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NOTICE

- This document is disseminated under the sponsorship of the U.S.
Department of Transportation, the Federal Highway Administration, the
Towa Department of Transportation, and Iowa State University in the
interest of information exchange. The United States government and
the State of Towa assume no liability for its contents or use thereof.
The contents do not necessarily reflect the offici#l policy of the
U.S. Department of Transportation or the lowa Department of Transporta-
tion.

The United States government, the Iowa Department of Transporta-
--tion, and Ioﬁa State‘University de not endorse ﬁroducts or'manufac-
tu;ers. Tiade or manufacturers' names appear hgrain only because they

are considered essential to the object of this document.
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EXECUTIVE SUMMARY

Current Practices

In times of limited resources and aging pavement coupled with
inéreasing traffic voiﬁmes and truck weights, evaluation of pavement
conditions becomes critical im ﬁaking proper rehébilitatiog decisions.
All available information must be gathered about the surface of the
road and the structural strength of the material used in the pavement
and roadbed construction so that a proper maintenance and rehabilita-
tion.schedule can be developed. In the past, most such information
was gathered manually at the Iowa Department of Transportation (DOT).
With the advent of computers and high technology, these procedures can
now be automated.

 PASCO USA, Inc., has developed a fully automated system to give
surface condition information. The surface condition is evaluated in
terms of roughness, cracking, patching, and rut depth. This matches
the information gathered currently by the Iowa DOT by both mechanical
" and manual means.

In the Iowa method, cracking, patching, and rut depth are physi-
cally measured by field crews in accordance with procedures developed
at the AASHOIRoad Test in Iilinois in the 1950s. Roughness is obtained
with a BPR or IJK roadmeter-type profilometer that is calibrated against
thé CHLOE profilometer standard. From this the Iowa DOT obtains a
Present Serviceability Index (PSI) value that lies beﬁween zero and
five (zexo_% bad, five = good) to evaluate the overall condition of

the road.



The PASCO system, on the other hand, determines the extent of
surface cracking and patching by obtaining continnous strips of photo-
graphs taken in the night with a slit camera, The rut depth is measured
by a hairline projected at an angle and the projected image photographed
by a pulse camera; and the roughness is determined either by méasuring
the movements of the wheel relative to the vehicle body o;-the distance
by measuring between the surface and vehicle body with a laser beanm
and immédiately plotting the information on a strip chart by computer.
The resulting values are used by PASCO to compufe‘Maintenance Contrel
Index (MCI) values between 0 and 10 (0 = bad and 10 = good)} as an over-

all estimate of the condition of the road.

Study Plan and Objectives

This study was undertaken to evaluate PASCO's automated system in
relation to the methods employed by the Iowa DOT. Some seven different
sections of roads in the vicinity of Ames were used for the comparison.
Sections 1-3 involved segments of Interstate 35 with both portland
cement and asphaltic cement concrete surfaces, various construction
thicknesses, and base materials. These.included one mesh-reinforced
pavement, one joint-reinforced pavement, and one continuously reinforced
pavement on various combinations of base and subbase materials. Two
shoulder sections were also included for evaluation of the potential
development of a shoulder dafa base for rehabilitation decisions.

Multiple passes were made over each section in each driving lane and



on the shoulder to provide sufficient data upon which to draw statisti-
cal conclusions for each type of data collected.

Sections 4 and 5 represented typical county construction methods
with both aspbalt and portland cement concrete surfaces and the intro-
duction of transverse grooving of the surface in one instance. Speed
1imits of 45 mph were present on these sections and the reaction of
the equipment to a railroad crossing was observed in one section.

Urban driving conditions were included in Sections 6 and ? with
each being a four~lane urban section with both portland cement concrete
and asphaltic cement concrete over portland cement concrete surfaces
in place. The effect of railroad crossings and stop-and-go situations

was observed in the data from these locations.

Study Results

The results indicated a high correlation between the two PASCO
_methods in the measurement of roughness with 0.93 for the tracking
wheel method and 0.84 for the laser method. The values obtained placed
the repeatability performance in the 99% confidence level for all
measurements except those taken by the laser. The laser measurements
resulted in a 95% confidence level that can be improved upon with the
use of computer analysis of the output.

Rut-depth correlations of 0.61 and cracking of 0.32 (70% confidence
level) are attributed to the ability of the PASCO equipment to measure
the entire cross profile and to measure all cracks under constant light

and vertical viewing conditions. The equipment can measure each crack
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and patch carefully over the entire length of the test section, whereas
the Towa DOT method works more subjectivity and uses a sample one-half
mile section to test. Rut depths measured by PASCO use the shoulder
and the edges of the lane to measure total differences in elevation up
or down rather than the current four-foot straight-edge method.

The overall longitudinal profile values (LPVs) of the lewa DOT
method and the Standard Deviation (SD)} of roughness by the PASCO meﬁhod
seem to correspond. Additionally, the PSI rating by the Iowa DOT method
and MCI by the PASCO method correspond well, |

The data indicates that the PASCO organization operating with one
unit and two to three operators can gather data as fast or faster than
the Towa DOT can with five vehicles and three to six persons to perform
the two operations. The ability to operate in traffic with eone vehicle
versus several vehicles and with no personnel performing work on the
pavement surface is an advantage in terms of safety. The ability of
the PASCO unit to operate at night provides an additional benefit
becauge it can maintain a constant speed through municipalities during

data collection at night when traffic interference is reduced.

Cost Comparisons

The cost analysis of the data provided by both systems indicates
that PASCO is capable of providing a comparable result with improved
accuracy at a cost of $125-5150 or less per two-lane mile where large

mileages of survey can be planned in advance. It can provide the Iowa
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DOT with increased data collection accuracy and reliability and a vis-

ible record of pavement condition with no increase in program costs.

Accuracy of Measurements

PASCO provides the Towa DOT with a system that can measure cracks
0.0S in. wide and patches 0.5 in. square or larger. Ttacking wheel
fbughness measurements are within an accuracy of *0.03 in., while the
laser is capable of measuring to *0.01 in. Since the Jowa DOT can cur-

rently measure roughness only within an inch, the PASCO system enhances

accuracy.

Manual Condition Survey Methods Comparison

The results of the ROADRECON systems were evaluated against the
requirements of three_nationally developed manual methods of measuring
pavement conditions that have been developed to date. They included

the following:

1. Highway Pavement Distress Identification Manual for Highway

Condition and Quality of Construction Survey (March 1979).

2. Pavement Condition Rating Guide (September 1985).

3. SHRP/LTPP Identification Manual {(September 1986).

Each of these methods was developed for various purposes associated
with the development of the Strategic Highway Research Program and a
national pavemegt management data base. Each of the methods employs
the use of photographs and verbal means to define the presence of the

type of distress and its severity in common terms. The methods differ
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primarily in the magnitude of the physical measurements in defining
severity. The majority of the distresses are measured by area or simply
by their presence, both of which can be easily measured with photography,

such as PASCO employs. The remaining distresses such as shoulder/lane

dropeffs and faulting, rutting, and bleeding can be measured with the PASCO

ugit's use of artificial light, pulse camera, and slit camera operations.
Lasers have the ability to measure faulting although it was not measured
on this project. Crack width and lane shouldér separations can be
measured to an accuracy of one-quarter to one-half inch in width by

enlarging the photographs.

Future Equipment Requirements

With the PASCO system, work remains to reduce the time lag of one
to five weeks involved in the film processing and analysis. This may be
improved by processing the film in the United States or ﬁsing stop-action
video cameras and laser disk storage mediums. Recommendatibns regarding
the improvement of the equipment include:

1. Potential use of video cameras and laser disk storage.

2. On-board computer editing of the data.

3. Collection of rut depth, roughness, cracking simultaneously.

4, Continued development of the laser measurement system.

Summary and Conclusions

The PASCO system represents a way of mechanizing the data collec~

tion process for the lowa DOT at an affordable price without sacrificing

T
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the historical data collected by current methods. Tt provides.an
opportunity to free field and ﬁffice personnel from.crack and patch
surveys for other more urgent duties. It also serves as a tramsition
?rocess from manual methods of data collection and analysis to automated
objective data collection with analysis of pavement distréss by a single
trained observer. The goal is cﬁmputer analysis of the pavement condi-
tion with quality control provided by the pavement management staff.
Achieving this goal in turn wiil assist the Iowa DOT in removing much

of the subjectivity from the condition analysis and in improving the
objectivity of the information provided to top management for pavement
rehabilitation decisions. The DOT should investigate the feasibility of
obtaining the PASCO equipment or serxrvices and establishing a program

to begin‘usiug the method to obtain and analyze the pavement condition
of the primary highway systeﬁ.

PASCO can aid the highway condition rating analysis at two govern-
mental levels. As shown in this report, for rehabilitation plans it can
provide visual and numérical data to states and local units of government,
provide and inventory haul routes and detours, and provide-necessary infor-
mation for defense in legal suits. It can replace several pieces of equip-
ment and personnel currently used to gather individual items of data with

one-pass data collection under uniform environmental conditions.
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1. INTRODUCTION

When pavement condition is evaluated, all available information
should be gathered regarding the surface of the road and the structural
strengthrof the material used in road comstruction, so that a proper
maintenance schedule can be develope@.l In the past, most such informa-
tion was gathered manually; however, with the advent of computers and .
high technology, these procedures can now be automated.

The Iowa Department of Transportation {Iowa DOT)} uses mainly manual
procedures. The PASCO USA, Inc. system is fully automated to give
surface condition information. The surface condition information, as
used in this study, comprises roughness, cracking, patching, and rut
depth.

The Iowa DOT determines cracking, patching, and rut depth by send-
ing a crew to estimate and measure this information in the field. The
Towa DOT determines the roughness by a response type profilometer that
is calibrated against a standard instrument, the CHLOE profilometer.
Using these values, the Ioﬁa DOT obtainsla Present Serviceability Index
.(PSI) value that lies between zero and five (zero = bad, five = good)
to evaluate the overall condition of the road.

The extent of crackigg and patching of the road surface is deter-
mined with the PASCO system by obtaining continuous strips of photo~
" graphs taken in the night with a slit camera; the rut depth is deter-
mined wvhen a hairline is projected at an angle and the projected image
is phbotographed by a pulse camera; and the roughness is measured either

as the movements of the wheel are measured in Z directions with an



accelerometer or as the distance is measured with a laser beam. The
variation in Z is immediately plotted by a computer on a strip chart.
Uéing these values, PASCO computes Maintenance Control Index (MCI)
values between 0 and 10 (0 = bad and 10 = good) as an overall estimate
of the condition of the road.

The objective of this study is to evaluate PASCO's automated system.
In order to evaluate the system, seven different sections of‘foads in -
the vicinity of the Iowa DOT were evaluated with both the Iowa DOT and
PASCO methods. The 6verall evaluation by both systems agreed fairly
well. However, analysis of each individual component revealed that
patching, cracking, and rut depth were measured more accurately by the
PASCO method than by the fowa DOT method. This discrepancy may exist
because each patch and crack is carefully calculated by the PASCO method,
whereas the lowa DOT method works subjectively. The PASCO method of
measuring rut depth uses the shoulder as a control, whereas the Iowa
DOT method uses a four-foot straight edge to measure the rut depth.
The Longitudinmal Profile Values (LPVs) of the Iowa DOT method and the
Standard Deviation (8D} of roughness by the PASCO method seeﬁ to corre-
spond. Additionsally, the PSI overall rating by the Iowa DOT method and
MCI by the PASCO method correspond Wellf

The PASCO method appears to be the more cost and time efficient.
It uses trained engineers both to collect the data and analyze them.
However, the Iowa DOT method employs skilled technicians usinglmanual

methods to collect the data and trained engineers to analyze them.

[ASI——

P



2. DESCRIPTION OF IOWA DOT METHOD

The Iowa DOT defines the PSi'of a road surface as

PSI = LPV ~ 0.01 (CAC + P)U2 ~ 1.38 (ﬁﬁz) | (1
for an asphalt surface and
PSI = LPV - 0.09 (Cp. + P)1/2 (23

for concrete surfaces where LPV is a function of the roughness of the

road and
CAC = the number of square feet per 1000 square feet of asphaltic
' concrete exhibiting cracking.

CPC = ihe number of square feel per 1000 square feet of portland
cement pavement.

