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1. INTRODUCTION

Past 'p-avem‘ent condition evaluations have  been
accomplished using all available information gathered
regarding the surface of the pavement and the structural
strength of the materials used in road construction, so that
a proper maintenance schedule could be developed. Most of
this information was gathered manuéily: however, with the
advent of coﬁputers' and high technology, many of these
activities have been automated.

The I‘owa. Department of Transportation (Iowa DOT) uses
primarily manual procedures. The PAVEDEX Inc. system is

partially automated to gather and analyze surface condition

-information. The surface condition information, as used in

this study, comprises cracking and patching. Roughness ang
rut depth measuring equipment were not available on the
equipment at the time of the field survey.

| The TIowa Department of Transportation determines
cracking .and patching by sending a trained crew to estimate
and measure ﬁhis information in the field. The Iowa DOT ‘also
determines the rut depth from these field measurements and
roughness by a response-typé roadmeter that is calibrated
against a standard instrument, the CHLOE profilometer. Using
the combination of values, the Iowa DOT obtains a Present
Serviceability Index (PSI) value that lies between zero and
five (zero = bad, five = good) to evaluate the overall

condition of the road.

Sy
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The PAVEDEX Inc. system uses pairs of CCD video cameras

mounted on each end of a standard truck van to photoqraph the
pavement surface at highway speeds. The photos are analyzed
by a trained observer using dual’ compu£er monitors to
identify the distress types and amounts., Computer algorithms
are used to summarize the type, amount, énd severity of
various typés of cracks and patches.

" The objective of this study is to evaluate PAVEDEX's
automated system.‘ Nine sections of roads in the vicinity of
the Iowa DOT were evaluated with both the Iowa DOT and
PAVEDEX methods. Many of these sections were also evaluated

in a previous study of the PASCO systen.

| 2. DESCRIPTION OF IOWA DOT METHOD
Since the Iowa Pavement Management System keys on the
Present Serviceabiliﬁy Index wvalue, it is important to
understand how that value is obtained.. The Iowa DOT defines
the PSI of a road surface as
PSI = LPV - 0.01 (Cac + P)1l/2 - 1.38-(:!3-5}2 (1)
for asphalt surfaces and
PSI = LPV - 0.09 (Cpc + P)1/2 (2)
for concrete surfaces where LPV is a function of
the roughness of the road and
Cac = the number of square feet per 1,000 square feet of
asphaltic concrete exhibiting "alligator™

cracking.



Cpc = the linear feet per 1,000 square feet of
portland cement pavement having cracks 1/4 inch
wide or sealed

P = number of square feet per 1,000 square feet of
pavement having skin or full depth patching.

RD the mean depth of futtinq, in inches, measured

i

with a four-foot straightedge.
Thus, the PSI is made of two values, LBV and the

deduction for cracking, patching, and rut depth., The LPV is

selected so that a maximum LPV is five when the roughness is‘

zero; thus, the PSI value can reflect values of five,
indicating excellent, to zero, indicating poor road
condition. The current Iowa DOT methods of obtaining values
of roughness, cracking, patching, and rut depth are detailed
in the Appendix A. A generalmdescription is provided in the
following sections.
Roughness

Roughness can be defined as the deviation of the surface
from a sﬁooth profile, a constant gradient 1ongitudina1
profile. The Iowa DOT uses the Bureau of Public Roads (BPR)
roughometer to obtain the roughness in terms of inches of
roughnesé per mile. The BPR roughometer consists of a single
road wheel attached Eo an accumulating counter by a one-way
clutch. As the wheel moves up and down while being towed,
all movements in one direction are summed. Another counter
records the number of revolutions of the tire so that

distance traveled can be calculated (see Appendix A). ' The

=
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BPR readings are calibrated against a standard device (CHLOE

Profilometer) to obtain Longitudinal Profile Values (LFV's).
The BPR roughometer can be operated at 20 mph.
Cracking, Patching, and Rut Depth

The method of determining the cracking, patching, and
rut depth by the Iowa DOT is presented in defail in the
Appendix A, The Department uses crews of three to five
persons to observe and record the extent of cracking,
éatching, and rut depth as defined below:

Cracking (asphalt)

Cac = number of square feet per 1,000 square feet
of asphaltic concrete exhibiting "alligator"
or "fatigue" cracking. '

Cpc = linear feet of cracking per 1,000

square fget‘cf portland cement pavement.
only those cracks that aée open to a width of 1/4 inch or
more along half theirAlength or those that are sealed are to
be included. |
Patching
P = number of square feet per 1,000 sqguare feet
repaired by skin (widening joint strip seal) or full depth
patcﬁing.
Rut Depth
RD = mean depth of rutting, in inches, measured
with a four~foot.straightedge. |
The crew drives on the shoulder, if possible, estimates

the areas of cracking and patching, and records them on a



work sheet. A typlcal work sheet is shown in Appendix A.
The rut depth is measured at every 0. 05 miles for asphalt
pavement, - and one set of readings is taken gt the beginning
and end of a halfwmileiteét sectioﬂ of . concrete pavenment.

The area of qracking in asphélt pavement is totaled and
divided. by the area of the test section in_ thoﬁsands of
square feet to obtain Cac for tése in Equation (1). The
nunber of.cracks and 1/2 cracks (divided by 2) are totaled
and multlplled by the width of the roadway and divided by
the area of the test sections in thousands of square feet to
use (Cpc¢) in Equation (2). The area of patching is totaled
and divided by the.area of the test séction in thousands of
sguare feeﬁ to obﬁain P for Equation (1) or (2). The rut
depth measurements are totaled and averaged to obtain RD in

Equation (1).

3. DESCRIPTION OF PAVEDEX ﬁETHbDS

The PAVEDEX system employs the use of a one-half ton
van, with a heavy duty (100 amp) alternator and aux111ary air
condltxoner.' A 1*KW invertor in the van supplies the power
for the recording and photqgra?hic equipment.

Two NEC/CCD cameras are mounted on each end of the van
and a fifth is mounted onlthe roof of the vehicle as shown in
Fig 1.  The front two caﬁeras (Fig.uz) are focusedlon
the road surface at a 20 deéree angle to the vertical as
shown in Figure 3; and the rear cameras are positioned at 15

degrees to the vertical as shown in Figure 4.




Figure 1. PRAVEDEX PAS I Unit

Figure 2. Front Mounted Cameras



Synchronization of the equipment allows for the .use of any
pair of the cameras.at the same time. Each camera prowlr'ides a
continuous picture of an area 512 pixels by 512 pixels, with
a shutter Spéed 6f 1/1,000 éecond producing 30 frames per
second. The vehicle and the cameras are synchronized to
provide a picture of 6-feet 6-inches wide (with ‘a 6-inch
overlap at the center of the lane) and é—feet Jong.

VHS racor&ers, shown in the lower right portion of
Figure 5, provide 400 lines of résolution each, and are
mounted in the van to record on two-hour, 1/2-inch, black-
and-white or color film video tapes. Considefing the
abilities of the "cameras, the recorders are the primary
botfleneck in the current systemn. The 400-line resolution
prevents the equipment from gathering the level of detail
that the cameras can provide. Three such recorders are shown
in Figure 5. Two are used_fo record data from the-sélected
downward-looking cameras (front or rear) and the third is
used with the forward-looking (overhead) camera. The
recorders are arranged to allow the recorder persoﬁ‘to switch
cameras and recorders with tﬁe switch Box (shown in the lower
portion of Figure 5), while the vehicle is in motion. The
top recorder unit gathers data from the right side of the
vehicle, thé middle recorder gathers data from the left side
and the lower recorder is connected to the forward-looking
camé"ra for this test. The switch box allows the operator to
select from the left or right side cameras and the front or

back cameras while in motion. This feature is very helpful




Figure 3.

Figure 4.

Front Camera Mounting and Position



Figure 5. Rack-Mounted Recording/Control Equipment

in determining the best angle for gathering data that will
eliminaﬁe.the most shadow from the wvan.

Also shown in Figure 5 are distance measuring
electronics (lower leff), the 1004amp generator (middle left)
and the three VCR drive§ and digitizers ( upper left).
A\#anasonic model 6200 monitor in the upper right portion of
the réck allows the recorder to view the same picture that is

being recorded at any time.




An encoder attached (Fig. 6) to the odometer delivers
information (with 1-inch resolution) every 30 milliseconds to
the film for recording the ’time,‘ date, rocad segment number,
location (to'the-nearest foot) from the'section origin and
the frame count number for each frame.

The roof mounted camera shown in Figure 7, is designed
to provide the same type of information on roadside
inventory. :

Image prdééssing ‘iS'-accomplisheq 'using a trained
obsexrver and ccmputar'control of the'?CRfé playback using an
inverted RS8232 interface. with a time-based correctorr
conditioning the signals. A decoder reads the header board
data on each frame to provide the computer:ﬁith gorfect data
on the time and location of the‘ frame. As the computer
advances. the film a frame at a tine, thé trained observer
identifies ' the distress type,- severity and amount via
keyboard codes. The computer co}}ates all of the distress
data for each customer designed project segment and stores

the information.

10



Figure 6. Data Location Encoder

Figure 7. Roof-Mounted Roadside Camera

11




4. CQMPARISON OF PAVEDEX AND IOWA DOT METHODS

In order to judge the PAVEDEX method of evaluating the
surface condition of the ‘roaa, we decided to survey the
surface of nine sections of roadway and two shoulder
sections, approximately one mile ih‘length,:in thé vicinity
of the Iowa DOT. '.i‘he sites represent the various pa{fement
and traffic conditions fhat the Iowa DOT actually encounters
in. rehabilitating and maintaining the primary road systen.
Many of the sites (sites A-E) have_been-used in previoué
studies to evaluate equipment such aé the PASCOISystem for
evaluating pavement condition. The sites are briefly
described below: |

A. Interstate 35 northbound lanes (between the Ia. 210
Interchange and the abandoned railroad bridge)
milepost 103 to 104. This 10-inch, mesh-
reinforced pdrtland cémentrconqreta pavement with
76.5~-foot joint spacings was constructed in 1965 on
4 inchesl of granular subbase and 8 inches of
asphalt treated base and is used as an approach to
a weigh-in-motion site. -~ >,

B. Interstate 35 northbound lanes (between the 13th
Street Interchange and the Story COuntY-Roaa E~29
Interchange) from mile‘ post 114 to. '115. This
section of 10~inch, joint-reinforced portland
cement concrete pavement with 20-foot Jjoint
spacings was reconstructed in 1984 on 6 inches of

recycled portland cement concrete. A reconstructed

12



asphalt concrete shoulder ~ is also included in the
evaluation. Part of this sgction is used by the
Iowa DOT in their annual evaluation of the road
roughneés.measuring equipment. The outside, 10~
foot wide shoulder is.also included as a separate
condition-raﬁing section.
Interstate 35 southbound .lanes (between Story
COunfy Road E~29 and the 13th Street Interchange)
from mile post 115 to 114. This section contains
g-inch continuously reinforced portland cement and-
eight inches of asphalt-treated base in the
southbound lanes. The northbound lanes were
replaced with 10 inches of Jjoint reinforceq
concrete in 1985, over 6 inches of recycled .
concrete. Shoulders on the northbound lane were
overlaid with'asphaltic'concrete at the same time.
Various areas of the driving surface in the
southbound léne~ were overlaid with asphaltic
concrete in 1984  in conjunction with maintenance
operations. The outside, 10~foot shoulder in each
direction is also included 4nthe evaiuation and is
in varying stéges of distress.
Dayton road betweenlLincoln Way and 13th Street in

Ames. This section was constructed of a 4-inch

granular Subbase and a 6-inch rolled stone base and

was' surfaced with three inches of asphaltic

concrete in 1959, It was sealcoated in 1965 and

13




~resurfaced with two inches of asphaltic concrete in

1968 and sealed in 1980. The surface offers
varying amounts of distress to measure, including a
railroad crossing. This city street has a 45 mph

speed limit.

Dayton Road between Lincoln Way and U.S. Highway

30.. This _8—inch portland cement surface
constructed in 1981 shows relatively 1little
deterioration and is in a 45 mph speed zone. It
does provide a way to Treview the effect of
transverse surface texturing in the condition
results.

