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PREFACE 

Texas has about 30 percent of the 10,000 miles of CRCP in the United 

States. These pavements are located throughout the State, with the environ­

mental conditions and the traffic loading differing considerably from 

place to place, thus making Texas unique for the study of CRCP. 

This report presents a qualitative analysis of the distress condition 

of CRCP in the State. We have attempted to take advantage of the field data 

collected since 1974 concerning the conditon of CRCP, to analyze it in a 

general form without getting involved with statistics. By doing this, we 

have emphasized the obvious factors and developed evidence to support further 

analysis. Nevertheless, statistical analysis has been used in developing 

criteria for major rehabilitation, and a later report will present performance 

algorithms based on a thorough statistical analysis of the data. 

With this analysis, assessment of the merits can be made of the 

different environmental and loading conditions. Potential areas of failure 

can be identified for future maintenance planning using these findings. 
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ABSTRACT 

With the objective of obtaining historical performance data for design, 

maintenance, and research, the Texas SDHPT initiated a series of condition 

surveys of CRCP in 1974. A follow-up survey was conducted in 1978. 

Using condition survey data for CRCP from 1974 and 1978 in the State, a 

qualitative analysiS of the distress condition of these pavements was per­

formed, as described below. 

(1) The primary objective was to make a summary analysis of the 1978 
condition survey data and compare it with the 1974 condition survey 
data. The results are presented in a summary form with only 
minimal statistical analysis; therefore, only the obvious obser­
vations or conclusions are emphasized. 

The analytical approach consisted of isolating each of the 
different variables involved (age, traffic, environmental 
conditions, material type, etc.) and defining qualitatively 
its effects on the distress of the pavement (failures, crack 
spacing, and spalling of cracks). An extensive number of graphs 
and tables were used in the analysis. Basically, the data indi-

6 
cate the life of 8-inch CRCP in Texas for 1 to 6 x 10 equivalent 
l8-kip single-axle applications, and the changing performance 
across the State implies thicker pavements are required in the 
eastern part of the State than the western for the same traffic. 

(2) The values predicted by the computer program, CRCP-2, are com­
pared to the measured crack spacing data. The results indi­
cate that the program is a viable tool that may be used to 
design the reinforcement for a given set of conditions. 

(3) In addition. preliminary cr.iterion has been developed for major 
rehabil i tation. Using discriminant analysis, an equation was 
obtained to weight the different distress manifestations and 
assign a score to each CRCP section. The magni tude of score 
is related to the distress condition of the pavement and can 
be used to decide if a pavement should be overlayed. 

KEY WORDS: continuously reinforced concrete pavement (CRCP), condition 
survey, distress, rehabilitation, discriminant analysis, utility functions. 
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SUMMARY 

In this report, an attempt is made to analyze the distress condition of 

CRCP in ten of the Texas SDHPT Districts. 

First, a summary of the distress of the various districts is given; this 

includes failures per mile (punchouts and patches), cracking and spalling 

of the pavement under study. Next, each of the distress types is related to 

the different variables assumed to affect the distress condition of the 

pavement (age, traffic, environmental conditions, etc.). The crack spacing 

data computed by the program CRCP-2 are compared to the crack spacing data 

collected in the field. Finally, data for sections that were overlayed 

between the 1974 and 1978 condition surveys are used to determine a criterion 

for deciding when to overlay in terms of distress condition of the pavement. 

The results are discussed from the standpoint of original design intent 

and, in the last section, conclusions and recommendations are given. In the 

appendices, the data used for the analysis are presented and some of the 

topics are discussed in more detail. 

xi 
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IMPLEMENTATION STATEMENT 

Analysis of the 1974 and 1978 condition survey data along with comparison 

of previous design and construction practices and recent design developments 

led to the following statements: 

(1) Thickness of CRCP must be related to the equivalent 18-kip ax1e­
load applications expected, the soil support, and the concrete 
type employed; the practice of using 8-inch pavements with 
improved subbase did not give adequate results. 

(a) Thicker pavements must be used as the projected design 
traffic increases. 

(b) For equal traffic conditions, a thicker pavement should 
be used in the eastern part than in the western part 
of the State. 

(c) In general, CRCP constructed with coarse aggregate of 
crushed limestone has a better performance history than 
the silicious river gravel, and thus, changes should be 
made in the specifications and design standards to 
recognize this. 

(2) The equations presented in Chapter 8, developed from the field data 
characterizing the reasons leading to overlay of CRCP, are useful 
as a criteria in deciding future overlays. 

xiii 
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CHAPTER 1. INTRODUCTION 

With the objective of obtaining historical performance data for design, 

maintenance and research, the Texas State Highway Department of Public Trans­

portation (SDHPT) initiated a condition survey of CRCP in 1974. Ten of the 

SDHPT Districts were considered in this first round of surveys, shown in Fig 

1. In 1976, the CRCP in the more urban districts, i.e., Districts 2, 12, 15, 

and 18 were surveyed,using photographic techniques. In 1978, a follow-up 

survey was conducted. 

Background of 1974 Condition Survey 

In order to obtain performance information, a comprehensive survey of 

all continuously reinforced pavements in the State of Texas was carried out 

in 1974. The intention was to quantify distress in the CRCP in use through­

out the state, from which the general condition of CRCP could be verified, 

unique design and performance problems could be established, and limited, 

and detailed performance studies could be set up for research on the estab­

lishment of new design criteria (Ref 1). 

A survey technique was developed (Refs 1 and 2). Each road was surveyed 

by two persons in one vehicle, traveling on the shoulder at approximately 

5 miles per hour. Sections of 0.2 miles were rated considering the dis­

tress condition, and the riding quality of the facility. The distress 

manifestations recorded were: transverse and localized cracks, spalling, 

pumping, punchouts, and repair patches. These data, after being collected 

in the field, were stored, processed, and reported by a computer. The reports 

were distributed to the districts and the SDHPT. 

Description of 1978 Condition Survey 

During the second half of 1978, the CRCP in the state were surveyed 

again, to follow up the objectives set in 1974 and to help in planning 

1 
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TEXAS 

Fig 1. Location of districts surveyed in 1974 and 1978. 
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and scheduling of maintenance and rehabilitation activities. The same survey 

technique was used, but the records and the reporting procedures were modified. 

The results of the 1978 condition survey of CRCP in the State of Texas 

are reported in a series of four reports: the first one encompasses a compu­

ter summary of the condition survey for each specific district; the second 

report documents the procedure for the surveys and contains a description of 

the storage of the data as a permanent record; the third report covers the 

overall 1978 condition survey and compares it with the 1974 data; the last 

report is a detailed analysis of the condition survey results. 

The first report was circulated to the Districts in an unpublished form. 

This report is the third in the series and the others will follow at later 

dates. 

Objectives 

The primary objective of this report is to make an analysis of the 1978 

condition survey and compare it with the 1974 condition survey data. 

Thus, results are presented in a summary form with only a minimal 

statistical analysis. Only the obvious observations or conclusions are 

emphasized, such as more distress in certain areas of the state, the effect 

of traffic, etc. The capabilities of a reinforcement design program, CRCP-2, 

are tested by comparing its results to the field data collected. In addition, 

preliminary criteria have been developed for major rehabilitation, taking 

into account the pavements overlayed since 1974. 

Scope of the Report 

In the next section, a summary of the distress conditions in the various 

districts in the state is given; this summary includes failures per mile and 

cracking and spa11ing of the pavements studied. Next, an analysis of the data 

is attempted; the parameters involved are age, climatic conditions, traffic, 

construction methods, and geometrical and mechanical properties of the 

materials. The conclusions obtained are summarized in the last part of the 

report. Appendices A and B contain the data considered in the analysis. 

Appendix C presents the background material for predicting the crack spacing 
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to be compared with measured values. An analysis of the overlayed sections 

is performed, and from it a criterion for deciding when to overlay is 

developed; Appendix D is a detailed description of the procedure followed. 

A more detailed summary of the data is the scope of another report. 



CHAPTER 2. SUMMARY OF STATEWIDE DISTRESS CONDITION 

The distress manifestations recorded during the 1978 condition survey 

were spalling, pumping, punchouts, and patches (see Reference 1 for a detailed 

explanation of these terms). In addition, the average crack spacing for each 

project was determined. For discussion purposes in this report, the distress 

manifestations are considered as failures, cracking, and spalling. 

In this section, each of the distress manifestations is examined 

relative to state-wide historical trends between 1974 and 1978. In addition, 

general comments are made relative to each of the districts. 

Failures 

In accordance with the Highway Design Division's request, failures are 

considered as the sum of punchouts and repaired patches observed on the pave­

ment. A punchout is defined as closely spaced transverse cracks linked by 

longitudinal cracks to form rectangular shaped blocks. Patches may be 

either portland cement concrete or asphalt concrete. During the survey, 

the condition of the repair patch was not determined; only the number of 

repairs were counted. In Fig 2, the mean numbers of failures per mile in each 

district are shown for 1974 and 1978. The number of failures in each district 

would be expected to increase from 1974 to 1978; in some cases this is not 

true because the highly distressed sections have been overlayed, reducing 

the observable number of failures per mile. 

The number of failures per mile in some districts is larger than in 

others, but the reason is not apparent from the data, and that will be the 

subject of subsequent reports. In Table 1, further information for each 

district is given: the length reported, the length overlayed since 1974, the 

age range, failures per mile, and the mean riding quality. The mean riding 

quality was not obtained for each District in 1978, so only limited observa­

tions can be made regarding this term. To assist the reader in making 

relative comparisons, the survey data is summarized in Table 2 in terms of 

length, age, mean failures, maximum failures, and riding quality. 

5 
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Dist I 

Dist 3 

Dist 4 
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Dist 10 

Dist 13 
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Dist 19 
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Dist 24 

Dist 25 

Failures Per Mile 
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Fig 2. Mean failures per mile in each district. 



TABLE 1. SUMMARY OF FAILURES FOR THE CRCP 1978 SURVEY 

Length Mean Maximum Mean 
Length Overlayed Age Failures Number of Riding 

Reported Since 1974 Range Per Mile Failures Quality 
District (miles) (miles) (years) 1974 1978 Per Mile 1974 1978 

1 89.2 1.6 3.5 to 14.5 1.2 1.9 7.8 3.2 

3 115.0 1.4 5.0 to 14.0 0.4 0.4 1.7 3.2 

4 81.2 0 6.2 to 13.8 0.4 0.9 6.1 3.3 

9 46.6 16.2 7.9 to 18.5 7.1 2.9 19.0 2.8 3.1 

10 167.3 0 11.3 to 15.2 2.6 7.4 22.4 3.2 

13 292.6 13.0 4.3 to 16.1 0.3 2.0 26.7 3.5 

17 238.2 23.0 6.2 to 17.4 5.9 1.7 6.6 3.6 3-6 

19 216.5 24.8 6.5 to 13.8 2.0 5.9 45.0 3.5 

20 77 .2 21.4 6.4 to 15.4 1.5 1.7 28.9 3.1 

24 99.0 0 3.0 to 8.9 0 0.2 0.7 

25 61.2 0 3.0 to 10.2 0 0.3 0.8 3.9 
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TABLE 2. TENTATIVE PAVEMENT CONDITION SCALE 

Failures Per Mile Condition .-

o - 3 Excellent 

3 - 9 Fair 

9 - 27 Poor 

27 (+) Very poor 
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Cracking 

All continuously reinforced concrete pavements have transverse cracking, 

but, if the average spacing over a distance is less than two feet, the 

probability of punchouts is increased. Thus, transverse cracking, i.e., 

spacing of less than two feet, was considered as a distress manifestation. 

In 1974, the length of pavement within the section surveyed having close 

transverse cracking was added; and, the accumulated length as a percentage 

of the section length was reported. In 1978, 300-foot samples, one in 

each project, were chosen at random and the spacing between cracks was 

measured. The average crack spacing was then computed and considered as 

a representative value for the project. 

Spa11ing 

Spa11ing is defined as the widening of existing cracks through secondary 

cracking or breaking of the crack edge. A minor spall is defined as edge 

cracking where the loss of material has formed a spall of one-ha1f-inch 

wide or less. Severe spa11ing defines the case where the spa11ing has 

widened so much that smoothness of ride is affected. 

The criterion for measuring spa11ed cracks in 1978 was changed from 

the criterion followed in 1974. In 1974, an estimate of the percentage 

of cracks that showed minor and severe spa11ing was made. In 1978, the 

actual number of spa11ed cracks in every section was determined; the percent­

age of spa11ing was then derived from this figure and the average crack 

spacing. 

Only spa11ing data for 1978 are presented due to the limitations already 

mentioned. In Table 3, a summary of cracking and spa11ing in the districts 

considered is given; further details may be found in Appendix B. 

Observations by Districts 

Using the data in Tables 1 and 3, general observations can be made 

relative to each District. 

District 1. The number of failures per mile encountered is, in general 

small; the maximum number of failures is 7.8. No major differences exist 
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TABLE 3. STATEWIDE SUMMARY OF CRACK SPACING AND SPALLED CRACKS 

Mean 
Crack 

Percent Spa11ed Cracks Spacing 
District (f eet) Minor Severe 

1 6.9 26.9 0.6 

3 6.3 20.5 0.1 

4 3.2 18.9 0.2 

9 8.7 44.2 1.1 

10 6.8 54.7 2.1 

13 5.1 18.6 3.8 

17 4.0 11.8 0.9 

19 3.7 18.5 6.5 

20 4.2 13.3 8.2 

24 5.0 28.6 0.4 

25 2.9 13.4 0.1 



between the 1974 and the 1978 data, and no sections were overlayed during 

the four year interval. 

District 3. The condition of the CRCP is good according to the survey. 

Even the maximum number of failures per mile is small. 

District 4. The CRCP condition in this district is also good. The 

largest number of failures per mile is 6.1, which is in the "fair" 

category. 

11 

District 9. Various projects in this district are within the "poor" 

range of failures per mile. This district contains some of the oldest CRCP 

in the state. The mean riding quality in the district was improved from 1974 

to 1978 due to overlaying several of the projects. It appears that the main 

criteria for overlaying was the number of failures per mile rather than the 

riding quality. Nevertheless, most of the projects have a riding quality of 

less than 3.0. 

District 10. District 10 has a large number of failures per mile. A 

number of the projects are in the "poor" condition category. 

District 13. In general, the CRCP condition in this district is good. 

District 17. In general, the condition is "fair". Several projects have 

been overlayed; it is apparent that the number of failures was the main cri­

teria to overlay since the mean riding quality, i.e., PSI, was above 3.0. 

District 19. In this district, several of the sections are ranked as 

"poor". The maximum number of failures per mile .may be misleading, since 

it was calculated over a very short section. Almost 25 miles have been over­

layed in the district; the criteria for overlaying are not clear from the 

data. 

District 20. Although the mean number of failures per mile is not large, 

a few of the individual sections have numerous failures; this leads to a 

large maximum number of failures. From the data, it is not apparent what the 

primary criteria to overlay are. 

District 24. The numbers of failures in the different sections are small. 

The riding quality was not recorded in the 1974 survey. 

District 25. Most of the projects in this district are fairly new, and 

the number of failures is small. 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



CHAPTER 3. DISCUSSION OF ANALYTICAL APPROACH 

The data can be analyzed from a number of levels, but our approach 

consists of isolating each of the different parameters, with the help of 

graphs, charts, maps, etc., to define qualitatively the effect of each 

variable parameter on the performance of the highway. 

