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Executive Summary begins on
page iii in the physical copy.

projected 18-k ESAL for 10-mile sections of IH 10, IH 20, IH 35, and IH
453. These profiles identify both local and regional trends in pavement
and traffic condition which are useful in assessing highway-level
needs.

The Intersastate pavement condition profilea suggest that, in urban
areas, ride quality decreases despite a similar decrease in surface
distress. High traffic volumes usually overshadow the reduction in
surface distress, resulting in a much lower pavement score. This trend
was confirmed by a study of pavement condition (i.e. ride quality, UVU,
and pavement score?) versus traffic (ADT and 18-k ESAL>. In this study,
ride gquality was highest on sections with ADT of 2,001 to 25,000 (or
20-year projected 18-k ESAL of 2,001,000 to 25,000,000 repetitions).
UVU peak values and pavement score minimum values occur with ADT
volumes in excess of 25,000. Much of this trend can be attributed to
the increased use of concrete in high-traffic areas since concrete does
normally produce a lower ride quality, even with less surface distress.
Increased maintenance and rehabilitation activity on these
high-priority highways is also a factor.

The pavement condition profiles identify regional trends which can
only be obtained from a survey of all sections. A total survey is also
the most reliable method available for selecting rehabilitation
projects. Comparison of mandatory and total evaluations for District
11 indicates some of the risk involved in extrapolating District needs
from a partial sample. Although the PES mandatory section survey is
adequate for network-level assessments of relative District needs,
reliable project-level analysis requires a continuous record of
pavement condition.

Thias report alaso discuases current efforta aimed at eliminating
current PES limitations and thus improving the utility and reliability
of PES data. These efforts are:

1. Video Equipment -- For use in collecting visual
evaluation data in urban areas. Ultimate objective is
to collect, analyze, and transmit visual and ride data

for all pavement sections automatically.

2. Structural Adequacy -- Develop a structural adequacy
index which considers the effects of sub-surface
condition on remaining service life.

3. Maintenance and Rehabilitation Project Selection --
Develop a method which will select projects for
maintenance or rehabilitation based upon current and
projected performance, District costs, and District work

practices.

4. New JCP Survey -- Develop a quicker and simpler survey
procedure for JCP sections to be used during 1985 PES
BUrveay.
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EXECUTIVE SUMMARY

District personnel evaluated 16,214 mainlane sections and 2,458
frontage road sections during the 1984 PES survey. The survey included
all Interstate system mileage, half of the US and SH system mileage,
and 20 percent of the FM system mileage. Rigid pavement sections
(1,004 mainlane sections of continuously reinforced concrete and 460
mainlane sections of jointed concrete) were included in the survey for

the first time. The 1984 PES survey covered 27,498 centerline miles,
or approximately 39 percent of the total state-maintained centerline
mileage. Data collection began in September, 1984, and was completed

in April, 1985.

Analysis of the mainlane sections indicates a 3 percent statewide
increase in average ride quality. Flexible pavements have the highest
average ride gquality, followed by CRC sections, and then JCP sections.
Surface distress (as measured by unadjusted visual utility, or “UVvU™)
has increased by about five percent, as has the relative priority (as

measured by pavement score). Surface distress is highest on JCP
sections and lowest on CRC sections, while pavement score is highest on
flexible sections and lowest on JCP sections. Traffic load (as

measured by ADT and 18-k ESAL) increased 66 percent from 1983 to 1984,
primarily due to the inclusion of high-traffic concrete sections in the
survey.

Three flexible pavement distresses -- rutting, longitudinal
cracking, and transverse cracking -- were more common during the 1984
survey. Rutting "problems" are restricted to the eastern half of the
state (i.e. the 16 Districts on or east of IH 35), while longitudinal
and transverse cracking “problems"” are most often observed around the
perimeter of the state. Patching and block cracking were evaluated for
the first time during the 1984 survey, with patching being the more
prevalent distress type. Two distress types -- alligator cracking and
failures -- have actually been reduced from 1983 levels.

Of the rigid pavement distress types, punchouts and asphalt
patches are unusually high on CRC sections. Slabs with longitudinal
cracks, corner breaks and punchouts, and asphalt patches are unusually
common on JCP sections.

Frequency distributions for ride quality, UVU, and pavement score
indicate that sections tend to be grouped towards the higher levels,
especially for flexible and CRC sections. JCP sections, however, are
more uniformly distributed across all levels of condition. In fact,
pavement scores for JCP sections tend to be grouped towards the lower
levels.

Inclusion of rigid pavement sections enabled a special analysis of
the Interstate system which documents the overall high-quality of the
system. The major cross-state routes (IH 10, 1IH 20, IH 35, and IH 45)
display high ride quality and UVU wvalues. High traffic volumss,
though, reduce the average pavement score and suggest the need for
localized maintenance. Continuous pavement condition profiles depict
the average ride quality, UVU, pavement score, 2-way ADT, and 20-year

Executive Summary continues
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CHAPTER 1

INTROGDUCTION

Cutlines the objectives of this report and provides a brief
overview of the Pavement Evaluation System.



GCBJECTIVES

O

This report summarizes the results of the 1984 PES pavement
condition survey which began in September, 1984. It was prepared to
maeat. the following objectives:

1. Describae the condition of the entire state-maintained
highway system. (Chapters 2, 4, 5, and 6)

2. Describe the general condition of highways in each
District. (Chapter 2)

3. Provide a basis for comparing the condition of highways
in one District with those in other Districts, or with
the statewide average. (Chapter 3

4, Examine the condition of pavements in high-volume (ADT)
and high-truck traffic (18-k ESAL) areas. (Chapter 79

5. Describe the condition of each Interstate highway in
Texas. (Chapter 6

6. Jllustrate the use of continuous pavement condition
profiles to identify condition and traffic trends along
the highway. (Chapters 6 and 9)

7. Compare the results of a partial survey (mandatory
sactions only) with the results of a total survey (all
mileage). (Chapter 8)

8. Jdentify current limitations and future improvements to

PES. (Chapter 10)

OVERVIEW OF PES

The Pavement Fvaluation System (PES) was established in September,
1982, as a first step in the development of a statewide Pavement
Management System (FPMS) . PES was intended to provide District,
Division, and Administration personnel with quantifiable measures of
pavement condition to be wused in assessing relative maintenance and
rehabilitation needs.

1984 PES SURVEY

The 1984 PES survey began on September 1, 1984, and was completed
on  April 15, 1985, Specially-trained District raters evaluated and
stored data on 18,672 sections covering nearly 40 percent of the
state-maintained centerline mileage. Tables 1.1 and 1.2 summarize the

-



amount of centerline mileage rated by District and by highway systen,
respectively.

PES rated sections were selected at random prior to the start of
the survey, according to the following criteria:

IH System -~ All sections.
US System -- 15 percent of sections rated in LE6E PLUS
all sections not rated in 1983,
* SH System -- 1% percent of sections rated in 1983 PLUS
all sections not rated in 1983,
« FM System -- 1% percent of sections rated in 1983 PLU3 20
percent of =2ll other sections.
w PR System -- Evaluated at District’s discretion.
PES containse many descriptors of pevement concoibices. This ruport
is primarily concerned with three of these descriptorz! ride auvality,

unadjusted visual utility, and pavement score.

Ride Quality <(or P3I) measures the overall roughnsss of the
pavement surface using fhe Mays Ride Meter. PSI readings are recorded
at O0.2Z2-mile increments during the PES survey. Ride quality values

range from 0.1 (extremely rough) to 5.0 (very smocthi.

Unadjusted Visual Utility <(or UVU) measures only the amcunt of
distress on the pavement surface. As a result, UVU provides =& basic
measure of relative surface condition. UVU values range from 1
(maximum distress) to 100 (no distress).

Pavement Score f(or P32 1s & composite indsx which describes Lhe
relative priority of one pavement section as compared to all others.
Pavement score adjusts the UVU values to account for the effects of
environment (county freeze-thaw cycles and rainfall), traffic (ADT and
18-k ESAL repetitions?, ride guality (PSIO, and functional class
(relative importance of tha section to the overall highway network).
In 1its present form, however, pavement score is not a pesrfectly
reliable means of prioritizing projects since seversl important factors
are not yet considered. Pavement score values range from 1 {(most
urgent need) to 100 (no neead).

0Of these three descriptors, pavement score is the most freguently
cited measure of pavement condition. In its present form, howsevsr,
pavement score is not a perfectly reliatble means of prioritizing
projects, since several important factors are not yst considersd in the
PS formula. These factors include structural adequacy of pavement
layers, historical trends in pavement condition (which may identify
"'good™ sections which will rapidly deteriorate within a vyear or two),
and current and prior maintenance expenditures. Development of these
parameters will remedy current deficiencies and make pavement score a
more reliable measure of relative pavement condition and project
priority.



Table 1.1 -- Centerline Mileage Rated in Each
District During 1984 PES Survey.

E m T T M ST T Mm Me Mo Mt M Mo N MM mm mm M mm S me mw i e S b e mm mw e ot Mw e me S M M W A AR S Mm Mm me D M Sm sw e aM ww S e e ww
R RS - - - & - R A2 - RS -A- R

Centerline Centerline Percent of
District Miles Rated Miles Total Mileage Rated
ST IS S rN eSS NICSo oINS EIZIEISZgS SIS SIS SuEoEoanue

1 970.6 2883.9 33.7

2 1096.5 2686.7 40.8

3 975.3 2611.9 37.3

4 1296.3 3598.3 36.0

S 1500.7 4814.4 31.2

6 1270.8 2656.7 47.8

7 1518.1 3599.2 42.2

8 1196.1 3243.0 36.9

9 963.7 2944.8 32.7

10 . 1232.7 3547.7 34.7
11 2712.5 2756.9 98.4
12 848.5 2096.5 40.5
13 1287.6 3366.0 38.3
14 965.0 2943.4 3z2.8
15 1764.3 4388.2 40,2
16 303.0 2493.9 12.1
17 981.9 2870.5 34.2
18 1241.4 2847.1 43.6
19 912.8 2532.9 36.0
20 738.9 1948.3 37.9
21 1039.7 2685.0 38.7
23 3905.9 2560.1 35.4
24 854.7 1685.6 S0.7
25 921.3 2416.7 38.1
TOTAL 27.498.3 70,177.7 39.2



Table 1.2 -- Centerline Mileage Rated in Each
System During 1984 PES Survey.

