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Abstract

Roadway pavements surface deteriorate with time because of traffic loading, environment
conditions, and poor pavement maintenance management. The aim of this research is to
implement close range photogrammetry technique for evaluation of the pavement surface
distresses. The assessment was based on comparison with the traditional visual inspection
method and validation of its equivalency with visual evaluation. The asphalt concrete
pavement surface distresses such as (cracking type and crack width, patching area, rut depth
and potholes area and depth) have been assessed. The visual inspection was conducted by
walking through the roadway and evaluating the pavement surface distress visually. As for
the photogrammetric fieldwork, it starts with generation of ground control points around the
area of distress. A total station device (Topcon, GTS 235) was used to measure the
coordinates (X, Y, and Z) for GCPs and the initial camera positions. The coordinates of two
points (two base stations) referenced these coordinates. Within the study area, forty vertical
stereo pair images of different pavement distresses were captured using a non-metric DSLR
camera. Photogrammetric process was carried out by using ERDAS IMAGINE software
Version 8.4 to create ortho-images and evaluate pavement surface distress. Window
measurement tool in ortho-rectified image provides all the fundamental quantitative
measurement functions necessary to measure length, area, width and other pavement distress
condition. Results of the two techniques (photogrammetric and visual methods) were
modeled. It was concluded that using photogrammetric approach is efficient in evaluating the
pavement with a high (R%) range between (0.985 and 0.999) as compared to the visual
evaluation. Further, the photogrammetric technique could provide a permanent
documentation of the pavement surface condition, which could be referred when needed.
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INTRODUCTION

The evaluation of pavement surface
condition is considered as a first step in
scheduling the pavement maintenance
program and assessment of budget
requirements. Many techniques have been
established for such process, such as GIS,
video imaging with image processing
software and even visual examination.
Close range photogrammetry may be used
as a research tool in civil engineering such

as pavement evaluation monitoring. Little
attention has been provided to the close
range photogrammetry technique; this
could be due to the fast development in
instrumentation and testing procedures™.
One of the most common methods of
obtaining pavement distress information is
by visual inspection of cracks and potholes
that is performed by a walking rating
technician according to certain
specifications®. The principal method for
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crack survey is to use the manual
technique and examine visual information
collected in the field to determine the
conditional parameterst. The most widely
known and researched form of close-range
digital photogrammetry is the stereo close-
range digital photogrammetry. A digital
close range photogrammetric technique
allows converting images of an object into
a 3D model. The photogrammetric 3D
coordinate determination is based on the
collinearity  equationt. A sufficient
number of control points must be recorded
to adequately orient the image and
transform the image coordinates into real
world coordinates. ERDAS IMAGINE
softwarel™ enables surface conditions to be
represented as ortho-image. Close-range
digital photogrammetry is seen as a
possible approach in providing
geometrical imaging for pavement distress
studies without physically touching the
surface being measured. The results
obtained by this technique are compared
with the traditional method of visual
inspection'). Manual assessment can be
finished directly on the road or later in the
officel®.

The objective of this study was to
investigate the potential capabilities and
flexibility technique of the measurement-
based vertical stereovision system and
ERDAS IMAGINE 8.4 software in
quantification of pavement distresses, the
possibility of using digital close range
photogrammetric approach in evaluating
asphalt pavement surface distresses such
as rutting depth, cracking type, crack
width, patching condition, and potholes
depth, may be detected based on the
analysis of the captured vertical
stereovision images using ERDAS
IMAGINE 8.4 software. Comparison
between the traditional visual technique
and photogrammetric examination
technique for obtaining pavement surface-
distress condition, and evaluation of the
suitability of the proposed techniques were
detected in this work.