Story County Road E~41 east of Ames beginning one-

half mile east of I-35 and continuing one mile

- east. This section is made up of a thickened edge

portland cement concrete section (10"=7"-10")
placed in 1928. The section was widened from 18 to
24 feet in 1955 with portland cement concrete. In

1956, three inches of asphaltic concrete was placed

. over the entire section. In 1978, an open-graded

N
surface course (research project) was added.

Thicknesses range from 1-1/2 inches (1/2 inch mix
size) to 1 inch (sand mix). Conventional mixes
and’ thicknesses were.uéed in various segments of
the test section. Seven differeﬁt pavement
surface textures were applied. That surface

provides difficulty for many types of condition

14



measuring devices in determiﬁing the level and type
of distress present. The route contains evidence
of c¢enterline joint deterioration, and both
longitﬁdinal and transverse cracking.

U.S. 69 from Airport Road south to KXen Maril
Street. This is one of the original sections of
U.8. 69 and contains the thickened edge design (10~
7-10 inch) portland cement base placed in 1929 with
a two-foot asphalt widening and overlay placed in
1945. The composite secﬁion ig in a 50 mph zone
and includes a large amount of cracking of various
types and patterns.

Story County Road E-41 and Lincoln Way from Dayton
Road easterly 0.7 mile to the beginning of the
asphalt section noted in Section F. It was also
built in 1928 with the thickened edge section as

in Section F. It was overlaid and widened from 18

feet to 24 feet in 1954 with a minimum of 6 inches

of mesh ieinforced portland cement concreté. This
section exhibits several areas of jeint failures,
punchouts and popouts of the surface aggregate.

Mortenson Road between Elwood Drive and Ash Street.
This is a 25 mph section that exhibited large
amounts of longitudinal and transverse cracking and -
joint deterioration at the time of section
selection. It was constructed in 1978, with 7

jinches of plain jointed portland cement concrete.

15
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The City of Anes repairéd this section in 1989
prior to the PAVEDEX survey and therefore it
should exhibit only minor amounts of diéﬁress and

new patches of large size.

Iowa DOT Observations

The Towa DOT collected the necessary data (patching,

~cracking, roughness (LPV) and rut measurements) to compute

the PSI values on all sections.

The BPR roughometer was used to determine the LPV
valﬁes. ‘dn May 23, 19889 «c¢rack and patch surveys were
conducted on all sections. The BPR survey was conducted on

June 5, 1989 over all sections, except the shoulders of I-35.

Roughness measurements are not currently conducted on

shoulder areas in Iowa. Three passes were made in each wheel
track of each section, excluding the shoulders of I-35.
Using the current correlation table (BPR method versus LPVs),
the LPVs corresponding to the BPR method were obtained and
are'shown in the results (see Tables 1 for-portland cement
and 2 for asphaltic concrete éectioﬁs). Columns 1 and 2 of
Tables 1 and 2 identify each test section by letter and
location. Columns 3 and 4 identify the fieid. mile post
reference locafions of each end of the sections. City and
county sections do not have the milepost refefences and
therefore begin with zero and end with the length of.secﬁion
in miles. éolumh 5 identifies the‘length of each section in

miles and .column 6 indicates the width of the driving lanes.

16




'A

Site

fFrom
Zoute e
1-35 K8 103
1-35 HB 114
Bayton Rd. 1]
{US 3G to
Lincoln May}
E-41 0
hortenson Rd. W8 0.5
-~ {Elwood Dr. to
Ash St.}

To

104
H5
1

0.85

0

Hortenson Rd, £8B 6.00 0.5

(Elwead Br. to
Ash 5t.)

Length  Width
{Miles) {Fuet)
1.0 12
1.0 12
1.0 24
0.85% 24
0.50 24
0.50 24

Table 1. P.C. Pavement
Prasant Sesvizeabilisy Index
(Test Site Values)

Date of
cap
Survey_
5-23-89
5-23-89

5-23-89

§-23-89

§-23-89

5-23-89

Crack
(Lin.Ft)

528
0
0

48

&0

132

-—vc--

8.33

0.00

0.00

A4h

<947

2.083

“Patch
{Sq.Ft.)}

93
]
F4

346

nez

m?_—.u.
1.47
.00

016

.ae

113.04

Fault
O9¥CHP {In. ) ¢

.28
0
.0

a7

.09

.97

.17
.03
.09

A1

05

.06

RO

In.) O.OLF,
Y 0
.07 ¢
.04 0
02 3
.02 o
.02 0

Date of
BPR

Survey_

§-5-89
6~5-89.
§~5-89

&-5-89

6-5-89
6-5-89

6-5-89

£-5-89

&R
{IafMi}

84
80
153 N8
143 S8
123 £8
129 wB

155 ¥8

184 E8

LAv_

3.83
3.95
2.86
2.95
Lu
3.08

2.84

2.64

pSI_
3.55
3.95
2.85
2.94
.97
2.91
2.75




at

Table 2. A.C. Pavement
Present Serviceability Index
{Tesz Site Values)

Date of Date of
From To' Length Width cxp Crack Patch _RD OGP BPR RR
Site Route M NP (Miles) (Feat) Survey_ (Sq.Ft) _ € (Sq.Ft.) P +F {In) +1.38RD* Survey_ {Ia/Mi) LPV_ PSI,
8 1-35 N8 M4 us 1.0 1 52388 0 0 0 0.6 8 - o - - -
- {Shoulder) .

< - ]-38 éB 15 114 1.0 12 5-23-8% [ g 150 2.367 .0154 ,0%2 .02 6-5-89 83 3.3 3.3

c I-35 SB 115 114 1.0 10 5~23-89 0 [ 112 2.1217 .0146  — .01 — — — —
) (Shoulder) . ) :

b ‘ﬁayton Rd. 9 0.7 0.7% R} 5-23-89 020 10.732 654 6.881 .042 a1 .08 6-5-89 5 N8 2,39 2.30
Lincoln May to . 6-5-89 154 SB 2,31 z.22
13th St.)

F E-4%1 0 119 1.0 24 5-23-89 16 L1158 815 8.277 0.2% .095 .04 £-5-89 129 EB 2.5% 2.5

6-5-89 137 U8 2.47 2.43

1] S 69 112.80 113.80 1.0 24 52389 12712 16.038 3065 25.187 0.59 . 160 .09 £-5-89 130 88 2.54 2.45

§-5-89 126 5B 2.59 Z2.50




The Interstate sections have a 12-foot width related to the
area surveyed'of the total 24~foot width. Shoulders are 10~
feet wide for the surﬁeyed area and all other sections were
surveyed in both directions of the 24~foot width pavement.
The date of the crack and patch survey is shown in column 7.
Columns 8 and 9 represent the amount of cracking measured
and the approp:iate value per thousand square feet for the
calculatioﬁ of PSI. Similar values for the amount ‘of
patching identified are shown in columns 10 andqll. Column

11 combines the crack and patch figures into one deduct

value. The faulting noted in a set of measurements for

portland cement concrete is noted in column 12 and the

'measured rut depth is shown in column 13. The preseﬁce of

"DY cracking is identified in column 14 according to level of
se#erity from 0O illusﬁratinq no presence ﬁo 5 répresenting
segments in need of full depth patching or replacement of the
concrete’pavement. The BPR date of sﬁrvey and the recorded
inches pef'mile of roughness are shown in columns 14 and 15.
The corresponding longitudinal profile for the BPR daﬁa is
shown in column 16. The. PSI shown in' the last column
represents the LPV value minus the deductions shown in column
14 for asphalt surfaces and column 12 for portland cement
concrete. Rut depth is noted for concrete pavements, but not
used in the calculation of PSI.
| PAVEDEX Observations
PAVEDEX employs the use of a standard Ford Econoline van

equipped with video cameras at each of the corners of the van
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to photograph the pavement. . The eqﬁipment used in this test
was equipped to photégraph the pavement from any combination
of the four cameras. Continuous video images of coﬁsecutive
pésses of the vehicle were made of each of the test sections
of road and the two shoulder 'sections on I-35. A series of
four tapes were made on this test, representing'film of the
left and right portions of the surveyed lane for
approximately 90 miles of pavement at various speeds.
PAVEDEX Data Collection Procedures

The PAVEDEX .van comes ready to use in a matter of

minutes. The cameras can be covered during trével between

sites to protect them from road debris or carried in the

ready position. Cameras are usually removed at the end of

the day for security reasons. Remounting time for the next

day's work is completed in 10 -~ 15 minutes through the use of

single cable connections and quick mounts for the camera
assembly.

The cameras used to measure pavement distress are
mounted on two simple bar_assemblies attacheé to the fron£
and rear bunpers. A separate camefﬁ can be mounted on the
top of the Qan to provide a separate view of the roadway an&
right-of~way features, such as traffic contfols that can be
associated with the pavement surface in determining safety
strategies. The data from each camera is stored on VHS tape
for_énalysis.

The vehicle can be operated by one person, but as in the

case with most of the pavement distress vehicles, a two-
l"
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person staff is recommended. The use of two people allbws
the vehiéle-opérator to control position of the vehicle, and
identify any particular items on the pavement that may create
problems in computer identificatioh, The recorder can
operate the controls to-determine the besﬁ'camera arrangement
and record on a dictaphone, any miscellaneous distress items
to be concerned with at a given location.

| Power for the van recording system comes from a special
100-amp alternator and the van engine. This makes the system
self-contained and removes the reguirement for additional
power sources.

" The camera used on this project is the NEC Model TI-23A
cCch. It is designed to photograph the pavement in black and
white. This 1/2-inch, totally solid-state Tv.caﬁera uses a
chafgewcoupled device'(ccn),'a solid—state imaginq daviée, as
a photoelectric transfer element instead of the pickup tube
generally used. This provides a black—and-white camera with
higher sensitivity, higher image quality, énd lower after
image. Pictures are highly uniform and free of geometric
distortion and sticking. The camera's compactness, light
weight, long service life and high resisﬁance.to shocks ané
vibration make it ideal for a wide range of applications,
such as pavement evaluation; Previous videa cameras have ﬁét
providéd the clarity needed té determine pavement condition.
The c¢amera provides the same type of image that the 35mm
cameras can provide in terms of & shuttered effect to freeze

a particular portion of the pavement for evaluation.
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camera features that affect the reliability  and
effectiveness of this unit include:

1. The use of two, sSolid-state CCDs in one éamera'to
-provide an interline transfer imaging device and embedded
channel signal readout register to eliminate any resolution
. degradation due to higher transfer efficiency. A higher
‘ﬁodulation.factor also guarantees clear, crisp pictures.

| 2. Signals photoelectrically transferred by the solid-
state imaging' device are converted to video signals with
digital scanning, a technigue that reduces geometric
distortion.

3. The image does not stick, even when the camera is
~shooting a bright subject. |

4. The solid-state device provides improved‘resistance
to shocks land vibrations that often daétroy conventional
pickup tube cameras.

§. The <¢CD solid-state imaging device provide much
longer life than the conventional vacuum tube cameras.

6. The electronic shuttér speed on the cameras used in
this test is 1/1000 second in the shutter mode.

7. A éingle cable énd quick coupling arrangement afe
used to speed tﬁe attachment of the camera to the moﬁnting
and provide a watertight connection.

The front pair of cameras are mounted on a simple metal_
box bar frame that is mounted approximately 45 inches above
the pavement surface. The actual distance from the camera

lens vertically to the pavement is 41 inches. A 74-inch long
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mounting bar allows the manufacturer to change the location
of the cameras and concentrate on any given area of the
pavenment surféce with a minimum of downtime. Cameras were
centered over.eéch half of the pavement lane for the ITowa
Test (see E_‘igﬁre 8) with a distance of 64 inches between
cameras. These cameras were focused on the pavement at an
angle of approximately 20 degrees from the vertical.

The rear cameras are mounted on two cantilever arms
attached to a similar bar as used on the front of the vehicle
{see Figure 9). Cameras are attached some 30 inches behind
the vehicle on the end of the cantilevers and focused at 15
degres from the vertical, on the pavement at a height of 5
feet. Camera- spacing is held at the same 64 inches as on the
front of the vehicle.

Mounting arrangements for the cameras provide a way of
viewing the entire 12-foot lane with an overlap area of 6
inches in the center of the lane transversely. Camera
mountings and shutter speeds allow for a single picture of an
area 6~feet (plus overlap) wide by 4~feet longitudinally to
be taken by each camera with only minimal overlap in
successive pictures. The camera mounting heights also
provide protection from road spray and allow the unit to be
used during periods when the pavement is wet immediately
after a rain. Use is not recommended during periods when the
pavement exhibits standing water due to the reflective nature
of the surface.