T I T I T S T T I TN TS o NSNS oEZEEITIIoSadESSSDaoZmgzomNSssISDonR=
Centerline Centerline Percent of
System Miles Rated Miles Total Mileage Rated
E L T ST S S S T I L T S T NS ESNS TE T TR T TN S SN DINTSEE SRS NS S RS SR RS
IH 2911.7 3093.0 94.1
uUs 735€6.4 12,333.8 59.6
SH 8587.1 - 14,491.0 59.3
FM 83514.6 40,007.3 21.3
PR 128.5 252.6 50.9
- R-R iR S-R-R-B B S RIS E 2 T 2 S T T R R A - S
TOTAL 27,498.3 70,177 .7 39.2
2R R- R0 R-A A5 -5 A-S-S-A--A 5 5B 0-B-A-5 5 A E-E5-B A NS AL BB 0- RN



DESCRIPTION OF PAVEMENT CONDITION USING UVU AND PAVEMENT SCORE

As mentioned before, both UVU and pavement score values range from
1 to 100. In general, these values describe pavement sections which
fall intco three distinct groups.

Group 1: UVU (or PS) Range = 70-100

These pavements exhibit little or no surface distress and usually
have good ride guality (PSI > 3.0). Pavement sections in this group
need mincr, if any, maintenance to preserve their excellent conditicon.
Figures 1.1 and 1.2 show typical Group 1 pavement sections.

Group 2: UVU (or PS) Range = 35-70

Pavements in this group are in the most critical phase of
condition. Routine maintenance is usually sufficient to restore these
sections to excellent guality. However, neglect will 1lead to further
deterioration. Rehabilitation or maintenance usually costs five to ten
times as much when the pavement has failed. As a result, money should
be spent on restoring thesse Group 2 sections (using routine
maintenance? and then using any remaining funds to rehabilitate failed
sections.

Figures 1.3-1.5 show examples of Group 2 pavement sections.

Group 3: UVU (or PS) Range = 1-35

Pavements in this group have failed -- that is, they do not
provide for the safe, comfortable, and efficient transportation of
people and goods. These Group 3 sections require labor- and
capital-intensive work such as heavy maintenance, rehabilitation or
reconstruction to restore their initial condition. Further
detericration in condition is more difficult to determine in Group 3
because of the already pcoor surface conditions.

It is difficult to Justify concentrating most pavement
expenditures on these failed sections. However, safety and public
service considerations dictate that these roads cannot simply be
abandoned. Instead, Group 3 sections should be rehabilitated using
funds left over after maintenance of Groups 1 and 2. Such a practice
will eventually result in an overall improvement in pavement condition
as Group 2 sections are brought up to Group 1 and the number of Group 3
sections gradually declines.

Figures 1.6-1.7 show examples of '"failed" Group 3 pavements.
This section was included to provide general illustrations of the

reaning of various pavement scores. In reality, there is very little
difference between two sections having PS values of 35 and 36 (or even

-6-



Figure 1.1 - Group 1 Pavement Section

Ride Quality: PSI = 4.0

Distresses: l{inor transverse cracking
UvU = 98

Pavement Score: PS5 = 98



Figure 1.2 - Group 1 Pavement Section

Ride Quality: PSI = 2.8

L o

Distresses: Minor patching
Minor transverse cracking
Uvy = 92

Pavement Score: PS = 88§



Figure 1.3 - Group 2 Pavement Section

Ride Quality: Tl = 3.3

Distresses: Minor rutting
Minor patching
Minor longitudinal cracking
Moderate transverse cracking
UVG = 66

Pavement Score: PS = 55

I
e
1



Figure 1.4 - Group 2 Pavement Section

Ride Quality: PSI = 2.2

Distresses: Minor rutting
Minor block cracking
Minor longitudinal cracking
Moderate transverse cracking
Uvy = 76

Pavement Score: PS = 44

=10=



Figure 1.5 - Group 2 Pavement Section

Ride Quality: BPSI = 2.1
Distresses: Minor rutting
Minor patching
Minor failures
Moderate alligator cracking
UvU = 49
Pavement Score: PS = 42

o



Figure 1.6 - Group

Ride Quality:
Distresses:

3 Pavement Section

PSI = 2.6
Severe rutting
Moderate patching
Minor failures
Moderate alligator cracking
{inor longitudinal cracking
UvU 2%

Pavement Score: PS = 26



Figure 1.7 - Group 3 Pavement Section

Ride Quality: PSI = 2.6

Distresses: Severe rutting
Moderate patching
Minor failures
Moderate alligator cracking
Minor longitudinal cracking
UvU = 31

Pavement Score: PS = 26

=13=



35 and 40). Differences in pavement scores (and UVU values) become
noticeable only at 10 or more (for example, between 30 and 40).
Another inherent limitation of Figures 1.1-1.7 occurs because the
pictures attempt +to provide “"discrete”™ views of a ‘“continuous”™
phenomenon. Pavement score and UVU values describe the entire pavement
section (which may be several miles in length), and cannot be easily
condensed into the smaller range of the camera. Despite these
limitations, Figures 1.1-1.7 do provide views of various levels of
pavement condition which should prove useful to persons conducting
future field studies.

DISCUSSION OF ANALYSIS PROCEDURES USED IN. THIS REPORT

Each of the following eight chapters in this report contains a
different analysis of the 1984 PES data. Although each analysis is
unique, they share several common characteristics.

1. Source of Data -- A modified version of the 1984 PES Master
tape provided all PES data used in this report. This
modified version contains basic roadway and evaluation data
for each rated lane on a separate record.

2. SAS Programs -- Approximately 30 Statistical Analysis System
(SAS) computer programs were written to analyze the PES data.
SAS version 82.4 currently resides on the SDHPT mainframe
computer system.

3. Sections Analyzed -- Only mainlane sections with PSI and
pavement score values greater than zero were analyzed. This
restriction insured that each section had been rated and
properly stored on the 1984 PES Master tape. Frontage roads
were not considered for the following reasons: many sections
are discontinuous, especially in urban areas; maintenance is
not performed at the same level as on mainlanese, thus
producing misleading condition values; mainlane sections are
more heavily-travelled and generally form the basis of the
public’s estimation of the highway systenm.

4. Pavement Type Groups -- Each analysis divided rated mainlane
sections into the following groups, based on PES pavement
type value:

» Jointed Concrete Pavement (JCP) -- Types 2 and 3.
» Continuously Reinforced Concrete (CRC) -- Type 1.

» Flexible Pavement (ACP) -- Types 4-10.

-14-



CHAPTER 2

CONDITION OF STATE-MAINTAINED HIGHWAYS

Contains average pavement condition valuea <(ride quality,
unadjusted visual utility, pavement score, ADT, and 18-k
ESAL)> for the entire state, each District, sach highway
prefix (IH, US, SH, FM, and PR), and sach highway type
(flexible, continucus concrete, and jointed concrete). 1983
values are also provided for comparison.

-15-



District PES raters evaluated 16,214 pavement sections during the
1984 survey, as compared to the 15,792 sections rated during the 1983

survey. The 1984 survey included 14,750 flexible sections, 1004
continuously-reinforced concrete (CRC) sections, and 460 jointed
concrete pavement (JCP) sgections. The 1983 survey covered only

flexible pavements.

Tables 2.1 and 2.2 contain statewide average pavement condition
values for 1984 and 1983, respectively. The statewide averages
indicate a general decline in condition of 5 to 10 percent from 1983
and a substantial increase (65 percent) in ADT and projected 18-k ESAL.
This historical perspective, however, is affected by the inclusion of
rigid pavement sections in the 1984 survey. Rigid pavements tend to be
found in urban areas, which accounts for the dramatic rise in ADT and

18-k ESAL. Rigid pavements are also often rougher and more
highly-distressed than flexible pavements, as will be shown later in
this chapter. The effect of the new rigid pavement sections is most

evident in Districts 2, 12, and 18, since thsse are predominantly urban
Districts. Tables 2.3 and 2.4 contain average condition values, by
District, for 1984 and 1983, respectively.

Comparison of statewide averagee for rigid and flexible pavement
sections clearly defines the impact of the additional rigid pavement
sections. Table 2.5 indicates several key points:

* Ride @Quality -- Even with less distress (as measured by
UVU), rigid pavements are typically rougher than flexible
pavemnents.

* Distresas -- Many CRC pavements are relatively new,
especially when compared to JCP sections. This accounts
for the substantially lower UVU and PS values associated
with JCP.

® Traffic ~-- Average traffic values are 5 times higher for

rigid pavements, which is indicative of the use of
concrete in urban areas.

-16-



Table 2.1

T T Y R T T T T I N T R R T I N I I N NSNS TSSTIN SNSRI IT

i 1984 PES -- AVERAGE CONDITIONS ON TEXAS HIGHWAYS ;

H All Rated Mainlane Sections N = 16,214 Sections |

i Prefix ! PSI uvu PS ADT 18-k : N i

H IH ! 3.76 390.74 81.05 25999 20734 | 2726 |

! us H 3.952 83.07 74.67 7535 6670 | 4497 |

! SH H 3.36 81.53 73.44 5819 4729 | 4645 |

H FM ] 2.91 77.58 72.93 893 555 | 4276 |

! PR ! 2.41 78.97 63.16 2493 1587 | 70 i
A B 25 BBt REabiaiN-BihiasityarErittEEE iR EEEEEEEEEEEEEEEEEEE T

H Mean H 3.35 82.45 74 .88 8374 6844 | 16214 !
228 5 -5 B Aiaa BB A-N-0-AE-Ei-E - E ST EE RS EFFEEEEEEEEEEE AR AR EEEEEEEEEE T

Note: ADT values are for 2-way traffic.
18-k ESAL values, in thousands, are from
20-year projected values.