The first step is to select the parameters which will be observed and 

which may have an important influence on the process of deterioration of 

the highway. The distress condition can be hypothesized to be a function 

of the age of the pavement, traffic, climatic conditions, construction 

procedures, and geometric and mechanic properties of the materials in the 

pavement structure. 

Past experience and the available data constrain our analysis to the 

following parameters: 

(1) age, 

(2) traffic conditions, 

(3) geographical location: this encompasses climate and soil type, 

(4) construction procedures, 

(5) material type: limestone vs. river gravel concrete, and 

(6) material property: strength of concrete. 

At this stage, it is important to mention that a true isolation of the 

variables is not possible due to the interactions among them; that is, we 

could choose observations under the same conditions and draw some conclusions 

regarding the variable being studied, but the conclusions might not be valid 

for a different combination of the fixed conditions. Thus, any conclusions 

will be, of necessity, generalizations supporting the obvious factors. 

A more detailed analysis, taking into account the effects of all 

variables at different levels, will be considered in another report where 

statistical analysis will be performed in detail. 

13 
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CHAPTER 4. ANALYSIS OF FAILURE DATA 

In this section, the effects of various parameters in the occurrence 

of failures are studies. It was previously stated that punchouts and 

repaired patches in a section were combined and considered as failures. 

Generally, in a CRC pavement, the longitudinal stresses are large com­

pared with the transverse stresses unless the spacing between cracks becomes 

so small that the transverse stresses are significant, leading to the 

formation of punchouts. 

Effect of Age 

Age per se is not a cause of failure occurrence, but it interacts with 

other factors, i.e., traffic, temperature, moisture, etc., to produce 

or increase the number of failures. 

It is obvious that the number of failures per mile should increase with 

age. However, in Table 4, the number of failures suddenly drops for pavements 

older than fourteen years; the reason is that most of the pavements above 

this age have been overlayed, as may be noted in Fig 3. 

In Table 5, the number of failures per mile for different ages in the 

various districts surveyed is shown. In general, it can be observed that, 

in any district, the number of failures increases with time. 

If we compare across districts by age, the large variability in 

performance can be noted, which implies that other factors are influencing 

the results. 

Effect of Traffic 

From Fig 4 and Table 6, it is apparent tha~ an increase in axle load 

applications leads to a larger number of failures. It is important to note 

that the percentage of overlayed sections increases with traffic load applica­

tions for pavement with traffic between 5 and 6 million 18K-EAL. Where 

15 
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TABLE 4. EFFECT OF AGE IN CRCP FAILURES 

Length Percent Number of Failures* 
Age Length Overlayed Length "per mile 

(years) Reported (miles) Overlayed 1978 1974 

0 to 2 0.0 

2 to 4 15.6 0.0 0.5 0.2 

4 to 6 84.6 5.0 5.9 0.4 0.4 

6 to 8 365.9 9.0 2.5 1.1 2.2 

8 to 10 244.4 1.4 0.6 1.4 2.6 

10 to 12 315.0 54.2 17.2 4.4 2.3 

12 to 14 232.2 7.8 3.4 6.2 37.8 

14 to 16 180.3 21.4 11.9 5.6 25.3 

> 16 37.7 33.0 87.5 0.4 

Rating Score 

See next page. 



TABLE 5. NUMBER OF FAILURES PER ~nLE)':FOR DIFFERENT AGES IN VARIOUS DISTRICTS 

District 
Age (years) 1 3 4 9 10 13 17 19 20 24 25 

a to 2 

2 to 4 a 1.2 a 

4 to 6 0.5 a 0.4 0.6 

6 to 8 0.2 0.3 0.5 0.2 0.8 2.7 0.8 0.9 0.2 

8 to 10 0.4 0.5 1.6 2.9 1.0 0.3 0.2 0.1 

10 to 12 4.4 0.9 1.5 9.5 3.3 1.9 3.1 9.7 1.4 0.1 

12 to 14 1.2 0 0 5.2 8.4 6.6 12.5 

14 to 16 3.8 0.4 10.0 7.6 0.9 0.1 

>16 0.4 a a 

*Re1ative Score 

0-3 good 

3-9 fair 

9(+) bad 
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Pavement Age 
(years) 

5 

Failures Per Mi Ie 

10 

0-2 No Data 

2-4 

4-6 5.9% Overlayed 

I 
6-8 2.5 % Overlayed 

I I 
8-10 0.6% Overlayed 

I 
10-12 17.2 % Overlayed 

12-14 
I 

.m.~mJ 3.4% Overlayed 

14-16 11.9% Overlayed 

>16 87.5% Overlayed 

Good Fair Bad 

15 

Fig 3. Effect of age on CRCP failures (1978 data). 



Traffic 
(EALI8 
x 106 ) 

<I 

1-2 

2-3 

3-4 

4-5 

5-6 

>6 

Fa iI u res Per Mile 

5 10 15 

. 0.7% Overlayed 

I 
:: 0.3% Overlayed 

I 
7.0% Overlayed 

I 
::::::::::::: 21. 9 % Ove r I a ye d 

I 
::::::::::::: 32.3 % Ove ria yed 

. . . . . . . . . . ...•. .......•.•. . .•... . ..................... . :.:.:.:.:.:.:.:.:.:.:.:.:.:.;.:.:.:.:.:.:.:.:.:.:.:.:.:.:::::::::::::::::::::::::::::::::: 

.......... :.:.:.:.:.:.:.:.:.: . 

Good Fair Bad 

Note: This chart includes only sections that have not been 
overlayed. The percentage of overlayed pavements has 
been annotated to the right of the bar chart. 

Fig 4. Effect of traffic on CRCP failures. 
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TABLE 6. EFFECT OF TRAFFIC ON CRCP FAILURES (1978) 

Traffic Length Length Percent Length Number Failures 
6 (EAL

18 
x 10 ) Reported Overlayed Overlayed Per Mile* 

< 1 28.2 0.2 0.7 0.3 

1 to 2 74.2 0.2 0.3 0.6 

2 to 3 235.0 17.4 7.0 1.6 

3 to 4 193.8 42.4 21.9 2.5 

4 to 5 78.6 25.4 32.3 2.4 

5 to 6 51. 9 14.7 

> 6 10.2 3.3 

* Overlayed sections not considered 



no overlayed sections were recorded, the number of failures falls out of the 

trend shown by the rest of the data (Fig 4). 

In Table 7, the number of failures per mile for different traffic 

conditions in the various districts surveyed is shown. The increment of 

failures with load applications is not obvious because overlayed sections 

within districts have not been considered. 

Effect of Geographical Location 

21 

Geographical location is a broad term used here to encompass temperature, 

moisture, and soil type. The eastern part of the state is more humid and 

has more ground water (Fig 5); the lowest temperatures are recorded in the 

north; expansive clays are more frequently found in the east (Fig 6). 

From the plots in Fig 7, where the influence of geographical location 

on the number of failures per mile for a constant age is shown, it may be 

seen that the districts located in the eastern part of Texas have a larger 

number of failures. For instance, for pavement between 10 and 12 years old, 

the Districts that show more failures are 9, 17, and 19, while the Districts 

with the least failures are 3, 4, and 25, which are located in the west. 

In order to see if the latter effect was due to traffic, a bar chart 

was plotted (Fig 8) for the influence of geographical location in terms of 

the number of failures per mile at constant traffic applications. Districts 

9, 17, and 19 still show the largest number of failures for a fixed value 

of applications, and Districts 3, 4, and 25 still show a smaller number of 

failures per mile. 

It may be concluded that there is a definite influence of the 

geographical location, i.e., of temperature, humidity, ground water, and 

soil type, in the distress condition of a eRe pavement; the worst conditions 

are in the eastern districts. 
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TABLE 7. NUMBER FAILURES PER MILE FOR DIFFERENT TRAFFIC 
CONDITONS IN THE VARIOUS DISTRICTS 

Traffic District 

(F...AL18 
x 106) --1-- 3 4 9 10 13 17 19 20 24 25 

< 1 0.2 0.5 

1 to 2 1.2 0.5 0.5 

2 to 3 0.9 0.8 12.0 3.7 0.7 0.1 

3 to 4 2.0 5.3 1.8 4.2 

4 to 5 2.8 5.4 3.1 0.9 

5 to 6 a 15.8 

> 6 a 4.4 

Rating Scale 

0-3 Excellent 

3-9 Fair 

9-27 Poor 

27+ Very Poor 
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I I Residual Soils 
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Fig 5. Contours of Thornthwaite moisture index for Texas. 
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I;:~~?:J Clay and Orga nic Soi Is 

~ Residual Soils 

D Fi lied Va Ileys and Outwash 

Coastal Plain 

(~}~ttl No-Soi I Areas 

Fig 6. Different soil types in Texas (after Belcher, 
Gregg, Jenkins, and Woods). 
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I I 

20 60.5% Overlayed 
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I I 
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Good Fair Bad 

Fig 7. Influence of location on number of failures per mile (constant age, years), 
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Fig 8. Influence of loaction on number of failures 
per mile (constant traffic). 



CHAPTER 5. ANALYSIS OF CRACK SPACING 

One of the most important responses of a continuously reinforced con­

crete pavement to the action of traffic and environment is its crack pattern. 

The design methods for CRCP are based on the precept of keeping the crack 

pattern within certain limits in order to avoid distress leading to the 

failure of the pavement. 

The mechanism of cracking is very complex since it is affected by a 

large number of interacting variables. Cracking in CRCP starts with the 

first year. Several variables affect the spacing of the cracks; the most 

important being age, traffic, moisture, temperature, reinforcement, and con­

crete properties. In this section, the effects of age, traffic, and geograph­

ical location on crack spacing are examined. 

Effect of Age 

In Table 8, the crack spacing for different ages in the various districts 

surveyed has been summarized. From these data, it appears that crack spacing 

is independent of the age of the pavement in a gross analysis. Studies 

done by McCullough and Chesney on specific projects showed that the crack 

pattern develops quickly in the first months and only a slight decrease in 

the average crack spacing is to be seen in the following years (Ref 4). 

These data show the average crack spacing only for ages in excess of ooe 

year; therefore, the age effect is not present. Furthermore, the other 

variables affecting crack spacing are more dominant; hence, the small changes 

expected after one year may not be detected. 

Effect of Traffic 

The influence of the number of load applications is not apparent from 

Table 9. Theoretically for a certain number of applications the material should 

fail in fatigue and the crack spacing become smaller to relieve the stress. 

This concept can not be ascertained from our data. An increase in the number 

27 
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TABLE 8. AVERAGE CRACK SPACING (FT) FOR CRCP IN 1978 CONSIDERED 
IN TERMS OF AGE AND LOCATION i.e., DISTRICTS 

District 

Age (years) 1 3 4 9 10 13 17 19 20 24 

0 to 2 

2 to 4 7.2 4.9 

4 to 6 7.7 3.0 4.6 

6 to 8 3.8 4.9 4.5 6.2 4.8 3.5 2.6 5.6 

8 to 10 5.1 7.2 2.9 4.3 2.9 4.2 5.9 

10 to 12 8.0 4.8 3.3 7.0 3.0 3.1 4.6 4.6 

12 to 14 6.2 6.1 3.6 9.6 6.9 2.9 3.8 

14 to 16 8.3 5.9 
6.8 4.1 4.3 4.6 

> 16 

25 

3.1 

3.3 

2.9 



Traffic 
x 106) (EAL

18 1 

< 1 3.33 

1 to 2 

2 to 3 

" to 4 8.15 .) 

4 to 5 7.45 

5 to n 

> 6 

TABLE 9. EFFECT OF TRAFFIC ON CRACK SPACING 
FOR EACH DISTRICT 

District 

3 4 9 10 13 17 19 

7.03 

5.73 

4.80 3.27 4.70 3.51 

7.00 3.03 4.33 

3.40 4.25 

4.00 4.20 

3.70 

20 24 25 

3.00 

3.08 
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of loads should produce closer crack spacing. In order to demonstrate 

this point the crack spacings in 1978 should be compared to those in 1974, 

but these data were not taken in 1974. 

In conclusion, the effect of traffic upon crack spacing of CRC pavements 

cannot be assessed from these data without a second set of observations. 

Effect of Geographical Location and Concrete Properties 

Districts 3, 4, and 25, which are located in the northern part of the 

state, have the coldest temperatures, and aggregates of two types, gravel and 

limestone, have been used in the concrete mixtures. Along the Gulf Coast, in 

Districts 13 and 20, minimum temperatures of about 10 degrees Fahrenheit 

have been recorded, and most of the concretes poured in these districts are 

gravel concretes. 

In Appendix B, crack spacings from some of the projects surveyed are 

given. The aggregate type used in the concrete mix was obtained from Ref 3. 

The temperature and humidity data are from Ref 5. 

From a visual imspection of the data, it may be observed that: 

(1) In areas with similar temperatures, limestone concrete 
pavements show larger crack spacing than gravel concrete pavements. 

(2) In colder areas, crack spacings appear to be smaller for both 
types of aggregate. 

(3) For districts with similar conditions of temperature, crack 
spacings appear to be similar for equal concrete types. 



CHAPTER 6. COMPARISON OF MEASURED AND PREDICTED CRACK SPACING 

The purpose of this section is to compare crack spacing data obtained 

in the field with the values predicted by Computer Program CRCP-2. This 

program was developed for the Texas SDHPT by the CTR (Refs 9 and 10) to 

design CRCP for specific environmental conditions and material properties. 

For comparison purposes, consideration is given to the effects of 

geographical location (environmental condition) and concrete properties. 

The temperatures selected for this study represent the condi~ion~ found in 

different parts of the State of Texas. The concrete properties analyzed are 

those influenced by the aggregate type used in the concrete mix; also, 

different concrete tensile strengths were considered. Appendix C presents 

the development of the theoretical crack spacing for comparison with field 

data. 

Figure 9 was developed to compare the values obtained from the computer 

against the data obtained from the field. A value of tensile strength of 

concrete of 500 psi was selected as the average value. The curi~~~ll1p~r_at~E~ 

was selected to be 75 degrees F as an average value, and so the temperature 

drop was calculated as the difference between the average value and the 

lowest temperature recorded in the area. 

In Fig 9, it is observed that the predicted value of crack spacing for 

limestone concrete is slightly lower than the values observed in the field. 

This may be due to several causes: higher tensile strength of concrete than 

that specified, thermal coefficient of the concrete lower than the assumed 

value, percent steel larger than the assumed value, different concrete shrink­

age, and lower curing temperature (temperature drop). The most likely reasons 

are: (1) the tensile strength of the limestone concrete is greater than used, 

and (2) the assumed values for thermal coefficient and temperature drop. The \/ 

~navailability of specific project input data limits our deductions. 

The predicted values for the silicious gravel concrete agree well with 

the measured data. The crack spacing shows a tendency to reduce with the 

temperature drop. This may be due to an actual thermal coefficient different 

than assumed. 
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The general conclusions derived from the field data corroborate the 

computer results. That is, limestone concrete pavements show larger crack 

spacing than silicious gravel concrete pavement; the larger the temperature 

drop the smaller the crack spacing; and, the temperature effects are reduced 

as the thermal coefficient of concrete tends to equal that of the steel. 

