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PREFACE 

This report presents details, procedures and findings from Research 

Study 3-8-133-354, entitled "Updated Pavement Ride Quality Evaluation." The 

study was conducted to incorporate the changing trends in passenger vehicles 

and public opinion of the quality of ride of Texas highways. Recent 

acquisition of complex profiling equipment also meant that new baseline data 

was needed in order to maintain maximum benefits. 

The capabilities of the old Surface Dynamics Profilometer (SDP) were 

fully realized in Research Study 3-8-63-73, "Development of a System for 

High-Speed Measurement of Pavement Roughness." Further applications and 

developments were investigated under Research Study 3-8-71-156, entitled 

"Surface Dynamics Road Profilometer Applications." 

Until 1984, the old profilometer was used as a standard reference for 

Maysmeter calibrations, pavement roughness monitoring and evaluations. These 

hinge on serviceability equations that are based on a 1968 subjective rating 

panel. The predictions of serviceability from equations developed more than 

a decade ago become suspect considering the changes in the type of vehicles 

used and in user expectations (from the construction era of the sixties to 

that of maintenance and repair in the eighties). 

This report describes work carried out by the Center for Transportation 

Research at The University of Texas at Austin to obtain new and improved 

serviceability prediction equations for future use with the new Model 690D 

Surface Dynamics Profilometer. The Walker accelerometer device (SIometer) 

and the trailer-mounted Maysmeter were also tested in the study. With the 

implementation of these findings, the sponsors can expect to realize benefits 

from accurate predictions and a realistic basis for decision making 

activities. 

We would like to express our appreciation for the cooperative efforts of 

the State Department of Highways and Public Transportation contact 

representative, Gary Graham. Special thanks are extended to Curtis Goss, 

Bobby Cannaday and the staff of D-10 Research Technical Services for helping 

furnish Maysmeter and SIometer data for the study. 
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ABSTRACT 

The importance of pavement roughness as the major input to the 

serviceability of pavements has been previously demonstrated. This research 

study is related to the Serviceability-Performance (S-p) concept that was 

developed at the AASHO Road Test by Carey and Irick. 

The study was conducted in two phases, the screening experiments and the 

main rating sessions. Two types of variables were identified for study, one 

associated with the rating process and the other related to pavement 

characteristics. Experiments were designed for both the screening and the 

main rating sessions. Rating panels were appropriately constituted to 

evaluate the riding quality of selected sections of pavement. 

For the main rating sessions, the rated sections were profiled using the 

new Model 690D Surface Dynamics Profilometer (SDP). From the profile data, a 

family of profile summary statistics called Root-Mean-Square Vertical 

Accelerations (RMSVAs) were computed. A calibrated Maysmeter and Walker 

accelerometer device (SIometer) were also operated on these sections. 

Rigorous statistical techniques were used to analyze the data. Analyses 

of variance revealed the significant effects of the rater variables and the 

pavement variables studied. A multiple linear regression procedure was used 

to develop reliable serviceability equations (with good predictive 

capabilities) by regressing the mean panel ratings on the set of RMSVA 

indices. It is expected that, upon implementation, th'ese realistic, updated 

equations will enhance the overall performance of the Texas State Department 

of Highways and Public Transportation's pavement management system. 

Correlation analysis of the Maysmeter and SIometer measurements with the 

panel ratings showed that the calibrated Maysmeter predicts panel ratings 

better than the SIometer. The best prediction of the panel ratings, however, 

is achieved by the 690D profilometer. 
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SUMMARY 

This study is similar to the AASHO rating panel method (and the earlier 

Texas rating panel) in that the Serviceability-Performance (S-p) concept has 

been adopted. However, correlation shows that pavement roughness alone is 

adequate for use in the estimation of serviceability; accordingly, changes 

were made in the application of the S-P method to include only roughness. 

During the early stages of the project, a total of 17 variables were 

selected for study. Of these, 11 were considered in screening experiments. 

Rating sessions for these experiments were carried out with a panel of nine 

raters, three passenger cars and one van, and 68 pavement sections. over a 

period of four days and one night. A training session was held prior to the 

actual ratings in which the raters were given instructions and driven over a 

few sections to practice the rating procedure. Drivers also received 

specific instructions. 

rating form. 

Due considerations were given to the design of the 

The screening experiment data was analysed using analyses of variance 

(ANOVAs). The following variables were found to have no significant effect 

(at the 0.01 -level) on the ratings: position in the car, rater's sex, 

rater's age, time (night versus day), surface texture, location of road, road 

width and surroundings. The variables pavement type, maintenance and vehicle 

size were found to be significant at the same -level. 

For the main rating sessions, a panel of 20 members, 5 vehicles (2 

subcompact cars and 3 midsize cars) and 171 sections (129 flexible and 42 

rigid pavement sections) were used. Sections were located in Bexar, 

Colorado, Comal, DeWitt, Fayette, Guadalupe, Lavaca, McLennan, Travis, 

Victoria, Wharton and Williamson counties. Members of the rating panel 

consisted of employees of the Texas State Department of Highways and Public 

Transportation (SDHPT) and the Center for Transportation Research (CTR) , and 

volunteers from the general central Texas public. Videotaped rater 

instructions were employed in the training sessions. The ratings were 

carried out over 13 working days. 

ix 



Roughness measurements on the rated sections were obtained using the 

690D profilometer, the Maysmeter and the SIometer. Profilometer data was not 

obtained on 4 sections due to construction activity while Maysmeter and 

SIometer data was not obtain on 8 and 14 sections, respectively. 

Analyses of variance performed on the rating data showed that the 

variables time (morning versus afternoon), rater profession, function in car, 

and vehicle speed have no effect on the ratings (at the 0.01 significance 

level) whereas the ratings are affected by rater fatigue and the vehicle 

wheelbase length. 

The mean panel ratings were compared to the RMSVAs (in the base lengths 

of 0.5, 1, 2, 4, 8, 16, 32, 64,. and 128 feet) by way of multiple linear 

regression. Reliable predictive equations were obtained for the different 

classes of data that were analysed, i.e., overall data, overall data with a 

dummy variable for pavement type, flexible section only and rigid sections 

only. The predictive capabilities of the accepted models were quite good, 

ranging from 73 percent to 88 percent. 

A comparison of the Maysmeter data with the panel ratings showed high 

correlation for the overall data (r = -0.89) and flexible sections 

(r = -0.91); the correlation for rigid sections turned out relatively lower 

with a value of -0.513. (a high value of the correlation coefficient r 

implies a high degree of linear association). 

Similar analysis with the SIometer data indicated lower correlations; r 

values of 0.69, 0.745 and 0.336 for overall data, flexible sections, and 

rigid sections, respectively. 
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IMPLEMENTATION STATEMENT 

It 1S recommended that the serviceability equations developed in this 

study be implemented into use in all activities of the Texas pavement 

management system. These updated serviceability formulas will result in more 

accurate and realistic predictions of serviceabilities. It 1S also 

recommended that these equations be incorporated into the current SDHPT 

Maysmeter calibration program. 
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CHAPTER 1. INTRODUCTION 

BACKGROUND 

One of the issues fundamental to any comprehensive pavement management 

system is the evaluation of the current and future condition of the highway 

infrastructure. A good common denominator for highway administrators, 

engineers, designers, and maintenance personnel alike in terms of road 

condition and quality is the roads serviceability history or performance. 

The concept of pavement performance first took shape at the AASHO Road 

Test (Ref 1) in the late fifties. Considering that the traveling public was 

the "customer to be served", serviceability was conceived by Carey and Irick 

as the ability of a pavement to serve traffic, and pavement performance was 

defined as serviceability history combined with its traffic application 

history. With this definition, pavements can be compared to determine which 

one provides a superior quality of ride and surface condition over a period 

of time. 

Road riding quality or roughness has special significance because it has 

been shown to directly affect vehicle operating costs and road safety. Kher 

et a1 (Ref 2) and McFarland (Ref 3) have developed relationships between 

pavement serviceability and user costs. Recent studies sponsored by the 

World Bank in developing countries have provided some valuable quantification 

of the effect of of road deterioration, vehicle operating costs, and road 

maintenance policy on road roughness (Refs 4 and 5). In this light, the 

importance of accurate and reliable measurement of road roughness cannot be 

over emphasized. 

Results from the AASHO Road Test (Ref 1) indicate the relative 

importance of road roughness over surface condition, with roughness showing 

high correlations with pavement serviceability. The case for obtaining 

profile data using high-speed and accurate measuring equipment was made by 

Hudson (Ref 6) early in 1966. Thereafter, the Texas State Department of 

Highways and Public Transportation (SDRPT) acquired the first commercial 
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profilometer built by K. J. Law Engineers, Inc. Through cooperative research 

studies with the Center for Transportation Research at The University of 

Texas at Austin, Texas is considered to be a leader in advancing the state­

of-the-art in pavement profile evaluation (Ref 7). 

In 1968 the Texas SDHPT conducted a rating session 1n order to obtain 

serviceability equations using the 1965 version of the Surface Dynamics 

Profilometer. Since then, these equations have been the basis for the 

evaluation of Texas highways. With the recent purchase of the highly 

sophisticated new Model 6900 Surface Dynamics profilometer, it is necessary 

to upgrade the roughness evaluation system by incorporating its new 

capabilities in updated serviceability equations. 

Another significant consideration here is the change in the average 

passenger vehicle. Over the years there has been a noticeable shift in 

vehicle population from big, heavy cars to smaller, lighter ones (Fig 1.1). 

Hence it is essential that the resulting changes in ride quality judgements 

be reflected in serviceability predictions. 

Yet another factor is the change in public opinions and perceptions that 

occur over a long period of time. For ins tance, with maj or highway 

rehabilitation costs being supported in good part by user-oriented sources as 

fuel taxes, there is a higher demand for better quality roads. 

STUDY OBJECTIVES 

The objectives of this study are to (1) design and carry out an 

experiment and to obtain panel ratings of pavement ride quality using a panel 

of about 15 to 18 highway users and then to obtain updated serviceability 

equations by comparing them to profile data on the rated sections and (2) 

obtain correlations between the Maysmeter and the new Walker accelerometer 

device (the SIometer) with the rating data. 

RR354-1/0l 
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SCOPE OF THE REPORT 

One approach towards establishing current and future needs of highways 

is to evaluate their performance over a period of time. A serviceability 

index over a period of time may be thought of as a "unit of performance." 

The report is structured in keeping with the various steps in the 

serviceability-performance concept: the subjective user evaluations, the 

objective physical measurements, and the statistical analyses to yield 

predictive serviceability equations. 

In Chapter 2, the serviceability-performance concept is discussed along 

with other published reports which are closely related to this study. The 

direct relationship between serviceability and roughness is also highlighted. 

The subjective nature of the rating process is presented in Chapter 3. 

Psychophysical principles and related problems inherent in rating are 

discussed. 

Chapter 4 provides to the physical details of the study with regard to 

experiment design and the actual setting up of the rating sessions. A 

description of the measuring equipment is given in Chapter 5. 

Chapter 6 deals with the various processing and analytical methods used 

for data reduction, evaluation and analysis. Finally, Chapter 7 highlights 

the findings and conclusions of the study and, based on these, presents 

recommendations for future applications. 

Appendix A lists the locations of sections that were laid out for the 

screening experiements. The rater and the driver instructions used in these 

sessions are presented in Appendices Band C, respectively. Additional 

sections that were located for the main rating sessions are included in 

Appendix D. Rater instructions and a videotape script for rater orientation 

are presented in Appendices E and F, respectively. 

RR354-1/01 



CHAPTER 2. SUMMARY OF PRIOR KNOWLEDGE 

In the early 1950s when the WASHO Road Test (Ref 8) was carried out the 

problem of establishing a failure condition for test sections surfaced as a 

major difficulty. It was in the planning stages of the AASHO Road Test that 

the serviceability-performance concept was developed by Carey and Irick 

(Ref 9). Until then, highway engineers and designers applied their own 

personal ideas of pavement serviceabil ity and performance based on 

considerations such as surface defects, stress levels in the pavement 

materials, appearance of cracks, need for repair, and so on. A single 

universal concept of performance that facilitated comparisons of pavements 

was unavailable. Such a concept is very essential in all activities of the 

pavement management system - for purposes of planning, design, economic 

analyses, maintenance policies, and construction specifications for quality 

control, to name a few. 

THE SERVICEABILITY-PERFORMANCE CONCEPT 

Carey and Irick developed the modern concept of pavement serviceability 

based on the following five assumptions: 

(1) The primary purpose of a highway or road is to serve the traveling 

public. Included in this service are considerations of smoothness, 

comfort, and safety. 

(2) Users' judgements as to how they are being served by highways is 

largely subjective. 

(3) There are characteristics of the highway that can be measured 

objectively and that can, with valid methodologies, be related to 

the users' subjective evaluations. 

(4) The serviceability of a highway may be expressed by the mean of the 

evaluations given by all of the highway users. The mean evaluation 

RR354-l/02 5 
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of all users, notwithstanding honest differences of opinions, 

should be a good measure of serviceability. 

(5) Performance is assumed to be an overall appraisal of the 

serviceability history of a pavement. 

The users I opinions represent pavement evaluations in terms of the 

riding quality provided by the pavement. Basically, the serviceability­

performance (S-p) concept involves the combination of subjective user 

evaluations with objective measurements using valid statistical techniques. 

A group of people is selected as a rating panel in such a way that they 

will represent the population of highway users. This panel then rates a set 

of predetermined sections of pavement according to established rules and 

procedures. Each panel member expresses his subjective opinion of the ride 

quality of each pavement section on a specifically designed rating card. The 

rating form used at the AASHO Road Test is shown in Fig 2.1. At AASHO, each 

such rating was termed the Individual Present Service Rating (IPSR), with the 

mean of the individual ratings for each section termed as the Present 

Serviceability Rating (PSR). 

At the same time the 

measurements are obtained 

panel rates 

from the 

the 

same 

tes t sections, other phys ical 

sections. These objective 

measurements should be related to pavement roughness and/or pavement 

condition. Such data are collected by using a suitable roughness measuring 

device and by conducting a condition survey. Once the Present Serviceability 

Ratings (PSRs) and the physical measurements are available, the two sets of 

data can be related to each other using a mathematical model, with the 

realization that 

PSI = PSR + Error 

The error term refers to the differences that wi 11 occur 1n the 

application of the mathematical model. 

RR354-1/02 
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The mathematical model that expresses a relationship between PSI and 

sUUDnary statistics or variables defined from the physical measurements may 

then be used to predict future serviceabilities by simply going out and 

measuring roughness, or quantifying cracks and patches and plugging these 

values into the mathematical equation. The record of serviceabi1ities of a 

section of pavement over a period of time then becomes its performance. 

SERVICEABILITY AND ROUGHNESS 

The serviceability of a pavement is largely a function of its roughness. 

Results from the AASHO Road Test (Ref 1) have shown that nearly 95 percent of 

the information about the serviceability of a pavement is contributed by the 

roughness of its surface profile. In other words, even if other variables 

were to be included in the analysis, only about 5 percent more of the 

variation could be explained. 

Pavement roughness is a phenomenon manifested at the pavement surface. 

It is a function of the profile of the road surface; the characteristics of 

the vehicle, including tires, suspension, body mounts, seats, etc.; and the 

acceleration and speed sensibilities of the passenger. Roughness has been 

defined as the distortion of the pavement surface which contributes to an 

undesirable or uncomfortable ride (Ref 6). NCHRP (Ref 10) has defined 

roughness as the "the deviations of a pavement surface from a true planar 

surface with characteris tic dimensions that affect vehicle dynamics, ride 

quality, and dynamic pavement loads." 

No matter how one defines roughness, for the purposes of this study it 

is more relevant to look at the components of roughness as they affect 

serviceability. Previous studies (Ref 11) have shown that variations in the 

surface less than 1/2-inch in length do not materially affect the riding 

quality and they have been termed texture in lieu of roughness. 

waves such as surface texture are mostly fi1 tered by vehicle 

Very short 

tires. For 

most purposes, roughness can be divided into two components: longitudinal and 

transverse variations of pavement alignment. 
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Many previous studies have shown that measuring a longitudinal road 

profile is the best way to describe road roughness (Refs 9, 12, 13, and 14). 

Wi lliamson (Ref 12) found that longitudinal road surface waves with 

wavelengths ranging from 5 to 100 feet are important for predicting 

serviceability. From these findings it is clear that longitudinal profiles 

can provide the best roughness determinations. 

PAST RATING PANELS 

Since the development of the S-P concept, it has been widely used by the 

highway community. As a consequence, a number of rating panels have been 

constituted. Panel rating studies have been conducted in Canada (Ref 15), 

Texas (Ref 16), Virginia (Ref 17), Indiana (Ref 18), Illinois and Minnesota 

(Ref 9), Pennsylvania (Ref 19), and Brazil (Ref 20). The subj ecti ve rating 

systems employed have been basically similar to that of the AASHO Road Test. 

The Canadian study used an expanded scale with ten categories instead of 

five. Objective roughness measurements were, however, taken with different 

devices such as profilometers, PCA meters, Maysmeters, BPR Roughometers, and 

others. 

The Brazilian study (Ref 21) used Weaver's psychophysical rating method 

with Brazilian raters. Some of the problems reported were scale anchoring 

and the lack of a full range of roughness levels available for the study. 

The recent NCHRP study (Ref 10) used a total panel of 63 Pennsylvania 

licensed drivers, 21 Florida licensed drivers and 21 Pennsylvania raters 

trained in the area of pavement evaluation. The Weaver/AASHO scale was used 

for rating. Thirty-four sections in Pennsylvania and 31 sections in Florida 

were used for the purpose. Roughness measurements were made using 

profilometers and a Maysmeter. Four rating variables were investigated for 

significance at the 0.01 level: panel regionality, vehicle size, vehicle 

speed and rater profession (Table 2.1). [Statistically significant 

differences between the mean ratings were not found for any of the variables, 

exept panel regionality.] Mean panel ratings were correlated with quarter­

car, Maysmeter and a "needs repair" criterion for 3 pavement surface types 

RR354-1/02 



10 

TABLE 2.1. VARIABLES AND CORRESPONDING HYPOTHESES TESTED IN THE 
NCHRP STUDY (AFTER REF 10) 

Variable Panel Number Sites Vehicle Speeds Nu 11 Hypothes is 

Panel Zl PA I-a FL I(-Car I per site No difference between 
Regionality Zl FL l-b FL I(-Car I per site the mean ratings for 

Vehicle 
Size 

Vehicle 
Speed 

Trained/ 
Laymen 

Zl PA 
Zl PA 

I-a 
Z 

Zl PA I-a 
Zl PA 3 

Zl PA I-a 
Zl PA 
Experts 4 

PA 
PA 

PA 
PA 

PA 

PA 

I(-Car 
Subcompact 

I(-Car 
I(-Car 

I(-Car 

i(-Car 

I per site 
1 per site 

I per site 
I per site 

but 6-8 site 
speeds changed 

I per site 

1 per site 

regionally different 
panels. 

No difference between 
the mean ratings 
obtained from either 
vehicle. 

Different speeds have 
no effect on subjective 
appraisals of ride 
quality. 

No difference between 
the mean ratings made 
by trained and laymen 
panels. 
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(bituminous concrete, portland cement, and composite). Various other 

analyses (graphical and octave analyses) were performed on the profiles. 
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CHAPTER 3. THE RATING PROCESS 

The Serviceability-Performance (S-P) method is unique in that it allows 

the opinions of highway users to be used as input in the process of 

determining a quantifiable measure of performance. The public input is 

especially significant considering that the highway network owes its 

continued existence and upkeep to funds that are in some way or the other 

eventually generated from the traveling public. It is therefore most fitting 

that a group of people taken as a representative sample of the at-large 

population of highway users be constituted as a rating panel to rate sections 

of highways that would represent the population of highways. The application 

of these ratings to obtain a quantifiable measure of performance is due to 

the existence of a relationship between the subjective continuum and a 

related physical continuum. 

The stimuli of ride quality of roads is such that their values on a 

related physical continuum are directly measurable. Thus it becomes highly 

desirable to determine the functional relationship between the subjective 

ratings and the physical magnitudes. If such a function can be derived from 

a relatively finite set of stimuli, it can then be used along with physical 

measurements to determine the subjective scale value of any new stimulus 

within the range of the original set. 

RATING: A SYSTEMS APPROACH 

The rating process that results in an evaluation of pavement ride 

quality is a complex phenomenon. Looking at it from a systems standpoint, 

the process involves three subsystems, namely, the vehicle, the road surface 

profile, and the rater (highway user). The dynamic interactions between 

these subsystems is responsible for the output responses and characteristics 

of the system. Such a system 1.S depicted in Fig 3.1 (Ref 22). Vertical 

acceleration and a judgement of riding quality are some of the output 
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Fig 3.1. A rater-vehic1e-road~surface system (after Ref 22). 
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variables of the rater subsystem while fuel consumption and vehicle wear-and­

tear are some of the vehicle subsystem output variables of interest. 