Table 2.2
2324 - E-E- A AR AR RIS FREEEXEEEEEEE T R E T 2 R 22 R R 23 2 2 2t
i 1983 PES -- AVERAGE CONDITIONS ON TEXAS HIGHWAYS H
' All Rated Mainlane Sections N = 15,792 Sections |
i Prefix ! PSI uvu PS ADT 18-k ! N !
: IH H 3.94 92.31 87.98 17691 15772 | 1604 |
; Us ! 3.54 85.16 79.07 59595 5126 | 3675 |
: SH : 3.30 85.70 79.70 4101 3409 | 3718 !
! FM H 2.93 85.21 78.10 2118 1236 | 6727 H
H PR ! 2.36 88.086 69.63 1021 742 68 |
-S4 -5 5 ES--E-BEE0EaAi-a-R 4B EE-BENEEEENEEE-EAEFEEEEEEEEEE AR EEEEEEEEEEE R
H Mean H 3.26 86.05 79.67 5055 4127 | 15792 |
255 5 5 53 35S A ESEEEEEEEEEEEEEEEEEE At EEEEE it 22t EEEEEE TR

Note: ADT values are for 2-way traffic.
18-k ESAL values, in thousands, are from
20~-year projected values.
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Table 2.3

8- B- R - R - - - - R - - - - -4 E-R--B-B R E-B-B-B-E -SSR 8-S
! 1984 PES -- AVERAGE CONDITIONS ON TEXAS HIGHWAYS !
' All Rated Mainlane Sections N = 16,214 Sections |
! District | PSI uvu PS ADT 18-k : N !
; 1 2.94 76 .37 67.06 5229 7525 ! 555 |
! 2 2.97 84 .27 66.80 15636 14393 ! 712
: 3 ! 2.81 76.65 61.20 4523 6183 | 566 |
! 4 ! 3.74 72.52 67.63 3989 4671 ! 755
! S 3.80 75.94 72.09 2957 2674 | 903 !
{ 6 ! 3.45 90.19 86.62 3943 5008 ! 819 i
! 7 3.49 84 .06 81.30 1854 2336 ! 865 !
: 8 3.34 83.95 79.68 4568 S671 ! 725
' 9 3.74 84.80 79.86 7299 6787 | 546 |
; 10 3.34 81.37 75.61 5467 5921 | 680 |
! 11 2.84 81.46 74.12 2653 2638 ! 1441 !
' 12 ! 3.64 88.40 77 .40 45582 19756 | 588 |
! 13 ! 3.29 80.32 70.53 5207 7477 ! 739 |
' 14 3.84 89.16 86.75 11456 7238 ! 525 |
! 15 ! 3.72 89.59 86 .04 10596 7211 ! 1117 !
: 16 3.14 77.57 70.74 8905 5848 | 152 |
' 17 3.23 86.71 82.55 5961 7584 | 559 !
! 18 ! 2.99 82.80 58.86 26805 16809 | 871 !
: 19 ! 3.37 83.78 76.84 5813 6762 | 526 |
' 20 ! 3.38 82.79 70.53 10762 9574 | 442 |
! 21 ! 3.29 76.23 69.39 5633 3627 | 603 i
: 23 ! 3.37 84.41 81.30 2454 2818 | 483 |
! 24 ! 3.23 85.50 77 .43 7386 7379 | 523 !
: 25 3.58 75.53 71.39 2008 2635 | 519 |

--2-E-E-5-5-A-5 -85 S4B 554222252524 A 0 ANEEEEAAA-E- AR R R EEEEEEE A AR E Rt
: Mean ! 3.35 82.45 74.88 8374 6844 | 16214 |
T S S N S S T S T T T T N Y N T T RN T OO SN SSoIISasEToS SRS ESIIZED SIS oaSDSmERToS R

Note: ADT values are for 2-way traffic.
18-k ESAL values, in thousands, are from
20-year projected values.
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Table 2.4

i 1983 PES -- AVERAGE CONDITIONS ON TEXAS HIGHWAYS H
: All Rated Mainlane Sections N = 15,792 Sections |
i District | PSI uvu PS ADT 18-k ! N H
H 1 H 2.87 88.49 79.26 3332 3611 H 554 |
i 2 i 3.64 31.46 87.87 6799 4076 | 611 H
: 3 i 3.43 84.67 80.43 2576 2833 | 482 |
' 4 | 3.57 84 .23 80.27 3312 4236 | 807 |
! S 3.55 75.12 70.51 2930 2192 | 859 |
' & | 3.51 85.77 81.89 3355 4203 | 665 |
' 7 3.58 92.48 90.24 2072 2841 H 825 |
! 8 | 3.36 88.61 83.32 4428 5825 | 704 |
: 9 | 3.94 93.12 S1.17 5472 4295 | 491 H
: 10 | 3.28 84.53 78.98 4034 2796 | 724 :
' 11 i 2.41 83.63 69.36 2445 2476 i 1457 |
] 12 3.41 90.86 85.37 10719 5227 | 618 |
' 13 | 3.08 86.77 80.153 2978 3715 | 660 |
: i4 | 3.53 93.35 90.38 8519 5812 | 666 |
1 15 i 3.43 86.33 82.05 9037 5817 | 1157 |
' 16 | 2.99 83.51 74.52 5958 4673 | S1e |
! i7 3.06 79.13 71.21 3299 3561 H 564
i 18 2.99 77 .48 64.85 11752 7231 ' 618 |
i 19 | 3.07 87 .96 81.04 4149 3507 623 |
: 20 | 3.14 85.95 79.38 5864 5559 | 533
] 21 H 3.27 86.67 79.87 5877 3375 ! 744 |
H 23 ! 3.41 88.91 85.40 2535 2933 | 463 |
' 249 3.13 86.08 76.61 6594 6304 | 449 |
' 25 | 4.25 100.00 100.00 7600 10347 ! 2 |
T T S ST T S T TN S S S T S S T N N T T T N T T T S T o NN T RS T RSO ESEEEIRSS S OoONETSoS oSS o T
H Mean H 3.26 86.05 - 79.67 5055 4127 ] 15792 |
A 2 S 2 F 222t it iR 2R E- R EEEEE R E RS R E TR EEEEEEEE AT

Note: ADT values are for 2-way traffic.
18-k ESAL values, in thousands, are from
20-year projected values.
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Table 2.5

EE R R R A R R T I T 232 2 2 2 L E R R IR P R - E R R B

i 1984 PES -- AVERAGE CONDITIONS ON TEXAS HIGHWAYS d
H All Rated Mainlane Sections N = 16,214 Sections |
i Pavement ! PSI uvuy PS ADT 18-k : N !
i ACP \ 3.38 81.86 76.50 5945 4967 | 14750 !
H CRC : 3.24 91,30 66.21 33902 27240 | 1004 |
' JCP H 2.76 82.07 41.97 30568 22484 | 460 |
T S N T S T N T T D S T N I T NI T ST NN I TSNS S ST oo oSS DT ISoDo ST oSN ToNITSST=ox
: Mean : 3.35 82.45 74.88 8374 6844 | 16214 |
i~ I e i i<l e —oedie il e -~ 3 S 33 & S S5 3 el B e e i b g -
Note: ACP = Pavement Types 4-10
JCP = Pavement Types 2-3
CRC = Pavement Type 1
ADT values are for 2-way traffic.
18-k ESAL values, in thousands, are from

20-year projected values.
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CHAPTER 3

STATEWIDE PAVEMENT CONDITION MAPS

Maps identify areas (and Districts) associated with each
distress type, as well as those areas (and Districts)
especially characterized by rough or poor-condition roads.
Maps are provided for ACP, CRC, and JCP sections.
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Many factora influence pavement performance. However, three
factore are considered to be of major importance: pavement structure
(which would include design and construction), traffic, and
environment. Although all three factors vary widely across the state,
it can be assumed that pavement structure is the most constant of the
three (especially when sections are divided into large groups by
surface type). Such an assumption is useful when describing the
condition of pavement sections in different parts of the state.

PES presently addresses pavement condition at the network level
(for example, by District). At this network level, localized
variations in pavement structure are overshadowed by broader changes in
traffic and environment. This chapter contains pavement condition maps
which are useful in assessing the effects of regional traffic and
environmental characteristics on pavement condition and performance.

This chapter examines ACP, CRC, and JCP sections. The result is
three sets of pavement condition maps covering the following subjects:

Distress in excess of astate average.

Severe distress in excess of state average.
Rough roads in excess of state average.
Poor-condition roads in excess of state average.

x X &k X

ANALYSIS PROCEDURE

Statewide averages and distress frequency distributions provided
the figures used to develop each pavement condition map. For example,
in Table 3.1, a frequency distribution of rutting values indicated that
66.70 percent of all flexible pavement sections had no rutting (i.e. a
PES rutting value of "000*). Excessive rutting was then defined as 10

percent below the state average (66.70 - 10% = 60.00). Another
category of even more excessive rutting was defined as 15 percent below
the state average (66.70 - 15% = 56.70). Once again, these figures

indicate the total percent of sections having no distress.

Frequency distributions also provided values for each District.
In District 1, for example, only 57.50 percent of all flexible sections
had no rutting (this also means that 42.50 percent of all flexible
sections had rutting). Since 37.50 is less than the 10% level of
60.00, District 1 is marked with light crosshatching in Figure 3.1.

Distress distributionas for rigid pavements were computed on the
basis of number per mile. For example, in Table 3.5, a statewide
frequency distribution computed the mean number of spalled cracks to be
11.01 per mile. Adding 10% and 13% to this value resulted in the two
limiting values of 12.11 and 12.66, respectively. A frequency
distribution for District 13, for example, computed a mean of 16.74
spalled cracks per mile. Since 16.74 is greater than the 15% level of
12.66, District 13 is marked with dense crosshatching in Figure 3.25.
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An arbitrary dispensation was made for Districts with five or
fewer sections in a group. For example, in Table 3.8, Districts 10 and
11 fall below the 15% level (24.84) for spalled cracks. As a result,
both Districts should be marked with dense crosshatching in Figure
3.37. However, the two JCP sections rated in District 10 were not
considered to be a sufficient sample size. Thus District 10 1s not
crosshatched while District 11, with only four more sections, is marked
with dense crosshatching in Figure 3.37.

ACP SECTIONS

Maps for ACP sections are organized as follows!:

" Distress in excess of state average.
All ACP -- Figures 3.1-3.7, pages 43-49.
» Severe distress in excess of state average.
All ACP -- Figures 3.8-3.14, pages 51-57,
» Rough roads in excess of state average.
All ACP -- Figures 3.15-3.19, pages 59-63.
* Poor-condition roads in excess of state average.
All ACP -- Figures 3.20-3.24, pages 65-69,.

