
state of the Art of Pavement Condition Evaluation 
• P A V E M E N T C O N D I T I O N i s a subject of concern throughout the United States. C e r 
tainly many c i v i l engineers including pavement designers and maintenance personnel 
are interested in the subject. But by far the largest interested group i s composed of 
pavement users . E v e r y user seems to rate pavement condition either consciously or 
unconsciously every time he r ides in a motor vehicle or during the ground run of an 
airplane. There are a great many reasons for evaluating pavement conditions and 
even more ways of doing it. The names applied to the process are varied and many of 
the definitions are unclear. T e r m s like performance, serviceabi l i ty index, condition 
survey, sufficiency rating, performance rating, and others are often bandied about by 
engineers and laymen alike. The definitions of such t e r m s , however, are not prec i se 
and differ for the various interested parties . 

I n this paper every attempt w i l l be made to be prec i se in use of t e r m s and def ini 
tions. These w i l l be chosen in an attempt to agree with predominant usage and w i l l be 
given as prec i se ly as possible in order to establish a springboard for future work in 
this area. 

In the study of pavement evaluation, two major categories emerge. These are (a) 
serviceabi l i ty-performance studies of functional behavior, and (b) mechanist ic evalua
tion for s tructural adequacy. Regardless of the method used to make the evaluation, 
most studies can be l isted in one of these two main categories. In general , s e r v i c e 
abil i ty-performance studies concern themselves p r i m a r i l y with the overal l behavior 
of the pavement, that i s , how wel l it i s performing its function as a riding surface for 
vehicular traff ic . B y and large this also seems to be the a r e a of major concern to the 
user . 

On the other hand, the mechanist ic evaluation for s tructural adequacy of pavements 
with a view to current load capacity and future performance is a vitally important a r e a 
of interest to pavement engineers, pavement designers, and maintenance e i^ ineers . 
The understanding of the interrelationship between these two categories i s of interest 
and importance to us. 

Pavement condition i s studied for s evera l reasons. A few of these a r e : 

1. To furnish information needed for sufficiency ratings and needs studies. T h i s 
involves a comprehensive study of pavement systems within an a r e a such as a state. 

2. To aid the design engineer in the determination of the degree of success with 
which his design has met the design c r i t e r i a and to help him l e a r n causes for fai lure. 

3. To aid in the establishment of pr ior i ty for major maintenance, reconstruction and 
relocation. The object of this type of survey is to rank various pavement sections in 
terms of their importance and their current ability to serve traff ic . 

4. To ass i s t the maintenance engineer and administrator in the determination of an 
optimum maintenance program. 

5. To ass i s t in the determination of the load-carry ing capacity of the pavement both 
as to volume of traf f ic and loads. T h i s involves an evaluation of s tructural adequacy 
of the pavement s tructure , c l imat ic effects, mater ia l s , and drainage. 

6. To serve as a bas i s for new concepts and design. 

S E R V I C E A B I L I T Y - P E R F O R M A N C E S T U D I E S 

Serviceability—Subjective Rating 

The evaluation of pavement performance involves a study of the functional behavior 
of a stretch of pavement in its entirety. F o r functional behavior or performance anal 
y s i s , information i s needed on the trend of the effect of load applications on the ability 
of the entire pavement to serve traff ic . It can be determined by periodic observations 
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and measurements of the pavement surface coupled with records of traff ic history. 
Such studies are extremely important in the evaluation of pavement design. 

Up until the time that the present serviceabi l i ty index (6) was developed in conjunc
tion with the AASHO Road T e s t , little attention was paid to evaluation of pavement p e r 
formance per se. A pavement was either satisfactory or in need of repa ir ; the ideas 
of relative performance were not adequately developed. Most pavement design con
cepts in general use did not consider the leve l of performance desired. Design engi
neers as a group vary widely in their concepts of desirable performance. A s an ex
ample, suppose that two designers are asked to design a pavement for a certain traf f ic 
environment for 20 years . The f i r s t might consider his job to be properly done only 
if not a single c r a c k occurred in twenty y e a r s , whereas the second might be sat isf ied 
if the last truck which was able to get safely over the pavement made its tr ip at the 
end of the twentieth y e a r after construction. 

Many popular design systems involve determination of the pavement thickness r e 
quired to hold certain computed s t r e s s e s below certain levels . It i s c l ear that c r a c k s 
wi l l occur if the pavement is overs tressed , but not much information was available 
p r i o r to the time of the AASHO Road Tes t to relate such c r a c k s to functional per for 
mance. The "pavement serviceabi l i ty-performance concept" developed by Carey and 
I r i c k (6) for use at the AASHO Road Tes t i s a well-defined technique for evaluating 
pavement performance. 

Philosophy of Rat l ins— A rating implies the construction of some type of arb i trary 
scale to be used in the r a t i i ^ . Teachers often rate students on a scale of 100 percent; 
amateur golfers are rated by an arbi trary system called a handicap which i s derived 
as a percentage of their average score over par for a period of time. Many such 
arb i trary sca les In use today could be cited as examples. F o r many years the "rough
ness index" was used as a rating scale for pavements. T h i s roughness index Is rather 
arb i t rary , and a "good value" depends largely on the part icular piece of equipment 
used in the evaluation. 

If some absolute roughness standard were available, this problem would be m i n i 
mized. It i s not l ikely , however, that such an absolute standard w i l l ever be developed. 
A s a resul t , "scaling factors" have been developed to provide a basis for comparing 
r a t i i ^ s from many sources throughout the world. Although many sca les could have 
been chosen, a scale of 0-5 i s in current use throughout the United States {5). Anyone 
r a t l i ^ a pavement i s asked to scale his juc^ment from 0 to 5 u s i i ^ 5 as a possible 
perfect score . 

P S I Developments—At the WASHO Road T e s t it proved to be especial ly difficult to 
establish a fai lure condition for pavements subjected to the test traff ic . A s a result 
of these difficulties the idea of average pavement ratings was conceived. A s stated 
by Carey and I r i c k (6), there are five fimdamental assumptions associated with the 
pavement serviceabi l i ty concept. These may be summarized as follows: 

1. Highways are for the comfort and convenience of the traveling public. Stated 
another way, "a good highway i s one that i s safe and smooth." 

2. The user ' s opinion as to how he i s being served by highways is on the whole 
subjective. 

3. There are , however, character i s t i c s of highways that can be measured objectively! 
which, when properly weighed and combined, are in fact related to the user ' s subjective | 
evaluation of the ability of the highway to serve him. 

4. The serviceabi l i ty of a given highway may be expressed by the mean evaluation 
given by a l l highway users . Honest differences of opinion preclude the use of a single 
opinion in establishing serviceabi l i ty ratings. The mean evaluation of a l l u s e r s , how
ever , should be a good measure of highway serviceabil i ty . 

5. Performance i s assumed to be an overa l l appraisa l of the serviceabi l i ty of a 
pavement. Thus it i s assumed that the performance of a pavement can be described 
if one can observe its serviceabi l i ty from the time it was built until the time its p e r 
formance evaluation i s desired. 

Based on these fundamental assumptions, C a r e y and I r i c k developed the P S I sys tem 
used at the AASHO Road Test . T h e i r evaluation shows that pavement roughness or 
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the pavement profi le i s closely related to pavement serviceabi l i ty ratings. F u r t h e r 
more , the AASHO Road Tes t (i) showed that performance measured in this manner is 
correlated with certain pavement design factors. 

Human Sensibilities—Hutchinson (16) discusses some of the problems associated 
with subjective ratings. C a r e must be taken in the development of such rating systems 
and improved rating sca les can no doubt be developed if additional attention is given to 
this subject. 

The evaluation of riding quality is a complex problem, depending on three separate 
complex systems plus interactions between them: pavement user , vehicle , and pave
ment roi^hness . Hutchinson (14) has described the problems associated with analyzing 
the subjective experience of highway u s e r s in deriving an absolute measure of riding 
quality. These require (a) the development of a suitable mathematical model to c h a r 
acter ize pavement roughness, (b) the development of a suitable mathematical model to 
describe the suspension character i s t i c s of highway vehicles that may be used along 
with the roi^hness model to predict the dynamic response of vehic les , and (c) a quan
titative knowledge of the response of humans to motion. 

In order to improve our subjective rating systems it wi l l be necessary to objectively 
evaluate human sensibi l i t ies including the effect of motion s ickness and its causes. 
These no doubt wi l l involve studies of frequency, wavelength, and amplitude. 

Surface Evaluation 

Present serviceabi l i ty i s largely a function of pavement roughness. Studies made 
at the AASHO Road Tes t (6) have shown that about 95 percent of the information about 
the serviceabi l i ty of a pavement i s contributed by the roughness of i ts surface profi le. 
That i s to say, the correlat ion coefficients in the present serviceabil i ty studies i m 
proved only about 5 percent when cracking and patching were added to the index equa
tions. Hveem (17) d iscusses this problem in severa l p ^ e r s . He states that "there i s 
no doubt that mankind has l o i ^ thought of road smoothness or roughness as b e i i ^ 
synonymous with pleasant or unpleasant." Road surface roughness i s not eas i ly de
scr ibed or defined, and the effects of a given degree of roughness naturally vary con
siderably with the speed and character i s t ics of the vehicle. 