P = number of square feet per 1000 square feet of asphaltic
conc%ete pavement exhibiting ﬁalligator" or fatigue cracking.

RD = the mean depth of rutting, in inches, measured with a four-

foot straight edge.

Thus, the PSI is made up of two values--LPV and the deductioh for
cracking, patching, and rut depth. The LPV is selected so that a maxi-
_mum iPV is five Qhen the roughness is zero; thus, the PSI.value can
reflect ﬁalﬁes 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

general description is provided in the following sectiéns.

Roughness

Roughness can be defined as the deviation of the surface from a
smooth pfofile, a constant-gradient longitudinal profile. Roughness
is often defined in a number of ways:

n

¥y
i=1
1. R = inches pér mile = &"—?;~M*

‘where
Yi = deviation ig incheg from the smootﬁ surface at
point i (see Fig. 1)
D = the distance in miles
n = number of points

n

2
2 by -y
i=]

2. Standard deviation SD =

n -1
where
_
Y 5
58, - so)2 zsiz - 1/n (zsi)2
3. Slope variance SV = —] = "
where

Si = glope at & point i (see Fig. 1).



SMOOTH ROAD SURFACE

Fig. 1. Roughness.



The Iowa DOT uses the Bureau of Public Roads (BPR) roughometer to
obtain the roughness in terms of inches of roughness per mile. The
BPR consists of a single road wheel attached to an accumulating counter
by a one-way clutch (see Fig. 2). 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 the Appendix A).

The BPR readings are calibrated against a standard roughometer,
CHLOE, to give the LPVs. The CHLOE consists of two units: a trailer
unit, which carries the transducing mechanism, and the elect;onic com-
puter, which gets the information from the transducer, does the neces-
sary computation, and displays the results. Figure 3 shows the CHLOE,
Fig. 4 shows the transducer, and Fig. 5 shows the'compute:._ The slope
transducer is equipped with two eight~inch road wheels attéched to the
pivot arm. The transducer provides a continual measure of the aﬁgle
between the bar connecting the slope wheels and the arbitrary reference
of the trailer unit. The values obtained by the CHLOE are not affected
by possible change in the towing vehicle's suspension. Because the
CHLOE iz very sensitive, slopes are obtained at five mph, which is

time consuming. With the slope value, S, the slope variance SV

(which is the variance of the slope) is computed from




INTEGRATOR

SINGLE ROAD WHEEL

TRAILER

i

Fig. 2. BPR method.



SLOPE 'POWER CORD
TRANSDUCER |

CARRIAGE

WHEELS
Fig. 3. CHLOE profilometer
Aﬁc HITHM2§ SEGMENKEf
UPRIGHT ARM EACH 10 MINUTES AP
SLOPE J—
WHEELS ~a, 7

e )

Fig. 4. Transducer,

g EE Lr"“‘Yz ACCUMULATOR

BB ™~ Y ACCUMULATOR

N ACCUMULATOR-M\‘I i
POWER SWITCH
™~

MOTOR SHITCH~\\\

“”’ MASTER SWITCH
\M

PILOT LIGHT“)D E\‘RESET BUTTON

Fig. 5. Computer.



" The slope variance is then used to obtain LPV from

LPV = 5.41 - 1.80 Log (1 + 8V) for concrete surface, and

i

LPV 5;08 -~ 1.90 Log {1 + 5V) for asphalt.

The BPR roughometer, unlike the CHLOE, can be oferated at 30 mph.
However, the CHLOE is more accurate and therefore the BPR is calculated
periodically against the CHLOE. A correlation equation, giving the
LPVs for a given roughness in inches per mile (X) apd obtained from the

BPR roughometer reading, is then used. The current correlation equation

used is
LPV = ~G_154175 + 0.23721 X

Table 1 shows the LPVs corresponding to X values from the BPR rough-~
ometer as interpolated with this equation. Table 2 shows a typical

BPR roughometer reading.

Cracking, Patching, and Rut Depth

The method of determining the cracking, patching, and rut depth
by the Iowa DOT is presented in detail in the Appendix A. The Towa DOT
uses crews 6£ three to five ﬁersons to observe and record the extent
of cracking, patching, and rut depth as defined below:
Cracking (aspﬁalt)
CAC = pumber of square feet per 1000 square feet of asphaltic
concrete pavement exhibiting "alligator" or fatigue

cracking.
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Table 1. Longitudinal profile values (LPVs) corresponding to X values
from the BPR roughmeter (as interpolated using withequation shown).
-9.154175 + (.2372100%X

BPR LPV LPV - BPR LPV LPV
RR FOR AC FOR PC RR FOR AC FOR PC
52 4.892 290 1.667 2.241
54 4.612 300 1.634 2.2009
56 4,403 4.819 310 1.601 2.178
58 4.23%6 4.662 320 1.570 2.150
60 4,097 4.531 330 1.541 2.122
62 3.978 4.419 340 1.512 2.094
64 3.874 4.321 350 1.484 2.068
66 3.782 4.234 360 1.457 2.043
68 3.69%8 4.156 370 1.431 2.018
70 3.623 4.084 380 1.406 1.994
72 3.554 4,019 390 1.381 1.971
74 3.450 3.958 - 400 1,357 1.949
76 3.431 3.903 410 1.334 1.927
78 3.376 3.851 420 1.312 1,906
80 3.324 3.802 430 1.250 1.885
82 3.275 3.75% 4490 1.268 1.865
84 3.229 3.712 450 1.247 1.845
86 3.185 3.671 460 1,227 1.826
BE 3.144 3.632 470 1.207 1.807
80 3.104 3.5%5 480 1.188 1.78%
92 3.066 3.559 490 1.169 1.771
94 3.030 3.525 500 1.1350 1.754
96 2.99¢6 3.493 51¢C 1.132 1.737
98 2.962 3.461 520 1.115 1.720
10¢ 2.930 3.431 53C 1.097 1.704
105 2,856 3.361 540 1.080 1.688
110 2.787 3.296 550 1.064 1.672
115 2.724 3.237 560 1.047 1.657
120 2.665 3.181 570 1.031 1.641
125 2.610 3.129 580 1.018 1.627
130 2.558 3.081 590 1.000 1.612
135 2.510 3.035% 600 0.985 1.598
140 2.464 2.992 620 0.955 1.570
145 2.420 2.951 640 0.927 1.543
156 2.378 2.912 660 0.899 1.517
155 2.3490 2.875 680 0.873 1.492
160 2.302 2.839 700 0.847 1.468
165 2.26¢6 2.806 720 0.822 1.444
176 2.232 2.773 740 0.738 1.421
175 2.198 2,742 760 0.774 1.398
i8¢ 2.167 2.712 780 0.751 1.378
185 2.136 2.683 800 0.729 1.357
180 2.107 2.655 82¢ 0.707 1.33¢6
195 2.078 2.628 840 0.686 1.316
200 2.051 2.602 860C 0.665 1.297
210 1.998 2.553 88¢ 0.645 1.278
220 1.949 2.5086 300 0.625 1,25%
230 1.902 2.462 920 0.606 1.241
240 1.858 2.421 940G 0.587 1.223
250 1.816 2.381 360 0.569 1.206
260 1.776 2,344 980 0.551 1.189
279 1,738 2.308 1000 0.533 1.172
280 1.702 2.274 i0z0 6.516 1.156

© DATE 07/02/86
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Tablie 1. Continued,

BPR

~9154175 + 0.2372100%%
DATE 07/02/86

BPR LpvV LPV ‘ BPR - LPV LPV
RR FOR AC FOR PC RR ° FOR AC FOR PC
1040 0.49¢% 1.140 3800 0.101
1060 0.483 1.125 3900 0.080
10890 0.467 1,109 4000 0.060
1160 0.451 1.094 4100 0.041
1120 0.435 1.080 4200 0.022
1140 0.420 1.065 4300 0.003
1160 0.405 1.051

1180 0.320 1.037

1200 0.375 1.023

1220 $¢.361 1.010

1240 0.347 0.997

1260 6.333 0.984

1280 0.320 0.971

1300 0.306 0.958

1350 0.274 0.928

1400 0.243 0.898

1450 0.213 0.870

1500 0.184 0.843

1550 0.156 0.816

1600 0.128 0.791

1650 0.102 0.766

1700 0.077 0.742

1750 0.052 0.719

1800 £6.028 0.686

1850 0.005 0.674

1900 0.653

1950 0.632

2000 0.612

2059 0.582

2100 0.572

2150 0.554

2200 0.535

2250 0.517

2300 5.500

23590 0.483

2400 G.466

2450 0.449

25090 0.433

25590 0.418

2609 0.402

2650 0.387

2700 0.372

2750 0.357%

2800 0.343

2900 ’ 0.315

3000 0.288

3100 0.262

3200 0.237

3300 0.213

3400 0.189

3500 0.166

3600 0.144
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Table 2.

TOWA DEPARTMENT OF TRANSPORTATION

OFFICE QF MATERIALS
AMES LABORATORY

ROAD ROUGHNESS FIELD REPORT

Lab. No. RR

Report Date W}'-“/% ’"86

Typical BPR roughmeter readings.

Proj. Miles Year Built

Contractor .

Project No.
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E

Road No.
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Cracking (Qéncrete)
CPC = number of linear feet of cracking per 1000 square feet
of portland cement pavement. Only thoselcracks that are
open to a width of 1/4 in. or more along half their

length or those that are sealed are toe be included.

Patching
P = pumber of square feet per 1000 square ft repaired by
skin (widening joint strip seal} or full depth patching.
Rut Deﬁth
RD = mean depth of rutting, in inches, measured with a four-

foot straight edge.
The crew drives on the shoulder if possible, estimates the areas of
cracking and patching, and records them on a work sheet. Table 3 is a
typical work sheet. The rut depth is measured at every 0.05% mi for
asphalt pavement, and one set of readings is taken at the beginning
and end of a half-mile section of concrete pavement.

The area of cracking in asphalt pavement is totaled and divided
by the area of ihe test section in thousands of square feet to obtain
CAC for use in Eq; (1). The number of cracks and 1/2 cracks {(divided
by 2} are totaled and multiplied by the width of the roadway énd divided
by the‘aréa of the‘tesﬁ sections in thousands of square feet to use
(CPC) in Eq. (2)}. The area of patching is totalled and divided by the
area of the test section in thousands of square feet to obtain P for
Egq. (13 oxr (2). .The rut depth measurements are totaled and averaged

to obtain RD in Eq. (1).
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Tabie 3. Towa DOT work sheet.
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3. DESCRIPTION OF PASCO METHODS

The histﬁry of the PASCO Road Survey (PRS) System is an indication
of how Japanese engineers have worked to answer the same data questions
that we are trying to answer today in the United States. The PRS system
is their answer to objective collection and analysis of data on pavement
conditions for use by govermment officials to make pavement rehabilita-
tionlaﬁé design decisions,

Identification or model numbers relate the historical development
of the machine gnd the story of the step-by-step solutions to problems.
The ROADRECO&-?O got its start in 1965 and was the first patented auto~
matic continuous road surface photographic recorder in Japaﬁ iﬁ 1970.
ROADRECON-75, for the measurement of rut depth, was developed to meet
the second measurement of distress noted by the engineers and was
patented. A government need for the measurement of longitudinal profile
resulted in the contract for the development of ROADRECON-77. Between
1977 and 1985 thé PASCO agency develobed the software technology to
analyze the film and the use of laser technology. ROADRECON-85 has
resulted from this work in laser technology to date. Efforts are comn-
tinuing to develop retrieval systems for laser-disk-based pavement
condition data/images.

| Prior to 1963, PASCO conducted manual pavement distress surveys
in a manner similar to that of the Iowa DOT. They noted the variations
.in distress measurements resulting from the position of the sun and
the observer. This often resulted in differing views on the presence

of a particular distress, its extent, and its severity. Problems in
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the observation results were noted during windshield surveys at low
speeds (5-10 mph). Subjectivity was introduced when more than one person
observed and recorded the distress on consecutive or identical sections
of pavement. Safety was always a problem when personnel were required

to walk the pavement to identify the distress type, extent, and severity.
As a result PASCO created the PRS hardware and software to provide
pavement management support.

