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PREFACE

This is the second and final report for Research Project 1167, “The Development of Smoothness
Specifications for Rigid and Flexible Pavements in Texas.” This research project was conducted by the
Center for Transportation Research (CTR), The University of Texas at Austin, as part of the Coopera-
tive Highway Research Program sponsored by the Texas Department of Transportation (TxDOT). Spe-
cifically, this report documents the development of a methodology to determine pavement smooth-
ness specifications for both rigid and flexible pavements in Texas. This report extends the findings of
the first project report (1167-1), which developed the form of smoothness specification and the most
appropriate instrument for use with that specification.

We would like to thank the Texas Department of Transportation, who sponsored this project, and
the many staff members who assisted the authors. Also, we are grateful for the expertise provided by
Mr. Rob Harrison of CTR, who developed the smoothness specifications presented in the first report
of the project and assisted in preparing this report.

Dimitrios G. Goulias
Terry Dossey
W. Ronald Hudson

LIST OF REPORTS

Report 1167-1, “The Development of Smoothness Specifications for Rigid and Flexible Pavements in
Texas,” by Rob Harrison and Carl B. Bertrand, describes the development of the draft pavement smooth-
ness specification for use on both rigid and flexible pavements in Texas. In addition, it provides an
evaluation of the measuring instrument most appropriate for use with such specifications.

Report 1167-2F, “End-Result Smoothness Specifications for Flexible and Rigid Pavements in Texas,”
by Dimitrios G. Goulias, Terry Dossey, and W. Ronald Hudson, describes a methodology for determin-
ing the smoothness specifications used in assuring the pavement quality of both rigid and flexible pave-
ments in Texas. In addition, it provides guidelines for the training of TxDOT personnel charged with
(1) operating the California-type profilographs and (2) implementing the specifications. Finally, the re-
port correlates the profile index (PI) obtained from the California profilograph with IRI and other
roughness indices.

ABSTRACT

This report focuses on the development of a methodology for determining an end-result smooth-
ness specification for use on newly constructed flexible and rigid pavements. Details of the experimental
study and data analysis undertaken to define acceptance levels using several criteria are presented, along
with necessary guidelines that can be used for the training of personnel involved in the implementa-
tion of the smoothness specifications. Finally, the report correlates profile index with other roughness
indices.

KEY WORDS: End-result specifications, smoothness specifications, profile index (PI), roughness
indices, profilograph, training.
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SUMMARY

This report presents a smoothness specification to be used for segments of main travel lanes of newly
constructed flexible and rigid pavements in Texas. Establishing a schedule of bonus and penalty pay-
ments based on end-result smoothness is expected to assure quality, while at the same time allowing
the contractor to choose the equipment and methods to produce the required end product. Additional
specifications were examined for segments located on other roadway components, such as shoulders,
bridge approaches, and exit ramps. Preliminary suggestions are made for acceptance levels on these
segments.

A survey was first undertaken to determine which states are currently using smoothness specifica-
tions and what instruments and procedures are being employed. Findings from this part of the study
identified the California-type profilograph—specifically the McCracken profilograph—as the instrument
of choice. Factorial experiments involving both flexible and rigid pavements from a number of road-
way components were performed to evaluate the variability associated with each instrument, and to
determine if the performance of the Ames profilograph was significantly different from that of the
McCracken.

In the next phase of the study, the draft smoothness specification was evaluated by examining the
distribution of the profile index (PI) from newly constructed pavements across the state. Separate dis-
tributions were obtained for each of the various roadway components to determine possible adjust-
ments to the specification categories. Finally, field testing using the Face Dipstick and McCracken pro-
filograph was performed to develop models correlating PI to such other roughness indices as IRI and
RMSVA.

Findings from the study indicate that the McCracken and Ames profilographs do not significantly
differ in terms of roughness evaluation. Guidelines for the assembly, calibration, and field testing of
the profilographs have been included as an appendix. An examination of the PI for newly completed
sections indicates that (1) bonus payments for flexible pavements may not be needed (as the large
majority of these pavements are built with low initial PI), and (2) separate schedules of payment should
be established for rigid pavements laid with continuous paving operations (as against stop-and-go
paving operations, which are inherently less likely to produce smooth pavements). Finally, preliminary
roughness test results pertaining to shoulders, ramps, and other roadway components are presented,
along with recommendations for establishing future acceptance levels in the field.