The cameras are each synchronized with the left rear
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Figure 8. Front Camera Mounting Bar

Figure 9. Rear Camera Mounting Frame
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camera and can be operated independently or in combination
with one or moré other cameras. Shutter speed is controlled
by the speed of the vehicle, but is established at 1/1,000
gsecond and 30 frames per second. The recording rates allow
for the collection of approximately 35-40 miles of data at
25 mph (urban conditions) or 100-140 mi;es of data at 55 mph
(rural conditions) per video tape.

Data from the cameras are recorded on one of three
recorders (one for the overhead camera and one for each of
the pair of pavément cameras being used) housed in the wvan.
A simple rack mounting frame with 1/2-inch cushioning
materials for each recorder help provide improved quality of.
data. The entire rack mount {(see Fig. 85) is cushioned on a
i-inch thick blanket of rock mining matt over one inch of
plywood. A special header board on each frame of the film
provides two lines of information on the time and location of
the picture. Idne‘one includes six digits of time (hour,
ninutes, seconds) in military time, and the frame number from
1-29, The second line includes five digits of distance
measurement from the beginning of the section and the last
three identify the road segment number assigned by the
operator.

Other equipment in the wvan includes a generator,
digitizer, distance measuring computer, TV monitor, and
switch box to provide the recorder a way of monitoring all
the camera outputs from one visual monitor. The meonitor also

provides a way to view the time and distance header bhoard
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information at any time. Switch box controls allow the
operater to change from front to rear or left to right camera
views and operation.

A model NC-15 C©CD color camera is uéed for the top
mounting to photograph the right of way. It performs in the
same manner as the TI-23A, but provides color pictures. It
was not used in the Iowa test due to the type of information
required. The camera is mounted over the driver's head on
the roof of the van and is controlled by the operator or
recorder person. It is capable of being mounted in variable
positions on a bar across the van. The camera can be
adjusted to a given vertical angle and horizontal angle
relative to the area of the right of way, désired for
viewing.

The equipment used for the Iowa demonstration included
the capability to photograph and measure cracking in'.the form
of longitudinal, transverse and alligator cracking. Manual
evaluation done with the use of the dictaphone could increase
the types of data gathered to include flushing, ravelling,
patching, and block cracking. The van did not include
equipment to measure rut depth or longitudinal or transverse
profile.

PAVEDEX Data

' Data collection was carried out on June 29 and June 30,
1989 on the nine test sections. Both days of data collection
for this test were sunny with temperatures ranging to 85

degrees fahrenheit on the first day and 89 degrees on the
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second day. Little or no wind was encountered either day.

The sections measured the first day included three
passes each of sections A, B, C, and the shoulder sections
noted as BB and CC, during the mid portion of the day (10:30
am - 2:30 pm) to record the effect of the sun being directly
overhead. The last run on section CC was made during the -
3:00 pm - 6:00 pm period due to the timing involved. Runs on
A, B, and C were made at 55 mph and those made on the
shoulders BB and CC were made at speeds ranging from 40-55
mph depending on the particular run. Rear cameras were
employed on the northbound runs (sections A, B, and BB) and
front cameras on the southbound runs (sections C and CC). The
system is very guick to operate and the on}y time spent was
that to drive the section and move to the next section.
Three runs on most sections could be accomﬁlished in 15 to 30
minutes,

A series of afternoon (3:00 pm to 6:00 pm) runs were
also made on sections A, D, F, G, H, and I. This completed
the runs on section A and provided half the information
required on the other two-~lane sections. The odd numbered
runs on section D and E are in a northerly direction and the
even numbered runs represent southbound runs. Speeds on
these sections ranged from 30~45 mph. Rear cameras were
employed in the northbound direction and front cameras in the
oppoéite direction. Speed limits, stops and railroad
crossings indicated no particular problems for the recording

equipment.
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On sections F and .H, the odd numbers represent the
eastbound runs and the evén numbers the westbound. bn these
sections, the speeds ranged from 35 to 50 mph depénding on
the traffic flow at a given run. Rear cameras were used in
the eastbound direction and the front cameras in the
westbound direction. ”

Odd numbered runs were made in the westbound direction
on sectiqn I, and evens in the eastbound direction. The
first run was made at 15 mph and the two successive runs were
made at 25 mph. This section employed the use of the front
cameras in the westbound direction and rear cameras in the
eastbound direction. The curvilinear alignment of this
section presented no partiéular data collection‘problems for
the systemn.

Section G runs were made with the odd nunmbers
representing the southbound direction and the evens the
northbound direction. The speeds used were 35 mph on the
first two runs and 40 mph on the last run. Front~mounted
cameras were used in both directions on this segment., This
marks the first section where the angle of the sun started to
become a factor in camera selection.

A final series of afternoon runs was made on section A

at speeds of 50~55 mph employing the front camerés only.

Camera determination was made prior to the beginning of
each run by the recorder person based on a survey of the
camera views to remove the most shadow from the van. This

vehicle operates with only natural sunlight and camera
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selection is based on the angle of the sun and direction of
travel.

The second day began at 9:25 am and ended at 1:34 pm
with the final rune being made on sections B, C, D, E, F, G,
H, and TI. In this case, the front-mounted cameras were used
on all runs made on sections B and C at speeds of 45-55lmph.

Sections D and E presented the reverse problem of camera
selection noted in the afternoon of the first day. Initial
camera selection used the front cameras for one run and then
employed the rear camera for the remaining runs to reduce
shadow problens,

Runs on sections F and H were made at speeds of 38~46
mph with the cameras being reversed from the previous day.
Front cameras were used in the eastbound direction and rear
cameras in the westbound direction. |

Section G presented the same camera selection as the
other north-south sections. Speeds of 39-45 mph were
employed and camera selection center mainly on the use of the
front camera with two northbound uses of the rear camera.

All runs on section I were made using the front mounted
camera and speeds of 26-30 mph.

Speeds shown above were identified from the odometer on
the vehicle and should be considered representative of the
actual speeds across the sections.

Data collection moves very gquickly and smoothly with the
PAVEDEX systen. With proper planning of the routes to be

surveyed, the only time lost would be that in dead heading
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over completed sections to move to the next section. This
could be reduced through correlation of the tape header data
during retrieval and employmeht of long sections (days run)

of the same route.

The original test had been set up to compafe the
distress; ride and rut depth measurements. The PAVEDEX
equipment used for the test had not been outfitted to provide
rut depth or longitudinal profile information. Only distress
data from the two systems (PAVEDEX and Iowa DOT) can be
compared from the tests.

In terms of crack measurement, the Iowa DOT method has
been to count the number of cracks in several ways based on
the surface type and crack type. The predominant crack type
is first identified and then the severity and extent applied.
Alligator cracking is measured in square feet per 1,000
squaré feet of surface area. Longitudinal cracks in
asphaltic concrete pavement must exceed 100 feet in length
and be 1/4-inch wide. They are also measured in number on
asphaltic¢c concrete pavement per 0.05:mile. Transverse cracks
can be open over 1/4 inch or sealed and measured as the
number per 0.05 mile on asphaltic concrete pavement.

PAVEDEX does not provide the number of cracks, but does
provide more detail on the cracks. The cracks are
identified by type and severity. The alligator and
longitudinal cracks are identified by length in feet of

cracks of a given severity (L = low severity cracks of 1/4
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inch or less in width, M = medium severity cracks of 1/4~1/2
inch in width and H = high severity cracks are those with
width greater than 1/2 inch). Transverse cracks were counted
per segment as thdse that creoss at 1eést one wheel path.
"pDY cracking is measured by occurrence and value scale.

Using the Iowa method, patched areas are measured in
square feet. The same is done in the fAVEDEX method, except
the patch's condition is subdivided into two categories (good
and poor) that correspond to the relative surface appearance
at the joints énd across the patch.

Comparison of Iowa DOT Visual Crack and Patch Survey
Versus P DEX Surve etho

Two items of information used in the evaluation make a
one for one comparison of the Jowa method and the PAVEDEX
methods difficult. The first is the difference in
definitions of cracks and patches. Iowa looks at cracks by’
direction, greater than 1/4 inch in width and certain
lengths, while PAVEDEX identifies all cracks down to 1/8 incﬁ
in width and subdivides them by their type and direcfion.
PAVEDEX rates the condition and area of the patch, while the
Iowa method looks only at the area of the patching.

The second_difference comes in the definitions used by
the trained observer in each case.‘ Crack patterns and
poliéies on how to rate sealed cracks differ with the two
systems.

PAVEDEX summary data was provided to the authors in the

form of floppy disks containing LOTUS spreadsheet files, and
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Figure 10, Sample PAVEDEX Rigld Pavement output (Section 2)
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Figure 11, Sample PAVEDEX Flexible Pavement Output '(Sec. <)
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paper copies of the same data. Partial examples of that data
are illustrated in Figure 10 for section A and Figure 11 for
section C. The remaining summaries are in Appendix C.

In an attempt to evaluate the two systems, the author
assumed some vaiues for the length of cracks as noted in the
PAVEDEX information. These included an average length of 2
feet for corner cracks (CC), 12 feet for first and second
stage cracks (FSc), ané. 18 feet for third stage cracks. The
following observations were made from the PAVEDEX summaries
and the Iowa DOT summary forms.

Section A -~ The PAVEDEX information identifies some 534
feet of cracking and 110 square feet of patching compared to
the Jowa DOT 528 feet of cracking and 93 squafe' feet of
patching. This is very good, but one should expect this on a
continuously reinforced slab. It should be noted that the
percent of slabs columns assume an iméginary slab length of 5
feet fbr ‘calculations, rather than the fact that the slab has
no joints.

Section B ~ Some 24 feet of cracking and no patching
were identified by PAVEDEX, while the Iowa DOT identified
none of either distress. This represents only two cracks and
could have been missed in the standard DOT test method.

Section € - PAVEDEX identified some 100 feet of
longitudinal and transverse cracks and 90 square feet of
patching, while Iowa DOT found no cracks and 120 sguare feet

of patching. The difference may be the result of problems in

identification of transverse cracks vs changes in surface
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type (asphalt and concrete) or surface texturing diffgré._nmeﬁ,

across the section.

BN BN

Section D - The PAVEDEX system identified some.1950 feet ..,

of cracking (majoﬁ::ity being longitudinal in nature) and. no

patching. Iowa DOT figures indicate 1020 feet of cracking ...

and 654 square feet of patching.

Section E - Some 20 feet of cracking, two spalls, and no.

patching were identified by PAVEDEX. The Iowa DOT noted no

cracking and 2 square feet of patching. This section has . .

areas where poér concrete placement has been noted and could.

be identified as spalls. The cracking could have- been

missed in the standard Iowa test method. . The patch , |

difference is most 1likely the result of one area and .a |

difference in recognition by the observers in each case.

Section F - The PAVEDEX system found some 2,500 feet of

cracks and no patch areas on this section. The Iowa DOT .

found 16 feet of cracking and 875 square feet of patching on

this ‘site._ It appears that the manufacturer's equipment

experienced problems in the recognition of cracks and patches

due to the surface texture of the former research test sites,

on this section of pavement.

ETRN

L
b

section G ~ This section produced some 8,750 feet K of -

cracking and 313 square feet of patching by the PAVEDEX

evaluation. The Iowa DOT identified some 1,272 .feet of

cracking and 3065 square feet of patching. The differences

in this location are primarily due to the Qefinitions being

used by each cbserver for identifying the primary direction
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and condition of cracks in the surface. The surface does not
fit either system well and could be better xﬁeasured in térms
of percent of area block cracked.

Section H -~ Some 496 feet of cracking and 2,210 sguare
feet of patching were identified by the PAVEDEX method along
with 44 spalls. The Iowa method produced 48 feet of cracking
and 346 square feet of patching. The bulk of the difference
ié found in the definition of patching at the I-35 bridge
approaches and the Dayton Ave. returns adjacent to the,téét
slab.

Section I - The PAVEDEX system identified some 230 feet
of cracking, 18 spalled areas, several replaced slabs, and no
patches. The Iowa DOT identified some 182 feet of éracking
and 7,162 square feet of patching. The difference here is in
the manner of addressing the replacement slabs;‘ It
represents one o©f the problems faciﬁg any eguipment
evaluation.