The RCOADRECON system has several options to provide a tailored
approach to highway condition measurement requirements. The various
options are summarized in Table 4. The distress measurements associated
with each option are shown in Table 5.

The objective of the PASCO method is to determine the values of
cracking, patching, rut depth, and roughness so that the present condi-
tion of the road can be evaluated and the future ceondition predicted.

The PASCO method computes an MCI from the equation -

McI = 10 - 1.48 cR%*3 - 0.29 R0’ - 0.47 sp (3)
or
0.3 0.7 . R .
= 10 - 1.51 CR ~ 0.30 RD {(if roughness is not available)
or
0.3 : . ,
= 10 - 2.23 CR (using only cracking ratio)

or

= 10 -~ 0.54 RDO'7 (using only rut depth)

et e



of ROADRECON field survey equipment

Table 4. Performances series.
ROADRECON -70 -75 ~-77 ~77B -85 -85B
Survey items Surface distress - Cross profile Longitudinal Longitudinal Longitudinal Longitudinal
{cracking, pot {rutting, drop profile and profile and profile and profile, rough-
hole, patching, off, shoulder roughness roughness roughness ness and rutting

Sensor

Light source

Measuring width

Measuring speed

Measuring interval

Outprt

Maximum data
storage capacity

Operating environ-

ment

Accuracy

Recording scale

Note: 1 km/hr =

spalling, etc.)

35mm slit camers

10 halogen lamps

3.0 m {1 lane)

¢ - B0 km/h

Continuous

35mm cine film

60 km/roll
(1,000 ft/roll)

Day and night

Cracking width

1 mm (resclu-
tion by cracking
test chart)

1/200 on original
negative film

0.625 mi/hr
1ma = 0.04 in.

slope, etc,)

35mm pulse camera

Hairline pro-
jector with
strobe tube

5.00m {I lane)
0 - 80 km/h

0.1 - 99.9 m
(variable)

35mm cine film

120 km/roll
(400 £t/roll and
20 m interval)

Night

Rut depth % 2 mm

1/200 on original
negative film

Tracking wheel,
differential

Transformer and
accelerometer

Outside wheel
path
0 -~ 60 km/h

0.1 ~99.9m
{(variable) and
continuous on
paper chart

Pen recordexr and
cassette tape

80 Ikm/cassette

on automatically -

shiftable dual
cassette deck

Day ‘and night

£ 1 mm

1/2060 on paper
chart

Laser sensor

Iofra-red laser

Outside wheel
path

0 - 80 km/h

¢.1 - 99.9m
{(variable) and
continuous on
paper chart

Pen recorder and
cassette tape

80 lm/cassette
on antomatically
shiftable dual
cassette deck

Day and night

+ 1 am

1/200 on paper
chart

3 laser sensors

Infra~-red laser

Outside wheel
path

0 - 80 km/h

.1 - 9%.9m
{variable)

Cassette tape
and CRT display

B0 km/cassette
on automatically
shiftable dual
cassette deck

Day and night

I omm

3 laser sensors

Infra~red laser

Both wheel paths
and lage center

0 - B0 km/h

0.1 -~ 99.9m
{variadble) and
continuous on
paper chart

Pen recorder and
cassette tape

80 km/cassette
on automatically
shiftable dual
cassette deck

Day and night

1 mom

1/200 on paper
chart

L1



18

Table 5. Surface distress survey items covered by ROADRECON series.

ROADRECON Series

-83

Distress ~70  #-75 -77 778 -85B

Asphalt Burface
2.1 Alligator or fatigue cracking X 0
2.2 Bleeding X 0
2.3 Block cracking X 0
2.4 Corrugation QO X X X
2.5 Depression Q 0 0 0 o
2.6  Joint reflection cracking from PCC slab X
2.7 Lane/shoulder dropoff or heave X X
2.8 Lane/shoulder separation X 0
2.9 Longitudinal/transverse cracking (non~PCC slab

joint reflective) X/X o/
2.10 Patch detericration X
2.11 Polished aggregate 4]
2.12 Potholes X
2.13 Pumping and water bleeding X
2.%4 Raveling and weathering X
2.15 Rutting X Q
2.16 Slippage cracking X
2.17 Swell 0 o] 0
Jointed Plain/Reinforced Cencrete
3.1 Blow-up 0 0 0 o]
3.2 Corner break X
3.3 Depression o] ) 0 o]
3.4 Durability ("D") cracking X 0
3.5 Faulting or transverse joints and cracks o] 4] o]
3.6 Joint lead transfer system associated deterioration X ] 4]
3.7 Joint seal damage of transverse joints X 0
3.8 Lane/shoulder dropoff or heave G X
3.9 Lane/shoulder joint separation X 0
3.10 Longitudinal cracks X 0
3.11 Longitudinal jeint faulting 0 X
3.12 Patch deterioration X
3.13 Patch adjacent slab deterioration X
3.14 Popouts X
3.15 Pumping and water bleeding X
3.16 Reactive aggregate durability distress X
3.17 Scaling, map cracking and crazing X
3.18 Spalling (transverse/longitudinal joints) /% /0 0
3.1%9 Spalling (corner) X
3.20 Swell 0 a 0
3.21 Transverse and diagomnal cracks X
Continuously Reinforced Concrete
5.1 Asphalt patch detericration X
5.2 Blow-up o] o] o Q
5.3 Concrete patch deterioration X
5.4  Construction joint distress X
5.5 Depression Q O C 0
5.6  Durability ("B") cracking X 0
5.7 Edge punchout X
5.8 Lane/shouldexr dropoff or heave [} X
5.¢  Lane/shoulder joint separation X 0
5.10 Localized distress X
5.11 Longitudinal c¢racking X G
5.12 Lomngitudinal joint faultimg o X
5.13 Patch adjacent slab deterioratiocn X
5.14 Popouts X
5.15 Pumping and water bleeding X
5.16 Reactive aggregate distress X
5.17 Secaling, map cracking and crazing X
5.18 Spalling X
5.19 Swell 0 0 0
5.20 Transverse cracking X

WROADRECON—?S covers items by sampling method.

¥

X" indicates items well covered and "O" indicates items covered with other ROADRECON series.

—

T—"

e

i



19

~ where

CR

#

cracking ratio (%)

it

RD = rut depth (mm)

8D = longitudinal roughness (mm)
Thus MCI varies from O (poor) to 10 (very good). PASCO uses the
ROADRECON-?O, a 35-mm slit camera, to take continuous photogxéphs of
the road and then to interpret the photograph and measure the area to
obtain the CR. The RD is measured on the photograph of a hairline
projected at an angle taken by a pulse camera, ROAbRECON-?S. The longi-
tudinal roughness (SD) is measured either by ROADRECON-77 or by ROADRECON-
85. The ROADRECON-77 system uses a tracking wheel fitted with a diffef*
ential transformer and a Servo accelerometer to measure longitudinal

roughness, whereas the ROADRECON-85 uses three noncontact GA-AS diode

laser sensors to measure longitudinal profile and roughness.

S5lit Camera: The ROADRECON—?O

The ROADRECON-70 system uses a BS-mm slit camera to obtain con~
tinuous-strip photography of the driving lane. The camera's slit apér"
ture is 1.08 in. (27 mm) long and can vary in width from 0.004 in. to
0.04 in, (0.1 mm to 1.0 mm}. The lens has a focal léngth of 0.58 in.
(14.5 mm) with F/3.5. (See Figs. B.1l and B.2.)

The camera is mounted on a boom on top of the survey vehicle,
about 2.9 m above the ground. This setup results in a photographic
scale of 1:200. Since the slit length is about 1.08 in. (27 mm}, the

photographs cover over 5 m of road width. The film speed and camera
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aperture size are synchronous with the vehicle speed.to produce a con-
tinuous strip of photographs with the arfangement shown in Fig. B.3.
With a standard 1000-foot roll of film, 37.5 mi (60 km) of roadway can
be photographed. This system can be operated at speeds between 44 and
50 mph (70 and 80 km/h). The system, which can oﬁerate day or night,
uses a bank of 10 halogen lamps mounted under the bumper for constant
illumination.

The film is procéssed by use of an automatic film processor {see
Fig. B.4). The processed positive film is projected onto an electronic
digitizer (see Fig. B.5) by use of a ROADRECON film digitizer. A key
is used to interpret the projected image subsection by subsection for
cracks and patches (see Figs. B.6 and B.7). The projected image is
enlarged ten times. The area of the interpreted patches and cracks
is measured by the grid cell system (a grid system is overlaid on the
projected area and the area is obtained by counting.the number of square
cells covering the crack). Since the subsection is about 20 ft for
asphalt (or the size of a slab for concrete), use of a key to interpret
the patches and cracks data results in an unbiased estimate. The CR

in Eq. (3) is then given by

Length of crack {(m) X 0.3 m X 100

CR = The crack ratio = 2
Total area (m )}

Crack area (mz) X 100
Total area (mz)

or =

- e
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Use of the ten-times enlargement allows cracks of 0.04 in. (1 mm) or
wider to be identified. Thus, using a grid cell of 0.02 in. X 0.02 in.
(0.5 mm X 0.5 mm), we can measure the crack area with an accuracy of
£(200 X 1/10 x 0.5)2 = %0.4 in.? (#1 cw?). Figure 6 illustrates the

crack digitizing method.

Pulse Camera: The ROADRECON-75

The ROADRECON-?S system uses a 35-mm pulse camera and a hairline
projector_strobe light to photograph rutting wave patterns.

Figure 7 shows the prdjection.of a hairiine on the cross section
of ; road. If there ig no rutting wave pattern, the hairline will be
projected as a straight line S88'. However, if there is a rutting pattern
LHM present, then the hairline at the high point H will be projected
as ﬂl and ét the Ioﬁ point L will be projected as Ll. The distance D1
of H, from S8' is proportional to the height of rutting HH, and distance
.Dz.qf‘Ll from 88' is éroportional to the depth of the rutting. Now if
the projected line is photographed'by a vertical camera (see Fig. 8)
directly above the line 88', then the hairline at H will be imaged at
h and the hairline at L will be imaged at 1. 1If p is the ?rincipal
point of the camera, then ph = d

and pl = d_, can be measured accurately

1 2

using a comparator (photogrametric instrument used to measure x-y coor-
dinates on a photograph to an accuracy of one micron). Then, the

distance
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® ALLIGATOR CRACKING AREA
7 MESHES x 0.25 m? = 1.75 me

® LINEAR CRACKING AREA
7 MESHES x 0.15 m% = 1.05 m2

© PATCHING AREA
4 MESHES x 0.25 m° = 1.00 m2

CRACKING AREA (n%) = @+ ®+©

Q.5 m
LMEMARK ft_‘_",fo.s "
RERES 1
e
A - AO| | s m
el 1/
WU,
e DIGITIZING UNIT  —al
)

{(5m)

Fig. 6, Crack-digitizing method.

[ e
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" PROJECTION LENS

S'

Fig. 7. Cross section of rutting wave pattern.
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and
.
D=% %
where
f = focal length of the camera
H = height above mean ground
The rut height = HH] = D1 tan 6.
- The rut depth = LLl = D2 tan 6.
Therefore, the total rut depth RD = (D1 + Dz) * tan 8
=2 @ +va) - tano
BN T an
=8 tan O (&1 + dz)'
where

S = the scale of the photo.
In- the ROADRECCN-?S system the strobe light is mounted on the
bumper of the survey vehicle and projects the hairline at an angle ©
= 26° 33 min., such that tan 6 = 1/2. The camera, ﬁounted‘on a boom
on top of the wvehicle, photographs the lane in which the vehicle is
driving (see Fig. 9). Tﬁe camera is aimed straight down éo any rutting
is represented by a wave pattern in the hairline. The focal length of

the camera, f

i

0.6 in. (15 mm), and the height of the camera above

the ground, H = 120 in. (3000 mm), result in a scale for the photograph
of § = 200. Thus, the total rut depth = ZOO(d1 + dz)/2, and if d1 and
62 are measured to an accuracy of *0.0002 in. (*0.005 mm) by a compara-

tor (or to an accuracy *0.008 in. (#0.02 mm) on a digitizing tablet and
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F = 15.0 mm

35-mm PULSE CAMERA
'—ir—” 1 h 4 1 f ¥ x - ;| "1.' ﬂ
J*——— - o
! - '1@[&; — I
;
= | {3) | (2) | (1)
v
T 1
- 1 HAIRLINE
PROJECTOR J/ -
6° 33 &
1NN, S N N R
Zm (1) HAIRLINE PROJECTOR CONTROL UNIT
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{3) PULSE SIGNAL TRANSMISSION DEVICE

Fig. 9. ROADRECON-75 for rutting survey.
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teﬁ times enlargement imagery), the rut depth RD can be determined to
an accuracy of *0.04 in. (%1 mm).

