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OUTLINE OF A GENERALIZED ROAD ROUGHNESS INDEX FOR WORLDWIDE USE 

W. R. Hudson, The University of Texas at Austin 

The solution to the problems of providing uniformity 
in roughness measurements is not an easy one. No 
perfect answer exists, only a set of intelligent 
alternatives. It is vital, however, that some type 
of framework be set up so that coordination can 
begin. A multifaceted approach is proposed as 
follows: 

1. Develop a Generalized Roughness Index 
(GRI) which has a sound basis and can provide a 
pseudo-standard for comparison of all methods. 

2. Evaluate the use of an artificial cali
bration method (such as developed by the Transport 
and Road Research Laboratory) with a variety of 
instruments and cases to determine its value, 
problems, and utility. 

3. Apply the concept of a standard rating 
panel to provide an additional methodology for 
defining and reproducing the GRI in countries all 
over the world without the cost of purchasing a 
stable profilometer, such as the General Motors 
device. 

4. Evaluate the use of rod and level surveys 
and recommend field equipment to simplify and 
speed up such surveys for establishing calibration 
points on a GRI. 

It is recommended that a GRI be implemented to 
test these concepts. Cooperation will be needed 
among several countries and agencies. Particular 
attention should be given to coordination of 
research data from the Kenya, Brazil and India 
projects, in which the World Bank is involved. 

Background 

One of the primary operating characteristics of a 
highway or pavement at any particular time is the level 
of service that it provides to its users. In turn, 
the variation of this level of service, or service
ability, with time provides a measure of the road's 
performance. This performance and the cost and benefit 
implications thereof are the primary outputs of a 
pavement management system. User costs are particular
ly related to road roughness on very rough roads. It 
was shown by Carey and Irick (5) in 1960 that road 
surface roughness was the primary variable needed to 
explain the driver's opinion of the quality of service
ability, or level of service, provided by a road 

surface, e.g., its desirability for use. 
Road roughness can be thought of in many ways. 

some people talk about smoothness, others, service
ability. The Canadians use riding comfort and 
there are national committees in the United States 
to evaluate "riding quality." Still others talk of 
surface profile. In the European committees of 
PIARC, the Permanent International Association of 
Road Congresses, the English term "roughness" has 
come to be associated with surface texture and skid 
resistance or hydroplaning. Herein, roughness and 
smoothness can be defined as opposite ends of the 
same scale. A general definition of roughness must 
describe those surface characteristics of a road 
which affect the riding quality as perceived by the 
road user. 

The availability of a roughness scale is 
important in terms of evaluating a road and its 
performance, but it is also very important in terms 
of evaluating vehicle operation and user costs. A 
common roughness scale for worldwide use regardless 
of the level of roughness, e.g., gravel surface or 
paved surface, is highly important. 

Surface Roughness 

Serviceability, or ride quality, is largely a 
function of roughness. Studies made at the AASHO 
Road Test (8) showed that about 95 percent of the 
information about the serviceability of a road is 
contributed by the roughness of its surface profile. 
That is, the correlation coefficients in the present 
serviceability, or PSI, equation studies improved 
only about 5 percent when other factors were added 
to the index (8). Francis Hveem discusses this 
problem in several papers. He states that "there is 
no doubt that mankind has long thought of road 
smoothness or roughness as being synonymous with 
pleasant or unpleasant." Road surface roughness is 
not easily described or defined, and the effects of 
a given degree of roughness vary considerably with 
the speed and characteristics of the vehicle using 
the pavement. 

Roughness Defined 

Road roughness is a phenomenon present in a 
road surface that is experienced by the operator and 
passengers of any vehicle travelling over that 
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surface. Surface roughness is a function of the 
road surface profile and certain parameters of the 
vehicle, including tires, suspension, body mounts, 
seats, etc., as well as the sensibilities of the 
passenger to acceleration and speed. All of these 
factors undoubtedly affect the phenomenon of roughness. 
Safety considerations also influence our acceptance 
ot roughness. Hudson and Haas (10) refer to "pavement 
roughness" as the "distortion of the pavement surface 
which contributes to an undersirable or uncomfortable 
ride." This definition refers to the road surface 
and divorces itself from other considerations. For 
purposes of this paper, this definition involving 
surface distortion will suffice in terms of "road 
roughness." 

Components of Roughness 

To define completely a roughness function some 
evaluation of the roughness of the entire surface 
area of the pavement should be made. However, for 
practical purposes this roughness can be divided into 
three components; transverse variations, longitudinal 
variations, and horizontal variations of pavement 
alignment. In other words, any functional roadway 
parameter which imparts accelerations to the vehicle 
or to the riders must be examined. Nore particularly 
of interest are those functions which influence the 
comfort and safety of the rider and/or the deterior
ation of the vehicle. Previous studies have shown 
that longitudinal roughness is probably the major 
contributing factor to undersirable vehicle forces 
(8). The next greater offender is transverse 
roughness (e.g., the roll component transmitted to 
the vehicle). The horizontal curvature of the 
roadway, which imparts yaw forces to the vehicle, is 
considered to be the least offensive and the one 
which is normally handled by following good highway 
alignment practices. Since most vehicles (approx
imately 70 percent) travel in a well-defined wheel 
path with their right wheel located approximately 
one meter (2-1/2 to 3-1/2 feet) from the outside lane 
line we conclude that measurements of longitudinal 
profile in the two respective wheel paths 1.83 meters 
(six feetl apart might provide the best sampling of 
roadway surface roughness. Furthermore, comparison 
between the two wheel paths can provide some 
measurement of the cross slope or transverse vari
ations which are also important. 

