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Many interlocking factors contribute to the amount of information 
on pavement distress features that can be gleaned from aerial 
photographs. Twenty-two different air-photo coverages of a short 
section of a 4-lane highway near Bangor, Maine, were taken over 
a 1-year period using 3 types of color film and 2 types of black and 
white film at photo scales varying from 1 in. = 100 ft to 1 in. = 1,000 
ft. Variables to contend with included the (a) appearance of pave
ment, (b) background of the observer, (c) sky conditions, (d) res
olution characteristics of the type of paper print or transparency, 
and (e) the type of viewing equipment. A technique for comparing 
the relative amount of detail discernible on the different photo 
coverages was developed. Based on the comparisons of several 
hundred crack pattern records made by 3 different observers, it 
was concluded that the maximum amount of information on flexible 
pavement distress features can be extracted from infrared color 
transparencies. For extensive general pavement performance 
studies requiring less detailed information, panchromatic glossy 
prints are adequate. The minimum photo-scale requirement is 
contingent on pavement conditions (principally whether the cracks 
are sealed or unsealed) and the type of information required for 
both intensive and extensive pavement evaluation studies. For 
reconnaissance surveys, a photo scale of 1 in. = 500 ft is adequate; 
and for more detailed studies, photography having a scale of 1 
in. = 200 ft or larger is suggested. Forbulh Lypes of studies, ste
reo coverage is highly recommended. 

•PAVEMENT OVERLAY PROJECTS along portions of a 4-lane highwaybetweenAugusta 
and Bangor, Maine, were scheduled for the 1967 and 1968 construction seasons. Anum
ber of different designs were proposed for various sections of this extensive research 
study. It was anticipated that reflection cracks would develop in the rebuilt pavements 
and that the amount and rate of the development would vary with the different types of 
overlay designs, original embankment design, terrain characteristics, average daily 
traffic, mi crocl i m atP., construction practices, and a host of other contributing influences. 

It was felt that a detailed record of the condition of the flexible pavement prior to the 
placement of the overlay would be a valuable tool in future performance evaluations of 
rliffP.rP.nt ovPrlay rlPsigns. 

A feasible and economical method of securing a record of the crack pattern in the 
highway scheduled for repavement was by means of aerial photography. 

The mu::;L ::;uilaule Lype of pholography necessru:y for this particular purpose was not 
known. Therefore, in February and March 1967, a number of photo coverages of a short 
section of a highway near Bangor were taken with panchromatic film at scales ranging 
from 1 in. = 100 ft to 1 in. = 400 ft, at shutter speeds varying from 1/4so to ¼oo second, 
and under different sky conditions from light overcast to clear. This photography was 
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taken by a local private aerial photography firm at no cost to the Maine State Highway 
Commission other than the nominal charge for paper prints. Based on a rapid evalua
tion of 8 different coverages, it was decided to secure photography of the reconstruction 
projects s lated for the 1967 construction season. Photo specifications were as follows: 
{a) panchr omatic film with a minus blue filter, (b) minimum shutter speed of ½oo second, 
(c) scale of 1 in. = 150 ft, and (d) very high overcast with no breaks, if possible, or no 
clouds. This photography is being used currently to record the location of cracks de
veloped in the overlay section during the past 2 years. The photography is considered 
adequate for the purpose intended. A sample of the employment of this photography as 
an effective tool for overlay performance studies is contained in the Appendix of this 
paper. 

It was recognized that color photography might be more useful for detecting various 
types of flexible pavement distress features. Stallard (5) used several types of color 
and black and white photographic materials to identify staining associated with deteriora
tion of rigid pavements in Kansas. He concluded that color prints at a scale of 1 in. = 
100 ft were necessary for detecting initial stage staining, but black and white prints were 
adequate for recording the areal extent of more advanced staining. However, the photo 
specifications recommended for the identification of stains on a light-toned concrete 
surface might not necessarily be most suitable for the detection of features associated 
with failures in a dark bituminous pavement. 

The scope of this paper is to determine the optimum film type and scale combination 
from which adequate information can be gleaned for flexible pavement evaluation studies. 
The study was cosponsored by the U.S. Department of Transportation, Federal Highway 
Administration, Bureau of Public Roads, and the Maine State Highway Commission. 
Methodology and evaluation techniques used in the course of this study are more fully 
described in a limited distribution report prepared by the author (~). 

PROCEDURE 

Interpreters have long recognized that the photo image of many natural or man-made 
objects may vary considerably even if the photography is taken with the same type of 
film and at the same scale. The photo tone of a given soil type may vary from prac
tically white to dark gray, depending on the moisture content. The photo pattern of a 
deciduous forest in winter is very different from that in spring, summer, or fall. The 
general appearance of a bituminous pavement also may vary considerably under different 
situations. At the onset of this study it was realized that the definition of the photo 
images of various types of pavement distress features is dependent, to a large degree, 
on the contrast between the pavement surface and the particular type of deformation. 
One of the aims of this study was to ascertain the most advantageous conditions that 
would result in the best quality photography for the identification of these features. 

To conduct a constant surveillance of pavement conditions and changes in surficial 
characteristics that might be recorded on film, the study area was conveniently located 
in the immediate vicinity of the writer's office. The 5-mile section of the study area 
just north of Bangor selected for multiple photo coverage was constructed in 1960 and 
1961. The southern portion of the area was repaved with one course of binder in the fall 
of 1967; consequently, both fresh and weathered pavements were included in the study 
area. It was anticipated that reflection cracks would develop in the pavement overlay 
and that additional photo coverages would be obtained in the winter and spring of 1968 
in connection with a reflection er ack study being conducted currently by the Maine State 
Highway Commission. 