This system can operate only at night (because daytime lights
chstruct ﬁhe hairline pfojection) at speeds between (O and 50 mph (80 km/h) .
Both the strobe light and the camera shutter are trigggrgd at given
intervals of pa§ement travel. Intervals between 4 in. (0.1 m) and
333 ft (99.9 m) of pavement travel can be selected.

The camera has a maximum frame rate of ten frames per second in
the pul#e mode. The exposure time is about 1/64 sec. The film magazine
has a loading capacity of 400 ft of film so that in the case of photo-
graphing at é regular interval of 67 ft (20 @), for example, approxi-

mately 62.5 mi (100 km) can be covered by one magazine load of film.

Tracking Wheel: The ROADRECON-77

The ROADRECON-77 uses a tracking wheel to measure longitudinal
roughness of a road surface. The roughness is measured by a differential
transformer and a Servo accelerometer attached to the tracking wheel.

The tracking wheel is arranged so that it measures the roughness in

the right wheel track of the lane in which the survey vehicle is driving
{see Fig. 10). The accelerometer, attached to the tracking wheel or
profile detector, measures the vertical‘acceleration and feeds the.
information to an on-board computer. The computer performs the necessary

integration to determine the vertical displacement
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10. ROADRECON-77 for eventiess sutvey.



29

- _ 2
z = f(fazdt) dt = Eazidt

where a, is the acceleration and dt is the time interval. In road
roughness, R = T - Z, T is the total displacement of the vehicle and
road, which the differential transformer computes. The roughness R is
then plotted on a chart and also saved on computer cassette tape. Bj
using thé proper encoder, the speed and the distance traveled by the
survey vehicle are also fed to the on-board computer, which saves this
information on the cassette tape and also plots it on the paper chart
(see Figs. B.8 and B.9). The computer also computes the total cumulative

roughness (TCR) value where TCR = 2 Ri - Ri+1 .

The tick marks are
made on the paper chart to indicate every 10 mm accumulation of TCR.
Thus, total roughnesé between distances can be directly read on the

paper chart. The longitudinal roughness, SD, in Eq. (3) is then obtained

by

where

Ry
R =+

n
The Ri values saved on the cassette tape can be used to compute SD,

Alternately, the ROADRECON-77 can be calibrated against a standard

profilometer so that the correlation equation between the two systems
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can be determined. The TCR value and the correlation eguation can
then be used to determine the 5D values.

The ROADRECON-77 can operate day-or night at speeds between 0 and
49 mph. One cassette tape can contain data on 80 mi of roadway. The
scale of the pen chart can be set at 1:100, 1:200, 1:400, or 1:500.

The accuracy of the system is ®0.04 in. (%1 mm).

Laser: The ROADRECON-85B8

The ROADRECON-85B uses three noncontact Ga-As diode laser sensors
to measure roughness. The lasers are mounted on the bumpers of the
survey vehicle, one over each wheel and one centered between them.

As ﬁhe vehicle travels along the road, the lasers are triggered
at a given intervél of pavement travel.. The laser diode, in the Optocator,
emits a nonparallel beam of invisible infra-red (IR) 1ight via a lens
system. The laser beam trigéered at a particular'instant_ﬁits the
surface of the road, and the diffused or scattered beam enters the
detector via a lens system (see Fig. B.10). The lens of the detector
focuses a spot image on a unique semi-conductor, an analog linear posi-
tion detector. Here, the controllers for the noncontact laser measure
the distance, r, of the gpot image from the centexr of the detector and

compute distance, %, between the vehicle and road surface

where xo,is the distance corresponding to the center of the detector.

The controller of the laser provides the distance (x) information to
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t@e input/output controller of the computer. The engoder attached to
the wheel of the survey vehicle communicates the distance; D, traveled
by ihe survey vehicle to the I/O controller. The system control then
plots these data on a chart in real time and also saves them on a tape
cassette for future use (see Fig. B.11). The variation in x gives the

roughness of the ride. The SD in Eq. (4) is then computed from

SD

The system can operate day or night at speeds between 0 and 80 km/h.
The -laser can be triggered at intervals between 4 in. (0.1 m) to 33 ft
(9.9 m). One cassette tape can contain data for 50 mi (80 km) of roadway.

The resolution of the laser sensor is about 0.02 in. (0.4 mm).
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4. COMPARISON OF PASCO AND IOWA DOT METHODS

In order to judge the PASCO method of evaluating the surface

condition of the road, we decided to survey the surface of seven

sections, each approximately one mile in length, in the vicinity of

the Towa DOT (see Fig. 11). The sites represent the various pavement

‘and traffic conditions that the Iowa DOT actually encounters in rehabili-

tating and maintaining the primary road system. The sites are briefly

discussed below.

1.

Interstate 35 northbound lanes (two lanes, passing and driving)
from mile post 103 to 104. This 10-in., mesh-reinforced port-
land cement concrete pavement with 76.5 ft joint spacings was
constructed in 1965 on 4 in. of granular subbase and 8 in. of
asphalt treated base and is used as an approach to a weigh-in-
motion bridge.

Interstate 35 porthbound lanes from mile post 114 to 115. This
section of 10-in., joint-reinforced portland cement concrete
pavement with 20 ft joint spacings was reconstructed in 1984

on 6 in. of recycled portland cement concrete. A reconstructed
asphalt concrete shoulder is also included in the evaluation.
Part of this section is used by Iowa DOT in their annual eval-
uation of the road profile measuring equipment.

Interstate 35 southbound lanes from mile post 115 to 114. This
section contains 8&-in. continuously reinforced portland cement
concrete constructed in 1967 on four inches of granular subbase
and eight inches of asphalt~treated base. Various areas of

the driving surface were overlaid with asphaltic concrete in
1984 in conjunction with maintenance operations. The asphalt
shoulders, also included in the evaluation, are in varying
stages of distress.

Dayton Road between Lincoln Way and 13th Street in Ames. This
section was constructed of a 4-in. granular subbase and a 6-in.
rolled stone base and was surfaced with three inches of
asphaltic concrete in 1959. It was sealcoated in 1965 and
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.
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5. Dayton Reoad between Lincoln Way and U.S. Highway 30. This 8-
in. portland cement surface constructed in 1981 shows rela-
tively little deteriorxation and is in a 45 mph speed zone.

6. Duff Avenue between South 16th and south 4th Streets in Ames.
This pavement is made up of several underlying components.
The original pavement of two lanes was placed in 1929 as a
thickened edge pavement with depths of 7 inches at center line
and 10 inches at the edges. In 1948 the pavement was widened
to two 12-ft lanes and overlaid with asphalt. The current
asphalt concrete surface is the result of an additional widening
to 49 ft with curbs and an overlay of the eatire surface in
1963. The resulting surface is showing varying amounts of
distress., The section includes a bridge crossing and a change
in speed limit from 45 mph to 25 mph.

7. Lincoln Way between Duff and Grand Avenue. This section of 8~
in. portland cement concrete placed in 1952 allows for the
study of a portland cement concrete surface in varying stages
of distress including patching. It also includes railroad
crossings and a2 number of traffic signals. The posted speed
limit for this section is 25 mph.

Towa DOT Observations

The Towa DOT collected the necessary data, patching, cracking,
roughness (LPV), and rut measurements to compute the PSI values on all
seven sections.

The BPR roughometer was used to determine the LPV values. On
June 3, 1986, one pass was run on each wheel track (two per lane) of
Sections 1, 2, and 3. On June 5, 1986, one pass was run on the outside
shouiders of.Sections 2 and 3. On July 18, 1986, three passes were
run in each wheel track of Sections 4, 5, 6, and 7. Using the current
correlation table (BPR method versus LPVs), the LPVs corresponding to the
RPR method were obtained (see Table 6). Columns 1-3 of Table 6 identify
each test section by number, location, and type of pavement. The lane

being tested is shown in Column 4 (Lane); for example, the outside lane
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Wheel Roughness BPR Road
Section Pescription Type Lane Track Revolutions Revs./Mile Reading Roughness PV
6 Duff Avenue, 4 lanes between AC 606 142 in./mi 176 in./mi 2.19
South 3rd and Sounth 16th north- ontside 607 750 140 in./mi 173 in-/fmi  2.21
bound 611 139 din./mi 171 din./mi 2.23
outside 609 166 in./mi 131 in./mi  Z.55
- inside 609 750 107 in./mi 132 in./mi  2.54
609 105 in./mi 129 in./mi  2.57
£10 104 in./mi 128 in./mi- 2.58
north- outside £09 750 105 in./mi 129 ip./mi 2.57
bound 610 107 in./mi 132 in./mi 2.54
inside 610 103 in./mi 127 in./mi 2.59
inside 611 750 105 in. fmi 129 in./mi 2.57
611 99 in./mi 122 in./mi  2.64
612 99 in./mi 121 in./mi  2.63
south- outside 610 750 94 in./mi 116 in./mi 2.71
bound 610 100 in./mi 123 in. fmi 2.63
outside 611 84 in./mi 103 im./mi 2.88
inside 612 750 84 in./mi 103 in. /i 2.88
611 83 w‘n.\um.. 102 in./mi  2.90
611 80 in./mi 110 in./mi 2.7%
south~ outside 610 750 87 in./mi 107 ‘in. /mi 2.83
bound - 611 86 in./mi 106 in./mi 2.84
inside 608 83 in./mi 102 ip./mi 2.90
inside 609 750 84 in./mi 103 in./mi 2.88
607 : B4 dn._/mi 104 in./fmi  2.87
7 Lincoln Way, 4 lapes between vC 392 ) 99 in./mi 189 in./mi 2.66
Duff Avenue and Grand Avenue east~ outside 393 750 101 in./mi 193 ip./mi 2.64
bound 392 98 in./mi 1BE in./mi 2.67
outside 394 87 in./mi 165 in./mi 2.81
inside 384 750 82 in./mi 160 in./mi  2.84
382 83 in./mi 163 in./mi  2.82
393 90 in./mi 172 in./mi 2.76
east~ outside 390 750 88 in./mi 169 in./mi 2.78
bound 391 88 in./mi 169 in./mi 2.78
inside 352 84 in./mi 161 in./mi 2.83
inside 389 750 82 in./mi 158 in./mi  2.83
392 83 in./fmi 159 in./mi 2.835