To better understand and capture the effects of variables that influence 

the rater's judgement of pavement ride quality it is helpful to isolate each 

subsystem and study it in depth. 

The vehicle subsystem provides the basic connection between the road 

surface and the rater. Due to distortions and irregularities of the road 

surface, the traveling vehicle vibrates and rolls from the dynamic forces and 

accelerations generated through this motion. These accelerations (and 

resulting displacements) are imparted to the rater in the vehicle, and 

depending upon his individual state of mind cause a relative but discernible 

discomfort in him. 

The vehicle can be simulated as a one, two, or multi degree-of-freedom 

system in order to obtain a full description of its motion that is caused by 

the dynamic forces. In this simulation, the vehicle is generally taken as 

consisting of two separate masses connected by the suspension springs and 

shock absorbers. Here the mass of the tires, the wheels, the wheel axles, 

and the wheel braking system are lumped together into the unsprung mass. The 

elastic spring is supposed to represent the tire and all the remaining 

vehicle masses are lumped together to form the sprung mass. In this type of 

mathematical formulation, two kinds of models have been used: the one-half 

car model and the quarter-car model. From the solution of the equations of 

motion describing the system, various response characteristics (frequency 

response, transfer function, amplitude, etc.) can be obtained and studied. 

The surface of a road can be thought of as one complex wave consisting 

of a set of waves with different wavelengths and amplitudes. There exist a 

number of mathematical techniques including power spectral analysis and 

digital filtering by which an irregular wave form such as a road surface 

profile can be separated into a series of wave bands. A complete road 

profile is highly desirable those wavelengths that road users find most 

objectionable can be determined and identified as being important in 

characterizing various classes of roughness. For instance, on one end of the 

wave spectrum are the short wavelengths, which are characteristic of surface 
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texture and are mostly filtered out by the vehicle tires. The long surface 

waves are representative of the natural terrain and are not construed as 

contributive to roughness. Road roughness, then, can be analyzed in terms of 

waves that lie between these two extremes. 

In at tempti ng to study the sens i ti vi ty of the BPR roughometer, 

Darlington (Ref 23) found that the roughometer responded with a reasonable 

degree of accuracy only to waves having wavelengths in the range of 4 to 14 

feet. Highly magnified amplitudes were observed wavelengths of up to 18 

feet. It was also revealed that human ratings of road roughness correlate 

significantly with wave components that are beyond this wavelength range. 

A more detailed study by Williamson (Ref 12) investigated the 

relationship between road roughness and human serviceability ratings. 

After analyzing road profiles on the basis of longitudinal and transverse 

effects and the surface wavelengths, it was reported that component 

wavelengths ranging from 4 to 100 feet have a significant effect on Present 

Serviceability Rating (PSR). 

The highway user 1S the subsystem that is important insofar as 

registering and feeling the effects of roughness (or smoothness) created by 

the vehicle traveling over the road surface. A passenger in a moving vehicle 

is subjected to various forces, such as vibration and centrifugal force, and 

other forms of energy (such as auditory). 

Various studies undertaken by investigators have attempted to throw 

light on human reaction to vibration. It has been reported that subjective 

human tolerance levels depend on factors such as the magnitude of the various 

acceleration components that occur, the duration of exposure, and the 

frequency of acceleration (Ref 24). In a significant development, Goldman 

(Ref 25) found that SUbjective human response to vibration is relatively 

constant in terms of average peak acceleration in the frequency range of 0-50 

cps. This corresponds to the range of frequencies encountered in typical 

pavement and vehicle response functions. By interpreting data from other 

sources, he categorized human response in three classes with acceleration and 

frequency as variables (Fig 3.2). Based on this interpretation, the U.S. Air 

Force adopted a nominal level of 0.4 g units for determining rough areas in 

simulating the vertical acceleration response of a given aircraft (Ref 26). 
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Coerman (Ref 27) attempted to quantiEy human response to vibration by 

simulating the hwnan body with a mechanical model. Quite predictably, it was 

found that the magnitude of these responses depended on the magnitude of the 

exciting force (the vibrations) and the mechanical properties (sensibilities, 

psychological condition) of the human body. Thus it is generally accepted 

that subjective human response ~s related to acceleration (the vertical 

direction being the main component). In a manner that is totally subjective, 

the rater (highway user) serves as a measuring device gaging the ride quality 

of pavements. 

THE SUBJECTIVE NATURE OF RATING 

In experiments where human beings are used as observers (or raters), 

there are four primary forms of energy which can serve as adequate s timul i 

(Ref 28): 

(1) electro magnetic radiation, including photic effects, 

(2) mechanical energy, including pressure, vibratory, and acoustic 

effects, 

(3) chemical energy, ~n solid, liquid, or gaseous form, and 

(4) thermal energy. 

There are specialized structures biologically adapted to respond to each 

of these various forms of energy. For the pavement rating process, the 

relevant structures are the human receptor systems for mechanical energy. Of 

the various such receptor systems, the kinesthetic, the ves tibular, and the 

auditory systems play a major part in determining the rater's physiological 

response. In order to understand the rating process, it would seem 

appropriate to study the interactions between the stimuli and these receptor 

systems. However, by the methods of psychophysics, this can be obviated. 

Psychophysical methods presuppose that lawful relations exist between a 

given independent variable and a particular dependent variable. The problem, 

then, involves establishing the rater's sensitivity to certain dimensions of 
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the stimulus situation or determining the nature of the relationship between 

two sets of variables, one physical and tlle other psychological. Relations 

of this sort are called psychophysical relations. 

The application of such a method to the pavement situation is highly 

appropriate (this is exemplified 1.n assumption (3) of the S-P concept). 

Consider a rater 1.n a rating situation (Fig 3.3) being subjected to the 

physical stimulus (8), Le., the vibrations that are being imparted to him by 

the vehicle. Each vibration triggers certain events in his mechanical energy 

receptor systems. Thus, the physical continuum evokes a corresponding 

sel1sory continuum. 

Now, when the same stimulus (vibration) 1S presented to the same rater 

on different occasions, it will not always produce the same magnitude of the 

variable on the sensory continuum. This is where the subjectivity of the 

rating process is realized. There is a small amount of variability in the 

magnitudes associated with each stimulus. The implication is that Eor each 

stimulus there is (1) a "true" or correct magnitude which corresponds to that 

stimulus, (2) a particular magnitude which is the one actually associated 

-;,rith that stimulus OIl that particular occasion, and (3) an error or 

deviation, which is the difference between (1) and (2). 

Finally, to obtain some magnitude of the subjective variable, a third 

continuum needs to be specified. This is the judgemental (behavioral) 

continuum, where the response is quantified in terms of some attribute (for 

instance, the ride quality). Thus, the three continua are the stimulus or 

physical continuum (S), the physiological or subjective continuum (p), and 

the judgemental cant i nuum eJ). 
Figure 3.3 shows a systematized concept of a typical observer (rater) 

process. Experimenter effects (Ref 29) pertain to those effects influencing 

subj ects I behavior, such as biosocial at tributes, psychosocial at tributes, 

situational factors, experimenter modeling, and experimenter expectancy. 

These effects are not particularly applicable to the process of rating the 

ride quality of pavement sections. Sensations denote private, subjective 

events that may be described to others but can only be experienced by an 
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individual. The interpretation of information provided by the sensory system 

is referred to as perception. 

PSYCHOPHYSICAL PERSP~CTIVES 

Some of the useful determinations l.n psychophysical methods are the 

absolute threshold, the "just noticeable difference", or jnd, and 

psychometric functions. 

Under the method of limits, the absolute threshold is that stimulus 

value or quantity which has a probability of 0.50 of arousing a behavioral 

response. This quantity is later employed to obtain levels of serviceability 

at which ride quality becomes unacceptable. 

The "just noticeable difference" (jnd) is the stimulus difference that 

is reported correctly 75 percent of the time, that is, halfway between chance 

6uessing (50 percent) and perfect dissemination (100 percent), when the 

observer is permitted only two categories of judgement, for example, greater 

or smaller. 

A psychometric function is a graphical plot which indicates the 

proportion of times that each comparison stimulus is judged to be in a given 

category when compared with the standard stimulus (Ref 30). 

There exist certain inherent problems in psychophysics; these were 

identified by Stevens (Ref 31). Shortly after the AASHO Road Test, 

Hutchinson (Ref 32) analyzed the AASHO subjective rating system vis-a-vis 

rigorous scale construction procedures 

biases to exist in the AASHO ratings. 

and suggested some distortions and 

He further identified the following 

basic problems typical of psychophysical serviceability ratings and suggested 

methods to avoid them: 

(1) The error of leniency, which refers to the constant tendency of a 

rater to rate too high or too low for whatever reasons; it is 

remedied by statistical transformation of rater varl.ance. 

(2) The halo effect, which refers to the tendency of raters to force 

the rating of a particular attribute in the direction of the 
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overall impression of the object rated; this is avoided by accuracy 

and exactness in definitions (Symonds, Ref 33). 

(3) The error of central tendency, which refers to the fact that raters 

hesitate to give extreme judgements of stimuli and tend to displace 

individual ratings towards the mean of the group; it is taken care 

of by introducing the judgement continuum as dis tinct from the 

sensory continuum. 

(4) The error of anchoring, which refers to the endpoints of the scale 

being rated; it is overcome by using accurate definitions. 

These possible errors were kept in mind during the planning stages of 

the study so as to minimize them or do away with them completely. 
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CHAPTER 4. EXPERIMENT DESIGN AND DETAILS OF RATING SESSIONS 

EXPERIMENT DES IGN 

Research findings can be no more valid or reliable than the measurement 

procedures and corresponding analytical techniques on which they are based. 

Different experimental strategies can influence the quality and value of the 

data they produce and improper analyses can resul t in wrong decisions. This 

is of special concern in observational or rating procedures where 

uncontrolled or unnoticed features in the experiments can introduce sources 

of error and bias, that at best, introduce variability into the 

investigator's data and, at worst, render it uninterpretable or misleading. 

The purpose for designing a good experiment for this study was to 

provide correct results in the shortest time at the least cost. The need for 

an experiment design became obvious when numerous factors with different 

levels ,""ere to be considered and information was sought on all of these 

factors and their interactions; at the same time, res trictions on proj ect 

time and money limited the number of experimental runs (rating sessions) that 

could be made. Thus, a good experiment design was important for the 

efficient conduct of experiments and for reporting accurate results on the 

bases of these experiments. Rigorous statistical methods were also used in 

conjunction with the experiment design. 

The following sections discuss all the various aspects of the experiment 

design. 

DEFINING THE INFERENCE SPACE 

In laying out the experiment design, the first step was to look through 

the "window" of applicability, the inference space. This is defined as that 

space within which the results of the study may be applied. For this 

purpose, it was helpful to go back to the study objectives in Chapter 1. 
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In order to establish as broad an inference space as possible, the more 

random the model, the better. Thus, when selecting the panel, if a wide 

distribution of members from various parts of Texas are chosen randomly, then 

the panel could be considered as representative of the people of the state of 

Texas. The population (statistically speaking) ~s confined to Texans because 

the results of this study are expected to be applied to Texas highways. 

Another fact that is inherently desired through the study is that the 

results be applicable to different levels of roughness, different pavement 

types (asphalt, concrete, or composite), different surface textures (again, 

all relevant to Texas pavements) and so on. If this is to be possible, then 

sections of pavements with these characteristics need to be included in the 

experimental setups. This leads to the evolution of pavement-related 

variables to be studied. 

Questions such as what kind of variables or how many variables to 

include in the statistical analysis relating the profile data to the panel 

rating data are significant for future applications of the serviceability 

formulas. If sections are not randomly chosen, then the predictive equations 

have only a limited application. Then again, if sections are randomly chosen 

but fail to represent the population of all possible surface wavelengths of 

roads in Texas, the results cannot, with any degree of confidence, be applied 

universally. Hence, it is important to choose pavement test sections to 

include a wide range of wavelengths as well as to consider this range of 

wavelengths as they influence Texas raters' judgements of ride quality. 

It is possible, however, that the knowledge or expectancy of predicted 

results may combine with other factors in field experimental settings to 

produce biased results. So in designing experiments with an eye on expected 

applicability of results, the experimenter may make evaluative comments, 

expressing surprise, approval, or displeasure regarding the extent to which 

the data have fulfilled experimental predictions. Although this is more the 

case in clinical experiments, it is certainly something to be aware of while 

conducting this study. 
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RATING VARIABLES 

With these considerations in mind, the following factors and their 

corresponding levels were enumerated by a research team and a group of 

pavement engineers from the Texas SDHPT familiar with the area of pavement 

roughness. 

Factor 

1. Pavement type 

2. Surface texture 

3. Location of road 

4. Maintenance 

5. Surroundings 

6. Road width 

7. Vehicle type 

8. position in car 

9. Function in car 

10. Age 

11. Sex 

12. Time 

13. Time (within day) 

14. Vehicle wheelbase 

15. Vehicle speed 

16. Profession 

17. Rater fatigue 

Level 0 

Black 

Coarse 

Rural 

Unpatched 

Good 

Narrow 

Car 

Front 

Driver 

< 35 years 

Male 

Night 

Morning 

Short 

30 mph 

Engineer/Technician 

Fresh 

Levell 

White 

Fine 

Urban 

Patched 

Poor 

Wide 

Van 

Rear 

Passenger 

> 35 years 

Female 

Day 

Afternoon 

Long 

50 mph 

Layman 

Tired 

To reduce the complexity of the analysis, some of these factors were 

considered in screening experiments. 

RR354-1/04 



26 

DESIGN OF THE RATING FORM 

Scaling procedures differ in whether or not a related physical continuum 

1S available (Ref 34); the psychophysical, where a physical continuum is 

available, and the psychological, where one is not available. 

With any psychophysical method, there are significant problems with 

scale construction (Ref 35). Therefore it is essential to select a proper 

scale after determining its appropriateness vis-a-vis the minimization of 

error magnification. 

Five major types of psychophysical scales have been used. 

(1) The AASHO scale (Fig 4.1) is a direct type scale with no evident 

problems other than the manner in which it was implemented at the 

AASHO Road Test. 

(2) Holbrook's Graphic scale (Fig 4.2) is also a direct scale. It has 

the s light advantage that accurate placement of cues along the 

scale should aid the observers 1n making direct interval level 

judgements. The major disadvantage is that connotative problems 

associated with the intermediate cue words can bias the results. 

(3) The nonsegmented scale (Fig 4.3) is a direct scale; it is desirable 

in that it eliminates any problems introduced by using intermediate 

cue words. However, many observers may find it difficult to make 

their ratings without the aid of cue words. 

(4) Magnitude estimation (direct) avoids all problems associated with 

graphic rating scales and placement of cues. The disadvantage is 

that it may be impossible to implement due to the logistics of the 

anticipated experimental design. 

(5) Successive categories is an indirect method where no assumptions 

are made about the ability of the observers to make direct interval 

or rational judgments. It has a serious drawback in that it relies 

heavily upon untestable, hypothetical models of human judgment and 

requires a complicated analysis procedure to obtain scale values. 
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In the recent NCHRP 1-23 study (Ref 10) each of the first three scales 

was evaluated using panel ratings and Maysmeter measures to see how well the 

panelists agreed in their ratings. Analyses of concordance and regression 

were run and the conclusion was that there was no significant difference 

between the three scales (concordance coefficients ranged from 0.742 to 0.801 

and regression R2 ranged from 0.844 to 0.899). 

The problems inherent in the magnitude estimation and successive 

categories methods led the NCHRP study team to eliminate those methods. 

Based on the tested results of the NCHRP 1-23 study and the fact that both 

the AASHO and the past Texas rating study were carried out using the AASHO 

scale, it was decided to implement this scale for this study. It should be 

pointed out that awareness of the problems observed with the the AASHO rating 

scale has helped in reducing the errors involved with its use. 

The other category of rating that was chosen was the acceptability 

criteria. This called for a judgement from the rater as to whether the 

quality of ride of a pavement section was acceptable or not if that pavement 

section were considered to be (1) on the Interstate system and (2) on the 

Secondary system. As will be seen later, this provides the criteria for 

important policy and decision making. It is the view of the authors that the 

rating form should be kept as simple as possible so that the rater does not 

have to switch from one judgement area to another. 

It may be recalled that in the last Texas rating panel study (Ref 16), 

raters were allowed to survey the section to indicate which distress-related 

factors affected their ratings. Such a procedure is time-consuming and 

laborious. Considering that previous studies have shown roughness data alone 

to closely predict Present Serviceability Rating (PSR), information regarding 

pavement distress was not included in the rating form. 

Columns for information relevant to each rating run were included. 

These were for the section number, date, time, and vehicle information. A 

provision for the rater to express any comments or opinions of other sensory 

feelings that could not be expressed in the two rating areas was also made. 

Since information about each rater's age, sex, and position in the car were 
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needed for the screening experiments, these were specifically required on the 

rating form (Fig 4.4) designed for the screening sessions. 

DETAILS OF THE SCREENING EXPERIMENTS 

The following factors and corresponding levels were considered to be 

studied in screening experiments. 

Level 

Factor 0 1 

-------------- - --_.----- .-- ---.----
(1) Vehicle Type Car Van 

(2) Position in Car Front Rear 

(3) Rater's Age < 35 years >35 years 

(4) Rater's Sex Male Female 

(5) Time Night Day 

Factors associated with the type of pavement sections are listed below 

as pavement variables. 

Level 
----

Factor 0 1 
---_. __ ._-- --_._- -----
(1) Pavement Type Black White 

(2) Surface Texture Coarse Fine 

(3) Location of Road Rural Urban 

(4) Maintenance Unpatched Patched 

(5) Functional Class Low High 

(6) Surroundings Poor Good 

(7) Road Width Narrow Wide 

(8) Lane Position Inside Outside 

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

RR354-1/04 



32 

SERVIOEABIUTY RAnNG CARD 

T.t Secllon ___________ Dafa _____ 'nme' ____ _ 

Rating Scale 
Acceptable 
onth« 

I 

Ill) Interatafa 
system 

Fair Yea FoIItJon In the car. 

Pbor Uldedded DRRFLA RR 

No 

Vtty Pbor Name 

Age 

(b) Secondary 
'Yltam .. 

Lh:Ieclded 

No 

CommMts: ______________________________________________ __ 

Fig 4.4. Rating form used in the screening sessions. 



33 

Two additional variables, (1) functional class (referring to traffic 

volume) and (2) lane position (whether the section lay in the inside or 

outside lane) were included in the experimental design. 

The experiment itself consists of selecting an appropriate rating panel 

and test vehicles and having the panel rate a randomly laid out route of test 

sections that present various treatment combinations of the pavement 

variables. By the nature of the experiment, then, effects of factors such as 

(a) position in car, (b) rater's age, and (c) rater's sex can be analyzed by 

driving over the sections and rating them. Additional runs (in a van and at 

night) were needed for the factors (1) vehicle type and (2) time. 

An important element in any rating experiment is the layout of sections. 

From the pavement variables listed above, we have a 28 factorial of sections. 

This means that 256 sections of pavement having specific attributes would be 

required for the full factorial. However, practical limitations of cost, 

time, availability of sections, and other operational difficul ties arising 

from the size of the experiment deemed it impossible to conduct a full scale 

experiment. 

A full factorial design would be ideal, 1n that it would provide 

complete information about all effects (main as well as all higher order 

interactions) • In terms of absolute magnitude, main effects tend to be 

larger than two-factor interactions, which in turn tend to be larger than 

three factor interactions, and so on. Hence by carefully confounding the 

factors and generating a fractional design, the experiment can be reduced to 

manageable size without much loss of significant information in terms of 

factor effects. 

A 28- 4 fractional design of resolution IV (a design of resolution n 1S 

one in which no p-factor effect is confounded with any other effect 

containing less than n-p factors) was therefore proposed, thus bringing the 

number of pavement sections to 16. In this design main effects are not 

confounded with two-factor interactions. 

In constructing the fractional factorial, the full factorial for a 24 

design was laid out and additional variables were associated with the three 

factor interactions. Specifically, the 16 runs of the 24 factorial in 
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variables A, B, C, and D were written down and the remaining variables were 

filled in using the generators E = BCD, F = ACD, G = ABC, H = ABD. The 

design so constructed is shown in Table 4.1. 

In any fractional factorial design, it ~s very important to examine the 

confounding pattern. The design was obtained by setting E = BCD, F = ACD, 

G = ABC, H = ABD. 

MUltiplying both sides of these identities by E, F, G, and H 

respectively gives the four generating relations in the form: 

I = ABCG, I = ABDH, I = ACDF, I = BCDE 

where I is the design generator. 

By similar manipulations, further relations can be obtained, thus giving 

the complete defining relation. 