Distre in Excess of State Average

s e

The most prevalent flexible pavement distresses are patching,
rutting, longitudinal cracking, and transverse cracking. Patching (9
Districts) indicates a pavement’s prior susceptibility to other
distress types (usually potholes or failures?. Although scheduling and
performance of maintenance patching varies from one District to
another, PES survey data indicated that patching is definitely a
statewide problem, especially on surface-treated pavements. The only
major region of the state not affected by excessive patching was the
five Districts bordering the Rio Grande.

Rutting (8 Districts) is associated with heavy trucks, poor soils,
or excess moisture. These characteristics are representative of the
le-District group on or east of IH 35, O0Of that group, eight Districts
had excessive rutting. Not one of the eight Districts west of IH 35
had excessive rutting.

Longitudinal cracking (7 Districts) occurs both in North Texas and
in South Texas along the Gulf coast. Central, East, and West Texas are
less affected. Five of the seven Districts with longitudinal cracking
problems also have transverse cracking problems.
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Transverse cracking (7 Diatricts) 1is distributed around the
perimeter of the state and is less noticeable in Central and East
Texas. Temperature extremes are primarily responsible for the
transverse cracking observed in North Texas and the Panhandle.

Alligator cracking (6 Districts) and failures (3 Digtricts) are
not confined to any one region. The important consideration is that
these distress types require immediate repair, otherwise they will
rapidly deteriorate into major rehabilitation problems. Even minor
levels of either distress type pose a definite threat to the overall
condition of a pavement section.

Block cracking (3 Districts) was primarily observed in the
Panhandle, where extreme ranges in temperature cause excessive
expansion and contraction of new surface layers.

Tables 3.1-3.4 contain figures used in developing the pavement
condition maps for all ACP sections, hot-mix sections, composite
sactions, and surface-treated sections, respectively.

Severe Distress in Excess of State Average

The term "“severe'" was reserved for only the highest PES dietress
values. Table 3.2 contains the definition used for *severe." These
maps (Figures 3.8-3.14) identify areas in need of serious attention.
At times the maps depict conditions to be worse than they really are
because the statewide mean values used for comparison are s0 low,.
District personnel should consult both the maps and the tables to
obtain a more reliable perspective on the extent of each distress type.

Detailed analysis of each distress type will not be given here,
since the previous section should have provided an indication of how
each map may be read. However, trends for severe distress do resemble
those already described for excessive distress.

Rou Roade in Exces ate Average

Figures 3.15-3.19 and Table 3.3 depict statewide trends in
pavement roughness. Analysis of these maps, however, will be conducted
in a slightly different manner.

Figure 3.15 identifies four Districts with an average flexible PSI
of at least ten percent below the statewide average. This map raises
several questions:

1. Is the roughness resatricted to any one type of highway
(i.e. highway prefix)?

2. Are these the only Districts having problems with ride
quality on flexible pavements?
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Analysis of the highway prefix maps for all flexible pavements
(Figures 3.16-3.19) identifies the relative ride quality problems
associated with each highway prefix: Interstate highways (32 of 3 --
District 11 has no IH mileage), US highways (2 of 4), State highways (4
of 4>, and FM highways (2 of 4). Interstate highways fared so poorly
because the ride quality standard, PSI = 2.5, was set at a high level.
FM highways, however, appeared to be in good condition because the
standard was set at P3SI = 1.5. These PSI standards, though arbitrarily
selected, are consistent with typical maintenance practice.

Ride quality problems are not the sole domain of just four
Districts in Northeast Texas. Twelve of the twenty-four Districts have
ride quality problems with flexible pavements. Other combinations,
such as hot-mix roads, or hot-mix FM roads, may identify problems in
other Districts.

Poor Condition Roads in Excegs of State Average

The pavement score maps (Figures 3.20-3.24) and Table 3.4 indicate
the relative priority of flexible pavements in each District as
compared to the statewide average. As with the P31 maps previocusly,
these pavement score maps use arbitrarily-selected limiting values for
each highway prefix. These maps and tables are the most complicated to
analyze since pavement score not only considers surface distress and
ride gquality, but also traffic, truck loads, environment, and
functional class.

Figure 3.20 identifies three Districts as having low flexible
pavement scores. Districts 3 and 18 have low scores on each highway
prefix, whersas District 4 has low scores on all but the FM system (as
shown in Figures 3.20-3.24).

At first, District 4 may seem to be in this list by mistake.
However, the following analysis will identify reasons for its inclusion
in Figure 3.20. District averages for PSI and UVU are contained in
Table 2.3. This table indicates that District 4 ride quality is very
high (PSI = 3.74 compared to 3.35 statewidel. However, District
pavement distress is also very high (UVU = 72.52 compared to 82.45
statewide) . (Note: Use of Table 2.3 values is not recommended for a
detailed study. A thorough analysis of pavement condition in District
4 would have used mean values taken for ACP sections only. A table was
actually prepared with such values, but was not included in this
report, in the interest of simplicity. The results, however, lead to
the same conclusion.) Lending supporting evidence are Figures 3.1-3.7
and 3.8-3.14, which specifically identify the following distress types:
patching (excessive and severe), failures (severe only), longitudinal
cracking (excessive and severe), and transverse cracking (excessive and
severe) . The predominance of surface cracking distress types is
reasonable for the extreme hot and cold temperatures experienced in
that region of the state.
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CRC SECTIONS

Maps for CRC sections are organized as follows:

*® Distreas 1n excess of state average.
All CRC -- Figqures 3.25-3.28, pages 71-74.
» Severe distress in excess of state average.
All CRC -- No maps drawn.
» Rough roads in excess of state average.
All CRC -- Figures 3.29-3.32, pages 75-78.
* Poor-condition roads in excess of state average.
All CRC -- Figures 3.33-3.36, pages 79-82.

Analysis of the rigid pavement condition maps (CRC and JCP) will
be nowhere near as involved as that for the flexible pavement maps. In
addition, the greater strength of the rigid surface makes it less
susceptible to traffic and environmental effects. As a result, the

rigid pavement condition maps are offered more as information for the
Districts than as problem solving tools.

Of the four CRC pavement types, only punchouts can truly be
associated with traffic and environment, although spalled cracks can be
develop more rapidly when hot weather induces shrinkage cracking. The
other two distress types -- concrete patches and asphalt patches --
primarily depend upon each District’s maintenance practices. Figures
3.25-3.28 depict regional trends for each distress type. Of particular
interest are the trends for punchouts, and their repair. Four
Districts have significant problems with punchouts, as shown in Figure
3.27. District 1 apparently patches their punchouts with asphalt,
while District 13 uses concrete. Districts 10 and 20, however, appear
to use both materials interchangeably. Regardless of the repair
method, punchouts are most commonly observed in the high-rainfall areas
of East Texas, which suggests that the punchouts are preceded by
water-induced pumping of fine base material.

The ride guality maps (Figures 3.29-3.32) are affected by the

ralative absence of CRC in urban areas. Most rigid pavements in the
urban areas were built using JCP. Dallas, Fort Worth, and Waco do have
CRC Interstate sections, a8 indicated in Figure 3.30. As a rule

howevar, CRC (and JCP) sections were "few and far between."”

The pavement score maps (Figures 3.33-3.36) emphasize the impact
of surface distress on pavement score. Of the eight Districts
identified in Figure 3.33 for low pavement score, only two were cited
for low ride quality on Figure 3.29.
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Maps for FM sections with low ride quality and FM sectione with

low pavement scores were deleted from this analysis because they
contained no pertinent infeormation.

JCP SECTIONS

Maps for JCP sections are organized as follows:

» Distress 1n excess of state average.
All JCP -- ?igures 3.37-3.42, pages 84-89.
» Severe distress in excess of state average.
All JCP -- No maps drawn.
L Rough roads in excess of state average.
all JCP -- Figures 3.43-3.46, pages 90-93,
» Poor-condition roads in excess of state average.
All JCP -- Figures 3.47-3.50, pages 94-97.

The JCP sections comprise probably the most unique of the three
pavement surfaces. Few extended stretches of JCP may be found ocutside
of the major urban areas., As shown in Table 3.8, only ten Districts
had more than the minimum of 5 sections required for consideration in
the pavement condition maps. Each of these ten Districts showed up in
at least one of the 14 JCP pavement condition maps (Figures 3.37-3.50).

JCP sections are more likely to be affected by traffic loads and
environment than CRC sections, especially if joint-to-joint connections

have failed. High-rainfall and swelling clays in East Texas are
evidenced by the prevalence of joint spalling (Figure 3.37), slabs with
longitudinal cracks (Figure 3.38), and corner breaks and punchouts
(Figure 3.40). These distress types suggest the loss of subsurface

support, which may be caused by pumping of fine base material.
Extensive patching of corner breaks and punchouts is also evidenced by
Figures 3.41 (asphalt patches) and 3.42 (concrete patches).

The ride quality (Figures 3.43-3.46) and pavement score (Figures
3.47-3.50) maps 11llustrate the same general trends. With regards to
pavemrent score, distress and ride quality appear to have had the same
relative impact. This is due to the nature of jointed concrete, in
which the presence of any identifiable distress (except perhaps for
transverse cracks) will drastically reduce ride quality.

Two maps were deleted from the analysis of JCP sections. They

ware: FM sections with low ride quality and FM sections with low
pavement score.
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A FEW REMARKS CONCERNING CHAPTER 3

This is by far the most involved chapter in this report. The
analysis procedure resulted in a total of 54 pavement condition maps --
4 of which were deleted. Additicnal maps for hot-mix, composite, and
surface-treated sections are also available to any District which may
be interested in a more detailed study of the flexible pavement system.
Although such a procedure may seem excessive, it was considered more
acceptable than withholding information from those who may have need
for it. District personnel are encouraged to study these maps, in the
hope that they may identify pavement condition trends of special use to
them in their present and future pavement work.
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Table 3.1

- - A-E- A A4 R R RS - - -2 A 2 2 E ARt EEEEEE
H 1984 PES -- ALL FLEXIBLE PAVEMENTS N = 14,750 Sections |
| Percent of Sections With No Distress !