VISUAL OBSERVATION

Visual observation of pavement distress is
the most common method for monitoring
pavement surface condition. This has been
traditionally  performed by trained
engineers who walk or drive along the
road to assess the distresses and
subsequently  produce report sheets.
Walking provides more detailed data than
driving, but it is more dangerous and time-
consuming!™. In addition, the accuracy and
consistency of the data also depend on the
experience of the inspectors who perform
the survey. However this method of field
inspection poses several drawbacks, such
as it is slow and labor intensive, it is
inflexible and does not provide an absolute
measure of the surface, moreover it could
expose a serious safety hazard to the
surveyors due to high speed and high
volume traffict®.

STEREO PHOTOGRAMMETRIC
TECHNIQUES

A prominent part of the photogrammetric
community’s effort has, for a long time,
been the recovery of the three-dimensional
description of the object space by
stereoscopy. Stereo vision is a natural
phenomenon that makes the overlapping
area of two images, acquired from two
different viewpoints by the same sensor;
appear as one three dimensional scene if
each photograph is viewed with one eye
separately. Therefore, the missing depth
information can be recovered®. Stereo
imaging involves obtaining two view of
the object of interest. The distance
between the centers of the two camera lens
locations is called the base line (in the
close range). If an object point P appears
in the scene, the objective is to find the
object space coordinates (X, Y, Z) of the
point, given its image point coordinates
(xL, yL) on the left photograph and (xR,
YR) on the right photo?raph, in addition to
the camera parameters™. Image-collection
technology is seemingly the most popular
approach. Most systems record pavement
surface images using a video camera or
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photographic camera mounted on a survey
vehicle. Photogrammetric evaluation is
either done manually by capturing image
and specially designed workstations while
trained crews rate the recorded road
surface or automatically by computer
image processing software™!.

In the present study, a frame was designed
to handle the digital camera into two
exposure stations; such a frame could be
fixed on a tripod. That camera is directed
in a perpendicular position on the roadway
at a certain station. Then, the set with the
camera is transported to other spot within
the area. Figure 1 shows the designed
frame. This frame was designed by fixing
the height of photo exposure to 1 m, the
desired focal length is 24 mm, photo
overlapping 60% as shown in Figure 2,
therefore, the base line become 37.5cm,
while Figure 3 shows the non-metric
DSLR camera (Canon EOS 600D)
implemented in the work.

Fig. 1: The Designed Frame
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Fig. 2: Stereo Image Overlap.

Fig. 3: Canon EOS 600D Camera.

Photogrammetric fieldwork began with
creation of certain distribution of control
points around the area of distress. Ground
control points are necessary for photo
triangulation computations. At least three
ground control points (GCPs) spread
across each image were marked and
measured with a total station device
(TOPCON, GTS 235) shown in Figure 4.
On the other hand, Figure5 shows
differential global position system (DGPS)
device. GCPs were referenced by to the
tow points measured by using differential
global position system (TOPCON Hipper-
GR3).

Fig. 5. DGPS Device.
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METHODOLOGY OF CLOSE
RANGE PHOTOGRAMMETRY

Close range photogrammetry is used to
refer to photographs with an object-to
camera distance of less than 300 m!*!]. The
goal is to develop a working system that is
able to establish three-dimensional (3D)
surface model of pavements with image
processing system.

Two digital cameras are used to cover half
of a lane-width, approximately 2 m. The
pair of images on the same pavement
surface is also used to establish 3D surface
model, which is then used to detect the
deficiencies of the pavement surface
condition. Pavement condition survey
includes surface distresses, such as
cracking, roughness and rutting, and other
surface defects.

At least three ground control points
(3GCPs) were recognized and matched to
enable relative orientation and stereo-
model generation. Figure 6 shows the
tilted images obtained from two
overlapping images, while Figure 7 shows
that the tilted images are transformed to
normalized images. Triangulation was
performed by Ortho BASE project in
ERDAS IMAGINE software to estimate
the (X, Y, 2Z) locations of tie points in
stereo model, and the exterior orientation
parameters (EOP) of images can be
computed. The distribution of the ground
control points, and other points in the
adjusted stereo model was shown in
Figure 8. Generally 3GCPs in overlap area
must be identified in each image of stereo
pair and several tie points are additional
points were measured on stereo image.
After performing triangulation with
ERDAS IMAGINE software, ortho-
images were created. Window
measurement tool in ortho rectified image
provides all the fundamental quantitative
measurement functions of each single
stereo model that is necessary to measure
width, lengths, area and other distress
condition.

