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proJected 18-k ESAL for 10-mile sections of IH 10, IH 20, IH 35. and IH 
45. These prof~les identify both local and regional trends in pavement 
end traffic condition which are useful in assessing highway-level 
needs. 

The Interstate pavement condition profiles 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 eonfir.ed 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 quality 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 
pave.ent condition. 

This report aleo discusses 
current PES limitations and thus 
of PES data. These efforts are: 

current efforts aimed at eliminating 
improving the utility and reliability 

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 
procedure for 
survey. 

Develop a quicker and simpler survey 
JCP sections to be used during ·1985 PES 

ii 
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EXECUTIVE SUMMARY 

District personnel evaluated 1~.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 
mainiane 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 
1ncrease in average ride quality. Flexible pavements have the highest 
average ride quality, followed by CRC sections. and then JCP sections. 
Surface distress (as measured by unadJusted visual utility. or "UVU") 
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 GG 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 mor~ 
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 CRG 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 level. 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 (1H 10, IH 20, IH 35, and IH 45) 
display high ride quality and UVU values. High traffic volumes. 
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 
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CHAPTER 1 

INTRODUCTION 

Outlines the obJectives of this report and provides a brief 
overview of the Pavement Evaluation System. 
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OBJECT I VE::3 

This repo~t summarlzes the 
cond~tion survey which be9an in 
Deet the followlng obJectives: 

l'esul ts 
September, 

of the 1984 
1984. It was 

PES pavement 
prepared to 

1. Descrtbe the condition of the 
highway syst.em. <Chapters 2. 4. 

entire state-mainta~ned 
5, and 5) 

DeSCl"lbe 
District. 

the general 
(Chapter 2) 

condit1on of highways 1n each 

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

4. Exam.tne the conditlon of pavements in high-volume (ADT) 
and high-truck traffic (18-k E5AL) areas. (Chapter 7) 

5. 

6. 

7. 

Describe the condition of each 
Texas. (Chapter 6) 

Interstate highway in 

Illustrate 
prof.lles to 
t.he highway. 

the use of continuous 
identify condition and 

(Chapters 6 and 9) 

pavement condition 
traffic trends along 

Compare the results of a partial 
sections only) with the results of a 
mileage). (Chapter 8) 

survey <mandatory 
total survey (all 

8. Identify current limitations and future improvements to 
PES. (Chapter 10) 

OVERVIEW OF PES 

The Pavement Fvaluat10n System (PES) was established in September, 
1982, as a first step.tn the development of a state~ide Pavement 
Management System (PMS). PES was intended to provide District. 
Division, and Administration personnel with quantifiable measures of 
pavement condition to be used in assessing relative maintenance and 
rehabilitation needs. 

1984 PES SURVEY 

The 1984 PES survey began on Septembe~ 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 
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amount of centerline mile8ge rated by District and by hIghway system, 
respectlveJ.y. 

PES rated ~ections were selected at random prl0r to tne start of 
the survey. according to the following criteria: 

* IH System -- All sectIons. 
* US System -- 15 percent of sections rated in 1983 PLilS 

all sections not rated in 1983. 
* SH System -- 15 percent of sections rated in 1983 PLUS 

all s8ctions not rated in 1983. 
* FM System -- 15 percent of sections rated in 1983 PLUS 20 

percent of ~ll other sections. 
* PR System -.- Evaluated at District's discretion. 

PES contains many descriptors of pavement conc~ti 
is primarily concerned with three of these descriptor 
unadJusted visual utility. and pavement score. 

1"", .:. ,~; 

r;ri~~ 1'~ 

pc;rt 
it. Y ~ 

Ride Qua 1 1 ty (or PSI) measures the overedl r01;.ghrv2s.s of the 
pavement surface using [Fie'-I"fays Ride Meter. PSI readings are recorded 
at 0.2-mile increments durIng the PES survey. Ride quality values 
range from 0.1 (extremely rough) to 5.0 (very smooth). 

Unadjusted Visual Utility (orU"{.!p measures only the amount of> 
distress on the pavement surface. As a result, UVU provides a b~sic 

measure of relative surface condition. UVU values range fro~ 1 
(maximum distress) to 100 (no distress). 

Pavement Score (or __ !:~]. is a composi te index which descr.ib(;)s the 
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 (ACT and 
18-k E5AL repetitions), ride quality (PSI). and functional class 
(relative Importance of the section to the overall hi~hway network>. 
In its present form. however. pavement score is not a perfectly 
reliable means of prioritizing proJects since sever~i important factors 
are not yet considered. Pavement score values range from 1 (most 
urgent need) to 100 (no nead). 

Of these three descriptors. pavement score is the most frequently 
cited measure of pavement condition. In its present form, however, 
pavement score is not a perfectly reliatble means of prioritizing 
proJects. since several important factors are not yet considered 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 w~thin a year or two)~ 
and current and prior maintenance expenditures. Development of these 
p~rameters will remedy current deficiencies and make pavement score a 
more reliable measure of relative pavement condition ~~ proJect 
priority. 

-3-
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Table 1.1 -- Centerline Mileage Rated in Each 
District During 1984 PES Survey. 

=====================~================================== 

District 
Centerline 
Miles Rated 

Centerline 
Miles Total 

Percent of 
Mileage Rated 

========:============================:================== 
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 
5 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 32.8 
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 
23 905.9 2560.1 35.4 
24 854.7 1685.6 50.7 
25 921.3 2416.7 38.1 

==============~======================================= == 

TOTAL 27.498.3 70_177.7 39.2 
===:==============z=======:============================= 
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Table 1.2 -- Centerline Mileage Rated 1n Each 
System During 1984 PES Survey. 

===========;===============::=========================== 

System 
Centerline 
Miles Rated 

Centerline 
JUles Total 

Percent of 
Mileage Rated 

==========================:============================= 
IH 2911.7 3093.0 94.1 
US 7356.4 12,333.8 59.6 
SH 8587.1 14,491.0 59.3 
FM 8514.6 40,007.3 21.3 
PR 128.5 252.6 50.9 

====:======~~=========================================== 

TOTAL 27,498.3 70,177.7 39.2 
======================================================== 
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DESCR I PT ION OF PAVE MENT CONDITION USING UVl AND PAVEMENT SCORE 

As mentioned before. both UVU and pavement score values range from 
1 to 100 . In general. these values describe pavement sections wh ic h 
fa ll into three dis~inct groups. 

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

These pavements exhibit little or no surface distress and usua ll y 
have good ride quality (PSI> 3.0). Pavement sections in this grou p 
need minor . if any, maintenance to preserve their excellent condit ion. 
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 thes e 
sections to excellent quality. However, neglect will lead to furthe r 
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 restor1ng these Group 2 sections (using routin e 
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 
deterioration in condition is more difficult to determine in Group 3 
because of the already poor 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 
meaning of various pavement scores. In reality, there is very little 
difference between two sections having PS values of 35 and 36 (or even 
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Figure 1. 1 - Group 1 Pavement Section 

Ride Quality: PSI = 4.0 
Distresses: Minor transverse cracking 

UVU 98 
Pavement Score: PS = 98 
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F i gure 1.2 - Group 1 Pavement Section 

Ride Quality: PSI = 2.8 
Distresses: Minor patching 

Minor transverse cracking 
UVU 92 

Pavement Score: PS = 88 
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Figure 1.3 - Group 2 Pavement Section 

Ride Quality: PSI = 3.3 
Distresses: Minor rutting 

Hinor patching 
Minor longitudinal cracking 
Moderate transverse cracking 
UVU = 66 

Pavement Score: PS = 55 
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Figure 1.4 - Group 2 Pavement Section 

Ride Quality: PSI = 2.2 
Distresses: Minor rutting 

Minor block cracking 
Minor longitudinal cracking 
Moderate transverse cracking 
UVU = 76 

Pavement Score: PS = 44 
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Figure 1.5 - Group 2 Pavement Section 

Ride Quality: PSI = 2.1 
Distresses: Minor rutting 

Ninor patching 
Minor failures 
Moderate alligator cracking 
UVU = 49 

Pavement Score: PS = 4 2 
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Figure 1.6 - Group 3 Pavement Section 

Ride Quality: PSI = 2.6 
Distresses: Severe rutting 

Moderate patching 
Minor failures 
Moderate alligator cracking 
Minor longitudinal crackinf 
UVU = 31 

Pavemen~ Score: PS = 26 
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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 
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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 
tape provided all PES data used in this 
modified version contains basic roadway and 
for each rated lane on a separate record. 

1984 PES Master 
report. This 

evaluation data 

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 reasona: many sections 
are discontinuous, especially in urban areas; maintenance is 
not performed at the same level as on mainlanea, thus 
producing misleading condition values; mainlane sections are 
more heaVily-travelled and generally form the basia of the 
public's estimation of the highway syste •• 

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) -- Typ •• 4-10. 
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CHAPTER 2 

CONDITION OF STATE-MAINTAINED HIGHWAYS 

Contains average pavement condition values (ride quality, 
unadJusted visual utility, pavement score, ADT, and 18-k 
ESAL) for the entire state, each District, each highway 
prefix (IH, US, SH, FM, and PR), and each highway type 
(flexible. continuous concrete, and Jointed concrete). 1983 
values are also provided for comparison. 
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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) aections. 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 areaa, which accounts for the dramatic ri.e 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 pave.ent sections is most 
evident in Districts 2, 12. and 18. since the.e are predominantly urban 
District.. Tables 2.3 and 2.4 contain average condition values. by 
District. for 1984 and 1983. respectively. 

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

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

* Distress Many eRe 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. 
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Table 2.1 

=======:=================================================================: 
1984 PES -- AVERAGE CONDITIONS ON TEXAS HIGHWAYS 

All Rated M.ainlane Sections 

Pre:fix PSI UVU PS ADT 

N = 16.214 Sections 

18-k N 

--------------------------------------------------------------------------
IH 3.76 90.74 81.05 25999 20734 2726 
US 3.52 83.07 74.67 7535 6670 4497 
SH 3.36 81.53 73.44 5819 4729 4645 
FM 2.91 77.58 72.93 893 555 4276 
PR 2.41 78.97 63.16 2493 1587 70 

======================:=========================================~========= 

Mean 3.35 82.45 74.88 8374 6844 16214 
======================::======:a==s=========_============================= 

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

Table 2.2 

=======:======================================================-=========== 
1983 PES -- AVERAGE CONDITIONS ON TEXAS HIGHWAYS 

All Rated Mainlane Sections 

Pre:fix 

IH 
US 
SH 
FM 
PR 

PSI 

3.94 
3.54 
3.30 
2.93 
2.36 

UVU 

92.31 
85.16 
85.70 
85.21 
88.06 

PS 

87.98 
79.07 
79.70 
78.10 
69.63 

ADT 

17691 
5955 
4101 
2118 
1021 

N = 15.792 Sections 

18-k 

15772 
5126 
3409 
1236 

742 

N 

1604 
3675 
3718 
6727 

68 
===:=====~===================2====.=====:=C=====.===========2============= 

Mean 3.26 86.05 79.67 5055 4127 15792 
===z====.=====c===s:====s=====~======.=======.==============c============= 

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

======:=======:========~======================3======= ==================== 

: 1984 PES -- AVERAGE CONDITIONS ON TEXAS HIGHWAYS 
All Rated Hainlane Sections 

: District : PSI UVU PS ADT 

1 2.94 76.37 67.06 5229 
2 2.97 84.27 66.80 15636 
3 2.81 76.65 61.20 4523 
4 3.74 72.52 67.63 3989 
5 3.80 75.94 72.09 2957 
6 3.45 90.19 86.62 3943 
7 3.49 84.06 81.30 1854 
8 3.34 83.95 79.68 4568 
9 3.74 84.80 79.86 7299 

10 3.34 81.37 75.61 5467 
11 2.e4 81.46 74.12 2653 
12 3.64 88.40 77.40 45582 
13 3.29 80.32 70.53 5207 
14 3.84 89.16 86.75 11456 
15 3.72 89.59 86.04 10596 
16 3.14 77.57 70.74 8905 
17 3.23 86.71 82.?5 5961 

.~ 

58.86 18 2.9"9 82.80 26805 
19 3.37 83.78 76.84 5813 
20 3.38 82.79 70.53 10762 
21 3.29 76.23 69.39 5633 
23 3.37 84.41 81.30 2454 
24 3.23 85.50 77.43 7386 
25 3.58 75.53 71.39 2008 

N = 16,214 Sections : 

18-k N 

7525 555 
14393 712 

6183 566 
4671 755 
2674 903 
5008 819 
2336 865 
5671 725 
6787 546 
5921 680 
2638 1441 

19756 588 
7477 739 
7238 525 
7211 1117 
5848 152 
7584 5..?~ 

16"gO~ 871 
6762 526 
9574 442 
3627 603 
2818 483 
7379 523 
2635 519 

=================================a======================================== 
Mean 3.35 82.45 74.88 8374 6844 16214 

===========~===================.======a==========:==== =======z=========== 

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 

=====================~======~======;=~====::==============~=============== 

: 1983 PES -- AVERAGE CONDITIONS ON TEXAS HIGHWAYS 
All Rated Mainlane Sections 

: District : 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

PSI 

2.87 
3.64 
3.43 
3.57 
3.55 
3.51 
3.58 
3.36 
3.94 
3.28 
2.41 
3.41 
3.08 
3.53 
3.43 
2.99 
3.06 
2.99 
3.07 
3.14 
3.27 
3.41 
3.13 
4.25 

uvu 

88.49 
91.46 
84.67 
84.23 
75.12 
85.77 
92.48 
88.61 
93.12 
84.53 
83.63 
90.86 
86.77 
93.35 
86.33 
83.51 
79.13 
77.48 
87.96 
85.95 
86.67 
88.91 
86.08 

100.00 

PS 

79.26 
87.87 
80.43 
80.27 
70.51 
81.89 
90.24 
83.32 
91.17 
78.98 
69.36 
85.37 
80.15 
90.38 
82.05 
74.52 
71.21 
64.85 
81.04 
79.38 
79.87 
85.40 
76.61 

100.00 

ADT 

3332 
6799 
2576 
3312 
2930 
3355 
2072 
4428 
5472 
4054 
2445 

10719 
2978 
8519 
9037 
5958 
3299 

11752 
4149 
5864 
5877 
2535 
6594 
7600 

N = 15,792 Sections: 

18-k 

3611 
4076 
2833 
4236 
2192 
4203 
2841 
5825 
4295 
2796 
2476 
5227 
3715 
5812 
5817 
4673 
3561 
7231 
3507 
5559 
3375 
2933 
6304 

10347 

N 

554 
611 
482 
807 
859 
665 
825 
704 
491 
724 

1457 
618 
660 
666 

1157 
516 
564 
618 
623 
533 
744 
463 
449 

2 
========================================================================== 

Mean 3.26 86.05 79.67 5055 4127 15792 
========================================================================== 

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 

===================~:=========~==~============a=========================== 

1984 PES -- AVERAGE CONDITIONS ON TEXAS HIGHWAYS 
All Rated Mainlane Sections 

Pavement 

ACP 
eRC 
JCP 

PSI 

3.38 
3.24 
2.76 

uvu 

81.86 
91.30 
82.07 

PS 

76.50 
66.21 
41.97 

ADT 

5945 
33902 
30568 

N = 16,214 Sections 

18-k 

4967 
27240 
22484 

N 

14750 
1004 

460 
======:::==========:===::===========================:===================== 

Mean 3.35 82.45 74.88 8374 6844 16214 
==~==============~======================================================== 

Note: ACP = Pavement Types 4-10 
JCP = Pavement Types 2-3 
eRC = Pavement Type 1 
ADT values are for 2-way traffic. 
18-k E5AL values. in thousands. are from 
20-year proJected values. 