33 
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CHAPTER 7. ANALYSIS OF SPALLING 

Most of the following analysis is limited to minor spalling. It is 

important to distinguish between minor and severe spalling since initially it 

was felt that severe spalling was a secondary phase. Recent studies (Ref 1) 

indicate the latter is usually produced as a result of the construction 

operations and shows less variability with age, traffic, location, etc. 

Effect of Age 

Table 10 summari~es the spalling condition of CRC pavements for different 

ages. A statewide trend may be observed; the spalling increases with time, 

and this trend is more apparent in Table 12, which considers the data on a 

District basis. 

Keep in mind that the overlayed sections are not considered; also, some 

of the figures correspond to small projects which are not representative. 

Comparison of 1974 and 1978 data is somewhat difficult because during 1974 

the spalled condition was subjectively determined. 

Effect of Traffic 

In Table 11, spalling is compared with the number of l8k-EAL applications. 

This summary shows that spalling increases as the number of applications 

increases. 

Table 13 presents the percentage of spalling for different traffic appli­

cations in the various districts surveyed. The increase of spalling with 

traffic is not readily apparent in the table. The available traffic data 

are not sufficient to draw a definitive conclusion. 

Effect of Geographical Locations 

Previously, the correlation of crack spacing and spalling was analyzed. 

It was mentioned that crack spacing is largely dependent in the geographical 

location of the pavement due to the temperature and moisture conditions. 
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TABLE 10. SUMMARY OF CRACK SPACING AND SPALLING 
FOR DIFFERENT CRC PAVEMENT AGES 

Crack Percent 
Age(years) Spacing(feet) Spa1ling 

< 4 6.1 12.45 

6 5.2 18.01 

8 5.0 18.10 

10 4.7 17.71 

12 4.3 18.58 

14 5.0 30.68 

16 5.7 28.00 

TABLE 11. SUMMARY OF CRACK SPACING AND SPALLING 
FOR DIFFERENT TRAFFIC APPLICATIONS 

(EAL
18 

x 106) Crack Percent 
SI!aeino.: {feet} SEalling 

< 1 5 ') .k. 9.86 

1 to 2 5.2 16.11 

2 to 3 3.8 16.59 

3 to 4 4.8 18.22 

4 to 5 5.0 22.5 

5 to 6 4.1 31.33 

> 6 3.7 16.55 



Age (yrs) 

< 4 

4 to 6 

6 to 8 

8 to 10 

10 to 12 

12 to 14 

> 14 

TABLE 12. AVERAGE PERCENT MINOR SPALLING FOR CRCP IN 1978 CONSIDERED 
IN TERMS OF AGE AND GEOGRAPHICAL LOCATION 

District 

1 3 4 9 10 13 17 19 20 24 

1.6 23.3 

21.4 26.3 

6.5 12.4 17.2 20.2 13.6 10.2 5.4 50.9 

11.7 20.4 18.0 17.6 10.7 12.6 22.0 

17.3 17.1 21. 6 9.4 13.8 8.7 25.6 13.8 

44.4 25.0 16.8 61.6 52.0 19.6 15.1 

35.4 19.6 57.4 18.2 13.5 11.1 

25 

10.1 

13.5 

18.3 



Traffic 

(EAL
18 

x 

< 1 

1 to 2 

2 to 3 

3 to 4 

4 to 5 

5 to 6 

> 6 

TABLE 13. AVERAGE PERCENT MINOR SPALLING FOR CRCP IN 1978 CONSIDERED 
IN TERMS OF TRAFFIC APPLICATIONS AND GEOGRAPHICAL LOCATION 

District 
106) 1 3 4 9 10 13 17 19 20 24 

6.70 16.30 

17.50 

17.10 21.83 14.35 12.60 

35.35 9.40 9.33 16.30 

3.79 14.75 13.50 

18.00 36.66 

16.55 

25 

10.55 

15.90 

w 
co 
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As geographical location affects the crack spacing, it also affects the 

percentage spalling. This may be noted in Table 12. The percentage of 

spalling is different for each district, with the warrner districts having the 

lowest percentages in most of the cases. 

Effect of Crack Spacing 

In Fig 10, data from Table 3 has been plotted in order to detect correla­

tion between crack spacing and spalling. It is apparent from the figure that 

there is a trend for percent spalling to increase with larger crack spacings. 

In Table 3, it is also noted that severe spalling shows no correlation to 

crack spacing or minor spalling. The origin of the severe spalls usually is 

poor construction practices, e.g., excess vibration of the concrete. 

Effect of Concrete Type 

It was noted that concretes made with limestone coarse aggregates show 

less spalling, for a similar crack spacing, than silicious gravel concretes. 

Similar results were observed by McCullough et al (Ref 9) when studying the 

effect of design variables on spalling and cracking. The explanation for the 

better performance of limestone coarse aggregate concrete has to do with its 

lower modulus of elasticity and better bonding characteristics as compared 

to those of gravel. Another possible course is the indication of higher 

concrete strengths found in the limestone coarse aggregate concretes placed 

in Texas (Fig 9). 
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CHAPTER 8. ANALYSIS OF OVERLAYED SECTIONS 

During the 1978 condition survey various sections were found to 

have been overlayed since 1974. The purpose of this section is to determine 

the causes leading to this major rehabilitation for use as critera for 

future overlays. 

Failures and Spalling before Overlaying 

In the earlier sections of this report several points were observed: 

(1) In Table 1 it was noted that the western districts (3, 4, 24, and 
2S) have less overlayed sections than the eastern districts 
(See also Fig 2). 

(2) District 10, which is located in the eastern part of the state, 
has no overlayed sections, but a more detailed analysis shows 
that, during the 1978 condition survey, this district showed the 
largest number of failures per mile and the largest percentage 
of spalled cracks. 

(3) The percentage of overlayed sections is larger for older pavements, 
as may be seen in Table 4 and Fig 3. 

(4) In Table 6 and Fig 4 it is observed that the percentage of overlayed 
sections increases with the number of traffic applications up to a 
point. The number of expected EAL

18 
applications determined from AASHTO 

interim guides may be helpful in explaining the percentage of 
overlayed sections, or the level of distress, found during the 
condition survey. Table 14 is a factorial illustrating the number 
of EAL

18 
to a terminal serviceability of 2.S. Note that for 

modulus of rupture values of 600 psi, the number of applications 
falls in the range of S to 6 million EAL 18 . For this range, 

large increases in the number of failures and the area of overlay 
can be seen in Fig 4. 

In Table IS, a summary of the 1974 distress conditions of several highway 

sections which were found to be overlayed in 1978 is given. The following 

may be observed. 
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TABLE 14. FACTORIAL FOR AN 8-INCH CRCP ILLUSTRATING THE NUMBER OF 
EAL18 APPLICATIONS (x 10 6 ) - FROM AASHTO INTERIM GUIDES 

~ 
~ 400 600 800 

C fA 

~ 4.5 x 10
6 6 x 106 4.5 x 106 6 x 10

6 4.5 x 10
6 6 x 106 

Pc..?) 

300 1500 1000 5000 4000 15 000 10 000 

400 1500 1500 5500 5000 20 000 15 000 

500 2000 1500 8000 5500 25 000 20 000 

S = Concrete flexural strength. c 

E Concrete modulus of c 
elasticity. 

K = Composite soil support 
value. 



TABLE 15. DISTRESS CONDITION BEFORE OVERLAYING (1974) 

CFHR 
Section 
Numbert 

101 EB 

WE 

103 EB 

WB 

322 SB 

314 NB 

SB 

301 SB 

901 NB ** 

902 BN ** 

SB ** 

903 NB ** 

SB ** 

1701 NB 

SB 

1702 NB 

SB 

1705 NB 

SB 

1910 EB 

WB 

1911 EB 

WB 

1914 EB 

WE 

2015 SB 

2004 EB 

WB 

2021 EB 

Minor 
Spa11ing 
(percent)* 

o 
20 

{2~ 
o 
o 
o 
o 
5 

50 

50 

50 

50 

20 

20 

5 

20 

20 

20 

20 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Failures 
Per Mile 

2.5 

o 

{
15.0 

5.0 

o 
o 
o 
o 
o 

26 

28.3 

8.3 

20.5 

7.5 

36.5 

50.3 

49.4 

12.5 

1.7 

7.9 

13.1 

1.0 

0.4 

5.7 

3.0 

3.0 

2.9 

7.5 

11.8 

1.6 

* Subjectively determined ** Active clays. 
t The first digits are district numbers. 

PSI 

2.9 

2.9 

{
3.0 

3.0 

2.5 

3.6 

3.1 

2.7 

2.9 

2.7 

2.8 

2.7 

2.6 

2.8 

2.6 

3.1 

3.2 

3.4 

3.5 

3.4 

3.3 

3.3 

3.2 

3.3 

3.3 

3.4 

3.4 

2.9 

3.0 

3.0 

3.1 

43 

Length 
Overlayed 

(miles) 

0.4 

0.6 

{
0.2 

0.2 

0.2 

1.4 

0.6 

1.0 

0.2 

2.0 

1.8 

4.0 

4.0 

2.0 

2.0 

11.4 

11.2 

0.8 

1.2 

12.6 

7.4 

5.4 

5.6 

1.4 

2.0 

5.0 

5.2 

0.4 

9.0 

9.0 

0.2 
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(1) During the 1974 survey, the overlayed sections in District 9 
showed a high percentage of spa11ed cracks and an average of 
22.7 failures per mile, and active clays were detected in the 
subgrade. This district had the largest number of failures 
per mile in 1974 and it had the highest percentage of overlayed 
sections in 1978. 

(2) District 17 showed a large number of failures per mile; 29.9 is 
the average. 

(3) A trend is not apparent from Table 15 concerning District 19, 
although it may be observed in Fig 2 that the number of failures 
per mile in the district increased rapidly from 1974 to 1978; thus 
the distress condition may have changed sharply after 1974 for 
the sections considered. 

(4) In District 20, a large number of failures per mile existed. 

From the visual analysis of the 1974 distress data, it may be concluded 

that the overlayed sections had a large number of failures per mile and/or 

a high percentage of spa11ed cracks. 

Criterion to Overlay 

The data collected may be used to determine analytically the reasons 

leading to overlay; that is, having data on several variables from two 

groups, overlayed and non-overlayed pavements, we can describe the ways in 

which the groups differ on these variables. Appendix D is a detailed 

description of the statistical technique followed to develop criterion for 

major rehabilitation or overlays on CRCP. 

Discriminan~uation 

The equation developed to discriminate between overlayed and non-over­

layed pavements is of the form 

z 
n 

0.8 + I a.z. 
i=l 1 1 

i = 1, 2, ... , n 



where 

where 

z discriminant score, 

a. weighting coefficient, 
1 

zi standarized values of the n discriminating variables 
used in the analysis. These standarized values are calcu-­
lated as follows: 

z. 
1 

x. 
1 

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

mean value of the distress manifestation i 

o standard deviation for x. 
xi 1 

Table 16 summarizes the parameters to be used with the equations 

presented above. If these data are used with the general equation, then a 

specific equation for Texas conditions is obtained as follows: 

where 

Z 2.07 - 0.14Xl - 0.03X
2 

- 0.02X
2 

+ 0.007 

average failures per mile section 

minor spalling measured as percent of cracks experiencing 
spalling 

severe spalling measured as percent of cracks experiencing 
spalling 

pumping as percent of total length 
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TABLE 16. PARAMETERS TO BE USED WITH DISCRIMINATING EQUATIONS 

i 

1 

2 

3 

4 

Distress Manifestation 

Failures per mile 

Minor spalling (percent) 

Severe spalling (percent) 

Pumping (percent) 

-1.l3 

-0.49 

-0.12 

0.04 

3.99 

21.36 

3.07 

3.78 

8.14 

15.17 

6.08 

5.91 
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Thus, if any pavement is evaluated by using the equations presented, a 

discriminant score, or zeta value, is obtained. This zeta value tells us if 

pavements with similar scores have or have not been overlayed. If z is 

smaller than zero then there is a larger probability that the pavement under 

evaluation is a good candidate to overlay. Similarly. a pavement with z value 

larger than zero has a larger probability of being in good shape. 

Utility Function 

The z value described above can be more easily interpreted if it is 

transformed to a Utility Function. This function ranges from zero to one 

depending on the degree of distress of the facility. 

The utility value is the probability associated with each z value 

that a given pavement belongs to the non-overlayed pavements group. If a 

pavement has a probability close to one of belonging to the non-overlayed 

pavements, 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 non-overlayed group, its utility will probably be low. 

An approximate equation that relates z to this probability (from 

Ref 13) is 

For z > 0 

where 

U(z) 

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

2 
1 z 

f (z) 

,f2; 
exp -2 

1 
t 1 + 0.23l64(z) 

bl = 0.31938 

b2 - 0.35656 
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b3 = 1. 78148 

b
4 - 1. 82126 

b
S 1.33027 

for z < 0 

U(z) fez) (bIt + b2t 
2 + b3 t 

3 + 4 S b4 t + bS t ) 

where 

1 
t = 

1 - 0.23l64(z) 

Criterion for Major Rehabilitation 

The criterion proposed for deciding when to overlay is to compare the 

utility of a given pavement with the utility of the mean case for the group 

of overlayed pavements. This mean case is obtained by substituting the 

mean distress values for the overlayed pavements into the equations above. 

From this, any pavement with utility U(z) < 0.12 should be overlayed. 



CHAPTER 9. DISCUSSION OF RESULTS 

In the previous sections, the condition survey data obtained in 1978 

have been analyzed in detail relative to age, traffic, and geographical 

location. In addition, comparisons have been made to the 1974 condition 

survey where relevant. Thus, in this section, an attempt will be made to 

summarize these or the data relative to their effect on design construction 

and maintenance. The results will be discussed from the standpoint of 

distress manifestations and then of crack spacing. 

Discussion of Distress Manifestations 

After analyzing the data from several different approaches, it is 

apparent that the number of failures and the spalling percentage increase 

with pavement age. The trend is even more apparent when the accumulative 

l8-kip equivalent axle applications are substituted for age. This trend 

justifies the fatigue approach that has been used with CRCP pavement. In 

the original stages of design development for CRCP, fatigue criteria were 

not available, and thus the results from jointed pavements, i.e., the AASHO 

Road Test were applied. These data may be used with further analysis to 

develop actual fatigue criteria for CRCP. One factor that may apparently be 

deduced from the data analysis is the thicker pavements must be used as the 

projected design traffic increases. 

Failures and spalling were also influenced by the geographical location. 

Generally, there were considerably more failures in the eastern part of the 

state than the western part of the state. This may be attributed to moisture 

conditions and soils. Generally, the eastern part of the state experiences 

considerably more moisture, thus reducing the soil support value, and the 

soils are generally poorer in the eastern part of the state. It appears 

from the data analysis that for equal traffic conditions, a thicker pavement 

should be used in the eastern part of the state than in the western part of 

the state. 
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Another pertinent observation noted in the data analysis is that CRCP 

constructed with siliceous river gravel coarse aggregate generally experi­

ences greater failures and spalling for equal traffic and geographical con­

ditions. In ge~eral, it may be stated that CRCP constructed with coarse 

aggregate limestone has a better performance history. 

During the design and construction phases for most of the CRCP con­

sidered in this study, the basic concept was to use an 8-inch CRCP and then 

improve the subbase support conditions as greater traffic was experienced. 

It is apparent from this study that this practice was not adequate. It is 

also apparent that the thickness of the CRCP must be related to projected 

equivalent l8-kip single-axle applications and the soil support conditions. 