Fig. 6: Two Overlapping Tilted Image*..

Fig. 7: Generated Normalized Images

Digital Image

A digital image is a computer-compatible
pictorial rendition in which the image is
divided into a fine grid of picture elements
or pixels. The image consists of an array of
integers, often referred to as digital
numbers, each quantifying the gray level,
or degree of darkness, at particular
elements™.

The digital image may consist of as many
thousands or millions of these pixels
appearing to be that of a continuous tone
picture. Each pixel represented by a value
from 0 (dark black) to 255 (bright white),
the range of values (0 to 255) can be
explained by examining how computers
deal with numbers. Since computers
operate directly in binary number system,
it is most efficient to wuse ranges
corresponding to  powers of 2.
Photogrammetric techniques allow
converting images of an object into a 3D
model by using a digital camera. The
photogrammetric 3D coordinate
determination is based on the collinearity
equation.
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Processing Digital Imagery and Ortho
BASE Triangulation

Digital imageries were entered directly
into softcopy photogrammetric software
after images were captured. The software
uses a technique known as bundle block
adjustment  for  triangulation  which
establishing a mathematical relationship
between the images contained in a project,
the camera, and the ground™. The internal
geometry of each image and the
relationships between overlapping images
are determined. At least three ground
control points in overlap area are fixed to
transform the image coordinates into real
world coordinates. These points are clearly

Collinearity Equations

The fundamental geometric relationship
between object space and image
coordinates is called collinearity equations
(Figure 9). Collinearity assumes that
object point A (XA, YA, ZA), perspective
center P (XO, YO, ZO) and image point a
(xa, ya) lie on the same line. Control
points were represented with the small
targets with known coordinates (X, Y, Z)
measured in the field. Then, stereo-images
collected at specific locations were
recorded as shown in Figure 10.

visible on the photographic image as
shown in Figure 8.

The orientation serves to relate the
overlapping portions of left and right
images to create the stereo model. After
performing relative orientation; the images
were then displayed simultaneously to
allow generated common points to be
identifiable on the stereo overlap for each
image. This enabled the overlapping
portions of both image to be merged
together to provide a 3D stereo image,
absolute orientation was the final
orientation process carried out to tie the
3D stereo image into a real world
coordinates system as directed by Kim!™4,

C racg /

Fig. 8: Ortho-Rectified Image Showing Ground Control Points.
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Fig. 9: Relationship between Images
Coordinate and Object Space!.
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Fig. 10: Distribution of Ground Control
Points, Tie Points and Check Points in the

ASSESSMENT OF ASPHALT
CONCRETE PAVEMENT
DISTRESSES

Fatigue Cracking

Table 1 shows the assessment of fatigue
crack area, width and intensity using
(photogrammetric and visual methods).
Figure 11 shows the results obtained by
using both methods, it shows high
correlation as indicated by high coefficient
of determination R* = (0.999), (0.996),
(0.999) for area, width and intensity
respectively. The defected area with
fatigue cracks is higher when using close
range photogrammetry as compared to that
of visual technique as indicated by 45°

Adjusted Stereo Model.

line.

Table 1: Fatigue Cracking Assessment Using Visual and Photogrammetry Techniques.