-20-

.. 

.. 

., . 

... 

.. 

.. 

.. 

.. 
-
-... 
-
.. 
-.. 
.. , 
.. 



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 factors influence pavement performance. However. three 
factors 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 ia 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 state average. 
• Severe distress in excess of state average. 
* Rough roads in excess of state average. 
* Poor-condition roads in excess of state average. 

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 57.50 is l.ss than the 10% level of 
60.00. District 1 is marked with light crosshatching in Figur~ 3.1. 

Distress distributions for rigid pavements were computed on the 
basis of number per mile. For example. in Table 3.5. a statewide 
frequency distribution co~puted the mean number of spalled cracks to be 
11.01 per mile. Adding lOU and 15% 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 d1spensation 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 somple size. Thus District 10 1S not 
crosshatched while District 11. with only four more sections~ is mar~\ed 
with dense crosshatching in Figure 3.37. 

ACP SECTIONS 

Maps for ACP sections are organized as follows: 

• Distress 1n 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. 

Distress in Excess of State Average 

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 
16-District group on or east of IH 35. Of that group. eight Districts 
had excessive rutting. Not one of the eight Districts west of IH 35 
had excessive rutting. 

Longitudinal cracking (7 Distrlcts) 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 Districts) is distributed around 
perimeter of the state and is less noticeable in Central and 
Texas. Temperature extremes are primarily responsible for 
transverse cracking observed 1n North Texas and the Panhandle. 

the 
East 
the 

Alligator cracking (6 Districts) and failures (3 Districts> are 
not confined to anyone 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 
sections, and surface-treated sections, respectively. 

Severe Distress in Excess of State Average 

The term ··severe" was reserved for only the highest PES distress 
values. Table 3.2 contains the definition used for "aevere." 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 so 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. 

Rough Roads in Excess of State 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 leaat ten percent below the atatewide average. This map raises 
several que.tiona: 

1. Is the roughness restricted to anyone type of highway 
(i.e. highway prefix)? 

2. Are these the only Districts having probleas 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 (3 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 PSI = 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 Excess of State Average 

The pavement score maps (Figures 3.20-3.24) and Table 3.4 indicate 
the relative prior1ty of flexible pavements in each District as 
compared to the statewide average. As with the PSI maps previously, 
these pavement score maps use arbitrarily-selected limiting values for 
each highway pref1x. These maps and tables are the most complicated to 
analyze since pavement score not only considers surface distress and 
ride quality, but aiso 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, whereas 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 statewide). 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, ~n 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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CRG SECTIONS 

Maps for CRG sections are organized as follows: 

* Distress ~n excess o£ state average. 

All eRe -- Figures 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 eRC -- Figures 3.29-3.32~ pages 75-78. 

* Poor-cond~tion roads in excesa of state average. 

All CRC -- F~gures 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 
add~tion. the greater strength of the rigid surface makes it less 
susceptible to trafflc and environmental effects. As a result, the 
rigid pavement condition maps are offered more as informatlon for the 
Districts than as problem solving tools. 

Of the four CRe 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 materlals 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 quality maps (Figures 3.29-3.32) are affected by the 
relative absence of eRC in urban areas. Most rigid pavements in the 
urban areas were built using JCP. Dallas, Fort Worth, and Waco do have 
CRC Interstate sections. aa indicated in Figure 3.30. As a rule 
however. eRC (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 F1gure 3.33 for low pavement $core_ only two were cited 
for low ride quality on Figure 3.29. 
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Maps £or FM sections with low 
low pavement scores were deleted 
contained no pertinent information. 

ride quality and fM 
from th1s analysis 

sections with 
because they 

JCP SECTIONS 

Maps for JCP sections are organized as follows: 

* Distress 1n excess of state average. 

All JCP -- Figures 3.37-3.42, pages 84-89. 

* Severe distress in excess of state average. 

All JCP -- No maps drawn. 

• 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 outside 
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). 

JC~ sect10ns are more likely to be affected by traffic loads and 
environment than CRe sections, especially if Joint-to-)oint 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 1l1ustrate the same general trends. With regards to 
pavement score~ distress and ride quality appear to have had the same 
reloti~e impact. ThIS is due to the nature of Jo~nted concrete, in 
Which the p~esence of any identifiable distress (except perhaps for 
transverse cracks) will drastically reduce ride quality. 

Two maps were 
were: FM sections 
pavement score. 

deleted from the analysis 
with low ride quality and 
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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. Additional 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 

=========:==:===~=~====:=========:====:=======:======= =================:=== 

1984 PES -- ALL FLEXIBLE PAVEMENTS N = 14,750 Sections: 
Percent of Sections With No Distress 

Dist. Rut Block Patch Fail AlliS Long Trans Sect. 
:=========================================================s================ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

MEAN 

I, 
I 

57.50 
47.90 
50.20 
65.10 
84.30 
85.80 
62.70 
84.60 
56.00 
78.20 
44.30 
90.20 
52.00 
83.60 
81.90 
60.50 
71.10 
66.00 
38.40 
67.90 
39.60 
74.50 
77.20 
79.50 

66.70 
60.00 
56.70 

85.60 
88.30 
81.40 
95.10 
80.70 
94.20 
85.50 
91.10 
96.00 
86.80 
92.50 
82.60 
91.60 
98.50 
98.70 
94.10 
93.00 
93.40 
91.40 
86.70 
98.20 
94.80 
84.60 
71.90 

90.40 
81.40 
76.80 

59.60 
48.30 
54.50 
53.10 
63.30 
90.90 
79.10 

88.10 
98.40 
83.30 
98.70 
96.50 
99.80 
98.00 

78.40 98.50 
58.30 98.90 
69.00 94.80 
57.50 87.70 
83.10 97.80 
62.40 82.10 
60.20 100.00 
82.70 99.50 
42.80 
71.50 
76.80 
71.00 
83.40 
66.90 
68.30 
75.00 
60.10 

68.30 
61.50 
58.10 

76.30 
88.10 
92.00 
97.90 
88.30 

100.00 
98.10 
96.50 
99.80 

94.70 
85.20 
80.50 

69.20 
75.40 
80.80 
81.10 
48.90 
84.20 
82.30 
75.50 
92.80 
62.90 
72.60 
72.20 
56.80 
97.70 
84.60 
57.20 
7].OQ 
72.10 
60.70 
72.30 
84.60 
84.30 
88.70 
53.50 

75.00 
67.50 
63.80 

56.10 
48.90 
31.40 
40.30 
44.50 
72.50 
61.30 
57.00 
65.80 
90.40 
73.10 
40.70 
53.50 
62.90 
66.80 
65.80 
79·40 
59.20 
65.00 
75.80 
67.70 
63.10 
64.80 
25.00 

60.40 
54.40 
51.30 

65.30 
63.80 
38.50 
39.80 
49.90 
73.70 
80.30 
63.10 
84.20 
83.10 
76.60 
40.20 
62.30 
93.50 
86.00 
86.80 
82.40 
56.90 
76.20 
67.40 
71.10 
81.00 
61.50 
30.00 

68.30 
61.50 
58.10 

478 
495 
468 
708 
867 
816 
865 
723 
530 
657 

1435 
356 
604 
525 

1098 
152 
540 
573 
466 
368 
599 
483 
460 
484 

14750 

=========================================================================== 
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Table 3.2 

==~======================================================================== 

1984 PES -- ALL FLEXIBLE PAVEMENTS N = 14.750 Sections : 
Percent of Sections With Severe Distress 

Dist. Rut Block Potch Fail Allig Long Trans Sect. 
============================~==============;=:======== ===================== ~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

MEAN 

6.90 
8.48 
7.27 
0.71 
0.92 
0.86 
3.70 
1.38 
5.47 
4.11 
3.42 
0.00 
0.50 
0.38 
0.91 

15.13 
2.78 
8.38 
1.50 
2.17 

22.37 
0.41 
0.22 
1.86 

3.65 
4.02 
4.20 

1.46 
0.20 
1. 71 
0.42 
0.46 
0.49 
1.16 
1.80 
0.19 
1.52 
0.07 
0.56 
0.00 
0.00 
0.00 
0.00 
0.74 
0.35 
0.00 
1.36 
0.17 
0.00 
8.04 
2.69 

0.85 
0.94 
0.98 

0.00 
0.81 
4.70 
6.50 
3.81 
0.74 
0.81 
0.55 
3.7'7 
0.15 
1.12 
0.00 
0.33 
4.95 
0.27 
0.00 
0.56 
1.92 
0.00 
0.54 
1.00 
1.24 
0.22 
2.07 

1.55 
1. 71 
1. 78 

0.00 
0.00 
0.21 
0.14 
0.00 
0.12 
0.12 
0.14 
0.00 
0.30 
0.21 
0.00 
0.17 
0.00 
0.00 
1.97 
0.19 
0.00 
0.00 
0.00 
0.00 
0.00 
0.22 
0.00 

0.11 
0.12 
0.13 

1.46 
0.00 
0.43 
0.14 
4.73 
1.23 
1.97 
1.11 
0.19 
3.04 
0.35 
0.84 
1.66 
0.00 
2.55 
0.00 
0.37 
1.05 
0.64 
4.35 
0.67 
0.62 
0.65 
2.48 

1.37 
1.51 
1.58 

2.09 
0.20 
2.35 
2.97 
0.12 
0.00 
1.50 
1.94 
0.19 
0.00 
0.28 
0.00 
0.00 
1.52 
1.55 
0.00 
0.56 
2.97 
0.00 
0.00 
1.34 
0.62 
0.00 
0.00 

0.90 
0.99 
1.04 

1.46 
0.40 
5.77 

18.36 
0.12 
1.72 
1. 73 
1.94 
0.00 
0.00 
0.98 
0.28 
0.50 
0.38 
0.18 
0.00 
0.19 

10.47 
0.64 
2.45 
4.17 
0.21 
5.44 
0.21 

2.42 
2.66 
2.78 

478 
495 
468 
708 
867 
81G 
865 
723 
530 
657 

1435 
356 
604 
525 

1098 
152 
540 
573 
466 
368 
599 
483 
460 
484 

14750 

====::===========:=====~============;================= ===================== 

Definition of "Severe:" Rutting 
Others 

200~ 020~ or 002 rating 
001 rating 
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Table 3.3 

===:===:=============~==~======:=======~=============================~===== 

1984 PES -- ALL FLEXIBLE PAVEMENTS N = 14.750 Sections: 
Percent of Sections Having Rough Surfaces 

Dist. Avg. PSI IH US SH FM Sect. 
:========================================================================== 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

MEAN 

2.97 
2.98 
2.83 
3.74 
3.80 
3.46 
3.49 
3.35 
3.76 
3.34 
2.84 
3.79 
3.37 
3.84 
3.73 
3.14 
3.22 
3.06 
3.38 
3.51 
3.30 
3.37 
3.20 
3.53 

3.38 
3.04 
2.87 

2.50 
2.78 

16.67 
0.00 

0.00 
0.00 
<:1.4<:1 
0.00 
0.00 

0.00 
0.00 
0.00 
0.81 
0.00 
0.00 
6.79 
0.00 
5.36 
0.00 
0.00 
0.87 
0.00 

1.83 
2.01 
2.10 

1.08 
1.23 
6.40 
0.00 
0 .. 57 
1.61 
0.88 
0.46 
0.00 
0.56 
0.00 
0.00 
1.16 
0.00 
0.00 
0.00 
0.00 
2.75 
0.73 
0.00 
0.4<:1 
0.00 
6.00 
0.52 

1.00 
1.10 
1.15 

4.27 
6.79 
4.17 
0.00 
0.00 
2.68 
4.66 
2.52 
0.00 
1.27 
3.48 
0.00 
2.55 
0.00 
1. 78 
0.00 
0.67 . 
7.19 
1.42 
1.53 
2.74 
0.93 

22.06 
1.32 

2.88 
3.17 
3.31 

6.15 
0.00 
0.69 
0.00 
1.63 
0.93 
2.78 
0.53 
0.00 
0.54 
2.73 
0.00 
6.90 
0.00 
1.84 
0.00 
1.24 
4.44 
0.00 
0.00 
4.69 
0.69 

15.25 
0.00 

2.06 
2.27 
2.37 

478 
495 
468 
708 
867 
816 
865 
723 
530 
657 

1435 
356 
604 
525 

1098 
152 
540 
573 
466 
368 
599 
483 
460 
484 

14750 

======:============~:====~============~=========================~========== 

Definition of "Rough:" IH 
US 
SH 
FM 
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Table 3.4 

================:===~~===~=~====:===================== ===================== 

1984 PES -- ALL FLEXIBLE PAVEMENTS N = 14,750 Sections: 
Percent of Sections Having Low Pavement Scores 

Dist. Avg. PS 1H US SH FM Sect. 
====~=============:=======:========:=========~======== :=====:============== 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

MEAN 

73.79 
71.27 
63.36 
66.32 
70.97 
86.73 
81.30 
79.90 
80.94 
76.44 
74.38 
81.55 
73.92 
86.75 
86.65 
70.74 
82.36 
64.35 
77.79 
76.71 
69.81 
81.30 
76.54 
69.67 