I = ABDH = ACDH = 
= ACDF = CDGH = 
= DEFH = ADEG = 
= ABCDEFGH 

BCFH = ABCG = 
ABEF = BEGH = 
BDFG = CEFG 

BCDE 

AFGH 

This relation is the basis for the confounding pattern. For instance, 

the main effect A ~s given by 

A = BDH = CEH = BCFH = BCG = BCDE, and so on. 

It should be noted that only third order (and higher) interactions are 

aliased with effect A. 
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TABLE 4.1. TWO-LEVEL FRACTIONAL FACTORIAL, 28- 4 RESOLUTION IV DESIGN 

Pavement Surface Functional Road 
Type Texture Location Maintenance Class Surroundings Width 

A B C D E F G 

Section BCD ACD ABC 

1 0 0 0 0 0 0 0 
2 1 0 0 0 0 1 1 
3 0 1 0 0 1 0 1 
4 1 1 0 0 1 1 0 
5 0 0 1 0 1 1 1 
6 1 0 1 0 1 0 0 

7 0 1 1 0 0 1 0 

8 1 1 1 0 0 0 1 
9 0 0 0 1 1 1 0 

10 1 0 0 1 1 0 1 
11 0 1 0 1 0 1 1 
12 1 1 0 1 0 0 0 
13 0 0 1 1 0 0 1 
14 1 0 1 1 0 1 0 
15 0 1 1 1 1 0 0 
16 1 1 1 1 1 1 

Lane 
Position 

H 
ABD 

0 
1 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
1 

w 
Ul 
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Although the fractionated 28- 4 design reduced th~ number of sections 

required (from 256 to only 16) and provided a high degree of resolution, it 

1S important that all these sections be available in the final experiment. 

In order to get an idea of what types of sections needed to be located, 

their characteristics were listed from the 28- 4 design: 

BLACK SECTIONS 

Section 

1 

3 

5 

7 

9 

11 

13 

15 

WHITE SECTIONS 

Section 

2 

4 

6 

8 

10 

12 

14 

16 

Coarse, Rural, Unpatched, Low, Poor, Narrow, Inside 

Fine, Rural, Unpatched, High, Poor, Wide, Outside 

Coarse, Urban, Unpatched, High, Good, Wide, Inside 

Fine, Urban, Unpatched, Low, Good, Narrow, Outside 

Coarse, Rural, High, Patched, Good, Narrow, Outside 

Fine, Rural, Low, Patched, Good, Wide, Inside 

Coarse, Urban, Low, Patched, Poor, Wide, Outside 

Fine, Urban, High, Patched, Poor, Narrow, Inside 

Coarse, Rural, Low, Unpatched, Good, Wide, Outside 

Fine, Rural, High, Unpatched, Good, Narrow, Inside 

Coarse, Urban, High, Unpatched, Poor, Narrow, Outside 

Fine, Urban, Low, Unpatched, Poor, Wide, Inside 

Coarse, Rural, High, Patched, Poor, Wide, Inside 

Fine, Rural, Patched, Low, Poor, Narrow, Outside 

Coarse, Urban, Low, Patched, Good, Narrow, Inside 

Fine, Urban, High, Patched, Good, Wide, Outside· 

Taking a cursory look at these characteristics made it apparent that 

finding these specific combinations would not be easy. No information on any 

of the local Austin Test Sections regarding these factors was available; 
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therefore, a panel of four engineers surveyed the sections and obtained the 

required information using a form designed for this purpose (Fig 4.5). 

Clarifications as to what to look for and record with respect to each factor 

were provided as follows: 

(1) Pavement ~: Black and white refers to flexible (asphaltic 

concrete) and rigid (concrete) pavement sections respectively. A 

section overalid with asphalt-bound aggregate is considered to be 

black. 

(2) Surface Texture: Classify as "coarse" or "fine", depending on the 

texture of the pavement surface. Decide on this classification 

after stopping at (or alongside) different points on each section 

and inspecting the surface texture. 

(3) Location of Road: Farm and county roads should be treated as 

"rural" and interstate highways and city streets as "urban". A 

section on a major highway in the countryside would be taken to be 

"rural". 

(4) Functional Class: Sections with a low volume of traffic fall into 

the "low" category whereas those with generally heavy traffic would 

be marked as "high". Typically sections on busy two-lane or 

primary highways are to be recorded as "high" under the 

consideration that on the highways being classified as such, higher 

volumes of traffic are to be expected. 

(5) Maintenance: If a section has one or more significant patches, 

then record it as "patched"; otherwise, "unpatched". 

(6) Surroundings: Sections that are located in beautiful or scenic 
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surroundings would be considered "good" and sections that have drab 

or ugly surroundings would be labeled "poor". It should be noted 

here that this calls for a subjective judgement; for instance, a 

metropolitan urban view with tall buildings might well be appealing 

to some and repulsive to others. However, on the "poor" level, 

there would be less diverse opinions. 
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(7) Road Width: Sections on narrow lanes are in the "narrow" level 

while those on wide lanes fall into the "wide" level. 

(8) Lane position: Depending on whether the section is in the inside 

lane or the outside lane, classify it as such. 

The "comments" section of the form is provided for recording instances 

where it might not be possible to identify definite levels or for noting down 

any other appropriate remarks. 

Based on this procedure, the Austin Test Sections were surveyed. The 

characteristics of these sections are shown in Fig 4.6 (numbers in cells 

refer to the sections). It was observed that these sections filled very 

little of the factorial. The sections corresponding to the reduced 28- 4 

design are indicated by circles in the upper left corners of the appropriate 

cells. None of the Austin Test Sections could be used in the 28- 4 design. 

This meant that all the 16 sections required would have to be located and 

laid out. 

A search was carried out in the Austin area for sections with the 

specific characteristics essential for the 28- 4 design. Extensive efforts 

still did not provide any sections. Due to this, it was decided to drop the 

reduced design plan and to locate as many sections as possible with as many 

different levels of the factors being considered. The logic here was to fill 

the full factorial as completely as possible, recognizing that certain 

sections are impossible to locate or simply do not exist and then to run 

analyses of variance, knowing that the cells are not balanced. It was also 

decided to drop the factors (a) functional class and (b) lane position in 

order to reduce the complexity involved in the analysis and also to make the 

computational procedure amenable to mainframe computer capacities. 

Experimental Plan 

Rating experiments were designed for the screening sessions by 

constituting a panel and selecting appropriate pavement sections and 

vehicles. The pavement variables (pavement type, surface texture, location 

of road, maintenance, surroundings and road width) and the rater variables 
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(position in car, age and sex) were considered to be included in one main 

factorial. Thus, all the sections that were located were rated by the full 

panel. In order to analyze the factors vehicle type and time, a smaller 

panel was selected to rate a subset of the total number of sections; this 

panel rated in both a car and a van at the same time of the day and also 

rated these sections while traveling in the car at night. 

Selection of the Rating Panel 

Employees of the Center for Transportation Research were considered for 

serving on this rating panel. The criteria used were 

(1) highway traveling/driving experience, 

(2) age, 

(3) sex, and 

(4) biases, if any. 

The candidates were asked to fill out the following questionnaire: 

QUESTIONNAIRE 

(1) Name 

(2) Soc. Sec. No. __________ . ___ . ____ Age _________________ yrs 

(3) How many years have you been a resident of Austin (or surrounding 

areas)? 
-------------~-------------------~----------

(4) If less than 10 years, list all places (and duration) you have resided 

for the past 10 years (discount residences of less than 12 months). 

Place Years 
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Use the following table for the next two questions: 

(5) What car(s) do you drive (or ride in)? 

(6) Of the time that you are on the road, approximately how much of the time 

do you drive or ride in each of these cars? 

Year/Make/Model Drive Ride 

(7) On an average, how many miles per year do you travel on the road? 

-----------.----.-----------

(8) which of the following best describes your attitude towards road travel 

in general? (Circle your answer) 

(a) Highly enjoyable 

(b) Fairly enjoyable 

(c) Indifferent 

(d) Cumbersome 

EXAMPLES FOR QUESTIONS 4, 5, AND 6 

(4) Place 

Austin, TX 

Amarillo, TX 

Boston, MA 

(5) and (6) 
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Years 

'82 - '83 

'78 - '82 

'73 - '78 



43 

Year/Make/Model Drive Ride 

'76 Ford Country Squire 0% 30% 

'81 Toyota Corolla 40% 0% 

'80 Chrysler LeBaron 0% 30% 

Based on the information obtained through the questionnaire, a rating 

panel of 10 members (1 substitute) was selected. Each of the raters had a 

wide range of traveling experience and did not have any discernable biases 

towards road travel. Of the 10 members, 5 were male and 5 were female, and 

4 were older than 35 years and 6 were younger than 35 years of age. 

Selection of Vehicles 

For the purposes of the screening sessions, vehicles belonging 1n the 

full size category were employed. Three passenger cars were rented from a 

rental agency, two 1983 Cutlass Supremes and a 1983 Grand Prix. All vehicles 

had similar wear and tear attributed to them from almost equal mileage. The 

reason for selecting vehicles closer to the luxury model range was to reduce 

the effect of section roughness in evaluating the effects of the screening 

factors. A Ford van was also rented for the car-van experiment. 

Selection of Sections 

In keeping with the objective of the experimental design, additional 

sections were located and laid out. Areas in the vicinity of Aus tin were 

surveyed for candidate sections. Each section was laid out to be two-tenths 

of a mile in length. The criteria for locating and laying out of a section 

were the following: 
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(1) characteristics needed to fill the pavement-related factorial (Fig 

4.7) as much as possible, 

(2) ability to be driven over safely at 50 mph (posted speed limits, 

existence of traffic lights, etc.), and 

(3) accessibility to the start of the section and continuity after the 

end of the section insofar as achieving a reasonably smooth, 

unaccelerated ride. 

Twenty-four flexible pavement sections were located and laid out in 

Travis and Williamson counties. Four more were located in Bexar, Comal, and 

Guadalupe counties. These sections helped to fill the "black" half of the 

factorial, as may be seen in Fig 4.7. Sections designated with numbers 

refer to the existing Austin Test Sections. 

Since there are no rigid pavements ~n the immediate Aus tin area, a 

survey of San Antonio was carried out. This resul ted in 16 more sections 

that could be used in the factorial. 

The complete list of new pavement sections laid out for the screening 

sessions is shown in Appendix A, along with specific information helpful to 

drivers. 

Rating Sessions 

Rater instructions and training are important aspects of the rating 

process. By this procedure what is achieved is "the refinement and synthesis 

of the mutual interpretations" (Ref 36) of ride quality experienced by the 

raters until adequate levels of agreement are reached. 

The significance of training has been established by numerous studies. 

One such study (Ref 37) specifically compared two different procedures for 

training raters. One group was trained by an experimenter while the other 

group worked together to achieve consensus without any instructor. It was 

found that there was a significant difference in the ratings of the two 

groups; in addition the variance in the ratings of the group that was trained 

was significantly less than the variance of the other group. 
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The effect of instructions has been well highlighted by signal detection 

theory. In an experiment where a subject is required to detect a test 

stimulus each time it is presented, it has been found that instructing a 

subject to be more or less conservative in reporting signals shifts the 

performance of the subject (Ref 38). With "liberal" instructions, subjects 

tend to report more detections and this lowers the measured threshold whereas 

with conservative instructions fewer detections are reported. Thus these two 

different types of instruction can produce results that reflect shifts in 

rater's judgemental standards rather than any real change ~n their 

sensitivity to the test stimuli. 

Keeping this in mind, instructions for the raters were carefully drawn 

up. The instructions were designed to be as simple as possible, but at the 

same time detailed enough to dispel any confusion as to procedures, 

definitions, etc. The training session consisted of a briefing by the chief 

researcher in which the rating procedure was explained to all the raters. 

The researcher went over the instruction sheet that was furnished to the 

raters. Any questions that the raters had were carefully answered. After 

the briefing the raters were driven over some Austin Test Sections that 

represented a wide range of roughness. During this time the raters were 

allowed to discuss the procedure between themselves and/or with the 

researcher and his crew. The instructions given to the panel members are 

presented in Appendix B. 

A briefing session was also held with the drivers who were designated as 

group leaders for the team of three raters in his car. Instructions were 

also given to the drivers along with logsheets to record any departures from 

the set procedure and rules. These instructions are appended in this report 

(Appendix C). 

Rating sessions for the screening experiments were held over a period of 

four days. For the main factorial (Fig 4.7) a panel of 9 raters (3 vehicles) 

rated a total of 68 pavement sections in three days; one day in San Antonio 

and the other two in the Austin area. A panel of 6 raters rated 15 sections 

for the car-van experiment and the same panel of 6 raters (2 vehicles) rated 

15 sections at night that were also rated during the day. One section (A2) 
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Replicate runs were made on 17 San 

A typical rating day started around 8:00 Ali and lasted till 5:00 PM. 

Routes were laid out such that rest stops could be taken approximately every 

2 hours. After each major rest stop or lunch break the rating forms were 

collected by each driver and handed over to the chief researcher. Replicate 

run routes were mixed up randomly in order to make them appear as new 

sections. 

It would have been highly beneficial to have the new profilometer 

available to profile the sections during the screening experiments. But due 

to problems that affected the successful operation of the profilometer, the 

screening sessions were conducted without any profilometer measurements. 

Although it would have been desirable, given the nature of the screening 

experiments, it was not absolutely essential since the screening ses sions 

were designed only for looking at various pavement and rating factors. 

DETAILS OF THE MAIN RATING SESSIONS 

Experimental Plan 

The main rating session was set up in a way similar to the screening 

sessions, but with some changes. The factors considered for analysis were 

(l) rater profession, 

(2) function in car, 

(3) vehicle wheelbase, 

(4) time of day, 

( S) rater fatigue, and 

( 6) vehicle speed. 

Accordingly, the experiment design called for inclusion of technically 

knowledgeable people in the rating panel, ratings to be made by both raters 

and drivers, selection of vehicles to include short and long wheelbases, 
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rating of a few sections both in the morning and in the afternoon, rating a 

subset of sections both with and without reasonably comfortable breaks in the 

rating period, and rating some sections with two different speeds (30 and 50 

mph). Thus, various changes were required in the selection of the rating 

panel, test vehicles, pavement sections, and the order and nature of 

experimental runs. 

Selection of the Rating Panel 

Because the judgments of this rating panel would be the basis for future 

predictions of serviceability and thereby estimates of pavement performance, 

the selection of this panel was based upon the strictest considerations, 

which were as follows: 

(1) the panelists should represent the traveling public, 

(2) the panelists should have a wide range of highway travel 

experience, 

(3) the panelists should have resided in the state of Texas for the 

last 5 to 10 years, and 

(4) the panelists should not have any undesirable (biased) attitudes 

towards road travel in general. 

Members of the rating panel consisted of personnel from the State 

Department of Highways and Public Transportation (SDHPT) and the Center for 

Transportation Research (CTR) and volunteers from the general public. 

To compare the subjective opinions of technical and non-technical raters 

and to provide important input from a body of professionals, it was necessary 

to include such professionals in the rating panel. The SDHPT provided a 

group of six personnel, in addition to two persons from each District in 

which rating activity took place. A "professional" was defined as any 

person, not necessarily with an engineering degree, who had a large amount of 

technical knowledge of road condition and performance through study or field 

experience. With this definition, maintenance engineers, supervisors, 

foreman, pavement evaluators, pavement designers and similarly experienced 
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personnel would qualify as likely panelists. The SDHPT professional members 

represented areas such as maintenance, des ign, research (roughnes s 

measurements), pavement evaluation and bridge inspection. 

In order to constitute one part of the rating panel with members of the 

general public, citizen volunteers from the public at-large were solicited. 

This was done through the Volunteer Center of Austin and also by a 

solicitation through a widely read daily column of the local newspaper. A 

tremendous response enabled the selection of quite a few volunteers as 

regular and backup panelists. A tota~ of 10 public volunteers participated 

in the rating activity. 

Center for Transportation Research staff were also selected to serve on 

the rating panel. Fourteen employees served in various capac i ties, as raters 

and drivers. 

Thus, at anyone time, the maximum size of the rating panel was 20, with 

15 raters (three to a car, 5 vehicles) and 5 drivers. The questionnaire used 

in the screening sessions was given to all of the panel members and this 

information was evaluated. The rating panel included both men and women 

widely ranging in age and driving/riding experience. 

Selection of Vehicles 

Two types of vehicles were selected to study the effect of vehicle 

wheelbase length. These were a subcompact model (Plymouth Horizon) and a 

midsize model (Mercury Zephyr/Ford Fairmont). These vehicles were taken as 

representative of typical vehicles owned and operated by an average middle 

class Texan. Two subcompacts and three midsize vehicles were used in the 

main rating sessions. One car (Horizon) was designated as lithe smoking car" 

to accommodate the wishes of nonsmokers. Again, equal wear of the vehicles 

(within each size category) was considerated in their selection. 

Selection of Sections 

For the main rating seSS1.ons, the specific combination of 

characteristics in a section was not so important as the range of roughness 

of the section itself. The idea here is that to be able to predict 
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serviceability indices from different kinds of roughness characteristics, it 

is essential to incorporate sections with these (and all other possible) 

characteristics. One important need, therefore, was to obtain as wide a 

range of roughness (serviceability indices) as possible. Since the existing 

pavement sections were not of such wide roughness, it became necessary to 

launch a search. Also, it was evident that more rigid sections were needed. 

With this objective in mind, roads in District 13 (Colorado, DeWitt, 

Fayette, Lavaca, Victoria and Wharton counties), and McLennan and Williamson 

counties were surveyed. This search resulted in the location of 100 sections 

in all these counties, 77 of which were flexible and 23 were rigid pavement 

sections. 

The criteria employed in locating these sections were essentially the 

same as those used for the screening experiments except that instead of 

looking for different combinations of pavement factors and their levels, the 

roughness level was looked at. The roughness need not be homogeneous within 

the section, as the following discussion explains. 

Superficially, it would appear that in looking at roughness in a section 

(for section selection purposes) it would be best if the characteristics of 

roughness were homogeneous within the section. Thus (if this were indeed 

possible) we would have sections with nicely arranged levels of roughness 

characteristics, just like an ordered set of experimental field plots in the 

classic fertilizer experiment. 

easier on the rater as far 

With homogeneous characteristics, it might be 

as judgment calls go, thereby enhancing 

repeatability, but how close to reality is this situation? The variability 

(due to traffic, pavement materials, subgrade layers, etc.) that a pavement 

or stretch of highway is subjected to implies that the roughness that 

develops after a period of time is going to be correspondingly variable. But 

the rater deducts serviceability points even if there is only one pothole in 

an otherwise smooth pavement section. Thus, the one pothole does cause some 

detraction in the riding quality. This also leads credence to the just 

noticeable difference (jnd) theory, wherein the effect of the stimulus - the 

size of the pothole (or amount of bump or roll) is significant enough to be 

transmitted to the rater's reception system. So it is perfectly acceptable 
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for nonhomogeneous roughnes s charac teris tics to exis t in any pavement tes t 

section. 

Appendix 0 contains a list of new sections located and laid out, along 

with detailed location information. 

Rating Sessions 

The rating method employed was similar to that used in the screening 

experiments, except for some improvements. The instructions to the raters 

were revised, based on experience from the screening sessions concerning 

words or cues that were confusing and drew a lot of questions. The new set 

of instructions is documented in Appendix E. 

The very same instructions given to drivers for the screening sessions 

were given to the drivers in the main rating sessions. Of course, since the 

drivers were required to rate the sections according to the experimental plan 

they were also required to attend the training session. The rating form used 

for the main rating sessions is shown in Fig 4.8. 

A major enhancement in the training session was the employment of 

videotaped instructions. This way the researcher hoped to achieve higher 

reliability through consistency and standardization. Again, the script for 

the videotape had to be carefully drafted to ensure the minimization of 

miscues, vague definitions, etc. This technique was also used to alleviate 

some of the possible errors arising from scale construction, such as 

anchoring effect, etc. The major advantage of the videotaped instructions 

was that the tape was transportable and durable in ways that individual 

experimenters or trainers are not. Besides the absolute presence of the 

trainer is done away with and the process of retraining at some other time 

becomes less of a problem. The script for the videotape is presented in 

Appendix F. 

After the classroom briefing, the panelists were driven over some of the 

Austin Test Sections. This orientation was more extensive than the one in 

the screening experiments. More sections were rated and the rating procedure 

was discussed by the group. If it was felt necessary, some of the sections 

were re-run. 
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RATING FORM 

Test Section Date Time 

Acceptable Car/Make Model 
on the: 

Rating Scale / 
(a) Inters tate 

system 

Very Good 

Yes Position in the car: 

Good Undecided DR RF LR RR 

Fair No Name 

Poor 

(b)- Secondary 
system 

Very Poor 

Yes 

Undecided 

No 

Comments: 

Fig 4.8. Rating form used in the main rating sessions. 
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Rating activity was carried out for two and a half weeks (13 working 

days). Again, a rating day typically lasted from about 8:00 AM to 5:00 PM. 

