00P1t UO! 5 14& 425 8 A~AI/tCl!""'l/l1'" lP • lAo 1;7'2 · 4' 1 1t t ,.,,., ,biJ * , 
11 17"'b 5& I.JJJ4 .'1'5 4.0 * 1I**1t.~*w ••• ****.*******************.*************** •• ****.********** 
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******************************************************************** * CFH~ A A C I)~ F G 1-1 T ., ~ L * 
****.***k.*******.********************.*************** ********.*~*** 
• CFHR M N n P . Q Ii! STU V. III * 
**** •• ******.*~*.**.************ •• ***************.****************** * CFHQ )( Y '1 St * 
*****.********************************.***************.*.*********** * C~H~ p~ PV PI PSI * 
****************.***************************.******.**.*******.***** 

* 11!A1 , ~A~I:HHH'" }O lA 11 1~1!J ""''''~Qt1C'1 19"'A~r0e 1.1'5 15110 ~M * · 11 11i'11 M'l~ 1 ~~, 1 ~A "''''~J~ 1 1091 ., tH~ 425 ~" Ac:t"''''"UiJ" t.,8 30 * 
* t 'H~7 Fjq tit I..., b ';2~ :sF7 * • 1'''7 lb .q~8 .17 3~q * 
* 1 '(1Q ,0efaAePlI1 "Sq JQI 11 HH1 tl00\9101t'1 19101tHlJ(J0 ,,'5 · 10A cun * * 171JQ be~l AOl1 \I.\(1 (·'Avl'" I ,~QI Q 4& 42'5 ~A 000~(II(IIR1~" 3"1 * . • 3;q • 1 .,;~ 0 R1 7,Plbb 4,15 * 
j t1>:1q :SO .AOl 1.0q 1.1.'" * • 1 ''lit." 1 IlH'HH'I", A ., ,q 24 

"" 
100 bA'I'ICII00 010~O'IAii'I .,:0 '~0 HU' * 

* 101il1 MHI0 A~~ 1 "H~ \110A~ A'''' 30 &0 420 11 "'A0"'A~PlB;QI 25 * .. 1 q"" q,S 10;&44 3; I', 3'5 * • 10~t 1 11J 3.817 .50 3~4 * 
* lqll!? 1 ~fHH~A~0 JQ 24 ~1 lAP! 

"'" API "'''' 
1(119~0"q 4:91 ~10 f'1P • 

* lCJ:"? MH:l" ~~1vl(-\ P''''klPll ~1~ 2& b'il 1J2~ l~ 00~A"'flACt' " ~ 25 * 
151' '1;373 • 

3;" * 1q~, 1 t. 22 * 
* 1('102 1P11 1.91~ 2:9b 3.3 * 
* 1 Ch'~ tI A~~0~01~ iJA 1t'! 

"''' 
~\ott 1o>01tl1A'lA At0CHHHl b·1'J · t"'0 \9111 * • 1 q,la .,\100 ~0t"'~ ~A0~1 0!1i11 l0 btl! 420 40 ~"OI!II'WI"' .. fII" 111 zs * 

* 1'1114 1U~ 1:7A5 : Sil 1:3 * 
* t('l~t! 91 1:8'1'6 :51.1 3:3 * • t Q {1 C; ~l(l1A"" 0AVI tio! 301 VIOl ",O1 ",0 t QlVlYI~ " 1 ~f1~H~l 6:QJ ilt0 HIIII * 
* t 'HiS ~M'VI £.11" t ,,1r'! 1M""'''' 1 ,~ 101 2lJ ~A 42~ & (,q~CA ::t~~,.A1 III 2~ • 
* 1Q0':;; \42 8:5~:.\ 11: t q 3~b * • lQ~C; (JQI 2:131° r;:5 Q 2.q .. 
* lq~h 1,,(.l!~(.l!~"'t1 4('1 ]tI! :H~ 01111 *,Qllll1tlJ~l~ ~1P1"0~~ b~@ ~, 10 1A9 * .. 1 Q~~b ~ ,,,c;t VI 0I~!t0~ '~"'0~ 1 nl~ i!~ bll! 1J2111 0 ~~~RAfllOII1I.f1 i5 * .. 1 q (1,. 1 41 8~b?0 ?1~2Q 3;it * 
• 1~0n 13Q 2.8A5 6.7'1' 3.£1 * .. lq~., ~ .. HHH-Hh1 t 3~ 3~ ~t' ('t t;J t e.~"'10vH!I o HI "'0l'! A b:~ ~10 11110 * .. 19071 j)'Hlld A'~' w~ APIA!)! 1 ~ 11' 2£1 bA alld 121 ~i:lI0('J1P(lllp",0 ZIS * 
'* I <hH 140 10;r~~t> 2;01 3~1 * , 
* 1 <H" 83 l.2q~ .51 3.1 * 
* 19U~ A~1iI000Pt JQ 3~ ~l~ 01111 fl0!"t"'~A ~1121"'Vl0~ 4:5 "HI HIlA * 
* lQl" AiA1.1 0~t0" Vlt(~"".~ (At'" 21 DC!! alA 1.10 "'0NI"'A"'~10 '5 ., 
* 101 r~ '2A 4;&1l3 J;:SA 3~S * 
* tQ1Vl "4 .b()8 .4~ 3.5 * 
* 101;:t ~0A"~PI~1 a" 3b 1 , 10U 70 "'tit' ~, '" ~t""'P~O! 4:5 '110 190 * 
* 1qt? fH10' "'01~t'I ';'0I~~1 10'" ~1 bCII ai'0 ll~ PAP'~Q!CllClI"'10 ii!1§ * 
* lql? 95 5~q47 ;c;" 3'«; * 
* 1q12 41.1 1.08q ."" 3'9 * • 
* lqn 1~A00A"'~ lib 3& 11 ~0\ 70fl1l7!t"'''' (.l!10~0C'l11l ~"l . "'1~ tilt" • 
* tOn bid'" 1 00~0t 10PPle 1'1" ", i5 bit! 420 b3 00P1D1P1~",0.1'lI ~'i • 

5;162 • ~~2 "* 1 q 1'3 ae, ,b' * 
* 10 n 3S; .811 • , iii 3.q * 
************** •••• ******* ... ** •• *****.* •• ****_.******.*************** 
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APPENDIX G 

CORRELATION MATRIX FOR DATA USED IN ANOVA AND 

DISTRESS PREDICTION MODEL ANALYSIS 
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CORRELATION MATRIX 

VARIABLE 
NUMBER 

6 
7 
~ 

1. ' -. ~7"3 
-. ~ = 
1. 

4 -

-.26Ec .211 
-. 6:: . 62 
-. 81 . ' f7 
1. - .211 

1. 

~ 7 

-. 16 .1~1 

-. "6 -.1'j~ 
- ~ "'14 -.2 • ..>£ .. '-

.132 -. ' 1 ~ 

• 42 -. ... 3 
1. -.3'1'3 

~ . 

~ 

-. 2~ -. 
-. 65 . :. .. ~ .... -· 44 · . ~" -. 
-. ,0 .. -. 43 -. " -. ,53 • 96 . ') 

-.243 -.!CJ7 -· • ! 2 
-.15" -.!2f -. -:'2 .. -. -· 1. -. ~ 'I 

1 · 



,..... 
V1 
00 

VARIABLe: :'1 1: 1 ~ :4 !=) lc 17 !'I 15 
NUMBER 

1 -. 17 ... ! 73 • !' 1:: -.~7: -017 • ~'+7 .1'1::; - • .:!'3~ -. 73 -. l :\: 

:2 .3 5 14 ~..::: ... .- , -. ' ' -'" • .! 1 'i .:"3~ ,3 1 

3 -. 56 .:: 1'\ -.3 4 -.28:- .25 -.141 -.15~ -~117 -.lS9 -. . . "' . ' 
" -. " "1? -.. .156 .11 1= -.1 1 .l'd -.1 1 -. -.£.~.' . .-
S -. 63 -. '+ .1"'3 -.2:';;: . 21 -. 91 . .=:. -.3' .: -.327 -.19 
£, -.15~ -.'3 9 -.' !S ... "132 .1 S4 -. 11 -.2 17 .·-91 -. 12 ' T , ... ,.;; ~ 

7 -.1' ... 2 -.l98 • '1 ~ .1,3';, -.1:9 -. 13 .. .,. -. 1 , '3 . ~- .. -. 
8 -. ~.3 -. 'n -. "- -. 8:'\ 41 -. 18 i ~ -. .2!. .- -. :12 ., -. 35 -. 61 :; ~ -

~" 75 • S -. 4~ -. 5'l .. 4t .. 
, -. 2 -. :!e 1 (: • 

..,,, -. HI -. 56 -. ? -. -. .,.; .. ... 4_ - ~ --
::'1 1. -. " .. .1 • 2f 4 -.2 1 ~1 .171 1 j • 42 -.:2"t 
12 1. _.leo::, -.1 4 : :9 • 51 . . 