76.50 
68.85 
65.03 

2.50 
2.78 

66.67 
40.00 

4.71 
4.70 

27.22 
14.77 
0.00 

3.39 
0.00 
0.00 
2.43 
5.88 
0.00 

27.78 
0.00 

10.71 
7,90 

21.05 
13.04 
0.00 

9.5:5 
10.51 
10.98 

8.60 
20.25 
18.02 
22.98 
14.97 
10.22 
9.62 
5.53 
1.19 

12.02 
10.98 
4.55 
5.78 
4.44 
3.15 

20.00 
6.15 

28.44 
10.87 
15.73 
11.17 
9.09 

12.00 
15.63 

11.72 
12.89 
13.48 

14.02 
14.82 
28.47 
17.36 
14.63 
3.57 
8.29 

11.95 
2.16 

10.97 
8.99 
8.67 
9.79 
4.65 
6.41 

12.20 
6.67 

32.24 
7.09 

15.27 
13.24 
11.11 
17.65 
9.21 

11.61 
12.77 
13.35 

18.99 
3.18 

17.12 
7.45 

12.05 
4.63 
9.44 
5.32 
2.94 

12.37 
7.71 
2.50 

14.37 
3.73 
8.26 

21.15 
10.56 
18.52 
0.76 
5.56 

10.94 
6.90 
5.09 
9.42 

9.10 
10.01 
10.47 

478 
495 
468 
708 
867 
816 
865 
723 
530 
657 

1435 
356 
604 
525 

1098 
152 
540 
573 
466 
368 
599 
483 
460 
484 

14750 

=========================~===:======================== ===================== 

Def"inition of" "Low:" 1H 
US 
SH 
FM 

PS of" 50 or below 
PS of 40 or below 
PS of 40 or below 
PS of 35 or below 
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Table 3.5 

==:======:======.=====:===~==~==~=:====~==:================================= 

1984 PES -- ALL CRCP SECTIONS N = 1,004 Sections 
Mean Number o£ Distress Occurrences Per Mile 

Dist. Spalls PC Patches Punchouts AC Patches Sect. 
======================================:==================================== 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

MEAN 

9.99 
3.67 
6.58 
8.67 
1.29 
0.00 

------
------

15.80 
14.23 

------
4.98 

16.74 
-.-----

20.02 
------

23.99 
7.25 
4.69 

108.31 
------
------

21.62 
4.10 

11.01 
12.11 
12.66 

0.11 
0.94 
0.68 
1.18 
0.14 
0.00 

------
------

6.64 
3.68 

------
1. 72 
3.21 

------
0.15 

------
1.12 
1.99 
1.81 
2.30 

------
------

0.18 
0.58 

1.49 
1.64 
1. 71 

4.17 
0.58 
0.83 
0.52 
0.00 
0.00 

------
------

0.33 
2.25 

------
0.16 
1.12 

------
0.00 

------
0.53 
0.15 
0.44 
4.84 

------
------

0.36 
0.28 

0.73 
0.80 
0.84 

7.71 
0.56 
0.59 
0.31 
0.00 
0.00 

------
------

0.00 
2.28 

------. 
0.16 
0.08 

------
0.34 

------
0.24 
0.25 
0.59 
0.84 

------
------

0.42 
0.54 

0.64 
0.70 
0.74 

34 
204 

67 
46 
36 

2 
0 
0 
8 

21 
0 

114 
116 

0 
19 

0 
19 

150 
48 
23 

0 
0 

63 
34 

1004 

============~=====~======================================================== 
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Table .3.6 

============================~=:============================================ 

1984 PES -- ALL CRCP SECTIONS N = 1.004 Sections 
Percent of Sections Having Rough Surfaces 

Dist. Avg. PSI IH US SH FM Sect. 
====================:=================::==============================:==== 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

MEAN 

3.04 
3.00 
2.83 
3.71 
3.79 
3.30 

--- --
-----

3.28 
3.45 

-----
3.43 
2.99 

- ----
3.60 

-----
3.51 
3.07 
3.58 
2.82 

-----
---,--

3.44 
4.29 

3.24 
2.92 
2.75 

6.25 
14.29 

------
0.00 
0.00 

------
------
------

12.50 
4.76 

------
0.00 
0.00 

------
0.00 

------
0.00 

14.68 
0.00 

------
------
------

0.00 
0.00 

5.69 
6.26 
6.54 

0.00 
0.00 
1.49 
0.00 

------
0.00 

------
------
------
------
------

0.00 
0.00 

------
0.00 

------
0.00 
0.00 
0.00 
0.00 

------
------

0.00 
------

0.39 
0.43 
0.45 

------
4.88 

------
------
------
------
------
------
------
------
------

0.00 
0.00 

------
------
------
------

0.00 
------

0.00 
------
------
------
------

1. 75 
1.93 
2.01 

------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------

0.00 
0.00 

34 
204 

67 
46 
36 

2 
0 
0 
8 

21 
0 

114 
116 

0 
19 

0 
19 

150 
48 
23 

0 
0 

63 
34 

1004 

===========================:==========================:==:z===:=========:== 

Definition of "Rough:" IH 
US 
SH 
FM 

-36-

PSI of 2.5 or below 
PSI of 2.0 or below 
PSI of 2.0 or below 
PSI of 1.5 or below 



Table 3.7 

=========================:======================================:========== 
1984 PES -- ALL CRCP SECTIONS N = 1,004 Sections 

Percent of Sections Having Low Pavement Scores 

Dist. Avg. PS IH US SH FI'I Sect. 
=========================================================================== 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

MEAN 

23.29 
59.56 
57.94 
87.39 
99.00 
83.00 

------
------

49.63 
53.90 

------
82.87 
60.72 

------
51.16 

------
88.00 
51.67 
84.10 
37.09 

------
------

83.94 
97.38 

66.21 
59.59 
5&.28 

81.25 
35.29 

------
7.50 
0.00 

------
------
------

62.50 
42.86 

------
6.15 

23.08 
------

46.&7 
------

&.67 
51.38 
10.87 

------
------
------

8.77 
0.00 

25.59 
28.15 
29.43 

88.89 
18.18 
31.34 
0.00 

------
0.00 

------
------
------
------
------

26.32 
19.15 

------
100.00 

------
0.00 

20.00 
0.00 

69.23 
------
------

33.33 
------

30.74 
33.81 
35.35 

------
46.34 

------
------
------
------
------
------
------
------
------

6.67 
35.29 

------
------------
------

56.25 
------

20.00 
------
------
------
------

33.33 
36.66 
38.33 

------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------
------

0.00 
0.00 

34 
204 

&7 
46 
36 

2 
0 
0 
8 

21 
0 

114 
116 

0 
19 

0 
19 

150 
48 
23 

0 
0 

&3 
34 

1004 

=================~====:=~======.=====:===================================== 

Oe:finition o:f "Low:" IH 
US 
SH 
FM 

PS of 50 or below 
PS o:f 40 or below 
PS o:f 40 or below 
PS of 35 or below 
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Toble 3.8 

===========:====:=====~=======================:======= ==================== 

1984 PES -- ALL JCP SECTIONS N = 460 Sections 
Mean Number of Distress Occurrences Per Kile 

Dist. Spells 
Long. 
Creeks 

Trens. 
Cracks 

CB 8. 
Punch. 

AC 
Petch 

PC 
Patch Sect. 

==========:================================:============================== 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

KEAN 

50.55 
43.30 
12.36 
0.00 

2.35 

11.25 
17.09 
43.40 
34.56 
8.65 

16.03 

13.20 
171.68 
16.78 
30.07 

44.14 

21.&0 
23.76 
24.84 

10.56 
18.54 
6.68 
0.00 

0.00 

19.54 
13.55 
4.62 

24.00 
3.34 
1.83 

3.50 
4.92 
3.17 

13.60 

1.72 

5.27 
5.80 
6.06 

11.36 
8.66 
3.69 
0.00 

0.59 

107.13 
18.06 

104.14 
84.58 
31.76 

122.03 

8.15 
279.07 
16.29 

154.67 

102.41 

30.36 
33.40 
34.91 

11.36 
6.35 
4.63 
2.78 

0.00 

80.67 
2.96 
7.95 

10.58 
2.09 
4.15 

1.28 
8.35 
4.08 

11.49 

3.45 

4.03 
4.43 
4.63 

10.85 
12.30 
4.43 
0.00 

0.00 

9.92 
0.16 
5.78 
1.39 
4.56 
0.75 

1.45 
4.22 
0.69 
6.86 

5.52 

3.68 
4.05 
4.23 

0.05 
1.62 
0.26 
0.00 

0.00 

0.00 
0.15 
1.15 
0.39 
3.40 

20.51 

0.75 
4.61 
1.89 
0.13 

0.00 

2.37 
2.61 
2.73 

43 
13 
31 

1 
o 
1 
o 
2 
8 
2 
6 

118 
19 
o 
o 
o 
o 

148 
12 
51 

4 
o 
o 
1 

460 

===============================================2========:================= 
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Table 3.9 

======================::======:===:=================================~====== 
1984 PES -- ALL JCP SECTIONS N ::: 460 Sections 

Percent of Sections Having Rough Surfaces 

Dist. Avg. PSI IH us SH FI1 Sect. 
=====:::================================::::::=================================== 

1 
2 
3 
4 
5 
6 
l 
8 
':3 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

MEAN 

2.53 
2.12 
2.40 
3.20 

------
1.50 

------
2.55 
2.3'9 
2.00 
1.67 
3.41 
2.58 

------
------
------
----,-

2.65 
2.28 
2.72 
1.60 

------
------

1.90 

2.-;6 
2.48 
2.35 

68.75 
------
------
------
------
------
------
------
------
------
---.---

0.00 
42.86 

--_._--
------
------
------. 

33.33 ---_ .. _-
20.00 

------
------
------
------

23.20 
25.52 
26.68 

'9.0'9 
100.00 

27.27 
0.00 

-------
100.00 

------
0.00 
0.00 

------
100.00 

0.00 
------
------
------
------
------

0.00 
33.33 
0.00 

------
------
------
------

12.41 
13.65 
14.27 

75.00 
54.55 
55.56 

------
------
------
------
------

50.00 
100.00 
66.67 
11.77 
20.00 

------
------
------
_._----

11.58 
------

23.53 
100.00 

------
------
100.00 

23.40 
25.74 
26.91 

0.00 
------
------
------
------
------
------
------
----,--

0.00 
100.00 

0.00 
------
------
------
------
------

0.00 
----_ .... 
------
------
------
------
------

10.00 
11.00 
11.50 

43 
13 
31 

1 
0 
1 
0 
2 
8 
2-
6 

118 
19 

0 
0 
0 
0 

148 
12 
51 

4 
0 
0 
1 

460 

=======================================================.=================== 
Definition of "Rough:" IH 

US 
SH 
FI1 

-40-

PSI of 2.5 or below 
PSI of 2.0 or below 
PSI of 2.0 or below 
PSl of 1.5 or below 



Table 3.10 

======================:======~============================================= 

1984 PES -- ALL JCP SECTIONS N = 460 Sections 
Percent ox Sections Having Low Pavement Scores 

Dist. Avg. PS IH US SH FM Sect. 
================================:==========================::=:=====:====== 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
24 
25 

MEAN 

26.88 
10.23 
35.61 
88.00 

------
6.00 

~----.--

1.00 
38.63 
31.00 
11.00 
59.59 
22.7t;J 

------
------
------
------

44.89 
11.08 
40.98 
6.75 

------
------

20.00 

41.97 
37.77 
35.67 

93.75 
------
----.--
------
------
------
------
-----.-
------
------
------

50.94 
100.00 

------
------
------
------

59.26 
------

86.67 
-----.-
------
------
---~---

68.00 
74.80 
78.20 

54.55 
100.00 
59.09 
0.00 

------
100.00 

------
100.00 
50.00 

--.... _--
100.00 

7.41 
------
------
------
------
------

47.83 
100.00 
47.37 

------
------
.... _----
---.---

49.64 
54.60 
57.09 

75.00 
90.91 
77.78 

------
------
------
------
------

75.00 
100.00 
66.67 
26.47 
40.00 

------
------
--,----
------

49.47 
------

58.82 
100.00 

------
------

100.00 

52.66 
57.93 
60.56 

100.00 
------
------
------
------
------
------
------
------

0.00 
100.00 
25.00 

------
------
------
------
------

66.67 
------
------
------
------
------
------

50.00 
55.00 
57.50 

43 
13 
31 

1 
0 
1 
0 
2 
8 
2 
6 

118 
19 

0 
0 
0 
0 

148 
12 
51 

4 
0 
0 
1 

460 

=========================================================================== 
De%inition 0% "Low:" IH 

US 
SH 
FM 

PS 0% 50 or below 
PS of 40 or below 
PS ox 40 or below 
PS ox 35 or below 
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Dlstrlots wIth ExcessIve RuttIng 
1984 PES--AI I FlexIble Pavements 

Fig. 3.1 
Legend: 

Mean Plus 10% ~ 
Mean Plus 15% ~ 
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DlstrTcts wIth Excestve Block CrackIng 
1984 PES--AII Flextble Pavements 

Legend: 

Mean P! us 101. 

Mean Plus 15% 

Fig. 3.2 

-44-



DIstricts wIth ExcessIve PatchIng 
1984 PES--AI I FlexIble Pavements 

Fig 3.3 

~T./l Mean P: i,JS I 0% ~.L:J 

Mean Pius I 5% ~ -45-
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DIstrIcts wlth ExcessIve Fat lures 
1984 PES--AII FlexIble Pavements 

Fig. 3.4 
Legendg 

Mearl Plus 10'% ~ 

Mean Plus 15% ~ 
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DIstrIcts wfth Excesslve AllIgator Crocktng 
1984 PES--AI I FlexIble Pavements 

Legend g 

Mean P I us 10% ~j 

Mean Plus 15% ~ 

-47-

Fig. 3.5 
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.. 
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O'str'c~s with Exceslve LongItudInal CrackIng 
1984 PES--AI I Flexible Pavements 

Fig. 3.6 

Legend: 

Mean P I us I 0% ~ 
Mean Plus 15% ~ 
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Districts wIth Exceslve Transverse Cracks 
19&4 PES--AI I FlexIble Pavements 

Fig. 3.7 

Legend~ 

Mean Plus 10% ~ 
Mean Plus 15i. ~ 
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DIstrIcts wlth Severe RuttIng 
1984 PES--AI I Flexible Pavements 

Leg8nd~ 

Me an P Ius I 0% 

Mean Plus 15% 

Fig. 3.8 
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DIstrIcts wIth Severe Block CrackIng 

1984 PES--At I Flextble Pavements 

Legend g 

Mean Plus 10% ~ 
Mean Plus 15~ ~ 

-52-

Fig. 3.9 



DIstrIcts wIth Severe Patohlng 
1984 PES--AI I FlexIble Pavements 

Fig. 3.10 

Legend: 

Mean P I us I 01. ~ 
Mean P I us 151. ~ 
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DIstrIcts wIth Severe FaIlures 
1984 PES--AI I FlexIble Pavements 

Fig. 3.11 
Legend; 

Mean Plus 10% ~ 
Mean Plus 15% ~ 
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DIstrIcts wIth Severe AI I Tgator Cracking 

1984 PES--AI I Flextble Pavements 

Legend g 

Mean Plus 10% ~ 
Mean Plus 15% ~ 
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Olstrlcts wIth Severe LongItudInal CrackIng 
1984 PES--A11 FlexTble Pavements 

Legend g . 