Nine coverages, taken on June 1, 1967, are used as a basis for the film type evalua
tion phase of this study. Three film types, namely Panchromatic, Ektachrome MS 
Aerographic, and Ektachrome Infrared Aero, were taken of the same area within a 
2-hour period; consequently, pavement conditions were identical for all 9 coverages. 
Figure 1 shows a sample of each of the coverages. For each film type, coverages 
taken at 3 different altitudes were on the same roll of film and processed in the same 
manner. Sky conditions were clear for all cover ages. In other words, every attempt 
was made to eliminate all variables except scale and film type so that valid comparisons 
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The color plates of Figures 1, 
4, and 5 on the following 
pages were provided by the 
author through the courtesy 
of the Maine State Highway 
Commission. 

Figure 'l. Nine vertical aerial photo
graphs of the same area taken with three 
different film types at approximate 
photo scales of 1"=1000', l "=500' and 
l" = 200'. The black and white photos 
were made from a panchromatic nega
tive, the natural color prints (left op
posite) from Ektachrome MS Aero
graphic negatives and the false color 
prin ts (right opposite) from Ektachrome 
Infrared Aero positive transparencies. 
All nine photos were taken with the 
same camera within a two-hour period. 
Below is a low altitude oblique of the 
interchange area showing pavement 
condition a few days prior to the date 
that the verticals were taken. 
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Figure 4. The relative amount of pavement cracking visible on vertical airphotos 
taken at three different altitudes with Ektachrome Infrared Aero film. Each 
transparency was enlarged about four diameters to simulate the magnification 
obtained with a pocket stereoscope. The photos were taken two weeks after 
the sealant was applied. 

Figure 5. After being subjected to over six months of summer and fall traffic, 
the contrast between the crack sealant and the adjacent pavement is pronounced 
in the photo on the left taken on December 1. After exposure to repeated 
salt and sand applications the sealed cracks are less distinct, as shown in the 
March 11 photo on the right. Both photos were taken with Ektachrome Infra
red Aero film at a scale of l "=200' and enlarged four diameters. 



Figure 2. Two types of black and white enlargements made from Ektachrome 
Infrared Aero color film having an original photo scale of 1"=500'. The illus
tration on the left , made directly from the positive transparency film is a nega
tive print, i. e., black appears white and vice versa. The normal print on the 
right was made from an internegative of the original positive transparency. 
Color prints (see middle photo of Figure 4) can be made from the same inter
negative. 

Figure 3. An oblique depicting pavement conditions in the later part of May 
1967, a few days prior to the date of the multiple vertical coverages shown i11 
Figure 1. The width of the sealant stripe is indicative, to a degree, of the 
severity of the pavement failure. 

43 



44 

among the coverages could be made to determine the relative amount of detail visible 
on each scale and film type combination. Thirteen additional coverages taken between 
February 1967 and May 1968 were used to evaluate other contributing factors pertaining 
to the seasonal aspect, sky conditions, and, above all, pavement conditions at the time 
of photography. (Photo coverages taken on the following dates were provided gratis by 
the James W. Sewall Company, Old Town, Maine: February 17, June 14, June 27, De
cember 1 and December 2, 1967, and May 8, 1968.) 

It should be noted that a considerable amount of photo detail is lost or subdued in the 
process of reproducing the illustrations used in this report. This is especially true of 
color prints made from Ektachrome Infrared Aero and Ektachrome Aero positive trans
parencies. To prepare a color reproduction from these original films, it is necessary 
to make an internegative from the positive transparency, a color print from the inter
negative, a 4-color negative plate from the color print and, finally, a printed color illu
stration from the color negative. 

A number of black and white illustrations used in this report were made from color 
film originals. Normal black and white, as well as color prints, can be made from 
internegatives of Ektachrome Aero and Ektachrome Infrared films. Negative prints can 
be made directly from these films as shown in Figure 2. For the reader unaccustomed 
Lo viewing; this type of print, the tone reversals are somewhat confusing. The definition, 
or the degree of sharpness, of photo images of minute pavement features on the negative 
print is better than on the print made from the internegative. Furthermore, an inter
negative of each 9- by 9-in. aerial film frame costs about $10, which is more than the 
cost of the original color transparency including film, processing, and aircraft charges. 

V <ir, <ihrm<> nf P<11TPTY1Pnt l<'P<itnrpc:, Att<>ct•ng µhotl')gerur: 
Qualities and Image Definition 

The ability of an interpreter to detect a very small object on an air photo is dependent 
on the definition or clarity of the photo image. Apart from the equipment and materials 
used to produce and view the photo, the difference in the reflective characteristics of an 
object and the surrounding area is of paramount importance. For example, a sand-filled 
one-quarter inch crack formed in a solid-blaek fresh bituminous pavement is more read
ily discernible than an inch-wide sand-filled crack in a light-colored pavement partially 
covered with the same type of sand. 

Following are a number of pavement condition variations that may affect the contrast 
between the pavement surface and cracks or other surficial deformations. The degree 
of this contrast is revealed by the relative definition of the image appearing on a film. 
In the ensuing discussion, the photo scale of photography referred to is as follows: large-
1 in. = 200 ft, medium-1 in. = 500 ft, and small-1 in. = 1,000 ft. 

Sealed Cracks-The most important single feature affecting the recognition of pave
ment cracks on an air photo is whether or not the crack has been filled with a sealant. 
The seala.i1t is placed in a strip varying in width from an inch to a band over a foot wide 
where a number of closely spaced parallel cracks occur, especially in rutted wheel
paths. The viewer, in effect, sees the photo image of the sealant rather than the crack 
itself. A low altitude oblique depicting the general condition of the pavement in the study 
area is shown in Figure 3. 

Freshly placed crack sealant is jet black, much darker than a weathered bituminous 
pavement exposed to the elements for-a few years.--The image of-a-fresh sealant str-ipe, 
3 in. or more wide, on a light-toned weathered pavement is very distinct and is discern
ible on small-scale color photography (Fig. 4). Against a medium to dark gray pave
ment background the sealant image has a fuzzy appearance and is not readily discernible 
on small-scale photos but usually fairly well defined on medium-scale photos. 