A rider in a vehicle passing over a road surface 
experiences a ride sensation. This ride sensation is 
a function of the road profile, the vehicle 
parameters, and the vehicle speed. A variation of 
any one of these three variables can make a rough road 
profile appear smooth or vice versa, Therefore, we 
might say that, from a passenger's viewpoint, rough
ness is an unfortunate combination of road profile, 
vehicle parameters, and speed. Riding character
istics of airplanes are also affected by the proper
ties of the pavements and of the aircraft. Acceler
ations of sufficient magnitude to critically affect 
safety of aircraft operations are sometimes obtained 
over poor pavements. 

Although some vehicles have hard suspension and 
others soft, the vehicle parameters (tires, suspen
sion body mounts, seats, etc.) do not vary sufficient
ly to make a significant change in passenger comfort. 
With the limitation of relatively fixed vehicle 
parameters it is apparent that ride sensation is most 
dependent upon the car excitation generated by the 
various combinations of road profile and vehicle 
speed. Most drivers have experienced the sensation 
of either slowing down or speeding up to improve their 
ride on a particular road. This indicates that the 
road has a wave length content which, when driven 

over at a particular speed, produces an excitation 
in the vehicle at one of the vehicles resonant 
frequencies. The typical passenger car has resonant 
frequencies at between one and ten cycles per 
second. The relationship between wavelength, car 
speed, and car resonant frequency is shown in Figure 
1. This relatiom,hip inr1jc8tes that at many speeds 
there is a road wavelength that will cause an 
excitation at one of the car resonant frequencies. 
If the amplitude of that wavelength is large, the 
car ride will be noticeably affected. 

Figure 1. Relationship between resonant frequencies 
of cars, car speed, and pavement surface wavelength. 
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In general, most passenger car ride character
istics are very much alike, and for any particular 
road most cars will be driven at about the same 
speed. With two of these variables held relatively 
fixed, the excitations into the car and thus the 
riding characteristics of the car become primarily 
a function of the wavelength content of the road 
profile surface. 

Surface Roughness Evaluation 

Roughness evaluation has received considerable 
attention from many highway and airport agencies in 
North America. Roughness is the primary component 
of serviceability and a large number of different 
roughness measures are in current use. This concept 
of preception by the highway user is important. 
This definition of roughness excludes surface 
texture and microtexture of surface aggregates since 
these are not perceived by the user to affect riding 
quality. Instead they affect skid resistance and 
other operational characteristics but will be 
excluded in this paper. The diameter of the surface 
stone used in pavement surface treatments which 
causes "noise," is discernible to the user, has an 
effect on the user's perception, and is roughness by 
this definition. 

Surface Profile 

Many authors, such as Darlington (6) and Carey 
(3), feel that a surface profile is the best way to 
characterize roughness. In terms of profile, rough-



ness can be defined as "the summation of variations 
in the surface profile." Profiles in this sense do 
not include the overall geometry in the road but are 
limited to wave lingths in the surface that are less 
than approximately 152.4 meters (500 feet) in length. 
In Darlington's terms, roughness is "the analysis of 
the profile or of the random signal known as profile." 

Carey in (l_) points out four fundamental uses of 
surface profiles or roughness measurements: as con
struction quality control tools, to locate abnormal 
changes in the highway such as drainage or subsurface 
problems, extreme construction deficiencies, etc., 
to establish a systemwide basis for allocation of 
pavement maintenance resources, and to identify 
pavement serviceability-performance histories. 

In summary, a profile is a detailed recording of 
surface characteristics and roughness or smoothness 
is a statistic which summarizes these characteris
tics. Thus, roughness-smoothness is a statistic or 
number which summarizes the riding quality or surface 
profile of a road. 

How rough is rough? Once the surface character
istics are summariz·ed, it is essential to establish 
a scale for this statistic or summary value. This 
can be done in many ways, as pointed out by Darlington 
(6 ). Traditionally there are two ways of determin
ing this statistic; mechanical integration and 
mathematical integration or analysis. The first of 
these methods is the most common, that is, the use 
of some mechanical instrument or device, such as the 
BPR roughometer in Figure 2, to mechanically filter 
and summarize the data in a specified way. The 
second method involves recording the profile as 
faithfully as possible and then analyzing and/or 
integrating this profile mathematically with some 
standard mathematical procedure, such as that out
lined by Walker and Hudson (31 dnd 32), Roberts and 
Hudson (24 and 25), and Darlington (6 ). The most 
common methods in current use for mec"°hanical measure
ment and summary include the BPR Roughometer (15 and 
16), the PCA Roadmeter (i and 2), the Mays Meter (32 
and 33), the Chloe Profilometer (4 ), and the land~ 
plan~or Profilograph (rolling straight edge) (~). 