Mean Plus 10% ~ 

Mean Plus 15% ~ 

-56-

Fig. 3.13 



DIsTr Icts with Severe Transverse Cracks 
19&~ PES--AI I Flexlble Pavements 

il 

Fig. 3.14 

Legend g 

Mean Plus 10% ~ 
Mean P I us I 5/: ~ 
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DIstrIcts with Rough FlexIble Pavements 
1984 PES--AI I Systems 

Legendg 

Mean Minus 101. ~ 
Mean Minus 151. ~ 
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Fig. 3.15 
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Distrlcts wIth Rough FlexIble Pavements 
1984 PES--IH System 

Fig. 3.16 
Legend: 

Mean Plus 10% ~ 
Mean Plus 15% ~ 
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Districts with Rough FlexIble Pavements 
1984 PES--US System 

Legend: 
Fig. 3.17 

Mean Plus 10% ~ 
Mean Plus 15% ~ 
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Distrlcts with Rough Flexible Pavements 
1984 PES--SH System 

Fig. 3.18 
Legend: 

Mean Plus 10% ~ 
Mean P I us I 5% ~ 
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Di strIcts wIth Rough FlexIble Pavements 
1984 PES--FM System 

Fig. 3.19 
Legend: 

Mean Plus 101. ~ 
Mean Pius I 51. ~ 
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DIstrIcts with Low FlexIble Pavement Scores 
1984 PES--AI I Flexible Pavements 

Fig. 3.20 
Legend: 

Mean Minus 10% ~ 
Mean Minus 15% ~ 
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Districts with Low Flexible Pavement Scores 
1984 PES--IH System 

Fig. 3.21 

Legend: 

Mean P I us I 0% ~1 
Mean P Ius 15% ~ 
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DIstricts with Low FlexIble Pavement Scores 
1984 PES--US System 

Fig. 3.22 

Mean P I UL 101.: 

Mean PluG 
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Districts with Low FlexIble Pavement Scores 
1984 PES--SH System 

LeQend~ 

Mean P Ius IOj, V~ 
Mean Plus 15% ~ 

-68-

Fig. 3.23 



DistrIcts wfth Low FlexIble Pavement Scores 
1984 PES--FM System 

0J 

fII 

Fig. 3.24 

Legend~ 

Mean Plus 10% ~ 

Mearl P Ius I 5% ~ 

-69-

... 

.. ~ I 
I 

.. 
. I 
-
~ . 

• 
..,. 

-

.. 

-



NOTES 

-70-



Districts with Excessive Spal led Cracks 
1984 PES--AII CRCP SectIons 

Fig. 3.25 

Legend: 

Mean Plus 10% ~ 

Mean Piu.s 15% ~ 
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Districts with Excessive PC Patches 
1984 PES--AI I CRCP SectIons 

Legend~ 

Mean P:us iO% ~ 
Mear1 Plus 15% ~ 

-72-

Fig. 3.26 



Dlstrtcts with Excesstve Punchouts 
1984 PES--AI I CRCP Sections 

~ 

Leg~ndg 

Mean Plus 10% ~ 
Meari P I us I 5% ~ 
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Fig. 3.27 
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Dlstrtcts wIth Excesstve AC Patches 
1984 PES--AI I CRCP SectIons 

Legendg 

Mean Plus 10% ~ 
Mean Plus 15% ~ 

-74-

Fig. 3.28 



DIstricts with Rough CRCP Sections 
1984 PES--AI I Systems 

LeQend~ 

Mean Minus 10% ~ 
Mean Minus 15% ~ 
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Fig. 3.29 
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DIstrIcts wIth Rough CRCP SectIons 
1984 PES--IH System 

Legend; 

Mean Plus 10% ~ 
Mean Plus 15% ~ 

-76-

Fig. 3.30 



DlstrTcts wTth Rough CRCP SectIons 
1984 PES--US System 

Legend: 

Mean Plus 10% ~ 
Mean Plus 15% ~ 
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Fig. 3.31 
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DIstrIcts wIth Rough CRCP Secttons 
1984 PES--SH System 

Legend g 

Mean Plus 10% ~ 
Mean Plus 15% ~ 

-78-

Fig. 3.32 



DIstrIcts wIth Low CRCP Pavement Scores 
1984 PES--Al I Systems 
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DIstrIcts wIth Low CRCP Pavement Scores 
1984 PES--IH System 

Legend g 
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DIstrIcts wIth Low CRCP Pavement Scores 
1984 PES--US System 
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DIstrIcts wfth Low CRCP Pavement Scores 
t984PES--SH System 

Legend g 
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Dtstrlcts wIth ExcessIve Spal led Cracks 

1984 PES--AI I JCP Secttons 

Legend g 
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DIstrlcts wIth ExcessIve Longttudtnal Cracks 
t_84 PES--AI I JCP Secttons 
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DIstrIcts wIth ExcessIve Transverse Cracks 

1984 PES--AI I JCP SectIons 

Fig. 3.39 
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DIstrIcts wIth Excessive Corner Breaks 
and Punchouts 

1984 PES--AI I JCP SectIons· 

Fig. 3.40 
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DIstrIcts wIth ExcessTve AC Patches 
1984 PES--AI I JCP SectIons 

Fig. 3.41 
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DIstrIcts with ExcessIve PC Patches 
1984 PES--AI I JCP Secttons 
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DIstrIcts wIth Rough JCP SectIons 
1984 PES--AI I Systems 
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DIstrIcts wIth Rough JCP Sections 
1984 PES--IH System 
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DIstricts wIth Rough JCP Sections 

1984 PES--US System 

Fig. 3.45 
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DIstrIcts with Rough JCP SectIons 
1984 PES--SH System 

Legend: 

Mean r) I us 10% ~ 
Mean ~) I us I 5% ~ 
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Districts with Low JCP Pavement Scores 
1984 PES--AI I Systems 

Fig. 3.47 
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DlstrTcts with Low JCP Pavement Scores 
1984 PES--IH System 

Fig. 3.48 
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Dtstrlcts wIth Low JCP Pavement Scores 
1984 PES--US System 

Legend~ 
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DIsTricts with Low JCP Pavement Scores 
1984 PES--SH System 

Legendg 
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CHAPTER 4 

FREQUENCY DISTRIBUTIONS FOR RIDE QUALITY, 

UNADJUSTED VISUAL UTILITY. AND PAVEMENT SCORE 

Figures depict the range of values observed for each maJor 
descriptor of pavement condition. The distributions have 
been developed for ACP. eRC, and JCP sections. 1983 figures 
are also provided to emphasize trends in statewide 
condition. 
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This 
reported 
surveys. 
pavement 

chapter contains figures which show the range of values 
for PSI. UVU, and pavement score during the 1984 and 1983 PES 

These £requ~ncy distributions provide general descriptions of 
condition for AGP. CRG. and JGP 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 sect.ions. 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 (CRG) and Figure 4.5 (JCP) do make significant statements 
about ride quality on rigid pavements. The most dramatic contrast is 
in the overall ride quality of CRC when compared to JCP. The mean 
values (CRe = 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, mast sections (53 percent) lie in the upper 
range between 90 and 100, however some sections (10 percent) were 
evaluated in the lower ranges from 0 to 50. 

Distributions for ACP sections (Figures 4.7-4.8) illustrate a 
gradual increase 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 sections are the same as 
those made for ride quality_ Figure 4.9 indicates that most eRC 
sections are in excellent condition, however a few isolated sections 
lie on a broad range from 0 to 80. For JCP, the trend is even more 
obvious. Figure 4.10 sho~s the presence of some high-quality JCP from 
90 to 100, in addition to ~solated sections at all of the other values. 
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PAVEMENT SCORE 

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 eRe distribution is barely a distribution 
at all, since the values lie almost uniformly between 0 and 90. 
Although eRC 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 low PSI. excessive surface distress. and 
high traffic volumes on JCPsections. 
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PSI Frequency Dist.ribution 
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198,3 PES -- .L!..IIAGP Sl:r:::tion~ 
900 -------- ---- -.--- - ----.- ------------------------------l 

r=: 

~ 

BOO 
1'. 

r j\ 'r-. ~\ 

700 

fiOO 

)-., 
0 500 , c 

~ ~ -0 ...i 

\Jl i I ~ 4-00 
~ 

q 
' .. 'i\ i\t'- '. '. " t'-R 
-. ~ ... '- r ... "" f'-. -. r, ~ to. 

I 
I 

I I q .~ ", ' '- r'", . , ~ ... I 

,- nt'- '. ", ~ .... " . r, " I' '1 
I I 

J 
1'. - '- '-1""1' 

. '. ~ '-, ~ ..... ~!"-; h· .... 
"""" 

'-.. t .... ' r'", • 

300 .... - , 
I' ... ['-,r--, \., ' . 

200 

~r--, , 1'-. .. '.., " - .....r--.r--. ~" 
<:;: '\ r-.. '. I, '\'\. ' '\ " "t'-r.. . ~, r .... "-

I 

100 
'" '\. " '\r-- ' ' ~\ L ' ~, ' , 

"I'- \. -, ' ......... 

~ ..... ~, \ , .. ,.!-."." .. . -. r--., "'I .... 

1'-; ~~ ~ ... ··1 f .. , " ..... 
....."" ' ' , 

" 
I ,. ~ ~ 'T ". 'r',", I i 1 I o 

0,0 1 . tJ 2,0 3.0 4..0 5,0 

PS! Fig. 4.3 

" • 1 • , • , 



PSI Fre quen cy Distribution 
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PS Frequency Distribution 
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1984 PES -- All eRe Sections 
80 -----------

50 -

40 -

>. 
u , c 

..... • 30 .... :J 
OD ~ I 

-
U. 

20 -
.,j 

-

~ ~ ~ r Ir II ~ 
II II II n~ U 11111 

10 

o -

o 10 :w 30 4Q 50 60 70 80 90 100 

Pavemenl Score 
Fig 4.14 



60 

so 

:>. 
t> 

I C .... • 30 .... j 
\0 l I 

l1.. 

2.0 

o 
o 10 

Pavement. Scc)re Frequency Distribution 
1984- PES -- All JCP Sed.ians 

20 30 40 so 80 

Pavement Scere 

70 

" • 

BO 90 

Fig. 4.15 

100 



NOTES 

... 

-
.. 
-
-
--

-
-

-120-



-

-

CHAPTER ~ 

FREQUENCY DISTRIBUTIONS FOR FLEXIBLE AND 

RIGID PAVEMENT DISTRESS TYPES 

Figure. depict the progre •• being •• de.toward. reducing the 
a.ount of di.tre •• on .tete-.eintained highway. by co.paring 
value. fro. the 1984 end 1983 euZ'vey. (foZ' flexible 
pave.ente only>. Di.tribution. forr1gid pave.ent .ect.10ne 
indicat.e t.he rengeof di.tr ••• level. ob •• rved. 
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Previous chapters have examined the general measures of pavement 
condition: ride quality, 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 results 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 5.1-5.5 depict increases in rutting. longitudinal 
cracking, and transverse cracking. Failures and alligator cracking 
have been slightly reduced. Of 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. 

3. 

Increased area of ".inor" rutting 
values for rutting less than one inch 
"001") have increased in excess of 
necessary to account for newly-rutted 

Increased area of "severe" rutting 
(one-inch ruts covering less than 
wheelpatha) has decreased. only to 
increases in "020" and "002" rutting. 

all three PES 
("100", "010", and 
the five percent 

sections. 

-- "200" rutting 
25% of the two 

be replaced by 

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

Figures 5.6 and 5.7 are distributions for patching and block 
cracking. respectively. Patching. as shown in Figure 5.6 (as well as 
Table 3.1), is a very co~~only-observed distreas 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, 
respectively. 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. thes. figures were drawn to determine typical 
levels for each CRC distress type. The figures depict frequency curves 
which level off at approximately the following values: 10 spalled 
cracks per mile_ 5 punchouts per mile_ 5 asphalt patches per mile_ and 
7 concrete patches per mile. 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 aection 
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 levels. The frequency curves lavel off at 
approximately the following values: 25 spalled cracks per mile. 25 
transverse cracks per mile. 18 alabs per mile with longitudinal cracka, 
15 corner breaks and punchouts per mile, 13 asphalt patches per aile, 
and 11 concrete patches per mile. Of theae, the value. for 
longitudinal cracks_ corner breaks and punchouts, and a.phalt patches 
are excessive. 
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Tabl. ~.1 -- D.finition. of PES Rating Veluf"" ";'~r 
Fl.xibl. Pav.a.n~ Di.~r ••• Type •• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
D1.~r ••• 

Typ. 
Rating 
Value D.finition 

-----------~-----------------------------------------------------------
Ru~ting 100 

010 
001 
200 
020 
002 

Depth) 0.5", 
D.pth ) 0.5", 
Depth ) O. e" , 
D.p~h ) 1.0·', 
D.pth ) 1.0··, 
Depth ) 1. 0·· , 

1-25 '" .r •• oE N,th wb .. lp.t.h.o 
26-$0 '" .r.a ~ ~ W.h~lpeth •• 
) 50 " al''' _'.Mtia .... l •• th.o 
1-25 '" area of ~ vb .. lpa~h •• 
26-50 '" area."!,,"," wh .. lp.t.h •• 
) 50 '" area ~ .~ wb •• lpatha. -------- --.----------------- ------------- --------------~:~ ... ---.-----~--- ---

Failur •• 

Alligator 
Cracking 

Longitudinal 
Cracking 

Tran.ver •• 
Cracking 

Pa~ching 

100 
010 
001 

100 
010 
001 

100 
010 
001 

100 
010 
001 

100 
010 
001 

Block Cracking 100 
010 
001 

1-5 failur •• /ail., or 1 •••• 
5-10 failur •• 'ail •• 
11 failur •• 'ail., or aor •• 

1-10 _ ar.a of both wh .. lp.tb •• 
11-50 '" ar.a of botb wb .. lpetb •• 
) SO - ar.a of bot.h wb •• lpatb •• 

10-99 lin.al fto/lOO ft.. atat.ion. 
100-200 lin.al ft./I00 ft. atat.ioD. 
) 200 lin.al f~./l00 ~t. atation. 