LE
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in the northbound direction was tested first in Section 1. Column 5
(Wheel Track)} delineates which wheel track is being monitored in thé
test. The number of passes made over each section by the BPR equipment
is shown in Column 6 (Revolutions)} by the counter value obtained in
the run. The standard of 750 revolutions per mile is shown in Column
7 (Revs/Mile). An Iowa DOT correlation table was used to translate
the data into inches of roughness per mile shown in Column 8 (Roughness
Reéding) and into the standard BPR measure of roughness in Column 9
(BPR Road Roughness) and longitudinal profile value in Column 10 {LPV).
A single crack and patch survey was performed on all of the test
sections on June 30 and July 1, 1986. The sections were surveyed in
subsections approximately_one~half mile long. Distress deductions
were then calculated to be used in Eq. (1). Tables 7a, b, and ¢ sum~
marize the crack and patch survey. Table 7a describes the deductions
made on the portland cement pavement sections, Table 7b provides éimilar
data on the asphaltic concrete sections, and Table 7¢ describes the
éeductions for the two shoulder sections evaluated. Columns 1 and 2
of those tables identify the sections by number and locatiom. The
length of section evaluated is shown in Column 3. This is normally
0.5 miles but varied on some of the sections to gain a represenative
sample of the conditions for this test<only. The section driving surface
or shoulder width are shown in Column 4 and the-aétual number of cracks
counted in portland cement concrete or area of cracks in asphaltic
concrete according to the prescribed procedure (see Appendix A) are
included in Column 5. Column 6 indicates the area of the patches in

square feet identified in the test area. The resulting measured values
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Table 7b. Asphaltic concrete pavement Present Serviceability Index (P31} distress deduction.
Supplemental
No. No.
Crack Ave. Rut Distress Transverse Longitudinal Ave,
Section Description Length Width Area Patch Area Bepth c P Ded. Cracks Cracks Faunlt
1 Interstate 35 0.5 mi 24 ft
2 northbound $.5 mi 24 £t
lanes between
MP 103 and 104
Total 1.0 mi 24 ft
2 Interstate 35 0.5 mi 24 ft
2 northbound 0.5 mi 24 ft
lLanes and
shoulders
between P 114
and 115
Total 1.0 mi 24 ft
3 Interstate 35 0.5 mi 24 ft 0.0 Mﬂm 0.0 mww (.02 in. 0.00 0.00 0.00 1 0 0.00 in.
2 southbound 0.4 mi 24 ft
lanes and
shoulders
between MP 115
and 114
Total
4 Dayton Avenue 0.4 mi ‘22 ft 15¢G.0 0.0 0.17 3.23 .00 0.06 19 2 .08
2 lanes between 0.4 mi 22 ft 400G.0 0.0 0.13 8.61 0.60 0.05 17 2 0.07
Lincoln Way and
North 13th
Total 0.8 mi 22 ft 550.0 0.0 0.15 5.92 0.00 0.06 18 2 0.07
5 Dayton Avenue 0.55 mi 24 ft
2 lanes between 0.55 mi 24 ft
Linceln Way and
South 16th
Total 1.10-mi- 24 ft
[ Duff Avenne NB 0.65 mi 24 ft 2006.0 1068.0 0.15 24.35 12.97 0.09 26 & 0.04
4 lanes between SB 0.65 mi 24 ft 300.0 364.0 0.14 3.64 L L2 0.06 26 6 0.02
South 3rd and
South 16th
Total G.65 mi 48 ft  2306.0 1432.90 0.15 14.00 8.69 0.08 52 12 0.03
7 Lincoln Way EB ¢.5 mi 24 ft
4 lanes between W8S 0.5 mi 24 £t
Duff Avenue and
Grand Avenne
Total 0.5 mi 48 £t

It
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_uﬁqg_grgckiggx(C) and patching (P) are shown in Columns 7-8. The distress
deduction that results from using these values in the present service-
ability equations are indicated in Column 9. The presence of D-cracking
éggregates and the level of severity are indicated in Column 10. Columns
11-12 represent the mean field-measured values for asphaltic concrete
rutting and portlamd cement joint faulting.

Using the LPV and distress deductions values in Egq. (1)}, we obtained
the PSI values for all sections (see Table 8). The test locations are
identifiedrin Columns.l-z of Table 8, the pavement surface type in
Column 3, and the direction of travel and tﬁe lane of the survey in
Column 4, The roughness as measured by the roadmeter in inches per
mile in the 6uter wheel track (OWT), inner wheel tfack {IWT), and their
average value are shown in columns 5~7. The longitudinal profile value
in Column 8.fepresents the roadmeter value, and a deduction is made in
Coluﬁn 9 for tﬁe items identified as distress in Table 7 and used in
the pfesent serviceability equation in Appendix A. The resulting present

Serviceability index value is shown in Column 10.

PASCO Observations

PASCO used ROADRECON-70 to obtain crack and patch values,
ROADRECON-75 to obtain rut depth, and ROADRECON-85B to obtain the rough-
ness values in Sections 1, 2, 3, and 6, whereas ROADRECON-77 was used

in Sections 4, 5, 6, and 7.



Table 8. Iowa present serviceability index values determined with longitudinal profile values

and manunal distress surveys.
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Secw Roughness  Roughress  Roughness P8I
tion Terminug Type Dir: owrt 1wr2 Ave.® LPV  Ded.% PST
1 I-35 BC®  NBY (OSL) 77 77 77 3.87 0.13 3,74
MPS 103~104
NB (ISL) 76 70 73 3.8 0.13 3.85
{Car Counter
Cable Across Road)
2 I-35 PC NB (OSL} 76 74 75 3.93  0.02 3.91
MP 114-115
NB (ISL) 75 73 74 3.6 0.02 3.94
Shoulders AC®  HB 145 2.42 - —
3 I-35 PC SB® (0SL) 78 83 81 3.78  0.41 3.37
MP 114-115
8B (isL) 85 81 83 3.74 D.41 3.33
Shoulders Ac 8B 110 2.7%9  0.00 2.79
4 Dayton Rd. CAC NB 144 137 141 2.66 0.06 2.40
Between
Lincoln VWay BB 137 123 130 2.56 0.06 2.50
and 13th
5 Bayton Rd. PC NB 125 117 121 3.18 0.00 3.18
Between
Lincoln Way $B 140 140 140 2.99  0.00 2.99
and US 30
6 Duff AC NB (OSL)t° 173 131 152 2.38 (.09 2.29
8. 4th ko )
§. 16th
Us 69 NB (IsL)?*?t 129 126 128 2.56 0.09 2.47
SB (OSL) 120 103 112 2.76 0.06 2.70
SB (ISL} 108 103 106 2.85 0.06 2.79
7 Lincoln Way PC £Bt2 (0SL) 190 163 177 2.73  1.00 1.73
Duff to Grand
UsS 69 ES (ISL) 170 159 165 2.81  1.00 1.81
Wpl3 (OSL) 204 184 194 2.63  1.07 1.56
WB (ISL) 186 164 175 2,74 1.07 1.67

‘0uter wheel track
2Ipner wheel track
3Average

Peduction

SMP = Mile post

SPC = Portland cement
’NB = Northbound

8AC = Asphalt

®$B = Southbound

19081 = Quter side lane
t178L = Inner side lane
12gg = Eastbound

13yg = Westbound
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“PASCO Data Collection Procedures

Setting up ROADRECON-70 takes about 20 minutes by two persons.
After the necessary cables are connected, the slit camera is mounted
and the camera boom is extended, adjusted, and secured. Since speeds
below 1.25 mph (2 km/h) causes overexposure of the film,.a running
start is necessary at the beginning of the section as well as at each
stop. A strip on the ground of about 0.3 to 0.4 in. (8 to 9 cm) in
length is blanked out during stops. These films are then sent for
developing,‘printing, and interpretation. Figure 12 shows typical strip
photography by the slit camera.

It takes two persons about 30 minutes to set up ROADRECON-75 (the
pulse camera}. The slit camera is replaced with the pulse camera, the
hairliﬁe projector is mounted, and the camera boom is extended, adjusted,
and secured. The first pulse photo is taken manually to include pavement
markings at the beginnings of the sections. The rest of the photos
are taken automatically at given intervals of pavement travel. Two or
three photographs are taken at the end of each section. The film is
then sent for developing, printing, and plotting of the cross profile.
Figure 13 shows a typical pulse camera photograph ahd Fig. 14 shows a
typical cross profile of the pavement from which rut measurements are
. made.

Assembly time for the ROADRECON-77 is minimal siﬁce the system is
mounted on the survey vehicle. A check of the connections and the
paper feeds, which takes about five minutes, is done before the opera-

tion. The system is started well before the operation, and a mark on
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the paper chart is made manually at the beginning and end of the section.
Thé cassette and the paper chart are sent for computations of the vough-
ness. Figure 15 shows the paper chart of a typical run. The strip
chart is broken into four separate tracing areas 1ongitudina1;y. The
upper trace is used to identify the distance traveled along the top of
the trace area with 0.08 in. (2 cm) along the paper being equal to

8.9 ft (2 m} of travel. The second line of data within the same trace
cis fhe longitudinal profile of the section surveyed. The vertical

scale on the graph is 2.0 in. of roughness per 0.4 in. (10 mm). The
second trace area contains a plot of the speed of the survey vehicle.
Its scale is 6.25 mph {10 km/h) for each 0.4 in. (10 mm) on the vertical
scale. The third trace contains vertical tick marks near the center
that represent the TCR count with each one equal to 0.4 in. (1 cm) of
additional roﬁghness.. The additional information shown in this section
was not usgd in this teét and pertains only to the manufacturer's needs.
The final trace area is used to make notes relative to-particular
problems noted in the survey suqh as the location of intersections or
other special features along the route.

For ROADRECON~85B the mounting of the lasers takes about 10 to 15
min. Checking of proper connections and paper feeds takes another 5 min.
Model 85 utilizes premounted laser units that require no setup time, but
this model was unavailable for the test evaluation. The system is
started well before the operation, and mgrks are made on the paper chart
manually at the beginning and end of each section. The charts and the
cassette tape are sent for computations of the roughness. Figure 16

shows the paper chart of a portion of a section. This chart is laid
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out in a manner $imilar to that used in the ROADRECON-77 example.
Distance is measuréd in the same manner along the top of the chart.
The second line of data on the top traée is the rut depth in this
instance and utilizes a scale of 2.0 in. for each 0:4 in. (10 mim) of
graph vértically. The second tface area uses the same wvértical scale
to desciibe the profile at the left edge of the test véhicle,.aﬁd a
similar condition exists it the third trace to identify the right edge
of the test vehic¢le laser trace of roughness., The fourth trace aréa

is again used for notes on the route features.

PASCO Data

On the first night, July 8, 1986, distress surveys of Séctions 4,
5, 6, and 7 were made with the slit camera on eatch lane. Eleven full
stops at traffic lights were made; however, bécause of muliiple runs,
all gaps produced by stopg were photologged. In order to list £he
suitability of using the "wetting" teéhnique in distress surveys to
detect hairline cracks in new pavement, the northbound lanes of Sec-
tion 6 were watered with dabout 0.044 gal/sq yd (200 cc/mz) of water,
and one pass of photbgraphs was takern an hour and a half after wetting.
Another pass of photographs was taken one hour after the first pass.
The survey of Sections of 4 and 5 was done between the wet iuns on
Section 6.

On the secohd night, distress suirveys and toughnass surveys were

done on Section 1 by ROADRECON-85B (laser). Because of fog, the vehicle
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was stopped once to clean the lens system. Only one pass on Sections
2, 3, and shoulders was done on this night because of foggy conditions.

On the third day, roughness surveys using ROADRECON-77 on Sections
4, 5, 6, and 7 were done during the daytime. The cruising speed of
the vehicle was about 40 km/hr.

On the third night, distress surveys (with the slit camera} and
roughness surveys (with the laser) were completed for Sections 2 and 3.
In the same night the slit camera was replaced with the pulse camera,
and rut surveys for 1, 2, and 3 were done. Because of rain only two
passes on the driving lane (DL) and one pass on the passing lane (PL)
of Section 1 were completed.

On the fourth night, the rut depth surveys were completed for
Section 1. Rut depth surveys were also taken then on Sections 4, 5,

6, and 7.

All the data collected were sent to PASCG's main office in Japan
for processing. The processed data were received during the latter
ﬁart bf August 1986. Table 9 shows a typical evaluation sheet containing
the cracking, patching, rut depth, and MCI data for suﬁsections in
Section 7. The table is designed to meet the needs of the equipment
manufacturer's home country needs and was adapted to thé Towa project.
Information at the top of the table is used to identify the pass number
on ;helsection, the test section number and the lane. The test section
has been broken down into subsections of basically 0.1 mile segments
for the data collection. The succeeding columns that are identified
in English are a record of the amount of cracking, patching, maximum

rut depth, mean rut depth and the standard deviation (8D} value cbtained
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in the PASCO methods of_cpllection. The table also indicates in the
following columns the use of the values to obtain an MCI value used in
the same manner as the Yowa PSI to establish relative condition ratings
betﬁeen highway sections. The results of the survey of each of the
seven sections of highway are shown in Table 16. The values shown in
columns 3-22 represent the MC] values obtained by PASCO on the noted
lane or shoulder. The MCI scale is on the basis of 1-10 in the same
manner as the PSI scale of 1-5 with the highest number being best and

the lowest number being worst.

Comparison of Jowa DOT and PASCO Results

So that the two systems could be compared, it was decided to con-
vert the PASCO results to the scale and units of the Jowa DOT. The
Towa DOT computes the roughness (BPR method) in inches per mile. The

PASCO compﬁtes Sh (mm) or TCR (mm) for each subsection. The 8D or TCR
of each subsection is converted to inches, then summed and divided by
the length of the section in miles to give the roughness in inches per
mile.