In Maine, cracks are usually sealed in late spring or early summer. Until the advent 
of salt and sanding operations in late fall, the sealant retains a very dark gray to nearly 
black tone, and the weathered pavement surface generally has a light to medium gray 
appearance. 

After repeated salt and sand applications (Fig. 5), the sealant has a medium gray 
tone, and the contrast between the sealant and the adjacent surface is materially subdued. 



Figure 6. Stereopair of an unsealed transverse reflection crack and associated 
frost heave developed over a culvert in a recently placed pavement overlay. 
The crack was about l" wide and the heave was a little over ½" high and 
18"wide on Marchll,1968whenthephoto was taken. The crack extends from 
the man standing on the ramp shoulder at A to the passing lane shoulder at 
B. The ripple or washboard pattern C is distinct in the passing lane but not 
in the travel lane. The stereogram is constructed with negative black and white 
enlargements made from Ektachrome Infrared Aero positive transparencies having 
an original scale of about 1"=200' 
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Under these conditions, even stripes a foot wide are difficult to detect on small-scale 
photos. On medium-scale photos, the sealant is much easier to detect. After 2 years 
of exposure to traffic and the elements, most of the sealant has been worn off and is 
practically the same color as the surrounding weathered surface. With these conditions, 
photography having a scale of 1 in. = 200 ft or larger is necessary. 

Unsealed Cracks-In Maine, transverse temperature cracks are generally best de
veloped dw•ing the latter part of February at the time of deepest frost penetration. 
Cracks formed at the crests of differential frost heaves are also widest at this time of 
the year. Very few are over one inch wide at the pavement surface even at the period 
of maximum crack development. In the pavement overlay section included in the study 
area, it is estimated that over 90 percent of the reflection cracks were less than one
half inch wide. On low altitude photography having a scale of 1 in. = 200 ft, the image 
of a half-inch crack is 1/s,ooo in. wide. Unless there is a definite contrast between the 
crack and the adjacent surface, it would be practically impossible to see an image this 
small even on film having excellent resolution and edge-sharpness characteristics. 

Occasionally, unsealed cracks less than one-eighth inch wide are discernible on 
coverages having a scale of 1 in. = 500 ft. In this particular case, the photo image of 
the crack is about %0,000 in. wide. Quite often the1·e is a discoloration on the pavement 
surface immediately adjacent to the crack, creating a "halo," which, in effect, increases 
the size of the photo image of the approximate crack location. Frequently a very slight 
ridge less than one-half inch high and a few inches to over one foot wide is associated 
with a transverse crack (Fig. 6). In the process of snow removal, bituminous coating 
is scraped off the aggregate along the low ridge centered on the crack, resulting in a 
light-colored band across the dark gray to black background of fresh pavement. These 
discolorations, which are readily discernible on large-scale photos, are often barely 
perceptible in the field. 

Longitudinal cracks developed along centerline and pavement edge construction joints 
are usually difficult to identify. If the construction joint crack is located near the edge 
of the centerline or delineator paint stripe, it is practically impossible to detect cracks, 
even those over an inch wide. Unsealed cracks formed in a straight line along the 
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quarter point can usually be spotted on large-scale photos provided that the cracks, 
generally less than one-quarter inch wide, are filled with a material that is lighter 
colored than the surrounding pavement. 

Longitudinal cracks formed along the wheelpaths are very difficult to detect because 
of the lack of contrast between the unsealed crack and the pavement. Unsealed cracks, 
then, are not readily discernible unless pavement conditions are such that there is a 
definite tonal contrast between the crack and the adjacent surface. After the frost
melting period, the pavement subsides, and many cracks that were over half an inch wide 
in midwinter "close up" to a hairline size. Many smaller cracks completely disappear 
by late spring, especially in the travel lane. Even on the very best large-scale photog
raphy, only a small percentage of small unsealed cracks of this type can be identified . 

Rutting-Tr oughs developed along the wheelpaths are generally associated with long 
continuous longitudinal cracks (Fig. 7). In more advanced stages of pavement det erior a
tion, closely spaced parallel longitudinal and connecting lateral cracks form a coarse 
alligator pattern and severe rutting. The application of sealant on the multiple cracks 
results in a very conspicuous dark-toned band often extending continuously for hundreds 
of feet along the wheelpaths. The width of the sealant band is indicative, to a degree, 
of the number of parallel cracks and the severity of pavement disintegration. Rutting 
in this advanced stage can be seen on color or ulack a.ud while phulus having a scale uf 
1 in. = 500 ft. 

At the initial stages of rutting, longitudinal cracks are discontinuous or absent; never
theless, a definite trough may be present. To detect a deformation of this type it is def
initely necessary to view the photographs stereoscopically. Persons with normal bin
ocular vision and only a casual knowledge of air photos can identify ruts only one-quarter 
1 nch r!P.P.p on phntngr~phy h ~v!ng a sc~le of 1 in.. = 200 ft . 

The pavement surface along the wheelpaths appears lighter because the bituminous 
coatings have been worn off, exposing the light-colored bare aggregate. The pavement 
between the wheelpaths, or along the quarter point, is darkened by exhaust fumes and oil. 
This creates an air -photo pattern that could be mistaken for rutting if viewed on a single 
photograph. This pattern is less pronounced on the passing lane where the traffic is 
lighter. A misinterpretation of this type can be avoided by using a stereoscope. 