1-4 full-wid~h crack./l00 ft. atat.ion. 
5-10 full-width crack./l00 ft •• tation. 
) 10 full-widt.h cracka/l00 ft •• tat.ion. 

1-10 - ar.a of lan •• 
11-50 • ar.a of lan •• 
) ~O - ar.a of lan •• 

l-1Q • ar.a of lan •• 
11-50 '" ar.a of lan •• 
) 50 '" ar.a of lan •• 

-----------------------------------------------------------------------Rav.ling 100 
010 
001 

1-25 '" ar.a of both wb .. lpatb •• 
26-50 '" ar.a of bot.b vb .. l"t.tia. 
) 50 '" ar •• of both w .... l ...... ~ 

" .".! 

-------------------------------------~~--~-~-~---~~---~-~~-------------
Flu.hing 100 1-2$ • ar •• of both vh .. lpa~h •• 

010 26-50 '" ar •• of both wheelpath •• 
001 ) 50 - ar.a of bOt.h wh_lpeth •• ...................................................•..• ' .•••............. 

No~.: Rating valu. ··000·· indicat. •• ab •• nc. of di.t.r •••• 
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CHAPTER 6 

CONDITION OF INTERSTATE HIGHWAY SYST •• 

Con~.1na average cond1~1on value. ~or 14 Iater.tate h1ghwaya 
in Tex... Alao con~.ina ~igure. which'depic~ ooa~1nuou. 
profile. (for ride qu.li~y_ un.dlu.~ v1 ... 1 u~i11~y_ 

paye.en~ acore. ADT. and 18-k aSAL) for ~be following •• lor 
.rou~e.: IH 10. IH 20. IH 3S (~hrough Dall •• ) .18 as (t.hzoough 
For~ Wor~h). and IH4S. 

.' 
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The Interatate Syate. con.iat. o~ the ao.t iaportant highway. in 
the .tat.. The annual PES .urv.y includ •• evaluation. o~ all o~ the 
Inter.tat. ai1.ag., providing detail.d in~oraation on the .pecific and 
overall condit.ion of all Int.er.t.ate high .... y •• 

Tabl. 6.1 contain. av.rag. pav ••• nt condition valu •• for each 
Int.er.t.at. highway (except. for IH 820, which wa. not evaluat..d during 
the 1984 .urv.y). The •• value. indicat.e tb. ov.rall e.cell.nt quality 
of t.h. Int..r.tat. •• y.t.... Kor. iaport.ant.. how.v.r. are the t.raffic 
~alu... Av.ra •• ADT and 18-k ESAL r.flect the h.avy t.raffic activity 
in Hou.t.on and t.h. Dalla.-Fort. Wort.h ar.. ( •• d •• cr1bed by IH 610. IH 
45. and IH 63S). Ot.h.r high-t.rafftc corridor. ar. IH 30. IH 3S 
<t.hrough Dalla.). and IH 410. 

Four Int..r.t.at.. highway. can be aon.idered a. .a30r aro •• -.t.ate 
route.: IH 10. IH 20, IH 3S. and 1M 4S. Cont.inuou. pav.aent. condit.ion 
profil •• wer. d.v.lopedfor .ach of the.. highway. in an at.teapt. t.o 
ident.ify r.gional variationa in condit.ion and t.raffic. The profil •• 
ar. organized a •• hown b.low: 

• Figur. 6.1 -- lil.po.t.. for •• l.ct.ed loc.t.ion. on the 
Int.r.t.at •• y.t. ••• 

• Figure. 6.2-6.6 -- IH 10 profile. (PSI, UVU, pave.ent. 
.oor., ADT. and 18-k ESAL). 

• Figur •• 6.7~6.11 -- IH 20 profile •• 
• Figure. 6.12-6.16 IH 3S (t.hrough 0.11 •• > profile •• 
• Figure. 6.17-6.21 1M 3S (t.hrough Fort. Worth) profil ••• 
• Figure. 6.22-6.26 1M 45 profil ••• 

1M 10 PROFILES 

Th. PSI profile (Figure 6.2) indicate. t.hat. ride quality i. 
con.i.t.ent.ly highe.t between IH 20 and San Antonio. Mo.t of the rough 
.. ction. are .a.t o~ San Ant.onio. e.pecially fro. ailepo.t. 600. 
Sur~ace di.tr ••• (Figur. 6.3) and pave.ent. .aor. <Figure 6.4) ar. 
lowe.t at three ar.a.: S1.rra Blanoa ,.o~t:.ain p.... clt.,. o£ Junct.ion. 
and city of Sealy. The lOT and 18-k ISAL pr~11 .. <Fivur.. 6.S and 
6.6. re.pectively) .how .everal t.rend.: (1) drop i.·waflic waet. of IN 
20 interchange, (2) high t.raffic volua .. in Hl 'Pa80,Port. Stockton. San 
Antonio. Houat.on. and B •• uaont, aad (3) high t.ruck tc-dfM:, evea in the 
"Ont reaate are •• between IH 20 and san Antonio. 
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1M 20 PROFILES 

Rid. quality along IH 20 i. love.t .long a iSO-aile .tretch 
beginning at .ilepoat 370 .nd continuing through the Dalla.-Fort Worth 
.re.. Other i.ol.ted .re.a of roughne •• lie betv .. n 8ig Spring end 
Abilene. I.olated area. of high .urfaee d1.~r ••• ar. 411.0 indicat.d 
b.tween 8ig Spring and Abilene. how.v.r the .tretch fro •• ilepo.t 370 
1. r.latively fr.e of d1.tr.... High traffic .olu.... ..pecially 
betw •• n .il.po.t. 400 and SOO (through Dalla.-rort Worth) eau .. the 
pa •••• nt .eor. profile to drop far bel" th. UVU pa'Of11.. IH 20 t • 
• 1.0 •• alor truck corridor ••• ind1cat'- -, the '.-k ,SAL prof1l •• 

IH 3S PROFILES 

Table 6.1 indic.t •• th.t IH 3S i. in the b •• t condition (in tera. 

-

-
.. -

-
• 

.. -

of averag. PSI and p.v •• ent .cor.) of the four .alor cro •• -.tate "' 
rout... Thi. .naly.i. vill d •• crib. prof1l .. for 1M 3S both through 
Dalla. <along IH 3SE) and Fort Worth <along IH SSW). 

Ride quality on IH SS .hov •• n overall .light 1ncr .... fro. L.r.do 
to about ail.po.t 280 and a aore .ub.tanttal d.cline fro •• 1l.poat 280 
to Okl.hoaa (although PSI do.. incr •••• through the Dall.. .r.a froa 
ail.po.t 430 to 460). UVU .nd p ••••• nt .cor. follow tb ....... tr.nd •• 
The ADT prof11. clearly id.ntifie. the .alor urban .r... along IH 35: 
Laredo. San Antonio. Au.tin. B.lton-T.ap1.. Waco. and Dalla.. Thi. 
profile .1.0 deaon.trat •• that the av.r.g. AOT incr..... fro •• bout 
S.OOO b.tw •• n Lar.do and San Antonio to about 2S.000 between San 
Antonio and Dalla.. 18-k ISAL 1 ••• 1. al.o 1ncr.... troa S.OOO to 
2S.000 with th ••••••• rang ••• 

Tvo .et. of profil.. w.r. dev.loped 
r.lative condition. of IH SSE and IH 3SW. 
indic.t •• the following tr.nd.: 

for IH 3S 
Coap.ri.on 

PSI -- Gen.rally lower along IN 35W. 
UVU -- Little or no difference. 

t.o •••••• the 
of .ach profile 

• 
• 
• 
• 

Pave.ent Scor. -- Gen.ra1l, loweralon. IH 35W. 
AOT and 18-k ESAL -- L1ttl.or no d1ff...-c •• 

IH 4S PROFILBS 

PSI on IH 4S drop. within the Hou.ton ar.a and fro. Cor.1cana to 
D.ll... UVU and p.v •• ent .core .1.0 drop in ~h •• e .r.... UVU r.turn. 
to v.ry high l.v.l. within D.lla •• how.v.r pa •••• nt acor. continu .. to 
d.clin. b.cau •• of the low rid. qual1t, and high tr.ffic volu.... AOT 
and 18-k ISAL profil •• indicat. that IH 4S i. a •• lor truck corridor --
18-k ESAL valu •• av.rag •• bout 2S a1ll10n repetition.. • •• n in the .or. 
r •• ota rural .r •••• 
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Thia chapter haa explored the u.e of continuou. pave.ent condition 
profile. to identify loaal and regional condition trend. for four .aJor 
Inter.tate highway.. The profile. provide reliable docu.entation of 
both co •• only-known and newly-di.covered feet. about the.e .aJor 
croa.-atate routea. Total .urveya can yield ai.ilar re.ult. for other 
equally-i.portent rout •• auch e. US or other In~er.ta~e hi9hwaya. On. 
auch rout.e_ US ~9_. will be anely.ed in Cb.p~er e. 
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.. 

Table G.l 

: 1984 PES -- AVERAGE CONDITIONS ON TEXAS INTERSTATE H~GHWAYS 
All Rated Mainlane Seotion. N • 2,726 Section. l 

I Highway PSI UVU PS ADT 18-k N 

--------------------------------------------------------------------------
IH 10 3.91 92.34 85.64 17224 16668 808 
IH 20 '3.71 88.9G 77.77 16~31 20894 603 
IH 27 3.85 96.11 93.39 11170 14316 46 
18 30 3.42 85.73 71.~U 328S3 27~9 205 
IH 35 3.93 91.67 86.53 2~"9 18686 352 
1M 35E 3.35 91.73 73.81 55029 26953 84 
1M 35W 3.24 86.95 61.73 20967 22364 73 
IH 37 4.18 93.96 91.88 17683 16~74 75 
1M 40 4.00 88.11 82.24 13428 18432 lOG 
IH 45 3.59 90.24 78.82 42034 26754 267 -
1M 345 1.95 100.00 7.50 45000 17132 2 
1M 410 4.05 92.86 89.59 52464 18891 44 
IH Gl0 3.36 97.82 85.24 149294 39~85 34 -IH 635 3.19 99.70 45.56 111222 41903 27 

.: •••••••••••••••• t:D: •••••••••••••••••••••••••••••••••••••••••••••••••••• 

Kean 3.76 90.74 81.05 25999 20734 2726 ... 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Note: ADT value. are for 2-way t.raffic. 
lS-k ESAL value., in thou.and., ar. fro. -
20-yearproJect.d valu ••• 

-149-



Figure 6.1 
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CHAPTER 7 

EFFECT OF ADT AND 18-K ESAL ON RIDE QUALITY. 

UNADJUSTED VISUAL UTILITY. AND PAVE. aNT SCORE 

D.t.r.in.. if the h1gh •• t-volu.. road. ar. in ~b. bea~ 
condition. Al.o •• pba.1z.. ~b. i.pact of bigb-~r.ffic 
volu ••• on pav ••• nt .oor. <a. oppo •• d to JU.~ diatr ... '. 
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Pave.ent cond~tion value. for the Inter.tate 
Chapt.r 6, ahow that the high-volu •• urban loop. (IH 

.y.t •• , given in 
410, 1M 610, and 
little aurface 

ADT range. are 
deteraine the 
of the rated 

1M 635> have good ride quality and di.play very 
di.tr.... Thia augge.ta that pav ••• nt. in the high •• t 
in the be.t condition. The following analy.i. will 
ectual .ff.ct of ADT and 18-k ESAL on the condition 
•• ction •. 

Table 7.1 contain •• tatewid. everage PSI, UVU, and pav •• ent 
score value. for each one of .even arbitrarily-defined ADT group •. 
7able 7.2 contain •• iailar valu •• for .ev.n arbitrarily-defined 18-k 
E3AL group.. K.an valu •• are the •••• in both tablea becau •• of the 
relative .iailarity in ADT and 18-kESA~ value.. In oth.r word., ADT 
group 1 contained the .aa. nu.ber of •• ction. a. 18-k ESAL group 1. 
~ince the PSI. UVU, and pav •• ent .core velu •• were the .a •• , the .een 
value. w.re al.o the .a.e. Dividing the group. in helf (for a totel of 
13 group.) did not .van .olv. the probl ••• 

Both ADT and 18-k ESAL aff.ct the av.rag. valu •• in a .i.ilar 
nanner. Rid. quality p.ako at group. 4 end 5 <fro. 2.001 to 25,000) 
for both ADT <a •• hown in Fi~ur. 7.1> and 18-k ESAL <a. shown in Figure 
7.2>. Actual level of ourface distre •• (i ••• UVU) decrea ••• aa ADT 
end 18-k ESAL increa •• , while pav •• ent .cor. drops drastically (aa 
~hown in Figur •• 7.3 and 7.4). Th.s. four figure. identify.evaral 
a1gnificant tr.nd.: 

1. Rida Quality -- PSI i. the highe.t for .ediu.-traffic 
(ADT and 18-k ESAL) highways. Th.s. roads ar. i_portant 
enough to Ju.tify continu.d aaint.nanc.. but traffic i8 
still low .nough to p.rait sef. end rapid work. Thi. i. 
in .ark.d contrast with high-volua. urban road. <which 
are c.rtainly i.portant but difficult to work on) and 
low-volu •• rural roads (which are .esier to work on but 
aore difficult to Justify .xpenditur.s for). 

2. UVU Surfac. diatr.s. i. lea.t co •• on on the 
high-volu •• groups 6 and 7 <2~.001 and up). Thi •••••• 
to .ugge.t that high traffic volu... do not caus. 
ext.n.ive .urface diatr •• s (or thet traffic avoida 
highly-di.tr •••• d roada>. Conscientious .aintenanee and 
rehabilitation i. partially reaponaible for this tr.nd 
but another ~actor i. th. incre •• ing au-ber of concr.t • 
•• etions in th... groupe. Concr.t. 1. su.p.ct.d for 
.av.ral r ••• ons: 

• Av.ra •• UVU value ~or eRC i. 91.30. coapar.d.to 
82.4'5 stat.wide.' 