Roughness Defined—What i s pavement roughness ? It i s a phenomenon produced by 
a pavement surface and experienced by the passenger and operator in a vehicle or a i r 
plane traveling over that surface. Pavement surface roughness i s a fimction of the 
profi le of the road surface , the parameters of the vehicle including t i r e s , supension, 
body mounts, seats , etc., and the acceleration and speed sensibil i t ies of the passenger. 
A l l of these factors undoubtedly affect the phenomenon of roughness. Safety considera
tions wi l l also influence our acceptance of roughness. Most people re f er to pavement 
roughness as "the distortion of the pavement surface which contributes to an undesir
able or uncomfortable r ide ." T h i s definition then r e f e r s to the pavement alone and 
divorces itself from subsequent considerations. The evaluation of pavement roughness 
by this definition cannot of course be made imtil a great deal more i s known about true 
prof i le , vehicle dynamics, and human response. F o r the purposes of this report, how
ever , this definition wi l l suffice. 

To completely define the roughness function some evaluation of the roughness of the 
entire a r e a of the pavement should be made. However, for most purposes this rough
ness can be divided into three components: t ransverse variat ions, longitudinal v a r i a 
tions, and horizontal variations of pavement alignment. In other words, any functional 
roadway which Imparts acceleration to the vehicle or to the passenger must be ex
amined. More part icular ly of interest are those functions which influence the comfort 
and safety of the passenger. There are many previous studies which have shown that 
longitudinal roughness i s probably the major contributing factor to undesirable vehicle 
forces (6). The next greatest offender is t ransverse roughness (e. g., the r o l l com
ponent transmitted to the vehicle). The general curvature of the roadway which i m 
parts yaw forces to the vehicle i s considered to be the least offensive and one which i s 
normally handled by following good highway alignment pract ices . Since most vehicles 
(approximately 70 percent) t rave l in a well-defined wheelpath with their right wheel 
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Figure 1. Relationship between wavelength, car speed, and car resonant frequency. 

located 1^% to sVa feet from the right-hand lane l ine, we are tempted to conclude that 
measurements of longitudinal profi le in the two respective wheelpaths 6 feet apart 
might provide the best sampling of roadway surface roughness. Furthermore , com
parison between the two wheelpaths can provide some measurement of the cross slope 
or transverse variations which are also important. 

A passenger riding in a vehicle p a s s i i ^ over a road surface experiences a ride 
sensation. T h i s ride sensation i s a function of the road prof i le , the vehicle parameters , 
and the vehicle speed. A variation of any one of these three variables can make a 
rough road appear smooth. Then we might say that f rom a vehicle passenger's view
point, roughness i s an unfortunate combination of road prof i le , vehicle parameters and 
speed. Riding character i s t i c s of airplanes are also affected by the properties of the 
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Figure 2. Bureau of Public Roads roughometer. 
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Figure 3, Mechanical vibtometer. 

pavements and of the equipment. A c c e l 
erations of sufficient magnitudes to c r i t 
ica l ly affect safety of operations are 
sometimes measured over poor pavements. 

In general , most passenger -car ride 
character i s t i c s are much al ike , and the 
vehicle parameters ( t ires , suspension, 
body mounts, seats , etc.) are not changed 
sufficiently to make a significant change 
in passenger comfort. With the limitation 
of re lat ive ly fixed vehicle parameters it 
becomes s^parent that ride sensation is 
almost completely a fimction of the c a r 
excitation generated by the various com
binations of road profi le and vehicle speed. 
Most d r i v e r s have experienced the s e n s a 
tion of either slowing down or speeding up 

to improve the r ide on a part icu lar road. T h i s indicates that the road has a wavelength 
content that when driven over at some speed produces an excitation into the c a r at one 
of the c a r ' s resonant frequencies. The typical passenger c a r has resonant frequencies 
at approximately 1 and 10 cyc les per second. The relationship between wavelength, 
c a r speed, and c a r resonant frequency i s shown in Figure 1. T h i s relationship indi
cates that at any speed there i s a road wavelength that w i l l cause an excitiation at one 
of the c a r resonant frequencies. If the amplitude of that wavelength i s large, the c a r 
ride wi l l be noticeably affected. 

We have said that, in general , most passenger-car ride character i s t i c s are very 
much alike. We can also say that for any part icular road most c a r s wi l l be driven at 
about the same speed. With two of these variables held relat ively fixed, the excitations 
into the c a r and thus the riding character i s t i c s of the c a r are s tr ict ly a function of the 
wavelength content of the road profile surface. 

We have d iscussed the interrelationship between the roadprof i le , vehicle parameters , 
and vehicle speed in producing a ride sensat ioa The f inal ingredient in the road rough
ness picture i s passenger sensibil ity. So f a r , we do not know enough about the p a s 
senger to know what he or she objects to in the r ide sensation, but we can feel sure it 
i s related to the road profi le and more directly to the wavelengths in the road that 
cause the c a r to resonate. 

Roughness Equipment—Researchers in the highway roughness a r e a have long rea l i zed 
that it i s important to study the character i s t i c s of the highway surface over which the 
c a r i s driven, Hveem (17) in 1960 presented a good survey of ear ly road surface 
measuring devices. Many of the devices mentioned in his paper are no longer being 
used. Most of the present-day r e s e a r c h in road surface evaluation m the United States 
involves the use of one of the following devices: Bureau of Public Roads roughometer, 
rol l ing straightedge, slope measuring device, or GMR profilometer. 

The Bureau of Public Roads roughometer (Fig. 2) i s essential ly a m a s s , spring, and 
damper combined to form a device cal led a mechanical vibrometer. These components 
are a r r a i ^ e d as shown in Figure 3. In effect, the device is a simulation of one wheel 
of a passenger car . The displacement of the wheel with respect to the m a s s i s m e a 
sured as the device passes over the road surface at 20 mph. T h i s displacement i s 
accumulated over a distance interval and i s cal led the roughness index with units of 
inches of displacement per mile . A transfer function for this device is shown in F i g 
ure 4. The roughometer reduces the amplitude of road wavelengths longer than 17 feet 
and shorter than 2 feet. Wavelengths of 3 feet are amplified by a factor of 10. Figure 
5 compares the amplitude measured by the roughometer at 20 mph with the amplitudes 
felt by the c a r passenger at 60 mph. T h i s figure shows that the roughometer amplif ies 
the shorter wavelengths or wavelengths that cause car shake but attenuates wavelengths 
that are considered in the ride frequency range. A s the car speed goes up it would 
appear that the roughometer measurements , which are made at 20 mph, would have 
l e s s meaning. 
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Figure 4. Roughometer transfer function. 
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Figure 5. Comparison of amplitude measured by roughometer at 20 mph with amplitude felt 
by passenger at 60 mph. 
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Figure 6. Michigan profilograph. 
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Figure 7. Rolling straightedge transfer function. 
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Figures. CHLOE profilometer. 

The roll ing straightedge (Fig. 6) is used by s e v e r a l groups in this coimtry. Both 
the Cal i fornia Highway Department and the University of Michigan have truck versions 
of this device. It has been useful in extensive road condition studies at the University 
of Michigan. Figure 7 shows the transfer function of this system. The simple rol l ing 
straightedge has the serious disadvantage of badly distorting the wavelength content of 
the road profi le it measures . F igure 7 shows that the rol l ing straightedge does not 
tend to respond to waves whose lengths are Va, ̂ /\, %, Vs, etc., of the overal l wheelbase 
of the machine. Since the road wavelength information that is des ired may fa l l in this 
area , it appears that this device would have l imited usefulness in the evaluation of road 
roughness. 

The C H L O E profilometer (Fig. 8) developed for use in the AASHO Road Tes t i s a 
good example of the slope measuring vehicle. In this device the change in angle be
tween two reference lines is the measure of the pavement profile roughness. One 
reference line is determined by two slope wheels which follow the road and are r e l a 
tively close together. The second reference line is determined by a 20-ft long member 
which is supported by a t ra i l er hitch on the back of a towing vehicle and a wheel which 
supports the r e a r end of the member. 

A transfer function that relates the slope measured and actual slope is not available 
for the C H L O E profilometer. But considering the geometry of the device, it appears 
that wavelengths shorter than the distance between the two slope wheels wi l l not be 
measured accurately. It also appears that information on the longer wavelengths w i l l 
be lost completely. The determination of the transfer function for the C H L O E prof i lom
eter i s complicated by the motions of the towing vehicle which must be included since 
it i s also following the road profi le. 
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Figure 9. General Motors profi lometer. 

The OMR road profilometer (Fig. 9) i s a recent development in road surface mea
suring equipment (32). T h i s device measures the profile of the road surface over which 
it passes . The wavelength content of the road profile is measured accurately from the 
very short waves to the longer waves (up to 400 ft). Figure 10 is the transfer function 
for the OMR profi lometer for a measuring speed of 40 mph. Since this device mea
sures al l the wavelengths in the road that are important to vehicle r ide , it appears that 
this device should be usable in future road roughness studies. 