Pavement Ripples-Low parallel transverse ridges, fairly regularly spaced at 2- to 
8-ft intervals, were observed on both fresh and weathered pavements. The gentle un
dulations, usually only a few tenths of an inch high, were apparently formed during the 
paving operation. At least in the study area, pavement ruptures were usually not asso
ciated with this type of surficial disfiguration. The crests of the ripples have a slightly 
lighter tone, like the low ridges associated with transverse temperature cracks de
scribed previously. The photo image of an individual ripple is very similar to that of 
an unsealed transverse crack. However, the ripples occur in a series of closely spaced 
ridges forming a "washboard" pattern, unlike more widely spaced temperature cracks 
(Ftg, 8) , Because of t his, it i s usually possible to differentiate hetweP.n the two similar 
photo patterns. Although the ripple pattern is quite distinct on large-scale photos, it is 
very difficult to detect in the field, especially when the pavement surface is dry. 

Frost Heaves-The period of severe pavement instability varies from 2 to 5 weeks in 
length depending on the severity of the winter, local soils and dr ainage conditions in the 
embankment, type of spring weather, amount and type of traffic, and other contributing 
factors. Due to variations in the local environment, differential subsidences may de- _ 
velop at one part of the highway during the early part of March and at another spot, not 
too distant, several weeks later. It is obvious that only a portion of deformations due to 
frost action would be recorded on any single photo coverage. This is especially true of 
the severe pothole variety that often develops during a short period of a few days. This 
type of deformation is ~onornlly confined to on a.rou of ll few hundred squnro feet or less. 

For studies stressing pavement deformation due to frost action, several photo cover
ages should be obtained when frost conditions in the embankment are as follows: (a) at 
the anticipated date of maximum fros t penetration and accompanying vertical movem ent, 
(b) on the date when the base is thawed and the subgrade is still frozen, and (c) when 
frost has melted below the center of the highway but is still present in the subgrade 
under the shoulders. Photography for detailed frost-action studies should have a scale 
of 1 in. = 200 ft or larger. With the 3 coverages described, it is probable that most, 



Figure 7. Stereo pair of severe rutting. Longitudinal cracks are practically 
continuous along the wheel paths and are interconnected with laterals. At 
sections along the wheel paths where the sealant stripe is wide, two or three 
parallel longitudinal cracks have formed in the trough. 

Figure 8. Vertical view of pavement ripples a few tenths of an inch high visible 
on the binder course of a recently placed overlay. The illustration is a black 
and white negative print made from an Ektachrome Infrared Aero transparency 
taken March 11 , 1968. The white pattern along the northbound lane is formed 
by melt water carried by wind action along the travel lane and for shorter 
distances along the passing lane immediately ahead of the two transverse 
cracks (A). Transverse cracks also occurred at locations indicated by the letter 
B. All other more or less uniformly spaced, transverse pavement discolorations 
are ripples and are not associated with pavement cracks. 
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Dry Wet 

Figure 9. Two views of a .!JaVt:lllt:Ht uverlay in a wet and dry condition. Mo5t 
of the 16 reflection cracks developed between the end of the taper and the off
ramp barricade could be seen when the pavement was wet but practically none 
when it was dry. 

although not all, depressions and heaves could be identified and accurately located by 
photo-interpretation methods. 

Other Considerations Affecting Definition of Photo Images of 
Pavement Distress Features 

Water, Sand, and Salt-Unsealed cracks and minor irregularities in a roadway sur
face are easiest to see whenthe pavement is wet. Ripples, frost heaves, and cracks 
that may be imperceptible on a dry pavement are often quite distinct when the surface 
is wet (Fig. 9). 

This might suggest that it would be ideal to obtain photography when the pavement is 
wet. However, it is very difficult to obtain photography when moisture conditions are 
uniform. In windy weather, more exposed sections of a highway may have a dry surface 
while other portions are wet. Frequently, the travel lane is dry and the passing lane 
may be wet. Variegated pavement conditions sometimes result in very complex photo 
patterns that often are difficult to interpret. 

Immediately following snow removal and sanding operations, the appearance of the 
roadway surface is also extremely variable. After a heavy salt application, the photo 
tone of the pavement ranges from a very light gray salt-crusted surface on the travel 
lane to a nearly black, slush-covered, snow-streaked passing lane. Especially in late 
winter or spring, it is very important to schedule the photo flight at a time when the 
least amount of these undesirable pavement appearance features are present. 

Shadows-Rather rigid light requirements for color film generally necessitate taking 
the photos under clear-sky conditions. In the northern latitudes during the winter 
months, aerial photography for most purposes is usually limited to a 3- or 4-hour period 
around noon. However, acceptable color photography can be obtained under adverse sky 
conditions for pavement evaluation purposes because color fidelity is not absolutely 
essential. A number of illustrations in this report were made from Ektachrome Infrared 
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Aero film taken between 10:30 and 11:45 a.m. on March 11, 1968. For this cover age, 
the aircraft was flown about 300 ft below a light overcast. An F5.6 aperture and a ½oo second 
shutter speed were the exposure. Light conditions varied somewhat because of variable 
density of the overcast. The image motion resulting from the relatively slow shutter 
speed was considerably in excess of the recommended tolerance (1). Nevertheless this 
particular coverage proved to be the best of all of the 22 coverages available for this 
study for detecting minute pavement deformations such as ripples, small frost heaves, 
and very narrow unsealed reflection cracks in a fresh pavement overlay. 

One obvious reason for taking photos under an overcast is the absence of shadows. 
This is an important factor to consider when writing specifications for photography to 
be used essentially for roadway performance studies especially in northern latitudes 
where the sun angle is low during the winter season. Shadows can be a definite problem 
in photographing roads located in mountainous terrain, urban areas with high flanking 
buildings, and routes having narrow rights-of-way. Roadways lined with deciduous 
trees should be photographed in winter or early spring before leaves are developed 
(Fig. 10). 

For special frost-action studies involving local variations in microclimate due to 
shadows in the vicinity of bridges, deep cuts, and the like, photography should be taken 
under an overcast because the local area of interest might be in a shadow and much of 
the pavement detail would not be visible or only faintly discernible, as shown in Figure 
11. It should be pointed out that shadows in infrared color film are very dense, oblit
erating practically all detail. 