• Av.rag. ADT for con~~e is 3I~902 ~or CRC and 
30.568 for JCP, ~.recSt.o'.,374 at.et.avid •• 

• Av.rag. 18-k ESAL.or aonaret.e is 27.240 for 
eRC and 22.484 for JCP. co.pared to 6.844 
.tat.wid •• 

• P~I value. for concr.t. ara 3.24 for CRe and 
2.76 for JCP. co. pared to 3.35 .tat.wida, which 
account. for the alight drop in rid. quality 
for groups 6 and 7. 
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Finally, in Chapter 6, the four 
highwaya <lH 34S, IH 635. IH 
conatruct.d with concret •• 

high.at UVU Interatate 
610, and IH 27) ar. 

3. Pav •• ent acor. -- Pav ••• nt acor. ia •• tr ••• ly •• naitlv. 
to ACT and 18-k E9AL valu •• ebov. 5000. Figur •• 7.3 and 
7.4 d •• on.trat. that, for groupe S-7, traffic 
conaid.ration •• v.n ov.r.h.dewed r.duction. in aurf.c. 
dt.tr... a. the fin.l •••• ur. of r.lativ. pav ••• nt 
condition. 

Th. r •• ult. of thia analy.ia •••• reo.on.bl.. Low volu •• road. 
ere th. rough •• t and .o.t •• v.rly-di.ir .... d. V.t th.y ar. at the 
low •• t priority l.vel.. High-volu.. road. ere rough (but not the 
rough •• t>, y.t only lightly-di.tr •••• d. De.pit. thi., th.y .r. the 
moat i.portant road. and are alway. high on the Ii.t of priority 
•• ction •. 
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Table 7.1 -- Effect of ADT on Ride Quality. UnadJu.ted 
Vi.ual Utility (UVU). and Pave.ent Score • 

•••••••••••••••••••••• Z •• D ••••• Z ••••••••• C •••••••••••••••••••••••••••••• 

1984 PES -- ALL RATED KAINLANE SECTIONS 
N • 16.214 Section. 

AOT Range Group Avg • PSI Avg. UVU Avg. PS 
••• D •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

0 - SOO 1 2.93 77.S2 73.92 
SOl - 1000 2 3.17 80.0S 76.S7 

1001 - 2000 3 3.40 82.12 76.96 
2001 - ~OOO 4 3.~6 83.90 78.S6 
5001 - 2~000 S 3.~6 84.41 73.03 

25001 50000 6 3.47 89.08 66.84 
) 50000 7 3.42 93.06 68.12 

KEAN 3.35 82.45 74.88 

Note: ADT value. are for 2-way traffic. 

Table 7.2 -- Effect of 18-k ESAL on Ride Quality. UnadJu.ted 
Vi.ual Utility (UVU). and Pave.ent Score. 

18-k 

1984 PES -- ALL RATED KAINLANE SECTIONS 
N • 16.214 Section. 

E9AL Range Group Avg. PSI Avg. UVU Avg. PS 
.z •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

0 - ~OO 1 2.93 77.S2 73.92 
501 - 1000 2 3.17 80.~ 76.S7 

1001 - 2000 3 3.40 .2.12 76.96 
2001 5000 4 S.S6 .3.90 78.S6 
S001 - 2~000 S 3.S6 84.41 73.03 

25001 - SOOOO (, 3.47 89.08 66.84 
) 50000 7 3.42 93.06 68.12 

------------------------------------------------------------------------
ItEAN 3.3S 82.4S 74 ••• 

E ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Not.: 18-k ESAL valu.a. in thou.anda. are fro. 
20-year proJeoted value •• 
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CHAPTER 8 

EFFECT OF SAKPLE SIZE ON RESULTS OF PES SURVEY 

Divide. Di.trict 11'. 100 percent evaluation into a partial 
<aandatory •• ctiona only> group and a total <all ailea •• ) 
evaluation group. and then coapare. the average value. 
obtain.d fro •• ach group. 
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District raters presently evaluate approxi~ately one-third of the 
state-maintained highway ay~tQm. Most Diatricts completed the visual 
and ride quality surveys in six Montha during the 1984 PES survey. 
This one-third aaMple. while being statistically representative. does 
not provide paveaent condition inforaation on every highway aection. 
The resulting lack of information becomes most apparent when 
deterMining proJect-level maintenance and rehabilitation needs. If 
pavement condition is the primary criterion in selecting maintenance 
and rehabilitation. then a full pavement condition aurvey ia required 
before individual proJect. can be selected. 

In 1982. Diatricts 8. 11. and 15 conducted full evaluations of 
their highway aystema during the first PES aurvey. In 1983 and 1984. 
District 11 haa continued to evaluate all of their mileage during the 
annual PES aurvey. Thia ohapter oompares the 1984 District 11 results 
with thoae which would have been obtained froa a partial. mandatory 
sections only. aurvey. The obJective ia to identify aaJor differencea 
between the two aamplea. 

Table 8.1 compare. a partial survey with the actual total aurvey. 
The co~puted partial survey of 971.8 mile. repreaenta only 34.5 percent 
of the Diatrict'. total ai1eage. This figure i. typical. and 
approximate. the full extent of the statewide aurvey. Percentage. by 
pave.ent type are aiailar to the PES aampling value. (100 ~ IH. 50 ~ 
US, 50 ~ SH. and 20 X FM). This ia because hot-aix pavements are 
usually reserved for US and State highways while surface-treated 
pavements are typically u.ed on the FMsyste~. The aoat obvious 
difference ia in the JCP sectiona. where only one of the six section. 
was Mandatory. 

Tables 8.2 and 8.3 contain values for pavement distress (percent 
of sections with no distress and .evere distress. respectively). These 
tables indicate that the partial survey consistently underesti~ates the 
amount and overestimates the severity of rutting. patching, failurea, 
and alligator cracking. Differences in rutting values range fro. 7.9 
percent to 11.3 percent (Table 8.2> and 0.08 percent to 1.03 percent 
<Table 8.3). 

In Table 8.4. the partial survey overe.timates average ride 
quality for all flexible pavementa and for hot-mix and surface-treated 
pavement sections in District 11. It also underesti.ate. the percent 
of rough flexible and surface-treated .ections on the SH and FK 
aysteMS. 

Table 8.5 alao identifies discrepancies between the partial and 
total surveys. On the average. the partial aurvey undere.timates 
overall pavement score. and overestiaatea the percent of flexible, 
hot-m~x, and surface-treated SH and FM sections with low pave.ent 
acores. 

Table 8.G lists, more for general information than actual 
analysis. the partial and total survey resulta for JCP sections. 
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Table 8.1 

1984 PES -- DISTRICT 11 RESULTS 
Comparison of Mandatory and Total Evaluations 

Nuaber of Sections NUMber of Kiles 

PaveMent Type 

ALL ACP SECTIONS 
Hot-lUx 
Composite 
Surface-Treated 

ALL CRCP SECTIONS 

: ALL JCP SECTIONS 

Mand. 

486 
8~ 

2 
252 

o 

1 

Total 

1435 
146 

5 
993 

o 

Pct. 

33.9" 
58.2" 
40.0" 
25.4" 

16.7" 

Mand. 

970.3 
169.8 

4.2 
504.1 

0.0 

1.5 

Total 

2812.7 
290.8 

8.6 
1945.8 

0.0 

3.6 

DISTRICT TOTAL 487 1441 33.8" 971.8 2816.3 

Definition.: "Hot-Mix" -- Pave.ent Type. 4. 5, G 
"Colllposit ... -- Pav •• ent Type 7 
"Surface-Treated" -- Pave.ent Type 10 
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Table 8.2 -- Percent of Sectiona With No Distres. 

Percent. NUMber of Sections 

Mandatory Total Mandatory Total 

ALL FLEXIBLE PAVEMENTS 
Rutting 55.6 44.3 486 1435 
Block Cracking 89.5 92.5 486 1435 
Patching 66.5 57.5 486 1435 
Failures 90.5 87.7 486 1435 
Alligator Crocking 75.9 72.6 486 1435 
Longitudinal Cracking 67.3 73.1 486 1435 
Transverse Cracking 67.9 76.6 486 1435 

FLEXIBLE HOT-MIX PAVEMENTS 
Rutting 64.7 54.1 85 146 
Block Crocking 88.2 88.4 85 146 
Patching 76.5 69.9 85 146 
Failure. 97.6 91.8 85 146 
Alligator Cracking 76.5 69.2 85 146 
Longitudinal Cracking 55.3 47.3 as 146 
Tranaverse Cracking 51.8 56.2 85 146 

FLEXIBLE COMPOSITE PAVEMENTS 
Rutting 50.0 80.0 2 5 
Block Cracking 50.0 80.0 2 5 
Patching 100.0 100.0 2 5 
Failures 100.0 100.0 2 5 
Alligator Crocking 100.0 80.0 2 5 
Longitudinal Cracking 50.0 40.0 2 5 
Tranaverse Crocking 50.0 40.0 2 5 

FLEXIBLE SURFACE-TRE~TED PAVEMENTS 
Rutting 46.4 38.5 252 993 
Block Crocking 92.1 96.0 252 993 
Patching 53.2 49.2 252 993 
Failuree 86.9 86.3 252 993 
Alligator Cracking 74.6 72.2 252 993 
Longitudinal Crocking 78.2 83.2 252 993 
Transverse Cracking 86.9 90.8 252 993 
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-
Table 8.3 -- P~rc.nt of ~ectlona With Severe D~8treas 

... 
to· 

Percent. Nuaber of Sect.ions •. ' 
Kandot.ory Totol Mondat.ory Total 

==.c=====c~=====:===:==e ••• ==a==s== •• == ••• =====8====== =_._======== 
ALL FLEXIBLE PAVEMENTS •. -

Rutting 3.50 3.42 486 1435 M. 

Block Cracking 0.00 0.07 486 1435 
Patching 1.24 1.12 486 1435 ... 
Failures 0.21 0.21 486 1435 
Alligotor Cracking 0.41 0.35 486 1435 _.' 
Longitudinal Cracking 0.41 0.28 486 1435 

II' 
Transverse Cracking 1.85 0.98 486 1435 

------------------------------------------------------ ------------
FLEXIBLE HOT-MIX PAVEMENTS 

Rutting 4.71 4.80 85 146 ... 
Block Cracking 0.00 0.00 85 146 I.·" 
Patching 1.18 0.69 85 146 
Failuret'S 0.00 0.00 85 146 ... 
Alligator Crack~ng 0.00 0.00 85 146 
Longitudinal Crackl.ng 1.18 0.69 85 146 

,,~ 

Transverae Cracking 0.00 0.69 85 146 
"" ------------------------------------------------------ ------------

FLEXIBLE COMPOSITE PAVEMENTS I)" 

Rutting 0.00 0.00 2 5 
Block Cracking 0.00 0.00 2 5 .... 
Patching 0.00 0.00 2 5 
Failure. 0.00 0.00 2 5 
Alligat.or Cracking 0.00 0.00 2 5 ~ .. 
Longitudinal Cracking 0.00 0.00 2 5 
Tranaverae Cracking 50.00 20.00 2 5 

------~----------------------------------------------- ------------ ~. 

FLEXIBLE SURFACE-TREATED PAVEMENTS 
Rutting 4.76 3.73 252 993 
Block Cracking 0.00 0.10 252 993 
Patching 1.59 1.21 252 993 , ... 
Failure. 0.40 0.30 252 993 
Alligator CraCKing 0.79 0.40 252 993 
Longitudinal Cracki.ng 0.00 0.10 252 993 "P 

Tran.verae Cracking 0.00 0.10 252 993 
~===~=:==.m •• =.==a==:~ ••• a~.:=Ka.~.====.c •• a=c====.== •••• ===_===== ... 

, .. 

... 

.... 
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Table 8.4 -- Percent of Sect~ona Heving Rough Surfaces 

Percent Number of Sections 

Mandatory Total Mandatory Total 
=====:====~=====:=~:===~====aa=.:==.=.=.====:=====.==. =_========== 

ALL FLEXIBLE PAVEMENTS 
Average PSI 3.05 2.84 486 1435 
IH SysteJ'A 0.00 0.00 0 0 
US Syatelll 0.00 0.00 139 246 
SH System 2.06 3.48 194 345 
FM System 2.63 2.73 lS2 843 

ALL FLEXIBLE HOT-MIX PAVEMENTS 
Average PSI 3.60 3.45 85 146 
IH System 0.00 0.00 0 0 
US Syate. 0.00 0.00 34 S4 
SH System 0.00 3.39 45 59 
FM 3ystem 0.00 0.00 6 33 

ALL FLEXIBLE COMPOSITE PAVEMENTS 
Average PSI 2.65 2.94 2 5 
IH SyateJlt 0.00 0.00 0 0 
US 5y.te. 0.00 0.00 1 1 
SH System 0.00 0.00 1 4 
FK System 0.00 0.00 0 0 

ALL FLEXIBLE SURFACE-TREATED PAVEMENTS 
Average PSI 2.69 2.59 252 993 
IH 3ystelft 0.00 0.00 0 0 
US System 0.00 0.00 8 14 
SH Systelft 4.08 4.55 98 176 
FM Syatem 2.76 2.87 145 802 

ALL JOINTED CONCRETE PAVEMENTS 
Average PSI 1.90 1.67 1 6 
IH System 0.00 0.00 0 0 
US Systelll 100.00 100.00 1 2 
SH System 0.00 66.67 0 3 
FM System 0.00 100.00 0 1 
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Table 8.5 -- Percent of Sectiona Having Low Scorea 

Percent 

Mandatory 

ALL FLEXIBLE PAVEMENTS 
Average PS 74.22 
IH Syatem 0.00 
us System 9.35 
SH System 9.28 
FM System 15.13 

ALL FLEXIBLE HOT-MIX PAVEMENTS 
Average PS 76.60 
IH System 0.00 
US System 8.82 
SH Sy.te. 24.44 
FM System 33.33 

ALL FLEXIBLE COMPOSITE PAVEMENTS 
Average PS 70.50 
1M SyatelR 0.00 
US SysteM 0.00 
SH System 0.00 
FM Syst •• 0.00 

ALL FLEXIBLE SURFACE-TREATED PAVEMENTS 
Average PS 73.23 
IH Syate. 0.00 
US System 0.00 
SH SysteM 4.08 
FM Systell 14.48 

ALL JOINTED CONCRETE PAVEMENTS 
Average PS 
IH System 
US System 
SH SysteM 
FH Systell 

2.00 
0.00 

100.00 
0.00 
0.00 
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Total 

74.38 
0.00 

10.98 
8.99 
7.71 

73.19 
0.00 

11.11 
22.03 
9.09 

80.00 
0.00 
0.00 
0.00 
0.00 

74.97 
0.00 
0.00 
3.98 
7.48 

11.00 
0.00 

100.00 
66.67 

100.00 

NUMber of Section. 