,:I -.:':31 -.:'4~ -. 7 .~ 
13 1. -.11" -. 95 • ':';48 .112 -.2 S .. -. 91 - •• 3 
11+ .. ' , -0161 -.:::11 .~l 3 .21"- .171 .. 
15 1. 78 - •• 11; ?? -. ilc ~ 

16 1. -.1 ~ ~ -. ," T -. 17 -. :;j 

11 1 •. •• 12 '" 30 -.... ., 
18 . 045:, . . • 0 ~ 

19 .. • ,. "" '5 
2 1 • 



IfARIABL:: 
NU'"'BER 

1 
2 
:3 
4 

5 
E. 
1 
8 
q 

l' 
11 
}::> 

13 
H 
• c; ,,-
16 
11 
18 
19 
2 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3. 

-.!81 
-. 1 
-.1:':7 
-. 15 
-. 24~ 

.1i 6 
• 27 

-. 57 
-. 14 
-. S· 
-. 71 
-.127 
-.217 

.21-
-. 19 
-.:'46 
-. :3 

.485 
.b&1 
.63. 

1. ' 

-.::'2E 
.174 

-. -. 
-. 

65 
49 

4 

92 
.ll" 
.::98 -. -. 
.325 

-. 27 
2~ 

-. 1! 

• 1 ~ 3 
-.385 
-.2: 
1. 

- .'l 
-.12': 
.2~! 

~ : 
-. 1 ~ 
-" ... :: 

-.lS~ · ~,~ ~ 
• :!:;: 4 

~:! 

.116 
• .. :! :! 
.1 "l 

-. 'H 
H 

1 •• 

-.;:7£; 
.977 

-.' 84 
-. 6 

•. '+6 

-.153 
-. 64 

.19 4 

-.' 2~ 
.26 

1': 

• 21'\ 
.29f 

.1'" ! 
't4 

• 5° 
• 21 
.14;: 

-.2~ ... 

-.51'! 
-. 7'3 

.352 
-. 69 
-. 47 
-.274 
-.176 

-. 3'3 
.22 

-. ~8 
':::.'te. ..-I..J 

-.2":9 
-.,242 

• 2 ~l 
-.: 41 
.... t~ 
- •. 13 
-.1'55 
-. IS 
-.l!l 
-. 9 
-.265 
-. 72 , .. 

-. :;; 

-. 79 
.'?7P 

-.2 6 
• : 37 

-. 21 
-. 6 
-. 4S 
-. 28 
-. ~ 9 
-. 76 
-.21;: 
.:81 

~9 

17 
- .... 9 

.17S 
-. '17 
.~:; 

:-
•. 24 

-.:l7 
-. 59 
-. b 7 
1. 

.1 j t 

.175 
-. s: 
-.11': 
.B2~ 

~ .. 

-. 
-. 7 '! 

-. :"5 
• ~ 2 ..,. 

-.~72 

• '2 '\ 

-.1 ,: 
7 ~. 

- .12 ~ 
-.!.'3:;' 

.14 .... 

.1:;1' 

-.223 
• '+ 7 

-,.::. 7 7 

.1'3: 
-.It,;:, 

.950 
-.5 ~ 
-.'21 
-.Ll 
.... '9"'" 

-.261 
- .2'> :!. 

-.<~: 

-.~3~ 

.43 

.1 '3 ~ 

.~ --; 

.~9~ 

•. : 12' 
-.l~i 

-. " 

.18C: 
-.l'+~ 

-.:87 , ~ ... 
-. 79 

-.. : : " 
-. 0 ... 

_. 4<; 

.!g! 

.186 

-.138 
-.1::9 

• 6 
• 7:' 

-.4":," 
1 • 

., 
-. , 

... =; 1\ 

-. ~" 
-. .28 
-. )'1 

-. 75 
;'1 

-. 37 

.:'''31 . ~ .., ~ 
-. : '3 

-. '):; 

-. I 

• .. 



VARIABLE: 
NUMBER 

1 
::' 
:5 
It 
5 
6 
1 
8 
'3 

16 
11 
18 
19 
::: 
,a 
22 
2:3 
24 
25 
26 
21 
28 

· , · .. 

-. 
.266 

-. ~7 

-. 1.13 

• :51 
-.172 
-.11 
-. 4€, 

.81:5 
... 2i.. 
-. Y 
-. '5f 

.:61 
:54 

• 55 
~'3 

-. 16 
4~ 

-. 2 
71 
31 

-. 33 
46 

.<:37 
-. 46 
-.' 42 

61 
-.14A 
-.1 
-. 42 
1. 

-. ~ -. ., 
.182 

-. ':8 
-. :3 
-.111 -. -. 
-. 24 

.988 
-. 19 
-. :8 
-. b 

7 -. 
-. 

-. 29 
.: I;': S 

-. 27 
• 

-. ';IS 

-. s .. 
_. ~7 

-. 21 
1. 

... 1 

-. .,7 -. ~~ -. ~ 

-.' ;;7 
-.1::9 -... 
-.' ~2 
-. !~ 
_. '1 

.9'H 

-.2 . ~~ 
.lP 

3' 
~~ 

-.12~ 

-.. :. ~ 
-., ~<; -. ,~ 

-.1~7 
-. ' G, -. : '; 
•• ' '! 

-.' 1"1 
! • 

-.158 
.' S 7' 
.'183 

-. 6 ~ 
-. ':1", 
-.272 
-.17/l 

.... 12: 

.... " '57 

• 1 
-.1. b 

.' 1" 
-.1~4 

• ':;9 

.637 
-.'67 
-.' a:c, 
-.2~~ 

-.152 
-. b 7 

-. 5) 
- .:.J 3~ 
- •. 47 

.434 

• :'1 
-.2':9 
-.:!.. >'\5 
-. 4.2 
-.1' 7 

• 51 
~3 

.14 q 

,. 
.1"3 

- 01.2':' 
.852 

-.13' 

• 2~ 
.52;1 

-. 1~ 
.111 

':.7 

-.12<; 
.117 
• '5') '5 
• ,41 

-.1 '31 

• 15 
-.l!~ 

19 
• "'. :J ~ 
t .. ~ .. : 

-. 11 
• ~ 44 -. ~~ 

1. 

3'0 

-.~96 

.324 
-.;;:~9 

.: '5 
-.193 
-. 65 

79 
... 64 

• 
-. 7 

-. 99 
-.,47 

.34, 
-.13 
-.:48 
.::l 7 · -:.: 
.3; 
• l! .., 
.:3 e 
.287 

-.::92 · ~; -.::44 
.Zl~ 

-. 38 
• '57 
.131 

... 27 
i.4 

-. :1 
.::' 1 ~ 

-. 42 
-.~ 
1. 

.1 " 
-.337 

.1'1, 
-.lZ-i -. , , 

" .. 

-.1· .., -. '," 
-.l<;a 

• ~1 4 2 . .;;~: 
• 

-.7 '+ 

.11g 

.2,;-t 

• 5 ~ : · ~ ., 
.1'; ,; 

1 • " .. - ... 
, '1 j 

.:. 1 ~ 

.! :; 
- •. : '51 

.4:;':; 
~ .. 

• I :. 

.. .s ~ · ~ ~ 
-.ll~ · ~ ~ 

.134 

.~~~ . . . 

.21 " 
• 10 7 

-.lS= 
• 9 ~ 

-.33'5 
• '13 

-. '3: 
• 

1 ... 
-. 5:, 

.:2'" -. ,~~ 

.3'B 
-. 'It 

.1 2. ~ 
• 9Z:· 

-.193 

• ~q 
.l1 
.23" 

4" 
.2':' 
.43.' 
.1a' 

.1 7 

-.2 ., 
.:. 4: 
.. 42 
.14"' 
• 5: 

-. 5~ 
.13 1 

• ole:, 
.:"8: 

-.! 1 ! 
.31l 

1. 

·.126 , ~ . ... _-
-. 2·~ ~ 

-.4 7 
-.121 

• 1 • 
.-~ .. 

-. 64 

.134 -. .,,~ 

-.2 ~ 
.387 

-.1;47 
-.16S 

.1.12 

.A12 
c ""::' ., -

.5~: 

.434 
• "'t_ 7 

-. 74 

• 8;< 
-. 29 

£; 

.19':1 

• 'IS 
• 1b 
.43 " .- . 
• Co .. 

• ;;':2, ... 

... ! q.:.a 
, : 3 ; 

- ... 63 
'10; 

-. ?:; ~ 
.~47 

"'II 

-. ~ 1 
_ ,t 1 .. -
,! '1 · ~ .. ~ 

-. 
• .1:':' 

-. 1 ~ · .. ~ 
s .. 
~4 

-. ::. 3 

73 
."l~ 
.1 
.:67 
• "';j J 

1 • 



VARIA8L'::" 
NUMRfo 

1 
2 
:3 
4 

1 

P 
Cl 

1: 

1'" 

1.6 
17 
18 
19 

26 

''''0 

~ . 
. .'; .. !. 