General comments - The PAVEDEX equipment did not try to
measure the pavement-shoulder joint problems on the
interstate highway sections. Section E presented some
problems with- coarse aggregate popouts and ravelling that

are not addressed at this time by PAVEDEX.

5. EVALUATION OF RESULTS
General
The system is easy to operate, gquick to becone

operational at the site, and relatively maintenance free. It
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provides a way to survey pavement surface condition and the
roadway environment with one pass of the vehicle and provide
gquick copies of the two-camera views for wvarious highway
segments. Thisg 1nformatlon can then be utilized in planning,
design and maintenance of the road and surrounding features.
The system can be used for network or project level survey
information collection.

Correlation of Data

The general correlation of thé &ata gathered by the Iowa
DOT and the PAVEDEX equipment has been discussed in the
previous sections. The surface texture properties of the
county and city streets appear to have caused the most
differences in measured distress. The difference in policy-
type decision definitions regarding distress types is the
major factor on asphalt surfaces. The equipment did well on
the concrete pavement.distress identification and quantifi-
cation, but did not do as well on the asphalt surfaces.

Some of the objectives of this study included the
evaluation of the effect of rural/urban setfing, surface type
and texture, traffic control, railroad crossing effect, angle
of the sun and repeatability of the equipment.

The results indicate no particular problems with
obtaining useful data in either rural or urban locations.
The effect of the railroad crossing and stopping and‘starting
at intersections made no appreciable 6ifference on the
results.

The location of the beginning of filming on each site
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does. have an effect. A small number of the film segments

could not be correlated due to differences in initial points
on the pavement, and were therefore hot evaluated for
distress. Suture uses of this equipment should include the
addition of some physical identification marks on or near the
pavenent edge to assure specific starting and ending points
for evaluations. |

An eyalgation was made to dgtermine‘the effect of the
sun's position on the recorded distress types and amounts by
taking data at differing times of day. Data was collected
during the mid»éortion of the day when the sun is nearly
directlylabove the machine and during the early morning or
late afternOQn hours: A series of three passes was mnade
over each of the pavement sections during the midday and one
of the other two time periods to test both the sun's effect
and repeatability. The results were tabulated in terms of
mean values of each distress type, for each of the passes and
time periods. A 95% confidence level was used to test the
variability between passes and time periods. A tabulation of
values 'illustrating the repeatability of measuring each
distress type is shown in the Tables in Appendix C.

The statistical analysis indicates the equipment does
very well in determining the amounts and type of rigid
pavement distress., All values for successive passes and time
period differences were found to be in the confidence
intervalt except those for patching and severe spalliné. The

patching quantities reflect a potential problem in the
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criteria that was employed tolselect a patch from a pavement
slab. Class 3 spaliing differences in Section H are related
to the areas around the bridge apprcaches and are an
isolated instance; All types of distresses were measuréd in
various sections, but the reader is cautioned to note thét
the levels of distress are relatively light in all the rigid
sections tested.

Testing on the aspﬁalt‘sections reflected a variety of -
statistical answers. Interstate Section ¢ met the 95%

confidence interval for all values tested.

"8ix tests were made in each direction on the remaining -

roads and the equipment experiénced problems in
identifidation of alligator, longitudinal, and transverse
cracks consistently in successive passes or time periodsp.
The best results came in the identification of severe
transverse cracks and patches, but no test met the 95%_
criteria. Each of the two-lane sections exhibited - 1argé '
amounts of cracking or patching. This createé large problenms )
for both the trained field observer and the PAVEDEX office
trained observer in being consistent. It is one of the areas
the computer can bring the most objectivity to in the future.

Visual observation of the standard deviations associated with

this portion of the data indicates much lower values for work

doneJduring the mid portion of the day than the morning or
afternoon. Direction of travel did not make a large
difference in result. It dia make a difference in deter-

mining the camera selection. Afternoon selection of cameras
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in horth—south.passes required differing arrangements due to

- the.shadows of the camera mountings on the pictu;;e_ area.

Tabulations of the data by test section and distress

type are included in Appendix B for the user inspection.
. Costs and Productivity S |

The current trained observer method of evaluating" the
pavement distresses by PAVEDEX, used approxinately 18 person
hours to evaluate 54 miles of pavement. This assunes that
two computer monitors and two separate cassette tapés are
being viewed .simultaneously. This translates into 3 1lane
miles per hour and compares favorably to the estimated one
lane mile per hour being estimated for computer analysis of
such films. |

The Iowa DOT cost of a roughness survey is approximately

. $173 per test section including $107 for crack and patch

survey. It should be noted that the crack and patch stirvey

is done on a short segment of a c_onstruction project length

of approximately 5 miles. This would translate intj.o ‘a cost

of $10-15 per lane mile of project and includes all field
costs. The cost estimated for PAVEDEX-to do the field survey

and analysis ‘of the data is $20~25 per lane mile for state’

'highways, $19-22 per Interstate lane mile, $30-590 pexl county

lane mile and $50-60 per city lane mile. The PAVEDEX cost
includes measurement of alligator, longitudinal, trénsverse
and block cracks and patching for flexible pavements and
corner cracks, slab cracks and patching of .rj_.gid pavements.

Other types of distress measurements are negotiable.
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PAVEDEX has the capability to provide a .full-color
perspective view of the road and roadside environment for
Iaddressing things such as sign inventories, drainage, curb
condition, sidewalks and paint striping. This is identified
as an additional cost of $3.00 pef lane mile.

Special maintenance reports that show the anmount and

location of distress every 500 feeﬁ within the pavement
section can be‘developed for a cost of $3.50 per lane mile.

The Iowa DOT conducted the survey of the nine sections
in one day. PAVEDEX took one and one-half days to make all‘
the runs over each section. Some time was lost in waiting
for the angle of the sun to change before taking more test
ruﬁs on some sections. Approximately 18 hours of time were
expended by a PAVEDEX trained observer to analyze the 54 lane
miles of pavement and 12 lane miles of shoulder.

An operator and recorder were used to collect the
PAVEDEX data. Analysis of the <tapes was accomplished in
Spokane, Washington by a trained technician. Two technicians
from the Iowa DOT were used to collect the Iowa DOT data.
Computations for the Iowa DOT-data were done in Ames, Iowa by
qualified engineers. 1In either case the data collection and
analysis can be accomplished by trained technicians, rather
than using engineers for this operation.

Speed of Data Collection

Field data collection with the PAVEDEX system can be

acdomplished at any highway speed due to the synchronization

of the cameras and the recording equipment. Due to the
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shuttering effect of the 'camerés, the system samples the
pavement surface as the speed of the vehlcle 1ncreases. a
Assuning that 30 frames per second are obtaiped regardless of»
speéd the record does provide a coﬁtinuous strip of film;éf -
the entire pavement as wculd be the case w1th some othe.irr
types of equlpment. It is quite adequate for network
analysis and in most cases could be regulated by speed to
provide project level design details. Reduced travel speeds }
will allow for a greater portion of lane length to ‘be.'

E

photographed for distress identification and Quantifiéétféh.
Potential Uses of the PAVEDEX System o
The PAVEDEX system would work very well in rep;acement
of the existing field survey crews that are traiﬁed to take
crack and patch nmeasurements. If purchased, the eqﬁipmeﬁt
would require the training of one or more observers to revié#h
the film and determine the ‘distress types, extenﬁ ‘and'
severity levels. If the system was purchased as a servzce,
all crack and patch data collection and analyals would be
included in the contract: and the Department could receive
summaries in the form of tabular reports, computer'diské; éf |
£ilm copies or a combination of all items. Disk informationh
could be directly input into pavement management system data
banks and films could be copied for district, design; and
maintenance personnel use in planning and -construciiﬁg'
rehabilitation projects. Summary tabular repofté could bé:
used in the same manner as current crack and pétch reporté

are by the Department.
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Addition of the forward Ilodking camera, profile
equipment and rut depth measurement capability would provide
a one unit pavement rehabilitation data collection source.

safety observers could

P

The use of combined pavem¢n£ aﬁ&
provide measurements of botﬁ ﬁaveﬁent, and related signing,
and capacity problems.in the portions being observed. | The
use of films that are coordinated for illustrating the
ralatidnship of pavement condition, capacity and roadside
safety problems at one time to administrators would be very
helpful in ovérall roadway impgqvement and - rehabilitation

progfamming. _ .

Potential Modifications

The eguipment potential can be improved by the addition
of equipment or methods of analyzing longitudinal and
transverse profile, computer analysis of the distress types,
and the provision for the viewing of individual sections of
highway by the user. Longituqinai profile is a must for most
all pavement management systems to respond to the users.
PAVEDEX does not currently h&ve this capability, but' is
negotiating for the addition of such equipment to the test
unit. | '

Traﬁsverse profile or rut depth meaéurement is essential
for distress measurement of asphalt pavement surfaces. It is
not pfesept on the test unit. PAVEDEX is in the process of
developing a method that utilizes two cameras and overlapping

photos to identify surface relief or profile for this

purpose.
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The analysis system used in this test employed the use

of two computef monitors and a trained observer to determine

the type and amounts of each distress present. To remove the

subjectivity in this process, the computer algorithms are
being developed to identify and quantify the common distress
types by use of the computer by the PAVEDEX Corporation; A

The Iowa DOT uses photolog film for many demonstrations
and decisions involving pavément rehabilitation and design.
Such film is used at all levels of the agency for decision
support material. It is imperative that the user «can
identify where they are on the PAVEDEX film and relate
pavement surface conditions to the roadside environmerit
around the pavement. The current PAVEDEX system alloﬁs this
to happen only through the use of a special decoder.
Consideration by PAVEDEX should be given to this enhancement
to meet. the needs of JIowa IDQT and other state highway
agencies and local government units.

#le}} f Meas ments

The capabilities of the camera allow it to view a
0.15~inch (approximately 1/8-inch) c¢rac¢k in the transverse
direction and " 0.09 inch (less than 1/8 ‘inch) in the
16ngitudina1 direction. This is based on the 512 x 512 pixel
area of camera view that covers an area of 6-feet 6-inches

transversely and 4-feet longitudinallyAwith each frame. The

capability is diminished somewhat by the fact that the VHS

recorder limitation of 400 lines per frame cannot capture all

that the camera sees, We wouid be correct in saying that the
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system can identify 1/4-inch cracks in any direction under

ideal 1lighting, and analysis procedures can identify and -

guantify 1/8-inch cracks. The 1/4-1/8. inch cracks provide a
threshold value .that can bé used by designers and
maintenance personnel to plan .and design crack
rehabilitation. |

The system is not designéd to measure the 1/32-inch
crack usually identified.as a hairline crack in "D" crack
susceptible pavements. Other algdrithms will be .required to

determine the presence of "D" cragking in its early stages.

PAVEDEX Applications in Towa
PAVEDEX information and the éystem.can be enmployed best
at the network level for both the DOT and local units of
government. It provides objective  c¢rack and patch
measurements for analysis of haul roéds,; detours, and
pavement rehabilitation projects for all highway decision

makers. It reduces manpower needs in the pavement evaluation

area while increasing the objectivity and repeatability of

such information.
Information taken by this unit at proper speeds. can

provide project level measurement of distress types: and

amounts for rehabilitation. ‘contract guantities. Data .

collected in conjunction with the forward looking camera, can
provide complete pavement enviromment information for safety

and capacity considerations in the programming process.
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6..  CONCLUSIONS AND RECOMMENDATIONS
Conclusions

The PAVEDEX system is capable of collecting pavemeﬁt_
condition data at . highway lspaeds on various types of
surfaces. Its current trained observer analysis _ié a
1imitation‘on the system. The addition of a smart compuﬁer
that can be prégrammed to_uSer distress selection criteria
will- cbmpletel the user needs. It can be currently used
successfully on rigid pavements with only minér analysis
modifications to account for JIowa transverse dgrooving
texturing. Prior training by the observer and selection of
flexible pavement distress measures could very well bring the
results into acceptable ranges forluse by the Iowa poé.