Section Fatigue - Area (m?) Width (mm) Intensity (%)
From To Crack Visual Photo Visual Photo Visual Photo
Sample ID Technique Technique Technigue Technigue Technique | Technique

0+150 0+200 3 0.87 0.85 20.0 20.7 0.22 0.26

0+500 0+550 19 0.61 0.45 3.0 2.85 0.65 1.17
22 2.10 1.87 3.5 3.26

0+700 0+750 25 15.0 14.69 4.0 3.92 8.08 8.23
80 10.5 10.35 13.0 12.85

1+300 1+350 2534 3.31 3.08 86.0 84.4 14.73 15.09
38 48.0 47.02 20.0 20.04

2+150 2+200 55 3.49 3.30 75.0 77.0 13.54 13.79
56 42.0 41.39 25.0 22.6
57 141 1.34 20.0 20.7

Regression model Y=0.099 +1.015 X Y =0.200 + 0.997 X Y =0.245 + 1.002 X

Coefficient of determination R? 0.999 0.996 0.999
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Fig. 11: Fatigue Cracking Variables Assessed by Both Techniques.
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Block Cracking

Table 2 shows the assessment of block
cracking area, width and intensity using
both testing methods (photogrammetric
and visual methods). Figure 10 shows the
results obtained by using both methods, it
shows high correlation as indicated by

high  coefficient of  determination
R?=(0.995), (0.997), (0.999) for area,
width and intensity respectively. The
width of block cracking width is higher
when visual technique is implemented as
indicated by 45° line. This agrees well
with Kertész et al.[**].

Table 2: Block Cracking Assessment Using Visual and Photogrammetry Techniques.

Section Block - Area (m?) Width (mm) Intensity (%)
From | To Siﬁdl(e Visual Photo Visual Photo Visual Photo
IDp Technique | Technique | Technique | Technique | Technique | Technique

0+750 24 20.0 19.63 4.0 4.25

0+700 E 26 26.4 25.92 100.0 98.1 14.97 14.69

0+250 | 0+300 84 13.19 12.17 40.0 41.34 3.86 3.56

2+150 | 2+200 72 18.13 16.64 15.0 14.74 5.33 4.90

Regression model Y =1.864 +0.944 X Y =0.687 + 1.021 X Y =0.393 + 0.992 X

Coefficient of

determination R? 0.995 0.997 0.999
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Fig. 12: Block Cracking Variables Assessed by Both Techniques.

Longitudinal Cracking
Table3 shows the
longitudinal crack
intensity using both

assessment
length, width,

of
and

testing methods

(photogrammetric and visual methods).
Figure 13 shows the results obtained by

correlation as indicated by high coefficient
of determination R* = (0.999), (0.996),
(0.999) for length, width, and intensity
respectively. The longitudinal cracking
intensity is higher when visual technique is
implemented as indicated by 45° line.

using both methods,

it shows high

Table 3. Longitudinal Cracking Assessment Using Visual and Photogrammetry Techniques

Section Longitudinal | Area (m?) Width (mm) Intensity (%
From | To Crack Visual Photo Visual Photo Visual Photo
Sample ID Technique | Technique | Technique | Technique | Technique | Technique
0+500 | 0+550 19 7.3 7.27 16.0 16.40 34.68 33.93
a 22 7.0 6.92 18.0 16.93
b 23 2.8 2.78 30.0 29.00
c
2+250 | 2+300 66 3.8 3.78 22.0 22.28 28.36 28.21
2+600 | 2+650 71 2.6 2.59 6.00 5.48 5.80 5.18
Regression model Y =0.009 +1.009 X Y =0.223 + 1.008 X Y =0.561 + 0.997 X
Coefficient of determination R? 0.999 0.996 0.999
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Fig. 13: Longitudinal Cracking Variables Assessed by Both Techniques.

Transverse Cracking

Table 4 shows the assessment of crack
area, width, and intensity using both
testing methods (photogrammetric and
visual methods). Figure 14 shows the
results obtained by using both methods, it
shows high correlation as indicated by

high  coefficient of  determination
R?=(0.999), (0.998), (0.998) for area,
width and intensity respectively. The
transverse crack width is higher at visual
technique when compared to
photogrammetry technique as indicated by
45° line.

Table 4: Transverse Cracking Assessment Using Visual and Photogrammetry Techniques.