42 

-.:77 
-. II 

-. IF, 

· .. .. -. -. -.. -. ",' 
I ... 

-.':'23 

-. 2~ 
-.:4~ 

-. 
_"B6 
.692 

1. 
_ ... "'l · _ -' -. 2M 

.. 2 

.. :3 
-.:'2~, 

.288 
• 15 -. ' 

• 29 
... ~q 

-. 11 
-... 7 
-.:;-

. 

.:~. 1 

• :.!"'. 6 

.I. • 

SUB PR08Lt:M CARD 
SUBP~O 19 .. ' , ," 

'" • - 4: 

-. 
• 
• 
• 

- '; ~ · " 
-. : ," -. · " .' ~ 

~ ...< ~ · .. '. '--. 
• '4 

• ::: " 
• :~ ::' c, 

-. :;-<6 

• -.. 

, ., -.. 
.0 7 

-.:: ... 4 
-. ; =, g -.... :).:. 

1 • 

-il 
., 

-. -. ~ ~: 
• .. 
.. 
.. 

, 't 

• 

• 
• -. ~ -. . ~ .~ ~ 

-.~l1 

.3':; -. ., 
-. l' 

-. ' 
:J l' 

.€:::c 

-. , -. 

• 

".297 
.. 3'57 

- .11 ~ 
.1S~ 

- .. 11~ 
-.1 71 

• 
• .. 
• 

47 
~7 

13 
'tc-

,- , .... """ .""J .. 7 
-. 7 ~ 

- .. c:: -. t.:... ... , 

... : f, 
.32~ 

.1.19 

.121 
-. 7 

• ~~ ~ 4 
-. ':;7 

• .. 
• 
• 

~ .,.. 
• .... , J. 

• 9;< 
-. !f?' 

• "9 e, 
- • 1 :. C 

• 
.314 

, 
• • 
.' :: 9 

-.147 
• Cl1 "1 . .. . 

YES 

161 

... ; S? 

. -...... ~~ 

-.15'1 
.Z7~ 

-.1 .... 

-.Z24 
.724 

.?'l5 

• 2 ~4 
-.24g 

.! B ... 
-. 

-.229 
.3~2 

-.1~1 

-.1':)7 
.4'13 
.1gB 
.2~'5 

-.'3:-+ 
.714-
• 7 <; 

1. , 
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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.l. DESCRIPTION OF VARIABLES USED IN STEPWISE 
REGRESSION ANALYSIS (Ref 29) 

Variable Number Description 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Concrete Aggregate - Siliceous River Gravel (SRG) 

" " - Limestone (L) 

" " - Limestone River Gravel (LRG) 

" " - LRG + Slag 

Slip Form Paver or other 

Subbase Aggregate - Processed Material 

" If - Natural Soil 
II " - Pit Run Gravel 

" " - Limestone 

" " - Sand 

" If - Shell Material 

" If - 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 

Interac tion of No. 18 and No. 1 
If If 18 " If 2 

If " 18 " II 3 

II If 18 If " 4 
II If 18 If II 5 
If " 18 " " 6 

" If 18 II II 7 

Continued 
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TABLE H.1. DESCRIPTION OF VARIABLES USED IN STEPWISE 
REGRESSION ANALYSIS (Ref 29) (Continued) 

Variable Number Description 

30 Interaction of No. 18 and No. 8 

31 " " " 18 " " 9 

32 " " " 18 " " 10 

33 " " " 18 " " 11 

34 " " " 18 " " 12 

35 " " " 18 " " 13 

36 " " " 18 " " 14 

37 " " " 18 " " 15 

38 " " " 18 " " 16 

39 " " " 18 " " 17 

40 " " " 18 " " 18 

41 " " " 22 " " 21 

42 " " " 13 " " 16 

43 " " " 14 " " 42 

44 " " " 14 " " 16 

45 " " " 14 " " 15 
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COMPUTER PRINTOUT EXCERPTS 

(Reference 29) 
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CE~rER FOR HIGH~A' ~~S:ARC~. TH .. U~:V€~~rT' 0~ T[XAS AT IU5T!N 
STCP ~ is ~AS~O o~ ~~D 

PRC'AlE~ CC)" ··..:.CH!.!J 
NUMBER or CAS!:: ~0\1 
I;UM9ER JF OOlGlt;AL VAoroBL:- 2. 
NU~BE~ G~ VARIA8lES AOQ~C z~ 

TOTAL NUMH~c OF VAklARloS 4c 
NUMRE ~ ,)F SUB-P::'CgL€:1AS 

PR:OBLE~ cARD 
PR Ool ~ ~AC'HAD 147 :1 ::4 24- YES ES FS 

TRANSGENERATICN cARD(~) 

TRNGEN 2 z: 12 ." 2 . 
TRNG::,.. .;::! 1:! : 0 .. 
TRNGL'l 2 t;1 3 1 ? < • 
TRfjGE'l 2513 ~8 ) . 
TRNGfN ~ ~l! I" 4. 
TRI'l~C:N ;:11~ 1 q 

TRNGEN 2alJ ! ~ oS. 
TRNGE" ~ 913 :e 7. 
TRNGcN ! 13 19 8. 
TRNG:::fo.I 31l:! :s Q. 

TRN6(N 32D :8 1 
TRNGt:N :5 31 3 18 11. 
TRI'lGEN 3:;1 :3 :0 12. 
TR'jGc'l ~ ')1 3 l,!: • 
TRNG':N ~ S! ~ : " :. 4. • 

TRNGEN ~1l~ 18 15. 
TRNGEN lSI, 18 16 •. 
TRNGEN B13 lR 11., 
TRNGEN 4 1] 18 lb. 
T8"'G':" .~1J :2 ... 
TRNGE:N 4:13 13 16. 
TRNGEI'I ~!1 .! : 4 42. 
TR'IGEN 0\ 41:'-: ,- 16. 
TPNG,N o\:l~ ; 4 ,. _ .. 
VARIA~lE FO.~AT CAPCIS) 
(5X.~Fl. ,3X,Fl. ,1!>:.F1 ... :tX."f:!. /.:1)\.(':1. ,2 )(tF~. ,x,;:'~ • • f)(,;:~. ,12:>: 
,F3. I?X,f~. ,.: )(,F: .2/5)(.1'="~. t': x.l'="l, .') 

1 . :- ... : · 1. 0 c •• : 0 · ~ 
1. 1 · 1. 1 ,+ ) '} E .... 1 j.3. 

. -
': . " . .. : . . 'Sl 

,. 
:.. ... 2.~ . 1 1 '-.:': 1 ~ . 
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VARIARU. 

7 , 

, , 

. : 
• 7 

: l.. 

'2 

, . 

4 
41 
4':' 
43 
44 

"'F t.~! 
5 .... .<. 4 o~":~ 

6 ... ;'24"8q7~;;:':--
1. 4 :~:'l€::'!;~­

'-:. "":'<.:" 7:.cc7 ., -
lot. "'1') 3 7 ~ : ~ :-; ~, ~, :- -

;.i:":4~;lO('~':: _ 
4. 8:o;:':-l:.':',~~ 

~."I":' ::':~i+~_!7;:.,-

2.'1~: .~J,:.~j 4-.-

tl.. '4897'1'·'~ .. '-
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COVARIANCE NATRI~ 

VARIIIBL:: 
NUMBER 

1 

1 

6 
7 
8 
9 

.249 -. -. 
-. 

4 

-. 1 
-. ~ 

-. :: 
" "'-. . ~" 

'" ::. 7 ~ 

:~ -. 4 . 
7 -. '" -. 

-. 49 -. 
-. 24- l~ -. . ~ :.;; -. . ·",1 -.1 

• J, 

:; 

~ : -. " -· -. ~ - -· ;: 'l .' '3 5 
, -• ; .. -. 2 -· -. 1 

3 -. '" 
'l -. - -• .. 

.) , -. . . - . 1': . -. 1 

J > -. -• 
3': -. . .. 



VARIABLe: 
NUMBER 

1 -. , 1 
2 . " -"-
3 -. 3 
~ -. 
<:: -. 5 
£, -. 13 
7 -. 7 
8 -. 2 

'" -. 1 
-. 

11 27 
:'2 
D 
14 
15 
l~ 

17 
1, 
19 
2 

. 
-. 

" , 
-. -. -. 46 
-. :;6 
-. 5 
-. 'I 

-. 
-. .. 

• ~7 

7 
-. 'I~ 

-. 
-. 
-. 