Breaks were taken periodically after 1-1/2 to 2 hours, based on the 

experience of previous rating sessions. The first week of rating covered the 

District 13 sections and the San Antonio sections. All sections in these two 

areas were rated three times. The remaining sections were rated twice. 

Additional runs were made for information needed for rater variable analysis. 

To analyze the factors vehicle speed and rater fatigue, seven sections 

with two levels of roughness were chosen and runs were made corresponding to 

the levels of the variables. (The "tired" level of the variable rater 

fatigue corresponded to runs where raters were in a continuous rating stretch 

of more than two hours whereas the "fresh" level corresponded to less than 

1-1/2 hours.) Rater profession and vehicle wheelbase could also be included 

in the factorial. 

No additional runs were needed for the variable function in car Sl.nce 

both raters and drivers rated all sections. To examine the effect of vehicle 

wheelbase, raters in the subcompact cars were switched to the midsize cars 

(and vice versa) and thus rated 9 section in both cars. Eight sections were 

chosen to be rated in both the morning and the afternoon so as to be able to 

investigate the effect of time (morning versus afternoon). 

Of the 171 sections that were rated, 129 were flexible and 42 were rigid 

pavement sections. A maximwn panel of 20 raters rated these sections in 5 

vehicles, over a period of 13 days. 

Roughness Measurement 

All but 4 of the 171 test sections were profiled uSl.ng the 6900 Surface 

Dynamics profilometer. These four sections (A3, B25, B26, and 015) were lost 

due to construction activity. At least two runs per section were made, and 

in more than half the sections, three runs were made. In those cases where 

only two runs were made, a check was made to see that the M}lI values (used as 

a check) output by the profilometer did not differ by more than 10 points; if 

this limit was exceeded, the runs were repeated until this criterion was 
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satisfied. 

profilometer. 

This served as a check against the repeatability of the 

The profilometer was set for normal operating conditions; specifically 

the following: 

(1) accelerometer filter wavelength: 200 feet, 

(2) sampling frequency: 6.00 inches, 

(3) profiling distance: 0.2-mile sections, and 

(4) profiling speed: 20 miles per hour. 

Roughness measurements were also made using the Mays Ride Meter and the 

SIometer. Runs were made after proper calibration procedures were followed 

and under normal specified operating conditions (described in the next 

chapter). The Maysmeter and the SIometer were run on the test sections and 

the data furnished by the D-10 Research section of the SDHPT at the request 

of the eTR. 

During the operation of the Maysmeter, 8 sections were unable to be 

tested due to new overlays or some other reason that prevented collection of 

the data. For the same reasons, 14 sections were missed by the SIometer. 
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CHAPTER 5. DESCRIPTION OF THE ROUGHNESS MEASURING SYSTEMS 

The following sections briefly describe (1) the 690D Surface Dynamics 

Profi1ometer, (2) the Mays Ride Meter (MRM)/Counter/Interface System, and (3) 

the Walker Accelerometer Device (the SIometer). 

THE 690D SURFACE DYNAMICS PROFILOMETER 

Originally known as the GMR profi1ometer, the old model Surface Dynamics 

profi1ometer (SDP) was developed in the early 1960s at the General Motors 

Corporation Research Laboratories (GMR) (Ref 39). Its development was made 

possible by the availability of high quality force balance accelerometers 

used in the aerospace industry for inertial guidance. Another factor in its 

development was the availability of high quality analog computer components, 

including the integrators used in the profile computation. 

The 690D Surface Dynamics profilometer consists of two road-following 

wheels, two potentiometers, two accelerometers, and ana10g-to-digita1 and 

digital processing subsys tems, all housed in a custom made Ford van 

(Fig 5.1). The road-following wheels are made to track the road surface by a 

300-pound spring force. Each of these wheels are mounted on trailing arms 

under the van so positioned that they follow the right and left whee1paths. 

Each potentiometer is connected at the top to the vehicle body and at the 

bottom to a yoke extended from the trailing arm directly above the center of 

a road wheel. The accelerometers are mounted inside the vehicle directly 

above the top of the potentiometers. Two independent circuits in the analog 

computer produce road profiles for each whee1path by integrating each 

accelerometer signal twice and adding it to the respective potentiometer 

output (Fig 5.2). 

The measured pavement profile, Wuf ' 1S given by 

= (W - Z) + f f Z dt dt (5.1) 
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Fig 5.1. The 690D Surfa~e Dynamics Pr-ofilometer. 
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where 

z 

W - z 

= 

= 

displacement of the vehicle body, and 

relative displacement between the road wheel and the 

vehicle body. 

The potentiometers measure the relative motion between the wheel and the 

vehicle body (W - Z) and the accelerometers measure the vertical acceleration 

of the vehicle body (Z). This increases the accuracy of the measurement of 

long wavelengths. Also due to the fact that the vehicle mass and suspension 

system form a mechanical filter (with a natural frequency of about 1.5 to 1.8 

cps) between the road and the accelerometers, the higher frequencies (or 

shorter wavelengths) are separated from the lower frequencies (or longer 

wavelengths). The potentiometers pick up frequencies of about 2 cps while 

the accelerometers measure frequencies below 1 cps; frequencies between 1 and 

2 cps are measured by a combination of the two signals. The significance of 

this is that it makes possible high resolutions of both short wavelengths 

with low amplitudes and long wavelengths with high amplitudes (Ref 43). 

Work at the GM Research Laboratories (Ref 39) showed that the 

profilometer's capability for measuring the spatial wavelength was found to 

be more than adequate for vehicle ride studies. The short wavelength 

measuring capability was demonstrated by the ability of the pavement­

following wheel to follow a wood shingle (Fig 5.3). The profilometer' s 

overall measuring capability was demonstrated by its ability to measure and 

isolate pavement spatial wavelengths that caused ride quality problems in 

General Motors' cars on California highways. 

Detailed descriptions of the overall measuring system and the various 

component subsystems have been previously reported in Refs 40, 41, and 42 and 

therefore will not be described here. However, the features and advantages 

of the 690D digital model compared to the old SD profilometer are enumerated. 
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(1) The road profile computation is performed on board the profilometer 

van, and so are the computations of various roughness s tatis tics 

(RMSVA, Quarter-Car Index, etc.). 

(2) There is a tremendous capacity for the digital integration of 

output signals. The problem of the artificial step in the profile 

due to overloaded integrators when operating the old profilometer 

on grades is resolved. 

(3) The digital filtering can be changed in the new model so that the 

filtering system adjusts automatically to the speed of the vehicle. 

(4) The road profile sampling and computation are performed as a 

function of distance, instead of time (as in the earlier analog 

system); therefore the profile computations are independent of 

vehicle speed, providing easier interpretation. 

(5) An added feature of the 690D is an electric typewriter input-output 

console which provides for recording header and run information and 

for instant display of computed swmnary statistics. 

(6) A precise distance measuring system set onto the left front wheel 

of the van facilitates highly accurate speed and distance 

measurements. 

(7) The on-board computer is equipped with self-calibration and self­

checking programs. The prograrmning flexibility of the digital 

system allows for less operating and maintaining the system with 

technical expertise required to operate and maintain the system. 

By using a 24-bit binary number to store data, both the storage 

range and the resolution are increased to + 8388.608 inches and 

0.001 inch, respectively. 

Thus, with its advanced features the 690D is a much more sophisticated 

road roughness measuring system, providing all the advantages of a regular 

profilometer at the same time. 
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THE MAYS RIDE METER (MRM)/COUNTER/INTERFACE SYSTEM 

The Mays Ride Meter (MRM)/Counter/Interface System consists of the 

following components (Ref 44). 

(1) Mays Ride Meter, 

(2) distance measuring instrument (DMI), 

(3) car wheel with 8 attached magnets and a transducer, 

(4) accumulative counter, 

(5) two alternating counters, and 

(6) interface board. 

The system is designed to collect road roughness data in two different 

forms: (a) an average serviceability index (SI) over a given length of road, 

and (b) an SI for each O.2-mile segment of road over a given length. 

The MRM was designed by Ivan K. Mays in 1961 and is fabricated and sold 

by the Rainhart Company, Austin, Texas. An electronic counter system was 

added to the MRM to provide versatility. The MRM or Maysmeter consists of a 

unit that measures the movement of the rear axle relative to the vehicle 

body. The roughness index (MRM reading) is a summation of unidirectional 

vertical movements of the axle relative to the body divided by the total 

horizontal distance. The unit is an inch-per-mile roughness count. A 

detailed description of the MRM unit may be found in Ref 45 and in Ref 46. 

The MRM device was initially housed in an automobile. Subsequent 

studies on changes in tire pressure, vehicle weight, and vehicle speed 

indicated significant variation in the MRM outputs. The MRM transducer was 

then housed in a trailer in order to control and keep variations to a 

minimum, to stabilize the weight variable, and to maintain test repeatability 

through stricter quality control and standardization of tires and shock 

absorbers and springs in the suspension system. The complete Maysmeter 

trailer unit is shown in Fig 5.4. It has been shown that the automobile­

mounted unit can be related to the trailer-mounted unit due to a high 

correlation between the two (Ref 29). Further details are available in the 

above mentioned literature. 
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Fig 5.4. Mays Ride Meter (MRM) trailer unit. 
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THE WALKER ACCELEROMETER DEVICE (SIometer) 

This device, named after Dr. Roger S. Walker, who developed it at the 

University of Texas - Arlington, has been built to provide serviceability 

index (s1) values directly from an instrument mounted in a typical highway 

vehicle (Ref 47). 

The process involves identifying and then removing the vehicle's 

suspension system characteristics. Three principal components - an 

accelerometer, a micro or m~n~ computer, and recording units are used for 

implementing the process. The measurement procedure involves mounting the 

accelerometer vertically in a vehicle or in a trailer towed by a vehicle. 

Vertical accelerations in conjunction with vehicle speed inputs are then used 

to predict the road profile. The micro or mini computer performs the 

prediction computations. 

These computations also directly provide roughness statistics in which a 

serviceability index can be obtained in real-time with the vehicle suspension 

system's characteristics removed. In order to remove these characteristics, 

a calibration procedure is initially performed. This procedure involves 

obtaining acceleration measurements for the "typical" class of road to be 

measured by driving the vehicle in which the unit is installed over this 

road. The micro or mini computer then performs computations which provide an 

identification of the vehicle's suspension system characteristics. That is, 

the effects of the vehicle's suspension system characteristics on various 

road profile frequency components are identified. Once identified, the 

vehicle can be modeled as an autoregressive process. The measurement 

procedure then involves discarding the predictable or model components (the 

vehicles's suspension characteristics) resulting in an estimate of the true 

profile. 

The enhanced design SIometer is completely self-contained in its system 

carrying case. When installed in the vehicle, the chassis lid ~s opened and 

the different modules for the system can be removed from the case (Fig 5.5). 

Complete operational procedures are documented in Ref 48. 
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Pig 5.5. The SIometer system. 



CHAPTER 6. DATA PROCESSING AND ANALYSIS 

All the data collected in this study could be classified as being 

obtained from two kinds of activities: (1) ratings, i.e., measures of 

subjective opinions of the rating panels, and (2) roughness measurements that 

were obtained with the 6900 Surface Dynamics Profilometer, the Maysmeter, and 

the SIometer systems. 

The rating data, generated by a group of people who rated each of 240 

sections (screening and main sessions) a repeated number of times in a random 

order, were proces sed by hand. However, the roughness measurements, by 

virtue of the automated data collection processes, the roughness data 

required relatively little manual data processing. 

The subjective judgment expressed on the rating scale of each rating 

form was converted into a numerical value by assigning values to the scale 

from 0 to 5. Thus the various subjective categories were assigned as 

follows: 

Subjective Category Numeric Value 

Very Poor o - 1 

Poor 1 - 2 

Fair 2 - 3 

Good 3 - 4 

Very Good 4 - 5 

with this assignment, ratings were scaled off the rating forms to the 

nearest 0.01 point by using a ruler placed alongside the vertical scale. 

These ratings, by definition, are the Individual Present Serviceability 

Ratings (IPSR' s). The mean of all these IPSR's for a section becomes the 

Present Serviceability Rating (PSR) for that section. Along with the rating, 

the acceptability judgement (whether ride quality was acceptable if the 

section was on (1) the Interstate and (2) the Secondary highway system) was 

also recorded for each section. 
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Before all the data were input into any computer system for subsequent 

analysis, different software packages were considered. The two most 

important features looked at were data processing and statistical techniques. 

Statistical Analysis System (SAS) was selected because it best suited the 

overall computing needs. The various tools provided by SAS include 

information storage and retrieval, data modification and programming, file 

handling, and sophisticated statistical analysis procedures. These features 

proved to be very valuable in processing and analysing the experimental of 

data. Since SAS software (along with its data-handling features) can be used 

as a data base management system, its versatility is particularly desirable. 

The significance of this was especially realized when considering that this 

study will generate baseline data and that long-term monitoring activities 

will be based on it. 

Data (ratings) from both the screening and main rating activities were 

entered into a "raters by sections" matrix and cross-checked for errors. 

These data were then entered into computer files in a database format, a 

printout of which was double-checked with the original data mat rix. These 

steps were undertaken to ensure that errors were introduced in the data 

transmission. 

ANALYSIS OF SCREENING EXPERIMENTS 

The screening experiment data is documented in Ref 61. This entails 

data collected during the first run of 69 sections in the Aus tin and San 

Antonio areas, replicate ratings of 17 San Antonio sections, data collected 

with the panel riding in a van and data collected at night. 

Individual rater performances were examined by plotting the mean 

individual ratings against the mean panel ratings for each rater (Figs 6.1 

and 6.2 are typical of these plots). The mean individual rating represents 

the average rating (mean over runs) for each section for that rater. The 

mean panel rating is obtained by taking the mean of all the mean individual 

ratings of all the raters for a particular section. Thus each poi nt on a 

rater performance graph corresponds to a tes t section wherein the vertical 
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axis value represents the individual's mean rating for that section and the 

horizontal axis value represents the mean rating of the panel as a group (for 

that same section). 

Thus each graph gives an idea as to how each rater per formed in 

comparison to the group. It is not necessary that all points lie on the 

equality line, but at the same time a point with a large deviation indicates 

that for that section, that rater was at variance with the rest of the group 

for some reason. This variance is mostly due to subjective differences in 

perception and judgment. Careful examination of each of the rater 

performance plots indicated no major discrepancies or abnormalities. No 

extreme outliers were singled out although it was noted that some of the 

raters differed with the panel as a group. For instance, Rater No. 2 (Fig 

6.2), generally tended to rate most pavements better than the others. This 

that is quite reasonable within the limits of acceptable subjective 

variation. If, however, this variation was found to be of a consistently 

high order, then the inclusion of this rater 1n the panel would have to be 

reviewed. Performance plots of Rater 3 through Rater 10 are documented in 

Ref 62. 

In order to analyze the data, mixed model, nested analyses of variance 

(ANOVA) procedures were used. These procedures allowed the testing of 

hypotheses about the significant differences of means of various variables. 

The assumptions in all the analyses of variance are homogeneous variances, 

normally distributed errors, fixed positions in the vehicles, random pavement 

sections within roughness levels and random rater samples. 

To test for homogeneity of the variances, Bartlett's tes t for unequal 

subclass numbers (Ref 49) was used. The procedure tests the hypothesis 

Ho (6.1) 

where 

= rater variances. 
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If the hypothesis is accepted, then the variances are homogeneous. The 

test yielded X 29df = 20.68, and since X 2critical = 21.67, the hypothesis 

is accepted at the a = 0.01 significance level. 

For testing normality, the Shapiro-Wilk W test and the Kolmogorov­

Smirnov goodness-of-fit test (D statistic) were used for n (or error degrees 

of freedom) less than 50 and greater than 50 respectively. The ANOVA 

technique 1.S quite robust in that moderate departures from the conditions 

specified by the basic statistical assumptions will generally not have major 

effects on the usual tests and the resul ting inferences (Ref 50). 

Nevertheless, in order to ensure valid statis tical conclusions, a rigorous 

approach was maintained. 

The analysis of screening variables was performed using the Generalized 

Linear Model (GLM) procedure available in SAS (Refs 51 and 52). An analysis 

of variance model can be written as a linear model, in the form of an 

equation that predicts the response as a linear function of parameters and 

design variables. In other words, 

where 

i 

Yi 

Bk 
x· . 

1.J 

= 
= 
:::: 

:::: 

+ + 

1, ••••• , n 

response for the ith observation, 

unknown parameters to be estimated, 

design variables. 

(6.2) 

The GLM procedure in SAS handles data that do not fit into a balanced design 

especially well. 

The effect of the variable Position in Car can be seen in Fig 6.3. As 

far as any particular trend is concerned, there is none. Each plotted point 

corresponds to the mean rating of all raters who occupied a seat in the front 
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of the car and the mean rating of all raters who rode in the rear of the car 

for each section. 

Similar graphs were obtained for variables Sex and Age (Figs 6.4 and 

6.5) by plotting the means corresponding to the two levels of each variable 

for all the sections rated. Again, from these plots it would appear that 

there is no effect of a rater's age or sex on his or her rating. However, 

this needed to be tested by analysis. 

GLM's were run on the data to test these hypotheses. Since the amount 

of computer storage required to include all the sections was beyond system 

capacities, a 10 percent sample was taken and analyzed. The factor Age was 

analyzed as a covariate. Two levels of roughness were chosen corresponding 

to sections that had mean panel ratings greater than 2.5 and those less than 

2.5. The ANOVA table is shown in Table 6.1, and the tests for the main 

effects are presented in Table 6.2. The factors are tested against Sections 

S(G). As can be in Figs 6.3,6.4, and 6.5, there is no apparent systematic 

effect of the variables position in Car, Sex, and Age on the ratings. 

Roughness G has a significant effect, as expected. 

Another analysis run on the data concerned the pavement related 

variables. The breakdown of sum-of-squares for each variable (and subsequent 

testing) is shown in Table 6.3. Testing was done on the basis of the error 

mean square (EMS). The results show that the variables Pavement Type and 

Maintenance have a significant effect and that the variables Surface Texture, 

Location, Road Width, and Surroundings do not have any significant effect on 

ratings. All effects are checked at the upper 10 percent values of the F­

distribution (Ref 53). 

Figure 6.6 is a plot of the mean of the ratings done by raters in a car 

against the mean ratings of the same raters in a van. The plot indicates 

that except for a few sections, raters rated higher when riding in the car 

than when riding in the van. When analyzed statistically, the data indicated 

a significant effect of vehicle size at the 0.01 level. Tables 6.4, and 6.5 

show the break up of sums-of-squares and the tests for effects of interest. 

Since sections were considered random within roughness, the two factor 

interaction of the effect with S(G) is used to test for the main effects. 
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TABLE 6.1. ANOVA FOR VARIABLES POSITION IN CAR, SEX, AND AGE 

Source of Variance df SS HS 

Roughness G 1 15.292 15.292 
Sections S(G) 5 12.482 2.496 

Cars C 2 2.003 1.002 
G x C 2 0.677 0.339 
C x S(G) 10 1.728 0.1728 
Position in Car P 1 0.441 0.441 
G x P 1 0.002 0.002 
P x S(G) 5 0.650 0.13 
C x P 2 1.071 0.536 
G x C x P 2 0.473 0.237 
CxPxS(G) 10 1.4ll 0.1411 
Sex MF 1 0.01 0.01 
G x MF 1 0.058 0.058 
MF x 3 (G) 5 1.43 0.286 
Age A 1 0.0122 0.0122 
A x G 1 0.0508 0.0508 
A x 3(G) 5 1.0727 0.2145 
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TABLE 6.2. TESTING MAIN EFFECTS FROM TABLE 6.1 

Source of Signif1cance at 
Variat10n F-value Fcr1t1cal 90 Percent 

G 6.13 4.06 Yes 

P 3.39 4.06 No 

MF 0.035 4.06 No 

A 0.057 4.06 No 
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TABLE 6.3. TESTS FOH PAVEMENT VARTABLES 

Source of Signlficance 
Variation df S5 M5 F·value Fcritlcal 90 Percent 

PT 0.860 0.860 3.15 2.83 Yes 

5T 0.006 0.006 0.02 2.83 No 

LO 2 0.5036 0.5036 1.84 2.83 No 

MA 2.185 2.185 7.99 2.83 Yes 

WI 0.529 0.529 1. 94 2.83 No 

SU 0.001 0.001 0.004 2.83 1-10 
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TABLE 6.4. ANOVA WITH S8 FOR INDIVIDUAL EFFECTS 

Source of Variance df SS MS 

Roughness G 1 41.121 41.121 
Sections S(6) 13 29.683 2.283 

Vehicle Size C 1 3.076 3.076 
6 x C 1 0.334 0.334 
C x S(6) 13 3.713 0.2856 
Raters R 4 9.925 2.482 
6 x R 4 4.636 1.159 
R x S(6) 52 8.443 0.162 
C x R 4 1.182 0.296 



TABLE 6.5. TESTING MAIN EFFECTS IN TABLE 6.4 

Source of 
Variation 

G 

c 

R 

F-value 

18.01 

10.77 

15.32 

Fcritical 

3.14 

3.14 

2.06 

Significance at 
90 Percent 

Significant 

Significant 

Significant 
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Both Roughness and Raters turned out to be significant, which was to be 

expected. 