Traffic-On vertical air photos, it is obvious that the pavement surface cannot be 
seen under a car and much detail is lost or only partially visible in the shadow of ave
hicle. Highways in the vicinity of large metropolitan areas, especially during rush
hour periods, have much of the pavement surface completely masked. 

In the section of the highway used for this study, the average daily traffic during the 
winter months is about 6,000. The number of vehicles averaged about ten per mile in 
all of the different coverages used for this study, so only a very small percentage of 
the roadway was masked by cars. 

Stereoscopic coverage was obtained for all photography used in this study. With a 
small volume of traffic the chances of having the same spot on the highway occupied by 
different cars in the 2 end-lapping photographs are remote. However, in the process 
of comparing the amount of pavement detail visible on 9 different coverages, it was dif
ficult to select a 300- to 500-ft section of the highway that did not have any cars in the 
same short stretch selected in all of the coverages. Only in a few of the cases was it 
necessary to discard a preselected study section because the same portion of the pave
ment was masked by 2 different vehicles appearing in adjacent frames. In stereo 
coverage of a highway having vehicles spaced less than 100 ft apart, the chances of 
having some parts of the pavement covered by vehicles on both adjoining photos are 
relatively high. Photography should be obtained, if possible, when the least amount of 
traffic is expected. 

Resolution Variations in Different Types of Prints and Transparencies 

A variety of different types of reproductions can be made from different film types. 
For example, from the original Ektachrome MS negative, both color and black and white 
opaque prints or positive transparencies can be made. The Ektachrome Infrared Aero 
and Ektachrome Aero types were processed to produce a positive transparency. By 
using an internegative of these transparencies, it is possible to reproduce either black 
and white or color prints. Negative black and white prints can be made from color 
transparencies. It would have been desirable to have both prints and transparencies 
of each of the color film coverages, however, this would have been very costly. 

The resolution of the final print or transparency viewed by the interpreter is all im
portant. A certain amount of resolution is lost in every additional step required to 
make a positive print. The Ektachrome Infrared Aero and Ektachrome Aero types are 
reversal films that produce a positive transparency, so no additional processing steps 
are required. It is generally recognized that a greater amount of detail can be seen on 
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Figure 10. Solid conifer (A) shadow cast across this secondary roadway practi
cally obliterates pavement detail. Sealed cracks are very difficult to detect in 
the maze of narrow sl1auuw1> uf leafle1>1> lrn1JwuuJ limLs !B). ULiliLy pole 
(C) shadows also might be mistaken for a sealed crack. This photo was taken 
in late March before deciduous foliage was developed. Photography should be 
taken under an overcast for situations of this type. 

Figure 11. The photo on the left was taken under clear sky conditions and 
the one on the right under a light overcast. Pavement detail in the bridge 
shadow is very faint. Roth photos were taken with panchromatic film. 



51 

transparencies viewed by transmitted light than on opaque prints (4). Consequently, it 
was expected that image resolution should be better on the transparencies than on opaque 
prints. 

Comparisons on the amount of detail visible on different types of prints and trans
parencies reproduced from the same negative were made using a variety of viewing in
struments. Positive transparencies and negatives were viewed with a scanning stereo
scope having 1.5X and 4.5X magnification. Opaque prints were viewed with pocket and 
scanning stereoscopes. A 10-30 power monocular zoom macroscope was used for a 
few comparison resolution tests also. Each observer used the same viewing equipment 
and illumination source for any particular set of comparison tests. 

It was noted quite often that the photo image of a pavement deformation on one photo 
might be readily identifiable but very faint or absent on the adjacent end-lapping photo. 
Flaws in a print caused by dust or lint could be mistaken for a pavement deformation if 
only that particular single print were viewed. The advantage of using stereopairs as a 
standard procedure is obvious . 

Evaluation Techniques 

Information Required for Pavement Evaluations-The initial step in the analysis was 
to itemize surficial features associated with bituminous pavement deterioration and de
formations used in the preparation of different types of pavement performance studies, 
condition surveys, and highway sufficiency ratings. Hveem (2) pointed out that there is 
a conspicuous lack of agreement on pavement failure terminology on a nationwide basis. 
There is also a definite lack of agreement among engineers on the comparative serious
ness of a particular type of deformation and the underlying cause, or causes, of a specif
ic type of pavement deterioration. It is not the purpose of this paper to delve into 
causes of failures but to detect manifestations that might indicate the relative degree 
of distress or degradation of a pavement. 

To illustrate the type and amount of detail visible on different types of photography 
to a group of engineers interested in pavement evaluation studies, but not versed in 

photo-interpretation techniques, several 
methods of projection and sketch

3-1· 
Original Phot:.o Scale l" = 1000 1 

Original Photo Scale 1 11 = 5001 

Original Photo Scale 1 11 = 200 1 

Figure 12. The relative amount of sealed crack detail visi
ble on photos taken at different altitudes. These sketches 
were produced by tracing the image made by a microfilm 

projector. 

preparation procedures were devised. 
Standard overhead opaque and trans

parency projectors capable of handling 
a 9- by 9-in. photo format were used to 
demonstrate the relative amount of pave
ment detail discernible by film type and 
photo scale. Projections resulting in 5 
to 30 diameter enlargements of the orig
inal photo were made to show differences 
in image definitions for different types 
of coverages. 

Another approach to illustrate resolu
tion of photo images visible on different 
coverages was accomplished with the use 
of microviewers, for both transparent and 
opaque materials. A variety of com
mercial viewers having fixed magnifica
tions ranging from 15X to 24X were em
ployed for this demonstration technique. 
A sample of sketches made by tracing 
outlines of pavement features visible on 
projections made from panchromatic 
glossy prints at 3 different photo scales 
is shown in Figure 12. 