-~.j.7: 

•• 2~4 
.464 
• 12: 
.79.S 

-.783 
! •. 4 c: 
-.34 :;: 

7i:; 

.,)67 
-.7 Cl 

-! • ,un 
2:; • g' ;; 

-1 • ~ '36 
-.1"19 

.2~7 

1.377 
-1.727 

,2.27 
.3 1l '" 

6 ~ ~ · . -
.:2':' 

-1.65 
-.:. 97 
-.;:' 8 
-.1 ; · ~ ~:. 
-.246 

.48 
• E:l ! 

9.:;25 
-: 34 .... '57 

'04.'5 I; 

.. ~:!.6.~~6 

;.2 .. 
.. r 

-3.1"1' 
",.5 .. '+ 

.43g 
-.; . 

• 2 7 :;, 

: . ~ ~ ,] 
.533 '.:' ~ ,; 

.2 '+:'. f 

-:4)7.~~' 

- 3:::'. ~ 
~3'l:'.2~~ 

.. -"J:!:: 
J. .... ~ 

-~.7~~ 

-.~~~ 
-.?: ·3 
-.38~ 

-. 
.,)4-+ 

":.72 
-"5.323 : 3.,. a" 

-36 .'52~ 

13 :.213'1 

-.: .1 , 

-.(;7" 

14 . -' 

-. 
" -. 
26 

- • .:.7<: 
-.!q 

:. ~. ~ 
-q.!~'" 

-::.6F-P 

.~4.C;:7 

~ 1. ~.:! '4 

- ~ . ., 
:I 1 

-: . :.; 

l " • 

-~. L?"' 
2."f .2 

-.'13-; 
-3."135 
~9 • .)s~ 
~q. 

:: ~. 
1" 3.°2: 



VARIA'lL:: 
NUI'f:I£:R 

1 

.. ... 

16 
17 
18 
!~ 

-.:!~ 

-. :3 
... 53 
-. 4 

-.:52 

-. 
67 
15 
11 

-. ' 4 -. 
-. 1': 
-. 48 
-.~~8 

4.':'+8 
-.s'S~ 

-6. 7 17 
-.:?-12 

25. 't. ~c; 

"3.<S 3 
]'4.'16' 

? 

-1.1"4 
.436 

-6.4. ... 7 

-.7?1 
-1 .... ~7 

:. 6"'. ~ ~ 

-' :: • .., =~ 
~. =: ., 

.;. 1. ;r::: 
: 6.·':: ~ E: 

_t:' 8.S~7 

.. 3. 
-5.11~: 

-~.7'l~ 

-.~~­
"'3.~2: 

• !; :­

-2.62" 
.447 

-2:6.2;1 
.. ..,:;. 7 J 

E:"3 .! 
~'Q.9;: 

4j2.~ .. 

-4.12" 
7. ::! ~ 
-.76:' 

-;;. !S: 
... 45 ~ 
: .1 :s ::' 
-.~ 

1.25S 
.14 :; 
.42" 
• 7 

... :2: • E'S '1: 

.I. t:".Q2:Z 
-8.::'96 

? 4.81 
1.78 ;-

76. 7 C,' 

.78 <:; 

~ ~. ;.:. b 
-'74.4' 3 

O? .7J:;~' 

-4.1~3 

-."::9 
~.7~3 

-.4 ~ 

3 
~.,., 

- • ~ L 

- 2. 4!. 
1.322 
-.!.S9 

-.,~ 4 

-:"J2.'ns 
-·2~.~'l 

-: .... 3"7 
.. ~:S.~4S 
-.;.S'3~ 

-"5.",>l4 
-7.~7S 

-~74.745 

-~ .~~S 

:'77.;"~ 

-. 7 ~ 

- ~. 
~ . " .:.. ...--' 

- • .L~! -. :..:. 
-.:37 

-~. g4 
9 ,~, 9 

_: :. c. 4.-4 

195. Q 1* 
.: :6 

'!.~16 
-':'144. :'36 

-"'1.3,7 
856.62f 

;.43:. 
~ • 'I: >l 
-.7"'! 

-:.'3 

.47' 

.1: ~ 
... 1 ~ .., 

-,.I." ; 
1.3=" 

-~q.53: 

2~.1"3· 

_~".1:.: .. 
1 ~ • 2' 

-:::.l"~ 

- ! •• ~ 
L4:.5:S~ 

- '.1 
-'::'~.3 

'!"'t.7 ~ 
:.. ;.1 • ~ 'T ~ 

- .; oS. ~! 

-2"?5.53; 
2 -1.,. "i,. t 

- :... :;:?t .. 
:: ~. :1 

-13."5'1 
-:-. 3', 

.... "1 5 
_<l.~~7 

...... "1 -­
.... -:. :; 1 

2~.2:Jl 

2~~. 3 J 

-:1:.1 
-:~2:.?1'~ 

12.;3: 
'! "' • ~ "! j 
6~.-:;g 

:2 .2 • .J = :l 
::. "7. '" 

-"7"l.~! ; 
:'=j\.:~") 

-~:::~.~2~ 

31 .137 
-S7.56: 

~'i 'I: . '37'" 

", ... ~""f" 

-;,. ,::" 7 
"'\.74 .. · , 

-:-.~':" 
l~.'-8't 

-::.. 47 

-. 
-.-) 

-::;. s: 
; 

~., · . 
• : 67 

-);;"."69 
:. 3:'. : .. r 

..: :. 7 i.. 

-rg .r:: s 
1.44~ 

.4~S 

~ '3~". Q"1. 

.'­

.7 g 
1':<;. 8'" 

-:.::.z. 3~ 

?~4:::1I=:"~ 

-. -
- _. 7:; 

-1. 

- . 
-. -. 

- t :s • j 't 

.) 4':) . . 
':J':S. 
7'5. j 

:':3. ~ 

-.:;!. 
-.. ~ J-

"' .; • ! " 



VARIABLE 
NUMBER 

1 
.2 
:3 
4 

5 
6 
7 
8 
9 

1, 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2~ 

21 
22 
23 
2<11 
25 
26 
27 
28 
29 
3' 
31 
32 
~3 
34 
35 
36 
j7 

38 
39 

'" 

31 

-. 11" 
1.24.4 
-.222 
-.191 

.299 
-1.673 

-."'56 
- • .215 
3.3H 
-. 48 
-.'96 
-.335 
1.566 

11.2'3'1 
211.549 
34.611 

- 2 .• 755 
4 •• 596 

-.17<11 
6 .• 161 

.754 
-19.555 

48.16! 
138.131 
-23.434 
-24. 46 

59.393 
-172.745 

-93.89C 
-2: .676 
378.-+84 

-. 31 
.632 

-. 72 
-. 17 
-.6~3 

".362 
-. E! 
-. 4 
1."!11 
-. 36 
-.!.~7 
_. -.:c:: 

1.3t?7 
-1.92~ 

-2£,.:'58 
16.482 
-.4 Id 

-2.6;46 
-"'2."'12 

-.71 
42. E 8 

-2;,.j'~ 

-9.8~9 

76. 2" 
-9. 93 

2.3::9 
-55.327 
-35.'5 .. ·6 

-7.A19 
-11.637 
1~'.219 

-. ~ 

-.6'51 
-l.5~q 

-.8'3~ 
-.2~ 

-.1~4 

-. q: 
3.13': 
... 3! 2 
.89~ 

::, 1 • ..., 1 
-89.8 
~2.47~ 

229.E~. 

6'''' 3,,9 
3.117. 

-1 II. H: 
-1. Hg 

174.1:4 
73.3H 

1 ~4. :!:4 
-24.388 
-22 •• :6 
-2' .2 .. 

-16 .9":, 
-87.<11"'4 
-19.26: 
-!1 ... 2'5 

- 4. ~21 
384.984 

-~.153 
.376 

/;'.' 16 
-.4::6 

-:.2P8 
-~.731 

-::.132 
-.48 

-.1 7 
-.213 
7. 89 

-1.6I1B 
-n.834 

£'. ~,4 7 
4 .229 
12.513 
3 .18 4 

-1 ~ .27, 
1;;.122 
-::5.687 
12.(62 

-199.87 
48.7,A7 

.. 53.996 
-'53.62~ 

-1 '6.614 
-~85.224 

-2'9.37':: 
-4f.l E 
-21.'345 
-1 .3<111 
-25.47<; 
75 .;. 48 

11 •• 4 4 
1.3"5 

-4. ' 54 
-2.162 
-1.'77 
-2.76." 