Of the four devices discussed for measuring road profile character i s t i c s , the GMR 
road profilometer is the only device whose output contains information on a l l of the 
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wavelengths i m p o r t a n t to vehic le r i d e . A c c u r a t e measurement of the r o a d p r o f i l e , 
however , does not t e l l the use r of the device a n y t h i i ^ about the roughness o r r i d e cha r 
a c t e r i s t i c s o f the road . I t i s i n t h i s a r ea tha t r e s e a r c h a c t i v i t y i s needed. C o n s i d e r 
ing the sys t em of the vehic le and human body r i d i n g i n the veh ic l e , we have the a b i l i t y 
to measure the input to the s y s t e m , the r o a d p r o f i l e , and the output o f the system—the 
passenger ' s op in ion of the r i d e sensation. 

However , the passenger ' s op in ion i s sub jec t ive and r e q u i r e s the use of a passenger 
o r g roup of passengers to evaluate each road f o r roughness. T h r o u g h f u t u r e r e s e a r c h 
i t i s hoped that an ob jec t ive r i d e c r i t e r i o n can be f o r m u l a t e d that w i l l a l l ow the c o m 
p l e t e l y ob jec t ive eva lua t ion of a r o a d sys t em. The comple te eva lua t ion p rocedure wouL 
consis t o f m e a s u r i n g the road p r o f i l e , us ing the r o a d p r o f i l e as an input in to a s i m u l a 
t i o n of a t y p i c a l veh ic l e , us ing the mot ions of the t y p i c a l veh ic le as an input in to a 
s i m u l a t i o n o f a t y p i c a l human body, and the m o n i t o r i n g of the outputs of the s i m u l a t e d 
body to de t e rmine i t s r e a c t i o n to the road . I t may be that the s i m u l a t i o n of both the 
veh ic le and hirnian body can be reduced to an i n s t r u m e n t box whose input w o u l d be the 
measured r o a d p r o f i l e and whose output w o u l d be a r o a d roughness eva lua t ion i n the 
f o r m of a number o r a curve . I t i s obvious that there i s much w o r k between the presen 
status and the d e s i r e d f u t u r e pos i t i on . A m a j o r step has been taken i n our newfound 
a b i l i t y to measure and r e c o r d r o a d su r face p r o f i l e s . The s i m u l a t i o n of a t y p i c a l v e h i c l 
does not appear to p re sen t a p r o b l e m but the f i n a l step of obta in ing an ob jec t ive pas 
senger r i d e c r i t e r i o n w i l l r e q u i r e an extensive amount o f r e sea rch . The sooner we 
s t a r t on th i s r e s e a r c h the sooner we w i l l have the a b i l i t y to r a t e r o a d roughness 
ob jec t ive ly . 

W h i l e i t i s t r u e that none o f the ex i s t i ng roughness equipment i s p e r f e c t , i t can a l l 
be put to good use. Many agencies throughout the Uni ted States a re m a k i n g e s t ima tes 
of pavement s e r v i c e a b i l i t y and thence p e r f o r m a n c e . They a re us ing the roughome te r , j 
the C H I X ) E p r o f i l o m e t e r , and many other approx imate devices . U n t i l be t te r equipment 
i s developed, the continued use of e x i s t i i ^ methods i s e s sen t i a l to pavement evaluat ion . 

Needed Research—In o r d e r to make f u r t h e r advances i n t h i s a rea i t w i l l be e s sen t i a l 
that equipment f o r m e a s u r i n g " t r u e p r o f i l e " of the pavement su r face be developed. 
These t r u e p r o f i l e s w i l l make i t poss ib le to cha rac t e r i ze pavements v e r y accura te ly 
and i n subsequent c o r r e l a t i o n s w i t h s tudies of human s e n s i b i l i t i e s should p r o v i d e i m 
p r o v e d s e r v i c e a b i l i t y index equations. A d d i t i o n a l r e s e a r c h i s also needed i n human 
response to m o t i o n s ince psycholog is t s have poin ted out tha t i t i s v e r y d i f f i c u l t to o b 
t a i n r e a l i s t i c sub jec t ive r a t i ngs f r o m human subjec ts . Opera t iona l and safe ty r e q u i r e - ] 
ments of a i rp lanes i n r e l a t i o n to pavement roughness i s a lso a sub jec t w h i c h r e q u i r e s 
extensive r e sea rch . 

Condi t ion Surveys 

Condi t ion surveys a re i m p o r t a n t to the mechan i s t i c eva lua t ion of h ighway pavements . 
They w i l l be thorough ly d iscussed i n the next s e c t i o a Studies at the AASHO Road Tes t 
(6) showed that cond i t ion su rveys were a l so h e l p f u l i n i m p r o v i n g c o r r e l a t i o n s i n the 
p resen t s e r v i c e a b i l i t y index. A l l the s tudies to date have shown tha t an eva lua t ion o f 
su r face c r a c k i n g and p a t c h i i ^ of a l l pavements and the add i t ion of f a u l t i n g m e a s u r e 
ments on Por t land cement concre te pavements w i l l p r o v i d e adequate i n f o r m a t i o n to 
i m p r o v e c o r r e l a t i o n c o e f f i c i e n t s between pavement r a t i n g s and s e r v i c e a b i l i t y indexes 
by about 5 percent . M o r e de ta i l ed cond i t ion su rveys do not seem to be w a r r a n t e d f o r 
s e r v i c e a b i l i t y - p e r f o r m a n c e studies. 

T r a f f i c H i s t o r y (Loads) 

A m o n g the many d ive r se and complex f a c t o r s w h i c h a f f e c t pavement p e r f o r m a n c e , 
the number and magnitude of loads has a v e r y d i r e c t e f f e c t on road l i f e . A n accumula 
t i v e r e c o r d of s e r v i c e a b i l i t y r a t i ngs has also been shown to be a measure of the p e r 
f o r m a n c e of a pavement (6, 1̂ ). T h e r e f o r e , the r e l a t i onsh ip of accumula t ive s e r v i c e 
a b i l i t y r a t i n g s and number o f ax le loadings p r o v i d e s a means of eva lua t ing the ac tua l 
p e r f o r m a n c e of the pavement to the expected o r designed pavement l i f e . 
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The impor t ance of knowing the number and magni tude of axle loads f o r purposes of 
eva lua t ing pavement p e r f o r m a n c e t h e r e f o r e becomes apparent. The idea l s i t ua t i on of 
course w o u l d be ax le loads of constant magni tude; thus p r o c u r e m e n t of data w o u l d be 
s i m p l y r e c o r d i i ^ the number of axle load appl ica t ions . Unfo r tuna t e ly , t h i s i s not the 
case f o r the m i x e d t r a f f i c w h i c h t r a v e l s the na t ion ' s h ighways. I t becomes necessary 
t h e r e f o r e to accumulate i n f o r m a t i o n on volumes of t r a f f i c f o r the pavements i n quest ion 
and to d e r i v e some r e l a t i o n s h i p o f n imibe r and m ^ n i t u d e o f loadings f o r va r i ous c l a s 
s i f i c a t i o n s and vo lumes of m i x e d t r a f f i c . 

The AASHO, M a r y l a n d , and WASHO Road Tes ts ( 1 , 20, 35) have shown tha t the f r e 
quency of app l i ca t ion of heavy loads d i r e c t l y a f f ec t s the s e r v i c e l i v e s of h ighways . Re
su l t s o f these comple te s tudies p rov ide a means of r e l a t i n g the des t ruc t ive power o f 
one whee l load ing to another; f o r example , two appl ica t ions of a 30,000-pound axle 
load ing i s cons idered equivalent to s i x appl ica t ions of an 18,000-pound axle load. The 
number and r a t e o f app l i ca t i on o f heavy axle loads t h e r e f o r e i s an i m p o r t a n t aspect o f 
h ighway evaluat ion . Severa l tes t t r a c k s b u i l t and tes ted by the U. S. A r m y Corps of 
Engineers f o r the U. S. A i r Fo rce v e r i f i e d the same concept and es tab l i shed the r e l a 
t i onsh ip between a i rp lane gear loads , land app l ica t ions , and a i r f i e l d pavement designs. 
These r e l a t ionsh ips w e r e l a t e r ex t rapo la ted f o r the des ign and eva lua t ion of m i l i t a r y 
roads and s t ree t s . 

M o s t states a re m a k i n g studies of the number and magnitude of axle loads , but i t i s 
not poss ib le t o ob ta in such i n f o r m a t i o n cont inuously f o r a l l h ighways and s t ree t s . 
T h e r e f o r e , the ava i lab le data mus t be expanded and assumptions made to apply the 
i n f o r m a t i o n acqu i red to a s tatewide basis . 

To es tab l i sh an a p p r o x i m a t i o n of number and magnitude of loads f o r a p a r t i c u l a r 
pavement , i t i s f i r s t necessary to de t e rmine the vo lume and c l a s s i f i c a t i o n of the t r a f f i c . 
T r a f f i c vo lumes gene ra l l y f o l l o w c y c l i c v a r i a t i o n s such as the season of the yea r , the 
day of the week, and the hour of the day. A l s o , i t i s known that t r a f f i c vo lume has been 
i n c r e a s i n g and i s e j e c t e d t o continue. T r a f f i c vo lume i s i n f luenced by many f a c t o r s , 
such as na t iona l economy and i n t e rna t i ona l r e l a t i o n s , and t h e r e f o r e i s d i f f i c u l t to 
p r e d i c t w i t h any degree of accuracy. Past exper ience has shown that p r e d i c t i o n s of 
increases have gene ra l l y been conserva t ive . 