Section Transverse Area (m) Width (mm) Intensity (%)
From | To Crack Visual Photo Visual Photo Visual Photo
Sample ID Technique | Technique | Technique | Technique | Technique Technique
0+150 | 0+200a 3 21.98 21.06 7.0 6.53 7.83 7.13
b 5 3.0 291 1.0 1.18
0+250 | 0+300 | 9 | 249 2.45 150 [ 1620 | 0741 0.730
1+300 | 1+350a 78 6.34 6.25 25.0 26.51 14.16 14.03
b 39 41.80 41.44 40.0 40.90
Regression model Y=0.132+1.011 X Y =0.073 +0.967 X Y =0.225 + 1.007 X
Coefficient of determination R? 0.999 0.998 0.998
Wil « LU O ‘varl . .
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= :“::::': §= L011x £ 0.132 . £ w00 Y0967 0073 # g A
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Fig. 14: Transverse Cracking Variables Assessed by Both Techniques.

Edge Cracking

Table 5 shows the assessment of edge
cracking width and intensity using both
testing methods (photogrammetric and
visual methods). Figure 15 shows the
results obtained by using both methods, it

shows high correlation as indicated by
high coefficient of determination R? =
(0.994), and (0.999) for width and
intensity respectively. The edge crack
width is higher when using visual
technique as indicated by 45° line.
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Table 5: Edge Cracking Assessment Using Visual and Photogrammetry Techniques.

Section Edge Crack Width (mm) Intensity (%)
From To Sample ID Visual Photo Visual Photo
Technique Technique Technique Technique
0+050 | 0+100 2 15.0 13.69 24.96 24.52
a 21 17.0 16.36
b
0+4250 | 0+300 9 5.00 4.98 14.66 14.30
2+700 | 2+750 73 15.0 14.4 5.26 5.43
Regression model Y =-0.232 + 1.070 X Y =-0.251 +1.031 X
Coefficient of determination R? 0.994 0.999
's UYVi(lth of Edge Crack Intensity of Edge Crack

g 16.00 ¥= 1.070x - 0.232 = - 30-99

= ) R — 0.994 o S ity ¥ = 1.03Ix - 0.251
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Fig. 15: Edge Cracking Variables Assessed by Both Techniques.

Rutting
Table 6 shows the assessment of rutting
area, depth and intensity  using

(photogrammetric and visual methods).
Figure 16 shows the results obtained by
using both methods, it shows high
correlation as indicated by high coefficient

of determination R* = (0.997), (0.985),
(0.996) for area, depth and intensity
respectively. The defected area by rutting
is higher when using visual technique as
indicated by 45° line. Similar findings
were reported by Grondin et al.[*®.

Table 6: Rutting Assessment Using Visual and Photogrammetry Techniques.

Section Rutting Area (m°) Depth (mm) Intensity (%0)
From | To Sample Visual Photo Visual Photo Visual Photo
ID Technique | Technique | Technique | Technigue | Technique | Technique
1+250 | 1+300 33 4.20 4.16 2.0 2.14 1.24 1.22
1+300 | 1+350 34 3.31 3.08 4.0 4.12 1.23 1.16
38 0.88 0.85 4.0 4.17
2+150 | 2+200 57 3.10 2.95 5.0 5.29 1.67 1.61
59 1.60 1.57 5.0 5.09
60 0.97 0.96 4.0 4.26
2+250 | 2+300 64 4.68 4.60 5.0 5.20 2.27 2.15
65 2.10 1.94 7.5 7.20
67 8.40 7.86 4.0 4.67
Regression model Y =-0.049 + 1.060 X Y =-0.528 + 1.074 X Y =-0.038 + 1.067 X
Coefficient of 0.9997 0.985 0.996
determination R?
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Fig. 16: Rut Depth Variables Assessed by Both Techniques.
Bleeding high correlation as indicated by high

Table 7 shows the assessment of bleeding
area, and intensity using both testing
methods (photogrammetric and visual
methods). Figure 17 shows the results
obtained by using both methods, it shows

coefficient of determination R? = (0.999),
(0.999) for area, and intensity respectively.
The variation in the defected area with
bleeding is not significant among both
techniques as indicated by 45° line.