The paramount object of these dem
onstrations was to draw out opinions on 
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the degree of sophistication necessary to provide an adequate amount of information 
for making both extensive and intensive pavement performance studies. Based on dis
cussions resulting from these presentations, the following simplified list of surficial 
distress features was considered to be sufficient for detailed pavement evaluation studies 
in Maine: 

1. Transverse cracks: (a) sealed and unsealed; (b) length, more than 10 ft, 2 to 10 
ft, less than 2 ft; and (c) single or multiple with laterals. 

2. Longitudinal cracks: (a) sealed and unsealed; (b) length, more than 10 ft, 5 to 10 
ft, less than 5 ft; and (c) single or multiple with laterals. 

3. Vertical deformations: (a) rutting (longitudinal); heaves (transverse); and (c) 
ripples. 

For studies requiring less detailed information, such as for a statewide highway suf
ficiency rating report, data on unsealed cracks were not considered to be essential. 

Methodology for Compari ng Coverages-To compare numerous coverages, using pro
jections, or sketches made from projections, was not practical. To use all of these 
features for making a quantitative evaluation of some 20 different coverages was not 
feasible. Consequently, for the purpose of determining the optimum scale-film type 
combination, the 9 coverages taken on June 1, 1967, were used fur lhe initial set of 
comparisons. To simplify the analysis process, only sealed transverse cracks occur
ring in the passing lane were employed. 

Several sections of roadway, ranging from 250 to 500 ft in length, were selected for 
this phase of the study. Three observers, other than the writer, were engaged to iden
tify transverse cracks visible on each of the 9 coverages. Backgrounds of the observ
ers m-c as fcllcv,"s: (:::.) a photo interpreter ,vith over !IJ years of exper1ence in terr~1n 
analyses but with no training in pavement-performance studies, (b) an observer well 
versed in pavement evaluation studies and rather familiar with photo-interpretation 
techniques, and {c) a draftsman having practically no experience in either photo inter
pretation or pavement evaluation. 

It was recognized that the process of comparing the amount of detail visible on dif
ferent coverages involved numerous complex, interlocking variables. Following is a 
list of variables that could, to one degree or another, affect the definition or appear
ance of p~vement ffrnt.nres on different types of aerial photography: (a) pavement con
dition, (b) photo scale, (c) film type, (d) sky condition, (e) viewing equipment, (f) type of 
photo print, negative or positive transparency, and (g) capability of the observer. Photo
graphic equipment, exposure, lab processing procedures, and other technical aspects 
pertaining to the photography used for these analyses are all important; however, an 
evaluation of these considerations is beyond the scope of this study. 

In each of the 7 major categories of variables listed in the previous paragraph there 
are many possible subdivisions. Consequently, the number of possible combinations of 
variables to evaluate could run into the thousands , For a study of this type, it would be 
ideal to obtain simultaneous exposures of 5 or 6 different types of film, using identical 
camera equipment, taken at 3 or 4 different altitudes and each film type processed iden
tically. This would automatically eliminate many variables. The 9 coverages, 3 film 
types, and 3 different scales, obtained within a 2-hour period described previously 
(Fig. 1), are considered to be as close to the "ideal" as possible utilizing the photo
graphic equipment .!!cY:ailable ,_ __ 

After a tedious trial and error period, the following method of coll er.ting and re
cording comparison data was devised. 

1. Two 500-ft-long sections of the roadway having a variety of sealed er acks in the 
passing lane were located on each of the 9 coverages. In the study sections selected, 
all cracks were sealed 2 weeks prior to the date of the photography. The width of the 
sealant stripe varied from 1 to 8 in., and the lengths ranged from a few inches to trans 
verse cracks completely across the 12-ft lane. 

2. Painted centerline stripes used as reference points were indicated on the photos 
for orientation purposes. Stereopairs were set up by the writer for independent view
ing by each of the observers. Small-scale coverages (1 in. = 1,000 ft) for each of the 



3 film types were used first, then progressing to 
the 1 in. = 500 ft coverages and finally the 1 in. = 
200 ft photography. 

3. The writer, acting as a note keeper, re
corded the location and configuration of each 
crack as described by the observer on a form 
having numbered centerline stripes corresponding 
to the stripes indicated on the photo. It was found 
that it was difficult for the observer to locate a 
particular crack on the photo and then sketch the 
crack on the record form. This involved look
ing up from the stereoscope, plotting the crack, 
and then reorienting himself on the photo to locate 
and record the next crack. Using this procedure 
proved to be very tiring and confusing to the ob
server. The most satisfactory technique was to 
have the observer verbally describe the location 
and configuration of each crack while keeping his 
eyes "glued" on the photos. With practice, the 
recorder could interpret the observer's verbal 
description and make a reasonably accurate fac
simile of the location, configuration, and size of 
a particular crack. 

Shown in Figure 13 is a record of crack detail, 
as described by one observer, visible on each of 
the 9 coverages along with a field check. By us
ing an overlay of records made by the same ob
server, a valid comparison of the relative ac
curacy and amount of detail visible on each of the 
coverages can be made to determine which scale
film type combinations are adequate to provide 
information for a particular type of pavement 
evaluation study made by an individual having a 
comparable background. 

The same procedure can be used to compare 
the accuracy of data recorded by different ob
servers as shown in Figure 14. On coverages 
where the definition of the photo image is very 
faint and not easily identified, the background fac
tor is very important. In this particular illustra
tion the images of very narrow unsealed reflection 
cracks were not only industinct but were quite 
similar to photo patterns produced by pavement 
discolorations, which resulted in many inter
pretation errors, especially for an observer hav
ing practically no experience in pavement evalua
tion studies or photo interpretation. 