The h ighway t r a f f i c s t r e a m i s composed of passenger c a r s , l i g h t t r u c k s , m e d i u m 
t r u c k s , heavy t r u c k s , and buses, and the amount of each i s subjec t to v a r i a t i o n s due 
to type and l o c a t i o n of the r o a d o r l and use along the road . The percentage of t o t a l 
number o f veh ic les that each of the va r i ous types of veh ic les r ep resen t also v a r i e s by 
t i m e of day and week. P e r i o d i c measurements of t r a f f i c movement t h e r e f o r e a re 
necessary to m a i n t a i n as r e l i a b l e a bas is as poss ib le f o r p r ed i c t i ons . 

To complete the accumula t ion of necessary i n f o r m a t i o n , the vehic les are weighed 
by va r i ous means. The methods used i n ob ta in ing the weights o f these veh ic les v a r y 
f r o m we igh ing the veh ic le w h i l e m o v i i ^ s l o w l y over a scale to use of s m a l l por tab le 
scales w h i c h measure the load on each wheel . Many states operate pe rmanen t scales 
at s t r a t eg ic loca t ions on p r i m a r y highways on a p e r i o d i c o r cont inuing bas i s , and the 
m a j o r i t y of the weight i n f o r m a t i o n comes f r o m these s ta t ions . Genera l ly , a l l t r u c k s 
a re r e q u i r e d to c ross pe rmanen t scales d u r i n g the p e r i o d o f ope ra t ion , whereas r andom 
s a m p l i i ^ of veh ic les i s used f o r the po r t ab le scales . 

Since t o t a l numbers o f axles and ax le loads a re ex t rapo la ted f r o m these sampl ings 
of vehic le we igh t s , i t i s i m p o r t a n t tha t the samples be r e l i a b l e . I n a r e p o r t by Shook 
et a l (31), i t was poin ted out that the r e l i a b i l i t y of the samples i s governed by such 
f a c t o r s as : 

1. Size of s ample : (a) pe rcen t of the d a i l y t o t a l count w h i c h i s weighted; (b) number 
of s ta t ions at w h i c h su rveys a re made; (c) number of s ta t ions inc luded f o r each type 
of h ighway; and (d) number of observat ions made each year at each s ta t ion f o r each 
highway type. 

2. Method by w h i c h s p e c i f i c vehic les a re selected. 
3. T i m e of day and yea r d u r i n g w h i c h weighings a re made. 
4. The s p e c i f i c loca t ions of the we igh ing s ta t ions (a) r e l a t i v e to the cha rac t e r of the 

t r a f f i c , and(b) r e l a t i v e to the type of highway they represen t . 
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Shook (31) also po in ts out that axle load and t r u c k type d i s t r i b u t i o n s v a r i e d not on ly 
f r o m state t o state bu t w i t h i n a state f o r d i f f e r e n t types o f h ighways . T h e r e f o r e , e x 
t r a p o l a t i o n o f data f r o m one l o c a t i o n to another o r to a r e l a t i v e l y l a rge a rea r e q u i r e s 
r e c o g n i t i o n o f the assumptions w h i c h are appl ied and the e r r o r s w h i c h may be in t roduced . 

Cont inua l load s tudies by the states w i l l r e s u l t i n m o r e accura te es t imates of the 
load ing h i s t o r y of the p a r t i c u l a r sec t ion of pavement being evaluated. However , the 
u l t i m a t e goal w i l l be a cont inuing r e c o r d o f actual magnitude and number o f loads be ing 
appl ied. N o r m a n and Hopkins (25) r e p o r t e d on an e l ec t ron i c we igh ing device w h i c h 
measured axle we igh t s , axle spacings, and speeds of veh ic les m o v i n g at t h e i r n o r m a l 
speeds along highways. E l e c t r o n i c and s t r u c t u r a l p r o b l e m s developed d u r i n g the s tudy, 
but the po t en t i a l of such a scale was demonst ra ted . M o r e r e c e n t l y a r e p o r t by the 
Kentucky Depar tmen t o f Highways (19) descr ibes the cons t ruc t i on , i n s t a l l a t i o n , t e s t i ng 
and p e r f o r m a n c e ana lys i s o f t h r e e types o f dynamic e l e c t r o n i c sca les : the T a l l e r -
Cooper , a c o m m e r c i a l l y developed f o u r l oad c e l l sca le ; the b r o k e n b r i d g e , an adaptat ion 
of a G e r m a n pro to type emp loy ing two load c e l l s ; and the beam-type scale , an e x p e r i 
m e n t a l p ro to type tha t uses a p a i r o f i n s t r u m e n t e d a l u m i n i m i beams as the weigh t sen
sors . The r e p o r t concludes that a l l th ree scales w i l l accura te ly measure the appl ied 
load , but that the b r o k e n b r idge and beam scales appeared to be m o r e su i t ed f o r c o l 
l e c t i o n of data f o r use i n pavement des ign and highway p lanning . The T a l l e r - C o o p e r 
scale appeared to be be t t e r su i ted to r e s e a r c h i n pavement and vehic le dynamics . A l l 
t h r ee scales w e r e equa l ly su i t ed f o r c o l l e c t i o n o f s t a t i s t i c a l axle l oad da ta and e n f o r c e 
ment of axle weigh t l i m i t a t i o n s . The r e p o r t a lso includes an exce l len t b ib l i og raphy 
w i t h synopses of some of the m o r e pe r t i nen t en t r i e s . 

I t i s r e a d i l y apparent f r o m the ava i lab le i n f o r m a t i o n tha t highway agencies a re 
c u r r e n t l y expending considerable r e s e a r c h e f f o r t i n the f i e l d o f t r a f f i c loadings and 
that methods of obta in ing a continuous r e c o r d of axle loadings at a p a r t i c u l a r s i te 
wi thou t i n t e r f e r i n g w i t h t r a f f i c a re being developed. 

P e r f o r m a n c e 

A d e f i n i t i o n i s needed f o r the t e r m " p e r f o r m a n c e . " Several de f in i t i ons have been 
proposed i n recen t yea r s . I n gene ra l , these de f in i t i ons agree that the " p e r f o r m a n c e " 
of a pavement i s the " a b i l i t y to se rve t r a f f i c sa fe ly over a p e r i o d of t i m e . " Webs te r 
def ines p e r f o r m a n c e as "the execut ion of the func t ions r e q u i r e d of one; o f t e n , e f f e c t i v e 
ope ra t ion , as of a m o t o r . " A p p l i e d t o pavements t hen , the t e r m pavement p e r f o r m a n c e 
means "the e f f ec t i ve opera t ion of the roadway i n i t s f u n c t i o n of c a r r y i n g t r a f f i c . " 
Carey and I r i c k (6) def ine p e r f o r m a n c e as the " t r e n d of s e r v i c e a b i l i t y index w i t h t i m e . " 
They def ine p e r f o r m a n c e index as "a s u m m a r y o f PSI values ove r a p e r i o d of t i m e . " 

Since the AASHO Road Tes t and the use of the s e r v i c e a b i l i t y - p e r f o r m a n c e concept 
i n analys is o f the r o a d tes t data, considerable misunders t and ing of the bas ic concept 
has been demonst ra ted . No one ever intended a s ingle PSI value to be a measure of 
pavement p e r f o r m a n c e . Just as the r i m s scored i n any p a r t i c u l a r i nn ing of a basebal l 
game do not Indicate the f i n a l outcome of the game, the PSI does not indicate the p e r 
f o r m a n c e of a pavement , nor was i t intended to . However , j u s t as the accumula t ion of 
runs throughout the course of a baseba l l game u l t i m a t e l y adds up to the f i n a l s co re , 
the accumula t ion o r t o t a l eva lua t ion of the s e r v i c e a b i l i t y h i s t o r y of a pavement can be 
evaluated to measure f i n a l p e r f o r m a n c e o f the pavement. 

M E C H A N I S T I C E V A L U A T I O N FOR S T R U C T U R A L A D E Q U A C Y 

Condi t ion Surveys 

A l t h o u ^ i t may not be a m a t t e r o f r e c o r d , one can state w i t h a f a i r degree of c e r 
t a in ty tha t cond i t ion su rveys m u s t have developed about the same t i m e i n h i s t o r y as the 
t u r n i n g whee l . Once the advantages o f the wheeled veh ic le became apparent , the r o a d 
b u i l d e r o r the highway engineer c e r t a i n l y was needed. 