:.:5 
1. 88 
1.'522 

~ . . ... 
1.2132 

-1.914 
21.8'1 

-114.489 
2".8'l., 

387.374 
-45.212 
:5'5.947 

111.391 
H.526 
-q.237 

131.32 
tH6.6'5 
1H.372 

-2'35.'na 
-211.867 

36.399 
-3,)7.1')1 

!'l7.'l34 
~~.::.g~l 

241.4'53 
~E.373 

145.295 
-117.H~ 

26117.H6 

-371.3.'1 
1~5.186 

-141.367 
87.~91 

-1E' .~87 

-61.:"97 
66.583 

-29. 6-1 
.!5S 

-1.478 
€:5.2.:!€ 

-54.755 
-231.<:::i!l 

~ .. '8'5.343 
-77 7 ... 51 
*0865.17. 
2094'5.188 
2:4t>4.~73 

,,579.947 
'i2<:.3.<:22 

73:3. 5i. \i 

1022'075' 
*;181.265 
1,,52'\.558 
*.1.899.3 :: 
1 H:42. 82 
-3217.638 

c:!81.·76 
1 .iI:l71. 546 
- .. ,63.947 

1"89.742 
-11'54.431 
19 9.9 .3 

-",,159. :71 
*5323.5!S7 
*4822.524 

-3':'S.7l.l 
4S.92: 

-l~.i-3 .. 
'17.31 

-'5~i3.25; 

327.1!4 
-1 H.i! 54 

- ~. 9 • 
- 9. 1 S 
-4.3c: 

-<;2.6:2 
-8a.;,;" 

-,74.=12 
2~S5.S:H 

'5 2% • .3~ 3 
3'H.,'1'.17 

*26 4.732 
998 .2 

333 .234 
8'!'!51.B5 

121".72". 
164)~.2: 

2 463.5'13 
81l3.2'!7 

l17"l5.2~" 
14~J:.j31 
-4623.9,,':' 
8922 .935 

2173 •• 5'3 
32 7 9.4 
4332.497 
156.H! 

-737'J.'H'l 
2<>57.133 

22491.92.2 
-2539.557 
*8,37.9!'l 

47:.15 
: 77. 8l 

-24~.~5 

3!. 3 
-732023" 

2'3.1+4" 
-6~,.284 

47.394 
12.191 

-25.25= 
91.751 

-29.3:'4 
7'1l.7 :3 

-':1'13 .i35~ 

12H~.11: 

*~~12.3:.lt 
"~411 .S1",; 
':'~2, .213 

24>33./+ ~ 
45213. , .. ~ 

2e9.111S 
27B7.171 
* !7':7. '92 
'2'123 7 •. :8'1 
.~158. 96 
1~a7b.95'2 

*1729.3 :2 
37:!97.;75 
ac;n.288 

",,,28:'.123 
5285.17 ~ 

-;;-584.983 
11877.750, 

5533.717 
·2165.111 
"94'~ a. 965 
.6,. 9" .. 55 ~ 
*~<;26.~98 

"(4S.~58 

~S~.!..3.2 
-')71.4 1 

:6::'. 75 
-24 1.88 
-"'~'3.55 

.:~=.: t 
"'I.! .. :: 

-~51.~h£! 
! 2.! _ 

H5.:298 
-322.896 
":2:~.272 
7'!!,7.~51 

"1 35.36~ 
*1 8 .794 
*"''''36.'''2: 

;:>4'129.El€: 
*!,:t;:!.lJ4 
~'::3:!.Ul 

*9"g .217 
*1C;~ .12" 
~9597.· 8: 
*26"?,.2 4 
2>348':.189 
*5462.481 
*639 .28 
*'3~5E.9€': 
3,,)394.848 
1~95".P5;: 

1.29.:37 
4';253. ~l 

15769.67'3 
45511. 7 85 
-1933.295 
.. 7 9.0+15 
*':':8E.8Q7 
*1'0142.::22 

:: '3. 
- -+. 7 • ..: -4 '" 

:711.:3 _ 
-11S5 •. 

~ .;. ~ 4'; 

-143".:i'1 

-'1 .'l~~ 

-':'l.~7: 

,. 4. 4 ~ 

-. 9', 
:!5~q2 .. ~ 

.: .;,:3. 

.4:;:;6 •. : i ~ 

*44-= .:)~l' 

"635S.~).2~ 

;7:'3:.~'~ 

.~'?~7."':;: 

5727.,:7 
";;:H7.~,: 

7 "':2",4;~ 

~~'::"3.~~: 
... ~352.~~ 
42::11.;::t 
·!::il.~:~~ 

-2!3q.2 4 l) 

~4:75.322 

7.33. 76 
-,~73."~' 
9;,q.:,~2 

::5 93.~'3~ 
!~ge4.7S 

-1'377.,23'0 
*£:87'5.5;'9 
*9351.71", 
*: 2:8. 7ft'l 
*71:41.21 



VARI~AL:: 

tW~RfR 

4 

5 
6 
7 
8 
9 

21 
~! 

26 
21 
28 

31 

-5 .. 71 S 

-7.7:' 
3.' 4;' 

1. 43 _.::l 7 

-2.437 
-o.i~5, 

,3 .':6) 
-3 ::::"1: • • • .,.I ..... 

-33l3."7f2 

-" 15 
:~29.2B4 

:53.1 7 
';776.31'3 

~n.Q:,+ 

-447.':;~'t 

-gh."' '3 
,'38. 4 99 

~18B.b27 

5.45~i 

468.::53 
-":':':'.l45 

::!6. 47 
-~5.~87 

-89.655 
-188 • .:.6 
-~97.28'1 

3 7 : 5.'%.2 
6"1691. Q 2 
1""123.~;A"! 

9 •. :'-::; p 

• ; '-+ ~ 
-.,;'. ~ 

- L .7 . .' 
~ . --: ... 

. , "" 

• :;- , 8 

• ~ '~3 
• ~ -q;;: 

'l " ct · - ~, 

.., . 
-'''54.·-;= 

- 9. "" ... -::' 

-?;~. ';~c­

I~ t., "I: •• ~ C ~ 
r' ~ ~_ 

:::-,". r-- : 

-:Y~."':-7 

-'~i4 • .;:~ 
~ ~. "t .... ,,:. 

-2~' .474 

-:1.,,':7 
.i. "t').:, 1 

7 • '-I ~ 
_:.0.. t::? 

=:4.7f"! 

16~": •• c:;: 
'3: 8 •. ' ? I.; 

~A8°.:~: 
:P:~379.779 

* 36 1 7. !1. 1 " 
*;76 .;:;44 

-47':'.°94 

-1 ~2. 'H1 
3c\.~i" 

-.6~~ 
# ;;. 1 ~ ~ 

-~~~.~.~~~ 

~ 7 • ": 

7 'I 1 . . , 
-. ~ . 

'" I'" ,. ,... 

c. = ':,) . 
~!6, l.:t~ 

... ;:7 5.9.~ 

-"t'5<+'3.1!>" 
"I::l ,~.2=:: 

S'::' 1. .:j 2 
4: .~-:::" 

·2C;:,~.~"?~ 
1 4 1 :' • '?::; .~ 

"4':i_~D.~2~ 

7':'f:.2S_ 
243A.e.;~ 

!1?i:lS.,':7 
5~2.7-t 

67::;7.S-:~ 

l~er.:;.E'<1 

-4235.4 " : 
.. ~ 7 ': • '3 '; 
-1';;': 7.'1~1 
*1f;;!:::J. 7G~ 
*~9':' .46;: 
-37 .377 

-'3~C: .73: 
.,'1):::- .'3.~ 

-:0;6.74;:::" 
):'::'.9£. 

.. ,q.2~! 
IJ~. 1;:;' 

... :H.97";! 

: '" • '1,A 
1 .:::91-: 
:>-;.8-

".62 
.\~. ,:t.?; 

: • 4~ = 
-t+: .8~" 

t ,::'qq.l~'l 
-;;5!- • 

.::: ;b:,,, p~~ 

.:1\.<. ? 
.. ' 1'7.4l·' 

;:.. ( .• :. 4 

. " .. ' • 4 q )} 

*4~ .41::' .. 
::32 .7~" 

-7S2 .717 
~~,,':.::2:; 

-"Q'3<t .... 7'" 
-S£.g4.913,~ 

;n:'1~23 

: 1 ~ '1 • 8" '" 
.'51 • 8'" 

~i "J.S7-:: 
";:87;~ .~71 

*~:)6':::.34; 

·374.93~ 

·~dS[~.843 

·,';;''1''''.,,)68 
*A.65~.554 

i+!+4~. 62" 
-t:'llH.7:4 
., 51.98 
*'174':.1 

.., , 

177 

-86.434 
4"5. ~6! 

-~2.:3n 

:.Hd ~ 

'3.::, 2 
-2.:H'3 
11.81'1 

-33.~~5 

- 1 
1-:4:9.12'3 
-319 .::'n 
* :. S.7'~4 

2<32 ~.F2~ 

:11~2. ~'+ 

~ ',,)'3.-18 
~";32 •. ~'? 
~\e3.'l51 

S~6 • 17 
·s ,.:;.~~~ 

6807.3';2 
-S342.: 54 

'5;62.2 13 
'.1'1 .• 1: 

-32 S.q 9 
11S 1 •• "6 
-~3a.5H7 

-;52.131 
:"13 ... '34 

-.i.~q~ •. 2"71 
.:5'52.9~7 

.. ?13.1 4 1 
-81"1.74g 

*3~':3.2:!e; 

·~';'+3.1 B 
1'H17.'31'5 
1r2':355.~ !J 
• -;5€'3.'E4 
.. :?21.612 

• 'H .lEl1 



STEf= ~U"f\:::R. 