IMPLEMENTATION STATEMENT

The guidelines developed in this study can be used for continued implementation of end-result
specifications in Texas, which will provide such potential benefits as lower bidding prices, improved
quality of the end product, and lower labor and overhead costs (since the agency’s involvement would
be limited solely to acceptance testing). Because of the close interaction between the research team
and TxDOT, implementation of the study is already underway. This implementation includes input on
current specifications being tested, and the decision to allow Ames profilograph results as valid mea-
surements. Any final specification must come after extensive field testing and modification based on
agency policy. The analysis of the Ames profilograph indicates that it may be used interchangeably
with the McCracken device, provided that operators are sufficiently trained. Models developed relat-
ing profile index to other roughness indicators may be used for comparison purposes.
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APPROXIMATE CONVERSIONS FROM SI UNITS

-40 0 40 8G | 120 160 200

40 20 0 20 3 0 60 80 100
°C °C

Symbol  When You Know Multiply by To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m metars 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm?2 millimeters squared 0.0016 square inches in?
m2 meters squared 10.764 square feet ft2
m2 meters squared 1.20 square yards yd?
km?2 kilometers squared 0.39 square miles mi2
ha hectares (10,000 m?2) 253 acres ac
MASS (welght)

grams 0.0353 ounces .0z
kg kilograms 2.205 pounds Ib
Mg magagrams (1,000 kg) ~ 1-103 short tons T

VOLUME

mL millititers 0.034 fluid ounces fl oz

liters 0.264 gallons gal
m3 meters cubed 35315 cubic feat "33
m3 meters cubed 1.308 cubic yards yd

TEMPERATURE (exact)
°C Celsius 9/5 (then Fahrenheit °F
temperature add 32) temperature
DF l:'F
32 98.8 212

These factors conform to the requirement of FHWA Qrder 5190.1A.

* Sl is the symbol for the International System of Measurements
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CHAPTER 1.

BACKGROUND

Pavement structures have for many years been
constructed using “method” type specifications.
This type of specification is analogous to a cook-
book or recipe in that it directs the contractor to
combine specified materials in definite propor-
tions using approved equipment (Refs 1, 2). Thus,
if the contractor adheres to the methods pre-
scribed by the agency, and if such operations are
accepted by the inspector, then the contractor is
awarded full payment.

There have been cases, however, where the
agency'’s step-by-step procedure has failed to pro-
duce an end product of the desired quality (Ref
3). Moreover, while some specifications stipulate
that the contractor or producer is responsible for
the final result, such stipulations are not usually
legally enforceable, since material and method
requirements will have been met by the contrac-
tor under the inspection of the agency’s represen-
tatives.

In their attempts to avoid the controversial
reasoning behind method specifications—and in
order to obtain end products of the desired level
of quality—highway agencies developed end-result
construction specifications (ERS), which allow the
contractor to choose the equipment and methods
to produce the required end product. With an
ERS, production quality control is the contractor’s
responsibility, while the agency accepts or rejects
the end product through acceptance testing. Thus,
with an ERS the contractor is solely responsible
for achieving the desired level of quality for the
product.

End-result specifications are generally consid-
ered by both contractors and highway agencies
to be the most desirable type of specification
(Refs 4-6) for two reasons: (1) they provide cer-
tain economic benefits, and (2) they ensure the
proper allocation of responsibility for product
quality control. Additionally in their favor, these
specifications have been used for assuring pave-
ment smoothness for some time (Ref 5). Yet
many states are still uncertain about which type
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of specification is best for their particular re-
quirements. Thus, in 1984, AASHTO conducted a
survey of smoothness specifications with the
objective of recommending a draft smoothness
specification for state use (Ref 7).

In Texas, the Department of Transportation
undertook to develop a new end-result smooth-
ness specification for newly constructed flexible
and rigid pavements—a specification that would
replace the current Texas acceptance specification
that uses the 10-foot straightedge (Ref 8) as the
roughness measuring instrument. This specifica-
tion was felt to have several disadvantages: (1) it
cannot report any rate of repetition for deviations
over some longitudinal or transverse distance; (2)
it is not sensitive to ride quality or to associated
pavement profile characteristics experienced by
road users; (3) it contains no measure of rough-
ness wavelength or recurrence interval; and (4) it
cannot provide criteria for either pavement accep-
tance or contractor penalty/bonus payments.