Mandatory 

486 
0 

139 
194 
152 

85 
0 

34 
45 

6 

2 
0 
1 
1 
0 

252 
0 
8 

98 
145 

1 
o 
1 
o 
o 

Total 

1435 
0 

246 
345 
843 

146 
0 

54 
59 
33 

5 
0 
1 
4 
0 

993 
0 

14 
176 
802 

6 
o 
2 
:3 
1 

.. 

... 

.. ' 
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T4bl. 8.6 -- Mean Number of Diatr ••• Occurrencea Per Mile 

Percent Nuaber of Sections 

Mandatory Total Mandatory Total 

ALL JOINTED CONCRETE PAVEMENTS 
Spalled Crack. 144.00 34.56 1 6 
Longitudinal Cracks 20.67 24.00 1 6 
Tranavera. Cracka 333.33 84.58 1 6 
C. Break. 8. Punchouta 22.67 10.58 1 6 
AC Patches 0.00 1.39 1 6 
PC Patches 0.67 0.39 1 6 
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Co~par1aon of tne p~rtial and total survey reault. suggesta that 
the partial survey contained an unusually high percent of the poorer 
sections (espec1ally thoae with low pave.ent scores) in Diatrict 11. 
For example, 1n Table 8.5. 21 <14.48 percent of 145) mandatory 
surface-treated FM sections are identified as having pavement acores 
below the FM terminal value of 35. The total survey identifies only 60 
sections <7.48 percent of 802). Diatrict 11 ratera surveyed 657 
additional surface-treated FM sections to complete their total survey. 
This additional survey should have identified 9~ <14.48 percent of 657) 
more sections with low scores. Table 8.S~ however, indicatea that they 
only found 39 more aecti~na (60 - 21 = 39). The i.plication 1& that 
most of the "poor-cond1tion" sections were already identified in the 
~andatory survey. 

One Justification tor the partial survey 1s that it providee 
sufficient data for network-level decisions. The pav •• ent condition 
maps developed in Chapter 3 may be thought of as one such 
"network-level" anal yais tool. Distrl.ct 11 values for theae maps were 
taken from the total survey. Using mandatory survey values would have 
changed the appearance of aome of the mapa. Table 8.7 aummarizes the 
changes brought about by using the partial survey result. in.tead of 
the total survey re6ults. 
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Table 8.7 -- Compar1son of Partial Versus Total Survey 
for Chapter 3 Pavement Condition Mapa. 

=====:==2=============::~===a==s==~.=========:======== =z= 

Type of Survey 

SubJect No. Partial Total 
=:===========2~;=====================2==:============= === 

Districts with Excessive Distress 2 
1 
3 
1 

Districts with Seve~e Distreas 

Districts with Rough Sections 

Districta with Low Pay. Scores 

3 

2 
1 
4 

1 
3 

MAJOR 
m.inor 

MAJOR 

MAJOR 

MAJOR 
minor 

KAJOR 
MAJOR 

MAJOR 
MAJOR 
MAJOR 
Ilinor 

MAJOR 

MAJOR 
KAJOR 
MAJOR 

KAJOR 

==Da= •• ==a.======~ •• =~==:;=======.====~==~========.=== === 
MAJOR 
minor 

SUMMARY FOR DISTRICT 11 

8 
2 
7 
1 
3 

KAJOR 
MAJOR 
KAJOR 
ainor MAJOR 

MAJOR 
:=====~~===~=~= •• ======c====.===~= •• ==========.== •• =.= === 

Note: Composite ACP. JCP, and CRC sections not 
considered because of insufficient sample 
size <1.e. 5 or fewer sections surveyed). 

"MASOR" indicates use of dense crosshatching 
in map. "m.inor" indicates u.e of light 
crosshatching. 
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The sum.ary indicates that District 11 would have been marked ~n 

14 maps with the part10l survey, as compared to the 18 maps in which it 
appears with the total 3urvey. In general, the total survey %or 
District 11 provides indications of additional surface diatreme and 
roughness problems which are not am eaaily recongized £ro~ the partial 
survey. The partial survey also tends to overemphasize the proble. of 
low pavement scores. These inconsistencies in the saaple results, 
while not critical at the statewide or network-level, should discourage 
any ironclad interpretations of the pav •• ent condition mapa in Chapter 
3. 

The actual nature of any ma.ple inconsistencies depend on the 
samples chosen. At present, PES samples are chosen at random according 
to specific mileage. highway prefix_ and hiatorical criteria. Paveaent 
condition or surface type is not conaidered 1n the aampling proceas. 
It 15 entirely poaaible~ then, to obtain aamples which aay aee. to be 
biased towards one or more particular problems (such aa rutting. low 
PSI, or low pavement acore). A total aurvey eliminat •• theae 
uncertainties. 

District 11 financial recorda quote the final coat of the 1984 PES 
survey as approximately $53,000. This figure covera expenditure. %or 
the visual, ride. and skid .urveya. An itemized cost suaaary provided 
by the District suggests that a total aurvey <PES viaual and ride) 
could be conducted during a-hour daya at a coat of $11/aile. FrOM a 
maintenance and rehabilitation viewpoint, the proJect-level benefits 
obtained frOM a total survey outweigh any financial burden incurred. 
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CHAPTER 9 

CONTINUOUS PROFILE OF PAVEKENT CONDITION 

FOR US 59 IN ANGELINA COUNTY 

Deaonatratea the use o£ 100 percent evaluation data to 
develop a continuous pavement condition pro£i1e which 
locat.. regiona o£ unuaual paveMent condition needs or 
traffic de.ands. 
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One advantage ox collecting PES data on all highway aections is 
that it enables th. develop.ent of oontinuoua pave.ent condition 
profile., auch a. tho.e ahown in Chapter 6 for aeveral Interatate 
highwaya. Thea. profile. depiot pav •• ent condition on a oontinuoua 
beai., a. the average Motori.t would •• e it. Ad.ini.trative peraonnel 
C4n u.e the profile. to obtain a quick and reliable overview of one 
highway'. condition. Kaintenance peraonnel can uae the. a. 
docuaentation in aupport of proposed .aintenance or rehabilitation 
sohedulea. Thia chapter oonsider. one auch .et of profile •• developed 
for US 59 in Angelina County, Di.trict 11. 

Table. 9.1 and 9.2 contain the PES .urvey data u .. d to generate 
profiles for the aouthbound and northbound lan ••• re.pectively. Theae 
profile. include the oity of Lufkin, approxi.ated by •• ctions 5 and 6 
(.ileposta 6 + 1.6 to 10 +1.2). US 59 ia a four-lane divided highway, 
except within the city when it beco.e. four- (end £iv~-) ldna~ 

undivided. 

Figure 9.1 
rough cOMposite 
Just north and 
between 3.5 end 
higher. 

ia the PSI profile, which identifiea two .ections of 
pave.ent in the aouthbound lane. (aectiona 4 end 7) 

aouth of Lufkin. The northbound lanea vary alightly 
4.0, except within the city. where ride quality i. even 

Figure 9.2. the UVU profile, is ai.ilar to the PSI profile. 
Again, sectiona 4, 7, and 8 are older coapoaite aurfacea exhibiting 
definite .urface di.tr.... Sectiona 3 and 5 al.o appear to be in n.ed 
of aurface aaintenance. Figure 9.3 indicates very low pave.ent .core 
volue. for th... sectiona. This figure al.o .ugge.t. that the 
aouthbound lenea ar. alMost always 1n poorer condition than the 
northbound lan... Howev.r. the differ.nce, though con.iatent, is not 
very larg., which .uggeat. that one-way heavy traffic (for exaMpl., to 
Houston) i. not to bla~ •• 

Figurea 9.4 and 9.5 co. par. UVU and pave.ent .cor. for the 
northbound and aouthbound lan •• , r.ap.ctively. Aa before, .ectiona 7 
and 8 are of particular int.r.at. Section 7 ha. a .uoh lower pave.ant 
acora on the .outhbound Ian •• (UVU of about 6~) than on the northbound 
lane. (UVU of about 62). Section 8 i. the worat part o~ the northbound 
lane., and Ju.t aa bad on the .outhbound lanea. 

Figure. 9.6 and 9.7 d'pict ADT and 18-k ESAL trend., r •• pectively. 
The ADT profile i. predictAbl., howev.r the 18-k ESAL profile .how. 
extre •• ly high proJected truck repetitiona; at level. which rival ev.n 
.o.e Int.rstate highway.. Ch.pt.r 6 profilea indicAte tbat the 32 
,111ion rep.tition. prQJec$.d f9r YS ~9 through Lu~k,n ,xceed the 
valuea proJ.cted for !Olt of 18 10. moat 9f IH 20. balf of 18 IS <e.at 
ODd W"t) , And loat Of 18 4~, 

Th... continuous pav •• ent condition profile. Are by no •• An. 
intended to replace the opinion. of experi.nce fi.ld per.onn.l engaged 
in proJ.ot-l.v.l work. How.ver, they do provide a quick And reliable 
Qverview of pav ••• nt condition at the broader network lev.l which ia of 
ua. to ad.ini.trator. hoping to beco.. .or. fa.iliar with overall 
highway need •. 
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Table 9.1 

.D ••••••••• D •••• C •• D ••••••••••••• = •••• ~ •••••• :.D ••••••••••••••••••••• =.:=: 
1984 PES -- DISTRICT 11 RESULTS 

Pave.ent Condition Profile for 58 US 59 -- Angelina County 

--------------------------------------------------------------------------
Sect. Milepo.t. PSI UVU PS ADT 18-k 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1 000+00 002+00 3.4 79 67 17000 17795 
2 002+00 004+00 4.2 81 71 18800 18861 
3 004+00 006+00 3.8 73 58 19000 196$4 
4 006+00 006+16 2.9 67 41 19600 18426 
5 006+16 010+00 4.2 71 57 27000 25692 
6 010+00 010+12 4.0 83 73 26000 31726 
7 010+12 014+00 2.2 65 16 26000 31726 
8 014+00 016+00 3.8 56 41 16300 15966 
9 016+00 018+00 4.3 90 84 16300 16117 

10 018+00 020+00 3.9 77 66 17300 17626 
11 020+00 022+00 4.5 98 97 17000 17594 
12 022+00 022+20 4.0 93 90 13400 12956 

== ••••••• = •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Hote: ADT value. are for 2-way traffic. 
18-k ESAL value.. in thou.and.. are fro. 
20-year proJected value •• 
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Table 9.2 

1984 PES -- DISTRICT 11 RESUl.TS 
, Pave.ent Condition Prof'ile for HB US ~9 -- Angelina County - • 

--------------------------------------------------------------------------

-

Sect. IUlepoat .. PSI UVU PS AOT 1.8-k 
1 •••••••••••••••••••••• 2.~~z ••• a==.= •••• = •••••••••••• s •••••••••• a.: ••••• == 

1 000+00 002+00 3.5 90 84 17000 17795 
2 002+00 004+00 3.~ 79 67 18800 18861 
3 004+00 006+00 3.6 79 67 19000 19654 

, 4 006+00 006+16 3.6 83 74 19600 18426 , 

~ 006+16 010+00 4.2 71 57 27000 25692 
6 010+00 010+12 4.0 83 73 26000 31726 
7 010+12 014+00 3.7 61 42 26000 31726 
8 014+00 016+00 3.6 40 23 16300 15966 
9 016+00 018+00 3.6 98 97 16300 16117 

10 018+00 020+00 4.0 80 69 17300 17626 
11 020+00 022+00 3.6 98 97 17000 17594 
12 022+00 022+20 4.0 81 72 13400 12956 

=.==zz~.c.~~ ••••• m.m:~z.z=:.c=z:a=z=.~~.== •• cc ••••• c •• ••••••••••••••• = •••• 

Not.e: ADT value .. are for 2-way traffic. 
18-k ESAl. valuea. in t.hou.and •• are f'roa 
20-year proJected value •. 
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CHAPTER 10 

FUTURE IMPROVEMENTS TO P~S 

DIscusses current llmltatlons of PES as well as efforts 
aimed at ellmlnatln~ those limitations. 
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Th1s report has explored many d1fferent uses of PES data. .~e 

nUMber of chapters 1n th1S report h1nts at the many pOSSlDl~ 

applicat10ns of PES data 1n maintenance and rehabilitation plannIng. 
Additional applIcations will contlnue to be introduced as PES :~ 

refined lr.to a mc,re t'ellable pavement condition information system. 

CURRENT LIMITATIONS 

Conversations w1th District personnel after the 1984 Rater 
Tr~inlng Schools have emphasized several current PES limitations: 

1. SUbjectIvity of Pavement Evaluations -- The prese"~lt 

pavement rati~g procedure greatly depends on the rater's 
C'WY, 1Ylte}'pretat ioY.. It is quite common for two raters, 
even from the saMe DlstrIct, to evaluate the same 
sectIon In two noticeably different ways. Although thIS 
problem 15 addressed during the Rater Training Schools 
it is never completely eliminated. The most important 
aspect, however, is that each rater be able to identIfy 
severe dlstress as severe, even if it is called by tW0 
d i f ferent names. 

2. Rater Safety in Urban Areas -- Both flexible and rigid 
pavement surveys pose serious safety problems to raters 
worklng in high-trafflc urban ar.as. Districts 2 and 12 
have experimented with photologging and videotapin~, 

respectiv~ly, during the 1984 survey in An effort to 
maintaln rater safety during the eVAluation process. 
Other urban areas, such as Dalla., San Antonio, Austi~, 

and El Paso, would surely benefit 'rom the d.velopMe~t 
of such a procedure. 

3. Excessive Dependence on Surface Condition Descriptors -
PES evaiuatlons consider only conditions which can be 

identlfied at the pavement surface. Many distress 
types, such as rutting, failures, or punchouts, reflect 
sub-surface condition. Several Districts have 
specifically stated that soma o~.th.ir recant •• al coat 
Jobs show up .s being in ex~.11ent condition during the 
PES survey, although m.aintenance personnel fully reAlize 
that the s.ct ion wi 11 require addit ional1iuct.nsive work 
within a year. 

4. Inability to Run Standard Reports FrOM Previous Years -
Standard PES reports can only be run using data from the 
current year'. survey. This poses problems 'or those 
who attempt to retrleve evaluation records 'rom previous 
years. At present, two solutions are available: (1) run 
and keep all standard reports,'or each year's surv~y, 
and (2) request that D-18P write and execute a special 
program from the "old" tape files. 