VAP!4BLE ENT£R[D 

MULTIPLl ~ 

R SQUAREJ 
STD. ~~ROR FO~ R!SIQU~LS 

I~IL'S!S GF VA~I'~CE 

R:_GRt SS INJ 
~::'SI')UAL 

VARIABL:" COEFFIcr:\T 

SU'" OF 
: 7 
~, 

INT~RC~PT = -3.3 ;~~~~-- 1 

U 4~::- 3 
a C::3 
'+6f4. 

8 -::.84 :"'+2:£'+ :.::~t:,+,+Ij~ • 

- 3. 5551~98E-': 
9.87::'':27'5E­
~.'i31l71~:::-­

:.3 "!96~l­
•• 6 ,1, lSc-

1.~5 C;c?9 
,~. 1 7:: ~::: 1 
' •. q 1 4 ~:.: 

":. 7 -3 ~ 'i" ' 
~. S~ 2j:l~ 

~C'".o.~J 3GLAQ~ 

::8~.36S 

S.g32~ 

6.6191 + 

...... 4~'5 + 
:. ":Ie 0 + 

.... 7~:: + 

<::.:. 9 + 

I=" RAT Ie 
.. 7.76:J. 

it 
12 
1~ 

1~ 

1~ 

1~ 

:7 
18 
21 

31 
~.: 

" '. 
37 

6.~1~~5~1::'" 

-3.5: ::t''')5!::-
-8.·~ 7 :47~-

"'l.~ ... d:L~ :-
1. lE;1 ~ ~.- ... 

2.7~"'-35-2 

2.~ ~-3~2S ... 
3.':::\3 19.­

-b.:~37~5d -
1.5"'2; ~'Jl 

- .... 3.:5,1-~: ... ~ 
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:. .,.:: ... : ~ ... 
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:.61" 4~=S -
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2.431-3;~~ -
: ... ..,.9>~1 ... 3 

-2.;t3~1" ... 2 
9.~l,g~ ~7'" 2. 

... :.4')6~!77 ... 

... ':<. ~ ~ : 'S- 7 
... : .;t '7 .. ~ 7 

o. = 1 : ~:o:-

~ . .: ~.:. 

.; .. ~ ~ ~ 

~. 3 ~ ': ~ 
~. ~ ~ ~ 

..:; • .,9 7 " .... 

:I. '3 ~:5 7 ... j 

~. J 1 .. : - 1 

.;t ... .:: ~ ... 

""' • .: ~:; 3 ... 
~.~.; 3 ... 
? 6~q -
2.4~"i) 

~. ~ 32=1 
:3 • .;~.. - .. 
~. -; 7 '3 ':: 

·:3.S:~4 ... 

9. ":: ~ S =- -
~. ; 2 0 -

:.4~~~-

,.£..-;3~ -
~. :.;:, 2 .. 
~. ~ I: : 
~ • :3 : 4 ~ 

-3.1\" S ~ 
:,. :, 4 -= ~ 
~. ~ 2 ':' 9 
---]. :''+ ~:3 
~.~72q .. 
7.3'5"1 .. 
3. 4':' ~ '+ .. 

;r • ~" ~ 3 
..,.. ;'" 7-: 
;::. 7:::.:'.., - 1 

·::;'+:'~4':'~" 

: • 7! ~ :: ... l 

~. ~:3'" E: + 

:. ':'1 ~ :- .. 
: ... ~.;::: .. 

!. :. s ~ .: .. 

7 ... ~ -j. .::: + 

1.qe~4::" 
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.: • .; s ~~ :- .. 
1.':-3id:-'" 
£. ~:: ~ - .. 
2 .... 48 1 ;.+ 

!. Of!:.'" - + 
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C.~~77· ... 
7 • ~ 1 -: - ... 
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~.A.112:'" 

l • .2 7 . -:': + 

R.:)~~ -- .. 
~. ":: ~ 4::-" .. 
9.49~~:­

q.'7~5=::-

R ... .; ~.:a :-
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RUN NAMf 
"ARIARL~ LIST 
INPUT FORMAT 
N 0' CASES 
VAR LARF;L8 
VAR LAHLS 
ViR LABELS 
VAR LABHS 
VAR LABHS 
VALUE LABELS 
DISCRIMINANT 

OliTIONS 
STATUTICS 
READ INPUT 

2b,0 
28,3 
8~3 

?kl,S 
7,5 

~b,5 
'J0.P 
IIq,1I 

'2,5 
12,5 
8~" 

, 3, 1 
5,Q 
kI,t! 

1.15,7 
l.a 

tb.:5 
Z,q 
7,5 

11 , e 
",0 
i." 
7~~ 
",0 

10. " 
(j,0 
z~ra 
2," 
11,0 
3," 
",~ 
1 , '" 
",0 
",0 
"'.QI 
1,0 
~,0 

"," 
1 ," 
1 ," 
3,0 
i.B 
",~ 2." 

OATA 

DISCRIMINANT ANALYSIS 0' O"~~LAY~D SECTIONS 
FAILURf,~INOR8P,SEVERfS,~UMPINr.,O"fRLAY 
'IXED(IIX"5.1,5X,F~.t,5x,'5.1,5X,F5,1,5X,'5,t' 
2H 
'ArLuR~, NUMBER OF 'AILUR~S PER MILE 
MINORSP,PERCfNT n, MINOR SPALLING 
REVERES,PERCENT 0' S~VERE SPALLING 
PUMPING, PERCENT OF PUMPING 
OVERLAy,~A! HIGHWAY REEN O"ERLAY~Dt 
OVERLAYCt.~)YES(l,0'~O 
r.ROUPSaOVERLAYC1.",2,0'/VARIABLES."ILURE,MI~ORSP, 
SEVERES,PU~PTNGI 

ANALYSIS.'AILURE,~INOR8P,S!VERES,PUMPINGI 
M!THO".O I RH T 
&,1 
t,2,7 

'B~" 5~1d 11 ;" 1:" 
~0~0 1.0 qp~ 1 ~ " 
1§"~0 t!~0 0,'5 1 r" 50~" 0~~ t 1 .0 1 , '" 
20;" 2,0 10 ~" 1 ~ " 2 0 ,0 2.0 10, '.) 1 , '" 
!,0 lz~e ",5 1~" 

2 III ,Ill , WI.., " ·2. " 1,'" ,,0:0 5,~ 10,0 1 ,~ 
2"'~0 1 • III 211.0 1 , " 
"0~" 1~0 17~11 1 : '" 5." ~!. ~ t2,0 1 ~ P! 
5~0 q.~ "'," 1 , PI 
5~0 8~~ "," 1 , PI 
5~0 12.0 0.0 1 ,,,, 
5:" 17~0 "~0 1 ,~ 
5~0 12.0 0,~ 1, e 
5." C;~21 ",0 1 ,,,, 
PI~0 0~0 0," 1 ~ '" 

~b~0 !3 ~ 0 \0," 1~0 
13,2 "~7 0,0 Z~PJ 
aZ.b 0.5 0,0 2r~ 
38~a "',O 0," 2,0 
3".7 0.2 0.0 2,'" 
~8~" e.l 0~" 2~~ 
30~3 0.0 ",0 Z,'" 
a3~7 1 , Q "," 2p'" 
~3~0 0~2 ",'" 2F" 
25,Q ",q 1 , a 2,p! 
~5,l 0~1 "," 2~'" 
11,1 ~.0 l8, a 2 r0 
'7~Q 0,a '8,G 2r'" 
lb~2 ~,0 b," i,0 
7, , 2~2 l,b i:1J 
-;~J 2.~ 9,b 2r~ 
7,7 ll,~ e,8 2," 
l f b 0,2 "." 2pl1! 

t~.& 0.2 -',0 ip'" 
i'Q~8 "~0 l,e 2,'" 
17, b 0~0 , , :5 2 p0 
1~3 ~,0 5,~ 2,111 10: 1 ",1 11, & 2~0 

37~" 0." 3,b ir~ 
0," 0.0 2.b 2.0 
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~~0 J5 ~" 0," 1;5 l'" , 
1 ,a U'e ".1 l,. ire , 