Projects with poor soil conditions and high projected traffic should be con­

siderably thicker than those with a lower projected traffic and better soil 

conditions. The present practice of permitting the use of crushed limestone 

coarse aggregates or siliceous river gravel coarse aggregates as a contractor's 

option without changing the thickness is not supported by performance. 

In general, thicker pavements should be used if siliceous river gravels are 

permitted. This would require a substantial change in the present specifi­

cations and construction procedures. 

Crack Spacing 

Crack spacing data obtained in the field have been compared with the 

values predicted by Program CRCP2. The variables used were tensile 

strength of concrete, coarse aggregate type, and temperature drop to simulate 

the environmental conditions and the concrete properties of the pavements 

in Texas. 

The data imply that Program CRCP2 may be an invaluable tool in predicting 

crack spacing. The calculated values showed a large influence on the changes 

in the variables chosen, which were corrobated by the field observations. 

For the cases studied, the tensile strength of concrete showed the largest 

influence on crack spacing. The effect of the aggregate type is more 

The data imply that Program CRCP2 may be an invaluable tool in 

predicting crack spacing. The calculated values showed a large influence 

on the changes in variables chosen, which were corrobated by the field 



pronounced in ther thermal coefficient of the concrete, and as the thermal 

coefficient tends to be equal to the coefficient of the steel the effects 

of temperature drop are minimized. This may be seen by comparing Fig 9 (a) 

and 9 (b) where, for a /a = 1.0, the curve becomes a horizontal line. 
c s 

The influence of temperature drop is evident in the figures shown. 

The values of shrinkage are difficult to define and difficult to model; 

therefore, they were not taken into account and fixed values were selected. 

The effects of ambient humidity were also neglected. Nevertheless, the 

prediction values obtained agree well with the field data. 

Discriminant Analysis Technique 

Discriminant Analysis techniques were applied to evaluate the distress 

condition of CRCP with the purpose of defining the terminal point for major 

rehabilitation. 

The equations developed weigh the different distress manifestations 

and assign a score to each pavement. Such a score can be used to decide 

if a pavement should be overlayed. 

It is believed that this approach is a step further in the rationaliza­

tion of the evaluation of the distress condition of a pavement. 
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CHAPTER 10. CONCLUSIONS 

An analysis of the condition survey data obtained during the 1974 and 

1978 surveys leads to the following conclusions in terms of distress mani­

festations and crack spacing. 

Distress Manifestations 

(1) The number of failures per mile increases with the age of the pave­
ment. In some cases the data are confounded because the highly 
distress sections observed in 1974 were overlayed before the 
1978 survey. 

(2) Increased failures correlate with an increase in axle load appli-
6 

cations until a value of 5 to 6 x 10 EAL
18 

is reached. At that 

point, there appears to be a significant increase in failures 
with overlays thereafter. 

(3) Geographical location (temperature, moisture, and soil type) has 
a definitive influence. Districts located in the eastern part 
of Texas have a larger number of failures per mile. 

(4) Minor spalling increases with age and EAL
18

. 

(5) Major spalling, however, appears to be more related to construction 
practices. 

(6) CRCP with crushed limestone coarse aggregate experiences less 
spalling than CRCP with siliceous gravel aggregate. 

(7) Overlayed sections had a large number of failures per mile and/or 
a high percentage of spalled cracks before being rehabilitated. 
Overlays were generally produced when the failures reached a level 
of 20 per mile or 50 percent of the cracks experiences spalling. 

Average Crack Spacing 

(1) Age did not appear to significantly influence crack spacing in 
pavements older than one year, but this observation is tempered by 
the fact that other variables may have masked this effect. 

(2) In areas with similar temperatures, CRCP with limestone coarse 
aggregates show larger crack spacing than siliceous gravel concretes. 

(3) In the colder areas of the state, crack spacing appears to be 
smaller for both types of aggregate. 
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(4) For districts with similar conditions of temperature, crack 
spacings are similar for equal concrete types. 

(5) A comparison of crack spacing data obtained in the field with the 
values predicted by Program CRCP2 support the program as a 
viable design tool. 

(6) For the cases studied in predicting crack spacing, it was found 
that the tensile strength of concrete had a large influence on 
the crack spacing. The higher the tensile strength, the greater 
the crack spacing. 

(7) The percentage of spalled cracks tends to increase with crack 
spacing. 



CHAPTER 11. RECOMMENDATIONS 

Analysis of the 1974 and 1978 condition survey data along with a 

comparison of previous design and construction practices and recent design 

developments leads to the following recommendations: 

(1) CRCP should be designed for the specific conditions of soil 
and equivalent 18-kip axle applications projected on a 
specific project. The application of a constant thickness, 
i.e., 8 inches, with adjustments in the subbase support has 
proven to be inadequate. In general, thicker pavements 
should be used for high projected traffic loads and poor 
soil conditions. 

(2) The comparison of measured crack spacings and those predicted 
with CRCP2 indicates that the computer program is a viable 
design tool that can be used to design the reinforcement for 
a given set of conditions. 

(3) The utility function derived to assess the distress condition 
of the pavement is believed to represent a step ahead in the 
rationalization of the evaluation of the distress condition 
of a pavement. 

(4) The 1978 data should be reanalyzed in a more detailed manner 
using more sophisticated techniques to develop a fatigue failure 
criteria for CRCP. 

(5) The condition surveys of CRCP should be continued. It is 
apparent that the data will provide new and improved design 
procedures as well as providing criteria for the allocation 
of maintenance funds for pavement repair. 
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APPENDIX A 

SUMMARY OF FAILURES IN EACH DISTRICT 
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R~PAIR PATC""ES (NO./~rL.E) PU~CI'IOI'TS F"AILURES F"AIlUR£S 

A.C. p~C.C. (NI"I:/MtL~' (NO./MILE" (TOTAL) 
CFMR NO~ AGE LENGTH 1Q1t.l/1978 t97U/t97A lq,a/1o'~ ,97411918 1971.1/1<H8 

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

JAS N8 14," t.e 1-1.0 / 1lJ.0 ~~~ I 0.~ (.4.1'1 I ". >II '1.'" / ~.~ 0 / e 

105 sa t4:~ t.4 ~~0 / ~,~ ~:" 1 ~.~ ~. ~~ 1 (J." ~.~ / "'.0 ~, / ~ 

304 Nij 14.0 S.2 ~:0 I 0,0 ~.(lI / 0.121 ~.It' 1 0' • (..~ ~.0 1 0.~ 0 / k1 

304 88 ,,,:0 5.2 :2 / 0.0 ~:Cl! / ~.e ~.p. 1 "'.Cli .2 / 0.0 1 / " 
ltS FB 9.0 1: 2 0.k:I / 0.0 0~~ / "'.0 III.~ 1 fA ;; ... .. ~.0 / 1Il.0 kf / Id 

315 WB 9.0 1:4 0:~ / 0.Ql 0:", / e.~ fiII.0 / -•• t ;;'.0 / 111,0 0 / " 
*************************************.*.***.********.*****.*.*.** •••• ***.************** 

DISTRICT MEANS' :2 I .2 .l'! / • ii' .? / • t .LI 1 .4 1 : 1 / 1.3 

NOTF.:8' AVEJUGE SIZE I')F A~C~ PATCI-! • a?1> SI'J.FT. 
AVERAGE SIZE OF p.e.c. PATtI-! • 7.'5 SQ.FT • 
AVERAGE StZf OF PljNCMI')UT : ~.5 SQ.FT. 

* • tNDIeAT,8 SPECTION cnNTAINS O\lERL.AV(~). 



FAILURE SUMMAR V FOR OISTRICT ~ 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
REPAIR PATC~ES (~O./MILE' 

A.C. P~C~C. 
CF~R NO • AGE LENGTH 1q7"/1978 191~/1918 

PUNCIoIOUTS 
(II/O:/MYLn 
1914/197A 

,AILURES 
CNO.I"'ILf) 
191 4 /1978 

FAILURES 
(TOTAL) 
1914/1918 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •••••••••••••••••••••••••••• 

Q0& WB 

405 E8 

40" EB 

Q02 we 

402 E8 

410 WB 

410 EB 

407 EB 

40.1 EB 

Q03 we 

tl.8 

11 ~8 

11 ~ e 

11.8 

13.8 

12.8 

8.1 

.2 1 .5 

0~0 1 0.0 

0:0 1 0.0 

.1 1 .3 

.'5 1 ".5 

"\ 
.7 1 .3 

.4 1 .& 

0.0 1 .0 

.2 1 &.1 

4 1 

2 1 

o 1 

zs 1 

o 1 

o 1 

o 1 

" 1 

o 1 

1 1 

2 

3 

8 

" 
" 
" 

" 
1 

12 1 ZO 

1 1 J8 

o 1 o 

o 1 

" 1 
(Continued) ••• * ••••••••••••• * ••••••••• * ••••••• t * ••••• *-* *-* *-•• -* • -* ............. * •• *-*-*. *-*-*-* • *-*--*-. *-..... *--**-*-. 



FULU~E SUMMARY FOR DISTFUCT 4 
(CONTINUED) 

******************************************.******************************************** 
REpAIR PATCMES (NO./MILE) PUNCIoIOUTS FAILURES FAILURES 

A.C. P~C~C. CNO~/MTL!) U.JO./MILE) (TOTAL) 
CFMR NO~ AGE LENGTH I~T4/1q18 lq,4/1q'8 lq'4/1~T@' lCJ,4/1QT8 lq'4/1"8 
************************************************************.************************** 

40q EB q~e 4~b 121.0 / .2 e~1f! I 121.121 121. PI I (111.121 121.121 / .2 121 / 1 

411 WB b~2 7.2 0.121 / • 1 • t / 121.121 121. A I .1.& • 1 / .b 1 / 4 

411 !B b~i 7.4 121~0 I • 1 12I~t'l I • 1 • 1 I • 1 • 1 I .4 1 / 1 

41218 fB q~8 .b 0~0 I 121.0 13~riI! / 0.121 0~0 I "'.0 121.121 I 121.121 121 / 121 

41118 we Q~8 .8 1 ~ 1 / 121.13 e~0 I 2.5 121.121 I C'I.e! 1.3 I 2.5 1 / Z 

412 WB lb.l 2.4 13.121 I 121.121 0~1t! I 0.13 121.0 I .t.! 121.121 I .4 121 / 1 

412 EB lb.l i~l e~e / 121.121 .1.& I .4 0.0 I 01.121 .4 / .4 1 / 1 

************************************************************.************************** 

DISTRICT MEANS. .i I • 1 .2 I .1 .1 I • 1 .4 I .' i~Z / 4.5 

NOTES. AVERAGE SIZE OF A~C. "ATCH • 2:1.Q SQ.FT. 
AVERAGE SIZE OF P~C:C~ PATCM • 5q~l SQ.FT, 
AVEIUG! SIZE OF PUNCIo40UT • J~2 SQ.FT. 

* • INDICATES S!CTION CONTAINS OVERLAVCS). 



FAILURE SU~MA~Y FOR DISTRICT q 

.* •••••••••• *.** ••••• * •• ***.*************.***.**.******.**** ••••• ***.*.* •• ************* 
Ar€P~IR "ATeMES (t.Jf',/MILf') PU~C~()'jT~ F~ILu~ES FAItURE:,S 

l.C. P~C.C. (No~/MTL~' (NO,/MILE' (TOTAL) 
CFHA ~O~ AGE LENGTH 1910/1978 t97U/t91@ 107"/lo7R t97ij/1978 I.Q7al'97~ 
•• * •• **.***** •• * •••••• ** •• ** •• ****.*** •• *** •• ***.***.*.*** •••••••••• ***.**.*.* ••• ****** 

(HH NA * lA~0 

901 ss * 18~0 

<B~2 88 * 16.~ 

1.8 

905 N8 

.8 

901 N8 

901 58 11.8 t.p! 

.8 

.8 

'~t /2,1 

3~3 / 0,0 

~.'" / 3.2 

2~? /lb~l 

5.~ /1'.~ 

(A.p / 1.t-. 

B.P, I t •• ~, 

~ 1 / 

t; 1 / 

3" / 

P,2 / 

t.t / b,8 2 / '3 

~ / " 
?~5 /1,2 Z / 1 

~ / t 9 

o / 

~ / 

~ / 

o / 1 

910 N! 7.9 1." A.~ I ~.0 0:~ / ~.~ ~.~ / ~.~ a.p / ~.0 ~ / ~ 
(Continued) 

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



F A !LURE SUMMARY FOR OISTI(TCT q 

eCCH-·jT I NUFD l 
••••••••••••••••••••••• * •••••••• * ••••• * ••••• *.* •••••••••• **.*** •• *.*.* •••• ****** •• *.*** 

RFPAIR ~ATCIolE5 (ND./MILEl PlJN("HOI,TS FAILU~F.S FAILURES 

A.C. p~c:c. (N"~/MTLe:' (~O./~JLE' (TnTAL) 
C'~R NO: AGE LEIIJGTIoI ,Q14/1'H8 lQ, a/l cH8 tq14/1Q1A ,Q14/1Q18 tQ7t.1/1Q78 
•••••• * ••• * •••••••••••••••••• **.* ••••• * ••••••• *.** ••• ** •••••••••••••••••••• *.** ••• * •• ** 

Qt0 SB 7.Q 1.5 0~~ I 0.V 0:PI I ~.0 ~." I ~.Ii\ ;'.A I 0.'" 0 I 
'" 

Q03 N8 • HI~~ 2~2 VI.0 I 0.0 b.t! I ~.'" .5 I (A. ? b.e I 111.0 1 5 I 0 

q0J S8 • 14.0 2:2 ~.0 I ~.0 32., I 0.0 .~ I 01.11' '32.7 I ~~. 0 '12 I 0 

Q0b N8 12~5 7~b ~'3 I .3 .lI I 1 ~ 1 . , I ~ • 1 .8 I 2.4 b I \8 

Ql'lb 88 12.3 7:b "'.'" I 1.4 2~b I 3." .3 I .3 2.R I 5.1 ?2 I 3Q 

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

DISTRICT MEAtlJ61 

NOTfS' AVERAGf SIZF nF A~C~ ~ATCIol 
AVERAGE SIZE OF p.c.C. ~ATC~ 
AVERAGE srZf OF PUtIJC~OUT 

E 

£ 

• 

b~~ I 2.2 

~7,6 Sr.l.FT. 
PLJ~5 sn.FT. 
~.b SO.FT. 

• - INDICATES S£CTION CONTAINS OV~RLAV(~). 

.a I .i' 1.~ I 2.8 17:0 I b.l 



*****t.t*******.* •• *******************.**.** •• *.**.*.** •••• * ••• *** ••• * •• *****.*** •• **** 
RfPA}R PATCHfS (t.J(\,I"'TLEl PIHIC .. 01 TS ~AILLJ~E.S FAll URES 

A,C. P.C~C~ (~n:/MTLP' rNO./~lLE' (TeTAl) 
tF~R NO~ AGE LENGTH lQ7u/t91R lq~a/1978 tQ7a/tQ7~ t 9 7U /197A lQ7u/t978 
********* •• **.********.***************.** •• **.**********.***.* •• * •• * •• ****.*.****.***** 

l~liJb !B 

1001 E8 

10QJ5 !8 

1004 fB 

1P11l!2 EB 

1"03 !8 

Hl0~ EB 

1014 Eli 

1012 !8 

10t3 f8 

l~t2 wa 

12.1 

t1~~ 1 1.1 

t~S I 3.Q 

~b 1 .8 

.1 I ,& 

.IJ I ,8 

1~f' 1 5.2 

.a I .~ 

.~ I .r; 

.5 I'.? 