OBJECTIVES

The objectives of this research are: (1) to define
a methodology for developing a rational end-re-
sult smoothness specification for flexible and rigid
pavement in Texas; (2) to define guidelines for the
training of personnel charged with the implemen-
tation of end-result smoothness specifications;
and (3) to define correlations of roughness in-
dexes with the output of the instrument selected
for use with the end-result smoothness specifica-
tion.

RESEARCH APPROACH

The methodology used for defining and imple-
menting a rational end-result specification is pre-
sented with the development of the smoothness
specification for flexible and rigid pavements.
Then, through the analysis of data collected on
newly constructed rigid and flexible pavements,
the specification’s acceptable limits and proposed
bonus/penalty payment schedules for variation



from the specifications, including the variability
of components involved in the evaluation of the
end product quality, were defined. Finally, this
report provides guidelines for the training of per-
sonnel involved in the implementation of the
smoothness specifications.

The level of pavement roughness, an aspect of
pavement quality, can be described with various
roughness statistics. For this reason, the output
(profile index in inches/mile) of the instrument
(California-type profilograph) used with these
proposed smoothness specifications was corre-
lated with roughness indexes commonly used by
different engineers (such as IRI in inches/mile or
RMSVA’s of different wavelengths) for compara-
tive purposes.

ORGANIZATION OF THE REPORT

The first chapter of the report has presented
background, the objectives of the research, and
the research approach. Chapter 2 surveys current

state practice with respect to smoothness specifi-
cations and focuses particularly on the compo-
nents of the draft end-result smoothness specifi-
cations for newly constructed rigid and flexible
pavements in Texas, as well as on the research
approach used for defining the final version (and
implementation) of the specification.

Chapter 3 describes the collection of data on
both rigid and flexible pavements, with particu-
lar focus on the factors producing variability.
Chapter 4 then presents the analysis of that col-
lected data. In Chapter 5, the draft smoothness
specification for main travel lanes is evaluated
against the results of the data analysis.

Chapter 6 then examines the possibility of de-
fining and using for other components of the
roadway a specification similar to that used in
main lanes. Chapter 7 presents the correlation of
a profilograph’s output with other roughness in-
dices, while Chapter 8 summarizes the major
conclusions of the research and presents several
recommendations.



CHAPTER 2.

IMPLEMENTATION OF DRAFT

SMOOTHNESS SPECIFICATIONS

INTRODUCTION

The smoothness quality of newly constructed
asphalt and portland cement concrete pavement
has a direct influence on pavement performance
and user cost. Thus, many highway agencies, once
they perceived a decline in this initial pavement
smoothness nationwide, began focusing on end-
product (end-result) specifications as a way of
assuring quality performance. The Center for
Transportation Research (CTR) of The University
of Texas at Austin, under the sponsorship of
TxDOT, undertook to evaluate an end-product
smoothness specification and its requisite rough-
ness measuring device.

In documenting the initial development of the
draft end-result smoothness specification, this
chapter presents a brief history of the application
of pavement smoothness specifications in the
U.S., along with a CTR survey of states operating
with smoothness specifications. The chapter con-
cludes with a discussion of the implementation of
the CTR-defined draft smoothness specification.

BACKGROUND AND STATE PRACTICE

State smoothness specifications have been cus-
tomarily based on measurements made with a 10-
foot straightedge (Ref 9, 10), allowing a plus or
minus 1/16-inch deviation in any 10-foot length.
The problem has been that such specifications do
not provide criteria that relate quality of work to
contractor’s compensation. Furthermore, while
the straightedge detects some fluctuation in ver-
tical profile from the straightedge data, the
specifications based on its measurement cannot
report any rate of repetition for such deviations
over a longitudinal distance. There are other prob-
lems as well: The straightedge is not sensitive to
either ride quality or to associated pavement pro-
file characteristics experienced by road users; it
contains no measure of roughness wavelength or
recurrence interval; and finally, it cannot provide
measurable criteria for either pavement accep-
tance or contractor penalty/bonus payments.

California became one of the first states to
address these problems when, in the early 1960’s,
it began to apply longitudinal roughness to con-
struction quality control. Such measurements
were made possible through the development of
an offset pavement profile measuring instrument
that was manually operated and multi-wheeled.
The device, known as the California profilograph,
records the pavement surface profile on a paper
roll from which a profile index (PI), in units of
inches per mile, can be interpreted. In the 1960’s
California changed its acceptance specifications to
include profilograph output, but up until the
1980's few other states followed this example.