1I'~1 8,e '.8 ",0 ip~ 
2." 18:" a,l 8,1 i.ft 
1." 18:a ",} 2," ire 
B.e u;~ ,,~., 0,2 i,A ".iI Il.i 0,0 ".e i:" 
0,e n~8 0~" l;" i;B ill." 28.1 0,0 10,2 i,I'I 
0~" 11:8 ",e ",2 l~B 
1 ," 10~l 0,0 e," i,A 
",0 ll; l 0,0 l," l,0 
0.~ 11, \ ", 1 1 ," ipB 
0~~ t1: fa ",0 5,1 It'' 
",0 11~0 0~b 0,0 ip0 
"'," It: 1 ",~ ",0 l,0 
~~" 50:5 0.0 "," i,e \:i." ?Q:S ",0 1,0 i,B ":0 1:1 ~:5 "," 2,e 
0," ll~ 5 1:I~3 0," ZpA 
1, " ?1:" ~," ",0 i.e 
0," 25:q ~.1 0," i,0 
,q,~ 1 ~ ~ I "~111 ",0 i," kI,e 35,0 II!,\ ",,, lpA 
1.0 111 :3 "~0 0,0 l,e 
I." 11:1 111: 8" ";,, 2~B 
1.0 20'Z "~2 0,0 i:B , 
",0 \4,2 \,Z ",0 l.e 
",111 25:5 ~,l ",~ irA III." 1'1: II ", I l,0 lpA 

te,0 u:a ".1 4,0 i.e 
l.0 15'1 0,~ 4,2 lp" , 
1. " \4.a Iil,l iii," lp0 
3." 18:3 0,0 e,0 lpft 
0.111 11:1 0:0 "~B lpB 
e,a 8·8 ",0 1,8 l,11I 
I." 1'l 0," l,b i,A , 
e." 11 ." " • t 2,0 2~B 
".~ 12~ 1 ",0 2," i.A 
i.e 211 ,5 ".1 1,5 l~" 22,0 q." ~~1 I," l~0 
2.0 b5~l ".~ ll, " l.", 
3:" 55.0 1 : ., 1~,2 2;A 
~." 8 'l 0~0 I," i,A , 
"." 2b ," 1.0 ",2 i.11I 
",~ Ib,5 0,1:' ",0 l;~ 
b,0 1Q~5 "~l I ," irA 
~.0 1111,5 ".i "," i,B 
0." 51: 1 ":0 0,2 i~11I 
"." 1 1 :" 0: 1 IA,IA i~" l." 13: 1 0~3 ",IA l,A 
1,111 1":11 ",0 2,8 i~0 
1,0 1 1 , Q ",4 1,A i.A 
".~ 8," 0,1 2,2 l;" 

21," lb." Ill, II 4,0 1 p 0 
"." 111 :0 A," ",2 l,~ 
b,l1I tl; J " , I 1,2 2,0 
",0 \,1 0,5 e," lpA 
J." "~1 0,b ",l 2,111 
l,B 1,1 ~,II 2,Q liB 

1 3, III Q,I 1,2 1,11 l,1 
1,0 5,5 12,8 1,0 i," 
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5," U~b IB~Q 2:u l,f! 
11,0 7 ~ 1 l.~ 1 ~ 2 l~" 

I~,III ll:& 12~5 ",4 2~G11 l,0 2'~8 1,7 e,2 l,'" l",a UI~b 1,41 1,8 2. GIl 
",0 I~,l .,:41 b,b l,1II 
7~" 7: I b~0 17,8 2," "," 18: ~ 0,Q 0,b 2,0 
0,O I~:q l' t B,l 2,0 
0,9 '~~4 l'0 0,9 2,0 , 
1 ,I!! b,q 1,4 0,0 2~0 
0,0 15,7 ~~" 0,8 2," 
0.9 I 1 ; 7 ",1 9,8 2,'" 
",111 U." ~,l 0,5 Z," Id," :n~8 8,1 ",4 2,e 
"," til, " 8,2 1 , 2 2,f! 
"," ] 1, q 4,q 1,4 i,f! "," ,," l,b 4," i,'" 0," 41,4 1 , 1 l,e 2," 
1," 21:1 1 : 1 1," Z,III 
II," 2l ~ 1 5,q 1.8 2,0 
1~0 I 1 ~ 1 ~,q b:e 2,a 
2~PJ to ~ q 3,9 2;8 2,f! 
2,O Itl,b Ib,l J," ~.III 2,e 15.4 7,Q ",4 l,e 
~,eI 4S:1 13 ;'1 ~,b l,0 
10:1.0 21~1 7.0 0,0 l.0 H." 1~.7 11.4 ",4 2~G11 Ii." tl ~ 41 1 : 2 ",Ii i," tl.0 ll~5 11.2 1,2 i,1!I 
".~ 11 ~ tI 0,0 I ,~ 2," 
~." 15~b ".2 ",b 2," 
0.0 7.7 tl.~ l,'4 l.1lI 
0.0 q:Q tl ~ 1 7,2 2~0 '5." q~Q 0~8 11,0 2." 
2,0 7: 1 l~l q,0 ~~III 
~." '''~7 ".'" t ,0 "," tl~1!I 1",7 9:1 I , b 2.111 
1.0 14.9 0,l l,b l~0 
1,0 ItI.l O,1 l,b 2," 
~." 5~5 ",0 0,11 2,O 
b." 10.7 ",2 I , e 2,111 
1 • " I 1 ~ Q 5.0 ",b l." 
1. ~ "', U 0~9 1,0 2~0 
q." 18.0 ",7 4,t! 2.1!! 

15," IZ~q 22.7 23,2 1 , " 3.0 1l.8 2,4 1,0 2.0 
1." 17:b 1. b 11 ," l.1II 
0.0 n:" e~" 0," 2;0 

H. GIl QI~8 1,5 21,2 2.111 
1." 5~1 H." 1,0 Z~'" 
1 • 0 lI:b 241~b 19,2 2, GIl 
3.13 ~5:2 ",6 :U,0 2,QI 
l.~ ,,~: ~ 0.1 1,8 i,1II 
2.0 Iq~b tl,1 ",41 2,0 
0." 12:5 ",1 0,0 2,A 
1, " 5:q 0.1 1,4 2,'" 
~." Ib~4 2,7 l,b 2.111 
17.~ 18,7 1l,4 14 ,b l;1!! 
0.0 41.1 1.9 ",5 2.111 
0.0 lb~4 tl,l 1 , tI 2;~ 
".0 11.1 0.5 0.0 2.0 
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20 ." lll.9 B,S I 1,8 i.~ 
?2.3 11: b 11 , i 13,0 2 p Pl 
"." 10 ~., 

"i .' 
1,0 i,0 

0,0 19, 1 11 ,0 1,e i~1I! 
1.0 lb.l ra,l li,i i.0 
0.0 11 ~" ",'1 1 , i i:1IJ 
1 • " 5~1 ",1 0,0 2~0 
0.0 U~5 0," 0,0 2.0 
2.0 &~1 ",1 1,8 i,A 
0.9 15,1 5.1 '1,0 2,Pl 
0.O 15.5 1.1l 0,0 i,1!I 
0.0 e.5 2.1 0," Z,'" 
"." 8:9 10~ b 1,0 l.1I! 
1. " "~7 1 .1 0.& l,1!! 
".0 9~" l~Z 0;" l,1!! 
0.0 U~" 5,5 0," i~" 0,0 22' 0 i," l1l,e l,f! , 
0.0 4,2 1, , 0,0 2 • ., 
1.0 1 1 • '!I 14,7 "," i," 
5." 29~9 1",1 ",0 i.1!I 
0.0 18.1 1",7 0," i:1!! 
0.0 tl ~ 1 S,0 0,1'1 i;., 
2,~ 4.0 ",5 ",1.1 2~" 

13,0 31~1 ",1 b,i loA 
0,0 2.8 27 .5 0,5 2r" 
kl.1d 5~& :5 0 ~ J' O,0 i,e 
0.0 lb:9 le," "," 2.0 
0.O ti:S 21 , i 2,0 2,1'1 
8.~ 2Q~S ", 1 11,8 2,'" 
~.0 2:2 ", 1 0,0 l,., 
~,0 23~3 0,O Ii," i~1!! 
1,0 \l~" ",1 \ i, 0 i.1!I 
1 .0 39: q ".q ",0 i~e 
0,0 bl.b 0~" 0,a i,1!! 
1.0 25:1 "'.2 5,b Z,0 
0.0 2e~" 0~e 15,0 l,0 
0,0 23: 5 0, 1 1,2 2.0 
1,0 2,,~e ",5 8,b 2,0 
0,0 Il,e ".1 1," i,e 
".111 5." 0~3 3,S i," 
0.QI 1°:1 ",2 1,1 i,l!! 
3.0 29~3 0,1 ",2 i," 
13," 'HI.b 0.8 ",0 2, I!! 
0." "" ~ 5 0~0 ",0 2," 
0.0 11 ,8 ~.0 Z7 ,0 i,0 
0.0 34 ." ~,8 le,0 2," 
2.0 12' 3 "',0 b,7 i;1!I 
i.0 e'8 " • I b,8 i,0 • 
0.0 9~1 0,0 ",5 Z.I!! 
0,O 12~b 0,i 0,2 l.0 
1.0 t 4," ".I!! ii," ij.9 
0,0 le.l 0.1 1'1,0 i r " 
0.0 lS:3 "~0 b,0 2,0 
19~0 52:0 fI.9 1,2 1,1!! 
0.0 bi~b ",5 ",b 1,e 

lb.0 b2.2 1,b 9,b l,lI! 
b.PI 49:1 ",7 1,0 1 ,I!! 