.S I 2.0 

.5 I 1,8 

~ 3 1 55 

2t; 1 410 

12 1 11 

?~ I 1417 

3 I 11 

22 1 &0 

8 I "'1 

60 I 1841 

2 I 15 

1 1 17 

1 

t~ 1 25 
(Continued) 

• * .. * * .... -*-*--*-*-*JI> *-Ii .. * *-*-*-* * * * * * .. * *-*-*_*-*_11' *. * * ... * *-* .. **-*--* • .*-* *--*- *--*--*-*-*-*-* * * * * * * * * * * * * * * * *. * •• * * * * 



F~lLU~E SUI"'MA~Y FOR DtSTRICT 10 
(CONTI"IIIFO' 

********************************************-*****.*********.*.*.********.************* 
RFPAIQ PATCHE.S (~n./MJLE' PIJ~C~ni:T~ FAILURES FAltU~ES 

',C, P.C.C. (t.,;0: I~TLE' Om./"'ILE' (TOTALl 
CFt-tR NO. AGE LENGTH !C~7UI tens 10 74/t978 1Q,4/1a'7l= ,Q1U/1078 PH"" 918 
.***********************************************************.************************** 

11tH 1 l1li8 11.9 ":k1 1 • Pi 1 2.M ~.Ii' 1 1.5 .~ 1 I • 5 1.3 1 5.8 5 1 e3 

HHitl\ ~A .2~8 4~e PI:~ 1 ,u :i? 1 f21.~ ~.\A 1 , . " .e 1 1 • '7 1 1 S 

1"14 ~B 12:4 8.4 t.8 1 .8 .1 1 e. 1J .t-. 1 7.1 ].1 111. (III ~b 1 92 

1013 ~~ 11 :3 1.8 A.A 1 vi. lit .b 1 4A.~ ~.OI 1 (1).~ ." 1 ~.0 I " 
\A10 wB 12:1 7.tJ 2:3 1 • 1 1 • 1 I 3.2 .3 I ".7 3.b I Q,1 21 I &7 

l"Hi~~ ill 8 12.5 1,8 • t 1 .3 : , 1 .1 ~.(III I ;>.' .3 I 2.b 2 I Zt1 

,003 \0\18 146,0 b:Z :'5 1 1,8 .'3 I .5 011.0 I 1.t- .8 I 3.9 5 I 24 

1002 11/8 15:0 0:" :3 1 1 • t :~ 1 .b "'.VI I ".(1 .'5 1 t • 7 .5 I 11 

HHH& 11/8 14:b 8.1 ?:'7 112.5 1: 5 I a.e .C; I 1 • r; 4.b It ,.. ~ 38 1 152 

HIlliS WB '3.8 8.4 .2 1 1.'" iii.'" I .b . , I . '. .IJ I t .7 .3 1 1" 

t~01 1118 15:Z ".0 .5 I 2.5 .e; I 2.~ ~.~ I if • " , • Ql I 4.1) " I HI 

1(1'01 W8 '2.9 a:R li:0 1 3.5 1 : 1:\ I b.l .A I 1 • ~ b.Z 1 tl,~ lit'! I 51 

tCll0b WB 12:9 5:2 3:1 I 2.5 ~:(A I 2.'5 .IJ I , • i? 3.'5 I b.2 1 Q I 32 

(Continued) 



FAILURE SUMMARY FOR DISTRICT 10 
( Continued) 

******.******.*.*****.*****************.** •• ~*************.*****.********************** 

DISTRICT "'EANSI , • b I 2.0 .1 I 2.3 .3 I ).C; ?fI I 7.~ t"~5 11J.7.1 

NelTES. AVFRAGE SIZE OF A.C~ PATCM II ~6.1(l SQ.FT. 
AVE~AGF STZf nF p.e.c. PATCH • r;?,2 SQ.FT, 
AVEIUGE SIZe- OF PII1'-JC~OIJT • ,.LI SQ.FT. 

* • INOICATE6 SfCTION CONTAINS n~~RLAY(S). 

....... 
N 



FAILURE SU~MA~Y ~nR DrST~TCT 13 

•• **********************.***************************.*********.*********.*****.********** 
R~PAI'" "ATCIotE~ (IIJO,/MILF.) PlJNr.~OIITS FAILURES FAILURES 

A.e. p~c.c~ tNO./~TL!l (NO./~ILE' (TOTAL) 
CFIotR NO~ AGE LENGT~ 1q74/tq78 1q74/1q78 lq74/tQ7~ lq74/,q7~ 1q74/1978 

•• '************************************.*********************.*.*.************************ 

1317 EB c).5 1 I q 

1317 Io/S :5 I 

132~ ER '" • (lI I r._ . .11 

1320 we "'.~ I .5 7 

1321 EB 3 

1321 Io/B 11 

1316 EB I?I.~ I .8 1 

1316 Wij .8 o I 

131'5 ~8 .£1 I 1.1 2 I 

1315 IIIB 5.0 .b I .2 t 1 

1313 EB ~.iJ I .~ 

.2 I .~ 1 I 1J1 

o 

1314 we e I 

131 t E8 
(Continued) 

* ... * * * * * * * * * • • * * * * * •• * • * * • * • * * * ... * • * • ... • * * * ... * * • • * * * * * • * •• * * * • • '" * * * * * * * * • * *-*.1, •. * * * * * * • * * * * * • * 
-...J 
W 



'AILU~E SU~~ARY FOR OISTRICT 13 
rCONTI~tlF.'O' 

.**.***.*****.****************************.**.*********** •• *****.****************.** •• * 
REPAIR PATCIofES (NO,/MIL-F) PUNCHO!,T~ FAILlII:!ES FAILU~e:S 

A.C. ~:C.C. (Nn:/~TL~l (NO~/~ILEl (TOTAL) 
CFHI:! NO. AGE LENGTH lq74/1q78 lq14/1Q7~ lQ,U/IQ7. ,q1a/~Q1~ lQ7a/tq1~ 

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

131 t wa 

13W4f> EB 

11"'1 fR 

t 3tH 1'118 

1101 EB 

1312 88 

1312 NB 

1325 se 

1325 NIj 

tb.l 

15 ~ 1 

15.1 12.2 

0:0 1 1.2 

1:7 1 '1.2 

~t 1 .2 

.? / l~. l/ .3 I 1.1 

".~ / (,'.;'< 

.1 / C;.l .R / 5.5 

.1 / ~.I 

1.e 111.8 

2 1 7 

o I 

1 / 33 

4 I 2" 

i'~ / 58 

b I III 

5 I 48 

! I 19 

b I 23 

e. I 58 

~ 1 1 

'" I 47 

III 1 1f.> 

0/" 
(Continued) 

•••• ****.*****.**.*****************.* •• *** •• *****.******.*.*.*.***.********.*****.***~ 



FAILU~E SUMMA~V FnQ nTSTQICT ,~ 

(CONTINUED' 
••••••••• * ••••••••••••••••••••••••••••••••••••• * ••••• * ••••••••••••••••••••••••••••••••• 

R F.: P A I ~ PAT C H E. 5 ( ~ 0 • / M T L !=' ) P U ~~ rI.!o I I T ~ ~ A T L U ~ E S F AlL U RES 
A.C. p.e.c. (NO:/MTLf' (NO./MILE) (TOTAL) 

CFH~ ~O. Ar,E LENGTH lQ7a/lq78 1q7a/tq7~ 1q7"/lq7B t Q1a/1q78 lQ74/1Q'8 
•••••••• * •••••••• * •• *.* ••••••••• * •• * ••••••••••••••••••••••••••••• *.* •••• * •••••••••••••• 

132& 88 o / 

132& NB ~ / 

1327 5B til / 

1327 NB '" / 
121 

t~2A S9 ~.~ I (A.V·· ~ / 

lJ28 NA e / 

132" SB (}I.'" I .2 ~ / 1 

I!l / 

t 3cH 5B o / 

1323 N8 5.~ III.VI / • U ~ / 1 

t32? SB 5.l o / 

lJ2? ~B .15 / .4 1 / 1 

eJ / 

o / 

\3301 SR Ii:1 / 

(Continued) .* •• * •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * ••••••••••••••••••• 



FAILU~E SUM~A~V FnR D1ST~ICT 13 
CCONTIr-JuF.Ol 

•••••••••• * •••••• * •• * •• * ••• *** ••• ***** ••••••• ** •••••• ** •••••• *.** ••••••••••••••• ******* 
R~PAIA PATCt-4ES r~n./MTlE) 

A.r. p:c~c~ 
AGE LENGTt-4 \Q70/\918 lQ7a/lq76 

PUNCI-IOI,TS 
(NO~ 1~1LE) 
tQ.,lJltc,7e 

FIoILuRES 
rNO~/MILE' 
tQ7U/1Q18 

FA 1L URES 
(TOTAL.) 
\CJ7t.&llQ18 

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

t13A N8 

1331 S8 • 

1331 N8 

t312 58 

t33~ N8 

1313 S8 

1331 N8 

131CJ S8 

111q N8 * 

131A S8 

1318 NB • 

11~S 88 

t30~ NB 

1308 88 

13G118 NB 

5.t 

0.0 / .2 

.8 

.3 I 1.5 

o / 

o I 

o / 

" / 

fa / o 

" / 

5 

" / 
o / 

10 / 20 

1 / 13 

fa I 1 

" / o 
(Continued) 

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



FAlll.HilE SUM~Afn ~nlot I)ISTRtCT 13 
(CONTINuED' 

****************************************************************.********************** 
R!PU~ PATCI-IE5 r~Jn./!oITLF.} PUNC ... OIJT~ FAIL.URES FAILURES 

A.C. I)~C.C. (NO~/MTLf' OJO./to1ILE) (TOT AL) 
(FHA NO: AGE L.E"IGTM iQ74/1q78 1971.11tQ7Po t9'lJ/lQ7~ t97a'lq78 1974/1978 
**********************************************************.*.***.********************** 

IltV! 158 9.Z t.a ~7 1 .7 11.~ I ~.I-' P:" 1 )1. r1' .7 I .7 1 1 1 

131~ NB 9.Z t.e ft'I.~ I ~.~ 10.(7. I ~.e "'.0' I v-.v V!.~ 1 0.0 IC'I 1 ~ 

1309 513 * 9~ii! t:2 t ~ 7 1 0.0 kl:",. 1 QI~0 ~.~ I (}I.? t .7 1 0.0 1 1 0 

1301:1 NB 9:2 1:~ ~:~ I ~.~ e~~ 1 0.10 0.P I ".1' ~.0 1 0.0 0 I III 

*************************************************************************************** 

DISTRICT !olEAN!, 

NOTfSI AVERAGE 51Z! OF A~C~ PATC~ • 
AYEPAGE STZf. O~ p.c:c. PATe'" = 
AVERA~! SIZ,. OF PU"ICHOUT = 

~J.q SQ.FT. 
C\Q. ~ SQ.FT~ 

1,.2 SQ.FT~ 

* • INDICA'ES SFCTION CONTAI~S OVFRLAvrSl. 



FAILURE SUMMA~V FOR ~TST~ICT 17 

*_*.* •••• t •• • ••••••••••••• • ••••••• * ••• • ••••• * ••••••••••••••••••••••••• * •••••••••••••••• 
REP4IR PATCHES (",n.I"1!LE' P'h~C""f)I'T~ FAILURtS FAILtJ~ES 

A.C. D.C.C. c~n:/M'L~' rNO./MILE' (TOTAL] 
CFHR NO~ AGE LENGTH 1Q1D/1Q78 lQ14/tQ18 lQ1a/lQ7 A ,Q7(J/1Q78 lQ7u/1Q76 
**.*.* •••••••••••••••••••••••••••••••••••••• * ••••••••••••••••••••••••••••• * •••••••••••• 

11/i1t N8. 17.U 

"at 58. 17~(J 

11~5 N8. It.1i4 

t105 S~ • 

1703 N8 

1103 S8 

11P4 S8 

1'''' N8 

17fA? S8 

171" N8 

11t0 58 

Q • J / .,~. I" 5 1 ... 1 / Ill. /I 

l~t I .2 .' I • 1 .e; I .t 
, 
.' I • 1 

.4 / V'I.id 

t.2 I 

1.2 I t.5 .t 1'.t i?t I 5.~ 

.8 I 

.i? I 5.~ 

.t I .~ 

• 1 I • 1 

.e; I .t 

.5 I t.5 .1 I ~.15 .e I 5.3 
. . 

~11 I 

553 I 

2e I 

10 I 1 e 

1"'''' I 

132 I 

, 5 I 1 1 

27 I bD 

5 I 2 

(.j I 37 

1 I 

11 I to 

?7 I uQ 

17~9 N8 7.~ .b I.A I ~.0 ~~~ I 0.~ ~.~ I ~.) ~.(iI I ~.H ~ I 0 

(Continued) .*.* •••••••• * ••••••••••••• * ••••••••••••••• * •• * .... _~ ....... "" *.~* .... ,~_"_**1L*-.t1lttL· *~ ..... ~~~ ~~_ •• ~ 



F-AILU~E SUMMARY FOR nISTRICT , 1 
(CONTINue:O~ 

************************************************************.******************.*.***** 
RFPAI~ PATC"'H:S (Nr'I./MTLE' PlINC,..OI :T~ j:ArLl!RE~ FA 1 L IJRE 5 

A.C. p.C~C. (I'.J"~/MTLE' (NO./MIlE' (fI.)T AL ) 
CFHR ~O. AGE LENGT~ tq7t1/tc~18 lQ.,a11978 t Q 7"/1Q1J1 1Q74/tc)78 t CHtI/tQ78 

**********************************************************.*.**************.*********.* 

110q 58 1.0 .~ 111.0 / ~ •• 1 ":t'! / ~.'" ~.A I ,.>!. '" ,~. 0 I JI.Vl 0 I '" 
111118 N8 7.5 12.2 ~:~ / • 7 : t I .3 . \ I .7 .2 I 1 • 7 2 I 21 

1708 S8 1~5 t2.'" ~5 I 1.2 0:c- / ~4 . , I '1.:; .b I 1.1,9 7 I S9 

t10h NB 1~~0 2." ,~ I 1.7 ~~~ / ~.~ C'I • ~~ I , .. ~ .8 I 2.9 2 I 7 

11~& SR U~.j.1 2~3 1 .3 / ." ~~c- I .q ~.QI I ~.5 1 • 1 / LI.8 .3 I 1 1 

1111 NB b.2 1l.$; 0~e / ~.0 ~ .. ~ I vi • ~1 L~ • \'1 I . , "',VI I , 1 L:! I 1 

1111 5~ b.2 12,4 VI,O I ~,It' 0.01 I ,2 i.'. ~ I .Ll ?tII I .b v1 I 7 

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

I)!STIUCT MEANS. 2,5 I ." 2.? I ,£I 1.1 I 1 • !) c;,q I 1.~ b8~~ 1t8,<i 

NOTES. AvERAGE SIZE OF A~C. PATCH : 17.8 era,FT. 
AVERAGE srZE OF P~C:C. PATCH s 3& ~ IJ sra,FT, 
AvERAGE SIZE OF PI.INCHOUT & 2.0 SO.FT. 