Recommendations and Potential Uses

The equipment evaluated can be used on Iowa highways to
evaluate netwérk level pavement condition. It is limited by
the training of the distress observer in Jowa distress
criteria and in how to evaluate some of the rigid and
flexible surface textures. The current cost of data
collection and analysis makes the equipment useful only in
urban, high traffic, multilane areas where pavement surveys
are expensive and dangercus to the surveyors. The PAVEDEX
system would be useful in the area of.pavement.condition and
photolog data collection during daylight hours. It could be
used currently in the analysis of before and after haul road
and detour analysis without disruption of traffic during the

survey.
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APPENDIX A:

DESCRIPTION OF IOWA DOT SYSTEMS
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Scope

Test Method No. Iowa 1001-A
May 1970

JOWA STATE HIGHWAY COMMISSION

Materials Department

METHOD OF TEST FOR B.P.R.

TYPE ROAD ROUGHNESS MEASUREMENT

The road roughness indicated by this
method is & comparative index expressed as
inches of roughness per mile of driving lame

tested.

The surface test provides & measure at
20 miles per hour with summation of--one way
movement of standard towed trailer built in
accordance to plans originally drawn by the

B.
I

Bureau of Public Rozds Administration in
1941, and revised at various later dates.
Procedure
A. Apparatus
1. Towing vehicle with accurate tach-

ometer for speed control.
Roughometer trajiler consisting of a
frame, integrator, and a staaﬂard
6.70-15" automobile tire.

Electrical components.

Revclntion counters in towing unit,

Integral counter on vertical move-
ment.

Duplicate sets of counters with
swltch over to change counters for
recording faclllitles without stop-
ping, and a master switch.

Signs and rotating beacons on trail-
ing vehicles in accordance with
Traffic and Safety minimum require—
ments,

Test Record Forms

Use work sheet labeled, Road Rough-
ness Measurement, Fleld Work Sheet,
for recording field measurements.

For laboratery final report, the
fexme 1g labeled Road Eo uﬁ‘ness
Report,

c.

a9

Test Procedure

Stop and remove trailer wheels from
single wheel roughometer.

Engage wheel revolution counter and
Integrating roughness counter.

Check the damping fluid level in the
damping pots, and add if needed.

The entire unit must be warmed up
prior to testing a pavement section
for roughness. Check tire Inflation
(27 p.s.i.) before and after warm-
up periocd. The warm-up period con-
sists of towing the unlt at s speed
of 30 mph. for a distance of approx-
Imately 10 miles with the counters

" turnad on for the last two miles., A

longer period is required during
cool, weather.

Set the roughometer counters and
wheel revolution counters to zero
ready for a start on test section,
with the wvehlcle far enough from the
beginning of the section to safely
acceierate the vehicle fto a constant
20 mph. speed, before reaching the
test section. Maintain {this speed
for all tests. .

'Turn on the master switch at the

beginning of the test section.
Omit bridges and railroad izracks
during the actual test run, by
switching the master switch off
and on at the proper times.

During the run through the project,
the predetermined sections within
the project are checked by the re-
corder, switching from one set of
counters to another, when the revo-
Jution counter shows the proper
interval, ‘Ihe usuval normal section
length is predetermined by the foll-
owing rule:




No. of Miles
in Project

No. of Revolu-
tions in Sec-
ticng (*)

Appropriate
Chosen Int-

Less than 2.0
2.0 to 5.0

Greater
5.0

* Note:

.
1.

erval (Mi.)
1/4 '
- 1/2

186

372

than
g1 1

Based on present callbrated rate of
test tire revolutlons per measured
mile with 27 p.s8.1. tlre pressure.

The above rule is followed unless a
special request 1s made to have the
reading units changed on a certaln
project, or by the recorder noticing
an excepfionelly yough section that
he wishas to isolate 1n the notes,

or report as & speclal section.

Keep the units in each two lane road-
way ldentical as to stetloning from
beginning to end of section,

Reporting Results

The field work sheet provides places
to note the project number, contrace
tor, actual number of miles in proj-
ect, weather conditions, descripilion
of location and the tegied section
itgelf, fTPesting personnel are re-

-ported mlong wlth visiting personnel

riding as observers, Starting loca-
tlong are recorded with readings and
gection lengthg, The remarks column

18 used to help describe any specisal
events, condltlons, ete.

Pig, 1
Roughometer in Towing Position
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May 1970

Normal Check Calibrations

Each year-all the hearings on the
trailer unit ineluding spring
bearings are to be cleaned, checked
regreased and renewed as reguired,
The tire is also to be checked for
roundness to .0L0" maximum veriation,
The center of percussion is checked
on unlt, and adjusted by changing
balance welghts on frame if necess-
axry.

Before each week of operation, a
check over standard measured
aocurses is nade to determine if

counters, integrators and dash pots'7

ere performing properiy, If at any
time during the weeks work the.oper-
ator feels that the results are not.

correct, an extra check may be made.

Precautions

The Resident or County Engineer
must be notifled before arriving oh
his project for testing, so that he
may have the work readied for test-
ing, and to arrange for any obgerv
ers to accompany the testing crew.

Temperatures below freezing may

affect the integrator by reducing
its sensitivity to slip and grab
in ite check of slight movemenis.

: Flg., 2
Close-up of Roughometer



Test Method No. Iowa 1002-B

March 1976
IOWA DEPARTMENT OF TRANSPORTATION
HIGHWAY DIVISION
GEfice of Materials
METHOD OF DETERMINATION OF LONGITUDINAL
PROFILE VALUE USING THE ILJK RIDE INDICATOR

Scope
This testing method Is used to detemine oparates the counters and makes calcu-
the Longltudinal profile value {(LPBV) lations,
uging the ISK Ride indicator. The Longi-
tudinal Profile value is used to deterw : D. Correlation
mine the Pregent Servicsability Index
{P.8.1:}; a concept developed by the L, The Lougitudinal rFrofile value is de-
american asgsoclation of State Highway rived from equations of the AASHO Road
Officials (AASHO) Road Test., It {P.S.I.) Test using a correlation between the
ig used as an indicator of the ahility of CHLOE Profllometer and the IJK Ride
a pavement to serve the traveling public Indicator. The CHLOE is used as a cor-
and as an objective method of highway relation standard because it is not
evaluation. affected by possible changes in suspen-

sion but primarily is dependent only on

. The IJK (lowa-Johannsen-Kirk) Ride rndi- vroper electrical operation. The reia-

cator was developed by the Iowa Depariment tionship between the CHLOE and the IJK
of Transportation Materials lLaboratory. ) Ride Indicator isg determined through a

computar program by the least sguare

parabolic method {Y=CX2+Mx+B). "
Procedure

B. Test Procedure

" A. Apparatus
1. bprive the test vehicle at least 10 miles

1. 13K Ride indicator {An electro- before beginning testing.
mechanical device mounted on the
differential of a standard auto- 2. Operate the vehicle in a careful, legal,
mobile) (Fig. 1 to 4). conscienticus manner.

2. Tire pressare gauge. 3. Be sure the IJK unit is accurately zeroed

. before mounting on the vehicle.
3. Pportable caleulator.
4. Be sure the dampening fluid level is cor-~

B. ‘Test Record porms and Section Iden- rect., This should be checked weekly
tification during eontinuous operatiom.
1, Longitudinal Profile value Work- 5. During continuous testing, the unit should
sheet (Form 921). . be tested on eight convenlently close cor-
. . ©  relation sections weekly to verify proper
2. rinal Report (Forms 215 or 922). operation.
3. "test Sectlons by Milepost" booklet. 6. When ready to begin testing, disengage
’ the IFK arm lock. .
4. Correlation Table {longitudinal
Profile value vs. Sum/Length for 7. Start the test vehicle far enough from
tegting unit}. the begimming of the test section to
insure adequate distance for acceleration
C. bPersomnel to the standard test speed of 50 MPH.
Turn the main switch to the "ON" position
1. Two personnel are reguireéd. One is as the year wheels pass the start of the
- asgsigned to drive while the other test sechtion. It is turned off in the same

pogition at the end of the sectiomn.
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4

la.

11.

iz,

F.

H.

L.

4.

i.

Turn the main switceh off while cros-
sing railroad tracks and bridges
{including approaches), This length
and roughness counts are electrically
omitted. N -

There is a rotary switch to change
from one bank of raecording counters
to the other so testing can be con-
tinuous.

Record the counter values and calcou-~
late the sum/L.

If there is some reason to indicate
possible errcnepus data a xepeat
run should be made. Wvalid runs are
expected to check within 10% of each
other.

Using the Sum/L, obtain the proper
Tongitudinal Profile Value from the
table Lo the closest 0,05 {3.95,
4.15 ete.},

Precautions

Maintain the tire pressure at 25
psi cold, 28 psi, warm., If any
tire alignment orx balancing prob-
lems are noted, have them gorrected.

Be sure to engage the IJK arm lock
when net testing.

Keep the vehicle in a neat orderly
condition.

Have the automobile zerviced at the
proper interval,

caleculations for Lengitudinal Profile
value

Enter the necessary descriptive data

in the heading portion of the LPV
worksheet., The method 0f calculation
is as follows: t£he summation of counts
from counter no. L x 1, cdunter no. 2

x 2, counter no., 3 x 3, etc. These
preducts are totaled and divided by the
tested length (in miles} to obtain the
Sum/L. This swa/length is then used

to find the Longitudinal Profile value
£from the correlation table.

rReporting Results

the final report for all testing uses
the same data that was necessary for
the worksheat., Porm 913 is used for
county inventory testing and Fowym 922
is used for testing individual pro-
jects, A deduction for cracking,
patehing and rut depth is used {from
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the most vecent survey) to yield a
Present Serviceability Index.
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The IJK Ride Indicatoy Vehicle

_ Fig, 2
The IJK Ride Indicator Control Console, shoﬁing

visual Indicators, Switches and Electrical coun-
ters on the floor of the automobile.
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Fig. 3

The IJK Ride Indicator Sensing Unit

rig, 4
The IJK Ride Indicator Sensing Unit with Cover as

Mounted on the Rear Differential Housing of the
vehicle
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Test Method No. Iowa 1002-B

i{iarch 1976 Road Meter
Page 7 IOVA DEPARTMINT OF TRANSPORTATION County
HIGHWAY DIVISION J. McCaskey
OFFICF OF MATERIALS V.R. Snyder ({(2)

1976  present Serviceability Index Summary foxr Jones County ( 53 )

Date Reported 3-16-76 lab. Wo. IV6-44 to 57

. . Lungitud: '
Lab. Peginning £nding Poad Length  Surface biz Pronite thalyinter 75-76

Winter 7/2-/6  present
No. Milepost Milepost Uo. {Miles) Type Lane Valueof Ded. for Sarvice-
Lyv- March Cracking ability
1976 Patching Index
44 20,77 22.24 us 151 .47 Ac EB 3.70 i 05 3.65
. WB 3.70 : .05 3,65
45 22.24 o 27.34 ys 151 5.1Q AC EB 3.65 10 3,55
WB 3.65 . .10 .58
46 27.34 37.61 uUsS 151 (5.58) AC EB 3.55 .05 3,50
Wa 3.80 . .05 3.5%
{4.26) rC EB 3,30 .15 3.15°
_ WB 3,50 .15 3,35
47 38.69 48.07 U8 151 {6.68) AC EB 3,5% 05 3.%0
WB 3.55 .08 3,50
{2.52) PC EB 3.35% 10 3.25
WB 3,25 .10 3,15
48 0.00 21.22 IA 64 (14 .47y Al EB 3.15 .00 3.15
WB 3,20 .00 2,20
(5.18) pC EB 3.25 W70 2,55
_ WB . 3,25 .70 2.55
49 115.78 119,25 1A 1 3.47 AC NB 3,05 .35 2,70
. SB 3,10 .35 2.75
50 39.10 42.44 IA 38 3.34 AC NB 4.00 .00 4.00
8B 3.95% 00 3,95
51 43 .45 47,81 IA 38 4.36 AC NB 3.55 10 3.45
) sB 3.50 .10 3.40
52 50.01 53.39 IA 38 3.38 AC NB 3.55 00 3.55
S8 3.55 .00 3.55
53 53,39 63.50 IA 28 10.13 AC NB 4.00 00 4.00
) . ‘ i:):] 4,00 ° ' 00 ' - 4,00
54 65,11 ‘66.41 IAn 38 3.30 PC NB 4,05 - .00 " 4,05
58 4.05 00 4,05
55 43,16 53,42 IA 136 10.26 AC NB 3.85 - 00 3.85
: : ;) 3,85 .00 3.85
56 54,79 58.39° IA 136 = 3.60 AC NB 3.75 05 3.70
' . 8B 3.80 .05 3.75
57 58,3% - 72,04 IA 136 13.65 AC NB 3,90 .00 3.90
5B 3,85 .00 3.95

beductions for cracking and patching were calculated on & 2 lane roadway basis,

{Length) indicates tested length on an AC/PC section.