As roads developed i t was , no doubt, a keenly observant i n d i v i d u a l who f i r s t saw the 
advantages of us ing s t r o n g g r a n u l a r m a t e r i a l s o v e r the l ess s table n a t u r a l f i n e - g r a i n e d 



61 

so i l s f o r bu i ld ing roads . H i s knowledge was not based on e labora te ly equipped l a b o r a 
t o r i e s and l i b r a r i e s but came th rough an unders tanding of what was avai lable f o r h i m 
to see, that i s , t h rough observat ions of pavement c o n d i t i o a Since tha t t i m e the e n g i 
neers and pavements have p r o g r e s s e d a long way , but i t i s s t i l l i m p o r t a n t today to 
evaluate the va r ious e lements that make up today 's pavement on the bas is of actual 
f i e l d p e r f o r m a n c e . Condi t ion surveys p r o v i d e the necessary i n f o r m a t i o n to compare 
the r o l e p layed by each e lement i n the o v e r a l l p e r f o r m a n c e of the pavement. The 
des igner , the b u i l d e r , the use r , and the maintenance engineer a l l have an i m p o r t a n t 
stake i n pavement p e r f o r m a n c e . 

The f u l l i m p a c t of the use of the s e r v i c e a b i l i t y index to ra te pavements w i l l pos s ib ly 
not be f u l l y r e a l i z e d f o r many years . C e r t a i n l y we should seek ways to i m p r o v e and 
extend i t s usefulness and to develop a be t te r sys tem. I t i s not , however , intended 
(nor l i k e l y ) to do away w i t h the m a k i n g of condi t ion su rveys , w h i c h i s one of the m o s t 
basic too ls f o r extending our knowlec^e of highway engineer ing . 

I t i s recognized that a s e r i e s of PSI values obtained on a p a r t i c u l a r sec t ion of pave
ment over a p e r i o d of t i m e , when c o r r e l a t e d w i t h t r a f f i c h i s t o r i e s and env i ronmen t , 
i s an ind ica to r of des ign, m a t e r i a l s , cons t ruc t ion , and maintenance va r i ab l e s that ex i s t . 
However , condi t ions se ldom p r e v a i l except on spec i a l tes t p r o j e c t s where the re i s not 
a s t r o n g inf luence of each of these f a c t o r s on the p e r f o r m a n c e of the pavement. Ye t , 
s ince not a l l pavements have the same capaci ty to p e r f o r m , i t becomes necessary that 
c r i t i c a l inspect ions be made by knowledgeable pe r sonne l to es tab l i sh the cause, o r 
causes, f o r the v a r i a t i o n i n p e r f o r m a n c e . Pavements o f t en f a i l to p e r f o r m s a t i s f a c 
t o r i l y f o r a combina t ion of reasons. These are the d i f f i c u l t ones, and o f t en no s ingle 
so lu t i on i s e a s i l y obtained. I n many other cases they have been c o r r e c t l y analyzed, 
and addi t iona l i n f o r m a t i o n i s made ava i lab le . Thus , each one of our thousands of 
m i l e s of pavements s e r v i i ^ under a g rea t v a r i e t y of t r a f f i c and env i ronmen ta l c o n d i 
t ions se rves as one m o r e e lement i n a vast p r o v i n g ground. 

Condi t ion su rveys made to es tab l i sh the s t r u c t u r a l adequacy of a pavement usua l ly 
a re made i n m o r e d e t a i l than i s n o r m a l l y r e q u i r e d f o r es tab l i sh ing the PSI of a pave
ment . They gene ra l ly include not on ly a r e c o r d of a l l loca t ions o r the number of t i m e s 
a p a r t i c u l a r k i n d o f d i s t r e s s i s observed , but a lso indica te the degree to w h i c h the d i s 
t r e s s has developed, such as c lass 1, 2, o r 3 c racks . Types and condi t ion of m a i n t e 
nance opera t ions a re also i m p o r t a n t data. 

M o s t pavement engineers have at one t i m e o r another been invo lved i n m a k i i ^ c o n 
d i t i o n su rveys , o r at leas t have been exposed to r e p o r t s made on the basis of i n f o r m a 
t i o n obtained f r o m them. The re appears to be no s ingle method of m a k i n g a cond i t ion 
su rvey tha t i s used u n i v e r s a l l y . Because of the many uses made of th i s i n f o r m a t i o n , 
an e x t r e m e l y wide v a r i a t i o n ex i s t s i n the manner i n w h i c h the su rveys are obtained, 
r e c o r d e d , analyzed, s u m m a r i z e d , and s to red . Each perhaps has i t s spec ia l a d v a n t ^ e s 
and /o r disadvantages. I t i s not w i t h i n the scope of t h i s r e p o r t to l i s t o r judge t h e i r 
m e r i t s . I t does seem i m p o r t a n t , however , that a l i s t of s tandard d e f i n i t i o n s of i t e m s 
inc luded on condi t ion su rveys be agreed upon and used. I n m o s t respects t h i s has 
been done and has been r e p o r t e d i n H R B Special Repor t 30 (26), w h i c h also contains a 
v a r i e t y of suggested f o r m s tha t can be used. Some examples of r e p o r t s p r e p a r e d 
f r o m cond i t ion su rveys are g iven e lsewhere (2, 7, 12, 22, 27, 28, 29), and the re are 
o thers avai lable i n the l i t e r a t u r e . 

I m p r o v e m e n t s i n the methods and techniques used i n o b t a i n i i ^ data f r o m cond i t i on 
su rveys a re s low to develop. One a rea that i s p r e sen t l y r e c e i v i n g some a t ten t ion i s 
the r e t r i e v a l of cons t ruc t i on i n f o r m a t i o a I n some cases th i s i n f o r m a t i o n i s be ing 
p laced on I B M ca rds , w h i c h should cut down the t i m e i n the o f f i c e needed to d i g t h i s 
i n f o r m a t i o n out. I n add i t ion to r e a d i l y supply ing the i n f o r m a t i o n on a s p e c i f i c p r o j e c t , 
t h i s method i s also e x t r e m e l y u s e f u l i n he lp ing to select the p r o p e r sect ions to su rvey . 

Another a rea i n w h i c h the re has been some r e l a t i v e l y new developments i s the use 
of p i c t u r e s o r s t r i p maps made by spec ia l cameras mounted on a t r u c k . We should 
encourage the development of any idea w h i c h w o u l d tend to reduce the t i m e r e q u i r e d , 
i m p r o v e the accuracy o r cut down on the cost of cond i t ion su rveys . 
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Nondes t ruc t ive Tes ts 

A n eva lua t ion of the s t r u c t u r a l adequacy of the va r ious components of an e x i s t i n g 
pavement wi thout d i s t u r b i n g o r de s t roy ing these components i s h igh ly des i rab le . T o 
accompl i sh t h i s , measurements m u s t be obtained on o r above the su r face of the pave 
ment and the r e s u l t s r e l a t e d to the s t r u c t u r a l p r o p e r t i e s of the u n d e r l y i n g elements . 
Measurements of responses of a pavement s t r u c t u r e to an e x t e r n a l f o r c e o r energy 
are r e f e r r e d to as "nondes t ruc t ive" since the s t r u c t u r e of the pavement i s not a l t e r e d 
and such measurements can be repeated at the same l o c a t i o a Nondes t ruc t ive t e s t i ng 
methods can be separa ted into th ree gene ra l ca tegor ies : measurements o f response 
to a se lected s ta t i c load o r a s i i ^ l e app l ica t ion of a s l o w - m o v i n g load , response to a 
repeated load , and response of a mass to a c o n t r o l l e d source o f nuclear energy. 

The response to a s ingle app l i ca t ion of load i s genera l ly obtained by m e a s u r i i ^ the 
d e f l e c t i o n of the pavement sur face . Pavement d e f l e c t i o n \mder a whee l l oad i s usua l ly 
measured by means of a Benke lman beam. The Benke lman beam was developed at the 
WASHO Road Tes t (35); i t i s a po r t ab le i n s t r u m e n t wh ich produces measurements o f 
d e f l e c t i o n to a thousandth of an inch . Resul ts o f a study i n C a l i f o r n i a (18) ind ica ted 
tha t when su r f ace de f l ec t ions o f f l e x i b l e pavements as m e a s u r e d by the Benke lman 
beam exceeded a c e r t a i n va lue , the subjec t pavements gene ra l ly showed signs of d i s 
t r e s s . A s i m i l a r study i n V i r g i n i a (23) r e s u l t e d i n the same genera l conclusions . 
Compar i son of su r face def lec t ions to a c r i t i c a l de f l ec t i on va lue , t h e r e f o r e , p rov ides 
a means to p r o g r a m maintenance f o r f l e x i b l e pavements . Studies at the AASHO Road 
Tes t (1.) ind ica ted tha t r e l a t i o n s ex i s t ed between su r face def lec t ions and p e r f o r m a n c e 
of f l e x i b l e pavements ; thus su r face def lec t ions can a lso be used as a means o f eva lua t 
ing pavement p e r f o r m a n c e . The Benke lman beam i s a s i m p l e i n s t r u m e n t to operate , 
but va r i ab l e s such as t empe ra tu r e o f the pavement and c u r v a t u r e of the d e f l e c t i o n 
b a s i n (9, 10) r e q u i r e c a r e f u l cons ide ra t ion when i n t e r p r e t i n g the r e s u l t s . 