Figure 2. Schematic Diagram - BPR Roughometer 
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A number of studies have been made to compare 
these instruments and a number of references are 
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available, including (_§_ , 11, ~. and ~). 
Since so much has been written about the various 

instruments available, we will not attempt in this 
short paper to review all these measurement methods 
in detail. See (14 , ]:.i, and 12) for details. 

Comparison of Measurement and Summary Techniques 

Regardless of the measurement and type of summary 
techniques used, it is essential that a good refer
ence be established and maintained. It is equally 
important that accuracy be maintained in summation. 

Darlington (§) points out that three basic 
reference methods have been used historically to 
measure roughness: the so-called rolling straight 
edge or land plane, as illustrated in Figure 3, the 
inertial mass as used in the BPR Roughometer, 
illustrated in Figure 2, the Mays meter and the PCA 
meter which the automobile serves as the inertial 
mass and, finally, an inertial reference profil
ometer, such as the Surface Dynamics or General 
Motors Profilometer, where an external reference is 
provided. 

Figure 3. Land plane roughness device sometimes 
called Profilograph or rolling straight edge. 

Figure 4 illustrates by means of a Bode plot the 
transfer function or response of several types of 
instruments to the input of road roughness. The 
problem is that the straight edge or land plane 
device is so erratic in its response that it is 
relatively useless. This is illustrated in Figure 
4, where the effect of roughness wavelengths which 
are any multiple of the length of the straight edge 
results in zero output from the device. 

Darlington simulated the response of the BPR 
roughometer (or vibrometer, or seismic reference 
device) on an analog computer using measured 
physical characteristics of the instrument. His 
analysis shows that the roughometer type device 
yields reasonable results for wave length in the 
region of approximately 1.22 to 4.26 meters (4 to 14 
feet). Wave lengths in the range of 4.26 to 5.48 
meters (14 to 18 feet) are badly distorted, and wave 
lengths beyond 6.70 meters (22 feet) rapidly atten
uate to zero response. 

The need for compatibility or Generality 

As outlined above, diverse measurements of 
roughness are used around the world. It is not 
feasible to talk of equality among these measure
ments since it is not possible to provide compat
ibility among the various measuring systems if proper 
consideration is given. This compatibility involves 
two levels of concern: "External" compatability -
relating to whether the results of one agency's or 
country's work has quantitative relationship or 
meaning to those of another agency, and "Internal" 
Compatibility -- relating to correlating results, 
achieving repeatability, etc,, within an agency. 
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Figure 4. Theoretical differences between SD Profilometer, 
Chloe, rolling straight-edges and seismic roughometer 
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This second aspect of compatibility is well illus
trated by the Brazil Project (18) for it is essential 
that measurements made in all parts of Brazil be 
compatible with each other even though it is not 
possible to make all the measurements with a single 
in,strument. 

The problem of external compatibility is best 
illustrated by the fact that results of studies in 
Kenya can be compared to the findings in Brazil only 
if there is compatibility between the two sets of 
roughness data. I feel this can best be accomplished 
by establishing a "generalized roughness index" which 
can be used as a compatible base of comparison. This 
is preferable to selecting any particular measurement 
system, which itself may be changing and which may 
not be available to a particular potential using 
agency. 

If a Generalized Roughness Index (GRI) is used, 
the the matter resolves to one of providing some way 
of determing the GRI in any particular instance. 

In his opening remarks to a National Conference 
on roughness measurements and correlation in 1972, Mr. 
W. N. Carey, Jr., Executive Director of the U.S. 
Transportation Research Board speaks to these prob
lems (]). 

A third use of profile measurements is to 
establish a systematic statewide basis for 
allocation of pavement maintenance resources. 
A word of caution here is in order. In the 
interest of finding low-cost tools that can 
be easily available to each highway department 
district, there is a tendencey to suggest 
highly simplistic devices. I believe that 
reliance on these devices may lead to serious 
mistakes in the development of priorities for 
maintena nce e.~penditures . •. 

Carey's comment can easily be extended to include low
volume and unpaved road planning in developing 
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countries where roughness can be used not only for 
allocating maintenance resources but also for ascer
taining and considering user and vehicle operating 
costs. Although the absolute accuracy required for 
these various purposes may differ in all cases, 
relative accuracy and compatibility are important. 

History of Roughness Calibration and Correlation 

The earliest roughness measurements were 
reported by Hogentogler, as far back as 1923 (42) and 
early development of the Roughometer was reported in 
1926 (1~). Even in these early developments the 
need for calibration was readily recognized. From 
1941. when the BPR Roughometer became "standardized," 
the Bureau of Public Roads (now the Federal Highway 
Administration) maintained a "standard calibration 
section" for testing any new or modified BPR Rough
ometer. It was observed from the beginning that 
instruments manufactured as nearly alike as possible 
did not record the same roughness value for the same 
pavement. The fallacy of a single calibration sec
tion is discussed by Hudson and Hain (.15.). 