Ef
”l

. ‘e
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IOWA DEPARTMENT OF TRANSPORTAT ION
HIGHWAY DIVISION
OFFICE OF MATERIALS

LPV REPORT

Road No, .  I-35 Qounty  Stoxry  labRepNO, 1V-9-522

Year Fuiib _ 3:965m

Dby fented  7-29-69 Dafe Regvr'i'ed 8-15-69

Contrachor . Hallatt,,(:hnstrnc.ticn,_.c:cmpany.‘ . project e, F-I1G-35-4/ 12 /103

Project Length {#iloz) 10.03 Surface Ty PC

Locakicon From Polk County line north to Junction New US 30 -

Weather  Clear Wind NE 5-8 mph  yemparature 71°
Tagt Peroeonncg Dalbey and Robinson R
Outsicle Ooutside
N Bcund lLane S  Round Lane
Length Tested wmm—w- o e 8 e o At 9,97 10.02
_ Longitudinal Profile Value --—--- e o hp— 4,05 4,00
Average Longitudinal Profile Value o e 2 o e e i e 4.05
peducation for Cracking, Patching and Rut Depth ~-——---c---- _ 0.05
Present Serviceability Index wm-= - e s am e e 4.00
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IOWs STATE HIGHWAY COMMiISSION

Materials Department

Test Method No, Iowa 1003-4
February 1971

METHOD OF DETERMINATION OF LONGITUDINAL
'PROFILE VALUE BY MEANS OF THE CHLOE PROFILCMETER

Scope

'his method is used to determinhe the
Longltudinal Profile Value (LPV) of pave~
ment by the CHLOE Profilometer, The test
is conducted at 5 mph, whlle obtalning the
surmation of a value Y%i which can be re-
lated to the slope of the pavement and
that of the sguare of Y£i y, where i = 1,2,3
oo, and N is the toka Aumber of points
at 6-inc5 intervels. The wvalues of N, Yi,
and  Yi<, are used t0 determine the CHIOE
Slope Varlance (GSVL, Road Test System Blope
Variance (SV), and the Longitudinal Profile
Value {LPV).

Procedure
&, Apparatus
1. CHLOE Profilometer

&, Electronle Computer Indicafor
(Fig. 1).

. CHLOE trailer section (Fig. 2).
2. Teowlng and transporting vehicle, c.

3. Safety support vehicles as needed
to insure safe operation,

"B, Test Regord Form

Use work sheet "LPV for PC or AC
Pavement™ for recording field
medsurements.

C. General Procedure
1. Calibration Procedure

a. Attach the CHLOE traller section
to the towing vehicle.

b. The roller contact, switch plate,
and eslectronic computer indicator
should be checked before beginning
the road test. Anytime the data
appears to be in error & check
should be made and if an error
1s verified the malfunction
should be corrected. The pro- e,
cedure for checking 1s as follows:

- First turn the elecirlc eye
switch at the rear of the trailer
section from the road test to the
manual position, then with the
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slope wheels up, the upright

arm of the slope wheels Ls moved
forward until the roller contact
goes off the switch plate, While
turning the calibrating crank,
slowly move the upright arm to
the rear untll the roller contact
impinges on the first switch
segment, Hold this position and
get the electrenle computer in-
dicator to zero, then turn the
calibrating orank sIowly until

N = 10. Check to see if the
quantities indicated (X Y,%Y2)
ara correct., (Table I gives

the values that should be obtained
for each segment}. If correct,
regset the electronle computer
indicator to zehro, move the up-
right arm rearward until the
number two swlteh segment 1s con-
tacted and follow the same pro-
cedure used for the first switch
segment, Continue thisg procedure
untll all 29 switch segments have
been checked.

Check to see If the pressure in
the CHLOE traller.tires is 45 +
0.5 psi.

The position of the trailer hitch
should be such that a .slope mean
(XY + N} between 14 ang 15 is
obtalned. To check this, lower
the slope wheels, set the elec-
tric eye switch to the road test
positlon, and zero the electronic
computer indicator. Pull the
CHILOE Profilometer ahead untll

¥ = 100. The £ Y value should

be between 1400 and 1500. If 1t
is not, the trailer tongue should
be raised or lowered by turning
the crank at the front of the
trailer section. Turning the
erank counterclockwise lowers
the Z Y value and turning it
clockwlse raises theX ¥ value.
Repeat the procedure if nece-
2S&81Y.

* The downward force of the CHLOE

slope wheels should be between
150 and 160 1lbs. To check thie
a bathroom scale and two wooden
blocks of the same thickness as
the scele are needed. Pull the
CHLOE carriege wheels onto the
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wooden blocks, then place the 6.
scale under the slope wheels

and loweyr them. If the scale

does not read between 150 and 7.
160 lbs., adjustment can be

made by turning the 3/16"

knuried screw located at the

bottom of the connector box . 8.
fastened to the 1ift motor.

Turning this screw clockwise

will decrease the force and Q.
turning it counterciockwise

will increase the forece.

f. For more detailed instructions 10.
on the operaticn of the CHLOE
Profilometer see CHLCE Frofil-
ometer Operating And Servicing

Test Method No. Iowa L0Q3-A
February 1971

Multiply line 12 by 8.46 to obtain
the CHLOE Slope Variance {line 13).

Subtract 2.00 from the CHLOE Slope
Variance and place the result on
line 14,

Ping the log of line 14, record it
en line .15,

Multiply line 15 by 1.80 1f the
surface type 1s PC or 1.91 1if AC,
ang record this result on line 17

On 1ine 16 enter 5.41 if the sur-
face type is PC or 5,03 if the
surface type is AC,

Tnstrictions,
Testing Procediure

a, Bet the electric eye to "road
test” and lower the slope
wheels,

b. Set the electronic computer
indicator to & zero resding.

¢. Turn the counter switch on
when the slope wheels reach
the beginning of a test set-
tion and turn it off at the
end of the section.

d. When runnlng & test section,
the speed of the towing

vehicle should be about 5 mph.

e, Record the values of N, I Y,
and X Y2,

f. Com?ute the LPV as described
C&lculations"

D. <Calculations (See "Typical Calecula-

1.

tion Example.}
Eater the values of N,£Y, and
on lihes 6, 7 and é respec-
tively. .

Divide £ Y by N to an accuracy
of one ten-thousandth (0.000L)
and enter on line 9,

Square this number and record
the result to the nearest thous-
andgth (0.001) on line 11,

Divide & Y2 by N, round the ans-.

wer to the nearest thousandth,
and record it on line 10.

Subtract line 11 from line 10
and enter the result on line 12,
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11. Subtract line 17 from line 16 to
obtain the Longitudinal Profile
Value (LPV) of the test sectlon.

Precautionsg

A. The voltage supply Lo the CHLOE Pro-
filometer from the batteries must

not be less than 11.5 V,

B. The operator must watch the electronic
computer indicator closely %o insure
that it is working properly.

Reporting of Results

Enter state, couniy, route no., loca~
tion, project, weather, date and test
personnel in the appropriate places
on the work sheet.

The LPV determined by the CHLCE Pro-
filometer may be used along with
otheyr factors to calculate a Present
Serviceability Index as described In

UMethod of Determination of Present
Serviceability Index"., (Test Method
No. Iowa 1004.)% .
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February 1971

Test Method No,
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1

ig.
Electronic Computer Indicator

F

1on

g, 2
CHLOE Trailer Sect

¥
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TABLE I

Test Method No. Iowa 1003-A
February 1971

Switch o N=100
Segment vy
i 10 10
2 20 40
3 30 a0
4 40 160
5 50 250
6 60 360
7 70 490
8 80 640
g 90 810
10 100 1,000
11 110 1,210
12 120 1,440
13 130 1,690
14 140 1,960
15 150 2,250
16 160 2,560
17 170 2,890
18 180 3,240
19 - 190 3,610
20 200 4,000
21 210 4,410
22 220 4,840
23 230 i5,290
24 240 5,760
25 250 6,250
26 260 6,760
27 270 7,290
28 280 7,840
29 290 8,410
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TYPICAL CALCULATION EXAMPLE
LBV for PC or AC Pavement

N "
State I"‘WQ Location E o 'p AMCE =] Date ?’-'/é - 70 %
County  Story ' Project Test Personnel b
Routé NWo. /7 4 S?l'rce';l Weather
L | Section No. /0
2 | Location K48-1673
3 | Surface Type pald
4 | birection £B
5 { Wheelpath - O
8 | No. of readings (M) ¥95}
7| 7/733
8 | £v2 0¥y 724
2l Eym 144886
lof Zyém 211,013
1} zym? 209,920
12| (line 10 ~ line 11) 1.093
13] sV = (line 12} x 8.46 22¥7
14| (1 + 8v) = {line 13 - 2)* 71@5’7
15 Log (L + SV) = Log {(line 14) J.F596
o] g SAL For v, 5.y
17} 1¢ 2 1,90 x line 15 /55
18] LBV = {line 16 - line 17) 386

* SV =C5v -3
LPV(PC) = 5.41 « 1.80 lLog (}+SV}
LEV{AC) = 5.03 - 1.91 Log (I+3V)

T.6T Lzeniqeg
v-CO0T wMOT
“ON poyuilew 188
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Test Method No. Iowa 1004-C
Decembher 1981

IOWA DEPARIMENT OF TRANSPORTATION
HIGHWAY DIVISION

0ffice of Materials

METHQD OF DETERMINATION OF PRESENT
SERVICEABILITY INDEX

General Scope

The Present Serviceability Index (PS1) was
developed by the AASHO Road Test as an ob-
jective means of evaluating the ability of
a pavement to serve traffic. fThe Present
Serviceabllity Index is primarily a func-
tion of longitudinal profile with some
influence from cracking, patching and rut
depth. .

The AASHQ rating scale ranges from 0 to 5
with adjective designations of:

Very Poor g -1
Poor -2
Fair 2 -3
Good 3 -4
Very Good 4 -~ 5

The Bureau ¢f Public Roads has a similay
scale with the following designations which
are more realisti¢ in the evaluation of new
pavements:

pS1 Rating
Above 4.3 Outstanding
4.5 - 4.1 Excellent
4.1 - 3.7 Good
3.7 - 3.3 Falr
Below 3.3 Poor

The test is conducted in two parts: (1}
betermination of the Longitudinal Profile
Value {(LPV), {2) Determination of peduction
for Cracking, Patching and Rut Depth.

patermination of the Longitudinal
Frofile Value

Part I.

Scope:

The I[owa DOT uses three methods for deter-

mination of the longitudinal profile value:

1. CHLOE Profilometer
2. BPR 7Type Road Roughometer
3. YJK Type Road Meter

Test Procedure:

1. The determination of longitudinal
profile value by the CHLOE Profil-
ometer is described in Test Method
No. Iowa 1003-A.

2. The determinaticn of road roughness
by the BPR Type Roughometer is des-
cribed in Test Method No. lowa 1001-A.
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Part II.

The inches per mile as described
therein is then used in conjunction
with the most current correlation

of road roughness (inches/mile} vs.
longituéinal profiie value (LPV)
determined by the CHLOE Profilometer
to obtain a londitudinal profile
value.

3. The determination of the road meter
roughness walue, which is the same
as the Longitudinal Preofile Value, by
the IJK Type Road Meter, is described
in Test Method No. Iowa 1002-B.

Determination of Deduction for
Cracking, Patching and Rut Depth

Scope:

The purpose of this portion of the test is
to determine the value of the Present
Serviceability Index lost due to physical
detericration of the roadway.