- e eh e e e me W e me Mo e e e G e G W e e e W e e e e cm R A e M v S e e e M R e e e A WA e e e e e M e e e G e e B e M R e em em e G - A e me

¢ Dist. i Rut Block Patch Fail Allig Long Trans | Sect. !
! 1 ¢+ 57.50 85.60 59.60 88.10 69.20 56.10 65.30 | 478 |
i 2 1 47.90 88.30 48.30 98.40 75.40 48.90 63.80 | 495
! 3 1 50.20 81.40 54.50 83.30 80.80 31.40 38.50 ! 468 |
' 4 1 65.10 95.10 53.10 98.70 81.10 40.30 39.80 | 708 i
: S | 84.30 80.70 63.30 96.50 48.90 44.50 49.90 | 867 |
] 6 . 85.80 94.20 90.90 99.80 84.20 72.50 73.70 | 8le |
! 7 + 62.70 85.50 79.10 98.00 82.30 61.30 80.30 ! 865 |
' 8 ! 84.60 91.10 78.40 98.50 73.50 57.00 63.10 | 723 |
: 9 | 56.00 96.00 58.30 98.90 92.80 65.80 84.20 | 530 !
' 10 + 78.20 86.80 69.00 94.80 62.80 90.40 83.10 | 657 |
H 11 ' 44.30 92.50 57.50 87.70 72.60 73.10 76.60 | 1435 |
! 12 1 90.20 82.60 83.10 97.80 72.20 40.70 40.20 ! 356 |
H 13 | 52.00 91.60 62.40 82.10 56.80 53.50 62.30 | 604 |
' 14 | 83.60 98.50 60.20 100.00 97.70 62.90 93.50 | 525 |
' 15 | 81.90 98.70 82.70 99.50 84.60 66.80 86.00 | 1098 |
H 16 | 60.50 94.10 42.80 76.30 57.20 65.80 86.80 | 152
: 17 + 71.10 93.00 71.50 88.10 77.00 70.40 82.40 . 540
: 18 ! 66.00 93.40 76.80 92.00 72.10 59.20 56.90 ! 573 |
j i | 38.40 91.40 71.00 97.90 60.70 65.00 76.20 | 466 |
H 20 | 6€7.90 86.70 83.40 88.30 72.30 75.80 67.40 ! 368 |
] 21 1 39.60 98.20 66.90 100.00 84.60 67.70 71.10 | 599 |
' 23 I 74.50 94.80 68.30 98.10 84.30 63.10 81.00 | 483 |
! 2¢ 1+ 77.20 84.60 75.00 96.50 88.70 64.80 61.50 ! 460 |
' 25 1+ 79.50 71.90 60.10 99.80 53.50 25.00 30.00 | 484 |
i  MEAN i B6.70 90.40 68.30 94.70 75.00 60.40 68.30 | 14750 |
! v 60.00 81.40 61.50 85.20 67.50 54.40 61.50 ! i
i i S56.70 76.80 58.10 80.50 63.80 351.30 58.10 | !
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Table 3.2

s e am e e Em e e m o S T M M W TR M e v Am v e T v mm e En T mm T S B e ME M e e e e dmy M M wr Mo mw e M ot kw st e M SR S tm R e e mw E nt M e s e = w A e e

] 1984 PES -- ALL FLEXIBLE PAVEMENTS N = 14,750 Sections |

; Percent of Sections With Severe Distress H

: Dist. : Rut Block Patch Fail Allig Long Trans ! Sect. H

1 6€.90 1.46 0.00 0.00 1.46 2.09 1.46 478 :

2 8.48 0.20 0.81 0.00 .00 0.20 0.40 495 '

3 7.27 1.71 4.70 0.21 0.43 2.35 5.77 468 ]

49 0.71 0.42 6.50 0.14 0.14 2.97 18.36 708

S 0.92 0.46 3.81 0.00 4.73 0.12 0.12 867 !

6 0.86 0.49 0.74 0.12 1.23 0.00 1.72 81e |

7 3.70 1.16 0.81 Q.12 1.97 1.50 1.73 865 |

8 1.38 1.80 0.595 .14 1.11 1.94 1.94 723 '

9 5.47 .19 3.77 0.00 0.19 0.19 0.00 5320 ]

10 4.11 1.52 0.15 0.30 3.04 0.00 .00 657 '

11 3.42 0.07 1.12 0.21 0.35 0.28 .98 1435 ]

0.00 0.56 0.00 0.00 0.84 0.00 0.28 356 ]

14 0.38 0.00 4.95 0.00 0.00 1.52 0.38 525 '

15 0.91 0.00 0.27 0.00 2.55 1.55 0.18 1098 !

16 15.13 0.00 0,00 1.97 0.00 0.00 0.00 132 i

17 2.78 0.74 0.56 0.19 0.37 0.56 0.19 540

18 8.38 0.35 1.92 0.00 1.05 2.97 10.47 573 :

19 1.50 0.00 0.00 0.00 0.64 0.00 0.64 466 !

20 2.17 1.36 0.54 0.00 4,35 0.00 2.45 368 :

21 22.37 0.17 1.00 0.00 0.67 1.34 4.17 599 |

23 0.41 0.00 1.24 0.00 0.62 0.62 0.21 483 i

i 24 Q.22 8.04 0.22 0.22 0.65 0.00 5.44 460 '

: 25 1.86 2.69 2.07 0.00 2.48 0.00 .21 ! 484 :
MEAN 3.65 0.85 1.55 .11 1.37 0.90 2.42 14750

Definition of "Severe:”™ Rutting -- 200, 020, or 002 rating
Others -- 001 rating
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Table 3.3

R - BB~ - =i g i g g~ -~ - R B i g
! 1984 PES -- ALL FLEXIBLE PAVEMENTS N = 14,750 Sections !
: Percent of Sections Having Rough Surfaces !

f o e e e e e e e o e e W e e e G e e e MG G e e e M e e e e e e e A e e e e G e e mm R we e e e B e e s S Sm e e e BN e e we e e mm e e e S e

i Dist. i Avg. P3I IH Us SH FM ! Sect. H
I T R S T NS NI T N o T S L S T TN T S I N N IS TN SO IRSISSSOZSOTINSSRRDERSEESEIZRSoSRSSSSS
] 1 i 2.97 | 2.50 1.08 4,27 6.15 | 478 |
] 2 2.98 | 2.78 1.23 6.79 0.00 495 |
H 3 2.83 ! 16.67 6.40 4,17 0.69 468 |
} 4 3.74 | 0.00 0.00 0.00 0.00 | 708 |
; S | 3.80 | @ ~e---- 0.57 0.00 1.63 ! 867 |
: 6 | 3.46 | 0.00 1.61 2.68 0.83 | 816 |
! 7 3.49 | 0.00 0.88 4.66 2.78 | 865 |
' 8 3.35 ! 9.49 0.46 2.52 0.53 | 723 |
: 9 | 3.76 | 0.00 0.00 0.00 0.00 330 |
] i0 3.34 ! 0.00 0.56 1.27 0.354¢ | 657 !
] 11 J 2.84¢ | --=--- 0.00 3.48 2.73 | 1435 ¢
! 1z 3.79 | 0.00 0.00 0.00 0.00 | 356 !
' 13 3.37 . 0.00 1.16 2.95 6.90 | 604 |
‘ 14 3.84 | 0.00 0,00 0.00 Q.00 | 528 ¢
; 15 3.73 | 0.81 0.00 1.78 1.84 | 1098 |
' ls | 3.14 ! Q.00 0.00 Q.00 0.00 | 152 |
' i7 i 3.22 . 0.00 0.00 0.67 1.24 | 540 |
) is8 3.06 6.79 2.75 7.19 4.44 | 573 |
! 18 | 3.38 0.00 0.73 1.42 0.00 | 466 |
? 20 3.51 ! 5.36 0.00 1.53 0.00 | 368 |
H 21 1 3.30 ! 0.00 0.49 2.74 4.69 | 599 |
H 23 3.37 0.00 0.00 0.93 0.69 | 483 |
| 29 | 3.20 ! .87 6.00 22.06 15.25 | 460 |
i 25 3.53. 0.00 Q.52 1.32 0.00 | 484 |
i MEAN : 3.38 | 1.83 1.00 2.88 2.06 | 14750 |
! ! 3.04 2.01 1.10 3.17 2.27 i :
H ! 2.87 2.10 1.15 3.31 2.37 :
Definition of "Rough:"™ IH -- PSI o .5 or below
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Table 3.4

i 1984 PES -- ALL FLEXIBLE PAVEMENTS N = 14,750 Sections |
i Percent of Sections Having Low Pavement Scores :
i Dist. i\ Avg. PS J IH us SH FM i Sect. :
: 1 73.79 | 2.50 8.60 14.02 18.99 i 478 |
: 2 71.27 | 2.78 20.23 14.82 3.18 | 495 |
] 3 i 63.36 | 66.67 18.02 28.47 17.12 468
' 4 | 66.32 | 40.00 22.98 17.36 7.45 | 708 |
] 5 i 70.97 1 @ =m-=- 14.97 14.63 12.05 | 867
; 65 | 86.73 | 4.71 10.22 3.57 4.63 | 816 |
: 7 81.30 ! 4.70 9.62 8.29 9.44 | 865 |
' 8 79.90 | 27 .22 5.53 11.95 5.832 | 723 |
: 9 80.94 | 14.77 1.19 2.16 2.94 | 53¢ |
H 10 76.44 0.00 12.02 10.97 12.37 | 657
H N 74.38 | @ ~---- 10.98 8,99 7.7 | 1435 |
' 12 81.55 3.39 4.55 8,67 2.50 | 356 |
! 13 i 73.92 0.00 5.78 9.79 14.37 | 604 |
' 14 86.75 | 0.00 4.44 4.65 3.73 | 525 i
i 15 86.65 | 2.43 3.15 6.41 8.26 | 1098 |
; 16 i 70.74 | 5.88 20.00 12.20 21.15 152
i 17 82.36 | 0.00 6.15 6.67 10.56 | 540
' 18 | 64.35 | 27.78 28.44 32.24 18.52 | 573 |
: 19 77.79 | 0.00 10.87 7.09 0.76 | 466 |
: 20 76.71 10.71 15.73 15.27 5.56 | 368 |
t 21 69.81 ! 7,90 11.17 13.24 10.94 | 599 |
; 23 81.30 | 21.05 9.09 11.11 6.90 | 483 |
H 24 76.54 13.04 12.00 17.65 5.09 460 |
H 25 | 69.67 | 0.00 15.63 S.21 9.42 | 484 |
i MEAN 1 76.50 9.55% 11.72 11.61 9.10 + 14750 |
H ' 68.85 10.51 12.89 12.77 10.01 | :
: : 65.03 | 10.98 13.48 13.35 10.47 | H
-2 B2 2 X2 -t 2 = A A B AR R RS R E SRR EEEEEEEEEEEEEEEE RS R LR EEE SRR