Numerous comparisons of records were made 
in an attempt to evaluate photographic materials 
used, including negatives, glossy and semimatte 
bromide paper prints, negative black and white 
paper prints made from color positive transpar
encies, EST AR Base prints, color prints, and 
positive color transparencies. Photo scale, film 
type, pavement condition, and other variables 
discussed previously were evaluated by means of 
the record comparison method. 
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Figure 13 . A schematic presentation of the 
relative amount of pavement surface detail seen 
by the same observer on 3 film types taken at 3 
clifferent scales. A comparison of the records 
made from clifferent types of photography with 
the field sketch reveals that the most accurate 
information was obtained from the Ektachrome 
Infrared transparency taken at a scale of 1 

in. = 200 ft. 
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Figure 14. A comparison of crack lo
cation records prepared by 3 different 
observers. The upper set was prepared 
from photos in which the crack pattern 
was very distinct and the resultant rec
ords of the 3 observers were practically 
identical. The lower set was made from 
photos on which the crack pattern was 
consider ably less discernible and the 
records are quite dissimilar. When 
using the upper set of photography, all 
3 observers exhibited confidence in their 
analyses, and just the opposite for the 
lower set. This is an indication of the 
adequacy of the photography for the 

purpose intended. 
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CONCLUSIONS AND RECOMMENDATIONS 

No single scale-film type combination can be recommended for pavement evaluation 
studies because of the numerous complex factors discussed in the previous pages. On 
a nationwide basis it is doubtful that many states would have, simultaneously, identical 
situations in all of the following considerations: (a) personnel with backgrounds and 
experience in the fields of both pavement evaluation and photo interpretation, (b) amount 
and type of pavement detail criteria requested by engineers for pavement distress anal
yses that are tailored to local conditions, (c) climate and environment, and (d) available 
photographic and viewing equipment. All of these factors contribute, to one degree or 
another, to the type of photography necessary for flexible pavement evaluation studies . 
The following observations are applicable specifically to the overall situation as it exists 
in the state of Maine. However, many of the considerations and recommendations should 
be applicable nationally. 

Paramount Significance of Pavement Condition 

It is the opinion of the writer that the condition or appearance of the pavement at the 
time of photography is the most important single factor influencing the amount of in
formation that can be gleaned from any particular photographic coverage. Photography 
should be taken, if possible, when the contrast between the deformation feature, such as 
a crack, rut, or bump, and adjacent pavement surface is most distinct. Following is a 
list of "ideal" pavement conditions and other considerations that will affect the quality 
of the photo image of minute pavement features. 

1. All cracks should be filled with black sealant. For coverages of fresh pavements 
having unsealed cracks, the photography should be taken when the cracks are widest, 
generally at the period of maximum frosl penelration. 

2. Pavement should not be discolored by crusted salt, winter sand cover, snow, or 
slush. 

3. For older pavements, coverage should be taken during the frost-melting period 
when microrelieI~ especially rutting, is most pronounced. 

4. Photography should be taken under a light overcast when shadows are very faint 
or absent. 

5. Pavement surface should be uniformly damp to wet. 
6. Volume of traffic should be minimal at the time of photography. 

If the photography is obtained when conditions differ from those given above, pave 
ment microfeatures will be more difficult to detect, regardless of the film-scale com
bination used for the particular coverage. 

Observers should be in the field during the photo flight to record ground truth data, 
including measurements of crack widths, rutting depths, and heights of heaves. Black 
and white and color ground photos, preferably in stereo, should be taken of pavement 
distress features and also of any discolorations or markings that might produce photo 
images that could be mistaken for pavement failures. If the photography is taken im
mediately after a rain, the relative degree of wetness of the pavement should be noted 
along the flight line, especially differences in the appearance between the travel and 
passing lanes. Information of this type is useful to the photo interpreter in the process 
of cJP.vP.loping mP.thorls of icJP.ntifying pavement deformation photo patterns. 

Photo-Scale Requirements 

For studies requiring information on pavement microrelief, unsealed cracks, and 
identification of small objects having indistinct photo images, photo scales of 1 in. = 200 
ft or larger are recommended. Photography having a scale of 1 in. = 500 ft is adequate 
for general, extensive studies that do not require information on unsealed cracks or 
pavement relief. 

Suggested Film and Reproduction Types 

The definition of minute pavement distress features was best on Ektachrome Infrared 
Aero positive transparencies. Resolution, contrast, and edge sharpness appeared to be 
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better on this film type than on panchromatic and Ektachrome MS Aerographic negatives. 
The resolution of panchromatic glossy prints was superior to that of Ektacolor paper 
prints. Detail on Ektachrome Infrared Aero transparencies was more readily discerni
ble than on the other film types. When viewed through a monocular zoom lens, Ekta
chrome MS color prints were very fuzzy at a l0X magnification and panchromatic semi
matte prints at the same magnification were also indistinct. On glossy panchromatic 
prints, excessive granularity and loss of edge sharpness was very evident at a 15X en
largement. Definition of images was fairly good on both Ektachrome MS Aerographic 
and panchromatic negatives at a 15X magnification. Photo images were sharp at magni
fication in excess of 20X on the Ektachrome Infrared Aero and Ektachrome Aero positive 
transparencies. 

For intensive pavement evaluation studies requiring the maximum amount of detail 
on minute features, Ektachrome Infrared Aero film is recommended. Panchromatic 
prints with a glossy finish are adequate for studies requiring less exacting information. 
It is possible that multispectral photography and other types of remote sensors might 
prove useful for pavement evaluation studies (~). 
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Appendix 
REFLECTION CRACK STUDY 

Four sections of a highway between Augusta and Bangor, totaling approximately 17 
linear miles, were repaved during the 1967 and 1968 construction season. A number 
of different overlay designs and construction procedures were used at each of 4 separate 
localities included in the repavement program. 