The evaluaticn is conducted according to
general procedure astablished by the AASHO
Road Test and described in detail in the
*"Highway Research Board Special Report &1E.*

Test Procedure -- Flexible Pavement:

The equation for Present Serviceability
Index of flexible pavement is:

PSI # LBV ~ .01 ~/CFF - 1.38 BB?
where;
PSI = Present Serviceability Index
LPV = Longitudinal Profile Value

C+P = Measuxes of cracking and patching
of the pavement

RO = A measurs of rutting in the
wheel paths :

Cracking, €, is defined as the square feet
per 1000 square feet of pavement surface
exhibiting alligator or fatigué cracking
This type of cracking is defined as load
related cracking which has progressed to
the state where cracks have connected
together to form a grid like pattern re-
gembling chicken wire or the skin of an
alligator. This type of distress can
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December 1981

advance to the point where the individual
pieces become loosened.

Pigure 1.

Alligator cracking

Patching, P, is the repair of the pave-
ment surface by skin (i.e. widening
joint strip seal) or full depth patching.
It is measured in sguare feet per 1000
sguare feet of pavement surface.

Rut depth, RD, is defined as the mean
depth of rutting, in inches, in the
wheel paths under a 4~ft straightedge.

Cracking, L, is defined as the number
of longitudinal (parallel to traffic
flow) cracks which excede 100 feet in
length and 1) are open to a width of
1/4" over half their length or 2) have
keen sealed. If these cracks are
observed to occur less than 3 feet
from one another, the condition des-—
cribed under ¢ should be looked for
and if present reported instead of
reporting the distress as longitu-
dinal cracking.

Cracking, 7T, is defined as the number
of transverse (right angles to traf-
fic direction) cracks that are open
to a width of 1/4" over half their
length or have been sealed. Random
or diagonal cracke are lgnored.

Faulting, F, is defined as the mean
vertical displacement, in inches,
measured with a 4~ft. straightedge.
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Figure'2.

Longitudinal Cracks

Figure 3.

Transverse Cracks and Faulting

Test Procedure -- Rigid.Pavement:

The equation for Present Sexviceability
Index of rigid pavement is:

PSI = LBV - .09 A/TFP

where;
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PSI = Present Serviceability Index
LPV = Longitudinal Profile Value

C+P = Measures of cracking and
patching of the pavement

Cracking, €, is defined as the lineal
feet of cracking per 1000 square. feet
of pavement surface. Only those
gracks which are open to a width of

" 1/4" or more over half their length
or which have been sealed are to be
included.

Patching, P, is the repair of the
pavement surface by skin or £full
depth patching. Tt is measured in
square feet per 1000 square feet of
pavement surface.

Rut depth, RD, is defined as the
mean depth of rutting, in inches,
in the wheel paths under a 4-ft.
straightedge. :

Faulting, P, is defined as the
mean vertical displacement, in
inches, measured with a 4-ft.
straightedge.

D-cracking, b, refers to a char-
acteristic pattern than can

develop in portland cement con-
crete. Initially, the occurrence

of D-cracking may be preceded and
accompanied by staining of the
pavement surface near joints and
cracks.. However, not all stained
joints and cracks develop D-cracking.
D-¢racked concrete wilil girst exhibit
fine parallel cracks adjacent to the
transverse and longitudinal Jjoints

at the interlor corners. The D~cracks
will bend around the corner in a con-
cave or hourglaga pattern.  As the
D-cracking progresses, the entire
length of the transverse, longitudinal
and random cracks will be affected.
The cracked pileces may become loose
and dislodged under the action of
traffic. The occourrence of D~
cracking in the check sections will
be rated on a point scale as des-
cribed in the Test Procedure gection.
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Figure'4.

D-cracking — Initial stages

Figure 5.

D~cracking = All joints affected

Procedure

A. Apparatus

1. A passenger vehicle with an accu-
rate odomster.

2. A four foct long rut/fault gauge.
3. Mechanical counters.
4., A 50-foot tape,

5. B8afety equipment <~ hard hats,
safety vests, survey signs.
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B, Test Record Forms
1. Crack and Patch Survey worksheet
(A.C. or P,C.C.}.

2. ¢rack and Patch Calculation and
Summary Sheet.

3. present Serviceability Index

Summary {Form 815}).

£. Test Procedure

The control sections are as described
in the "Control Sections by Mileposts”
rooklet. For control sections of
0~-5.00 miles in length, vne representa-
tive 1/2 mile test section will be
evaluated. For 5.01-10.00 miles,
1/2 mile test sections are used.
Three 1/2 mile sections are used for
any control section greater than
18,0 miles.

two

After determining a location for the
representative 1/2 mile test section
or sections, the county, highway num-
ber, beginning and ending control
section milepost, pavement width,
beginning and ending milepcst of the
1/? mile test section being surveyed,
date of survey and names of those
doing the survey shall be reccorded
on the worksheet,

Flexible

The procedurs for evaluation cf flexible
pavement is to drive on the shoulder, if
possible, and estimate the area of each
instance of alligator cracking and patching
recording them individually on the work-
sheet,

The rut depth is measured in the ocutside
and inside wheeltrack in both lanes at
0.05 mile intervals and recorded (10 sets
of readings per test section).

While driving the first and last 9.05 mile
portion of the test section the number of
longitudinal and transverse cracks meeting
the previously described criteria will be
counted and recorded., Transverse cracks
extending acress only one lane wWill bhe
counted as "half cracks” and recorded as
sueh.

While driving the first and last 0.05 mile
portions, the occurrence of faulted cracks
will be looked for and the worst instance
in each portion will be measured. These
measurements will be taken one foot in
from the pavement edges at the two cracks
selected and the data recorded.
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Rigid

The procedure for rigid pavement is to drive
on the shoulder, Llf possible, and count all
cracks meeting the previously described ori-
teria. Cracks extending across only one

lane are recorded as "half cracks" and sum-~
med to full cracks durlng the data summary
phase. Longitudinal, diagonal and random
cracks are accounted for by estimating how
many times they would extend across the road-
way and recording that number.

The area of each patch is estimated ang
regorded individually on the worksheet.

The rut depth is measured in the outside and
inside wheeltracks of both lanes. COne set

0f measurements will be taken at the beginning
of the 1/2 mile test section and one set at
the end.

Faulting 1s measured one foot in from each
pavement edge at 0,05 mile intervals and
recorded (10 sets of readings per check
section).

The D-crack Qecurrence Factor (DOF) in the
tegt section will be evaluated and assigned
a numerical rating based on the following
description.

DOF Value
No D-eracking noticeable

b-cracking is evident at some joints
especially the interior corners,
Pavement is sound condition and no
maintenance is reguired due to D-cracks.

p-cracking is evident at most joints
and has progressed across width of
glab. Pavement is in sound condition
and no maintenance is required due to
D-cracking. .

p-cracking is evident at virtuvally all
jeints and random cracks. . Minor
raveling and spalling are occurring
and traffic is causing some loosening
of cracked pavement. Some minor main-
tenance of spalled areas is required.

p-cracking very evident as in 3 above.
Spalling and removal by traffic has
progressed to peoint that regqular main-
tenancve patching is required, Effect
on riding guality of pavement iz now
noticeable.

p-cracking has continued to progress at
sites identifjed in 3 above and reguires
ragular maintenance patehing. Full
depth patches may be necessary., Ride
gquality has deteriorated ko point where
reduced driving speed 1ls necessary for
comforts and safety.
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Figure 6., Examples of D-crack Occurrence Factors
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D. Calc¢ulations
1. Flexible Pavement

a. The area of cracking ils totaled
and divided by the area of the
test se¢tion in thousands of
square feet to obtain C.

br. The area of patching is totaled
and divided by the area of the
test section in thousands of
square feet to obtain P.

¢. The rut depth measurements
are totaled and averaged to
obtain RD.

D. fThe number of longitudinail
eracks in the two areas sur-
veyed are totaled, averaged,
and reported as L.

e. The number of transverse <¢racks
and 1/2 cracks {divided by 2)
in the two areas surveyed are
totaled, averaged., and reported
as T.

£. The faulting measurements are
totaled and averaged to obtain
F.

g. Cracking (C}, patching (P}, and
rut depth {(RD} as calculated
above and LPV, as determined
in Part I, are used in the fol-
lowing formula to determine
the Present Serviceability
Index (PSI}:

PSI = LPV - 0.01A/CFP - 1.38 RD?

2. Rigid Pavement

&. 'The number of ¢racks and 1/2
eracks (divided by 2) are
totaled and multiplied by the
width of the roadway and
divided by the area cof the
test section in thousands of
sgquare feet to obtain C.

b. The area of patching is totaled
and divided by the area of the
test section in thousands of
square feet to obtain P.

c. The rut depth measurements
are totaled and averaged to
obtain RD.

d. The faulting measurements are
totaled and averaged to obtain
F.,
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e. Cracking (C)} and patching (F)
as calculated above apnd LPV
as determined in Part I are
used in the following formula
to determine the Present
Servicesbility Index (PSI):
PEI = LPV ~ .09 A/C+P

Reporting Results

1. Lab, Number.

2. Beginning Milepost.

3. Ending Milepost.

4. Read Number.

5. Length,

6. Burface Type.

7. Direction and Lane.

8. RMRV or LPV,.

9. Deduction for cracking and patching.

10. Pregent Serviceability Index,

Rut Depth Gauge Calibration

A,

Procedure

Place the rut depth gauge on & section of channel
iron or any perfectly flat syrface over 4 feet
long, Make sure that the gauge is placed vertically
perpendicular to the surface to insure accurate
readings, Press the measuring scale down uatil

it makes contact with the flat surface, while stil}
keeping the ends of the gauge on thesurface, Check
to see that the scribed line on the plastic marker
Tines up with the '0' mark on the measuring scale,

If the marker does not line up with the '0' mark,
remove the plastic marker and file the holding
screw holes to allow the marker to slide up and
down. -This ts accomplished by efther filing the
bottom of the screw holes to allow the marker to
stide up or by filing the top of the screw holes
to allow the marker to slide down,

Mount the plastic marker template but do not Lighten
the hoelding screws., Place the gauge on the flat
syrface making sure the gauge is perpendicular and
the measuring scale is in contact with the surface.
Line up the scribed Yine with the '0" mark and then
tighten the holding serews,

The rut depth gauge shouid be calibrated at least
once per year and before any rutting survey such
as the statewide {rack and Patch Survey,
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APPENDIX B: DESCRIPTION OF PAVEDEX SYSTEMS OPERATION

Lo
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OPERATION OF THE PAVEDEX PAS I SYSTEM

Data Acquisition

A one-half ton commercial van, with heavy duty (100 amp)

alternator and auxiliary air conditioner is utilized as a

basic vehicle. A 1~KW invertor in the van is the power
supply.

‘There are four NEC CCD cameras mounted on the van: two
in front focused at the road at a 20 degree angle from the

vertical; and two in the rear, mounted at a 15 degree angle

from the vertical. One pair of cameras is operated at any

given time, through the use of video switcher controls inside
the van, to provide images - with the optimum lighting
conditions.

The cameras provide imageé of 512 pixels by 512 pixels

covering an area 6 feet 6 inches by 4 feet. A 6~-inch overlap

is obtained in the transverse direction. The cameras are

synchronized with the speed of the vehicle to allow
videotaping at speeds up to 55 mph and produce very clear
frames of video distress with resolutions below 1/8 ‘inch.

The camera shutter s?eed is set at 1/1000 of a second

producing 30 frames per second. The resolution is limited

currently by the 400 lines of resolution obtained in the two
super VHS Panasonic recorders in the vén that provide two
hours of 1/2—in¢h tape storage.

An encoder, mognted in the van, receives the signal from

an optical odometer (with 1-inch resolution) every 30
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milliseconds which is transmitted to each frame. The time,
date, codes road segment number, the location in feet (to the
nearest foof) from the beginning of a designated road segﬁent
and the frame count are encoded on each frame.