AASHTO Survey

In 1987, AASHTO conducted a survey to iden-
tify those states using smoothness specifica-
tions; the purpose of the survey was, first, to
document state experience with such specifica-
tions, and, second, to develop a unified set of
recommendations. The results, based on 39 re-
sponding states (Ref 11), show that there are
two main components in such a specification:
(1) a ride element that evaluates the quality of
the continuous longitudinal profile (typically
from the wheelpath) and (2} a bump specifica-
tion that evaluates individual excessive defor-
mations on the profile surface. The survey data,
presented in the first report of this study (Ref
12), indicate that over 70 percent of the re-
sponding states used both a ride and a bump
specification, 20 percent used a bump specifica-
tion only, while 8 percent used no smoothness
specifications whatsoever. Bump deviations were
almost always controlled using a tape measure
and a 10-foot straightedge, and the instrument
of choice was most often the California-type
profilograph (around 70 percent of the respond-
ing states reported using this instrument).

While the survey identified the profilograph as
the basic smoothness instrument used in specifi-
cation enforcement, it also found that equipment
provision was equally shared between contractors



and highway departments (42 percent each), and
16 percent of respondents stated that both groups
supplied devices for cross-checking. Moreover,
under the acceptance range of the smoothness
specification, the contractor’s daily output is bro-
ken down into lane lengths, usually 1/10th of a
mile (528 feet), and smoothness measurements are
taken for quality acceptance purposes. Finally, the
survey revealed that only a third of the respond-
ing states used bonus provisions for high-quality
work. Following the survey, AASHTO published its
recommended guide specifications (Ref 9).

CTR Survey

The Center for Transportation Research of The
University of Texas at Austin undertook a follow-
up survey as part of a research project for TXDOT
{Ref 9). In evaluating different state specifications,
CTR staff concluded that the most commonly
used instrument is the 10- or 12-foot straightedge,
followed by the rolling straightedge, and then the
profilograph. When a rolling straightedge or
profilograph is used, the instrument is operated
either (1) along the centerline of the travel lane,
(2) in one wheelpath, or (3) in both wheelpaths
of a travel lane. In general, when a profilograph
is used in the specifications, a variety of accep-
tance levels is also used.

The telephone survey conducted by CTR staff
concluded that engineers in nine states using
smoothness specifications confirm the effectiveness
of the California-type profilograph. The majority of
the contacted states have had about 10 years’ ex-
perience with smoothness specifications, thus mak-
ing the data especially pertinent to the TXDOT
decision. Both contractors and state highway staff
confirm that the California-type profilograph has
an extremely beneficial effect in improving qual-
ity control, and that its adoption in state specifi-
cations has consequently resulted in higher ride-
quality standards. Details on the results of this
survey are given in the first report of this study.

Selection of Profiling Instrument

The choice of roughness instruments was based
on the roughness instruments available to TxDOT.
These included static instruments (such as the
rod-and-level survey and the Face Dipstick), Class
I instruments (according to the FHWA classifica-
tion; see Refs 13, 14), the K. J. Law Surface Dy-
namics profilometer, a laser-based instrument
(CLASS II), response-type road roughness measure-
ment systems (or RTRRMS, which include the
Maysmeter, ARAN, and Walker SI-ometer consid-
ered as Class III[A] instruments), and finally,

moving datum profilers (such as the straightedge,
Ridedas, and profilographs, Class III{B]).

The final instrument selection was based on the
results of the acceptance matrix, which in turn
was based on criteria established by project staff
{Ref 12), Several selection criteria were chosen to
identify an appropriate instrument to go with the
specifications. While the accuracy and the repeat-
ability of the reported roughness data were impor-
tant considerations, they were not the principal
criteria used in the ultimate decision. The cost of
the instrument, ease of use, the technical exper-
tise needed to maintain and operate the instru-
ment, and whether or not trouble spots could be
accurately located on the pavement surface were
important criteria in the decision process. The
acceptance matrix for the selection of the rough-
ness instrument to be used with the specification
is presented in Table 2.1. (The final instrument
selection was based on the results of this accep-
tance matrix.) Thus this analysis shows that the
profilograph is the instrument of choice for use
with the specifications.