The higher mean car ratings may be explained by the superior suspension 

and shock absorbing characteristics of the semi-luxury model Cutlass Supreme 

cars. The overall model turned out to be significant at the a = 0.01 level 

of significance. 

The comparison of ratings carried out during the day with ratings 

carried out during the night indicates that there is no significant 

difference between them (Fig 6.7). Performing a GLM procedure on these data 

yielded the ANOVA tables shown in Tables 6.6 and 6.7. The model is 

si6nificant to the a = 0.01 level. F-tests on the appropriate mean squares 

indicate that Roughness and Raters have significant effects while there are 

no significant differences in the means of day and night ratings. 

The other rating category was the acceptability criteria: whether the 

ride quality of each section was judged to be acceptable if it were to be on 

(1) the Interstate system, and (2) the Secondary system. For each section, 

the percent of the rating panel jUdging it to have an acceptable ride quality 

on the Interstate system (the total number of "yes" responses divided by the 

total number of responses obtained as a fraction and multiplied by 100) was 

obtained and plotted against the mean panel rating for that section. 

Figure 6.8 is a representation of this relationship for all the sections. 

The scatter of the points reflects the subjectivity of the judgment called 

for. Sections with high PSR's (greater than 3.5) were rated to be acceptable 

unanimously by the panel. From the plot, the 50 percent PSR value was found 

to be 2.95, i.e., half of the rating panel thought that the ride quality of 

pavements in the Interstate system should correspond to no less than a PSR of 

2.95. 

A similar graph was obtained for all the sections using the Secondary 

system responses (Fig 6.9). Compared to Fig 6.8, this curve is shifted down 

towards the lower end of the PSR scale although the general shapes of the 

curves are the same. The 50 percent cutoff value here is 2.46, implying the 

lowered expectations of the panel as to how much quality of ride would be 

acceptable on secondary highways. 
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TABLE 6.6. SS BREAKDOWN FROM GLM FOR VARIABLE TIME (DAY-NIGHT) 

Source of Variance df SS MS 

ROl.lghness 6 1 35.075 35.075 
Sections S(6) 13 26.908 2.070 

Day-Might D 1 1.207 1.207 
6 x D 1 0.008 0.008 
D x S(G) 13 5.044 0.388 
Raters R 4 5.543 1.386 
6 x R 4 1.875 0.469 
R x S(6) 52 9.991 0.192 
D x R 4 1.274 0.319 
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TABLE 6. 7. TESTING MAIN EFFECTS IN TABLE 6. 6 

Source of Significance at 
Variation F-value Fcritical 90 Percent 

G 16.44 3.14 Significant 

0 3.11 3.14 Not Significant 

R 7.22 2.01 Significant 
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It is interesting to note how highway user expectation has changed over 

the years. In the preliminary rating session of the previous Texas rating 

panel study (Ref 16) the 50 percent acceptability values of PSR were 

determined to be 3.3 and 2.1 for the Interstate and the Secondary systems, 

respectively. The expectation with interstate highways seems to have 

decreased whereas a higher ride quality is expected with secondary highways. 

This could be explained by the hypothesis that user perception of the quality 

of interstate highways (as existing and as maintained over the years) has 

been satisfactory whereas the same cannot be said of secondary highways. 

To summarize, the screening experiments resulted in screening mos t of 

the variables so that the main rating sessions could be designed accordingly. 

The validity of the rating procedure was also underscored by the fact that in 

all the screening analyses, both the factors Roughness (G) and Raters (R) 

turned out to be significant. The sessions also provided valuable 

information for planning the main rating sessions and as such, proved to be a 

successful pilot study. 

ANALYSIS OF MAIN RATING DATA 

All the data collected during the main rating sessions are compended in 

Reference 61. 

The first step undertaken in the analysis of this data was to look at 

the ratings of each rater participating in the panel as compared to those of 

the whole panel. As was done in the screening analysis, individual rater 

performance curves were obtained by plotting the mean individual ratings (by 

section and rater, over runs) against the mean panel ratings (by section, 

over mean individual ratings) for all the sections rated. 

The mean panel rating (MPR) obtained in this way was also used in 

subsequent analyses. The MPR could also be obtained as the mean of all the 

individual ratings taken collectively. This would imply that each run in 

itself represented an actual rater expressing his or her judgment of ride 

quality. This would not lead to a very fair representation of the panel's 

overall opinion, with each rater's contribution being included with equal 
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weight. On the other hand, the mean of each individual's ratings is the best 

linear unbiased es timator of his or her opinion and the mean of these mean 

ratings would then be the best linear unbiased estimator of the panel's 

opinion. Therefore, it is better to define the MPR in this way (also Ref 

54) • 

The individual rater performance plots for the main rating panelists 

were drawn up (Fig 6.10 shows a typical plot). all these plots are 

documented in Ref 62. Each graph was examined for discrepanc ies and 

abnormalities. As before, it was recognized that all of the points need not 

lie exactly on the 1:1 line. Different patterns of rating behavior were 

observed, but for most raters this was thought to be within reasonable 

limits. For instance, Rater No. 1 felt that the ride quality of sections in 

the 0-1 PSR level was worse than the panel felt, but higher on the ride 

quality scale, this rater judged the sections to be better than the panel 

judged them to be. 

In yet another pattern a particular rater generally judged the ride 

quality of most of the sections to be higher than the panel judged them to 

be. This was probably balanced by another rater, whose ratings lay below the 

equality line. The performances of (a) Rater No. 4 and Rater No. 12 and (b) 

Rater No. 20 and Rater No. 27 are cases in point (Ref 62). The important 

issue here is that these variations should not be so large that the existence 

of a consistent bias is suspected. 

After careful study of each rater's performance, along wi th the 

information available from the operation of the rating sessions, it was 

decided to eliminate the ratings of Raters No.8, 11, 17, and 30 from the 

analysis. As substitute raters, Raters 8 and 11 (Ref 62) rated only a few 

sections, and did not cover a wide enough spectrum of roughness (PSR), 

thereby introducing more weight in that level of PSR. Thus these raters 

could not be included in the panel as fully participating members. 

Rater No. 17 was reported as being in consistent with the instructions 

for the rating procedure and as requiring frequent "calibration" of 

appropriate roughness levels. Large scatter was also found in this rater's 

performance graph (Fig 6.11); the rater's extremely low (quite a few zero 

values) judgements were also observed. Since the validity of this rater as a 
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functionally qualified rater was highly doubtful, it was decided not to 

include these ratings for subsequent analyses. 

The data points for Rater No. 30, in Fig 6.12, indicate a definite trend 

with respect to the line of equality. The points cross over from being below 

this line to being above at approximately a value of 3.0 on the vertical 

axis. Also, the departures from the mean panel ratings are extreme in the 

two ends of the ride quality scale. In fact, this rater had rated quite a 

few sections as having ratings of either 0 or 5. This is not acceptable in 

that a 0 rating is to be associated with a completely impassable section of 

road and a 5 would be associated with a perfectly smooth section. Of all the 

raters in the panel, the reliability of this rater was found to be the 

poorest 27 sections (about 16 percent of the total sections rated) had a 

difference of more than 1.0 rating scale unit between the first and second 

(or third) runs. Due to these considerations, it was decided to drop Rater 

30 from the rating panel data. 

The scatter of points in some of the rater performance plots was 

observed. In outlying cases where a large deviation from the mean was 

observed, added information was sought by going back to the rater's rating 

forms and the corresponding driver's logsheets. No reason was fOWld to 

delete these outliers, so they were included in the data as valid data 

points. 

The statistical analysis techniques usea and the underlying assumptions 

of modelling were the same as outlined in the screening analysis. To test 

homogeneity of rater variances, Bartlett's test for unequal subclass numbers 
2 

was applied. The computed X value turned out to be less than the critical 

value, thus allowing for homogeneity to be accepted at the a = 0.01 

significance level. Testing for normality was done using the W statistic or 

the D statistic as was appropriate. 

In addition to homogeneity and normality, sometimes the question of 

additivity arises and, in keeping with a rigorous statistical approach, a 

nonadditivity test was performed. The reason for this was to check whether 

or not (1) the effects of Raters and Sections were multiplicative and (2) 

interactions existed and terms representing such effects had not been 
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included in the model. Another advantage was that evidence of transformable 

interaction in the data could be revealed. 

was used for this purpose (Refs 53 and 55). 

Tukey's test for nonadditivity 

A Rater (R) by Section (S) factorial of manageable size was obtained 

from the total data matrix such that each cell had at least two observations. 

This was achieved by obtaining a random sample of raters and sections based 

on the uniform distribution where each had an equal chance of being picked. 

An ANOVA was run on SAS using a program written specifically for the 

purpose of checking for nonadditivity by Tukey's method. Essentially, the 

sum of squares for the interaction R x S and/or error was split into one 

position for R x S which has one degree of freedom and the remaining position 

for error with 22 degrees of freedom. The ANOVA table so obtained is shown 

in Table 6.8, along with the F-test for the interaction term. The 

interaction effect turned out to be insignificant, indicating that the effect 

of Raters and Sections is not multiplicative and that there is no indication 

that the data needs to be transformed. 

Now that the assumptions fundamental to the analysis of variance have 

been tested and are known to be satisfied, full confidence can be attributed 

to the inferences gained from running ANOVAs (or GLMs) on the data. 

Figure 6.13 gives an insight into the mean professional ratings as 

compared to the mean nonprofessional ratings. From this figure, it appears 

that there is no set way in which either group would rate that would make the 

variable Rater Profession have a significant impact on ratings in general. A 

GLM was run on the data in order to confirm this. Included in this factorial 

were variables Wheelbase Length, Vehicle Speed, and Rater Fatigue. Sections 

were divided within two roughness levels corresponding to roughness greater 

than or less than 2.5 MPR (PSR) units, thus nesting Sections with Roughness. 

The results of this analysis are shown in Tables 6.9, and 6.10. 

The overall model turns out to be significant and so does the effect of 

Roughness on ratings. Other F-tests indicate that the length of the 

vehicle's wheelbase has a significant effect whereas both the vehicle speed 

and the profession of the rater (whether technically experienced or not in 

the highway/pavement field) have no significant effect on the ratings. 
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TABLE 6. 8. ANOVA FOR TUKEY' S NONADDITIVITY TEST 

Source of Significance 
Variation df SS HS F-value Fcritical 90 Percent 

--
Sections S 9 19.76 2.20 

Raters R 3 3.87 1.29 

S x R 
(nonadditivity) 1 6.18 6.18 1.59 2.95 No 

Error 22 85.46 3.88 

Total 35 
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TABLE 6.9. SS BREAKDOWN FOR GLM MODEL 

Source of Variance df SS MS 

Roughness 6 1 19.0348 19.0348 
Sections 5(6) 5 22.935 4.587 

Wheelbase length l 1 1.3084 1.3084 
6 x l 1 0.02188 0.02188 
l x 5(6) 5 0.15445 0.03089 
Vehicle Speed V 1 0.05309 0.05309 
G x V 1 0.09067 0.09067 
V x 5(6) 5 0.87022 0.174 
l x V 1 0.0367 0.0367 
6 x 2 x V 1 0.0033 0.0033 
l x V x 5(6) 5 0.0806 0.403 
Rater Profession P 1 0.38296 0.38296 
6 x P 1 0.8088 0.8088 
P x S(G) 5 1.735 0.347 
P x l 1 0.16405 0.16405 
6 x P x l 1 0.14364 0.14364 
P x l x S(6) 5 0.726 0.1452 
P x V 1 0.6929 0.6929 
6 x P x V 1 1.1005 1.1005 
P x V x S(G} 5 0.4655 0.0931 
P x l x V 1 0.0326 0.0326 
Rater Fatigue F 1 0.523 0.523 
G x F 1 0.0973 0.0973 
F x S(G) 5 0.6375 0.1275 
F x l 1 0.0268 0.0268 
6 x F x l 1 0.0842 0.0842 
F x l x S(6) 5 0.1635 0.0327 
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TABLE 6.10. TESTING MAIN EFFECTS IN TABLE 6.9 

Source of Significance at 
Variation F-value Fcritical 90 Percent 

G 4.15 4.06 Significant 

L 42.36 4.06 Significant 

V 0.305 4.06 Not Significant 

P 1.10 4.06 Not Significant 

F 4.10 4.06 Significant 
(Barely) 



AI 
[ 
A 3 
N 

p 
R 
o 
F 

R 
A 2 
T 
I 
N 
o 

o 
o 

~./ 
/ 

" / 

" 

/ 
/ 

0,,0 
/ 

0,.0 

" / 

-- l:t LINE 

~·~~·~'~'T·~·~I~·~'~~~~··~·~·~·-'rT''I·-~~"'~~~~'~I~'~'~'~~~'~I 

2 3 4 5 

WEAN NONPROF. RATING 

Fig 6.13. Comparison of professional and non-professional raters. 

97 



98 

The effect of the variable Rater Fatigue turns out to be barely 

significant at the upper 10 percent but 1S not significant at the upper 5 

percent (where Fcritical = 6.61). Thus it may be stipulated that although 

ratings may start to show some difference when a nonstop session of rating 

lasts for about two hours, they would not differ greatly unless a continuous 

period of two and a half to three hours was undertaken. 

The means of raters as a group and the means of drivers as a group were 

plotted for all the sections (Fig 6.l4). The points lie around the line of 

equality indicating a priori that the panelists' function either as a rater 

or a driver would not cause him or her to rate any differently. Running an 

ANOVA on a randomly selected sample, it was found that the variable Function 

in Car had no significant effect on the ratings. As usual, Roughness was 

found to be significant, validating the rating procedure. Tables 6.11, and 

6.12 present the results of the analysis of variance and the tests of 

interest. 

From the data co11ected in the car-switch experiment, a plot of mean 

ratings of raters riding in the Plymouth Horizons against the mean ratings of 

raters riding in the longer wheelbase length Ford vehicles was made. This LS 

shown in Fig 6.15. Genera11y, it can be seen that the mean ratings fa11 

below the 1:1 line indicating that the raters in the shorter cars judged the 

same sections to be rougher (or having a worse ride quality) compared to the 

raters in the longer wheelbase cars. In other words, the same roughness of 

the road surface was expressed differently by the two groups of raters after 

it was translated into the perceiving capabilities of the raters through the 

motion of the vehicle on the road surface, the dynamic characteristics of the 

vehicle, and the seat of the raters. Since everything else remained the 

same, it can be said that the difference in the vehicle characteristics 

caused a different input to be fed to the raters' seats. 

Tables 6.13, and 6.14 show the analysis for this variable. The same 

criteria was used for selecting the two levels of roughness and the sections 

thereof. The model obtained turned out to be significant, as did the effects 

of Roughness, Vehicle Wheelbase Length, and Raters. 
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TABLE 6.11. SS FOR EFFECTS IN MODEL TESTING FUNCTION IN CAR 

Source of Variance df SS HS 

Roughness G 1 19.468 19.468 
Sections S(G) 8 11.311 1.414 

Function in Car F 1 0.7483 0.7483 
G x F 1 0.0811 0.0811 
F x S(G) 8 2.751 0.3439 
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TABLE 6.12. TESTING MAIN EFFECTS IN TABLE 6.11 

Source of 
Variation 

G 

F 

F-value 

13.77 

2.176 

F critical 

3.46 

3.46 

Significance at 
90 Percent 

Significant 

Hot Significant 
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TABLE 6.13. SS BREAKDOWN FOR GLM MODEL FOR VEHICLE WHEELBASE LENGTH 

Source of Variance df SS MS 

Roughness G 1 89.623 89.623 
Sections S{G) 7 56.993 8.1419 

Wheelbase Length L 1 5.735 5.735 
G x L 1 0.7332 0.7332 
L x S{G) 6 0.7956 0.1326 
R 10 30.6605 3.066 
G x R 10 3.6112 0.3611 
R x S(G) 69 13.6128 0.1973 
L x R 10 2.0069 0.2007 
G x L x R 9 2.6694 0.2966 
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TABLE 6.14. TESTING MAIN EFFECTS IN TABLE 6.13 

Source of 
Variation 

G 

L 

R 

F-value 

11.01 

43.25 

15.54 

Fcritical 

3.59 

3.78 

1.64 

Significance at 
90 Percent 

Significant 

Significant 

Significant 
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The final variable analyzed with the main rating data was Time (a.m. vs 

p.m.). The analysis was performed with sections classified under two levels 

of roughness. By the nature of the experiment, the variable Vehicle 

Wheelbase Length could also be included; again, the effect of this variable 

was revealed to be significant. The overall model and the variable Roughness 

turned out to be significant. The factor Time was found to have no 

significant effect, i.e., there were no significant differences in the means 

of ratings done in the mornings and those done in the afternoon. The 

analysis 1S shown in Tables 6.15, and 6.16. 

The acceptability ratings from the main rating data were processed and 

analyzed in the same way as was previously done in the screening sessions. 

The fraction of the panel giving "yes" or "acceptable ride quality" responses 

for each section was plotted against the PSR for that section. This resulted 

in the graph shown in Fig 6.16 with a freehand curve drawn to best fit the 

data points. Compared to the screening sessions, this curve is more of an S­

shape (a parallel may be drawn here to psychometric functions). Also the 

range of sections in terms of MPR (or PSR) is much broader. The 50 percent 

PSR value for the Interstate system comes out to be about 3.06, only slightly 

higher than that obtained in the screening sessions. The comparable value 

for the 1968 Texas panel study (Ref 16) was about 3.4. At the AASHO Road 

Test a value of about 2.9 was arrived at (Ref 1). It can be seen that these 

threshold values are not very much different from each other except for the 

last Texas panel's judgments. 

The same analysis was repeated for the Secondary System responses and 

another curve (Fig 6.17) was obtained. The freehand curve this time reflects 

an S-shape that is depressed downward, implying the reduced demands of ride 

quality on a secondary highway. The cutoff value was found to be 2.20, lower 

than the value obtained before. The corresponding value from the last panel 

study was 1.9. Thus some of the changed expectancies in user perceptions can 

be seen from these analyses. 
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TABLE 6.15. ANOVA TABLE FROM GLM FOR VARIABLE TIME (AM VERSUS PM) 

Source of Variance df SS MS 

Roughness 6 1 138.244 138.244 
Sections S(6) 6 37.144 6.191 

Wheelbase length l 1 2.151 2.151 
6 x l 1 0.197 0.197 
l x S(6) 6 2.763 0.461 
Cars in length C(l) 3 8.272 2.757 
6 x Cll) 3 3.561 1.187 
C(L) x S(6) 18 2.565 0.143 
R x C(L) 8 21.705 2.713 
G x R(Cl) 8 1.036 0.129 
S(G) x R(CL) 48 8.707 0.181 
Time (am versus pm) 1 0.538 0.538 
6 x T 1 0.100 0.100 
T x S(G) 6 0.967 0.161 
l x T 1 2.974 2.974 
6 x l x T 1 0.009 0.009 
T x l x S(G) 6 1.425 0.238 
T x C(l) 3 0.648 0.216 



TABLE 6.16. TESTING MAIN EFFECTS IN TABLE 6.15 

Source of 
Variation 

G 

L 

T 

F-vatue 

22.33 

4.67 

3.34 

Fcriticat 

3.78 

3.78 

3.78 

Significance at 
90 Percent 

Significant 

Significant 

Not Significant 
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PROFILE DATA PROCESSING 

Measurements made using the 690D Surface Dynamics Profilometer are 

recorded as a road profile, i.e., a set of road readings elevation versus 

distance along the road, for both the right and the left wheelpaths. 

Road profiles can be considered to be random signals of finite duration, 

and as such, profile data can be analyzed in either of three domains, namely, 

time (space), amplitude, and frequency. In the time domain, the description 

is the unprocessed signal-versus-time. In the amplitude domain, the data are 

described by picking off a set of amplitude values and characterizing the 

signal by computing an amplitude probability distribution. In the frequency 

domain, profile data are analyzed by three fundamental methods: harmonic 

analysis, power spectral analysis, and amplitude-frequency distribution. 

Harmonic analysis considers a complex road roughness wave form as a 

regular harmonic series of several sinusoidal wave forms, and the various 

amplitudes of these waves are taken as contributing to the overall roughness. 

Power spectral analysis can be used to obtain a set of summary measures 

that characterize road roughness. It is an involved mathematical technique 

using the Fas t Fourier Transform (FFT). Essentially, it decomposes the 

signal (after processing it by low-pass filtering and subsampling) into 

components by wavelength. By averaging the power spectral values over 

several bands, summary measures -- root-mean-square (r.m.s.) amplitudes and 

cross amplitudes -- corresponding to a discrete set of center frequencies can 

be obtained. These measures can then be compared to human ride quality 

ratings since each set of road surface wavelengths induce different types of 

dynamic responses in vehicles, and thereby in passengers. A study (Ref 14) 

of road roughness by Walker and Hudson based on this method showed that 89 

percent of the road-to-road variation in the serviceability ratings was 

explained by these r.m.s. amplitudes. 