Definition of "“Low:" IH -- PS of 50 or below
‘ US -- PS of 40 or below

SH -- PS5 of 40 or below

FM -- PS of 35 or below
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Table 3.5

L T T S S T S T S T S S T I S T N N I T T N T R T T I NN OSSO TN RSNSOI NIIoD SRS ToSSwEmEZIS
' 1984 PES -- ALL CRCP SECTIONS N = 1,004 Sections .
! Mean Number of Distress Uccurrences Psr Mile ‘
i Dist. ' Spalls PC Patches Punchouts AC Patches | Sect. H

-8B 5 S-S B B A ST kRN E-A-B-A-0--8 5 -5 5 3-S5 E-E-- N 55 E N
; 1 9.99 0.11 4.17 7.71 349
H 2 3.67 0.94 0.58 0.56 ' 204 ;
: 3 | 6.58 0.68 0.83 0.59 i 67 !
' q | 8.67 1.18 0.52 0.31 H 46 |
i S ! 1.29 0.14 0.00 0.00 36
' s | 0.00 0.00 0.00 0.00 | 2
: 7 1 me=ee= emeeee eeemes memeen ' o
; 8 | | meme-e eemmee eeemen mmemm | o
! g 1 15.80 6.64 0.33 0.00 | 8 :
i 10 14.23 3.68 2.25 2.28 21 !
i 11 etk R ek ok N e I T ' o i
i 12 4.98 1.72 0.16 0.16 | 114 i
: 13 16.74 3.21 1.12 0.08 | i1le '
: 14 T mmmmes mmmmee emmme e e meme- ! 10 B
; 15 20.02 0.15 0.00 0.34 | 19 i
: i6 I mmmmes eemmmee eeeems ee - ! o i
i 17 23.99 1.12 0.53 0.24 H 19
: i8 i 7.25 1.99 0.15 0.25 | 150 i
' 19 | 4.69 1.81 0.44 0.59 | 48 |
i 20 | 108,31 2.30 4.84 0.84 ' 23 i
H 21 V rmmmme mmemmme mmemes eeee— H o
: 23 1 mmmems emmmem emm e eeee— i o
' 249 21.62 0.18 0.36 0.42 | 63 |
: 25 4,10 0.58 0.28 0.54 H 34 |
' MEAN ! 11.01 1.49 0.73 0.4 ! 1004 :
! i 12.11 1.64 0.80 0.70 i :
' ; 12.66 1.71 0.84 0.74¢ i !

-35-



Table 3.6

; 1984 PES -- ALL CRCP SECTIONS N = 1,004 Sections |
' Percent of Sections Having Rough Surfaces i
i Dist. i Avg. PSI : IH us SH FM i Sect. i
T T I R T S T N S T R N N T L T N I S N T I ST T T T I T TSR RN TSI IZIESESSSdISSSDS ISR
J 1 : 3.04 6.25 0.00 ~=-==~m  —em——- H 34 i
: 2 3.00 14.29 0.00 4.88 ~--~-- : 204 |
' 3 i 2.83 | m==---- 1.49 ~--==-=  ceme=- ! &7 |
; -4 3.71 ! 0.00 0,00 ==m==e  —m———- ' 46 |
! 5 i 3.79 | 0.00 ~==m==  ccmeee | mme——- i 36
] 6 | 3.30 I ee-me- 0.00 =-=-=-==  ~m---- ! 2 |
H 7 0V mee—- HEEE S et L aatnia R bl : o i
: 8 | ----- et L E L b R ! o i
! 9 | 3.28 | 12.50 -=-===  =e;cmme ee———- : 8 |
! 10 ! 3.45 ! 4,76 ~-=~==  =-e--=  a----- ! 21
' 11 N ke D D T : o
: 12 3.43 i 0.00 0.00 0.00 -=-=--- H 114 |
! 13 | 2.99 | 0.00 0.00 0.00 ------ i 1le |
' 14 I ----- e T L S Rl et H o
H 15 1 3.60 | 0.00 Q.00 =-—w=em=  cmecee- H 19
' 1e +  e---- e e L b ! O
. 17 3.91 ' 0.00 0.00 -=-====  ~=---- : 19 i
: i8 | 3.07 i 14.68 0.00 0.00 -~--=~--- ] 150 |
] 19 ! 3.58 | 0.00 0.00 -=-w=m  cme——- ! 48 |
] 20 | 2.82 | —ee---- 0.00 0.00 -=---=-- H 23 |
i 21 v e m——— | mmmmem | mmmmee | ememee | ecmm—- ' o i
H 23 1 me-e- i I i ! Qo |
i 24 3.44 | 0.00 0.00 ===m=m  —m———- ' 63 |
] 25 | 4.29 0.00 -~-=--==  —coceen cmeee- i 34
i MEAN ' 3.29 | 5.69 0.39 1.79  --==-~ : 1004
! ' 2.92 | 6.26 . 0.43 1.83 0.00 |
] H 2.75 | 6.54 0.45 2.01 0.00 |
T L S T T T T T T N N N T T T T N T T T T N T T S T T T RSO TS CSSIETSSos RIS S SIS SNDEEmEIsSom=s

Definition of "Rough:* IH -- PSI of 2.5 or below

US -- PSI of 2.0 or below

SH -- PSI of 2.0 or below

PSI of 1.5 or below
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e e e e m e mm omw me A mm mm oae o Bm oS M T W me w A

TSI T IS =IINRIRTIEsRRTS=S

ALL CRCP SECTIONS :
Percent of Sections Having Low Pavement Scores i

o e e e v e e G e e e A e M e e e e e e W e e W e b W e MR e e e N e em B e e e e G M M A N B e AR e e B e R e e A W m e e e ke G B e e e M e e

Ta

ble 3.7

N =

i,0

- mw w w e o me e me e o w
TTTET======= =

- . e e - . e e G M G W e e em G e e e e e G e e e e R W M G e e e e R R e me e W e e e e N G e e W R W N M G e e e am e e e

i Dist. i Avg. PS ! IH
T R T T ST ST SRS oo EZoSsSREZoSmToomosaoxE
: 1 H 23.29 ; 81.25
H 2 | 59.56 | 35.29
| 3 i 57.94 | mmm———
: 4 | 87.39 { 7 .50
| 5 i 939.00 | 0.00
H 6 | 83.00 | —e-e--
: 7 ememe—— P e
' 8 | eem—-- V-
' 9 49.63 | 62.50
i 10 53.90 | 42.86
: i1 N it
: 12 82.87 : 6.15
: 13 60.72 23.08
' 14 R itk
! i | 51.16 46.67
! = | mmm———
H 17 88.00 | 6.67
H 18 | 51.67 ] 51.38
H 19 84.10 ! 10.87
{ 20 37.09 | ~e~-e--
H 21 I mm———— P mm————
] 23 1 S eeme-- P e
H 24 | 83.94 8.77
: 25 | 97 .38 ; 0.00
i  MEAN : 66.21 ' 25.59
! | 59.59 | 28.15
H ! 56.28 ¢ 29.43
-2 3-8 E-4-5-B-5-0 B4 A5 A-8-5 -5 E-0-5-A-8-5-5 5 5
Definition of “Low:" IH ~-
Uus --
SH -~
FM -~

us SH FM i Sect. '
oSS TSSSIoSEsSTSsSISeSRSsSSSSzZooRESsoSsZI==o
88,89 ~~-c-e  cemm—- H 34 |
18.18 46.34¢ ---—-~-- { 204 '
31.3¢ ~-wmm=  mmeme- ' 67 |
0.00 ===rm=  mmo——- : 46 |
------------------ : 36 i
0.00 -=-=-=-=  —e-e-- ! 2 |
—————————————————— : o
------------------ ! o !
—————————————————— H 8 |
—————————————————— H 21 H
—————————————————— H o
26.32 6.67 —====-- ! 114 !
19.15 35.29 ---=~-- i 116 |
------------------ ' o
100.00 ~====m  —~cee-e- : 19 |
------------------ ' o
0.00 ~==rm=ew  memee- i i !
20.00 56.25 --=---- ! 150 i
0.00 --==e- ——m—-- : 48 |
69.23 20.00 -=-=-=-- : 23 i
—————————————————— ' o
—————————————————— d o
33.33 ~mmemmwm emee—— H 63 |
—————————————————— ! 34
30.74 33.33 ~---=--- H 1004 i
33.81 36.66 0.00 ! H
35.35 38.33 0.00 ! :
of 50 or below
of 40 or below
of 40 or below
of 35 or below
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Table 3.8