An additional color videocamera is mounted on top of the
van and focused on the roadway and. surroundings ahead of the
vghicle showing a 'perspective view" suitable for taking
inventories of road signs, traffic lights, curbs étc. and
monitoring conditions along the road such as vegetation
growth. A third VCR records this camera and the same
information is input to each - frame as on the pavement
oriented cameras. A schenatic diagram of the survey van and
equipment is shown in Figure 12,

Image Processing

'éomputer controlled VCR's are ﬁtilized incorporating an
inverted RS232 interface with a time base corrector
conditioning the signals. A decoder converts the encoded
data enébling the computer to know the timé and location of
each frame. The computer advaﬁces the tape in the VCR to the
next frame containing none of the roadway from the previously
analyéed and stops. A %fained operator observes the pavement
distregs, if any, on the stopped ffame, and inputs the
élassification, severity and amount of distress, for each
distress observed, via keyboard codes. The compﬁter collates
all the distress data for each customer—désignated road
project segment and stores the"informatioﬁ for later
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Figure 13, Image Processing Flowchart
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printing. The entire process is shown in schematic view in

Figure 13.
Computer Image.Procesging‘

-PAVEDEX hﬁs developed proprietary software for automatic
computer- image processing of video images; Electronic
equipment is Just now demonstrating the processing spéeds
required to render automatic processing less expensive than
visuélw processing. PAVEDEX plans to convert entirely to
automatic computer image processing during the fourth quarter
of 1989 or, at the latest, ﬁhe first quarter of 1990.

The ocutput of the PAVEDEX system used in Iowa was
summarized Iin a LOTUS spreadsheet. This allowed the
- manufacturer to group the data from the various runs-for each
0.1 mile section of the test pavements. Copies of the
spreédsheeté are included. Those‘épreadsheets identifying
portland cement concrete pavements contain the folléwing
information and headings:

1. Sort # -~ Reference to the 0.1 mile segment of the
pavement tested.

2. Seg - Segment of the tape that refers toc the test
_site. |

3. Tape - Number of the video taba containing the data.

4. Seqg # -~ Segment identifying number on the ﬁépe that
correlates it to a given test section.

5. CC # and % slabs - Corner Cracks. The number of

diagonal cracks that meets both a transverse and longitudinal
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edge. The percentage of slabs column is number of slabs
effected in the 0.;—mile segment, by the distress. The
computer will accept any slab length the user inputs. In "
this case the manufacturer used 5 foot as a pseudb length due
to the variation in slabs on the sites. |

6. FSC # and % slabs - First and second StageUCracks.
The number of transverse, longitudinal or diaéonal. Cracks‘
tﬂat diQide the slab into two or more pieces.band the
percentage of slabs effected by this type of distress;

7, 8, 9. Spalling # and % slabs -~ Spalling is defined as
the breakdown or disintegration of edge cracks, resulting in
the loss of concrete and progressive widening of the cracks,
These columns identify the number of occurrences with an
indication of the severity (size) of the_distress. The mean
'width for column 1 is less than i/z inch, for column 2 it is
less than 1 1/2 inches, and for cblumn 3 itAis greater than 1
1/2 inches.

10, 11, 12. Patches G F P, Sq.ft. and % area - The @, &, w’
? relates the condition of the patches identified. “Ilie area.

in square feet is a measurement of the patchH size ahd ‘the

percentage of area is the patch area d1v1ded by the. total~-

area.of the segment (length in feet by 12 foot of wldth)
13. Tsc # and % - Third State cracks. Interconnected
cracks that divide the slab into three or more pieces and the

pércentage of the slabs that are effected.
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Different headings are used on the survey summaries
éoncerning asphaltic concrete surfaces. They include:

1. Sort #, Seg, Tape, Seg # - These are the sane
identifiers used on the portland cement concrete forms.

2; Alligator Feet L, M, H - Number of linear feet of
alligator c;acks in the test segment of a given severity as
defined by width of opening such as Low, Medium, High. This
couid be set by the -nerator, but in this casé the Iowa DOT
standards were used.

3. Longitudinél Feet L, M, H - Number of linear feet of
longitudinél cracks in the test segmen£ of a given severity
as defined by width of opening by the Iowa DOT standard.
This can be varied by the user.

4. Patches Pl, P2, S8q.ft - The area of patches in
various stﬁges of deterioratioﬁ iﬂ square feet of surface as
identified by the Pl and P2.

The following pages contain <copies of all the
spreadsheet summaries and Figures associated with each of
the distrgsses shown in the summaries. The bars on each

Figure are arranged in the same order as the test runs were

. conducted (1-3 or 1-6).
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APPENDIX C: STATISTICAL ANALYSIS RESULTS
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PAVEMENTS

FSC  SPALLING SPALLING SPALLING PATCH

TEST

SECTION , A 2 3

A NORTH 1400 TOTAL i © 20 3 360 0 0
HEAN ¢ 6.67 1 120 o 0
7D DEV. © 0 0.58 0 0 0 o
TOTAL 2 N 3 300 0 ¢
HEAN 0.67  10.33 1 100 0 0
STD DEV. 4.58 1.1 0 17.32 1] -0

B NORTH TOTAL ¢ 0 0 0 0 0 0
HEAN Q 0 0 0 ¢ 0 0
STD DEV. 0 0 0 0 0 0 0
TOTAL 4 o 0 0 0 0 0
HEAN 1.33 0 0 0 0 0 0
$70 DEV. 1.15 o 0 ] ¢ ¢

E NORTH TOTAL kTS 3 0 0 0 . 0 0
MEAN 3.67 1 0 0 G g 4
§T0 DEV, 0.57 0 o o g - 0 0
TOTAL . 4 ' 6 g Q 0 0 0
MEAM 2.33 2 0 0 0 0 0
STD DEV. 1:15 0 0 0 0 0 0

¥ ¥



TIME

" STATISTIC

CHECK - RIGID ° PAVEMENTS .

SPALLING SPALLING SPAL

Lo oo [= = N N e g ]

TEST ce FSC LING PATCH  PATCH  PATCH  TSC
SECTION __ HOURS - 1 2 i3 6 E . b
£ SOUTH 1530 TOTAL ] 3 3 5 0 (i [} 2 0
MEAN ) 1 1 1.7 0 0 0 " 0
STD DEV. 0 0 o 0.58 0 0 0 0 0
1045 TOTAL 0 2 3 s ¢ 0 0 0 0
MEAN 0 - 0.67 1 .67 0 0 0 0 0
STD DEV. ¢ 058 1 1S g 0. 0 o o
H EAST 1645 TOTAL 10 34 22 93 45 120 ¢ 5760 43
MEAN 3.33  11.33 733 . 3% 15 40 0 1920 14.33
STO 0Ev. 153 2,52 %53 265 LT3 B.66 0 90 2.08
1130 TOTAL 7 34 21 81 72 120 ¢ 5910 46
MEAN 2,33 11,33 7 27 26 .. 40 C 0 1970 15.33
$TD DEV.  1.53  1.15 1 1. 6.5  8.66 0 60.62 2.3
1645 TOTAL 4 " 20 39 .3 18 - 30 ‘0 - 6530 22
MEAN 133 6.67 15 12335 . 6 103.33 0 2176.67  7.33
SO bEV.  1.53  0.58 2. 115 1 36.86 0 2.5 115
1130 TOTAL 4 % 5 59 26 285 0 6645 35
MEAR .33 8.67 833  19.67 867 95 0 215 1167
STD DEV.  0.58  2.81  0.58  1.53  0.58  22.91 9 56,79  1.53
1 WEST 1715 TOTAL 3 28 1% 7 3. 9 ) 0
MEAN 1 10 4.67 533 1 ) 0 6
$TD DEV. 0 1 0.58  1.53 o 0. 0 0
1330 TOTAL 3 28 14 17 3 0 0 0
MEAN 1 933 4.67 - 5.67 1 9 0 0
STD DEV. 0 058  1.53  2.08 ) 0 0 0
1 EAST 1715 TOTAL 0 25 4 17 g o o g
MEAN 0 833 133 5.67 o 0 0 0
STD DEY. 0 1.5  0.58  0.58 0 0 0 0
1330 TOTAL 6 7 4 2 0 o 0
MEAN 0 10 133 6.67  0.67 0 0" 0
STP DEV.. 0 2 1.53 1.15 0 ¢ g .

0.58
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STATISTIC

CHECK  FLEXIBLE PAVEMENTS
TEST TIME ALLIG.  LONG. LONG. LONG. TRANS TRANS TRANS  PATCH  PATCH
SECTION HOURS LoW Lo MEDIUM  HIGH Low MEDIUM__ HIGH 1 2
€ SOUTH 1150 TOTAL o 12 g 0 291 0 ) 45 90
MEAN 9 4 ] 0 72.75 0 i} 15 30
STD DEV. i} 3.46 0. 0 - 48.86 0 0 0 0
945 TOTAL o 18 0. - 0 288 0 0 45 90
REAN 0 6 0 0 95 0 ] 15 30
$TD DEV. 0 1 0 0 2 (i 0 ] ]
D NORTH 1530 TOTAL 29 340 229 8 1045 30 0 0 ]
MEAN 99.67 1046.67 74,33 0 333.33 10 0 0 0
ST OEV. - 19.86 86,17  36.12 0 8.94 4.36 0 0. 0
045 TOTAL 119 3077 92 0 1081 13 0 6 ]
MEAN 39.67 1025.67  30.47 0 360.33 4,33 ] 0 0
STD DEV, 5.03  57.35 6,03 0 38.56 4.51 e 0 ]
o SouTH 1530 TOTAL 1677 4418 157 0 1219 5 0 ] ]
MEAN 599 1539,33  52.33 0 406.33 2 e - 0 0
STD DEV.  25.12 146,96  38.08 0 12,42 ] g ] 0
1045 TOTAL 499 6869 74 0 1270 0 0 ] 0
MEAN 233 2289.67 12 0 423.33 0 0 0 0
STD DEV.  39.85 441.36 11,53 0 14,47 c 0 0 ]
F WEST 1645 TOTAL o 4012 438 ] 1526 207 o 0 ]
MEAN 0 1337.33 146 0 503.67 &9 0 ¢ 0
STD DEV. ¢ 35.92 13,07 g 6.66 1 ] 0 0
1130 TOTAL i} 3341 460 9 1537 190 0 ¢ 0
MEAN ¢ 1113.47 153.33 0 512.33  63.33 0 0 0
STD DEV. 0 14,36 17.47 0 39.93  6.81 [+ ] 0
F EAST 1645 TOTAL 0 6085 1023 0 1700 127 o ] 0
MEAN 0 2028.33 A ] 0 566.67  42.33 o . 0 0
$TD DEV. 0 -62.64 38.94 0 87.13 4.51 ¢ 0 ]
1130 TOTAL 0 7956 . 897 0 1994 142 o ] 0
MEAN 0 - 2652 299 0 &64.67  47.33 8 0 ]
STD DEV. 0 29.82 1 9 33.86 5.93 o 0 0
G SOUTH 1730 TOTAL 544 14549 8283 - 73 2rss ... 728 i ] 930
MEAN 181.33  4849.67 2761  244.67 . 919.33 242,67 103.67 ] 310
STD DEV. 41.01  118.33 158,07  34.93  98.27  20.3% 6.66 0 12.32
1145 TOTAL 433 14326 7805 564 2984 42 | 284 0 950
MEAN 144,33 A775.33 2601.67 188 995.33 214, 9447 0 330
STD DEV. 13,05  92.21 105.88  18.03  13.05 = 9.1é 9.8 0 30
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- STATISTIC CHRECK  FLEXIBLE PAVEMENTS
TEST TIHE ALLIG.  LONG. LONG, LONG.  TRANS  TRANS  TRANS PATCH  PATCH
SECTION HOURS ~ - LoW LOW  MEDIUM HigH LOW _ MEDIUM HIGH 1 2
G NORTH 1730 YOTAL 615 15135 8477 1933 2356 B804 266 0 870
MEAN 205 5045 2159  377.67 785,33 268 82 0 290
STD DEV.  44.44  B2.16  45.57 8.08 42,58 32,07 3 0 17.32
1145 TOTAL 448 15351 5236 945 2330 716 2 0 960
MEAN 149.33 5497 174% 318 776.47 238.67 70 0 320
STD DEV, 27.13  150.43  238.67 10.39  91.66 21,02 2.51 0 17.32
"STATISTIC CHECK  SHOULDERS
TEST TIHE ALLIG. LORGIT. LONGIT  TVRANSY TRANSV  PATCH
SECYION HOURS Lo oY MEDIUM LOW  MEDIUM i
6O SHLDR. 1330 TOTAL 62 798 18 305 15 g
MEAN 20.67 266 6 101.67 5 0
STD DEV. 4.16 7.55 0 1.53 0 0.
CC SMLOR. 1345 TOTAL ¢ 7 0 30 2 391
) . MEAK 0 2.33 0 103.33 8.67 130.33
, 51D PEV. 0 4,04 0 3.06 1.5 14.74
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