Although the power spectral approach is effective, the computation of a 

single overall amplitude corresponding to each frequency is not particularly 

attractive. Any number of combinations of small, medium, and large bumps 

could result in the same average amplitude. For this reason, a meaningful 
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characterization must include information about the variations of the 

amplitude as well as the average amplitude value (Ref 56). 

Amplitude-frequency distributions (AFD) are a set of probability 

distribution functions of the roughness amplitudes. The process includes 

filtering the road profile so as to isolate the component wavelengths within 

a specified band and then obtaining the sample distribution function of the 

peaks in the filtered prof ile. The purpose of filtering is to eliminate 

certain types of surface irregularities without affecting other types so that 

certain wavelengths can be isolated for further study. Thus, if distribution 

functions are obtained for a set of contiguous wavelength bands that span the 

range of interest, the longitudinal roughness is well described. The sets of 

distribution functions are called amplitude-frequency distributions. 

Root-Mean-Square Vertical Accelerations (RMSVA's) 

Road profiles provide a complete signature of the road surface and 

therefore characterize road roughness in that they contain information from 

which the nature and extent of the roughness can be inferred. Except for the 

visual inspection of the plots, the left and right whee1path profiles in the 

form of surface elevation tabulated at every 6 inches for a pavement section 

of 1056 feet (O.2-mi1e) are not very amenable to analysis. Therefore, it ~s 

necessary to have a method for reducing the road profiles to a set of 

quantities which (1) best characterize all the components of road roughness, 

(2) are stable, (3) are small in number, and (4) are meaningful from the 

standpoint of ride quality. 

In a previous study (Research Study 3-8-79-251, Ref 57), a profile 

summary statis tic that simulated the response of a typical Maysmeter was 

developed. The considerations in this task were that the profile statistic 

be simple and not critically depend on profile measuring technique. Simply 

described, this profile measure is the root-mean-square difference between 

adjacent profile slopes, where each slope is the ratio of elevation change to 

distance over a fixed distance increment. For an object in contact with the 

profile moving horizontally at a fixed speed, this ~s equivalent to 

estimating the second derivative of height with respect to time; therefore 
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this measure has come to be known as !oot-~ean-~quare yertical !cceleration 

(RMSVA), the computation of which is accomplished as described below. 

If Y1 , Y2 , ••••• , YN represent elevations of equally spaced points 

along one wheelpath of the profile and if s is the horizontal distance 

between adjacent points, then an estimate of the second derivative of Y at 

point i with respect to distance is 

- Y.) Iks 
1 

+ 

ks 

Y. 
1 -

(Y. 
1 

2 
k) I (ks) 

(6.3) 

(6.4) 

where s is the sampling interval and b = ks is the horizontal distance called 

the base length corresponding to VAb , the resul ting measure of Root-Mean­

Square Vertical Acceleration (RMSVA), which is defined as 

V~ [ 

N-k 
C L: 

i=k+l 

1/2 

(6.5) 

where N is the number of profile data points and C is a constant required for 

conversion of units. For a profiling speed of 50 mph and profiles measured 

in feet, C has a value of 5378 ft 2/sec 2• 

The value of VAb increases as b is decreased and is most sensitive to 

half wavelengths approximating b. This sensitivity of RMSVA makes it a 

useful statistic for describing a profile; as a set of indices, VAi , i = b l , 

b 2 , ••••• , can reveal many of the characteristics associated with road 

roughness. 

In a comparison with slope variance, it was shown that RMSVA is 

identified better with roughness than slope variance (Ref 57). A criticism 

about slope variance is that in practice the mean slope, about which variance 

is measured, is not necessarily zero. Also, VAb could be thought of as the 

RR354-1/06 



113 

Root-Mean-Square Vertical Velocity of a front tire with respect to a rear 

tire which are b feet apart; slope variance appears to have no mechanistic 

interpretation. 

The RMSVA statistic has also been demonstrated to improve the 

repeata bil i ty of measurements wi th the prof il ometer. A roughnes s 

characterization of the Austin Test Sections using the RMSVA showed that the 

variations between sections are much greater than the variation between 

repeat runs (Ref 57), implying that the R!-1SVA indices represent persistent 

and distinguishable traits of the road sections. 

In the light of the preceding discussions and the fact that methods such 

as Power Spectral Analysis and Amplitude-frequency distributions are 

mathematically involved, computationally wasteful and quite sensitive to the 

profilometer speed and hardware configuration, the RMSVA statistic was 

chosen. RMSVA was also desirable since it has been implemented in Texas I 

roughness measurements for the past 6-8 years ~n Maysmeter calibrations. 

Thus, from the left and right wheelpath profiles obtained from the 

operation of the new profilometer, RHSVA values were computed using the 

computer program VERTAC (documented in Ref 57); and the left and right 

wheelpath RMSVA for each base length were averaged. For each section, the 

indices were computed for base lengths of 0.5, 1, 2, 4, 8, 16, 32, 64 and 128 

feet. 

The profilometer data are originally stored a 9-track, 800 BPI, RT-11 

format tape written for the 6900 Profilometer. This tape has to be converted 

to an IBM compatible format before it can be used as input to VERTAC. The 

version of VERTAC used (Version 3.1) was last updated December 11, 1984. 

SERVICEABILITY EQUATIONS 

Mul tiple regression models were used to relate the profile summary 

statistics to the panel ratings (PSRs) and a rigorous statistical procedure 

(Ref 58) was employed to select the best "candidate" ~n each case. Other 

statistical methods, such as principal components, regression, and 

parameterized coefficient analysis, were not considered due to the problems 
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associated with them (a good discussion of this is presented in Ref 12). The 

application of stepwise regression presents inherent problems because of the 

nature of the correlation of the different component of roughness (discussed 

in detail in a later section). 

In selecting prediction equations obtained through standard least 

squares regressions, the following criteria were employed: 

(1) the value of R2 achieved by the least squares fit, 

(2) the Mallows' Cp statistic, and 

(3) the value of s2 , the residual mean square. 

The value of R2 is an indication of how much of the variation ~n the 

response variable (the PSRs) is explained by the regres sor variables (the 

RMSVAs) • 

The residual sum of squares can be broken up into lack of fit and pure 

error sum of squares. The Cp statistic ~s a reflection of the adequacy of 

the model, that is, whether the model is biased or not. Equations with 

considerable lack of fit will show up significantly above or below the Cp = P 

line on a Cp versus p (number of terms in the model) plot. The statistic is 

calculated from the formula: 

= (n - 2p) 

where RSS p is the residual sum of squares from a model containing p 

parameters, p is the number of parameters including the intercept and s2 is 

the residual mean square. 

The residual mean square, s2, provides an estimate of the var~ance about 

the regression which is presumed to be a reliable unbiased estimate of the 

error variance. For this study, this presumption is valid, considering the 

large number of degrees of freedom. This procedure alleviates the problem of 

unreliable inferences that result from using stepwise regression. Holbrook 
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and Darlington (Ref 59) pointed out the influence of high intercorrelations 

among the roughness variables (specifically, power spectral frequencies) used 

as independent variables on the variable selection process. It is true that 

in general, a pavement that has significant roughness ampl itudes of 

wavelength 4-feet is very likely to have similar roughness of wavelength 6-

feet; in other words, the neighboring wavelength amplitudes (or neighboring 

PSD frequencies) are highly correlated with each other. Due to this 

correlation, when one amplitude gets selected by the stepwise procedures, 

the neighboring amplitude is likely not to be included in later steps since 

its effect on PSR is now marginal. Therefore, the use of stepwise regression 

can lead to erroneous models even though it does produce the equation with 

the best R2 among all possible equations given a set of regressor variables. 

The procedure used in this analysis considers all possible equations and 

the regression procedure does not employ any criteria based on the 

correlations of the variables, therefore it is possible that a prediction 

equation would contain variables (RMSVAs) that correspond to neighboring 

wavelengths. Thus the inclusion of variables is purely dependent on the 

nature of the data. 

Before running the regressions, the individual regressor variables were 

plotted against the PSRs. Figures 6.18 through 6.26 represent the 

relationships between the mean panel ratings and VAO•5 ' VAl' VA2 , VA4 , VA8 , 

VA16 , VA32 , VA64 , and VA128 respectively. Overall, it may be observed that, 

as the RMSVA increases, the rating decreases; here again, the physical 

meaning of the RMSVA concept is manifested in that, with higher amplitudes, 

the degree of discomfort (or roughness) as perceived by the user is greater. 

These plots are also useful 1n determining the linearity of the 

relationship between the PSRs and the RMSVAs. Examination of the plots 

suggests that there is no need to transform any variable 1n order to 

maintain a linear model. More scatter was observed on the extreme wavelength 

statistics, both large and small. 

Linear mUltiple regression analyses were performed on the data, with the 

mean panel ratings (PSRs) as the independent variable and the RMSVAs (average 

of the mean left and right wheelpath values) in the baselengths of 0.5, 1, 2, 
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4, 8, 16, 32, 64, and 128 feet as dependent (regression) variables. Separate 

analyses were carried out as follows: 

(1) overall data, 

(2) overall data with a forced dummy variable for pavement type, 

(3) flexible sections, and 

(4) rigid sections. 

For each analysis, all possible numbers and combinations of terms were 

included in the regression models, and R2 and Cp values were generated. The 

availability of high-speed computation facilities and a powerful analysis 

package (SAS) reduced this cumbersome task to manageable proportions. From 

this list, the best model was selected based on the R2, Cp, and s2 criteria. 

Diagnostic checks were made on each of the selected equations to verify 

that the assumptions of regression were fulfilled satisfactorily. Plots of 

the predicted values and the residuals were examined and the normality of 

errors was checked using the W-statistic or the D statistic as was 

appropriate. 

details. 

The follow sections present the serviceability equations and 

Overall Data 

With a combined total of 167 sections (both flexible, Le., AC and 

overlaid pavements, and rigid, i.e., PCC pavements), the following equation 

was obtained as being adequate, reliable and explaining about 86 percent of 

the variation in the PSR: 

PSI = 4.42 + 1.55 x 10-3 VAO•5 - 0.311 VA4 - 3.35 VA64 (6.6) 

The diagnostic statistics for this model were 
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R2 = 0.859 

Cp = 4.13 

s2 = 0.101 

C.V. (coefficient of variation) = 10.93 percent 

To check the nature of prediction of this model, a graph of the observed 

values versus the predicted values was constructed. This plot is shown in 

Fig 6.27; it can be seen that the equation predicts reasonably well. A plot 

of the residuals against the predicted values is shown in Fig 6.28. No 

anomalies were observed in this plot. In order to check the assumption that 

the expected value of the errors is zero, a frequency plot of the residuals 

was charted (Fig 6.29). It should be noted here that even though the bar 

chart is not a perfect normal distribution curve, the normality criterion is 

well satisfied at the a = 0.01 significance level. 

The positive coefficient associated with the first term (VAO•5) might 

suggest that as accelerations in the 0.5 feet wavelength increase, so does 

serviceabi lity. The point is that the equation should be considered as a 

whole in the sense that the weights of the other variables also playa role. 

As far as the predictive capability of the equation is concerned, the 

positive coefficient has no detrimental effect whatsoever; in fact, the 

coefficient has a definite say in providing the best predictions. It is, of 

course, satisfying to perceive a serviceability equation as having all 

negative coefficients, where each component roughness statistic in the model 

detracts some amount of riding quality in terms of serviceability units. 

The problem of the "wrong sign" is recognized by most regression 

practitioners, even though, in a puristic sense, it is not a well-defined 

problem. The general approach is to consider the possible causes of wrong 

signs (such as multicollinearity, incorrect specification, and serial 

correlation) and continuously accept or reject the variable (Ref 60). In 

this case, no particular source could be identified as causing the wrong 

sign. Candidate models that had competed with Eq 6.6 were examined with the 

rationale that if the signs were correct within reasonable sacrificial limits 

of loss of R2, increased lack of fit, or increased error variance, then that 
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model would be acceptable. This pursuit did not result in any justifiable 

equation. Therefore, it was decided to adopt Eq 6.6 as the equation for the 

overall data. 

Overall Data with ~ yorced Dummy Variable for Pavement ~ 

In this analysis, a dummy variable PTYPE was added to the lot of 

regressor variables. Depending on the type of pavement section, PTYPE 

assumed values of 0 (flexible) or 1 (rigid). From all the various possible 

mOdels, the following was selected as the "best": 

PSI = 4.31 - 0.039 VA2 0.54 VA8 

- 8.22 VA128 + 0.366 PTYPE (6.7) 

The statistics for this model turned out to be 

R2 = 0.883 

Cp = 4.90 
s2 = 0.085 

C.V. = 10.0 percent. 

A plot of the PSRs versus the predicted values is shown in Fig 6.30. 

The residuals are plot ted in Fig 6.31. These plots do not exhibit any 

unusual trends that need to be investigated. Normality of errors tested out 

satisfactorily. A visual check was also made by plotting the frequencies of 

the residuals (similar to Fig 6.29). 

Interestingly, Eq 6.7 reveals the fact that given two pavement sections, 

one flexible and one rigid, that have exactly the same roughness (and 

characteristic components), the serviceability index value will be about 0.4 

units higher for the rigid pavement. In other words, this is a reflection of 

the rating panel's perception that, everything else remaining the same, 
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(Le., rigid pavements with the same profile as flexible pavements) rigid 

pavement are perceived to "serve" better. 

Flexible Sections 

Data points numbering 125 (flexible sections) were used in this 

analysis. The best equation obtained, along with the relevant statis tics, 

are presented below: 

PSI = 4.43 0.016 VA2 0.237 VA4 
0.4 VA32 - 10.4 VA128 (6.8) 

The diagnostic s tatis tics were 

R2 ::z 0.89 

Cp = 5.01 

s2 = 0.096 

C.V. = 9.8 percent. 

The predictive ability of the equation can be observed in Fig 6.32. The 

plot of residuals versus predicted values (Fig 6.33) shows no abnormalities. 

The test for normality using the Ko1mogorov D statistic supported the 

hypothesis of residual normality at the a = 0.01 level. The frequency plot 

of the residuals was also inspected. 

Rigid Sec tions 

The same procedure was carried out on 42 rigid sections and the 

following equation was obtained: 
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PSI = 4.29 0.0014 VAO•5 + 

+ 0.056 VA2 0.318 VA4 

4.4 x 10-4 VAL 

10.41 VA128 (6.9) 

This equation had the capability of predicting about 75 percent of the 

response variable (R2 = 0.753) and the Cp statistic value was 5.98. Values 

of s2 and C.V. were 0.029 and 5.14 percent, respectively. 

In order to perform diagnostic checks, plots of predicted values, 

residuals and residual frequencies were plotted (Figs 6.34 and 6.35, 

respectively). The plots of predicted values and the residuals indicated no 

utlllsual behavior. The W-test showed that normality of the residuals is an 

acceptable hypothesis. 

Although the model is the best possible give this data, two of the 

coefficients (those associated with variables VAL and VA2) have positive 

coefficients. Referring back to the "wrong signs" problem, the effect of 

multicollinearity between the variables VAL and VA2 can be suspected here. 

As was done previously, the other candidate models were examined. A 

reasonably suitable (suitable with respect to the criteria mentioned earlier 

in this section) model was available and this was selected. This model is 

described below: 

PSI = 4.34 0.47 VA8 (6. 10) 

The diagnostic s tatis tics were 

R2 = 0.732 

Cp = 3.03 

s2 = 0.029 

C.V. = 5.14 percent. 
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Figures 6.36 and 6.37 represent the results of plotting the predicted 

values and the residuals, respectively. Examination of these plots and 

checking the W value indicated that this model is acceptable. The only 

difference between the two models (Eqs 6.9 and 6.10) as far as the statistics 

are concerned is the R2 value. The model represented by Eq 6.9 explains the 

variation in PSR better by about 2 percent. This difference is marginal and 

is certainly not a heavy price to pay for a "correct signs" model. The 

predictive ability of Eq 6.10 appears to be reasonably good (Fig 6.36). 

Therefore, in lieu of Eq 6.9, it is recommended that Eq 6.10 be used. 

Forced Intercept Models 

Two additional models were also investigated, one for flexible sections 

and one for rigid sections. The regression was forced with an intercept of 

5.00. The idea behind this was to obtain a serviceability equation that 

subtracted from an initial value of 5.0 (taken to represent the "perfectly" 

smooth road), depending on the magnitude of the RMSVA variables that showed 

up in the model. 

For the flexible sections, the following equation was obtained: 

PSI == 5.00 0.0029 VAO• 5 0.2609 VA4 5.006 VA64 
(6.11) 

Here the R2 was 0.823, 8
2 was 0.151 and C.V., 14.0 percent. 

Compared to the Eq 6.8, the above model has a lower predictive 

capability, but it is still a good predictor. Figure 6.38 shows how the 

equation stretches some of the points toward 5.0 due to the influence of the 

forced intercept. The plot of residuals agains t the predicted values (Fig 

6.39) does not show any undesirable trends. 
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The following equation was obtained for the rigid section: 

PSI = 5.00 0.2258 VA4 1. 363 VA16 (6.12) 

The diagnostic statistics obtained for this model were 

R2 = 0.47, 

s2 = 0.056, and 

C.V. = 7.12 percent. 

This is a si.snificant drop in R2 compared to that of Eq 6.9. Examination of 

Figs 6.40,6.41, and 6.42 shows that residuals indicate a trend and the 

assumption of normally distributed errors with zero mean is violated. This 

is not an acceptable model. 

11AYSMET€R AND SIOMET~:R COHPA1USONS 

The Maysrnetec and Slornetec data were input into the computer files and 

cross checked for accuracy the same way as the rating data were. This data 

is contained in Ref 61. 

The analysis consisted of obtaining correlations between (1) the 

Maysmeter data and the mean panel ratings and (2) the SIorneter data and the 

mean panel rat i ngs • The following regression analyses were also performed 

with the rating data (PSRs) as the dependent variable and the Maysmeter 

counts and the Slorneter SI values as the independent variable in separate 

analyses: 

(1) Maysraeter data, 

(2) Maysmeter data with a forced dummy variable for pavement type, 

(3) Slometer data, and 

(4) SIometer data with a forced dummy variable for pavement type. 
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Correlation Analyses 

As an indication of the degree of association between the PSRs and the 

MR.M counts and the PSRs and the SIometer values the Pearson product-moment 

correlation coefficient was computed in the following manner: 

This sample correlation 

correlation p • 

r 

(6.13) 

is taken as an estimate of the true 

For both the Maysmeter and the SIometer data, the correlation 

coefficients were computed for the overall sections, the flexible sections, 

and the rigid sections. It should be noted here that the same 

classifications were made as before, Le., flexible sections, referring to 

both asphal tic concrete as well as overlaid pavement sections, and rigid 

sections implying PCC pavements. 

The corr~lations obtained for the MRM trailer are shown in Table 6.17. 

It can be seell that the linear association between the panel ratings and the 

~RM counts 1S high for the overall and flexible sections, whereas this 

association drops significantly in the rigid case. The negative sign of the 

correlation coefficients is to be expected since the higher the MRM counts, 

the greater the roughness and the lower the PSR (as expressed through ride 

quality). The fact that this correlation was obtained using a calibrated 

Haysrneter sho'.lld always be kept in mind. The correlation that would result 

from a non-cal ibrated Maysmeter (or one that had been calibrated some time 

ago) would be very different. 

Since the same correlation coefficient estimates the true correlation 

P , a confidence interval for P PSR, MRM can be obtained. This interval can 

be constructed using Fisher's z-transformation: 
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TABLE 6.17. CORRELATION OF MRM TRAILER WITH PANEL RATINGS 

Pavement Classification 

Overall Sections 
(Flexible and Rigid) 

Flexible Sections 
(AC and Overlaid) 

Rigid Sect10ns 
(PCC) 

Correlation Coefficients 
(Using MRM Counts) 

- 0.89 

- 0.91 

- 0.513 



150 

1 1 + p 1 
2 1n (1 p)= 2 In (1 + r) + 

1 - r 

For a = 0.05, this reduces to 

1 1 + P 
2 In (1 p) 1.422 + 0.1545 

1/2 
a 

Z (1 - 2) 

where r = 0.89 so that in the overall case, the 95 percent confidence 

interval lies from 0.853 to 0.918. 

With the S1ometer, significantly smaller correlations were obtained, as 

shown in Table 6.18. Again, the S10meter also indicated better linear 

association with PSRs in the flexible sections category than in the rigid 

sections. The coefficient value of 0.336 in the rigid case is indicative of 

very poor correlation. 