Tables 11a and 11b show the comparison. Using information obtained
from the BPR roadmeter and the methodology employed by the PASCO equip~
ment, we compared the SD and TCR values from successive runs. Using
the ROADRECON~77 at 25 mph and ROADRECON-85 at 40 mph, we compared the
results in terms of inches per mile in Table 11la and 11b. Note that
although the TCR wvalues from the ROADRECON-77 are higher than that cor-

relation to the BPR values in the first line, they do provide consistent
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Table 1la. Evaluation of automated data collection equipment for determining pavement condition (data
roughometer and ROADRECON-77} at 25 mph.

table of BFR

Section No. & 5 & 7
Legislative Route Name Dayton Ave. 5. Dayton Ave. 5. Duff Ave. Lincoln Way
Section Length (mile pest) - 0.8 mi 1.01 mi 0.839 mi 0.530 mi
Pavement Type ) Asphalt Concrete Concrete/Asphalt Concrete
Direction North South North South North South West East
Lane ID DRt DR DR . DR DR PaZ DR - PA DR PA DR PA
1. TCR® {in/mile} based on BPR

1st pass : 144 137 127 140 173 129 120 108 204 186 190 17¢
2. 8D?* (mm) based on

ROADRECON 77

ist pass 2.3 2.7 2.5 2.4 4.5 2.9 2.5 2.4 5.8 5.0 5.2 4.1

2nd pass 2.4 -— 2.6 - 4.6 3.1 2.8 2.4 5.6 4.7 ——— 3.8

3rd pass 2.4 2.8 2.6 2.4 4.7 3.2 3.0 2.3 5.8 4.9 5.4 3.8
3. TLR (in/mile) based on

ROADRECON 77

1st pass 161 190 166 163 284 196 170 166 399 388 400 326

2nd pass 168 -—— 172 ——— 287 207 181 169 380 366 -—— 311

3rd pass 163 192 174 161 292 207 198 159 391 381 405 303
&, SD (mm) based on

ROADRECON 858

ist pass - ——— —— ———— 8.5 - 8.1 —-— -—- -— -— -

2nd pass -— -— —— —— 9.0 = 7.5 ——- - — -— -—

3rd pass - ——— — - 8.4 “- 7.3 ——— - - —— -
5. TCR (in/wmile} based on

ROADRECON 85B

ist pass -—— -— -~ -—— 301 - 256 ——— —— - —-— -—

2nd pass ——— ——— - -—- 287 -—- 193 --- “—- - -—— ——-

3rd pass e - - -—— 210 - 170 ——— R - - ——

PR = Driving lane
2PA = Passing lane
3TCR = Total cumulative roughness

430 = Standard deviation {longitudinal roughness)

L5
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values between runs. The same consistency can be seen in the SD wvalues
for this unit. ' A similar set of numbers was obtained for the ROADRECON-
85, but the spread is greater between passes. Examples of the relation-
ship between the RCADRECON units and the BPR are shown graphically in
Appendix €. The correlation between Iowa DOT versus PASCO (77) was
about 0.93; for Towa DOT versus PASCO (85B) it was about 0.84. The
sample is very limited and would indicate additional testing is neces-
sary to verify the total accuracy and repeatability of the ROADRECON-85
unit. The limited sample does indicate the improved results at 40 mph
versus 25 mph testing. The correlation for the laser is low because

of insufficient data and perhaps also because of multiple reflection

of ﬁhe laser beam.

In the Iowa DOT method, rut depths are given as an average (in
inches) for each section. The PASCO results are in means (in milli-
meters) for each subsection. The PASCO results are converted to an
average for each section by taking the mean of subseétion means .

Téble 12 gives the rut depth values for PASCO and Towa DOT methods for
each section. The correlation coefficient is about 0.61 (see Fig. €.5).
The low correlation preabaly results from the‘PASCO system using the
shoulder of the pavement as a reference to measure the rxrut depth whereas
Towa DOT uses a four-foot rod across the rut to measure the dep£h.
Furthermore, the rut depths measured by PASCO are consistently larger
than those measured by Iowa DOT. The ROADRECON unit measures vertical
changes in height across the lane by using the edgeslof the lane as

the reference points. In this way both rutting and shoving of the

material can be identified relative to the pavement edges and the shoulder.
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Table 12. Average rut depth (inches).

Towa
Section PASCO DoT
1 0.22 0.09
2 0.20 0.025
28h? 0.15 0.02
3p2 0.31 0.06
343 0.14 0.02
3PSh 0.70 0.11
3ASh 0.13 0.0
4 0.24 0.105
5 0.24 0.007
6N 0.33 0.15
68° 0.35 0.14
7w 0.20 0.02
7E7 0.18 0.04

Iowa DOT vs PASCO Results:

Number of data = 13

Intercept = +0.0046

t = 2.57 :

Slope = +0.2144

Correlation coefficient r = 0.6137

Goodness of fit r2 = 0.0367

igsh = Shoulder

2p = Portland cement
3A = Asphalt

4N = North

58 = South

®L = East

W = West
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This identifies changes in elevation that‘are overlooked with the four-
fobt straightedge method.

‘The c¢racks in asphalt are given as square feet of cracks per 1000

‘sq ft in the Iowa DOT method, whereas in the PASCO method it is given
as percentage of pavement in each subsection. In order to make the
PASCO values correspond with Iowa DOT values the following methods
were adopted:

1. The areas of cracks were determined from the percentage values.

2. The areas of cracks and subsections were summed to give the
total areas of cracks in the section and total area of the
section. )

3. The total cracked area is divided by the total pavement area
in thousands of square feet surveyed to obtain the area of
cracks in square feet per 1,000 sq ft of pavement area.

For example: Assume that a 1,000-ft by 24-ft pavement is subdivided
into 10 subsections each 100 ft in length. The cracked area in percent
in each subsection is as follows: 10%, 5%, 3%, 10%, 15%, 10%, 10%,
15%, 10%, 5%. The corresponding areas in square feet are 240, 120,
120, 240, 360, 240, 240, 360, 240, and 120 for a total of 2,280 sq ft.
The total pavement area is 1,000 by 24 = 24,000 sq ft. The crackeé
area of.2,280.sq ft is divided by 24,000 sqg ft of pavement area and
then multiplied by 1,000 to obtain the amount of cracked area per 1,000
sq ft of pavement, which is 95 in this example.

In the case of concrete pavement, Iowa DOT gives the cracks in

feet per 1000 sq ft. The PASCO methods give the centimeter of cracks

per square meter of pavement in each section. The PASCO values were

converted to feet of cracks per 1000 sq ft as follows:
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1. The area of each subsection was computed.

2. The centimeters of cracks per square meter in each section
were multiplied by the area of subsection to give the centi-
meters of cracks in that subsection. The centimeters of
cracks in each subsection were then totalled to give the
total length of cracks in that section.

3. The total length in centimeters of cracks was converted to
feet.

4. Theé total area of the section in sgquare meters was converted
to square feet and then divided by 1000 to give the area of
pavement in square feet.

5. The total length in feet of cracks was then divided by
1000 square feet of pavement to give feet of cracks per
1000 square feet.

Table 13 shows the comparison of cracks by the two methods. After
eliminating a possible error in Section 4, the correlation was found
to be 0.32 (see Fig. C.6). The low correlation is probably due to the
fact that the PASCO method included hairline cracks, whereas the Iowa
DOT method used only large cracks visible to ap observer. Again, the
values obtained by PASCO are consistently larger than those obtained
by ITowa DOT.

In the case of patches the Iowa DOT gives the values in square

feet of patches per 1000 square feet, whereas the PASCO method gives

in percentage of total pavement area in each subsection. The PASCO

values are converted to square feet of patches per 1000 square feet,

just as they are in determining the area of cracks in asphalt pavement.

Table 14 shows the patch comparison. After am error in a Section 3

shoulder was eliminated, the correlation was found to be 0.66 (see

Fig. C.7).

[
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Cracks (square feet) per 1000 square feet pavement.

- Towa

Section PASCO DOT

1 9.775 2.275
2 0.25 0.09
28ht 13.5 0
3p2 264.9 12.78
3A3 0.03" 0
3PSh 0.25 0
3ASh 1.36 0

{4 143.4 2751

5 0.25 0
6NAY 329.92 . 24.35
6NP 3.32 24.35
6SAS 290.92 3.64
6SP 8.21 3.64
7wWe 83.69 36.17
7E? 68.57 35.61

Iowa DOT vs PASCO Results:

Number of data = 15

Intercept = +18.1579

Slope = +0.1195

Correlation coefficient
r = 0.2036

Goodness of fit ™ = 0.0414

'sh = Shoulder

2p = Portland cement
3A = Asphalt

4N = North

58 = South

W = West

’E = East

With the bracketed pair omitted:

Number of data = 14
Intercept = +7.3827

Slope = +0.0368
Correlation ceoefficient
r = 0.3235
Goodness of f£it ¥~ = 0.1047
t = 1.18
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Table 14. Area of patches (square feet) per 1000 square feet pavement.

Iowa

Section PASCO Dot

1 14 0.16

2 5 0

28h* 53.75 0

3p? 1 8.05

3A% 7 0

[3PSh 11.25 692.7]

3AS8h 0 0

4 1.7

5 1

6NA4 14.74 12.97

6NP 0.55 12,97

6SAS 5.48 4.42

65F 3.50 4.42

W 63.65 104.20

787 27.31 87.17

Yowa DOT vs PASCO Results: With the bracketed pair omitted:

Number of data = 15 Number of data = 14
Intercept = +51,249 Intercept = +1.146
Slope = +0.754 Slope = +1.099
Correlation coefficient r = 0.083 Correlation coeff%cient_r = 0.660
Goodness of fit r = 0.007 Goodness of fit r = 0.436

t = 3.04

1Sh = Shoulder

2P = Portland cement
3A = Asphalt

4N = North

53 = South

bW = West

7E = East

JEEE—
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' As discussed earlier, the JTowa DOT gives the total evaluation in
P8I (on a scale of 0 to 5) whereas the PASCO gives it in MCI (on a
scale of 0 to 10). Table 15 shows the PSI wversus MCI values., The correla-~

tion between the two is about 0.77 (see Fig. C.8).

. Comparison of Towa DOT Visual Crack and Patch Survey
Versus PASCCQ Survey Method

In an effort tp illustrate the increased accuracy obtained in
crack ana patch surveys by film, a separate test was conducted on
December 19, 1986. A trained crack and patch technician from the lowa
DOT reviewed one lane-mile of Section 7 on film. Adjusting his recorded
measures to four lane-miles for the tést section and compariﬁg them to
g ' the visual tests made in the field at the time of the PASCO evaluation,

he obtained the following results:

Section 7 Field Survey Film Burvey
Number of full cracks 95.5 126
Patched area in sq ft 6,602.0 \ ' 7,860

The differences reflect the increased detail that can be observed on
film at a constant vertical angle énd over & complete project iength
versus one-half mile segment. The significance of the length viewed can
only be measured over time, but it gives a full picture of the site for

detailed rehabilitation planning. This planning ability could result in



Table 15. PSI and MCI linear regression.
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Section - PSI MCI
1 3.74 6.4
3.85 7.3
2 3.94 8.3
3.91 8.1
3 3.37 8.7
3.33 8.5
2.79 8.5
4 2.4 4.9
2.5 5.2
5 2.99 7.8
3.18 8.1
6 2.47 3.6
2.29 3.3
2.70 3.1
2.79 3.7
7 1.56 3.3
1.67 3.4
1.73 4.0
1.81 4.9
Results:
MCI vs PSI
Intercept = ~0.139
Slope = +2.145
Goodness of fit r = 0.579
PSI vs MCI
Intercept = +1.212
Slope = +0.270
Goodness of fit r = 0.579
n=19 r = 0.769
Approximate work time: 1 hr.
R*(n - 2)
t= 2
1 - R

48
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a savings to the state by identifying the size and location of future
spot Qverlays or full depth patches.

The observer was able to view one lane-mile in 30 minutes with no
prior training. Three to five lane-miles per hour average viewing
ability should be attainable after the operator receives one- to two-days
of training in addition to field experience.