H 1984 PES -- ALL JCP SECTIONS N = 460 Sections }
H Mean Number of Distress Occurrences Per Mile :
! i Long. Trans. CB & AC PC ;

i Dist. i Spalls Cracks Cracks Punch. Patch Patch : Sect. i
EE IS 2T R R EE R R R R R R E A R R RS A S A E R R R R R TR R R
H 1 ] 50.55 10.56 11.36 11.36 10.85 0.0%5 | 43 |
H 2 i 43.30 18.54 8.66 6.35 12.30 1.62 | 13
: 3 12.36 6.68 3.69 4.63 4.43 0.26 | 31 '
] 4 | 0.00 0.00 0.00 2.78 0.00 0.00 | 1 '
: S - -—— -——— - - - H o i
: & 2.35 0.00 0.59 0.00 0.00 0.00 | 1
H 7 1 - -———— —-——— - - -——— H O H
1 8 | 11.25 19.%54¢ 107.13 80.67 9.92 0.00 2
! 9 i 17.09 13.55 18.06 2.96 0.16 0.15 ! 8 |
H 10 | 43.40 4.62 104.14 7.95 5.78 1.15 | 2
H 11 : 34.56 24 .00 84.58 10.58 1.39 0.39 | & |
! 1z 8.65 3.34 31.76 2.09 4.56 3.40 | 118 !
! 13 16.03 1.83 122.03 4.15 0.75 20.51 : 19
H 14 ! -——— - - - - -——— ! o
i 15 i - - - - - - ! o |
: 16 | - - -———— - ———— ———— H o !
H 17 H —-——— - -—— ———— - - H O H
: i8 13.20 3.50 8.15 1.28 1.45 0.75 148 |
H 19 | 171.68 4,92 279.07 8.35 4,22 4.61 ! iz !
! 20 1 16.78 3.17 16.29 4.08 0.69 1.89 | 51
: 21 ! 30.07 13.60 1%54.67 11.49 6.86 0.13 | 4 |
: 23 —_———— ———— - - - -———— ! o
: 29 H - - - - - - - H O H
! 25 | 44 .14 1.72 102.41 3.45 5.%52 . 0.00 | 1
!  MEAN : 21.60 5.27 30.36 4.03 3.68 2.37 460 |
! H 23.76 5.80 33.40 4.43 4.05 2.61 i !
H i 24 .84 6.06 34.91 4.63 4.23 2.73 | i
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I T T S Y T T T N T I N T O N T N T T T N T T T TN T O TN O TSSCISNSERoSIISSoNENSSSDIoSsSoT oSS =as
i 1984 PES -- ALL JCP SECTIONS N = 460 Sections i
: Percent of Sections Having Rough Surfaces
i Dist. i\ Avg. P3I | IH us SH FM i Sect. :

T T T T S T N S T N T T R ST T RN NI TS TSI SCTECoS SIS oSorSoDEETISSSCoSoESDEmosZREISENITE
H 1 ! 2.953 | 68.75 9.09 75.00 0.00 | 43 |
: 2 2.12 & —----- 100.00 54,55 ------ ] 13
: 3 | 2.40 | @ mee-e-- 27 .27 25.56 -~----- ' 31 '
H 4 | 3.20 | ~----- 0.00 =-=--=-=-  —e—m-- H 1 ;
! = T e e e T e e ! o
| 6 | 1.0 @ —----- 100.00 -=-===  ~-c--- } 1 H
H 7l meem—— e T e T L : o !
! 8 2.55 | c----- 0.00 ~=-=-=m  emee-- ' 2 i
! 9 | 2,39 } ~e---- 0.00 50.00 ------ ' 8 !
' 10 ! 2.00 | smmmmes | e 100,00 0.00 | 2 i
: 11 i 1.67 | ~e===—- 100.00 66.67 100.00 ! 6 |
i 12 3.41 : 0.00 0.00 11.77 .00 | 118 |
: 13 2.58 | 42.86 ------ 20,00 ----=--~ : 13
: 14 | —e---- ] memees memeee ememme | emme-a ‘ o
) 15 ! memee-— e i L D T : o
: 16 | —=---- N e T L H o
' 17 mommmme ] emmmme | meeeme | mremee | emee——- ‘ o !
: 18 2.65 | 33.33 0.00 11.58 0.00 | 148 !
' 19 2.28 | me-me- 33.338 ~-=-~-- ————— : iz
! 20 2.72 i 20.00 0.00 23.93 ---~-- H 51 H
} 21 ; 1.60 | =-me== emeee- 100.00 ~-=~---- : 4
: 23 1 mmmee- e T it AL D : o
i 24 V- | emmmne | cemmese | cmmmme | eeemee— : o
: 25 1.30 | ==-==e eem-e- 100,00 ~-=-=-- : 1 H
i\  MEAN : 2.76 23.20 12.41 23.40 10.00 460 |
: | 2.48 | 25.52 13.65 25.74 11.00 i i
i : 2.3% 26 .68 14.27 26,91 11.50 i i

Definition of *“Rough:™ IH -- PSI of 2.5 or below
US -- PSI of 2.0 or below
SH -- PSI of 2.0 or below
FM -- PSI of 1.5 or below

Table 3.9
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Table 3.10

! 1984 PES -- ALL 3CP SECTIONS N = 460 Sections .
H Percent of Sections Having Low Pavement Scores ;

e M e s e e e M e e M e e R e e ke M e G i L R M e e A e e A e M e A e mm e Uk e e A e e M e e S e S G et W e e e e e e G e M e me M e e e e e

i Dist. ¢\ Avg. PS : IH us SH FM ! Sect. !
- A R AR A5 5 S-St i SSEE T - R E R RS E RN AR FEEE SRR EEERR AN
H 1 26.88 | 33.75 54.55 75.00 100.00 43 !
! 2 i 10.23 | ------ 100.00 90.91 ------ : 13
: 3 35.61 | --=---- 59.09 77.78 ------ ! 31 !
] 4 | 88.00 | ~---=-- 0.00 ==-==--  —==--- ‘ 1
! 5 1 eeeme-- R S el e et bt S ! o
i & i 6.00 | ------ 100.00 =~~--~  =-—~-- i 1 !
! 7 e e e e D e ! o
: 8 i 1.00 | ---==-- 100.00 ~=-v==  memeee- ; 2
; 9 | 38.63 | ---~--- 50.00 75.00 ------ i 8
: 10 | 31.00 } ~----- - 100.00 0.00 | 2
i 11 11.00 | ------ 100.00 66.67 100.00 ! 6 |
: 12 59.59 | 50.94 7.41 26.47 25.00 118 |
{ 13 1! 22.79 | 100.00 ------ 40.00 ------ ! 18 i
H 14 ! eeee-- i e I L ks : (S
; 15 t e-m--- e e e il ; o
‘ Y I R R e bl ' o
! 17 1 e R e Lk e L e X ' o i
: 18 ! 44.89 | 59.26 47 .83 49.47 66.67 | 148 |
i 19 | 11.08 ¢ ------ 100.00 =-==-=--  -==---- H 12
H 20 40.98 | 86.67 47 .37 58.82 ------ d 51
: 21 6.75 1 ~e-mmms eeme-- 100.00 ------ H 4 |
! 23 1 emee-- et it I bl i o
: 24 1 ------ e e e At bt ; o
! 25 20.00 | ----=- —me--- 100.00 ~-~--~-- : 1
i MEAN ! 41.97 68.00 49.64 52.66 50.00 | 460 |
! H 37.77 74 .80 54.60 57.93 55.00 i !
! : 35.67 i 78.20 57 .09 60.56 57.50 :
RS- 2 2 2 2 L 2 2 2 - R R - R R AR At AtEEEEE AR REEEELEEREEEEEREEEEEREAEEES

Definition of

“Low:"

PS of 50 or
PS of 40 or
P3 of 40 or
PS of 35 or
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vistricts with Excessive Rutting
1984 PES--All Flexible Pavements
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25]
]
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Legend:
Mean Plus Iov 227
Mean Plus |5% %
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Districts with Excesive Block Cracking

1984 PES--All Flexible Pavements

Fig. 3.2
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Districts with Excessive Patching
1984 PES--All Flexible Pavements
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Districts with Excessfve Failures
1984 PES--All Flexible Pavements
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Legend:
Mean Plus 107 B2
Mean Plus |57 EZZ

-46-




Districts with Excessive Alligator Cracking
1984 PES--All Flexible Pavements
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Legends
Mean Plus 104 2]
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Districts with Excesive Longltudinal Cracking

1984 PES--All Filexible Pavements
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Legend:

Mean Plus |5%
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Districts with Exceslve Transverse Cracks

1984 PES--All Flexible Pavements
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Districts with Severe Rutting
1984 PES--All Flexible Pavements
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Legend:
Mean Plus 0% E%Qzﬂ
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Districts with Severe Block Cracking

1984 PES--AlI

25

Legend:

Mean Plus 0%
Mean Plus |57 EZA4
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Flexible Pavements
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Districts with Severe Patching

1984 PES--Al |

Flexible Pavements
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Districts with Severe Fallures
1984 PES--All Flexible Pavements
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Districts with Severe Alllgator Cracking
1984 PES--All Flexible Pavements
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Districts with Severe Longltudinal Cracking
1984 PES--All Flexible Pavements
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Legends .
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Fig. 3.14
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Distiricts with Severe Transverse Cracks

1984 PES--All Flexible Pavements

Legends
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Fig. 3.15
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Districts with Rough Flexible Pavements

1984 PES--Al|l Systems
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Districts with Rough FlexIble Pavements

1984 PES--1H System
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Districts with Rough Flexible Pavements

1984 PES--US System

Fig. 3.17
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Districts with Rough Flexible Pavements

1984 PES--SH System
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Legend:
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Districts with Rough Flexible Pavements
1984 PES--FM System
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Legend:
Mean Plus 0% 227
Mean Pius 5% M

-63-



NOTES

-64-



Districts with Low Flexible Pavement Scores
1984 PES--All Flexible Pavements

Legend:
Mean Minus 10% 22
Mean Minus |5% %
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Districts with Low Flexible Pavement Scores
1984 PES--1H System
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Legend:
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Districts with Low Flexible Pavement Scores
1984 PES--US System
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Districts with Low Flexible Pavement Scores
1984 PES--SH System
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Disftricts with Low Flexible Pavement Scores
1984 PES--FM System
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Districts with Excessive Spalled Cracks
1984 PES--All CRCP Sections
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Districts with Excessive PC Patches
1984 PES--Al|l CRCP Sections
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Districts with Excessive Punchouts
1984 PES--All CRCP Sections
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Districts with Excessive AC Patches
1984 PES--All CRCP Sections
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Districts with Rough CRCP Sections
1984 PES--Al| Systems
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Fig. 3.30
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Districts with Rough CRCP Sections

1984 PES--IH System

Legend:
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Districts with Rough CRCP Sections
1984 PES--US System

Legends

Mean Plus 0% EZZZZ
Mean Plus |57 BEZZZ
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Districts with Rough CRCP Sections