Pla te bea r ing tes ts have also been used by agencies to ob ta in def lec t ions of pave
ment under load. The P o r t l a n d Cement A s s o c i a t i o n (38) has developed and used a 
method to de t e rmine values of modulus of subgrade r e a c t i o n of u n d e r l y i n g l a y e r s by 
p la te load ing of r i g i d pavements and m e a s u r i n g s t r a i n s at the s u r f a c e of the pavement 
as w e l l as def lec t ions . 

Def l ec t ions of su r faces under repeated m o v i n g loads have been measured by means 
of l i n e a r va r i ab l e t r a n s f o r m e r s i n s t a l l e d w i t h i n a pavement s t r u c t u r e . Considerable 
i n f o r m a t i o n o n t h i s me thod has been pub l i shed (1^). A l though nondes t ruc t ive , the me thod 
does r e q u i r e a pe rmanen t i n s t a l l a t i o n at one po in t i n a p a v e m e n t The inf luence of 
such an i n s t a l l a t i o n , w h i c h i s f o r e i g n to the su r round ing med ia , r a i s e s the quest ion of 
the e f f e c t on the r e s u l t s . 

A s e r i e s of v i b r a t i o n measurements was conducted on f l e x i b l e pavements at the 
AASHO Road Tes t and the r e s u l t s r e p o r t e d by N i j b o e r and M e t c a l f (24). I n i t i a l l y the 
p rocedure consis ted of e x e r t i n g an a l t e rna t ing v e r t i c a l f o r c e on the su r f ace o f the 
pavement and m e a s u r i i ^ the d e f l e c t i o n of the su r f ace o r the ve loc i t y of wave propagat ion . 

Measurement of the su r f ace d e f l e c t i o n p rov ides an e l a s t i c s t i f f n e s s value f o r the 
t o t a l s t r u c t u r e b e i i ^ loaded whereas the wave ve loc i t y values can be i n t e r p r e t e d to 
de t e rmine the s t i f f n e s s of the va r i ous l a y e r s . Heukelom and K l o m p (11) have r e p o r t e d 
on such measurements f o r so i l s and s t a b i l i z e d and i m s t a b i l i z e d base courses i n va r i ous 
European locat ions . These r e p o r t s by N i j b o e r and M e t c a l f (24) and Heuke lom and 
K l o m p (11.) p r o v i d e extensive b ib l i og raph i e s . 

V i b r a t o r y equipment was used by the U . S. A r m y Engineer Wate rways E3q ) e r imen t 
Stat ion (33) to de te rmine the e l a s t i c modulus of so i l s under pavements . The method 
used was bas i ca l l y that developed by the Shel l O i l l a b o r a t o r y i n A m s t e r d a m , Ho l l and , 
w h i c h cons is t s of se t t ing up a steady state o f v i b r a t i o n s a t a g iven f r equency and 
m e a s u r i n g the ve loc i t y of the propagated waves. T h i s i s essen t ia l ly the same method 
as ment ioned i n the p reced ing paragraph . 

The E x p e r i m e n t Stat ion used an e m p i r i c a l l y developed ha l f -wave leng th p rocedure 
f o r i n t e r p r e t a t i o n of ve loc i ty . B y us ing the E modulus developed by these techniques 
and r e s o r t i n g to the e las t i c t h e o r y , computat ions were made to de t e rmine pavement 
s t rengths . A l though r e l a t i v e s t rengths of pavements cou ld be obtained by these 
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methods , i t was questioned tha t the p rocedures were developed to the po in t where 
pavement s t r eng t l i cou ld be accura te ly evaluated. 

A r e p o r t by Sc r ivne r and M o o r e (30) descr ibes a study conducted i n Texas us ing a 
dynamic load ing sys t em and m e a s u r i n g su r face de f l ec t ions by means of geophones 
p laced i n contact w i t h the su r face . Def lec t ions of the su r face produced by the dynamic 
loading a re compared to Benke lman beam def lec t ions under a s ingle load appl ica t ion . 
Resul ts of the study indicate that a r e l a t i v e l y good c o r r e l a t i o n ex i s t ed between the two 
methods of d e t e r m i n i n g pavement def lec t ions . The dynamic d e f l e c t i o n equipment i s 
quite rugged and can be operated i n the f i e l d by one man. The m o b i l i t y of the dynamic 
equipment and the s h o r t t i m e r e q u i r e d f o r ac tual t e s t i ng are f avo rab l e f a c t o r s to consider . 

A t the p resen t t i m e , nuclear tes t ing p rov ides measures of densi ty and m o i s t u r e 
content o f pavement m a t e r i a l s (3). Nuc lea r equipment has been used e x p e r i m e n t a l l y 
f o r d e t e r m i n a t i o n of asphalt content of b i tuminous m i x t u r e s (34) as w e l l as compacted 
densi ty o f hot asphalt pavement (3). The n o r m a l use to date of nuclear equipment i s 
i n m a i n t a i n i n g c o n t r o l of cons t ruc t ion p rocedu re s , al though i t i s conceivable tha t a p p l i 
ca t ion may develop t o w a r d eva lua t ion of cons t ruc ted pavements as w e l l . One example 
i s measurement o f changes i n densi ty of a base course subjec ted to t r a f f i c f o r a yea r 
b e f o r e the su r face m a t e r i a l i s placed. A l i m i t e d p r o g r a m of t h i s type was r ecen t ly 
conducted i n Wiscons in . 

A t the present t i m e the nondes t ruct ive methods of t e s t i i ^ , b r i e f l y desc r ibed above, 
p r o v i d e good ind ica t ions of the s t r u c t u r a l adequacy of the pavement m a t e r i a l i t s e l f and 
that of the i m d e r l y i n g l a y e r s . C e r t a i n l y none of these methods can be cons idered as 
p roduc ing accurate measures o f the s t r eng th p r o p e r t i e s of the u n d e r l y i n g l a y e r s . 
Recent advances i n the f i e l d of e l ec t ron ic s and nuclear de tec t ion may y i e l d new methods 
of nondes t ruc t ive t e s t i ng tha t w i l l p rov ide m o r e accurate measurements of the s t r u c 
t u r a l capaci ty of the va r ious components. However , considerable r e s e a r c h and d e v e l 
opment i s necessary be fo re such methods become avai lable to highway agencies. 

Des t ruc t i ve Tes t i ng 

Al though the p e r f o r m a n c e o f pavements can be evaluated by measurements of s u r 
face i r r e g u l a r i t i e s o r the logging o f pavement defects such as c r a c k i i ^ and r u t t i n g , i t 
becomes necessary occas iona l ly to r emove po r t i ons of the pavement s t r u c t u r e to as
c e r t a i n j u s t whe re the f a i l u r e s a re o c c u r r i n g and why. The t e r m "des t ruc t ive t e s t i n g " 
is appl ied to these eva lua t ion methods s ince the o r i g i n a l s t r u c t u r e of the comple te 
pavement i s des t royed w i t h respec t to f u t u r e t e s t ing at that p a r t i c u l a r loca t ion . I n 
gene ra l , such eva lua t ion p rocedures a re r e s t r i c t e d to pavements tha t show evidence 
of d i s t r e s s ; however , they have been used on tes t roads (jL, 20, 35) to de te rmine the 
evo lu t ion of d i s t r e s s . 

The techniques used depend on the type of i n f o r m a t i o n d e s i r e d , but g e n e r a l l y invo lve 
cu t t ing in to each pavement l a y e r and r e m o v i n g samples f o r t es t ing . A t t i m e s the o b 
j e c t i v e i s to obta in imd i s tu rbed samples of the va r ious l aye r s . However , the success fu l 
a t t a inment o f t h i s ob jec t ive m a y not always be r e a l i z e d due to the c i r cums tances 
invo lved . 

The ac tual c ros s sec t ion of the va r ious l a y e r s of r u t t e d f l e x i b l e pavements can be 
s tud ied to analyze the behavior of each l a y e r and the f u n c t i o n i n g o f the sys tem. One 
such study i n Kentucky (8) r evea led that subgrade s o i l had i n t r u d e d in to the w a t e r -
bound base course m a t e r i a l , thus suggest ing changes i n the g rada t ion of the base course 
m a t e r i a l and m o d i f i c a t i o n s of c e r t a i n cons t ruc t ion p rocedures . 

Trenches were cut t r a n s v e r s e l y across f l e x i b l e pavements at the AASHO Road Tes t 
to obta in i n f o r m a t i o n c o n c e r n i i ^ the amount of wheelpath r u t t i n g at the top of each of 
the component s t r u c t u r e l a y e r s as w e l l as to obta in i n f o r m a t i o n on the e x i s t i n g c o n d i 
t i o n and s t r eng th of the m a t e r i a l s . I t was found tha t r u t t i n g of the pavement was due 
p r i n c i p a l l y to decreases i n th ickness o f the component l a y e r s a t t r i bu t ed to l a t e r a l 
movement of the m a t e r i a l s . These r e s u l t s a long w i t h dens i ty and s t reng th tes ts on 
samples of the r emoved m a t e r i a l p r o v i d e d considerable i n f o r m a t i o n on the s t r u c t u r a l 
capab i l i t i e s of the pavement. 
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Severa l states are c u r r e n t l y conducting r e s e a r c h on degradat ion of base course 
m a t e r i a l s a f t e r sub jec t ion to s e r v i c e under t r a f f i c . Samples are r emoved f r o m the 
base course l a y e r at va r ious i n t e r v a l s of t i m e and tes ted i n the l a b o r a t o r y to de t e r 
mine what inc rease , i f any, i n f i ne s has o c c u r r e d . Removing the e x i s t i n g su r face to 
a l low s a m p l i n g of the base m a t e r i a l i s undes i rab le ; however , the i n f o r m a t i o n gained 
by s a m p l i i ^ and t e s t i ng m a t e r i a l exposed to actual s e r v i c e condi t ions counterbalances 
t h i s d e t r i m e n t a l aspect. 