* • INDICAT!,! SECTIoN cnNTAtNs nVE~L A Y un • 



**************.**.*.** •• ** •• ****************************.*.*.******** •• *****.***.*****. 
P F P AI Q P A. T C lot E S r ~.Jn • I '" I L F.: , P t J r.. C HOI I T ~ F A Jl u RES F A I L lJ R t S 

A.C. p.C:C. (~n:/MTL~l f N0.I"'lLEl (TOTAL) 
CFIotR NO~ AGE lE~GT'" 191U/t978 197Q/1978 197G/lq7 Q t91U/197R 1Q 7U/tQ78 
.****.**************** •• * •••• *********.*.*********.******************.********* •• *.**** 

t93t e:8 

19~3 fB 

1905 EB 

190~ Ea 

, 1.8 

tl.8 

19t0 fB * 1I~2 

1911 EIj * '1:2 

1915 EB 

.1 I .3 

.1 I ~.e 

1.1"1 .4 I .1 

.tA I .U 

iii. PI I .f,." 

.J I .3 

0. ~ I " •. J\ 

Q. (}l I i".:r 

~.~ I ./,1 

.(1 

~.~ I • 1 

~ t I ~ 7 .' I " , 

L4 I 28 

26 I q~ 

3 I 

11 I 59 

.~ I .U :s I 1.1 

:J& I 11.14 

~ I 

tt~ I 225 

8 I 27 

5 I 

1.7 I 10 I 

'5 I 1 

3 I 15 

.1 I .4 1 I 3 

5 I 7 
(Continued) 

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



F4ILIlr:fE SU"'foIA IH' FQJ;f rISTr:fttT 1q 
CCONTINtlfD' 

**.*******************************************.***********.*.************************** 
~ e: p 4I r:f PAT (,; H E 5 (~J n • / ~q L f ) I) t J IIJ r: HOI Til; F A I L U RES p; AIL U r:f E 5 

A • C • p • C • C • PJ f"I • I M r l E' ( N (] • / M 11. f , f T UTA L ) 
CF~P NO. AGE L~NGTH 1~1U/1918 197U/1Q78 tQ7a/lQ1~ tq1~/,q78 197a/lq78 
**********************************************************.***.************************ 

• t I ,5 '" ,'~ I , 2 .7 2 / 7 

• t / .:3 .1 / ,3 ,IJ / 3 / b 

.~ / .0 .5 / 2.3 :3 / 1& 

q / 50 

t3.2 IA / 

t2.6 ,LI / 1.5 b / ll.l 

1 1,8 .1/ 1 / 

It.8 ,3 / ;>.Fl 3Q I 103 

1901 w8 1 1 • 6 .2 15.1,11 / US, 0 3 / q 

• t / .5 

I£' / 7 

2 I 

tC'Ht we * tt.e t.5 / t,1 q / 7 

15 / 

1i.!1,1 I{J.~ / ,3 icl / 7 
( Continued) 

**.*********************.****.*.**********************.*.***+* •• **********.********.**~ 



FAILURE. SU~to1APY FOR [)ISTRICT 1f) 
(CO"'TI"'I'f('l~ 

•••••••••• * ••••••••••••• * ••• * ••••••••••••••••• *.* ••• ***.* •••••• * •••••••••• * ••• **** •• * •• 
~FPAIP PATCHES (",n,/~TLF' pll"Jc~n"T5 r!YLUPES FAll U~E5 

A.e. P:C:C, (/\jn~/MTLn '''JO./MILE' (TOTAL) 
CF~~ NO • AGE LEN('T~ lQ71J/1918 tq.,,,./1Q.,a 1 Q7IJI1q7A 1q71J/1978 1Q71J/1978 
•••••••• * ••••••• * •••••••••••••••••••••••••• * •••••••••• * ••••••• ** •••••••• * •••• * •••••• * •• 

1917 ¥liB 7.9 7:0 ~.~ I .1 "':" / vI.VI ~ . '" / -'" r~ , 01 / .1 .., / 5 

1918 W8 b.B 7~0 • 1 I ,1 ~~~ I .4 ~.~ I . , 
• 1 

I .Q I b 

lqlq WB 7.2 10.~ 0. ~I I "'.~ Ill.~ / .~ . , / v • • 1 
/ ,5 I 5 

tqi0 1118 b.5 7.b • 1 I • 1 0.01 / .5 ~1 • ~ I .e; 
• 1 I 1. b / , 2 

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

DISTRICT "'EANS. :2 / ,7 1 • ~ / J.u .~ I , . ~ ?r! I 5,q ''''.7 /3 t • 7 

NOTES. AVEPAGE STZF nF A!le!l PATe"" = ??b SQ.FT. 
AVERAGE STlE OF p.c.C. PATC~ - 5Q.3 SI'J.FT. -
AVERAGE srz~ OF PlJNt:~OUT = ~.2 SQ.FT. 

•• INDICATES SECTION cnNTAtNS nVF~lAV{S). 

00 
N 



FATLUQ~ SUM~AQY FOR OISTRT~T ?~ 

••••••••• * •••••••• *.* ••• * •••••••• * ••••••••••••••••••••••••• * •••••••••••••• * •••••••••••• 
R F P A p~ PAT C 101 F.: 5 r ~ 0 • / ~ I L E ) PUN C ~ n , I T ~ F A I L I) RES F A JL U R E 5 

A.C. P:C:C. (NO:/MTLfl (Nn./MILE' (TUTAl) 
CFHR NO: AGE LENGTH Iq7Q/tq78 lq'U/,q7~ tq1a/lQ7~ tQ7~/l~78 lq7ij/lq78 
•••••••••• * ••••••••••••••••••••••••••••••••• * •••••••••••••••••••••••••••••••••••••••••• 

p. (1 I ,i. (I' ~ I 

~ I 

0.~ I "./ n / 

2012 N8 vl / 

.~ / ~. ~ I ''''.!~ .A I .8 1 I 1 

"'."" I 
.~ ~.~ / .8 ~ / 1 

~ / 

2~~5 5B Vl / 

3 / 

2~'1 SB 1 ~ I o 

2(i!12 SB ~1 / 

2c;,tl 58 Vl I 

~ / 

21'115 58 * ~lJ / 5.5 Ie / te 

1 1 • e 2 / o 
(Continued) 

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



FAIlURE SUM~AAV FOR OrSTMTCT ?~ 
(CON T1 NIIE:D' 

.*** •• ***** ••• *** •• *.*** •• **** ••• ** ••••••• ** •••••••••••••••••••••• ** ••• * •••••• ** ••••••• 
REPAIR PATCMES (~Jn./I~rLE) PU'lC~(J1 TS FAIU!PES '-AlLURES 

A.C. P:C.C. (Nn:,MrlF' (NOt/MILE' (TOTALl 
CFW~ NO. AGE LENGTH l'7U/1Q7R lQ7q/1Q7e 1Q,a/107~ tq7~/,q18 IQ1u/IQ18 
** ••• **.* •• ******** •• ***.**.**.*******.**.*** •• *.**** • • *** ••• **r*.**** •• *.** •• ***.***.· 

2022 58 

2023 S9 

2~0li EB * 

202& EB 

2001 WB 

2004 1118 * 

t t ~ 1 

'1,7 

b.l / 0,\A 

:& / 7,9 

"'. P / "1.'~ 

.5 • ~ 

1:1 / .5 

'" .?I / f1'.;" 

• a , (-'.? 

1 ," I ".'~ 

If' / o 

1 / .s 

1~7 / 

~1 / 

2 / t 

., / 

/ 

w~ / , 

"2 , 185 

/ 

Vl I 

(Continued) 



FAILURE SUMMARY FOR DISTRICT 20 
(Continued) 

1(1 I 

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

DISTRICT MEANS, • 7 / .4 .(J I , • 1 .u I .? '.'i I 1. 7 ~. 1 Itl".2 

.... OTESI AvERAGE S!Zf OF A~C~ J:lATC~ • 32.8 !';~.FT. 

AVEPAGE SIZt:' OF p.C~C:~ PATCH • 7~.3 S~.FT. 
AVERAGE 5 I ZF. OF PtlNC'I"mUT • 1:\.7 SQ.FT. 

00 
V1 



**************************.******.**************************.*.************************ 
~ c:: P A J Q P • T C i0oi E. S (f',: n • I ~ T L £ , P II f',1 C lot n ' , T 5 ~ A T L i I R f 5 F AIL U ~ E S 

A.C. p~C.C. (NO:/MlLE' (~O./MILEl (TUrAl' 
CFH~ Nn~ AGE lENGTIooI t Q1U/1918 tQ74/,Q78 tQ7~/IQ7A 1Q1~/tq7R lq7a/lq78 

*****.***************.************.**********************.**.*****.******************** 

VI.'" I .5 VI. VI I :~ e ,/ >~. ~ I ~ I 1 

.7 1 

V'.~ I 1'1 ~ .. 

, .' 'I. ~ I \J' I .iJ 

9!.V! I 'e'/ o I 

2lH 4 EB iI'.V'I I • 1 VI I 1 

21.112 EB t.2 ~ I 

24111 F.B 8.3 k: I o 

"-.iII I .1 ~.~ I • 1 v.~ I ".~' ?I.'" I >1 I 2 

'.~ ".~ I 

, •• (~ I ,'.'" .4 I '.'.~ 1 I 

• 1 VI I 2 

2412 WB o I 

.3 I .2 .2 . , • 1 I .3 I 

.1.1 ~ I 

(Continued) 
**********************************************************.*.*.************************ 



FAILU~E SUMMARY ~nR OISTRTCT ~a 
(CO~TI~JIIEOl 

•••••••••••••••••••••• *** ••••••••• * •••••••••• * •••••• *** •••••• * ••••• ***** ••••••••••••••• 
RF.PAJP PATCI<1ES rN~./~ILFl 

A.C. P~C~C~ 
AGE LE~GTI<1 IQ7UI,Q78 lQ7U/1Q1P 

PIJ~JCIol('tIITS 

rfllO:/MTL~' 
1Q1/J/l<)'7,.. 

FAIltJRES 
rNn./~lLE) 

\q7iJ/tQ7A 

FAILU~ES 

(TOTAL) 
lQ7L1/1q78 

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

cOlQl 1Ii~ 4.2 tU.B ~.~ I .U "'.Il! I tfI.\Il ~.~ I lit. IA ~.~ I .ll ~ I b 

2421 \IIIB 3~0 1 .2 t'l.0 I ~.~ 0." I ~:~ ~.~ I " , , . ' ''I. ~ I ~.!I' Lt, I fd 

2U22 II/B 3.-' 2.~ ~~f" I ~.0 k1~~ I ~.~ ~.~ I '1 •. , Y1.V'I I p..~ Ir1 I 0 

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

DISTRICT ~EANSI .0 I .2 "'~~ I • ~ ~.Ci" I • .C1 I .2 .2 I 1 • LI 

NOTESr AVERAGE STlf! nF A:C~ PATCH II ??~& SO.FT, 
AVERAGE SIZr Of:' p.C.C~ PATCH = C;Q.3 SQ.f:'T. 
AVERAGE SIZF OF PIJNCHOUT II '.2 Srl.FT~ 

* • INDICATES SfCTI~N CONTAINS nVFRlAVrS). 



CJ:) 
CJ:) 

FAILURE SUMMARY FOR OISTFUCT 25 

***********************************************************.*************************** 
qEDAIR !)ATCIoIES (NO./MILE' ItUNcMnUTS FAILURES FAILURES 

A.C. p.C.C. (NO~/MIL!' (NO./MILE) (TOTAL) 
C'MR NO. AGE LfNGTIoI l Cn"/lq78 1q7t1/1q7B lq7t1/1 q78 lq74/1q78 lq7t1/1q78 
*************************************************************************************** 

2'503 W8 5.2 1.b 0.0 I A.0 0:0 / 0.0 0:0 / 0.0 0.0 / 0.111 0 / 0 

2503 EB 5.2 2.b 11.1.121 / 0.0 e.", / 121.0 l2I~l'I / .8 0.0 / .8 0 / 2 

250" EB 5.2 1.tI 121.121 I 121.0 A:0 / 0.0 1lI.0 / .7 0.0 / .7 0 / 1 

250t1 wB 5.2 1.tI 121.0 / 121.0 0:0 / .7 0.0 / 0.0 0.0 / .7 0 / 1 

2505 E8 3.0 .8 0.121 I 0.0 121. I!! / 0.121 0~0 I 0.0 0.121 / 0,121 0 / 0 

2505 W8 l.0 .8 11.1.0 I 0.0 111.0 / 11.1.0 0~0 / 0.A 0.0 / 0.0 0 / 0 

2502 fa 8.3 12.0 "'.121 / 121.'" ~~0 / 0.0 0~0 / • 1 0.11' / • 1 0 / 1 

2502 WB 8.3 12.2 ~.'" I 0.11' 0~0 / • 1 "'~0 / 0.0 0.11' / • 1 0 / 1 

2501 £8 U1!.2 1].8 0.0 I 0.0 0~0 / 11.1.0 0:0 / 0.0 0.0 / 0.0 121 / 0 

2501 WB 1121.2 lt1.b 9.0 / 0.121 "'~121 / 121.121 : 1 / .l • 1 / .] 1 / 4 

*************************************************************************************** 
OISTRICT MEANS. 0.121 / 121.0 0~121 / • 1 ~0 / .2 .0 / .3 • 1 / 1,0 
NOTES. AV!RAGE SIZE 0' A.C. PATCM • ~].q SQ,'T. 

AV~RAG! SIZE OF It,C.C. PATCM • 5q.l SQ,'T. 
AVERAGE SIZE OF ItUNCMOUT • 1.2 SQ.'T. 

* • INOICATES SECTION CONTAINS OVERLAY(S). 



APPENDIX B 

SUMMARY OF CRACKING AND SPALLING IN EACH DISTRICT 
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DIITl CIlfACKI I'ALLI(" 
••••••••••••••••••••••••••••••••••••••••••••• 

CJrHR NO. IliAC! 8TD~D~V~ MINOR IEVERE 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

101 Ea ".1 5.5 ]1~2 0~" 
wa ".1 ].] 42~. 0~S 

102 !a til;],., • ., 5.2,4.] 11;4,,4 • ., 1I,,,,,e~2 
wa _.1,_.5 5.",5 •• 28.11,]1.] 11.], II .'0 

10] Ea •• 2 3.2 4]~? 1.4 
WB •• 2 J.3 5]~1I 0~2 

1114 !B • • • • 
wa • • • • 

tll5 !a 5 •• ].11 2S~4 a~-
wa .. " ].] 55.3 "'.] 

118 NB 1.1 4.4 1.,.1 a,1I 
la ".2 ].- 1.,.4 0.4 

111 Na • • • • 
la 1.e 4.0 1 •• 2 0.11 

111 Nil 2.4 l.Z "~1 2~2 
• • • • • 

11] NB ].5 1 • ., S~J 2~4 
SB 4.1 2.l .,.? 8.S 

115 !B • • • • 
wa 1.2 3.5 1 •• fl~2 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .. - 2 •• - 0~. 