5. Lack of Historical Analysis This is similar to the 
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prev10ua ite •• but 1a £ar aore involvad aince it haa a 
direct i.poct on a.l.ction of .oint.nance and 
rehabilitation proJ.cta. In g.n.ral. .aint.nanc. 
p.raonn.l ba ••• any of th.ir proJect-l ••• l daci.ion. on 
pa.t exp.ri.nce. Thi. i.pli •• th.t tha •• intenance 
engin.er or fora •• n knowa the trend io pa •••• nt 
condition o •• r ti... Such a o.p.bility h.a not b •• n 
incorporat.d into PES. PBS pr...ntly •• l.cta 
r.habilitation proJ.ot. baaed upon whether or not the 
pa •••• nt .oor. h •• fall.n below a .peaif1~ •• lu. 1n the 
curr.nt y.ar. U.ing their hi.t.orioel knowl.dg •• 
aaintananca paraonnel oan ,oet.en,pz"OJeot pa •••• nt. 
condition into the futur.. Tb1. allow. i;. .. eat.o lU.tify 
perforaing .inor work now on .1MICt.lo6'''t;0 a~id .aJor 
work whioh ia aura t.o 00.. in t.he n_r ·'6t.ure ~ 

'0 

In ita dafan.e. PES i. an •• olution.ry .y.t. •••• till in t.he .arly 
y.ar. of d.y.lop •• nt. Each y.ar h •• brought n.w r.fin ••• nt. •• ai.ad at 
incr.a.ing t.h •• y.t •• '. r.liabilit.y. In addit.ion. ,ES proyid.a a •• an. 
of aotu.lly docu •• nting p ••••• nt oondition. AlthouVh ••• luat.iona of 
pa ••• ent. oo~dition •• y not b. co.pl.t.ely oon.i.tent. PBS ie o.pabl. of 
•••• uring g.n.r.l condition at t.h. proJect.-l •• el .nd relati •• oondition 
.t t.h. n.t.work-l.y.l. 

PES r.t.r. ara train.d in t.h. art. of p •••• ent .y.lu.tion. An .nd 
r •• ult. of thi. training i. that. th.y b.ao ••• ore .were of &0 •• of the 
inter.otion. b.tw •• n paye •• nt. .t.ruoture. traefic. and .nYiron •• nt. 
Th ••• akill •• ak. t.h. PES r.t.r. y.lu.bl ..... t.. in identifying currant 
and pot..nt.ial pa •••• nt probl.... Di.t.rict. .ai.tenence engin •• ra .ay 
wiah to con.id.r PES condition ret.ing •• • year-round proc •• a • 
•• p.cielly .t troubl •• o.. .ect.ion.. Suoh. pr.ot.ice would pro •• 
h.lpful in docu •• nting .onthly or .... on.l .ariat.iona in oondit.ion. e. 
w.ll a. pro.id. ti •• - •••• ur ••• nt. of oondit.ion bafor. and .ft.r rout.ine 
.aint.n.na. or rehabilitation work. 

FUTURE DEVELOPKENTS 

Di.trict .nd Di.iaion peraonnel .... '. 'l~if.iecl 
li.it..t.ion. in t.h. pr ••• nt .araion oEPES. .....k ,. Oun"ellt.ly 
OIl .... r.l front. to correot t.he.. li.i"'t.AOIIII.'~;, ,~: ";4~, ~, :~'l ,;, 

.... ral 
und.rway 

1. U •• of Vid.o in PES Sur •• y. --Th. ahort.-t..ra obJ.ctiv. 
i. to pro.id. a •• n whlob ~~'D'.tr~ can u •• to 
vid.otape high-volu.. .ect.iona -CS""".'t.be 198~ PES 
.urv.y. Th. van will includ. a high-reaolution ca •• ra 
and r.cord.r cap.bl. of producing qu.lity i •• g.. .t. 
.p.ed. up to 30 .ph. Long-t.ra (2-3 ye.r.> obJ.ctiv •• 
include the d ••• lop •• nt of .i.u.l .nd rid. qualit.y 
.quip.ent which will auto •• tic.lly collect .nd .Q.lyze 
.valuat.ion d.ta in the fi.ld. thu •• li.in.ting t.h. nead 
for •• nual r.ting and offl0. k.ypunohing_ oth.r 

,-217-

,. 

•• 
.... 

It ... 

..... . .. 

'"'' 

... 

"" 

. .. 



pav •• ant t •• ting devic.. ar. being developed for uae 
with thi. autoaated pave.ent condition vehicle. Such a 
vehicle .hould enable the evaluation of all 
atate-.aintained .il.ag •• v.ry y.ar. 

2. Incorporat10n of Structural Adequacy into PES -- Several 
D1.trict. have already had'exp.rienoe with the Falling 
Weight Deflecto.etar, which ie currently being 
conoidered a. the •• tbod ~or .valuatin9 atructural 
ad.quacy. Continuine ~i.ld ,teating i. providing data 
which vill b. uaed to d __ lop. deaaz'ipti" ind.x for 
pav ••• nt .t.ruct,.uC'al ad"'~.''ftlL. £.lIdex, which wi 11 
probably b •• i.llar to OYU, i. fIIMnded to refl.ct the 
•• ct1on'. .truetural .d~,""rprolactad ADT and 
18-k ESAL.. R .... rch.ra at -..'V,'iY._it.y of T.xaa are 
developing additional d...,i...".i... at aa •• oing 
.tructural adequ.cy. R •• ult. :fro. thi. work .hould be 
ready for i.pl ••• ntation vithin 2 '''1' •. 

3. "aint.nance and Rehabilit.at.ion ProJ.ct S.lection -_. PES 
Standard Report ROO, whioh provid.. current 
rehabilitation proJ.ct. for rat..d flexible pave •• nt 
.ection.. i. the only tool curr.ntly available to a ••••• 
proJect-level n •• d.. R .... rch.r. at Texa. A&" 
Univeraity have already d.veloped t. •• t. progra •• which 
u.e PES data to •• lect both rout in. .aint.nance and 
r.habilitation proJ.ot.. Th ... progra •• can b. tailored 
to reflect each Di.trict'. unique co.t. and at.rategiea. 
In addition, the progra •• ar. capabl. of aodelling 
future pav •• ent p.rfor.ano. and d.v.loping Multi-year 
aaint.nance and r.habilitation n •• da .ati.at.a. Theae 
prograa. are .till being .valueted and r.fined, but they 
.hould be ready :for i.pl ••• ntation during the 1986 PES 
.urvey_ 

4. New JCP Survey -- L.a.t year'. JCP .urvey procedure waa 
not well-receiv.d becau.e it v •• too oOMplicat.d and too 
ti.e-conauaing. Work i. undervay to d.velop • ai.pler 
and quicker aurvey for JCP. Thia work will be co.pleted 
in ti.e :for the 198~ Rat,.,. Trelnl .. 8crhoola 1n Auguat. 

A •• entioned earll_r. PES i. an evolutionary SV.te., and each year 
br1n.. nev refine.ente and i.prov .... t.. D~~1ot, Di.1aion. and 
Adainiatration paraonnel are encouragtldto expreea thelropinione and 
augge.ted iMprov •• enta concerning PES, at .. , tiae, to .-otion D-18P. 
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CHAPTER 11 

SUMMARY OF 1984 PES SURVEY 

Summa~lzes the ~e.ult. of the 1984 PES .u~v.y and the issues 
discus.ed in this ~.po~t. 
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The 1984 PES survey provided 
pavement sections across the state. 
this report, has provided Insight 
statewide pavement condItion. 

data concerning the condltlon of 
Subsequent analYSIS, described In 
into many different aspects of 

Statewide averages IndIcate that ride quality increased slightly 
in 1984. However, overall surface condition and priority (as measuree 
by UVU and pavement score, respectively) wo~sen.d by about fIve 
percent. TraffiC load (as measured by ADT and lS-k ESAL) increased 65 
p.,..cent statewide, thus ovet~shadowl ng aYIY improvements in ride qual it y. 
Th. increased traffiC values reflect the addition of rigid pavements, 
which are usually in high-traffic Ot~ urban ar-ea., into the PES survey. 
However-, high-quality pavements are still pr-edominant, with over hal;
o~ the 16,214 rated sections having a ride quality value greater than 
3.4, a UVU greater than 93, and a pavement .cora greater than 84. 

Pavement distress fIgures Indicate that rutting is becoming more 
commOYI on flexible pavements. Both "mlYIOr" (O.S-inch) and "maJor,1i 
(l.O-inch) rutting Increased in area in 19S4. Longitudinal and 
transverse cracking are also beCOMing more of a problem. Alligator 
cracking and failures were less frequently observed during the 1984 
survey. This 15 particularly encouraging since these distress types 
can deteriorate rapidly Into heavy maintenance or even rehabilitation 
prOblems. Patching and block cracking -- first introduced during the 
19S4 survey -- are a widespread problem, with sixteen of the Distrlcts 
haVing excessive or severe levels of one or the other.· 

Evaluation of rigid pavement sections was included for the first 
time in the 1984 survey. The survey indicated that, on the stateWide 
average, rIde qual1ty on rigid pavements is generally less than that 
for fleXible pavemerlts, eVElYI though the rigid pavements hao al'l average 
of less surface distress (i.e. higher- UVU). Ride quality problems ~ere 
especially apparent on JOinted concrete sections, where the average PSI 
was 0.62 below that for a flexible pavement with essentially the same 
amount of $urfac~ dlstress. This 0.62 drop in ride quality is 
certainly noticeable to the average motorist. Pavement s~ores for CRe 
and JCP are much lower than those for flexible •• ctions, in part due to 
an average five-fold Increage in ADT and 18-k ESAL r-epetitions. WIth 
r.ga~ds to surface dlstr ••• , punchouts and asphalt patches were 
unusually COMmon on CRe sections. For- JCP .. ctions, slabs with 
longitudinal cracks, corner breaks tllnd punehoutp •. ' aw::I •• phal·t patches 
were unu6utllily comMon. . 

The 1984 PES survey data enabled a .~eial analysis clf the 
Inter-state system in Texas. Thill analysis not ot'\ly confirmed the 
overall high-quality of the system, but also identified the relative 
condition of each Interstat. highway.. The high a"arage valuttS for the 
-maJor" routes (IH 10, IH 20, IH _~ and IH 4~) 4l,... especially 
noteworthy, as are ~he values for the urban loops (IH 410, IH 610, and 
IH 635). The highway aVEt'age5, however-, do not COMpare favorably wlth 
the 50th percentile values quoted earlier for all rated sections. SIX 
highways have an average PSI less than 3.4, nine highways have an 
average UVU lESS than 93, and eight hIghways have an average pavement 
score less thal"l 84.. However, these highways carry, on average, four 
times the ADT and 18-k ESAL of other non-l~t.r.tate highways. 
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Contlnuous pavement condltlon profiles identified regio~ai 

pavement and traffIC trends for IH 10, IH ao, IH 35, and IH 45. Thes. 
profiles illustrated, above anything else, the drastic trafflC 
inct""eases asso::,clated WIth maJ':O~' urbar, areas. In additiorl, I.J.t·oa~'1 

sections coulo be rellably associated with drops in pavement score 
(usually accompaY'lled by l,)'".Ct'eases in rid. quality and UVU cilused by 
increased maintenance and rehabilitation activity). 

Analysi5 of all t'ated malr.iane sections resulted in a sin1l1Cin~ 

corre I at i on bet weer, cc.nd it ion (PS I, UVO, and pav.ment score) a .... ,d 
traffic (ADT and 18-k ESAL). Rid. qual',ty wa. hiGhest in the 
_aium-traffic t""ange5 from 2,001 to '25,000. Surfac. di.tress (1. e. 
UVU) decreases with Increasing traffiC, but pav.ment .core declines. 
"pecially for traffic values above ~OOO. <It beal"'"ti repeating tnat 
tht. val ue represent s an ADT of 5000 vehicl.. per d.y, or a 20-YE-2\c' 
projected 18-k ESAL of 5,000,000 repetitlon5.) Th~ ri~~ quali~y ~~d 0V~ 
trends partially reflect the lncorporatlon of rigid pavements ln~o tnc 
survey, while the declIne in pavement 9core is an indication of the 
importance which PES places On traffic a5 a means o~ identifYlng 
priority. 

Evaluatlon of all Interstate highway mileage enabled more detalled 
analYSIS of overall and reglonal trends in pavement conditlon. 
Comparison of mandatory and total evaluations for Distrlct 11 
emphasized the need for a complete evaluation of all highway sections 
prior to the selection of rehabilitation proJects. The PES mandatory 
section survey 1& sufficlent, however, for statewide or network-level 
assessments of relative District need. Sub.equent analysis of 
continuous pavement condition profiles for US 59 illustrated Just some 
of the potential benefIts of a total surv.y. 

Thls report has not discussed all of the po.sible uses for PES 
survey data. Additlonal uses are either being developed o~ are 
awaitlng the resolution of current PES limitations. Work is present~y 
underway on several tasks aimed at reducing or eliminating some of the 
most commonly-cited limitations. For example, video equipment 1S belng 
examined as a means of collecting visual evaluation data in urban areas 
w1,th greater speed and safety. The short-term obJective is to develop 
a manual proce.s but eventually, such equi~nt .ill be able to collect 
and analyze the visual and ride qual ity 0..... 'aU:'OftIat ically. Another' 
proJ.ct ••• ks to derlve a m.asure of .u~rf.~ ..... uctural ildequilcy 
for PES which will look below surf~.~c:t1~,iont9 predict future
r.maining service life. Analyt ical proc:-'~::;"'''~l.o being developed 
... hich wi 11 u.e PES data to provide' •• t"\ ... ·t.. of c:c..r'rent and future 
Maint.nan~e arid rehabi I itaif ion proJect n.eds.' And'bh.r proJect cClncet""ns 
the development of _ new JCP survey for th •• ~ ,wut'"vey ... h ich wi 1,1 be 
quicker and simpler than the 1984 verstOf\. 8~.. ;~dure would be 
similar to the CRe survey procedure. ' 

PES i. an evolutionary tool, still in the .arly stages of 
development. Each year has produced n .... improvements which Yleld More 
reliable results. These results, in turn, rai5e new questions and 
limitations to be answered by new improvements. This iterative process 
will eventually produce a pavement evaluation system which District, 
Divlsion, and Admlnistratlon personnel can reliably use to identify 
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pavemeYlt cond 1 t 1 coro 1"Ieeds ane:! trends. 
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