Finally, a comparative evaluation of two types
of California profilographs demonstrated that the
McCracken California-type profilograph is the
best overall; however, it was further recommended
that an acceptance testing matrix be developed in
Texas for the Ames or any other profilograph
whose manufacturer would like their instrument
considered for adoption in Texas. The Ames de-
vice met these criteria.

NEXT OBJECTIVES

Having selected a smoothness device to be used
with the specifications, and having developed the
draft end-result smoothness specification that
could be applied to the testing and acceptance of
newly constructed flexible and rigid pavements,
the next objectives of the study (treated in detail
in subsequent chapters of this report) were to
conduct several analyses for evaluating:

1. the components of variability involved in
roughness measurements;

2. the rationality of the acceptance categories of
the draft specifications for main lanes of
newly constructed flexible and rigid pave-
ments from data collected through different
paving projects throughout Texas;

3. the applicability of such specifications for
other components of roadway, such as shoul-
ders and exit ramps;

4. guidelines for the training of personnel in-
volved with the implementation of end-result
smoothness specifications; and, finally,



Table 2.1 Instrument evaluation matrix decisions (Ref 12)

Distance  Speed  Ability to

Operator Event of Follow Verification
Class Instrument Accuracy Expertise Price Marking Survey Paver and Ease TOTAL
I Rod & level 4 2 3 4 0 1 4 18
Dipstick 4 3 2 4 1 2 3 19
II SDHPT prof. 3 0 0 3 4 0 2 12
I Maysmeter 2 2 1 0 4 0 0 9
ARAN 2 0 0 1 4 0 0 7
Slometer 2 3 1 0 4 0 1 11
California 2 4 2 4 2 4 3 21
prof.
Ridedas 2 2 4 3 0 2 3 16
Scale =0 to 4

0 = Does not meet criteria
1 = Slightly meets criteria

2 = Meets criteria

3 = Slightly exceeds criteria
4 = Exceeds criteria

5. correlations of the output of the selected Table 2.2  Profile Pay Adjustment Schedule for CTR
roughness device with other roughness in- draft Smoothness Specification (Ref 12)
dexes for comparative purposes.

Profile Index
(Inches Per Mile, per Bonus or Deduction
IMPLEMENTATION OF DRAFT e b il Socom)  (Pereent of o B Price)
3.0 or less +5

Using the initial CTR study, and after meeting 3.1 thrugh 5.0 +3
with the TXDOT specification committee, CTR re- 5.1 thrugh 7.0 +1
searchers defined the draft smoothness specifica- 7.1 thrugh 10.0 +0
tions for flexible and rigid pavements. The speci- 10.1 thrugh 11.0 2
fications apply to contracts where design speed i; gﬁgﬁ g‘g :é
exceeds 40 miles per hour on the travel lane (thus 13.1 thrugh 14.0 8
eliminating city streets, frontage roads, shoulders 14.1 thrugh 15.0 10
and freeway ramps). According to this draft speci- Over 15.0 Corrective work required
fication, the California profilograph should be used
for obtaining the profile index (in inches per mile)
of the two wheelpaths. The final index is then the
average of both wheelpaths on each travel lane.
The CTR draft smoothness specification presented
in Report 1167-1 has recently been revised by 105

TxDOT. The latest version of the specification, Item
585 (Ref 15), is presented in Appendix B. The new
bonus/penalty payment schedule is shown in Table 7/
2.2, with the acceptance categories of the revised
specification shown in Figure 2.1. With this revised
specification, identification of the high points - EETT 4
(bumps greater than 0.3 inches) is made from the T !
profilogram of the segments and through the use 0 3 5 7 10 1415 20
of a bump template, as described in Appendix A. Pl {inches/mile)

This draft specification has been implemented Bonus
by TxDOT in several paving projects in Texas, Full Acceptance

- T R Conditional Acceptance
with some of the results of this implementation + # + + + Mandafory Rectification
discussed in the following chapters. This specifi-

cation was then examined in this study with data
collected across Texas. Figure 2.1 CTR draft smoothness specification (Ref 12)

b=
<

O
n

% of Contracted Unit Price
0
o




CHAPTER 3.

INTRODUCTION

Following the development of the draft end-
result smoothness specification, further research
was conducted to examine: (1) the factors produc-
ing variability in roughness measurements; (2} the
variability associated with these factors; and (3)
the acceptance limits of the draft specification for
main travel lanes and other roadway components.