It is not possible to calibrate a dynamic 
instrument at a single point over its range and 
expect the calibration to be satisfactory for use of 
the instrument over a full range of roughness. This 
is illustrated in Figure 5 where a standard rough
ness section with a value of 10 has been set up. We 
might assume that any other instrument which reads 
10 would be calibrated to the standard value. In 
fact, this assumption is depicted by the solid "line 
of equality" in the figure. This line assumes that 
if an instrument reads 10, it is "calibrated" and 
thus will read 20 when the standard instrument reads 
20, 30 when the standard instrument reads 30, etc. 
Alternatively line No. 1 illustrates a plausible case 
of a linear relationship where instrument No. 1 is 



Figure 5. Single point BPR calibration problems. 
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calibrated to the standard instrument on the section 
with value 10. Without additional test points we 
would not realize that the slope of the calibration 
line is really different from the assumed line of 
equality. Dotted line No. 2 illustrates a more 
complex case of nonlinear relationship which would, 
of course, also be missed with the single point 
calibration. Some twenty-four state agencies had 
BPR Roughometers in use in 1960. Many of these 
devices have been calibrated by this one-point method 
and by no other method. 

Roughometer Calibration Course - AASHO Road Test 

As reported by Hudson and Hain (15) there was a 
need to use the Roughometer in the AASHO Road Test 
but it became obvious very early, with the AASHO 
Profilometer to compare to, that the BPR Roughometer 
was a variable instrument, difficult to keep in 
calibration. In our work at the AASHO Road Test we 
were not only involved in measuring the roughness of 
all pavements with the AASHO Profilometer and in 
developing and operating the BPR Roughometer, but 
also in checking and calibrating at least six rough
ometers from states such as Michigan, North Dakota, 
Minnesota, and Wisconsin which brought their instru
ments to the Road Test for calibration against the 
AASHO Profilometer for determining serviceability. 

Basically the method involved the installation 
of aluminum bars on the surface of a smooth rigid 
pavement to establish four separate test sections of 
different but known roughness. The roughometer 
could then be checked against the standard sections 
at any required time. 

\ 

)0 
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TRRL Pipe Calibration Course 

Another artificial calibration technique has been 
proposed and used by the Transport and Road Research 
Laboratory in England. This concept appears to have 
promise for use as a calibrating device or standard
ization method around the world. A short note on 
the moethod is presented in (39). Briefly, the 
method involves the selection---;£ a smooth pavement 
section approximately 300 meters (985 feet) long as 
a standard. This smooth section becomes the 
smoothest section in a series of 6 calibration 
sections. Subsequently rougher sections are created 
by adding artificial bumps to the surface of the 
standard sections by means of pipes with external 
diamter of 3.413 centimeters (1.34 inches). A total 
of six levels of roughness are created. Thus, the 
problem of one-poi nt calibration is alleviated and 
yet the calibrating agency need find only one smooth, 
relatively unchanging pavement section. The absolute 
profile of this basic smooth standard section can 
likewise be checked with precise rod and levels on a 
quarterly or semiannual basis as necessary. 

Use of a "Standard" Device for Calibration 

Probably the most widely used method of calibra
tion and correlation has been the use of some type 
of so-called standard device. Really this approach 
should be divided into two types. The first involves 
the selection of one replicate from the group of 
similar devices being used and the use of this 
replica only for calibration purposes so that it 
presumably does not "wear out." This is the 
approach that the BPR took with the check section 
as outlined earlier. I liken this approach to gold
plating a crowbar. If you have two dozen crowbars 
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and select one of them because it appears to be more 
perfect in shape and weight than the others and plate 
it with gold, what do you have? Still a crowbar, 
albeit a shiny and expensive one. There is little 
evidence that this type of "standard" device has been 
successful in true calibration and correlation. 

The second Lype of standard device involves the 
use of a master device which is itself calibratible 
or which has a standard of accuracy which is perhaps 
a magnitude greater than the other devices for which 
it is to be the master control. The AASHO Road Test 
Profilometer was such a device which became a stand
ard against which dozens of Chloe Profilometers and 
BPR Roughometers were calibrated during and soon 
after the AASHO Road Test. This approach is dis
cussed below as the Texas Calibration Course. 

Use of Hydraulic Shaker Table 

The General Motors Profilometer was originally 
developed for obtaining road profile input which could 
be fed into a vehicle ride simulator for testing 
vehicle qu~pensions at the General Motors Proving 
Ground (26 and 27). Some authorities feel that a 
similar approach-can be used for inputting standard 
roughness to a machine in an analytically controlled 
manner to calibrate other devices. This method 
involves observing the responses of a measuring 
device in a laboratory with a servo-controlled 
hydraulic ram resting under each wheel. Known ex
citation is applied through the hydraulic rams to 
the vehicle to deter~ine its response. More specific
ally, the wheels of the vehicle are vibrated by a 
shaker table in a manner to simulate operation of the 
vehicle on each of a set of standard test sections. 
Road profile data obtained with an instrument such as 
GM Profilometer are used to drive the shaker table. 
The profile data tape could be used for any number of 
successive recalibrations over any period of time 
and, in that sense, would not change. 

There is, of course, some question about the 
correspondence between readings obtained by shaker 
table and roughness measurements obtained in the 
field. The major source of discrepancy remains in 
the fact that the vehicle is moving and wheels are 
rotating while measurements are being made in the 
field but not while operating on a shaker table. The 
dynamic vs. static tire conditions are of particular 
concern. At the present time the National Cooper
ative Highway Research Program is undertaking a 
research project which will undoubtedly investigate 
the shaker table approach to calibration of roughness 
devices (21) . In general, this method does not seem 
possible for use worldwide since the shaker table is 
cumbersome and expensive. If a simple version could 
be devised it could be duplicated and purchased by 
interested goups but a great deal of research and 
development is required and we must await the results 
of the NCHRP study. 