92 

DIIT3 CRACKS IItAL-L-IC.) 
••••••••••••••••••••••••••••••••••••••••••••• 

C'HR NO. IPACE STO~O!V~ MINOR SEvER! 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1"1 N8 5.' 3.5 11~8 e p
" S8 5.1 2.1 20~2 e.0 

303 N8 6.' 3.2 13.2 e~1 
S8 S.' 3.1 11~1 e.l 

304 N8 6.e 3.4 tt ~) e~0 
S8 8.',5.1 0.0,3.1 50:5,2'.5 0.e,I.0 

les N8 5.4 2.6 11~6 e~0 
8B 6.e 3.3 31~e e.' 

3e, II 4.4 2.1 35~4 CIl.& 
WI 5.6 2.' 12~1IJ B~l 

lllJ' 18 5.2 2.3 31.8 I;" W8 5.6 2.4 0~& e,0 

3ee !8 2.6 1.3 1,) e~0 
W8 5.4 2.1 le~l e.l 

310 N8 5,0 3.e 18,8 e~J 
SB 5,4 2.' 12,' e,' 

311 NI le.e 4.8 42~2 1~0 
88 e.6 3,4 21,8 0,0 

312 • • • • 
• • • • 

314 • • • • 
• • • • 

3115 II 6,8 3.8 "~I 0"5 , . 
WI '.2 0,' 1]~5 0,3 

316 NI 4,3,5.' 1.1,1.1 '.1,18." 0~3,0~3 
S8 • • • • 

(Continued) 
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(Continued) 

31' NI • • • • 
88 • • • • 

318 NI ~.5 4.4 14.8 m.l 
88 6.~ 3.3 24.8 m.1 

319 NB • • • • sa 1.1 2.t 11.6 m~" 

3im NB • • • • 
8a • • • • 

JII NI 1.1 '.1 11.1 .~. .1 • • • • 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
6.3 2m.!> 11I~1 



94 

OIST" CRACKS SIIALLse.&.) 
••••••••••••••••••••••••••••••••••••••••••••• 

C'HR NO. SIIAC! STD~O!V~ MINOR S!V!R! 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

4~2 £8 3.4 2.2 1".2 1,2 
Irjl\ 3.4 2.2 21il.~ (1).2 

4~3 18 3.f» 1." 1".8 (I)~3 
W8 3.8 2.1 :8~3 0.1 

404 !B 4.4 2.2 1"~3 1~0 
1rj8 3.f» 1." 21." (1).8 

411! !8 2.q 1 • 1 35,11 1,1 
W8 2.f» 1 • 1 1'.1 e.0 

40f» 18 3.2 1. ! 25~q 0~1 
1rj8 3.1 1.3 2.,.f» !!J.e 

41., !8 3.5 1.8 13,8 I~" 
W8 3.3 1.8 15." lIJ.q 

4e8 !8 • • • • 
W8 2.f» 1.3 24.5 1~1 

4eq !8 2.8,2." 1.1,2.4 8~8,".3 0~1IJ,,,~e 
W8 2.8 I.! 21." lIJ.e 

41(1) 18 2.8 1. ! 1"~4 QJ~l 
WB 3.1 1.4 25.5 (1).1 

4tt !B ~.4 2." 22." I,e 
we 3.5 1. f» tt •• (1).1 

412 !8 • • • • 
w8 • • • • 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
J.I l •• q (1).2 



95 

DIIT' CRACKI I .. AL.I.IC,) 
••••••••••••••••••••••••••••••••••••••••••••• 

CII'MR NO. IPACE 8TD.D~V~ MINOR I!V!R! 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

'It NB • • • • 
18 • • • • 

'"2 N8 • • • • 
la • • • • 

'''3 NB • • • • 
18 • • • • 

.". N8 • • • • 
SB • • • • 

'"~ NB • • • • 
IS • • • • 

.,,& Na '.& 2.' &',2 I,' 
IS '.6 2.' 1J5~0 I •• 

'0'7 NB '7.0 2.5 '.11 1.1 
Ie • • • .. 

'rII' N8 • • • • 
IB • • • • 

'''9 NS • • • • 
la • • • • 

.te NB • • • • 
IB .. • • • 

........................................................... 
e.7 44.2 1 • t 



96 

DIST18 CRACKS SPALLSC.&.) 
••••••••••••••••••••••••••••••••••••••••••••• 

CII'MR '-'0, SItAC! ITD.OEY, MINOR IEYER! 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ltJal Ea • • • • 
WB • • • • 

11.2 iB ~.3 J.~ '2,. I~! 
we ".3 0.1 !4.3 e.l 

IfJ.3 Ell '.5 11.1 .2.2 l~' 
w8 II." 3.1 '''~2 !~II 

IfJI4 Ea '.2 3.5 52~a I~' 
W8 '.5 11.1 '4.3 II.' 

18"5 Ea • • • • 
wa • • • • 

III. Ea • • • • 
wa • • • • 

III., Ea • • • • 
wa • • • • 

1111 Ea • • • • 
wa • • • • 

111~ ES ~.t 5.'- 4'~' I~" 
wa 8.11 0.2 ~a~1 1IJ.1 

1111 Ell '.5 3.5 45~" 2~4 
wa 5.~ 3.2 !S.I 8.1 

1111 E8 • • • • 
W8 • • • • 

'112 Ea • • • • 
WS • • • • 

1113 E8 • • • • 
W8 • • • • 

1114 E8 5." 2.2 3!,. 1~1 
lila '.1 3.' ,.,.8 1.5 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ,,1 54." 2.1 
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DI1T1] CRACKS 8PALLI(J,) 
••••••••••••••••••••••••••••••••••••••••••••• 

C'HR NO. IliAC! ITD.D!V. MINOR IEVERE 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1301 EB 3.4 1.9 7.1 2.9 we 3.5 2.4 ~1.8 I~3,S 

1302 EB 4.e 2,2 5~5 12.8 
WB 4.1 2.1 32~. lG11~9 

1309 EB 4.1 2.e P5~8 1,1 
W8 4.8 2 •• 16 •• 3.4 

1305 N8 3.2 1.1 16.6 16.3 
SI 2.9 I.S 10.9 3~9 

130. EB 2.3 1.0 1~1 0~5 we 3.4 1.5 1>.7 GIl •• 

1301 EI 2.8 1.5 3~7 o,8 
WI 2.5 1.2 4.1 1.2 

13e8 NB 8.5 3.3 45~] 13~1 
II 15.9 4.0 35~4 1e.9 

130'1 NB 4.3 3.3 21.5 11 .2 
8B 3.2 2.1 13.4 1.23 

1310 NB 5,8 1.1.5 39.1 13~4 
8B 4.S 3.3 21~1 1.ra 

t 311 !B 3.4 1.6 14~0 GIl. iii 
WB 3.1 2.1 13.3 GIl. 1 

1312 NB 4.4 2.9 1.1 6,O 
sa 15.1 2.9 tq~J 6. 4 

1313 !B 3.1> 2.1 8,4 e,3 wa 5.S 2.1 21>.4 B.U 

1314 EI • • • • wa • • • • 

(Con tinued) 
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(Continued) 

1115 !B ~.! 3.3 l~.U B~0 
IIIB ~.2 2.3 11.q B.4 

131f» !8 5.1 2.1 11.0 ~~1 
IIIB ~.5 2.1 13.1 ~.l 

1111 !8 1.8 2.q 8.] 9~0 
IIIB 8.1 ].8 2f».f» 1 • 1 

1318 NB 3.5 2.3 1 1 • 1 0~9 
18 4.4 2.2 22.1 5.9 

111'J N8 ].f» 2.1 21.] 1 , 1 
18 4.f» 2.~ 43.4 t • 1 

132' !8 '.J 4.1 1'.15 ,~. 

we 11 .1 1J.8 1'.1J 1.1 

1321 !B 10.5 ].1 20.5 111,2 
IIIB 12.A G.l 51.1 0.0 

1322 NB 4.7,5.q 3.1,2.4 f».q,25.1 1.4,Q.Q 
18 5.4 3.b 1'J." ?0 

132] N8 4.'J 1.1 1'J.Q 1.1 
S8 • • • -

1324 NB - • • • 
18 5.4 3.1 18.'J s.Q 

1]25 N8 • • • • 
88 • • • • 

132~ N8 - • • • 
88 - • • • 

1327 NB • • • -IB • • • • 

1128 NB • • • • 
18 • • • • 

(Continued) 
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(Continued) 

13Z' H! • • • • 
s! 3.0 1. ~ 11.1 0.3 

1330 N! • • • • 
58 3.1 1.1 HlJ.0 0.3 

1331 NB • • • • 
88 • • • • 

1332 Ne 5.3 2.8 14.0 8,2 
se 4.1 2.1 35.8 8.3 

1333 HB 4.3 2.' 5.4 2,6 
58 5.1 2.S 31.' 4.9 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
5.1 lS.6 3.8 
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DIST17 CRACKS SPALLSC"', 
••••••••••••••••••••••••••••••••••••••••••••• 

C'MR "40. SPAC! 8TO.D!V~ MINOR SEVER! 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1701 N5 • • • • 
SB • • • • 

170Z NB 41.4 2." 11 ,,4 A~0 
S5 41.1 l.l 15." 0~Z 

1703 N8 Z.q 1.3 7.7 121.0 
5B 3.5 1.~ q •• A~1 

17041 NB 2.q 1.3 '.' 121,8 
S8 3.0 1.3 7.1 3.3 

170! NB • • • • 
S8 • • • • 

170" N8 • • • • 
SB • • • • 

1707 N8 3.0 1.! 10.7 111,0 
58 2.Q 1.l 10~7 (111.1 

1708 NB 3.1 1.~ 5.5 Q).S 
S8 ".1 3." Z0~7 0.2 

170q "48 • • • • 
5B • • • • 

171'" N8 G." 1.' 141 ,' 12I~2 
5B 5.0 1.8 1".3 121.1 

1711 NB !.0 3.! t3,' !.S 
SB 4.Q 4.0 10.4 0.' 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .,' tl ~8 e~' 
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DIIT1' CRACKI SPALLa, ... , 
••••••••••••••••••••••••••••••••••••••••••••• 

C'~R NO. SPACE ITD.DEV. MINOR IIV!R! 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I'll !e 2.2 1.1 18 pS apT 
we 1.' 1.11 U •• 4 2.1 

1'82 la 3." 2.3 lZ~' 22,1 
WI! 3.4 2.4 18.1 13." 

1'13 !I I.' 1." lZ~8 2~4 
WI! 2.1 t.t 4.1 t.' 

1'14 II! 3.2 1.1 31~" 1 ~" we 3.8 2.11 3".4 ",.3 

1'85 Ea e.1I 4.2 33.11 121,0 
wa S.3 3.0 11~Z Il.S 

I'"'' la 3.4 t.8 41~8 1 ~ S 
wa "." ".1 2'.' II.S 

I'll !I! • • • • 
wa • • • • 

1'''8 !I! • • • • 
W8 3.8 2.2 31." It .2 

I'''' Ie • • • • 
wa • • • • 

1'1" !B • • • • 
we • • • • 

I'" Ie 2.",2.S t.2,t.l S:1,4." J3~,,24.b 
WI 3.1 1.3 11.' 42~1 

If '14 !a • • • • 
W8 3.4 1.5 1'~1 11 ~I 

If 'IS !8 I.' 1.1 JI,I "~,, w8 !.1 1.3 16.1 "'.1 

(Continued) 
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(Continued) 

lql1 !B 4.6 2.1 U~,i1 0~1 
WB 4.6 3.2 11.4 0.£1 

1918 !B 3.q 1.' 1',6 0,1 
WI 2.6 1.4 5.1 111.1 

lqlq E:B 2.e 1.e lZ.5 e,l 
WB 2.1 t.2 ,,~. IS 111.4 

1'2£1 !B 2.6 1.2 5.' 111,1 
WI • 3.2 • t.fJ • 6.1 • e.l 

--..... --...-_----------------------------------
3.1 18.5 6.5 
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DIST2121 CRACICI SPALLIC.&.) 
••••••••••••••••••••••••••••••••••••••••••••• 

CFHR NO. S"AC! ITD.D!Y. MINOR SEvER! 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Zllt W8 • • • • 
zell N8 • • • • 

S8 • • • • 
al13 W8 !.8 4.1 t2~5 It~Z 

ZI14 !8 • • • • 
W8 • • • • 

all' N8 3.3 2.3 t',l 5.3 
sa 5.3 3.' '.4 3~a 

all2l' N8 4.3 1.4 5,5 t, , 
18 4.5 2.' tl.B 5.5 

all' !8 5.4 3.t St,Z 1,1 
W8 5.' 3.' 2'.5 1.1 

21tt 18 4.' 3.2 IZ.I 2.4 

ZSH2 Na 2.8 3.3 8,. 2,' 
S8 2.' t.' 4.Z t.5 

ZI13 18 • • • • 
alt4 S8 3.2 t." tt .5 t4.1 

21t' S8 '.1 2.8 2'.' t4.3 

21t' S& 4.1 2.1 28.3 14.1 

ZI11 !8 3.1 2.1 2.8 2,.5 

2'H8 !8 I.' 2.2 5.' 11!l.J 

211' WB 1.2 I.' 1.2 e.l 

(Continued) 
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(Con tinucd) 

ZII211 WI • • • • 
2'ZI !8 4.Z 3.4 16.' te.' 
21Z2 NS 4.11 2.2 I.' te,-

IS 4.4 2.' 12.1 I).e 
Z'Z] NI 2.t. I.' t..' 1,3 

18 2.t. e., 4.' c,.. , 
2'2t. !I • • • • 

WI • • • • 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
4.Z 13.3 e.2 
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DIIT24 CRACKI I'-ALLIC"" 
••••••••••••••••••••••••••••••••••••••••••••• 

C'~R NO. SPACE STD.D!V. MINOR SEVER! 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

i40' 1ti8 ~.I J .1 2]~5 111 ~ 1 
[B ~.111 2.4 5.4 I.] 

i41111 !B 1.1 2.' 21~8 11I~5 
W8 1.2 J.S IJ.I 111.1 

i41l EB ~.~ J.B 21~4 B~0 
W8 4.~ 1.5 J0.J B.2 

i412 [8 4.0 1.1 25~1 B~2 
WB !;.~ 2.2 2'.J 0.1 

i414 [8 ~.~ 2.1 ~J~~ 0~4 
we !;.~ 2.] 44.~ 0.8 

i415 [8 • • • • 
W8 4.~ I.!; 44~5 0~0 

i4iB [8 ].1,~.1 I.J,Z.!; lJ~0,],., a.l,0,' 
WB 4.4,4.1 2.Z,2.1 17.8,]4.J 0~0,0.1 

2422 !B • • • • 

242J EB 4.' 2.1 2]~] ".0 
W8 • • • • 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

~.' 18~~ 0~4 
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OIST25 ClUCKS 
••••••••••••••••••••••••••••••••••••••••••••• 

SPAC! ~INOR S!V[R! 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Z!Bl !B 3.1 1. & 18~3 1~1 
~B 2."1 1.1 le~3 1.1 

Z!02 E8 3.1 1.3 12.& e,z 
WI 3.5 1.8 1~.4 L'J.I 

2!13 !B 2.Q 1.2 e.e e~l 
IIIB 3.1 1. & 12~3 e~I 

2!14 !B 3.4 1.2 Q~3 e~e 
~8 • • • • 

2!I! !8 • • • • 
1118 • • • • 

.......................................................... ' 
2.' 11.4 e.l 



APPENDIX C 

THEORETICAL PREDICTION OF CRACK SPACING 
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APPENDIX C. THEORETICAL PREDICTION OF CRACK SPACING 

The Computer Program CRCP 

The computer program CRCP2 is a useful tool for the analysis of wheel 

load, temperature, and shrinkage effects on continuously reinforced concrete 

pavements. Crack spacing is one of the outputs of the program. 