Using Eq 6.14, the 95 percent confidence interval for 

obtained as [0.5980, 0.7636] in the overall case (r = 0.69). 
PSR, S10 was 

The coefficients are positive, implying that the type of correlation is 

such that an increase (or decrease) in PSR is associated with an increase (or 

decrease) in the S10meter SI value. 

~~res~ion Analyses 

Maysmeter Data. A simple linear regression with PSR as the dependent 

variable and MRM counts as the independent variable resulted in the following 

equation: 

PSR = 4.11 0.105 MRM (6.15) 
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TABLE 6.18. CORREIATIOO' OF SIOMETER WITH PANEL RATING 

Pavement Classification 

Overall Sections 
(Flexible and Rigid) 

Flexible Sections 
(AC and Overlaid) 

Rigid Sections 
(PCC) 

Correlation Coefficients 
(Using SIometer SI Values) 

0.69 

0.745 

0.336 
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where M&~ represents the Maysmeter count values. For this fit, the R2 was 

obtained as 0.7913 and the s2 as 0.152. 

Diagnostic checks (plots of predicted values, residuals and checking for 

normality of residuals) were performed for this equation and it was found 

satisfactory (Figs 6.43 and 6.44). 

Maysmeter Data with ~ Forced Dummy Variable for Pavement~. The 

corresponding equation obtained was 

PSR = 3.99 0.0102 MRM + 0.27 PTYPE (6.16) 

Here the variable MRM 1S the same as that in Eq 6.15 and PTYPE assumes 

these values: 

PTYPE = o for flexible pavement 

1 for rigid pavement 

The associated statistics were 

= 
= 

0.811 and 

0.139. 

Figures 6.45 and 6.46 represent the usual checks for regression. No 

major abnormalities were indicated. 

Slometer Data. By regressing the PSRs against the SI values output by 

the Slometer, the following equation was obtained: 

PSR = 1.088 + 0.6598 SISI (6.17) 
o 
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2 2 where SISI stands for the Slometer's SI value. The values of Rand s 
. 0 

obtuned were 0.476 and 0.355, respectively. As also indicated earlier by 

the correlation coefficient, the nature of this fit is not very good. This 

is also seen in Figs 6.47 and 6.48, where the predictive capability appears 

to be weak and the magnitudes of the residuals are on the high side. 

Slometer Data with ! Forced Dummy Variable for Pavement~. The 

integer variable PTYPE (0 if flexible section and 1 if rigid section) was 

forced in the regression between PSR and SI from the Slometer, and the 

following equation was realized: 

PSR = 0.997 + 0.6493 SISI + 0.478 PTYPE 

where SISI is the same variable as defined in Eq 6.17. 
o 

The relevant statistics were 

= 
= 

0.544 

0.305 

Figures 6.49 and 6.50 represent the associated diagnostics. 

(6.18) 

Although 

some slight improvement can be noticed compared to the previous equation 

(Eq 6.17) this equation is not very reliable as a predictor of PSR. 
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CHAPTER 7. FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 

The major development of this research study is a set of equations 

relating the ride quality of pavement sections with pavement roughness. This 

was achieved by relating a set of roughness summary statistics (Root-Mean­

Square Vertical Accelerations associated with different wavelengths) obtained 

from the pavement profiles to the mean panel ratings or PSRs. The study 

showed that up to 88 percent of the variation in PSR can be explained by the 

roughness variables; this is a very high degree of linear association (a 

correlation coefficient of -0.94) between PSR and roughness as characterized 

by the set of RMSVAs. Thus, this study ye t further at tes ts to the 

Serviceability-Performance (S-p) concept in general, and to the validity of 

using road profile measurements to predict PSRs and to obtain indices of 

serviceability in particular. 

The following section presents conclusions of this study in two parts, 

the findings about the rating and pavement related variables that were 

studied and the serviceability prediction equations obtained from rigorous 

statistical analyses. 

FINDINGS AND CONCLUSIONS 

Based on the controlled experiment designs discussed earlier in this 

report, the main effects of the variables associated with the rating process 

were found to be significant or not significant at the 0.01 

in Table 7.1. 

-level as shown 

The conclusion is that the position of the rater in the car (whether in 

the front or rear) does not influence the rating. Similarly, it can be 

concluded that whether the rater is a male or female, is young or old, is 

riding in the vehicle or driving the vehicle, is a technically experienced 

person or not has no effect on his or her rating. Also whether the rating is 

done during any particular time of day has no effect on the rating. These 

findings support the relationship between roughness (as manifested through 
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TABLE 7.1. RESULTS OF ANALYSES OF RATING VARIABLES 

Effect on 
Variable Rating 

Position in Car Not Significant 

Rater's Sex Not Significant 

Rater's Age Not Significant 

Time (Night-Day) Not Significant 

Rater's Profession Not Significant 

Function in Car Not Significant 

Vehicle Speed Not Significant 

Time (AM - PM) Not Significant 

Vehicle Wheelbase length S1gn1 f1 cant 

Vehicle Size Sfgnificant 

Rater Fatigue Significant 

Pavement Type Significant 

Maintenance Sign1fi cant 

Surface Texture Not Significant 

location of Road Not Significant 

Road Width Not Significant 

Surroundings Not Significant 
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the road surface and vehicle characteristics} and the rating of ride quality. 

Since roughness would equally affect both levels of each of these variables, 

it is to be expected that these variables have no significant effect on the 

ratings. 

The finding that vehicle speed has no effect on rating seems contrary to 

expectation; however, it should be expected that the interaction between 

vehicle speed and road roughness would be significant. The conclusion here 

is that the rater's receptor system adjusted for the range of levels 

considered (30 mph versus 50 mph) in such a way that there was no significant 

difference in his/her ratings. 

The rating variables that showed a significant effect on rating at the 

0.01 a -level were vehicle wheelbase, vehicle size, and rater fatigue. The 

effect of different vehicle characteristics on the perceptions of ride 

quality is exemplified here. It was found that raters expressed lower 

ratings (as much as 1.5 serviceability units) while riding in short wheelbase 

vehicles than in longer wheelbase vehicles. The role played by vehicle 

characteristics in the rating process has been shown by the significance of 

the effect of vehicle size on rating. The significance of rater fatigue as a 

variable demonstrated the sensibility of the rater vis-a-vis the condition of 

his/her receptor system. 

Two pavement related variables, pavement type and maintenance were found 

to have significant effects at the 0.01 a -level while the variables surface 

texture, location of road, road width and surroundings showed no significant 

effect on ratings. 

Using regression analyses, a set of serviceability prediction equations 

was developed. The best formulas obtained are listed below. (PSI stands for 

Present Serviceabi1 ity Index and VAb is the measure of Root-Mean-Square­

Vertical Acceleration associated with base length b [feet].) 

OVerall (167 Sections) 

PSI = 4.42 + -3 1. 55 10 VAO•05 0.311 VA4 - 3.35 VA64 

with R2 = 0.86. 
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Overall (with Dummy Variable PTYPE) 

PSI ... 4.31 0.039 VA2 0.504 VA8 - 8.22 VA128 
+ 0.366 PTYPE 

with R2 ... 0.88. 

Flexible (125 Sections) 

(a) PSI ... 4.43 - 0.016 VA2 - 0.237 VA4 - 0.4 VA32 10.4 VA128 

with R2 ... 0.89. 

(b) PSI'" 5.00 - 0.0029 VAO•5 - 0.2609 VA4 - 5.006 VA64 

with R2 ... 0.82. 

Rigid (42 Sections) 

PSI = 4.34 - 0.092 VA4 - 0.47 VAS 

with R2 ... 0.73. 

The Maysmeter data and the mean panel ratings (PSRs) showed good 

correlation for flexible pavement sections (correlation coefficient r = -

0.91). The correlation coefficient for rigid pavement sections was found to 

be much lower (r'" -0.513). Regression analysis on the overall sections 

indicated an &2 value of 0.79 for the Maysmeter, compared to 0.859 for the 

profilometer. 
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It was found that the SIometer did not predict the panel's evaluations 

as well as the Maysmeter. The respective correlation coefficients for 

flexible and rigid sections were 0.745 and 0.336. 

From these facts, it is concluded that (see Table 7.2) 

(1) the Maysmeter can predict PSR better on flexible sections (with an 

R2 of 0.83) than on rigid sections (R2 of 0.26), 

(2) the SIometer can predict PSR better on flexible sections (with an 

R2 of 0.56) than on rigid sections (R2 of 0.11), and 

(3) the 690D SDP is by far the best overall predictor of PSR. 

For all of the above discussions, it should be remembered that Maysmeter 

and SIometer data correlations have been obtained only after these devices 

were properly calibrated. 

RECOMMENDATIONS 

With due considerations to the details and procedures entailed in this 

study and to the predictive models as have been developed, the following 

recommendations are made for overall improvement and subsequent 

implementation. 

Criteria of Acceptable Serviceability 

The main rating panel collectively deemed that the quality of ride that 

would be acceptable for pavement sections on the interstate highways is 3.06 

'and that the corresponding value for pavement sections on the secondary 

highways is 2.20. For valuable user input into the decision-making process, 

it is imperative that these serviceability threshold values be given proper 

weight and incorporated within a rationalistic framework. These cutoff 

values are recommended over those determined by the screening session panel 

due to the lower standard deviation of the PSRs afforded by a larger sized 

panel. 
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TABLE 7.2. COMPARISON OF R2 VALUES (AGAINST PSR) 

Sections Haysmeter SIometer 

Flexible 0.83 0.56 
(Ae and Overlaid) 

Rigid 0.26 0.11 
(pee) 
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Validation of Models 

Since the predictive equations for Present Serviceability Index (PSI) 

are based on field data, they are essentially empirical relationships. These 

equations, therefore, need to be validated by applying them to a different 

set of data. In other words, the equations can be verified by constituting 

the same raters in a rating panel (or as many of the original members as 

possible) and having them rate, in identical fashion, a different set of 

pavement sections (both flexible and rigid) using the same (or similar) 

vehicles and then comparing the PSRs for these sections with the 

corresponding serviceability indices obtained by profiling them and plugging 

the values of the appropriate roughness summary statistics (RMSVAs) into the 

equation being tested. The difference between the PSRs and the SIs should be 

checked to see if they do not exceed a specified value (in terms of SI units 

of standard deviation) that is based on the magnitude of risk that is 

acceptable. 

Supplementary Rigid Sections 

The rigid serviceability equation is a good prediction equation for the 

range of PSR that was included in the data; there are no PSRs in the 0-1 and 

1-2 SI levels. Thus the lower end of the PSR scale is not represented. Some 

of the reasons for this were the nonavailability or variety of rigid sections 

(in the surrounding area) that have really low SI values, the prohibitive 

cost (panel expenses, panel availability on such long trips, lane closures, 

etc.), and the sensitivity of the profilometer hardware (potentiometer 

damage, in particular) on heavily cracked rigid sections. 

Therefore, if at all possible, in order to render the rigid equation 

less restrictive, some low SI rigid sections should be located and a small 

rating session should be carried out. An experimental plan is recommended as 

follows: 

RR354-1/07 



170 

Vehicles. Three cars, one Plymouth Horizon (or equivalent) and two Ford 

Fairmont/Mercury Zephyrs (or equivalent). 

Panel Size. 12 members, 3 raters, and 1 driver to a car. Use the same 

selection criteria as before. Try to include as many of the original main 

rating panel members as possible. 

Sections. 3-5 per SI level (a total of 15-25 sections). Locate 

sections in the same way as was done for the main rating sessions. Although 

only very low SI sections (in the 0-1 and 1-2 levels) are needed, the whole 

spectrum of levels should be used for the sake of completeness and to 

eliminate any kind of extreme biases. 

Rating Sessions. Apply the procedure that was used in the ma~n rating 

sessions. It will be necessary to have the panel rate some of the sections 

used in this study in order to correlate the two panels and incorporate the 

new data to get a rigid serviceability equation that would be widely 

applicable. 

This panel could also be employed in the validation of the other 

equations (as outlined in Recommendation 2) above. 

Implementation of Serviceabili~ Equations 

The implementation of the new serviceability equations into all those 

activities of the Texas pavement management process where the equations 

developed in the early 1970's are being used is recommended. These equations 

represent user judgements of the ride qual ity of Texas roads. The user 

judgements are representative of those that would typically be made by the 

general Texas public. 

The new serviceability formulas give estimates of SIs that reflect the 

various changes that have transpired over the years completely different 

generations of passenger vehicles, changed perceptions and expectations of 

the traveling public, and vastly improved roughness measuring equipment. The 

sooner these equations are in-place to output reliable and updated 

serviceability indices, the greater the benefits that will accrue to the 

Texas State Department of Highways and Public Transportation. 
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Effectiveness of the Maysmeter and the SIometer 

The correlation study carried out in this research tested the 

effectiveness of the Maysmeter and the SIometer. It is recommended that the 

Maysmeter continue to be used in future roughness evaluations but only after 

proper calibration. The Maysmeter did not correlate as well on rigid 

pavement sections; further research is needed in this area. 

The SIometer's ability of predicting the panel's evaluation 1S not very 

good. Before this device is adopted into use, more work needs to be 

accomplished. 

Revision of the Maysmeter Prediction Procedure 

The Maysmeter's SI prediction model should be revised to use SI values 

from the new panel rating sessions. Since the current calibration procedure 

is based on a Maysmeter simulation developed from data collected on flexible 

pavement sections, it 1S also recommended that a separate simulation 

procedure be carried out to obtain a suitable Maysmeter simulation for rigid 

pavement sections. 

ADDENDUM 

In accordance with the experimental plan recommended in "Supplementary 

Rigid Sections," a rating panel session was conducted to include some 

sections with low SI values (high roughness). As usual, profiles of these 

sections were also obtained using the 690D profilometer. 

Using the same mUltiple regression model selection procedure outlined 

previously, the following equations were obtained (diagnos tic checks were 

also made): 

Overall Data (179 Sections): 

RR354-1/07 

PSI = 4.44 + 0.0045 VAO•5 - 0.1128 VA2 - 0.639 VA16 - 9.57 VAl28 
(A. I) 
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Diagnostic statistics: 

R2 .. 0.87 

C :a 4.82 

s~ ::a 0.1 

CV (coefficient of variation) .. 11.05 

Flexible Sections (131): 

PSI = 4.54 - 0.0029 VAl - 0.755 VA 8 + 0.647 VA16 - 1.197 VA32 
(A.2) 

Diagnostic statistics: 

R2 = 0.89 

C~ = 3.82 

= 0.1 s 

CV .. 11.52 pe't'cent 

Rigid Sections (48): 

PSI = 4.54 - 0.0029 VAl - 0.155 VA8 + 0.641 VA16 - 1.797 VA32 
(A.3) 

Diagnostic statistics: 

R2 .. 0.79 

C~ = 4.93 

S = 0.03 

CV = 5.45 percent 

By forcing an intercept of 5.00, the following equations were developed: 
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Overall Data: 

PSI = 5.00 - 0.08 VAZ - 0.841 VA16 - 15.9Z VA1Z8 

with RZ = 0.79, sZ = 0.16, and CV 13.7 percent. 

Flexible Sections: 

PSI = 5.00 - 0.0069 VAZ - 0.136 VA4 - Z3.07 VA1Z8 

with RZ = 0.83, sZ = 0.16, and CV = 14.3 percent. 

Rigid Sections: 

PSI = 5.00 - 0.064 VA4 - 0.839 VA8 - 3.084 VA64 

:= Z 0.7, S = 0.045, and CV = 6.39 percent. 

173 

(A.4) 

(A.5) 

(A.6) 

The form of the intercept equation is both desirable and physically 

meaningful. It may also be noted that the corresponding drops in the RZ 

values are not very steep. Equations A4, AS, and A6 are hereby recommended 

for implementation. 

The serviceability values obtained fr~n the new equation were compared 

to those obtained from the old equation for both flexi ble and rigid sec tions. 

Figures Al and AZ illustrate these comparisons for flexible and rigid 

sections, respectively. 
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APPENDIX A 

LIST OF SECTIONS USED IN THE SCREENING EXPERIMENTS 

RR354-1/RR 





Section 
Number 

A4 

A7 

A8 

A9 

Austin Area (Travis and Williamson Counties) 

Location 
(Highway. Street) 

Jollyville Road 

Jollyvlll e Road 

Spicewood Springs 
Road 

FM620 

FM 2769 
(Anderson Mill Road) 

Spur 275 
(S. Congress Avenue) 

William Cannon Drive 

HcCarty Lane 

Brodie Lane 

Mil epos t Add itona 1 Notes 

About 2/10 miles from the 
McNeil-Spicewood Springs Jollyville 
cutoff off 183 North. Section starts a 
little after curve to the right; on the 
left is a machinery/equipment storage 
yard. Speed Limit: 45 mph. 

Little before Pond Springs Church. Speed 
Limit: 45 mph. Permanent striping tape 
may be displaced (or crumpled) from truck 
traffic. 

Section starts at Spicewood Springs Road 
and Queen's Way (Leading towards 183). 

Section on outside lane of Southbound FM 
620. immediately after intersection of FM 
2769 and FM 620. Starts near mailbox on 
the right. 

Section starts about 5/10 miles east of 
FM 2769 and FM 620 on West bound FM 2679. 

Section starts immediately after the 
bridge. a little before Ramble Lane. 

Section starts on the downside of the 
hill just past Deatonhill Drive. 
Maintaining a constant speed will not be 
easy. have to pay attention to this. 
Speed Limit: 45 mph. 

About 1/2 mile from Brod i e Lane and 
McCarty Lane. Section starts a 1 itt 1 e 
distance after ·Church • sign. Watch out 
for bend after end of section. 

About 1/10 mile from Brod i e Lane and 
McCarty Lane. Lookou t for t raffi c from 
subdivision on right. 

(continued) 
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Section 
Number 

A10 

All 

A12 

A13 

A14 

A15 

A18 

A19 

Austin Area (Trayis and Williamson Counties) 

Locat i on 
(Highway, Street) 

Brodie Lane 

Manchaca Road 

Manchaca Road 

FM 1626 

Brodie Lane 

Front Age Road 
(IH-35 South near 
S. Congress Ave Exit) 

Old Austin-San 
Antonio Road 

US 290 East 

US 290 East 

Frontage Road 
(IH-35 North) 
after Exit 251 

Milepost 

28.1 

Add ;tona 1 Notes 

Section on Northbound Brodie Lane about 
1.8 miles south of intersection of Brodie 
Lane and McCarty Lane. 

Section starts a little after Lear Road, 
just past a 50 mph speed limit sign. 

Section on southbound Manchaca Road, near 
Kiddie Kountry Amusement Park (on the 
right) . 

Section on eastbound FM 1626, about 1/10 
mile from railroad track, right beside 50 
mph speed limit sign. 

Section on northbound Brodie Lane, about 
5/10 mile from Highway 71. Speed zone 
starts a little after the end of the 
section. 

Section lies on frontage road along 
southbound IH-35 between William Cannon 
Drive and exit for S. Congress Avenue. 
Look for "Bradsher Equipment" sign. 

Narrow, winding road. Section starts 
near a big red house on the right (almost 
near mailbox). 

Section starts about 5/10 mile from 290 
and 183 intersection, on the downside of 
the hill (on outside lane). 

Look for auto junkyard on the right~ 

section starts on the uphill side near 
this junkyard, on outside lane. 

Go past Ford dealership after Round Rock 
Exit 251. Section starts at white 
·Public Water Supply Approved" sign. 

(continued) 



Section 
Number 

A22 

Austin Area (Travis and Williamson Counties) 

Locat i on 
(Highway, Street) 

Frontage Road 
(IH-35 South) 

FM 1325 

Parmer Lane 

Airport Blvd. 

Airport Blvd. 

Milepost 

0.5 

Add Hona 1 Note s 

Section starts right on top of a 
hill, near a white house on the 
(look for mailbox). 

little 
right 

Outside lane section, starts about 5/10 
mile after Milepost O. 

Section starts at Tomanet Trail. Watch 
for traffic turning left. 

Beginning at Air~ort Blvd. and Schieffer 
Avenue, near "50 mph" sign. Outside lane 
section. 

Section starts at "Goodwill Industries" 
sign, after intersection of Airport Blvd. 
and Shady Lane. 

(continued) 
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Section 
Number 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

San Antonio Area (Bexar County) 

Location 
(Highway, Street) 

IH-35 South 

US 281 S 
(off 410 North) 

US 281 S 

US 281 S 

IH 37 S 

IH 37 S 

IH 37 N 

IH 37 N 

IH 35 S 
(south of IH 10) 

IH 35 S 

Milepost 

173.2 

136.5 

134.0 

133.8 

135.6 

150.7 

149.9 

Additonal Notes 

Section starts before sign for Exit 73, 
after a white "Observe Warning Signs· 
sign. 

Section starts before Jones Maltsberger 
Road Exit, immediately after a bridge. 
Inside lane section. 

About 1-1/10 mile from last section (B2). 
Section is on inside lane, starts just 
after third bridge after B2. 