Texas Calibration Course 

The Center for Highway Research and the Texas 
State Department of Highways and Public Trans
portation use the SDP or General Motors Profilometer 
as a master calibration device for a series of Mays 
Meters which are used routinely throughout the state . 
This approach is reported by Halker, Hudson and 
Williamson (32, 33, dnd 34). To some degree, a 
similar approach-----i:;-as beeu""""taken by the Michigan 
Highway Department, as reported by Holbrook and 
Darlington (12 and 13). The same approach is being 
taken at the--i;-reseni:""""time in the UNDP Brazil Study 
~),. A SDP was purchased and is used for measuring 

a set of calibration sections. These sections are 
run regularly by eight Mays Meters to insure that 
their calibration remains stable. A control chart 
procedure and regular check procedure similar to th~t 
outlined by Williamson is followed (11_, 33, and 34). 

Basically, Texas maintains a group of 25 pavement 
sections which vary from smooth to rough. Every 
three months the profiles of all these sections are 
measured and analyzed with the SDP Profilometer. In 
this way, a set of pavements with known roughness 
are always available for use in checking and cali
brating any other roughness instrument. Any instru
ment which appears to be giving erroneous readings 
is regularly run on several check sections and the 
values plotted on a standard control rhArr. Tf A 

device is "out-of-control" on three or four sections 
then it is thoroughly checked, mechanically repaired, 
and, if necessary, recalibrated. 

Rod and Level Surveys 

Many people feel that it is possible to estab
lish vehicle roughness calibrations over standard 
pavement sections by running control rod and level 
surveys of the calibration sections to see if and 
how their profiles are changing. There are two basic 
problems associated with this methodology. First, 
the response of the vehicle and most roughness 
measuring instruments to a profile is an integration 
of everything the measuring instrument sees on the 
road surface. This is a continuous process and not 
one involving discrete points such as are used in a 
rod and level survey. This problem is magnified by 
the fact that even the best manual leveling tech
niques make it expensive to make measurements of 
test sections 300 meters (985 feet) long at spacings 
closer than about 1/2 meter (1.6 feet). Even in this 
case a total of 600 ·measuring points is required each 
time a calibration section is checked. 

Perhaps more difficult than the accuracy and 
detailed problem outlined above is the need to 
integrate and/or summarize and anlyze the profile. 
To date, little has been done in this area. Recently 
we have investigated the use of second derivations of 
the profile to yield estimates of vertical accel
erations present in the profile. A relationship has, 
in turn, been developed between vertical accelera
tions and SI. 

Calculations are simple and do not require a 
large computer facility as is the case with existing 
profile analyzing methods such as power spectral 
density, Fourier transform, and digital filtering. 
Road profile root mean square vertical accelerations 
have a strong correlation with Mays Meter roughness 
readings as shown in the study by McKenzie and 
Srinarawat (40). Figure 6 illustrates a very good 
agreement in---i:erms of serviceability index from 10 
road surface profiles obtained by rod and level 
method and the Surface Dynamics Profilometer (SDP) 
(41). This plot also suggests that road profile data 
from rod and level and SDP are interchangeable and 
rod and level can be used to provide commonality 
among road roughness scales presently in use. 

Certainly, these discrete rod and level surveys 
have some practical advantages, particularly in 
developing countries where labor-intenseive methods 
are economical. It might be far more practical to 
obtain detailed, discrete profiles with rod and 
levels of, say, ten or twelve pavement test sections 
on a regular basis than to maintain a high-technol
ogy, expensive electronic device for continuous 
profile measurements. Such a method will be practi
cal if data analysis techniques can be developed and 
automated for easy use of the data, 



Figure 6. Comparison of serviceability indices 
derived from rod and level profile and SDP profile . 
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Rating Panel Approach - Canadian Good Roads 
Association 

Immediately following the AASHO Road Test, the 
Canadian Good Roads Association desired to put the 
findings of the AASHO Road Test into practice. In 
order to do this, they ran a rather complete survey 
of the existing roughness of their pavement system. 
They did not agree totally with the serviceability 
concept outlined at the AASHO Road Test and they 
chose to develop a Riding-Comfort Index Scale with 
values from 1 to 10. This index is basically an 
evaluation of pavement riding quality or roughness 
( 7 , 9 , and 10 ) . 
~ After carefully establishing their Riding Comfort 

Index, a standard procedure was adopted using a 
small panel of well-trained raters to go from 
location to location evaluating the riding quality of 
these pavements and recording this riding quality in 
a data management system. A great deal of work has 
been done on rating scales and other subjective 
evaluations ( 5, 17, 20, and 2lf). There are some 
shortcomings~ this approach--;-but it has the 
benefits of being practical, relatively inexpensive, 
and reasonably stable although its precision may be 
questioned. It certainly fulfills the concept and 
answers the question, however, raised by Carey in 
the quote referenced earlier in this paper. This 
approach deserves further consideration. 