The authors be l ieve that many states excavate and examine i so la ted t roub le spots 
i n pavements to de t e rmine the cause of the p a r t i c u l a r p r o b l e m and take steps to c o r 
r e c t the s i tua t ion . These i n d i v i d u a l inves t iga t ions a re r a r e l y r e p o r t e d i n pub l i ca t i ons ; 
i n f a c t , the i n f o r m a t i o n r a r e l y goes beyond the i n d i v i d u a l group invo lved i n the ac tua l 
p r o b l e m . Consequently, the avai lable i n f o r m a t i o n concern ing des t ruc t ive t e s t i i ^ 
methods and the attendant r e s u l t s i s l i m i t e d to those occasions where these methods 
w e r e i n c o r p o r a t e d in to an o v e r a l l p r o g r a m of eva lua t ion such as at Road Tests . 

The advantages of opening up pavements f o r de ta i l ed inves t iga t ions below the s u r 
face mus t be weighed against the disadvantages of r e m o v i n g po r t ions of the pavement 
and r e p l a c i n g w i t h patches. I t i s i m p o r t a n t that a l l va r i ab le s that a f f ec t pavement 
p e r f o r m a n c e be evaluated b e f o r e de f in i t e conclus ions a re reached. Too g rea t a 
r e l i ance on the appearance of defects at the su r face should not be made, f o r many 
t i m e s th i s may g ive mi s l ead ing r e s u l t s . Surface defects can be used as gene ra l guides 
to the i m d e r l y i n g condi t ions ; however , i t i s o f t e n necessary to de te rmine the t r u e p o s i 
t i o n and cause of f a i l u r e f o r a comple te ly r e l i a b l e analys is . 

COMPARISON O F F U N C T I O N A L E V A L U A T I O N 
VS M E C H A N I S T I C E V A L U A T I O N 

Pavement condi t ion can c l e a r l y be analyzed f r o m two d i f f e r e n t poin ts of view. The 
f i r s t o f these embodies a study o f the f u n c t i o n a l behavior of a s t r e t c h of pavement i n 
i t s e n t i r e t y , w h i l e the second i s a study of the mechanics o f pavement behav ior at 
s p e c i f i c loca t ions . Many names have been appl ied but , based on the s ta tement o f c o m 
mi t t ee a c t i v i t i e s pub l i shed by Highway Research B o a r d Commi t t ee D - B 5 (Pavement 
Condi t ion Eva lua t ion ) , we have r e f e r r e d to these two points of v iew as a f u n c t i o n a l 
eva lua t ion and a mechan i s t i c evaluat ion. The re is some honest d i f f e r e n c e of op in ion 
and cons iderable m i s u n d e r s t a n d i i ^ between these t w o eva lua t ion techniques. M u c h of 
the misunders tand ing seems to a r i s e f r o m engineers who have used one o r the o ther 
of the methods of eva lua t ion ex tens ive ly , but have never used the o ther method and 
t h e r e f o r e a re not f a m i l i a r w i t h i t . 

M u c h of the misunders tand ing comes f r o m the i ng ra ined f e e l i n g among engineers 
w i t h a background of s t r u c t u r a l exper ience tha t a c r a c k i n a s t r u c t u r a l u n i t designed 
by engineers i s an i n d i c a t i o n of f a i l u r e . I n some instances c r a c k i n g i s synonymous 
w i t h f a i l u r e ; yet such i s not the case w i t h a l l engineer ing s t r u c t u r e s and c e r t a i n l y not 
i n the case o f pavements . F o r example , many p r o p e r l y designed p r e s t r e s s e d concrete 
beams continue to f u n c t i o n w e l l and c a r r y t h e i r designed loads f o r many yea r s a f t e r 
c racks appear i n the concrete i t s e l f . A s another example , cont inuously r e i n f o r c e d 
concrete pavements f u n c t i o n w e l l w i t h c racks . Many des igners (21) f e e l that they 
f u n c t i o n be t te r w i t h f a i r l y close c r a c k spacing, thus i m p r o v i n g " p e r f o r m a n c e . " The 
pavements a re i n f a c t designed t o c r a c k at these spacings r a t h e r than at longer spacings. 

A c r a c k p e r se may o r may not a f f ec t the f u n c t i o n of a pavement. I n some cases, 
c e r t a i n l y cont inuously r e i n f o r c e d pavements as c i t ed above, c r a c k i n g i s not d e t r i m e n t a l 
and may be h e l p f u l . Data c i t e d by Carey and I r i c k (1_) i n developing PSI concepts show 
that pavement r a t e r s pay scant a t tent ion to c racks . A rough c r a c k (spal led o r f au l t ed ) 
w i l l , however , add roughness to the l ong i t ud ina l p r o f i l e and w i l l r e s u l t i n a h ighe r 
roughness measurement , and thus a l o w e r s e r v i c e a b i l i t y index. I t can be seen that 
i t i s not the c r a c k i t s e l f but m o r e p a r t i c u l a r l y the condi t ion or roughness of the c r a c k 
tha t a f f ec t s the f u n c t i o n o f a pavement. 

On the other hand c e r t a i n c r a c k s , no m a t t e r how f i n e , may be i nd i ca to r s of s t r u c t u r a l 
inadequacy to engineers of t r a i n e d judgment . T h i s depends on the type of c r a c k and i t s 
cause. Mechan i s t i c eva lua t ion of pavements i s invo lved w i t h the inves t iga t ion of such 
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c racks and o ther pavement d e t e r i o r a t i o n and s p e c i f i c a l l y w i t h the d e t e r m i n a t i o n of the 
causes. 

I t should be r e i t e r a t e d i n t h i s s u m m a r y that pavement p e r f o r m a n c e cannot be p r e 
d ic ted f r o m a s i i ^ l e PSI value. T rends of the PSI o r s e r v i c e a b i l i t y h i s t o r y a re r e 
q u i r e d , and thus some loss i n s e r v i c e a b i l i t y m u s t be observed and some m a t h e m a t i c a l 
m o d e l mus t be employed to make l i f e o r p e r f o r m a n c e p r ed i c t i ons . Some engineers 
today a re doing th i s by us ing the Road Tes t equat ion as a m a t h e m a t i c a l mode l and 
es t imates of the i n i t i a l o r s t a r t i n g s e r v i c e a b i l i t y of the pavement sect ions be ing e v a l 
uated. Such e f f o r t s may be h e l p f u l i n p r e d i c t i n g average o r "poss ib le" pavement l i f e . 
Bu t such p red i c t i ons can be mi s l ead ing and have i n the past g iven some users the idea 
that pavement p e r f o r m a n c e was be ing p r e d i c t e d f r o m a s ingle PSI de t e rmina t ion . Such 
i s not the case. 

D e t e r m i n a t i o n o f f a i l u r e mechan i sm i s d i f f i c u l t even though some i m p o r t a n t w o r k 
has been done i n t h i s area. E x post fac to observat ions are usua l ly confounded by r a p i d 
d e s t r u c t i o n of pavements near f a i l u r e , the d i f f i c u l t y and e:q)ense o f s o - c a l l e d d e s t r u c 
t i v e s a m p l i n g , and the f a c t that und i s tu rbed samples a re v e r y h a r d to obtain. F u r t h e r 
m o r e , there a re ind ica t ions that f a i l u r e mechan isms e x i s t on a m i c r o s c o p i c scale 
whereas s amp l ing and t e s t i ng p rocedures take place on the l a r g e r macroscop ic scale. 