The crack spacing is determined by comparing concrete strength with con­

crete stress at a given time interval. 

Selection of Input for CRCP2 

The criterion followed to choose the input data for the computer runs 

was to simulate the environmental conditions and type of aggregate used in 

the concrete mix. A justification of the values used may be found in Ref 7. 

Aggregate Type 

Two aggregates are considered in this study: gravel and limestone, 

which are the most commonly used in Texas. In Ref 6, it was concluded that 

the aggregate type has no discernible influence on the concrete strength, 

but it was found to have a significant effect in the following properties: 

(1) thermal coefficient, 

(2) drying shrinkage, and 

(3) tensile-flexural strength ratio of concrete. 

Environmental conditions 

In Table C.l, some climatological data from Texas are shown. 

Although the average temperatures are about the same in all the state, 

lower temperatures are recorded in the northwestern and west stations. 

Humidity is somewhat higher along the coast. In Refs 3 and 5 more detail 

is given on the climatic conditions. 

109 
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TABLE C. 1. CLIMATOLOGICAL DATA IN TEXAS (Ref 5) 

Temperature 
Normal Extremes Average 

Maxi- Mini- Relative 
Station mum mum High Low Humidity 

Amarillo 70.8 43.9 108 -14 54 

Dallas-
Ft. Worth 76.5 54.4 109 4 67 

E1 Paso 77 .2 49.5 109 - 8 39 

Galveston 74.5 65.0 101 8 78 

Houston 79.8 58.0 101 18 77 

Lubbock 73.6 45.8 107 -16 56 

Port 
Arthur 78.3 58.6 107 14 79 

Victoria 79.7 60.5 107 16 74 

Waco 77 .8 56.4 112 - 5 67 

Wichita 
Falls 77 .0 51.2 113 - 5 64 
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Computer Results 

In Table C.2, the crack spacing output data from Program CRCP2 is shown. 

From that table we may conclude that: 

(1) In general, limestone concrete produces larger crack spacing than 
gravel concrete. 

(2) The tensile strength of the concrete is an important factor in 
determining crack spacing. The larger the tensile strength, the 
larger the crack spacing (Fig C. 1). 

(3) Note that gravel shows the same crack spacing for changes in temper­
ature._while limestone concrete shows different values tor changes 
in temperature. The explanation is that temperature differences 
become significant only when the thermal coefficients of the steel 
and the concrete are different. In this study, the thermal co­
efficient of gravel concrete was chosen to be equal to that of 
steel. In Fig C.3, the effect of the thermal coefficient is shown. 

(4) When the thermal coefficients of concrete and steel are different, 
the crack spacing is smaller for larger temperature drops. Fig 
C.2 shows the effect of temperature drop in crack spacing. 

(5) For equal temperature drops and tensile strengths, curing temper­
ature and lowest temperature have no effect on the results. 
Temperature drop is the difference between the curing temperature 
and the lowest temperature recorded. 
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TABLE C.2. CRACK SPACING OBTAINED FROM CRCP2 COMPUTER PROGRAM 

Concrete 

Curing Lowest f t 400 f t 
Temper- Temper- Lime-0 0 ature( F) ature( F) Gravel stone Gravel 

60 -15 1.891 2.171 3.777 

0 1.891 2.171 3.777 

15 1.891 2.895 3.777 

75 -15 1.891 1.628 3.777 

0 1.891 2.171 3.777 

15 1.891 2.171 3.777 

90 -15 1.891 1.628 2.832 

0 1.891 1.628 3.777 

15 1.891 2.171 3.777 

* Execution aborted by the program 

f = tensile strength of concrete, psi. 
t 

500 f 600 
t 

Lime- Lime-
stone Gravel stone 

4.337 * 5.776 

4.337 7.220 

5.782 8.663 

3.614 * 5.776 

4.337 5.776 

4.337 7.220 

3.614 * 5.776 

3.614 5.776 

3.614 5.776 



Li me stone Concrete Grave 1 Concrete 

- 8.0 _8.0 - -- -- -
CJI 

6.0 CJI 
c: c: 6.0 .-
0 0 
0 0 
~ ~ ft = 500 psi 

CJ) 4.0 CJ) 4.0 • • • ~ ~ ~ 

0 0 
0 ft = 400psi 

0 
f t =400psi '- '-

u 2.0 u 2.0 • • • • • 

45 105 45 60 75 90 105 
~T(OF) 

(a) Limestone coarse aggregate concrete. (b) Silicious river gravel coarse aggregate 
concrete. 

Fig C.l. Effect of tensile strength of concrete in crack spacing. 
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- 6.0 ---
0" 
c: 
(.) 

o 4.0 
Q.. 
Ul 
.x: 
(.) 

o 
'-u 2.0 Note: 'i a re Average Va lues for the 

Different Tensi Ie Strengths 
for Li me stone Concrete 

60 75 
Curing Temperature (CF) 

Fig C.2. Effect of temperature drop in crack spacing. 

1)( 
I ----0" 

c: 
CJ 
0 
Q.. 
Ul 
.x: 
CJ 
c 
'-
u 

6.0 r!c/r!s = 0.75 

r! 
r!c = 1.0 

4.0 s 

2.0 
500 psi 

45 60 75 90 105 
Cu ring Tem peratu re LlT (OF) 

Fig C.3. Effect of thermal coefficients ratio 
in crack spacing. 



APPENDIX D 

USE OF DISCRIMINANT ANALYSIS TO EVALUATE THE 

DISTRESS CONDITION OF CRCP 
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APPENDIX D. USE OF DISCRIMINANT ANALYSIS TO EVALUATE THE 
DISTRESS CONDTION OF CRCP 

INTRODUCTION 

This Appendix describes the application of discriminant analysis technique 

to the evaluation of the distress condition of CRCP for the purpose of defining 

the terminal point for major rehabiliation. The specific objectives considered 

in this evaluation are 

(1) the development of a utility function to assess a quality 
score to the pavement and 

(2) the definition of a criterion for major rehabilitation or overlays 
on CRCP. 

DISCRIMINANT ANALYSIS 

Some of the pavements surveyed during 1974 were overlayed prior to the 

survey in 1978. The distress data recorded during the 1974 and 1978 Condi­

tion Surveys can be used to determine the reason leading to overlay; that is, 

having data on several variables from two groups, overlayed and nonoverlayed 

pavements, it is necessary to describe the difference between the groups. 

One method for attacking the problem is to examine the group means and 

variances directly and describe the differences between the groups on each var­

iable in turn. However, it may also be desirable to seek one or more compo­

sites of the variables such that the composites show maximum differences among 

means of composite scores and minimum overlap in the distributions of these 

scores. An approach such as this is called a discriminant function analysis. 

The discriminant analysis is a statistical technique used to classify 

data into groups; its objective is to construct a boundary, that is, a discri­

minant equation, such that the elements of each group can be separated. Once 

the equation is defined, any new element can be assigned into one of the pre­

determined groups. 

In the development of the disriminant function, a subprogram called 

"discriminant" of the statistical package SPSS was used (Ref 12). 

117 
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RESULTS FROM THE ANALYSIS 

where 

where 

The equation developed to discriminate is of the form 

z 
n 
L a.z. 

i=l 1 1 

(i 1, ... , n) 

z discriminant score, 

a. weighting coefficients, and 
1 

(1) 

Z. 
1 

standarized values of the n discriminating variables used 
in the analysis. 

The standarized values z. are calculated as follows: 
1 

Z. 
1 

x. - X. 
1 1 

Ox. 
1 

(2) 

x. 
1 

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

x. mean value of the distress manifestation i, and 
1 

o standard deviation for x. 
~. 1 

1 

Table D.l summarizes the parameters to be used with the equation pre­

sented above. 

Therefore, if any pavement is evaluated by using the equations presented, 

a discriminant score, or zeta value, is obtained. This zeta value indicates 

:;if pavements with similar scores have or have not been overlayed. If z 

is smaller than -0.8 then there is a larger probability that the pavement 

under evaluation is a good candidate to overlay. Similarly, a pavement 

with z value larger than -0.8 has a larger probability of being in good 

condition. 



i 

1 

2 

3 

4 

TABLE D. 1. CONSTANTS TO BE USED WITH EQUATIONS (1) 

Distress Manifestation a. x. 
1 1 

Failures per mile - 1.13 3.99 

Minor spa11ing (percent) - 0.49 21.36 

Severe spa11ing (percent) - 0.12 3.07 

Pumping (percent) 0.04 3.78 

TABLE D. 2. MEAN VALUES FOR OVERLAYED PAVEMENTS 

Distress Mode 

Failures per mile 

Minor spa11ing (percent) 

Severe spa11ing (percent) 

Pumping (percent) 

Mean 

15.567 

32.121 

4.962 

5.797 

TABLE D. 3. NUMBER OF CASES CORRECTLY PREDICTED 
BY THE DISCRIMINANT EQUATION 

Number of 
Number Correct 

Group of Cases Predictions 

Overlayed 34 22 

Nonover1ayed 199 185 

Total 233 207 

and (2) 

a xi 

8.14 

15.17 

6.08 

5.91 

Percent 

64.7 

93.0 

88.8 

119 
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In order to simplify the interpretation of Eq 1, the z value can be 

modified so that is is compared to zero rather than to -0.8 by using the 

equation 

z 
n 

0.8 + L: a.z. 
i=l 1 1 

(3) 

DEVELOPMENT OF A UTILITY FUNCTION 

Once the discriminant function has been developed, it can be used to 

assign a utility value to any CRCP under evaluation. Several options can be 

followed: 

(1) Use of z function as it is. The z values not only discriminate 
between overlayed and nonoverlayed sections when compared to the 
boundary value, but, depending on the magnitude of z, they indi­
cate how good or how bad the distress in the CRCP is. The higher 
z , the better, and vice versa. 

(2) Ignoring the sign of the z function. If the sign is ignored, 
each weighting coefficient a. represents the relative contri­
bution of its associated type

1
0f distress to the discriminant 

function. This weighting coefficient can be used in combination 
with utility curves of each type of distress. 

The average utility can be obtained from an equation of the form 

avu (4) 

where 

avu average visual utility, 

u
f 

utility :lssigned to a certain number of failures per mile, 
obtained from given curves, 

u utility assigned to certain percent of minor spalling, 
ms 

u utility assigned to certain percent of severe spalling, and 
ss 

u utility assigned to certain percent of pumping. 
p 
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The exponents for Eq 4 can be defined as follows: 

a al/l:lail; 

b a2/l:lail; etc. 

The remainder of the symbols are defined similarly. 

(3) Utility developed from the z equation. There is a probability 
associated with each z value that can be used as a utility value 
for a CRCP facility. It is the probability that a given pavement 
belongs to the nonoverlyed pavement group; that is, if a pave-
ment has probability close to one of belonging to the nonoverlayed 
pavement, 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 nonoverlyed group, then its utility will be low. 

In this appendix, only the third option is investigated further because 

it was felt to be the best approach for the following reasons: it may be 

obtained easier than the second approach because of boundary value problems, 

interpretation is easier than the first approach, and it may be derived 

directly from the discriminant analysis. 

UTILITY FUNCTION DEVELOPED FROM THE Z EQUATION 

Figure P. 1 is a plot of z value against the probability of belong­

ing to the nonoverlayed group for any distress modes combination. An approx­

imate equation that relates z to this probability is as follows: 

For z > 0 

where 

u(z) utility assigned to a pavement for a combination of dis­
tress modes with a discriminant score z. 
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D.l. Utility versus zeta values. 
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f(z) 1 
{- I (z)2} 

I2TI 
exp 

2 

t 1 
1 + 0.23l64(z) 

b
l 

0.31938 

b
2 

- 0.35656 

b
3 

1.78148 

b
4 

- 1.82126 

bS 1.330/7 

In the case of z < 0 

u(z) 

where 

t 
1 (Ref 13) 1 - 0.23l64(z) 

Then, if the corresponding equation is applied to find the probability asso­

ciated with a given z, the utility of a pavement with such z is determined. 

This utility value ranges from zero to one; the closer the utility is to one, 

the better the condition of the CRCP. 

CRITERION FOR MAJOR REHABILITATION 

According to the discriminant function we have already developed, if 

z is smaller than zero, the pavement would be classified as a candidate to be 

overlayed. Nevertheless, if we refer to Fig D.l, we may find that a smaller 

value of z could be adopted as criterion for deciding when to overlay. 

Figure D.2 is an oversimplification of the distribution of the over­

layed and nonoverlayed pavements. Pavements located in the "zone of conflict" 

are pavements that are not in a bad condition that mayor may not have been 

overlayed. The derived z boundary value has been shifted to the right 
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Fig D.2. Graphic representation of the distribution of data for the 
development of a criterion to overlay. 
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because of the existence of sections with negligible distress that have been 

overlayed. For these pavements, the criterion followed to overlay apparently 

was not a combination of the distress modes considered. 

After further consideration, it was felt that a better criterion for de­

ciding when to overlay is the mean z value for the group of overlayed pave­

ments. This mean z value is calculated by substituting the mean distress. 

values calculated for this group into the discriminant equation. These mean 

distress values are summarized in Table D.2. 

From the discriminant function 

z (La.z.) + 0.8 
1 1 

1.13 zi - 0.49 z2 - 0.12 z3 + 0.04 z4 0.8 

1.98 + 0.8 

1.18 

where 

15.56 - 3.99 1.42 zl 8.14 
32.12 - 21.36 

0.71 z2 15.16 
4.96 - 3.06 

0.31 z3 6.08 
5.80 - 3.78 0.34 z4 5.90 

In terms of degree of utility, this z value becomes 

a < 0 

Therefore, 

5 
1 0.79 

1 - 0.23 (-1.17) 

fez) 
1 1 _ 2 

exp {- I (1.18) } 
I27T 

0.20 

u(z) 0.12 
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The criterion proposed for deciding when to overlay are 

(1) Any pavement with utility u(z) < 0.12 should be overlayed. 

(2) If the cost of repairing a pavement is larger than the cost of 
overlaying, that pavement should be overlayed. 

REMARKS 

At this stage, it is important to mention some points inherent to the 

approach that has been followed and that might invalidate the results: 

(1) The discriminant function obtained is. linear, this might not be 
the case. This situation arises from the fact that the mathematics 
involved in the discrimant analysis are based on the assumption 
that the distributions of the groups are equivalent (variances and 
covariances should be the same in both groups). 

(2) The variables have been assumed to be normally distributed. 

(3) The subjective decision of overlaying the sections that was 
used in the analysis has been assumed to be the correct 
decision criteria. 

(4) The data points used are not comprehensive. 
tress values outside the range of the data, 
derived is not applicable. 

That is, for dis­
the z equation 

(5) Not all the distress types have been included. The criterion 
followed for deciding whether or not to overlay some of the sections 
used in our analysis could have been different than the combination 
of the distress types used here. 

In spite of the restrictions mentioned above, the prediction results 

obtained from the z score are encouraging. In Table D.3, the cases 

correctly classified by the z equation are summarized; the points used 

to test the prediction capability of the discriminant function are the same 

as the ones used to develop the equation. 

Also, it is believed that this approach is a step further in the 

rationalization of the evaluation of the distress condition of a pavement. 
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