lb.0 "5: 7 2," 2," 1~1!I 
t 9 ,0 35'b 1, e 1, e l,lIJ , 
7,0 b7.e 1.5 1,2 1 r IIJ 
b,0 5'!1~8 0:8 2," 1,0 
0.O 58.l 0~1 e." 1 .0 
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1.B 
;).0 

U.0 
nNISH 



PROGRAM OUTPUT 



•••••••••••••••••••••••••••••••••••••••• 
• CO-'UTATlo~ C(~T[. • 
• U~IY(.SITY OF TfrAS AT AU!TIN • 
• SOCIAL SCJ(~tfS CO.PUTING LARORATORY • 
•••••••••••••••••••••••••••••••••••••••• 

I1U" "A"'f 
y",IABLE LIlT 
1",'UT FO'I'HT 

'AILURf 
"1>10·1" 
l[y[lI[S 

"U"·ING 
CVP'QlAV 

, ~. , ~. 
, 'I. 

, '. 
, 'I. 

or.CRI~I~ANT A"'lYSI. 0' OYEILAVf~ ~fCTIO~~ 
'AILU.E.MI .. O •• '.sEyE.fa.PUM.I~G,OvEAL'· 
'IrEO(.t,'~,'.~r,'~.I,'I,'~;!.'r.".1,5t.'5.ll 

COlU"~S 

~. . 
I~. l' 
1'S. ,. 
l~· ,. 0,. a' 

TWE I~P~T 'OR .. AT "AOvIO!! FOR S YARIAIL!', 
IT PAOVIO!S 'OR I(COtO. (tCA.oI.' "EI C'IE: 

5 "hL BE A(iO 
A MAIl-v" 0' ••• COLu· .... ,-f USEO O~ , R[COIo • 

.. 0'" C,SEI 
ViII LABEll 
VA" ~'8EL' 
YU LAS~LS 
VAil Li8ELI 
HII Lunl 
VALUE LABfLS 
01 aCRIMI""'IT 

III 
"IlUAE. NUM!!ER 0' 'AllUIIE5 '!'1 MILE 
MI"ORS'.PEIICENT 0' "YNOI 'PiLLI~G 
I(v(II!,.'(RC!",T 0' .EvfPE "'lL!"'G 
'U.PI",'."!IC!",T 0' PU.PI"G 
OVEILA' •• A' MIGH.AY ~!!'" OYE'LAV!~~ 

oVr l lAT(I."'fl(l.0' .. 0 
,.OUP •• OVEIILA.(I~ •• l •• '/Villli!lLr5.'AtlUQE.Mt .. Cllsp. 

. IEV(II(I.'U-"INGI 
iNAL.II,a'illuIE.-INO','.S!V!IIEe.'U-'I"'GI 
"UMOoaoII(CT .. ' 1.1.' 

OPTIO>lI .TA TIITICS 
R[AO I""UT t')iU 

OPTIO .. - 1 
IGNORE MIS~IN' VALVE INOICATORS 

OPTlO'" • 5 
•• ,,,,T Cl&SSI'IC&TIOH .ESULTI TiBLE 

OPTION ... 
• ,y .. T DI'C'IMI .. &NT ICO-(S iHO CLi"r'IeiTIO" IN'O.M&TIO~ 

""TtI'lH • 7 
'IIHT , SINGLE PLOT 0' C'S~S 



HQN,"r 

"IIOU" CQUHU 

" AllURE 
111"011,,, 
',V[II[I 

"u"PtIlG 

"/HI1JI> 

t~;'UI ,. 
l2.12'!4 _;,,,110 
~.7"'" 

ST "'0&110 DE Ii IA T J Oil' 

,,"nu" 
'aILJ"£ U;0Il Q !1 
·q .. rHIP ll, 3~78i 
'~"'E"rs '.i,.l o5' 
"U""I~C II.!"'" 

1 

ZH. 

GROUI> 'I fOUL 

2.,,'S1l1l 1."US 
14.Sl'" ll.lfll'! 

1,145111 3,III&CI II" 
l.'HU 3. "'il5 

CiItOUP l TOYal 

_,ll'l" 8,1'''''' 
Il.'flC!Qb IS.Ib"')~ 
.,1141'1 fl. ee)a' 
'!.'l'!ee S. 'I 0b 1111 



........ • • • • • • • • DIS C R 1 ~ r ~ , ~ , 

'OLU'IO~ ~['~"o • OIRfe'. 

'RI0_ PloeA81LI'I£' - EQVAL 

GIIOu' GRO!)" 2 

IfU "I t III 
"t_nvltO 

I 

'&lLUI [ 
OIlNO.I" 
S[Y[U& 
"v"·rNG 

:~nn 

f:1i:hYal.uE 

;aH5 q 

-I."ee" 
•• lIa~l!'~ _.,,81119 

• tllJ!'i iii 0 

.~1!001! 

CAlojo..,rCH 
CaRREL AT 10'1 

~HQIl 

'EQct"" .1L~S 

c' 'uCf t.,"eOA 

ue~. .~OHA 

\8 AUG n 

A ~ , l V SIS • • - • • • • • • • • • • • • • • • • • • 

ewl.IQU,A! Il.'. SIG'ilnC''''CE 

117.7'121 1 .ee. 



ouc.r~fN'NT ANALYSIS C' OY'-~l.YfO Hcr !O~S 10 AUG 7,. 1'5,17;n, "'GI!: '5 

CAlt: fo4UU"G 'CTU!L """[$' "1I0~.8ILITY pNr: -1:;"[5T I)!SC II I'1I"''''' ~COII[S 

'US'II. S[Q"U" "'LUES ,,'oup IOIIOU" 0--1 PO/G) P((iI1l) '''Ou'' "((ilt I 1 

I I I I,'." ,eij. ,"'" I ,II!II -l,'.~ 
I I I '5,13. ,111'5 I,"". _II,lle 
1 I I , I'll ,101'5 ,81110 I , 1'5/1 -1,'55. 
G I I 1.17'1 ,/'5~ ,"'1'5 I ,eli'S -1,101 
5 I ••• I ,'S21 , .. 711 ,732 I .2.8 -,)8. 

• I I 5,"4 ,eu I. elllll _",0112 
1 I I Ib.]", ,illl! l,eeEl -.,112. 
8 I I 1".5"" ,Ile0 I • IIlel -11,3" 
• I I ,103 ~oel ,.1 • I ,U· -1,1 J1 

\II I I 1,8111 ,lt1 ,58' I , -II -,'''5 
It I ••• 2 ,'S41 ,1I~1 "l1li I .14e - •• :U 
tl I ••• I • ']ll ,ll'S ,.'" I ,HI -,'" \J I .. ' I ,1111111 ,~ 1Il ,848 I ,ttl .111 
I. I -.. I ,111 ,S71 ,482 I ,II~ .,e5 
I' I I II. III'S ,1101 I,IIU -'S,.5'5 
U t ••• I ,elll ,"11 ,'3· I ,'.1 ,3.1 
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APPENDIX J. EXAMPLE CALCULATION OF 
DISCRIMINANT SCORE 

Table J.l presents a summary of the calculations performed to obtain 

the "zeta" values for several CRCP sec tions 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 

CFTRII LENGTH F/M 

1006FB 5.2 8.5 

WB 6.2 

1007EB 4.8 11.5 

WE 11.0 

100lEB 4.0 11.5 

WB 4.5 

1005EB 8.2 1.3 

WE 1.7 

1004EB 8.0 18.4 

WE 18.8 

F/M - failures per mile 

%MS - percent minor spalling 

%SS - severe spall 

%P - pumping 

Note: Highway: IH20 - Dist 10 

Van Zandt Co. 

%MS %SS 

52.3 3.9 

71.5 2.3 

69.3 1.5 

84.8 5.0 

67.7 5.7 

43.5 3.7 

60.0 1.0 

64.7 1.0 

56.1 6.9 

61.9 8.2 

(From Kaufman CIL East to Smith C/L) 

%P 

1.4 

6,0 

1.5 

2.6 

8.6 

7.6 

1.9 

0.2 

5.2 

8.6 

Z 

-0.85 

-1.10 

-1. 77 

-1.98 

-1. 75 

0.03 

-0.05 

-0.27 

-2.39 

N 
o 
N 
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