The trained observer will provide much better data for statistical
comparison than can be obtained in this small test sample. The increased
objectivity will provide the Department of Transportation with a more
objective rating of pavement conditions across the state and over time
than is possible with seven individual crews of persons operating inde-~
pendently. It will allow the crews to be used for other important
work in the Department and will allow for continual updating of the
system throughout the vear rather than dufing the winter only.

This system represents the next step in the progress toward full
automation of the condition evaluation process. It will prepare the
Department of Tr%nsportation for the use of video film data collection,
laser disk retrieval, and expert system analysis of the data as those
technologies are made available, without any major changes in the data

collection and analysis procedures emﬁloyed by PASCO.
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5. EVALUATION OF RESULTS
General

The MCI values obtained for the first pass and second pass by the
PASCO method agree with each other at a 99% confidence level or better

(see Fig. C.9).

Correlation of Data

Patching and cracking, rut depth, and roughness obtained foxr the
first pass ard second pass by ROADRECON-70, -75, and -77 of the PASCO
meﬁhod agree with each other at a 99% confidence level (Figs. C.10-C.12).
The roughnesses obtained by a first and second pass with ROADRECON~85B
agree with each other at a 95% confidence level (Fig. €.13). Thus, it
can be concluded that the PASCO system can repeat itself satisfactorily
with a 99% confidence level, except in the laser system, which probably
can repeat itself with a 95% confidence level.

The "t" = 4.8 with 17° of freedom indicates that MCI values obtained
by PASCO and PSI values obtained by Iowa DOT correlate well at a 99%
confidence level or better. At "t" >‘2.S the correlation for determining
the rut depth, patching, and roughness by Iowa DOT and PASCO agrees at
95% confidence level or better.

The correlation for determining cracking by ITowa DOT and PASCO methods
gives t = 1.18 with 12° of freedom. This indicates an agreement only at
about the 70% confidence level. This lower level may be due to hairiline

cracks that are included in the PASCO method. Strip photography is
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considered capable of precisely determining the cracks, whereas crack

measurements made by "walking" the pavement are very subjective.

Costs and Productivity

According to the Iowa IOT, the cost of a roughness survey is about
$187 per two-lane mile including $8.43 per two~lane miié for a crack
and patch survey. The cosgt for the PASCO method varies from $150 to
$300 per survey mile depending on the miles surveyed.

The Iowa DOT took five days to perform the survey, whereas PASCO
took four nights and one day to collect the data. The office work
(computation and analysis) by Iowa DOT is fairly simple and fast. The
office work by PASCO is precise and time consuming. It took more than
five weeks for PASCO to give the results, bu£ these included a number
of graphs, plots, photographs, and the like. Even so, PASCO should bé
commended for having completed the WOfk within five weeks,

Two operators and a supervisor were involved in collecting the
data for the PASCO system. Two technicians from Iowa DOT were involved
in collecting the data fér the Iowa DOT method. The computations for
Jowa DOT were done in Ames; Iowa, by qualified engineers. According
to PASCO the computations for PASCO methods were done in Tokyo, Japan,

by qualified engineers and technicians. Trained engineers are needed

to collect the data for the PASCO method, whereas in the Iowa DOT method

the data collection can be done by technicians.

P
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Speed of BData Collection

The speed of data collection was illustrated Ey the manufacturer in
Table 4. The slit camera and pulse camera performed satisfactorily at
both high speed (40 mph) and low speed (25 mph). At complete stops, the
slit camera tended toward overexposure and thus allowed the possibility
of some data loss at traffic lights. The tracking wheel was operated
only at a maximum speed of 40 km/hr (25 mph), whereas the laser was
operated at both high and low speeds. The performance of the laser at

iow speed was slightiy below satisfactory {95%).

Potential Uses of the PASCO System

When the PASCO and Iowa DOT systems are compared, the slit and
pulse cameras of the PASCO system appear to be a definite improvement
over the c¢racking and patching measurement system of the Iowa DOT.
However, implementation of the PASCO system requires the purchase of
expensive equipment (slit camera, pulse camera, automatic film processor,
eﬁlarger with digitizer, comparator or analytical plotter, etc.) and
the training of personnel on the proper use of the equipment.

The tracking wheel of the PASCO system is similar to the BPR method
of the Iowa DOT in that it is a contact device to measure roughness.

However, the tracking wheel, unlike the BPR method, has the facility
.to record the data continuously on a cassette tape and display it od a
paper chart. The evaluation team did not have access to the tapes and

therefore cannot make any comment on its potential use.
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The laser system, a noncontact device, appears not to be fully
developed., Upon its satisfactory development, it has the potential of

replacing the BPR.

Potential Modifications

The PASCO system was evaluated in three different modes:

1. 8lit camera and laser

2. Pulse camera and laser

3. Tracking wheel.
Ideally, the system should allow Simultaneoué operation of the pulse
camera, slit camera, and tracking wheel or laser. Thus, it is recommended
that the PASCO system be modified such that the siit camera is mounted
in front of the vehiclé and the pulse caméra behind the vehicle. This
modification will not only allow simultaneous data collection but will
also help in precisely locating the position of the puise camera exposure.

The data collected on the cassetté tape can only be analyzed by a
computer similar to the one on board the PASCO vehicle. However, if
thié form of storage can be made compatible with a personal computer

such as the IBM PC, then the data can be easily analyzed in the office.

Accuracy of Measurements

When the slit camera is used, any cracks and patches larger than
0.5 in. x 0.5 in. (1 cmz) in area can be easily identified and measured.
However, cracks and patches 0.05 in. (1 mm) wide or wider can also be

easily identified.
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When the pulse camera is used, the rut depth can be plotted with
an éccuracy of 0.5 in. (* 1 mm). However, the control for measuring
the rut depth is subjective.

The tracking wheel caﬁ measure roughness with an accuracy of
0.05 in. (¥ 1 mm). The paper chart, however, is not convenient for
measureﬁent. In addition, while the TCR count on the paper chart is
essential, the data on cassetﬁe tape can be processed later.

The laser can measure roughness with a resolution of 0.01 in.
(0.4 mm). The paper chart in the laser system did not have a TCR count;
as a result, accurate measurement could not be made, manually, on the
paper chart. Since the roughness is required to the nearest inch per
mile, an accuracy of 0.05 in. per measurement may be required; this is

difficult to measure on a paper chart.

PASCO Applications in Jowa

If the PASCO system can be modified so that the pulse camera,
slit camera, and laser are all operational simultanecusly, then PASCO
’could replace the present Iowas DOT system. However the present BPR
method of the Iowa DOT seems to be accurate and efficient. The usé of
the pulée and slit cameras could enhance the Iowa DOT's capability to
monitor accurately cracking, patching, and rutting. Replacement of
the BPFR method by a laser is not indicated until a 1aser.system that

offers satisfactory performance is developed.
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6. MANUAL DISTRESS SURVEY METHODS COMPARISON .

The use of manual methods to assess pavement conditions has progressed
to a great degree because of the emphasis on pavement management and
‘the rehabilitation needs of the highway systems in Iowa and the nation.
The erack and patch survey used by Iowa originated with the famed AASHO
Road Test in the late 1950s. The advent of pavement management systems
and the emphasis on pavement rehabilitation research by the federal
government and the highway industry in the 1970s brought about new
techniques for the measurement of pavement conditions.

Three such manual survey methods were reviewed for their use of
the output of the PASCO ROADRECON systems to provide a source of input
data. They included the following:

1. Highway Pavement Distress Identification Manual for Highway
Condition and Quality of Construction Survey (March 1979)

2. Pavement Condition Rating Guide (September 1985)
3. SHRP/LTPP Identification Manual (September 1986)
The attributes of each method are further described in the following

sections.

Highway Pavement Distress Jdentification Manual [Smith and Darter 1979]

This manual wés produced as part of NCHRP 1~19/DOT-FH~11-9175 to
standardize the identification of the distress types associated with
four types of conventional pavements. The pavement types included
jointed plain concrete, jointed reinforced concrete, asphalt-surfaced

granular or stabilized base, and asphalt overlays of portland cement
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concrete. The distress definitions were developed from an airfield
distress identification manual by Shahin, Darter, and Kohn [1976] and
the "Standard Nomenclature and Definitions for Pavement Components and
Deficiencies" section from Special Report 113, Highway Research Board,
as well as extensive field surveys and discussions with state highway
engineers.

The effectiveness of the plan centered on the use of photos of
actual field pavements to define the types of distress and the levels
of severity. The pictures were used by trained observers of related
field conditions on statistically selected sections to determine net-
work and project level pavement deficiencies. This method of comndition
survey requires the use of trained observers, the manual of pictures,
the subdivision of the construction projects into l-mi test sections

and 0.1-mi sample sections, and a set form to record the data.

Pavement Condition Rating Guide [Zaniewski and Hudson 19851

The guide was a response to the needs of the states for new pro-
cedures to meet the needs of developing pavement management systems
and the needs of the federal government to provide pavement rehabilita-~

tion information to Congress. The Federal Highway Administration imple-

mented the Highway Performance Monitoring System to provide a statistical

sample of the financial needs and current conditions for the nation's
federally supported road system. The guide provided procedures to
assess both pavement condition and serviceability for both network and

project levels.

PR

[
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Photographs were used in the same manner as the Highway Pavement
Distress H#nual ﬁo identify the types and severity levels of each dis-~
tress type without the use of new terminology or evaluation procedures.
The guide provided ways to ;ombine some of the distresses to make the
process of data collection less difficult for inexperienced personnel.
This approach was designed to reduce the time and cost of data collection.
The data were entered on special data forms in the field and collected
by trained crews from sample.sections selected in a manner similar to

that of the Highway Pavement Distress Manual.

A new concept for the calibration of roughness was added in this
manual: measuring the longitudinal profile by mechanical means and
relating it to the present serviceability rating applied by a human
panel. It was based on the work of Carey-Irick from the AASHO rﬁad test.
It combines the theory of ride and distress measurements such as cracks
and patches to describe the serviceability in terms that the vehicle
operator would use. Combinations of distress types and use of photographs
provide a more detailed method of condition surveying and at the same

time reduce the time and cost of the work,

Distress Identification Mapual for the Long-Term Pavement Performance
(LTPP) Studies [Smith et al. 1986]

The manual was developed for the Long~Term Pavement Performance
(LTPP), Asphalt Characteristics, Maintenance Cost Effectiveness, and
Cement and Concrete Studies emphasis areas of the Strategic Highway
Research Program (SHRP). The format for the data collection was based

on the results of pilot data collection efforts by eight states
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including Iowa. The actwal plan was developed as part of the tramnsition
plan for SHRP from the pilot study activities to the LTPP effort for
the nationwide data collection over the planned 20-year period.

The objectives of this manual include improving the définitions,
improving identification procedures, and establishing severity levels
for the various distress types. The manual’s primary purposes are to
develop a uniform basis for the collection of distress data during the
LTPP effort and to form an international data base for evaluating and
understanding pavement performance on a consistent basis.

Four basic types of pavement--including asphaltic concrete, jointed
plain concrete, jointed reinforced concrete, and continuously feinforced
concrete--are measured for condition. The asphalt surfaces include
overlays of portland cement, and the concrete pavements include bonded
and unbonded overlays of portland cement. The manual relies heavily

on the Highway Pavement Distress Ydentification Manuwal for Highway

Condition and Quality of Construction Survey for the asphalt-surfaced

pavement distresses, and on the Portland Cement Concrete Pavement

Evaluation System {COPES), NCHRP Report No. 277, for the concrete-

surfaced pavement distresses. Pavement distress types and severity

levels are again established by using photographic references and

trained observers.

This report includes references to future enhancements, not shown
in the other reports, to the data collection effort by using high~speed
photography and electronic measuring techniques. The report anticipates
the use of laser disk storage/retrie§31 of data and the use of equipment

such as the ROADRECON camera system or video cameras to provide improved

R
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resolution for distress measurement. Measurement of the distresses noted
would be accomplished by the use of wvideo monitors with superimposed grids
for trained operator analysis. The report notes that some of the distresses

will not be measurable through photographs; alternate methods, as yet

unidentified, will be required.