This chapter focuses on such factors as the type
of roughness equipment, the operators, and, fi-
nally, the interpreters of equipment output. The
location of the roadway segment is also consid-
ered for testing the applicability of the specifica-
tions on roadway components other than main
travel lanes. Roughness level, measured in PI
(inches/mile), is included in the factors examined
(since variability in roughness measurements
might be related to the level of roughness of the
segments).

Field measurements were conducted to evaluate
the significance of the wvariability introduced by
these factors into roughness evaluation. These
measurements were collected based on factorial
experiments with cells identifying different com-
binations of the above factors. Factorial experi-
ments, defined for both flexible and rigid pave-
ments, are also discussed in this chapter (again,
because variability related to the previously men-
tioned factors might be different for these types
of pavements). Data collection factorials were
used to analyze the effects of various factors on
roughness measurements.

SIGNIFICANCE OF VARIABILITY

The factors producing variability during the
testing of a product’s quality should be carefully
examined. Specifically, the variability related to
these factors should be quantified for defining (or
modifying) the specifications more precisely.

In the case of smoothness specifications for
main travel lanes, the overall variability from test-
ing (defined as the sum of the variance of factors
such as instrument, operator, and interpreter or
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reader) should be evaluated. If the overall variabil-
ity is relatively low, discrete specification accep-
tance categories might not be necessary. Instead, a
continuous curve that reduces the difference be-
tween payments in contiguous categories might be
sufficient to account for such variation. An ex-
ample of such an approach is given in Figure 3.1.
On the other hand, when the overall variabil-
ity is significantly large, the introduction of gaps
between the different acceptance categories of the
specifications might be introduced.

Continuous Payment Schedule Function
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Figure 3.1 Continuous payment schedule function

for the specifications

FACTORS PRODUCING VARIABILITY
IN ROUGHNESS MEASUREMENTS

Several factors may influence the roughness
measurement. For end-result smoothness specifi-
cations, this variability may be related to rough-
ness instrumentation, the instrument’s operator,
or to the interpretation of the instrument’s out-
put {reader variability).

Ames and McCracken Profilographs

The McCracken profilograph was accepted as
the approved instrument for use with the draft
specifications (Ref 15). Thus, variability in rough-
ness evaluation between this instrument and



other California-type profilographs should be con-
sidered before approving any other California-type
profilograph for use with the specifications.

This study also evaluated the Ames profilo-
graph. A description of the Ames and McCracken
profilographs is included in Appendix A (Refs 16,
17, and 18). Thus, two profilographs were consid-
ered in the factorial experiments for flexible and
rigid pavements.

The analysis conducted in this study for com-
paring the Ames and McCracken profilographs
may be used whenever it is desired to approve
other brands of California profilographs for use
with the specifications.

Operator and Reader Variability

California profilographs are manually operated,
pushed along the wheelpaths of the sections ac-
cording to the guidelines described in Appendix
A (Ref 19). Operator variability was considered,
since not all the operators are able to follow ex-
actly the wheelpaths of the segments profiled. In
studying operator variability, two different opera-
tors were used.

Once the segments were profiled, the output of
the instruments (profilograms) were interpreted
according to the profilogram evaluation technique
presented in Appendix A (Ref 16 and 19). Because
different interpreters might evaluate profilograms
differently, the study used two readers and com-
pared their interpretations.

PAVEMENT TYPE AND ROADWAY
COMPONENTS

End-result specifications are based on the his-
torical performance of the construction industry.
Accordingly, the rationality of the acceptance cat-
egories of the draft specifications should be com-
pared with the historical achievement of pave-
ment roughness by different contractors. Because
different materials and construction techniques
are used for building asphalt and portland cement
concrete pavements, factorial experiments for
these two types of pavements were developed.

The draft specifications defined in the initial study
(ref 12) are applicable for main travel lanes. However,
for this study it was considered important to evalu-
ate the applicability of such specifications on other
components of the roadway. Thus, the location of
segments on roadways (i.e., segments located on
main travel lanes, shoulders, ramps, and on main
lanes in the vicinity of bridge approaches) was con-
sidered when defining the factorials for pavement
type. This multi-component approach mirrored that
used by Iowa DOT staff, who developed a range of

smoothness specifications for different infrastructure
elements. In addition, we thought it important to
study the applicability of the specifications for
patched sections of main travel lanes.

FACTORIAL EXPERIMENT FOR ACP

Once the factors to be included in the experi-
ments were defined, the factorials for both rigid
and flexi