About 1-7/10 mile from section B3. Look 
for overhead sign, 
Grayson St., 1 mile"; 
immediately after second 

"Josephine St., 
section starts 
br 1 dge from B3 

before "National Bank of Commerce" and 
sign. 

Section 
Valley 

starts after exit for 
Drive, immediately afer 

When concrete pavement starts. 

Pecan 
bridge. 

Look for overhead sign for 410. section 
starts right after this. 

Start of section is immediately after 
interchange. 

Section starts right after bridge over 
Military Drive, after the first white 
"Crosing Median Prohibited" sign. 

Section starts immediately after bridge. 
Look for the ·Pizza Inn" and "Exxon" 
signs on the right. 

Section starts right by the traffic 
merging sign, after the overhead sign for 
Pa loA lto Road. 

(continued) 



Sect ion 
Number 

B11 

B12 

B13 

B14 

B15 

B16 

B17 

B18 

B19 

B20 

B21 

189 

San Antonio Area (Bexar County) 

Location 
(Highway, Street) 

IH 35 S 

IH 35 S 

IH 35 N 

IH 35 N 

IH 35 N 

281 N 

281 N 

281 N 

410 E 

IH 10 E 

IH 10 E 

Milepost 

148.3 

147.2 

147.0 

148.1 

150.1 

22.8 

25.0 

579.5 

581.0 

Add itona 1 Notes 

Section starts after exit for Somerset 
Road. 

Inside lane section, starts just before 
55 mph speed limit sign (after sign for 
410) • 

Section starts just before Milepost 147 
(look for "Natural Bridge Caverns· sign). 

Section starts right after bridge after 
Somerset Road exit. 

Section starts immediately after the 
bride (inside section). 

Section starts at the end of retaining 
wall, before the sign "East Basse Road., 
next right". 

Section starts right after exit for 
Airport Blvd. and 410. 

Inside lane section, right next to the 
blue sign ·Cleaning up your litter on 
your highway cost you·. Section is 
between he Boradway and Nachogdoches 
exits. 

Section starts right next to sign 
·Perrin-Beitel Road 1/2 mile". Inside 
section. 

Look for start of concrete (east of LH-
37) (rotormilled) pavement; section 
starts some distance before (blue) sign 
for IH-10. 

Section lies before 410 overpass. 

(continued) 
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Section 
Number 

B22 

B23 

B24 

B25 

B26 

San Antonio Area (Bexar County) 

Location 
(Highway, Street) 

Frontage Road 
(IH 10 E) 

IH 10 W 

IH 10 W 

IH 10 E 

IH 10 W 

Milepost 

583.6 

581.3 

579.4 

575.9 

576.4 

Add itona 1 Notes 

Take the Foster Road Exit and go straight 
past the stop sign. Section on Frontage 
Road about 5/10 mile from the stop. 

Immediately after concrete pavement 
starts and just after the 410 exit. 

Inside section, 
sign for Pecan 
Dri~e. 

starts 
Valley 

after 
Drive 

overhead 
and MLK 

Inside lane section, before New Braunfels 
Avenue overpass. 

Right beside Exit 576 for Gevers Street 
(outside lane section). 

(continued) 
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Coma1 and Guadalupe Counties 

Section Location 
Number (Highway, Street) Milepost Additonal Notes 

C1 IH 35 S 186.5 Section on inside lane. 

61 IH 35 S 175.4 Inside lane section, starts after "In-
County Business and Industrial Park" 
billboard. 

62 IH 35 N 176.9 Outside section. 

Note: a Leave sufficient headway with car in front in order to drive at 50 mph. 

b Decelerate immediately after the end of the section, making sure that the 
braking process is smooth and comfortable. 

c Preferably hit this section on a green light. 

d Drive at maximum safe speed (about 40 mph) around sharp curves; after the last 
curve straighten out (before start of section), accelerate to 50 mph. 
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APPENDIX B. RATER INSTRUCTIONS GIVEN IN THE SCREENING EXPERIMENTS 

(1) You are evaluating the ride quality of the pavement. In other 

words, you are answering questions such as "How good (or bad) does 

it feel riding over this pavement?" and "How smooth (or rough) is 

this pavement?" 

(2) While rating the pavement, do not consider the geometries of the 

roadway, i.e., factors such as the shoulder condition or the width 

of the pavement should not affect your rating. 

(3) Rate all the sections in exactly the same way. In comparing the 

ride quality of pavements, it is useful to think of a norm or 

standard which you might set for a perfect pavement. 

(4) Do not be influenced by the other raters. Do not look at their 

ratings or show them yours. Your sincere and independent opinion 

of the pavements is needed. 

(5) Rate the pavement in any fashion you desire. There are no fixed 

procedures for rating pavements, so the ratings you come up with 

will be your subjective evaluation of the sections. 

(6) You will be assigned a seat in the front or rear; if you have a 

preference, please let us know. 

(7) Concentrate on the present feeling of the ride. Disregard all 

other considerations. Think of whether the riding experience is 

one of comfort, distress, or something in between. 

(8) You will be provided with a rating card for each section you rate. 

please mark your card as soon as possible, but only a;.fter riding 

over the entire section. Do not be influenced by singular effects 

of the ride; you should consider the total ride feeling of each 

section. 

(9) If you have not had enough time to form an opinion before the start 

of the next section, inform the driver. 
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You will note that the card contains two (2) different rating 

areas. The first is the scale on the left side which extends from 

o to 5. This should be marked by a cross-line at your appropriate 

rating level. 

The second rating area LS concerned with acceptability of this 

pavement section if it were on (1) the Interstate system or (2) the 

secondary system. 

At the end of the rating seSSLon, enter your name and age on 

the card. Also report the type of car traveled in and indicate 

your position Ln the car. (DR stands for Driver; RF, Right Front; 

LR, Left Rear; RR, Right Rear). 

We would also be interested Ln any comments you may have had 

while rating these sections. 
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APPENDIX C. DRIVER INSTRUCTIONS FOR THE RATING SESSIONS 

(1) Study the locations of the test sections and familarize yourself 

with them, preferably by driving over them. It will be helpful to 

memorize the section numbers (especially when sections follow in 

quick succession) since it may not always be possible to read them 

off of the pavement. 

(2) There should be absolutely no acceleration or deceleration when 

driving over the test section, unless dictated by safety (or other 

emergency) considerations. In such cases, make a note of the 

section number in the driver's 10gsheet. All sections should be 

driven at 50 mph. As far as possible, try and accelerate to 50 mph 

well ahead of the start of each section; similarly, braking (if 

needed) should be done a little after the end of the section, 

making sure that the process is smooth. 

(3) Extreme care should be taken to drive in the middle of the lane. 

When driving over a section, avoid swerving within the lane. 

(4) Be alert when driving over sections that are situated between 

traffic lights or in speed zones. Leave sufficient headway with 

the car in front and watch out for traffic entering or leaving. 

(5) Infonu the raters of an approaching sec tion by calling out the 

section number. Give them about two (2) seconds before announcing 

the start of the section. (For instance, you could set it up like 

this: "section A6 coming up" and then, "one - two - start" and 

finally, "stop"). 

(6) If at any time, any of the rater(s) request{s) a rest stop, we 

should oblige him/her. However, if only one or two sec tions are 

left to finish a loop, ask the rater if he/she could wait till the 

loop is finished. 

(7) During periods of long driving (and no rating), it is a good idea 

to keep conversation flowing so that the raters feel at ease. 

However, be very careful not to discuss the factors being looked at 

in this screening experiment; for example, do not point the raters' 
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attention to features of the roadway or the surroundings by making 

remarks about them. 

(S) Always carry some extra pencils, rating cards, and clipboards. 
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l-lharton County 

Section Number Highway Number Ml1epost 

13-10/-1 SH 60 24.0 24.2 

13-10/-2 SH 60 26.0 26.2 

13-10/-3 FM 442 1.0 1.2 

13-10/-4 FM 1096 1.0 0.8 

13-W-5 FM 3012 4.0 3.8 

13-W-6 FM 3012 2.0 1.8 

13-10/-7 FM 961 12.0 11.8 

13-W-8 FM 961 10.0 9.8 

13-10/-9 FM 960 4.1 4.3 

13-101-10 FM 960 4.5 4.7 

13-\01-11 County Road 231 1.4 1.6 
East of FM 102 

13-101-12 County Road 231 1.8 2.0 
East of FM 102 

(continued) 



204 

Victoria County 

Section Number Highway Number Milepost 

13-V-l US 87 4.6 4.8 

13-V-2 US 87 7.2 7.4 

13-V-3 FM 404 4.0 4.2 

13-V-4 FM 404 8.0 8.2 

13-V-5 FM 1686 16.6 16.8 

13-V-6 FM 1686 17 .2 17.4 

13-V-7 FM 1686 18.4 18.6 

13-V-8 US 77 14.0 13.8 

13-V-9 US 77 10.0 9.8 

13-V-10 FM 1686 5.8 6.0 

13-V-ll Hood Road * 

13-V-12 Midway Road * 

13-V-13 FM 1685 2.0 2.2 

13-V-14 FM 1685 2.7 2.9 

* Milepost incorrect or missing (continued) 
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Lavaca - DeWitt Counties 

Section Number Highway Number Ml1epost 

13-L-1 SH 111 2.0 2.0 

13-L-2 SH 111 4.0 4.2 

13-L-3 SH 111 6.0 6.2 

13-L-4 FM 1447 2.2 2.0 

13-L-5 FM 1447 *0.3 0.5 

13-0-6 FM 1447 10.6 10.4 

13-0-7 County Road 357 * 

13-D-8 County Road 357 * 

13-0-9 County Road 360 * 

13-0-10 FM 682 8.0 7.8 

13-0-11 FM 682 7.4 7.2 

13-0-12 SH 111 8.6 8.4 

13-0-13 SH 111 7.6 7.4 

13-0-14 FM 951 0.4 0.2 

13-0-15 County Road 336 * 
West of FH 966 

13-0-16 County Road 336 * 
West of FM 966 

13-0-17 County Road 336 * 
West of FM 966 

13-L-18 County Road 336 * 
West of FM 966 

* Milepost incorrect or missing (continued) 
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Lavaca - DeWitt Counties 

Section Number 

13-L-19 

13-L-20 

13-L-21 

13-L-22 

Highway Number 

FM966 

FM 966 

FM 958 

SH 95 

* Milepost incorrect or missing 

Milepost 

3.6 

2.8 

2.2 

21.2 

2.4 

21.4 

(continued) 
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Fayette County 

Section Number Highway Number Milepost 

13-F-l SH 71 *6.2 6.0 

13-F-2 SH 71 *6.0 6.2 

13-F-3 FM 154 2.0 2.2 

13-F-4 FM 154 5.2 5.4 

13-F-5 FM 154 3.0 8.2 

13-F-6 SH 71 *26.6 26.8 

13-F-7 SH 71 *28.6 28.8 

13-F-8 SH 71 *30.6 30.8 

13-F-9 FM 2145 5.0 4.8 

13-F-I0 FH 2145 4.2 4.0 

13-F-ll FM 1291 1.2 1.0 

13-F-12 FM 1291 1.0 0.8 

13-F-13 FM 1291 0.6 0.4 

* Milepost incoreect or missing (continued) 
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Colorado County 

Section Number Highway Number Milepost 

I)-C-l SH 71 WB Col umbus Bypass 

13-C-2 SH 71 WB Columbus Bypass 

13-C-) SH 71 WB Col umbus Bypass 

13-C-4 SH 71 EB Columbus Bypas s 

13-C-S SH 71 EB Columbus Bypass 

13-C-6 SH 71 EB Columbus Bypass 



Section 
Number 

W1 

W2 

W3 

W4 

W5 

W6 

W7 

W8 

W9 

W1D 

Wll 

W12 

W13 

W14 

W15 

W16 

Location 
(Highway, Street) 

IH-35 North 

Westinghouse 
Road 

IH 35 North 

Airport Road 
(Take Exit 264) 

Airport Road 

SH 195 

County Road 141 

County Road 234 

SH 195 

IH 35 North 

County Road 234 

County Road 236 

County Road 236 

FM 487 East 

County Road 306 

IH 35 Frontage 
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Williamson County 

Milepost 

255.9 

260.0 

274.0 

Add itona 1 Notes 

Section starts before sign 
Westinghouse Road (on right lane). 

for 

Turn right on Westinghouse Road. Section 
starts immediately thereafter. 

Section on right lane. 

Exit on Exit 264 and turn right at the 4-
way stop. Section starts a little after 
Airport Road turns to the left. 

Section on southbound Airport Road, 
almost side by side to Section W4. 

Section on 
approximately 
overpass. 

westbound SH 195, 
2110 mile from 

starts 
IH 35 

Turn right onto County Road 147. Section 
starts about 5/10 mile thereafter. 

Section starts a little distance before 
the intersections of County Roads 147 and 
234. 

Lies near W6. 

Section on right lane. 

None. 

None. 

None. 

Section starts about 3/10 mile from the 
point County Road 236 intersects FM 487. 

None. 

Section lies on northbound frontage road 
(two-way) • 
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Section 
Number 

M1 

M2 

M3 

M4 

M5 

M6 

M7 

M8 

M9 

M10 

Mll 

M12 

M13 

M14 

Location 
(Highway. Street) 

IH 35 North 

IH 35 North 

IH 35 North 

IH 35 North 

IH 35 North 

IH 35 North 

IH 35 South 

IH 35 South 

IH 35 South 

IH 35 South 

IH 35 South 

IH 35 South 

6 West Frontage 

6 West 

McLennan County 

Milepost 

329.9 

333.1 

334.5 

336.4 

337.6 

338.2 

336.6 

334.5 

333.9 

333.3 
(333.2) 

332.6 

Add itona 1 Notes 

Starts after the first sign for Loop 340 
and Highway 6. 

Section starts just before Exit 331. 

Section starts right after Exit 333B. 

Section starts after 55 mph sign and just 
before "17'-2" clearance" sign (need to 
merge into right most lane). 

Section starts after the bridge near 
H.E.B. 

Start of section lies after a bridge with 
a sign for Paul Quinn College. right 
beside a 55 mph sign. 

Section starts before Exit sign for Lake 
Brazos Drive (Exit 335C). 

Look for sign for Exit 334B; sectlon 
starts near a 55 mph sign. 

Section starts immedlately after a 
bridge; look for Gulf. Texaco, and Diary 
Queen signs for the right, in that order. 

Start of section lies under the overpass. 

Section lies about 6/10 mile from M11. 

Old jointed pavement. Exit on Loop 340 
and turn around to frontage road. 

Keep on right lane on 6 West, heading for 
77 and 81 North. Section starts a little 
distance after overhead signs for 77 & 81 
North. 



211 

McLennan County 

Section Location 
Number (Highway. Street) Milepost Additonal Notes 

MIS SH 6 East Center lane section, lies in the middle 
level and starts at the interchange. 
(Need to enter 6 East from 77 & 81 
North). 

M16 SH 6 East 9/10 mile from Milepost 28.0 section 
starts after first "No Parking" sign in 
red letters. 

MIl IH 35 South 330.0 
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APPENDIX E. RATER INSTRUCTIONS FOR THE MAIN RATING PANEL 

(1) You will be evaluating the ride quality of several pavement 

sections. In other words, you will answer the question, "How good 

was the quality of the ride which I experienced in traveling over 

that section of pavement?" Base your judgement of ride quality on 

the consideration that you will make a one-hour trip over a similar 

pavement. 

(2) While riding over a pavement section that you are evaluating, 

concentrate on the feeling of the ride. Disregard all other 

considerations. Think of the riding experience as being very poor, 

very good, or something in between. 

(3) You are rating the ride quality of the pavement section; therefore, 

ignore the geometrics and other such features of the roadway. 

(4) You may rate the pavement by any method you wish. There are no 

fixed procedures for rating pavements, so the ratings you assign 

should be your subjective evaluation of the ride quality of the 

sections. 

(5) Use the same procedure in rating all the sections. In comparing 

the ride quality of pavements, it is useful to think of a norm or 

standard which you might set for a perfect pavement. 

(6) Do not worry about or be influenced by the other raters. Do not 

look at their ratings or show them yours. Do not discuss your 

ratings with anyone. Your sincere, independent opinion is needed. 

(7) You will be assigned a specific seat in the front or rear of a 

specific vehicle; if you have a preference, let us know. 

(8) You will be provided with a rating form for each section you rate. 

Please mark your form as soon as possible, but only after riding 

over the entire section. Do not base your rating on any single 

feature of the ride. Consider the overall quality of the ride 

which you experienced in each section. 

(9) If you have not had enough time to form an opinion before the start 

of the next section, ask the driver to wait. 
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(10) If you would like to re-ride the section, please request the driver 

to repeat the run. However, turn in only one sheet for each 

section. 

RATING CARD 

(1) Just prior to the start of each section, the driver will callout 

the section number. It is important to correctly identify each 

section that you rate. If you doubt the section number, check with 

the driver. Also fill in the "Date" and "Time" columns. 

(2) Note that the rating sheet contains two different sections. The 

first is the ride quality scale on the left. This scale contains 

five categories ranging from Very Good to Very Poor. Please mark 

your rating at the appropriate level. Your rating can lie anywhere 

between categories. 

(3) The second section concerns your opinion of the acceptability of 

the pavement section to serve (a) on the Interstate highway system, 

and (b) on the secondary highway system. 

(4) Also enter your name, type of car traveled 1n and your position in 

the car (RF, Right Front; LR, Left Rear; RR, Right Rear; DR, 

Driver) • 

We would also be interes ted in any comments you may have had while 

rating these sections. 
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APPENDIX F. SCRIPT FOR RATER ORIENTATION VIDEOTAPE 

Good morning My name is (name), ---_ -----.- - - -"--'P"--'- ---,--- - -.---._ --- .. ---
and I ___ A. _ ~ ______ .. __ ._~ _____ . _______ ~ __ ._._. _________ (work/position). 

We are pleased to have you in our rating panel. As members of this 

rating panel, you will be representing all highway users and by expressing 

your honest opinion of the selected sections of highways you will provide 

valuable road-user bases for administrative and legislative decision making. 

the significance of your task cannot be overemphasized. 

The process of rating involves the road (or pavement), the vehicle you 

are traveling in, and your person [gesture using fingers, as in counting from 

one to three]. It is something you experience, inasmuch as seeing a moving 

is an experience. 

various highways. 

In rating pavements, you will be traveling in a car over 

Every now and then you will rate a section of pavement. 

Your driver will warn you of an approaching section. Your experience lasts 

from the moment he calls "start" to the moment he calls "stop". Let yourself 

"feel" the ride during those seconds. Based on your feeling, judge the 

quality of ride of that section of pavement in terms of Very Good, Good, 

Fair, Poor, or Very Poor. Remember that what you felt is your own reaction 

and has nothing to do with how the others felt so there is no RIGHT or WRONG 

rating. 

I will now go over th instruction sheet that has been provided to you 

Lpick up the instruction sheet]. LRead the instruction sheet, starting thus: 

"Number 1. You will be evaluating ••• ", up to the end of Number 10," ••• for 

each section".] 

Are there any questions at this point? (Answer questions, if any). 

Next, I would like to familiarize you with the rating form L put up 

transparency] • You will be provided a pad of forms like this Lshow rating 

form]. Just prior to the start of each section, the driver will callout the 

section number. It is important to correctly identify each section that you 

rate. If you doubt the section number, check with the driver. Also fill in 
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the "date" and "time" columns. The driver will announce the beginning and 

end of each section by calling "start" and "stop". 

You will observe that the rating form contains two rating sections. The 

first is the ride quality scale on the left L point to scale]. This scale 

contains five categories, ranging from Very Good to Very Poor Lrun the 

pointer from Very Good down to Very Poor]. Depending on how you perceive the 

experience, make a horizontal mark across the vertical scale Ldemonstrate on 

transparency]. Your rating can lie anywhere between the top and bottom 

hashmarks and not necessarily fall exactly between catgeories Lshow]. 

The second rating section concerns your opinion of the acceptability of 

the pavement section to serve (1) on the Interstate highway system, and (2) 

on the secondary highway system. You may judge each section as being 

acceptable, unacceptable, or something in between, in which case you would 

check "Undecided" L show] • Note that a pavement section cannot be deemed 

acceptable on the Interstate highway system and unacceptable on the secondary 

highway system. 

Enter your name, type of car traveled in, and your position in the car. 

RF stands for Right Front, LR is Left Front, RR is Right Rear, and DR is 

Driver. You may do this in advance on a few forms in your spare moments. 

Finally, you should write down your comments on each rating experience. 

Does anyone have any questions? LReceive and answer questions.] 

We will now proceed to practice rating a few sections in the Austin 

area. During the practice rating sessions, you may discuss the riding 

experience or your rating with other raters. However, in the actual rating 

session, do not discuss or comment on the pavement section or the rating 

process with other raters or with the driver. 

Thank you for volunteering your time to this important undertaking. 
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