Local conditions at the 4 sections varied considerably with respect to terrain, traffic 
count, original embankment design, construction practices, age of pavement, source of 
materials, and a host of other factors that could contribute to the deterioration of the 
pavement. 
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Because of many variations in local conditions along the 17 miles of roadway, it is 
understandable that the amount and type of cracking in the old pavement varied consid
erably at sections having different overlay designs. To determine the effectiveness of 
the various designs, it was necessary to obtain a record of the crack pattern of the old 
pavement prior to placement of the overlay. The most feasible and economical method 
of obtaining this record was by means of aerial photography. 

In the Bangor area most cracks were filled with sealant a few weeks prior to the date 
the aerial photography was flown. However, at the other 3 locations only a portion of 
the cracks were freshly sealed. In some sections the smaller cracks, especially in the 
passing lane, had never been sealed. Pavement conditions in the Bangor area were 
ideal for photography because of the high contrast between the fresh black sealant and 
the light-toned weathered pavement. At the other areas the sealant, exposed to 1 or 2 
years of oxidation, wear, and sand and salt applications, was just a little darker toned 
than the adjacent pavement surface. Under these pavement conditions the sealant photo 
image is less distinct and more difficult for an untrained observer to identify. Because 
of the adverse pavement photography conditions at portions of the project, it was neces
sary to secure large-scale photography in order to detect microfeatures such as narrow 
unsealed cracks. The coverage was taken with panchromatic film at an average scale 
of 1 in. = 150 ft. Based on several rapid field checks, in sections of the highway at 
Waterville and Augusta where small unsealed cracks occurred, it is estimated that about 
one-fifth of the cracks in this condition could not be detected on the coverage taken for 
this study. 

A constant surveillance of the overlay sections was initiated at the end of the 1967 
construction season. Very few cracks reappeared prior fo the first week in January 
1968. Afllc!r a 2-week. ulc!l'lutl uf suu:l.eJ.'O lemperatures. cracks developed at a rapid rate 
especially in a design section in the Bangor area having a hot bituminous binder course 
only 1¾ in. thick. 

By comparing the location, configuration, and dimensions of the new cracks with the 
pattern visible on the photography taken prior to repavement, it was obvious that the 
recently developed ruptures were directly associated with cracks e,cisting in the under
lying weathered pavement. By making a number of measurements from reference 
points readily identifiable on the photos to points along newly developed cracks, it was 
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Figure 15. Sketch showing crack pattern in an old weathered 
pavement and the extent of reflection cracks observed on 3 
different dates . The sketch was prepared by tracing detail 
from a microfilm viewer projection of a panchromatic print. 
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Figure 16. Reflection crack record. Cracks are 
grouped into 3-ft-length classes. For convenience 
the 24-ft roadway section is subdivided by 8 equi
distant reference points . The 3 cracks schematically 
shown in this example are presented pictorially in 

Figure 15. 



TABLE 1 

RELATIONSHIP OF TRANSVERSE REFLECTION CRACKING BY 
OVERLAY DESIGN, LANE, AND DATE 

Total Length Transverse Reflection Cracks (ft / mi) 
Binder 
Course Cover or 

Jan. 19, 1968 F eb . 21, 1968 April 15, 1968 Tack Coat (in.) 
Trav . Pass. Trav . Pass. Trav. 

1¾ Emu! . Asphalt 812 942 I, 179 1, 254 1,700 
1¾ Chips 138 249 351 774 418 

2¼ Emul. Asphalt 484 492 784 886 1,118 
2¼ Chips 116 247 270 603 350 

2'/2 Emu!. Asphalt 199 303 438 531 505 
2¼ Chips 96 112 186 318 231 

Note: Hot b ituminous binder cou rse placed October 1967; no wearing course. 

TABLE 2 

RELATIONSHIP OF THE AMOUNT OF CRACKS IN THE OLD PAVEMENT 
WITH TH£ AMOUNT OF REFLE CTION CRACKS BY DESIGN, 

LANE, AND DATE 

Total Length Cracks per 1,000 Feet 

Reflection Cracks in Overlay 
Lane 

Jan. 20, 1968 Feb. 21, 1968 

Pass. 

1,528 
925 

1, 068 
701 

662 
381 

Old 
Pavement 

July 1, 1967 
(ft) Feet Percent F eet Percent 

Northbound Lan ea 

Travel 
Passing 

493 
309 

99 
180 

20.1 
58 .3 

Southbound Laneb 

Travel 
Passing 

1,434 
435 

0 
24 

8 1 ¾in.hot bituminous mix, emulsified asphalt tack coat. 

b1 3
/ 4 in. hot bituminous mix, stone chip cover coat. 

0 
5,5 

141 28 .6 
252 81.6 

24 1.7 
202 46.4 
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determined that they were located within a few inches of the old cracks. Reference 
points such as guardrail posts, catch basins, signs, ornamental bushes, and other ob
jects close to a new crack were used to establish its exact location on the photo. A 
large-scale sketch illustrating plotting procedures is shown in Figure 15. Each newly 
developed crack was assigned an identification number, which was annotated on the 
photo. In addition, a method was devised to record the length of each crack on each of 
the 3 observation dates. A sample of the form is shown in Figure 16. 

The lengths of the reflection cracks were not actually measured in the field because 
of the time involved and also because of safety requirements. By using construction 
joints, wheelpaths, and quarter points as references, an observer can estimate crack 
lengths to the nearest foot. It required 4 to 5 days to record cracks developed in the 
17 linear miles of a 4-lane highway included in the 2-year reconstruction program. 
These data will be the basis for the determination of the rate and amount of reflection 
crack development for each overlay design. Table 1 gives an example of the relation
ship of amount of reflection cracking by design, lane, and date. Table 2 gives the per
centage of reflection cracks developed in a 1,000-ft portion of a partially completed 
overlay design section in the Bangor area. These samples are only two of many com
parisons that can be made with the existing data. 