Standard Rating Panel 

While it is not in present use, I believe that 
the concept of using a standard panel of pavement 
riding quality raters to establish a time-and
condition-stable standard roughness scale offers 
great promise as a practical solution. Yoder and 
Milhous (37) show in thier studies of rating panels 
and vario~ instrumentation that rating panels of 
fifteen persons or more are quite stable in pre
dicting pavement serviceability. Since roughness is 
so highly correlated with serviceability, there is 
little doubt that such panels would be equally stable 
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in predicting pavement roughness. Carey and Irick 
( 5) report similar results when comparing panels 
a--i:--the AASHO Road Test, as do Roberts and Hudson 
(~and~). 

One major problem exists, what about panels from 
different cultures? For example, a panel from the 
United States rides predominately on paved roads. 
Can it rate accurately on the same scale as a panel 
from a developing country which rides predominately 
on gravel roads? How could this dichotomy be solved? 
Perhaps if as many as three members could be made 
available to participate in panel ratings in each of 
the major areas of the world, goegraphic and cultural 
stability could be evaluated. 

This method would never have the precision or 
detail of physical calibration. However, it might 
be accurate in terms of insuring that different 
classes of road roughness are adequately separated. 

The following section presents a discussion of 
the relative merits of these methods for use in 
establishing a General Roughness Index . 

Possible Approaches for Calibration 

Evaluation of the concepts for calibration out
lined in the last section indicates that three basic 
methods have strong potential: the use of a shaker 
table to input artificial roughness in a laboratory, 
the use of artificial roughness calibration sections, 
and the use of standard road sections along with a 
method of evaluating the roughness of these standard 
calibration sections from time to time. 

However, the practical limitations of the problem 
set forth in this paper apparently preclude any 
possibility of using a hydraulic shaker table with 
known roughness inputs to calibrate roughness 
devices. No such equipment is presently in use for 
this purpose, even in the United States, and the 
development and employment of such equipment in the 
field seems completely infeasible at this point. 
Therefore, the other two major approaches are 
discussed in further detail: artificial calibration 
sections and standard pavement calibration sections. 

Artificial Roughness Course 

The concept of introducing well defined arti
ficial roughness onto a selected section of smooth 
pavement in identifiable stages follows the approach 
of Abaynayaka and TRRL. The approach is certainly 
feasible since any country in the world could 
develop at least one smooth, strong section of pave
ment to serve as the base section. They could then 
find several pieces of standardized pipe or other 
material approximately 2 meters (6.6 feet) long to 
introduce roughness. These two ingredients can be 
combined in several stages to provide up to six or 
even more test sections of increasing roughness. 
The method therefore warrants careful consideration. 

The major problems associated with this method 
are the artificiality of the roughness introduced 
and the potential of generating resonance or 
harmonic motion in the measuring vehicle being 
calibrated. As indicated by the anlysis of Darling
ton (figure 4), the transfer function of a roughness 
measuring device is highly dependent upon the 
wavelength characteristics and amplitude of the 
roughness in the roadway surface. It yields reason
able readings for wavelengths in the range of 1.22 to 
4.28 meters (4 to 14 feet) and it has two resonance 
frequencies at 0.61 meters (2 feet) and 5.18 meters 
(17 feet). The response of the instrument to step
inputs might be on the first peak present at very 
short wavelengths. If some type of resonance is 
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generated in the system, say for roughness level six, 
then the multiplication amplitude could be even high
er. It is entirely possible that the response of an 
instrument to the roughest calibration section would 
be, for example, a very large roughness number and 
yet the instrument might respond different to a very 
rough gravel road with natural potholes, etc. There 
is certainly also the possibility that the calibra
tion course can be set up in such a way as to cover 
the range of interest for most very rough roads and 
thus to serve adequately as a calibration procedure. 
The only way to ascertain the answer to this question 
is to study the problem theoretically and to apply 
the concept in the field where an alternative method 
of calibration and checking, such as the SDP or 
General Motors Profilometer, exists for comparison. 
This type of comparison check is being made in Brazil 
and results will be reported soon. 

The other problem with this method is that it 
does not yield to traditional analysis of random 
data or profiles as outlined by Darlington, William
son and Walker ( 6 , 36., 30, and 31). It is possible 
that another typ~of~nalysis could be used to eval
uate the step function inputs to the roughness pro
file which will be made by the pipes or artificial 
bumps. It is desirable that someone follow up on 
the required analytical approach as a part of the 
evaluation methodology for this procedure. 

Finally, this concept is attractive in the sense 
that only about six test sections are needed to cover 
a wide range of roughness and only one basic strong 
pavement section is needed to provide the base 
section. Considerable thought, however, needs to be 
given to the possibility of replication of roughness 
levels within the artificial calibration course. This 
could be done by adding two additional roughness 
levels whose roughness corresponds with a previously 
selected level, but with new roughness being intro
duced by an alternate pattern or an alternate means 
such as a few wider bumps or a rearrangement of the 
location of the bumps to interrupt regular patterns. 

Natural Pavement Calibration Sections 

The use of existing pavement sections for cal
ibration of roughness devices is an attractive 
alternative, but there are problems. The attrac
tiveness seems obvious since the sections are 
typical of the pavements to be measured in the real 
world; they contain normal roughness inputs of 
varying wavelengths and amplitudes over a wide 
spectrum of conditions. The problems, however, are 
multifold and must be considered. They include 
finding sections at extremes of roughness, the 
changing of roughness with time on a selected test 
section, the large number of sections usually re
quired, and the considerable time and effort 
required to check the sections which are normally 
fairly widely spaced geographically. 