Table 7: Rutting Assessment Using Visual and Photogrammetry Techniques.

Section Asphalt Bleeding Area (m°) Intensity (%)
From To Sample ID Visual Photo Visual Photo
Technique Technique Technique | Technique
0+050 | 0+100 1 12.76 12.42 3.80 3.70
0+150 | 0+200a 4 5.78 5.59 4,97 4.60
b 5 8.20 8.17
c 10 1.73 1.68
2+250 | 2+300a 64 20.68 19.99 12.62 12.34
b 67 63.90 62.70
Regression model Y =0.062 + 1.019 X Y =-0.199 + 1.007 X
Coefficient of determination R® 0.999 0.999
Area of Bleeding Intensity of Bleeding
700000 ] 14,0000
= = = = = 1.007x+ 0.199
'g GO 0000 > 1'{(_ :l:"‘.:g‘)(:).ﬂb- * :E. 12 0000 |R-' = 1:.9!::) >
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Fig. 17: Asphalt Bleeding Variables Assessed by Both Techniques.
Patching coefficient of determination R? = (0.998),

Table 8 shows the assessment of patching
area, and intensity using both testing
methods (photogrammetric and visual
methods). Figure 18 shows the results
obtained by using both methods, it shows
high correlation as indicated by high

(0.999) for area, and intensity respectively.
The variation in the patching area is not
significant among both techniques as
indicated by 45° line. All of the distresses
identified are in accordance to USDOT-
FHA,
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Table 8: Patching Assessment Using Visual and Photogrammetry Techniques.

Section Patching Area (m%) Intensity (%)
From To Sample ID. Visual Photo Visual Photo
Technique Technique Technique Technique
0+250 0+300 77 0.2967 0.2953 0.0956 0.0352
2+150 2+200 a 59 7.3960 6.9669 4.4212 4.2756
b 60 7.6360 7.5700
2+700 2+750 74 0.0899 0.0933 0.029 0.0269
Regression model Y =1032X Y =0.030 + 1.027 X
Coefficient of determination R” 0.998 0.999
Area of Patch Intensity of Patch
XL L] > S THHID
a7 HHMD ¥ = LAOFIx+ 0000 = - = s000 Vo= 1.027% + (L3 *
B, 5.0000 B =998 £ 40000 R = (1,999
= E‘ 3 50H0
__1’-_: A (HHHF 2 30000
= < IHHHE : 25 H0
E 3 HHH) E 2. CHHIO
S 20000 3 1000
;f 1. THHH} — A5 dogme s — ___f 0. 5000 =
o.oong ¥ 0,0
oMM 20000 4 Q00D 6 0000 50 0000 1000 X 00D 300000 40000 200
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Fig. 18: Asphalt Concrete Patching Variables Assessed by Both Techniques.
Pothole coefficient of determination R? = (0.999),

Table 9 shows the assessment of pothole
area, depth and intensity using both testing
methods (photogrammetric and visual
methods). Figure 19 shows the results
obtained by using both methods, it shows
high correlation as indicated by high

(0.991), (0.998) for area, depth and
intensity respectively. The depth of
pothole is higher when measured by visual
technique when compared with that by
photogrammetry as indicated by 45° line.

Table 9: Pothole Assessment Using Visual and Photogrammetry Techniques.

Section Pothole Area (m°) Depth (mm) Intensity (%)
From | To Sample Visual Photo Visual Photo Visual Photo
ID Technique | Technique | Technique | Technique | Technique | Technique