S U M M A R Y 

Pavement cond i t ion has been ju(%ed f o r cen tu r i e s , but u n t i l r e cen t ly these judgments 
have been sub jec t ive and qua l i t a t ive ins tead of ob jec t ive and quant i ta t ive . Func t iona l 
observa t ions , f o r example , invo lve s ta tements such as " th i s i s a good r o a d , " "poor 
r o a d , " "best r o a d , " " w o r s t r o a d , " etc. Pavement engineers have l i k e w i s e made m e c h 
an i s t i c evaluat ions o f a lmos t e v e r y r o a d eve r b u i l t . These have v a r i e d i n approach i n 
de ta i l and i n r e su l t s gained. However , much of what we know about pavements has 
come f r o m such observa t ions . E a r l y tes t roads and exp j r i m e n t a l pavement sect ions 
r e l i e d heavi ly on such evaluat ions and the i n t e r p r e t a t i o n of such r e su l t s . Many m e c h 
anis t ic evaluat ions were made at the AASHO Road Tes t (1.) and were h e l p f u l i n de t e r -

p n i n i n g m a t h e m a t i c a l models and other phases of data analys is . 
The es tab l i shment of a f a i l u r e c r i t e r i o n i s essen t ia l f o r a l l t es t sect ions and t r a c k s 

such as the AASHO Road Test . The PSI o r Presen t S e r v i c e a b i l i t y Index i s the r e s u l t . 
The h i s t o r y of PSI w i t h t r a f f i c o r axle app l i ca t ion i s t e r m e d " p e r f o r m a n c e . " The 
c l a r i f i c a t i o n and use of such a sys t em as the s e r v i c e a b i l i t y - p e r f o r m a n c e sys t em i s 
j s s e n t i a l i n any Road Tes t sa t e l l i t e p r o g r a m or any nat ionwide study of pavement p e r 
fo rmance . Only th rough such c o m m o n denominator f a c t o r s can the mul t i t ude of v a r i -

' ables across the na t ion be compared. 

iPresent P r a c t i c e 

A t the present t i m e a good many states are obse rv ing f u n c t i o n a l behavior of highway 
pavements . Many are us ing PSI de te rmina t ions as evidenced by the ownersh ip of 17 
C H L O E p r o f i l o m e t e r s and 25 rov^home te r s p lus va r i ous other devices i n c u r r e n t use. 
These f u n c t i o n a l evaluat ions a re being put to va r ious uses, but many of them are i n 
vo lved i n the nat ionwide Road Tes t s a t e l l i t e p r o g r a m i n an a t tempt to be t t e r def ine 
f a c t o r s a f f e c t i n g pavement des ign and p e r f o r m a n c e . 

Mechanis t i c eva lua t ion of pavement condi t ions i s a lso cont inuing. Nondes t ruc t ive 
tes ts are becoming m o r e and m o r e i m p o r t a n t i n such mechanis t i c studies as the p r o b 
l e m s and expenses associated w i t h des t ruc t ive t e s t i ng techniques increase . The d i f 
f i c u l t i e s i nvo lved w i t h d igging tes t p i t s o r m a k i n g other des t ruc t ive tes ts i n the m a i n 
lanes of an in t e r s t a t e highway make the use o f nondes t ruc t ive tes ts m o r e and m o r e 
des i rab le . Such studies of mechanis t i c f a i l u r e s and sea rch f o r poss ib le causes w i l l 
continue to be an i m p o r t a n t aspect o f pavement condi t ion evaluat ion. 

Fu ture of Pavement Condi t ion Eva lua t ion 

The f u t u r e of pavement condi t ion eva lua t ion w i l l undoubtedly lead to so lu t ions o f 
many of the c u r r e n t p r o b l e m s f ac ing pavement r e sea rche r s . Research p r o b l e m s ta te-
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ments submi t t ed by the H R B Pavement Condi t ion E v a l u a t i o n Commi t t ee inc lude the 
f o U o w i i ^ i t e m s (the s ta tements a re numbered f o r convenience; no a t tempt has been 
made to l i s t t h em i n o r d e r o f p r i o r i t y o r i m p o r t a n c e ) : 

P r o b l e m No. 1 : T o develop a m o r e r a p i d and r e l i a b l e p rocedure f o r eva lua t ing 
pavement condi t ion . The ob jec t ive of t h i s p r o j e c t i s to produce a method f o r evalua t in 
pavements wh ich e l im ina t e s the need f o r annual measurements f o r such defects as 
c r a c k i n g and patching. Such a p rocedure w o u l d make i t poss ib le f o r a g rea t many m o j 
pavements to be evaluated than i s now poss ib le f o r m o s t highway depar tments . T h i s 
w o u l d r e s u l t s i n a co r respond ing increase i n the usefulness of such data i n d e c i s i o n 
m a k i n g processes . 

P r o b l e m No. 2 : T o devise i m p r o v e d c o n t r o l techniques f o r pavement smoothness 
d u r i n g cons t ruc t ion . The ob jec t ive of t h i s r e s e a r c h wou ld be to develop be t te r method 
of s p e c i f y i n g and c o n t r o l l i n g pavement smoothness d u r i n g cons t ruc t i on i n o r d e r to 
es tab l i sh cons t ruc t i on c o n t r o l spec i f i ca t ions f o r pavement qua l i ty . 

P r o b l e m No. 3: To develop eva lua t ion techniques f o r d e t e r m i n i n g the l o a d - c a r r y i n g 
capaci ty of ex i s t i ng pavements and thus the needs f o r p reven t ive maintenance. The 
ob jec t ive of t h i s r e s e a r c h i s to seek be t te r methods f o r p r e d i c t i n g f u t u r e s e r v i c e a b i l i t j 
and thus f o r p r e d i c t i n g l o a d - c a r r y i n g capacity of e x i s t i n g pavements . 

P r o b l e m No. 4 : T o es tab l i sh a p sycho log i ca l l y based sub jec t ive r a t i n g scale f o r 
use i n d e t e r m i n i n g the r e l a t i v e r i d i n g qua l i ty of a pavement. The ob jec t ive of t h i s 
r e s e a r c h i s to e s tab l i sh a m o r e r e a l i s t i c scale f o r pavement r a t i n g based on r e c e n t l y 
developed i n f o r m a t i o n . Such a scale should account f o r " len ien t e r r o r s , " " c e n t r a l 
tendency e f f e c t , " and "halo e f f e c t s " that a re n o r m a l l y p resen t i n sub jec t ive r a t i n g s i 
p e r f o r m a n c e by human beings. 

P r o b l e m No. 5: T o c l a r i f y the s e r v i c e a b i l i t y p e r f o r m a n c e concept. The objectives! 
of t h i s r e s e a r c h w o u l d be (a) to c l a r i f y the pavement s e r v i c e a b i l i t y concept, (b) to 
develop the best way f o r eva lua t ing s e r v i c e a b i l i t y as a method of d e t e r m i n i n g p e r f o r 
mance of pavements , and (c) to d i f f e r e n t i a t e between highway s u f f i c i e n c y r a t i ngs and 
s e r v i c e a b i l i t y r a t i ngs . 

P r o b l e m No. 6: T o de t e rmine the e f f ec t s of env i ronmen t and t i m e v a r i a t i o n s on 
roughness equipment. The ob jec t ives of t h i s r e s e a r c h a re (a) to de t e rmine the e f f e c t ] 
of env i ronmen t , p a r t i c u l a r l y t empe ra tu r e and h u m i d i t y , on the opera t ing c h a r a c t e r 
i s t i c s of roughness -measur ing devices used to measure pavement s e r v i c e a b i l i t y ; (b) 
to co l l e c t avai lable data necessary to e s t ab l i sh c o n t r o l cha r t s pe r t i nen t to the b e h a v i o | 
of the va r ious k inds of roughness equipment i n c u r r e n t use; and (c) to evaluate the 
causes and e f f ec t s of i n s t r u m e n t v a r i a t i o n s throughout t h e i r opera t ing l i f e that may 
appear to be v a r i a t i o n s i n pavement s e r v i c e a b i l i t y . 

P r o b l e m No. 7 : To de te rmine f a c t o r s i n the pavement p r o f i l e that a f f e c t passenger l 
r a t ings of pavement s e r v i c e a b i l i t y . The ob jec t ives of t h i s r e s e a r c h are (a) to eva lua t f 
human response i n an e f f o r t t o de t e rmine the f a c t o r s i n r i d i n g qua l i ty w h i c h mos t i n 
f luence subjec t ive r a t i n g of the r i d e , (b) to make a de ta i l ed analys is of pavement p r o 
f i l e s i n an e f f o r t to b reak them in to many components w h i c h are found to in f luence the 
sub jec t ive r a t i n g g iven by automobi le occupants, and (c) to combine the evaluat ions i n 
(a) and (b) to develop a r i d i n g qua l i ty eva lua t ion wh ich w i l l m o r e accura te ly p r e d i c t 
the r i d e r ' s acceptance of the qua l i ty of the r i d e and hence the p resen t s e r v i c e a b i l i t y . 

The accompl i shment of the r e s e a r c h set out p lus many o ther f a c t o r s w h i c h need 
s tudying w i l l u l t i m a t e l y lead to i m p r o v e d methods of e v a l u a t i i ^ pavement condi t ion . 
F o r f u n c t i o n a l evaluat ions these m u s t l ead t o be t t e r equipment , b e t t e r r a t i n g methods , 
m o r e knowledge o f pavement p r o f i l e s , veh ic le c h a r a c t e r i s t i c s and the e f f ec t s of m o t i o n 
on the human m i n d and body. F o r mechanis t i c eva lua t ion these studies mus t lead to 
a m o r e thorough knowledge of the mechanics of pavement l o a d - c a r r y i n g capab i l i t i e s 
and pavement f a i l u r e , be t te r knowledge of the s t r eng th and p h y s i c a l p r o p e r t i e s of the 
va r ious components of the pavements , and be t te r methods o f d e t e r m i n i n g the s t r eng th 
and p h y s i c a l p r o p e r t i e s of these pavement l a y e r s nondes t ruc t ive ly . 
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