Obviously it is not possible to set up a normal 
pavement section calibration course on which the 
test pavement roughness will remain constant. All 
of the pavements are in various degress of deter
ioration. Most of them were built smooth but they 
are in the process of change and experience shows 
that rough pavements change more rapidly than smooth 
pavements. It is absolutely essential then that 
for this approach some method of determining the 
roughness history of each test section with time be 
developed, This can be done in at least three ways; 
by true profiles measured "continuously" with in
struments such as the SDP profilometer, true 
profiles measured at discrete increments with pre
cise rod and level techniques, and repeated eval
uation of the roughness of the calibration section by 

a standard rating panel. 

Evaluation of the True Profiles - "Continuous ." 
Of t he t ln;ee listed methods, the most attractive 
seems to be the use of existing pavement with an 
evaluation of their true profiles. This technique 
was chosen for use in the Brazil Project where 
adequate research funding was available to provide 
a standard profilometer, in this case the SDP profil
ometer, for making continuous measurements for 
calibration. 

It seems, however, that this approach is im
practical at the present time for use worldwide as 
a calihrati on ~t;:inrl::irf1 _ 'T'hP 11c:P nf a st a...T?.<l.:!.r<l 

roughometer or other "gold-plated" version of a 
typical machine carried around the world as a stand
ard device is not realistic as shown by experience 
at the AASHO Road Test and the work by the Center for 
Highway Research for the Texas Highway Department. 

Evaluation of True Profiles - Discrete. It is 
possible that analytical techniques can be developed 
to accurately evaluate a discrete rod and level 
profile of pavement test sections set up for stand
ardization. Field work is underway by Srinarawat 
and Hudson to evaluate this approach and to compare 
the accuracy required and the spacing or detail of 
the measurement points needed to provide adequate 
information (41). 

If the approach is feasible from an analytical 
point of view, it is possible that field practice 
can show what type of level instrument and perhaps 
even what special level rod could be most useful to 
speed up the process and make it more practically 
applicable. The U.S. Air Force, for example, has 
developed a laser profiling system which works on 
the same basis as a rod and level but which takes 
automatic readings using a laser beam for a light 
source (38) . 

Another point favoring the rod and level 
approach is the hand labor which is normally avail
able in many of the developing countries for which 
a roughness calibration is needed. The rod and 
level crews could make the necessary measurements 
on a quarterly or triannual basis with relatively 
little expense whereas in the United States, for 
example, such an approach might not be as economical 
as a profilometer. 

Thusfar, work by Srinarawat and Hudson seems to 
indicate that it is possible to interchange machine 
and rod-level measurements (41). 

Roughness Panel. A third approach to establish
in~ and maintaining standard roughness evaluations 
of calibration test sections is appealing and should 
be carefully considered. It involves setting up a 
standard rating panel and developing a Generalized 
Roughness Index (GRI) which could be used not only 
for rating and establishing the roughness level of 
the calibration sections but as a standardized 
roughness scale for comparing instruments against 
each other all over the world without having to 
select any one particular instrument as the "stand
ard." 

This approach is far from thoroughly formulated 
and a great deal of additional thought will be need
ed before it can be accepted or rejected. However, 
it is worthy of consideration. If the method works, 
its value is readily evident. If adequate accuracy 
and details can be obtained, calibration sections 
could be set up and evaluated regularly without the 
expense and detail required for rod and level 
surveys. 



Likewise, the potential pitfalls to the method 
are obvious. The method would basically be sub
jective rather than objective, which we, as engineers, 
always strongly desire. The potential value of the 
method lies in the question of whetehr or not we can 
make the subjective rating process objective by care
fully selecting and establishing rating panels and 
rating procedures using up-to-date modern scaling 
and psychological techniques to overcome some of the 
subjectivity of the rating approach. 

The basic value and acceptability of ratings for 
judging pavement quality was well established at the 
AASHO Road Test by Carey and Irick (5) and subse
quently by Yoder and Milhous in the ~ignificant 
NCHRP study (37). As outlined previously herein, 
the Canadian Good Roads Association has also made an 
excellent practical application of the rating 
concept (.2_ and TI). 

Another major problem with the roughness ratin~ 
approach is possible cultural differences amongst 
countries. One country, for example, such as the 
United States, has a population accustomed to riding 
on paved roads which are basically smooth. On the 
other hand, other countries such as many of the 
countries in Africa and Latin America, are accumstom
ed to riding on unpaved roads. There is considerable 
concern that this cultural or historic difference, 
which is also by the way aggravated by traditional 
types and quality· of vehicles used, would greatly 
affect any relationship developed by a rating scheme, 
and thus would completely invalidate the concept of 
relative ratings. 

Generalized Roughness Index 

After a thorough evaluation of the problem of 
establishing a common basis for comparing roughness 
measurements all over the world, and specifically 
comparing roughness measurements in Kenya, Brazil, 
and India in terms of using data taken irom these 
three research studies and combinin.g it for use in 
developing improved joint models, it is recommended 
that a Generalized Roughness Index or a universal 
roughness index be developed to serve as a basis for 
comparison instead of the output of any particular 
roughness device. On the surface this seems an 
arbitrary intermediate step; however, experience 
shows· otherwise. 