1984 PES--SH System
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Legends
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DIstricts with Low CRCP Pavement Scores
1984 PES--Al| Systems
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Olstricts with Low CRCP Pavement Scores
1984 PES--1H System
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Districts with Low CRCP Pavement Scores
1984 PES--US System
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Legend:
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Districts with Low CRCP Pavement Scores

1984 PES--SH System
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Districts with Excessive Spalled Cracks
1984 PES--All JCP Sections
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Districts with Excessive Longltudinal Cracks
Legends



Districts with Excesslive Transverse Cracks
1984 PES--All JCP Sections
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Districts with Excessive Corner Breaks

and Punchouts

JCP Sections.
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Districts with Excessive AC Patches
1984 PES--AlIl JCP Sections
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Districts with Excesslve PC Patches
1984 PES--Ali JCP Sections
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Systems

Districts with Rough JCP Sections
1984 PES--All

Fig. 3.43
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Districts with Rough JCP Sections
1984 PES--iIH System

Legend:
Mear Plus (0% 2
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Districts with Rough JCP Sections
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Districts with Rough JCP Sections
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Jdistricts with Low JCP Pavement Scores
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Districts with Low JCP Pavement Scores
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Districts with Low JCP Pavement Scores
1984 PES--SH System
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CHAPTER 4

FREGQUENCY DISTRIBUTIONS FOR RIDE QUALITY,

UNADJUSTED VISUAL UTILITY, AND PAVEMENT SCORE

Figures depict the range of values observed for each nmajor
descriptor of pavement condition. The distributions have
been developed for ACF, CRC, and JCP sections. 1983 figures
are also provided to emphasize trends in statewide
condition. '
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This chapter contains figures which show the range of values
reported for P3I, UVU, and pavement score during the 1984 and 1983 PES
surveys. These frequency distributions provide general descriptions of
pavement condition for ACP, CRC, and JCP sections statewide.

RIDE QUALITY (PSI)

Figure 4.1 depicts the statewide range of PSI values, including

flexible and rigid pavement sections. This curve is tightly
distributed around the mean PSI value of 3.35, although some 28 percent
of the  sections fall below 3.0 -- a general limit for tolerable ride
quality.

For all ACP sections, comparison of Figure 4.2 (1984) and Figure
4.3 (1983) indicates an improvement in ride quality from 1983 to 1984,
This is also reflected in the mean PSI, which increased from 3.26 in
1983 to 3.38 in 1984,

Although historical data for rigid pavements was not available,
Figure 4.4 (CRC? and Figure 4.5 (JCP) do make significant statements
about ride gquality on rigid pavements. The most dramatic contrast is
in the overall ride guality of CRC when compared to JCP. The mean
values (CRC = 3.24 and JCP = 2.76) hint at this difference but the
frequency distributions emphasize it. In addition, CRC values are
tightly distributed from 2.5 to 4.0, whereas JCP values cover a wider
range from 1.0 to 4.0.

UNADJUSTED VISUAL UTILITY <UVU)

UVU describes the amount of surface distress, on a scale of 1
(continuous distress) to 100 (no distress), giving a visual condition
rating of the pavement as the average driver would perceive it. Figure
4.6 depicts the statewide distribution of UVU values during the 1984
PES survey. As expected, most sections (53 percent?) lie in the upper
range between 90 and 100, however some sections (10 percent) were
evaluated in the lower ranges from O to 50.

Distributions for ACP sections (Figures 4.7-4.8) illustrate a
gradual incresse in the amount of surface distress. This decline in

UVU is not substantial -- only five or ten points on average.

Comparisons between UVU in CRC and JCP gections are the same as

those made for ride quality. Figure 4.9 indicates that most CRC
sections are 1in excellent condition, however a few isolated sections
lie on a broad range from O to 80. For JCP, the trend is even more

obvious. Figqure 4.10 shows the presence of some high-quality JCP from
90 to 100, in addition to isolated sections at all of the other values.
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PAVEMENT S5CORE

The pavement score distributions (Figures 4.11-4.15) are similar
to the UVU distributions in that they suggest a five to ten point drop
in value from 1983 to 1984. Statewide increases in ride quality point
to the combined effects of surface distress and traffic (ADT and 18-k
ESAL) as being responsbile for the overall drop in pavement score on
flexible pavements.

The rigid pavement distributions (Figures 4.14 and 4.15) suggest
that high traffic volume has an impact on pavement score (subsequent
chapters will demonstrate that pavement score is extremely sensitive to
high traffic volumes). The CRC distribution is barely a distribution
at all, since the values 1lie almost wuniformly between O and 90.
Although CRC ride quality is slightly lower than flexible ride quality,

traffic volumes are five times higher. With regards to JCP, the
pavement score distribution is reversed, with more sections at the
lower values. This is due to 1low P3SI, excessive surface distress, and

high traffic volumes on JCP sections.
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CHAPTER S

FREQUENCY DISTRIBUTIONS FOR FLEXIBLE AND

RIGID PAVEMENT DISTRESS TYPES

Figures depict the progress being made ,towards reducing the
amount of distress on state-maintained highways by comparing
values from the 1984 and 1983 surveys (for flexible
pavements only). Distributions <for rigid pavement sections
indicate the range of distress levels observed.
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Previous chapters have examined the general measures of pavement
condition: ride guality, unadjusted visual utility, and pavement score.
This chapter contains a study of individual distress types, in an
attempt to identify the most predominant forms of distress on Texas
highways. :

ACP SECTIONS

PES survey resultas from 1983 and 1984 were analyzed to determine
if any distress types have increased (or been reduced) in occurrence on
rated sections. Figures 5.1-5.9 are frequency histograms for each
flexible pavement distress type considered during the past two years.
It must be noted that two distress types were changed in 1984.
Patching and block cracking (Figures 5.6 and 5.7) replaced raveling and
flushing (Figures 5.8 and 5.9). As a result, two-year results are only
available for five of the seven distress types. Table 5.1 contains
definitions for each of the <flexible pavement distress rating values
shown in Figures 5.1-5.9.

Figures 5.1-5.% depict increases in rutting, longitudinal
cracking, and transverse cracking. Failures and alligator cracking
have been slightly reduced. 0Of these five distresses, rutting is

progressing into the biggest problem. Figure 5.1 identifies the
following trends:

1. More sections have rutting -- approximately 25 percent
of the 1983 sections had rutting, compared to over 30
percent in 1984.

2. Increased area of “minor” rutting -- all three PES
values for rutting less than one inch (*100", *"010", and
“001") have increased in excess of the five percent
necessary to account for newly-rutted sections.

3. Increased area of ‘'sgsevere®" rutting -- "200" rutting
(one-inch ruts covering less than 25% of the two
wheelpaths?) has decreased, only to be replaced by
increases in 020" and 002" rutting.

Longitudinal cracking and transverse cracking are also becoming more
common, but only at the first-stage 100" level.

Figures 5.6 and S.7 are distributions for patching and block
cracking, respectively. Patching, as shown in Figure 5.6 (as well as
Table 3.1), 1is a very commonly-observed distress type, especially at
the 100" level. Block cracking, as shown in Table 3.1, is relatively
rare at the state level (90.40 percent of the sections had none) but is
common in some of the Districts.

Figures 5.8 and 5.9 are distributions for raveling and flushing,

reépectively. These two were replaced in the 1984 survey by patching
and block cracking. . :
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CRC SECTIONS

Figures 5.10-5.13 reflect the distribution of values for CRC
distress types. PES survey results were divided by the mean section
length to determine the number of occurrences per mile for each
distress type. As expected, most sections have very low levels of
distress. However, these figures were drawn to determine typical
levels for each CRC distress type. The figures depict frequency curves
which 1level off at approximately the following values:! 10 spalled
¢cracks per mile, S5 punchouts per mile, 5 asphalt patches per mile, and
7 concrete patches per nmile. Of these, only the values for punchouts
and asphalt patches are excessive.

JCP SECTIONS

Figures 5.14-5.19 reflect the distribution of values for JCP
distress types. PES survey results were divided by the mean section
length to determine the number of occurrences per mile for each
distress type. The figures indicate that JCP distress levels are much
higher than CRC distress levaels. The frequency curves level off at
approximately the following values: 25 spalled cracks per mile, 25
transverse cracks per mile, 18 glabs per mile with longitudinal cracks,
15 corner breaks and punchouts per mile, 13 asphalt patches per amile,
and 11 concrete patches per nile. Of these, the values for
longitudinal cracks, corner breaks and punchouts, and asphalt patches
are excessive. v
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Table 5.1 -- Definitions of PES Rating Valuer v»r
Flexible Pavement Distress Types.

Distresas Rating
Type Value Definition
Rutting 100 Depth > 0.5", 1-25 x srea of beth wheelpaths.
010 Depth > 0.5, 26-50 % area of Both wheelpaths.
001 Depth > 0.3, > S0 % aree of bot plpaths.
200 Depth > 1.0, 1-23 x area of vheelpaths.
020 Depth > 1.0, 26-30 % sres of | th wheelpaths.
002 Depth > 1.0, > S0 X area of hoth whoolpaths.
Failures o 100 1-3 failures/mile, or less.
010 S$-10 failures/mile.
001 11 failurea/mile, or more.
Alligator - 100 1-10 % area of both wheelpaths.
Cracking 010 11-350 % area of both wheelpaths.
001 > 50 % area of both whoolpoths.
Longitudinal 100 10-99 lineal £t./100 ft. station.
Cracking 010 100-200 lineal £t./100 ft. station.
001 > 200 lineal £t./100 f£ft. station.
Transverse 100 1-4 full-width cracks/100 ft. station.
Cracking 010 $-10 full-width cracks/100 ft. station.
001 > 10 full-width cracks/100 ft. station.
Petching 100 1-10 X area of lane.
010 11-50 % area of lane.
001 > 50 X area of lane.
Block Cracking 100 1-1Q0 X area of lane.
010 11-S0 % area of lane.
001 > S0 % area of lane.
Raveling 100 1-23 % area of both wheelpaths.
010 26-50 % area of both wheelpaths.
001 > S0 x area of both uh.olp.ﬁhté
Flushing 100 1-28 x area of both wheelpaths.
010 26-350 % area of both wheelpaths.
ool > 50 x area of both wheelpaths.

Note: Rating value "000" indicates absence of distress.
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