0+250 | 0+300 8 0.0048 0.0049 4.00 5.13 0.0014 0.0015
1+300 | 0+350 35 0.3400 0.3377 40.0 39.9 0.1000 0.0993
1+750 | 1+800 48 0.0740 0.0791 30.0 32.0 0.1321 0.1037

a 51 0.1037 0.1064 15.0 17.3

b 81 0.1794 0.1737 21.0 23.3

C
2+150 | 2+200 55 0.0368 0.0304 5.00 4.50 1.0806 1.0582

a 56 3.4500 3.3868 28.0 30.0

b 58 0.1872 0.1808 20.0 20.1

C
2+600 | 2+650 70 0.0063 0.0075 25.0 26.7 0.0018 0.0022
Regression model Y=1018 X Y =-0.763 +0.978 X Y =0.006 + 1.016 X
Coefficient of 0.999 0.991 0.998
determination R®
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Fig. 19: Pothole Variables Assessed by Both Techniques.
Polished Aggregate high coefficient of determination R? =

Table 10 shows the assessment of polished
aggregate area, depth and intensity using
both testing methods (photogrammetric
and visual methods). Figure 20 shows the
results obtained by using both methods, it
shows high correlation as indicated by

(0.996), (0.988), (0.992) for area, depth
and intensity respectively. The variation in
the depth of area defected by polishing is
significantly high when visual technique is
used as indicated by 45° line.

Table 10: Polished Aggregates Assessment Using Visual and Photogrammetry Techniques.

Section Polished Area (m°) Depth (mm) Intensity (%)
From | To Sample Visual Photo Visual Photo Visual Photo
ID Technique | Technique | Technique | Technique | Technique | Technique
1+250 | 1+300 33 4.20 4.16 1.09 0.93 1.24 1.22
1+300 | 1+350 34 3.31 3.08 1.16 0.96 4.44 4.02
a 35 10.65 10.58 1.35 1.22
b
1+350 | 1+400 42 8.58 8.80 0.99 0.84 2.35 2.49
Regression model Y =0.168 + 1.005 X Y =0.242 + 0.919 X Y =-0.297 + 1.153 X
Coefficient of 0.996 0.988 0.992
determination R?
Alleauf Polished Aggregate i Depth . Intensity
o~ ]; »iu:u:r(»- N = LOEK 0,168 - é 1.30 ¥=0.919x+0.242 > e =
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Fig. 20: Polished Aggregates Variables Assessed by Both Techniques.
Raveling high coefficient of determination R? =

Table 11 shows the assessment of raveling
area, depth, and intensity using both
testing methods (photogrammetric and
visual methods). Figure 21 shows the
results obtained by using both methods, it
shows high correlation as indicated by

(0.999), (0.990), (0.999) for area, depth
and intensity respectively. The variation in
pavement depth at the area defected with
raveling is significant when using the
visual technique as indicated by 45° line.
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Table 11: Pavement Raveling Assessment Using Visual and Photogrammetry Techniques.

Section Raveling Area (m? Depth (mm) Intensity (%)
From To Sample ID Visual Photo Visual Photo Visual Photo
Technique | Technique | Technique | Technique | Technique | Technique
1+750 1+800 52 16.27 16.09 1.40 1.47 4.72 4.64
1+800 1+850 53 1.95 1.86 2.00 1.95 0.86 0.54
1+850 1+900 54 22.40 22.24 1.62 1.57 6.69 6.64
Regression model Y =0.092 + 1.003 X Y =-0.159 + 1.109 X Y =0.338 + 0.951 X
Coefficient of determination R? 0.999 0.990 0.999
Ares ave ¥ ave
350000 ArcaorRaveling 210 Depthof Raveling Intensity of Raveling
v= 1.{|¢»x\~ 0002 o = 100 v = 1.109x- 0,159 3 . 8.0000
2 20000 R:= 0,999 g 190 R*= 0,990 E 70000 -y 0981 + 0,338 .
- = 180 a8 6ooo | R =0.999 :
; 14 0000 * g 170 E 5 0000 ‘
E S -g | 60 2 E 4 0 ; 2
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Fig. 21: Pavement Raveling Variables Assessed by Both Techniques.

CONCLUSIONS 4. The variation in the depth of area

Based on the limited field testing of defected by polishing of aggregate or

asphalt  concrete  pavement  surface raveling is significantly high when

distresses, the following conclusions may visual technique is used.

be drawn.
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