At the present time, no simple, robust roughness 
measuring and evaluation technique exists which is· 
constant enough to become tlie appropriate "standard." 
The SOP profilometer might be considered, 6ut work in 
adopting and using this instrumeot in Brazil and i.n 
comparing it to the Texas instrument manufactured 
ten years ago shows considerable difference in 
hardware and data processing techniques. Many 
people feel we are on the threshold of developing a 
non-constact probe to replace the road-.following 
wheel for the SDP device. When this happens, you 
can be assured that the transfer function of this 
transducer will be different from that of the road
following wheel. Thus, the "standard'' would change 
agaio . Many other examples could be cited, but for 
simplicity let it suffice to say that no real 
"standard" exists. 

An example of a similar situation existed in 1962 
concerning specifications and measurement of subgrade 
strength for pav-ement design. The American Assoc
iation of State Highway Officials at that time 
desired to establish a standard design method which 
would be useable and used by all or at least a large 
majority of the State Highway Departments. There 
were many candidate measuring techniques, such as 
CBR, Texas Triaxial strength, shear modulus, Calif
ornia R-Value, and others. Majority vote would have 
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selected CBR since it was used by more states than 
any other method. However, comparison of the CBR 
between states showed that even this so-called 
"standard" was far from standard since each state 
made slight modifications in the empirical test 
procedure. In the face of this diversity, Mr. T. S. 
Huff, Chief Highway Design Engineer for the Texas 
Highway Department and Chairman of the AASHTO 
Cmrnnittee, recommended that a "soil support value" 
with a range from zero to ten be set up as the 
"standard." Each State Highway Department then 
related its soil test method to the soil support 
value rather than to some state test procedure. 
Nationwide information on standard test materials 
obtained from the AASHO Road Test was used to estab
lish common points. 

At this time, 15 years of experience in using 
the AASHO Interim Design Guide has shown the wisdom 
of selecting the what-seemed-at-the-time "arbitrary" 
Soil Support value, 

GRI - A Combined Approach 

Examination of alternatives indicates that the 
practical approach to solving this problem will 
involve some combination of the factors discussed 
above. To provide realism in the calibration, it 
is essential that 10 to 12 real pavement sections be 
included in a calibration course. These can be 
evaluated on a semiannual basis by rod and level 
surveys. A detailed methodology will be published 
by Srinarawat and Hudson within the next year. 

To provide a large number of calibration sections 
of varying roughness and a calibration technique 
with some commonality around the world, a TRRL 
calibration course should be added to the calibration 
procedure, The methodology currently outlined by 
Abayanaka and the TRRL should be used until a more 
definitive consensus procedure is developed, 
Finally, the overall reasonableness of the scale can 
be assured at any time using a rating panel to 
ensure that reasonable roughness ratings are estab
listed for uniformity. These ratings should involve 
panels on at least all three or four major research 
efforts in the worlcl and should include at least 
three or four common members in each panel in the 
initial stages of development, These common members 
could be employees of the World Bank or other 
research personnel who are involved in one or more of 
the world-wide research projects and who could 
ber:.eficially visit other activities, thus providing 
the necessary commonality of ratings. 

The GRI itself should have a relatively large 
scale, perhaps Oto 100 and should be generalized 
with smoothness of existing new highways falling 
in the range of 10 to 15 and roughness on some of 
the roughest roads now perceived falling in the 
70 to 80 range. This gives adequate room at both 
ends of the scale for changes and variations not yet 
observed and in no way detracts from the use of the 
Index, 

Some readers will undoubtedly be disappointed 
that a firm Index in full detail is not presented 
here; however, work over the past 10 years shows 
that there will be several steps required to solve 
this problem and we believe this paper is a necessary 
first step in defining the problem so that an 
intelligent compromise can be reached. 
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Summary and Recommendations 

Solving the problems of providing uniformity in 
roughness measurements is not easy. No perfect 
answer exists, only a set of intelligent alternatives . 
It is vital, however, that a framework be set up so 
that coordination and use can begin. I proposed a 
multifacted approach. 

1. Develop a GR! which has a sound basis and 
can provide a pseudo-s tandard for comparison with 
any roughness scale exi sting now or to be developed . 

2. Evaluate the use of the TRRL artificial 
calibration method for a variety of roughness devi ces 
Rn<l cRAP~ ~n rlP~ Prmin P i ts v alue, problems, ond 
utility. 

3. Apply the concept of a standard rating panel 
to provide an additional methodology for defining 
and reproducing the GRI in countri es all over the 
world without the cost of purchasing an SDP profil
ometer or similar equipment. 

4. Use rod and level surveys and recommend 
field equipment to simplify and speed up such surveys 
for establishing calibration points on a GR!. 

It is recommended that action be taken to 
implement a GR! and to test the concepts set forth 
above. Cooperation will bee needed among several 
countries and agencies and a leader, such as the 
World Bank, is needed. Particular attention should 
be given to coordination of research data from the 
Kenya, Braz i l, and India projects. 
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