Manual Method Comparison

Each of these reports identifies methods of data collection for a
particular purpose. They do contain certain common elements. Each
method uses photographs and verbal means to define the type of distress
and the level of severity. Definitions of distress are basically the
same in each of the manuals, and the differences occur only in the mag-
nitude of the physical measurement defining severity. Currently, each
method can be used in a manual analysis with specially developed survey
forms and trained observer teams. The field data can then be coded
for electronic data entry and analysis. The majorit& of distress types
are applicable to the use of high-speed photography where the extent
of distress is measured in units of area or length. Ttems such as
rutting, bleeding, and lane«to~shouider edge dropoffs on asphaltic
concrete pavements are not considered applicable to photographic analysis
in the reports. Similar statements can be made about the faulting and

lape~to~shoulder dropoffs and separations in portland cement concrete

pavements.
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ROADRECON Application

The ROADRECON series is applicable for measuring each of the items
shown in the manuals where identification involves a measure of the
presence or absence of the distress, a measure of the area covered by
the distress, or the length of the particular distress.

The use of the artificial light source allows the ROADRECON eguipment
to provide an adequate view of the bleeding in asphalt to show the extent
of the area covered.

The use of the pulse camera provides a:measure of the amount of
rutting by using the pavement edges as reference points. In this way
the actual amounts of heaving and rutfing can be measured. The results
will not match the manual methods where only a four-foot straight edge
is used, because of the heaving effect at the center of the lane. The
ROADRECON method provides a more accurate way of measuring the actual
cross section of the road and a better understanding of the reasons
behind movement in the section ovér time.

Lane-to-shoulder dropoff dimensions can be obtained by use of the

slit camera and operation on either the shoulder or the driving laﬁe
of the pavement. The phétograpﬁ of the lane-shoulder area can be used
to measure the dropoff and the presence or absence of a separation.

The ROADRECON system has the ability to measure faulting through
the use of the lasers mounted in the longitudinal peosition. 1In this
position, the longitudinal profile could be used to indicate the relative
position of Lhe slabs at Lhe joints. That particular aspect ol the

eguipment wag not evaluated in this study.

e 7
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ROADRECON equipment is capable of measuring the width of cracks
and lane shoulder separations through the enlargement of the photographs.
Each of the manual methéds includes severity threshold measures of
cracks of either one-quarter or one-half-inch width. This type of
measure from the fiims requires enlargement of the area for manual
measurement with the grid overlay or mechanical measurement of the
enlarged area by the computer.

Constant light source intensity and night operations are extra
advantageé of the ROADRECON system. The film can be analyzed by use
of a grid overlay to measure the extent of the distress over the entire
road section father than a sample section. The successive runs over
the same sections with the use of physical milemarker references can
provide a measure of the rate of distress development of various types.
This has been difficult to do with conventiogal photographs and sample
areas because of the angle of the light source and the location of the
area on the actual highway. The results provide detailed information

on the amount and location o¢f wvarious types of rehabilitation needs.
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7. CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The evalugtion shows that the PASCO method and equipment can pro-
vide not only the same level of information provided by current Iowa
DOT methods but also can improve on the quality, amount, and use of the
resulting data. The MCI values obtained with the PASCO equipment agree
with the Iowa DOT PSI results for the test sections within the 95%
confidence level when the wheel device for measuring 1ongitudinal profile
is used. Similar results are shown for the use of the photographic
equipment to measure rut depth and patching.

Repeatability of performance in each of the measurements on suc-
cessive runs over the test sections resulted in a 99% confidence level
attainﬁent for all items except the laser measurements, which resulted
in a 95% confidence level. The accuracy of laser measurements can be
impro%éd by the use of compute; analysis.

It is difficult at best to compare statistically subjective versus
objective data measuremeﬁts regarding pavement condition ratings.
Without bias for validity of either method, the PASCO and Towa DOT
crack measurements were compared. Test results indicate that the corre~
lation for the craéking measurements between the two methods is in the
70% confidence level. This is due to the ability of the PASCO unit to
measure all cracks in the test section rather than the smaller DOT one-
half-mile sample section, to observe the site vertically under constant
light, and to characterize the cracks into distress types and sizes for

the measure of severity. ZEnlarging the sample area and improving the
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measurement precision represents an enbancement over current lowa DOT
methods .

The confidence levels reached in the comparison and repeatability
of measurements between methods are sufficient at the 95%-99% levelﬁ
to meet the needs of the Iowa DOT. The variations in the rut depth,
cracking, and laser measurements are éué to the increased accuracy of
meagurement in the PASCO unit and will improve the JTowa DOT data as a
resglt of the repeatability confidence levels attained.

The costs of data Coligction and anélysis for the two methoﬁs are
nearly egual when sufficient volumes qf rcad miles are analyzed in the
test year. The DOT costs for collection and gnalysis of the ride,
rut, and Craék and patch data range from $98 to 318? per two-lane mile
depending on the number of crack and patch surveys conducted. The
?A&CO figures for the same work indicate that the costs are estimated

to range from $150 to $300 per'two—lage mile depending on the volume

of business. When assuming that all the items of data could be conducted

on 5,000 miles of road in Iowa annually, it appears to be quite possible

that the work could be accomplished for $125 to $1530 per twe-lane mile.
This would be an enhancement over the current goal of providing ride
data on one~third (3,300) of the miles annually and crack and patch

data on one-half of the system annually.

Rate of data collection is difficult to evaluate for a small number

of test sections. Normal operations of both the PASCO and DOT units
are designed for continuous operation. The limited scope of work in
this evaluation indicates that the PASCO organization operating with

one unit and twe to three operators can gather data equally as fast or

ST



85

" faster than the DOT using five wvehicles and three to six persons to
perform‘the two operations. The ability to operate in traffic with

one vehicle versus several and with no personnel performing work on the
pavement surface is an advantage in tgrms of safety. The ability of
the PASCO unit to operaie at night provides an additional benefit in
its ability to maintain a constant speed through municipalities during
data collection, because with night traffic conditions interference is
reducéd.

The current disadvantage in the PASCO analysis involves.the reduction
of the film data to usable reports. The work is accomplished by traineﬂ
personnel in Japan and consumes three to five ﬁeeks. DOT analysis is
accomplished in a matter of days at the central office via direct entry
of much of the data frém field terminals.

The cost of data collection and analysis for the two methods is
nearly equal when sufficient volumes of road miles are used in the
test vear. The DOT cost for collection énd editing of the ride, rut,
.and crack and patch data ranges from 598 to $187 per two-lane mile,
depending on the number of craék and patch surveys conducted. PASCO
has estimated the following leasing costs to provide similar two-lane
information:

1. Longitudinal profile computer tape or paper prints:. $30 per
two~lane mile {ROADRECON-77 or 85)

2. Rut~depth strip photo negatives: $50 per two-lane mile
{ROADRECON-T75)

.3. Crack and patch strip photos (ROADRECON-70): negatives $110
per two-lane mile; positives $130 per two-lane mile.
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Prices are based on collecting data on 150 lane-miles pei night
of operation. Assuming that positive photos are necessary for analysis
in Iowa, the data collection costs would be $220 per two-lane mile
(130 + 60 est. + 30) to obtain PASCO services. PASCO estimated $200
per two-lapne mile if negatives are used and indicated that a reduction
of Up to $20 per two-lane milé was possible for volume work. If we
agsunie an eight-hour collection time and AO mph average speed including
downtitie to chahge film; some 320 lare miles can be filmed per night.
If 50 mph were dttained as the manufacturer attests, 400 lane-miles can
be covered. If 350 lane-miles are covéred includihg meal stops, this
is oVver twice the base mileage and should result in a savings of 10%-15%
to the state. At a 15% savingé (0.85 X $220) the currént Towa method
and the PASCO method are nearly egual in cost, exclnding any data
anaiysis. |

PASCO provided data reduction to anp MCI value with special reports
for this study. Iowa does not compute an MCI; only a PSI including rut,
crack and patch values, and profile values. PASCO has estimated the
following costs t¢ provide MCI reports:

1. Cracking dred: $70 per two-lane mile

2. Rutting averages by lane over the length of the section: $40
per two-lane mile

3. Longitudinal profile reduction: $20 per two-lane mile.
In total this equals $130 per two-lane mile.

Consideration of analysis costs with PASCO data (at a ﬁinimum) pro-
vides Iowa with two new options. Both involve the use of a trained

observer to analyze the data as a quality control on the field data
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collection and to provide uniformity of results. This observer would
become an‘éxpert in the evaluation of the condition of the pavement
system for the Qevelopment of performance prediction models.

Assuming a tedhniéian is emploved either full or part time on film
review, we considered two strategies. The first assumes data collection
“on one-half of the primary road system annually (5,000 two-lane miles),
use of the current one-half mile per ﬁroject £est sections for distress
review measurements, and a three-lane mile per hour vie%ing rate. The
‘second considers continuous viewing at the same rate over the complete
section and with a full-time position is limited to 3,000 two-lane
miles per year of data collection. Each assumes costs for the trained
observer and the cost of video laser disks. The costs of transferring
the film data to disk and the plavback equipment are assumed to be
covered by a separate_reéearch project; ‘Alternative one will add
approximateiy 82 per two-lane mile and alternative two will add §11
per two-lane mile to Iowa's total cost. For less than a one percent
increase in costs, Iowa could use the PASCO system and its own improved
lanalysis to improve.the accuracy and repeatability of pavement
management data.

The siit and pulse cameras performed_well at speeds ranging from
25 mph to 55 mph. Minimal overexposure of film from thé slit camera was
encountered when the unit was stopped at a traffic signal. The factor
limiting the speed of travel in the evaluation is the measure of longi-
tudinal profile and the route speed limits. We were able to test suc-

~cessfully the tracking wheel system to a maximum range of 40 mph. The
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laser system was tested successfully at both urban speeds of 25 mph and
rural speeds of 55 mph.

Both methods of measurement that were evaluated experienced no
mechanical difficulties and only minutes of setup time to prépare for
data collection.

The slit camera was able to measure accurateiy.cracks 0.065 inchés
wide.and patches 0.5 in.2 or larger. Tracking wheel roughness ﬁeasuré;
ments were made with an accuracy of *®0.05 inches, while the laser is
capable of measuring to *0.01 inch. This represents an enhancement over
the current accuracy of an inch in the DOT measurenents.

The PASCO system represents a way of mechanizing the data collection
process for the DOT at an affordable price and without sacrificing the
historical data collected by current méthods. It provides an oppo;tunity
to free field and office personnel from crack and patch surveys for
other more urgent duties. It also servés as a transition process to
move from manual meéthods of data collection and analysis to automated
objective data collection and a single, trained-observer analysis of
pavement distress. The goal of automated collection is to use computer
analysis of the pavement condition with gquality control provided by the
pavement management staff. This in turn will assis; the DOT in remOQing
much of the subjectivity from the condition analysis and in impréving
the objectivity of the information provided to top management for pave-

ment rehabilitation decisions.
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Recommendations

The‘DOT should invesﬁigate the feasibility of obtaining the PASCO
equipment or services and the establishment of a program to begin
using‘the method to obtain and analyze the pavement condition of
the primary highway system.

?ASCO should investigate the possibility of providing the following
_ sexrvices inlconjunction with their present equipment:

a, Videotaped alternatives to the current 35-mm film systems.

b. Laser disc data storage to provide instant playback of the
data.

c. Film reduction and analysis operations in the state in which
the data is collected or at the New Jersey facility to reduce
time delays.

d. Provision of onboard, IBM micro«computer«compatible, editing
capabilities.

PASCQ should outfit the unit with the slit camera, pulse camera,
and the laser equipment for simgltaneous data collection capability
and ecénomical.operation. The tracking wheel sensor‘is an option
but limitg the speed of operation. Disk storage for the data and
computer analysig of the rgsults to use the *0.0l-inch accuracy
possible should also be provided.

PASCO should‘continue the development of the laser measurement
syétems to provide ride data collection at highway speeds in order
to repeat the effect‘identified by the vehicle operator.

Additional research has been identified:

a. Evaluation of the pulse camera accuracy in measurement of the
rut depth versus conventional measurements.
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b. Evaluation of theé laser system against other methods of measuring
longitudinal profile.

¢. Comparison of the capabilities of the slit camera versus the use
of video cameras in the measurement of pavement surface distress.

Potential Uses of PASCO

The PASCO system offers potential for use at threé ieveis bf‘govern-
ment.. The first application is with the consultiﬁg firms in thé analysis
of county and city pavéments for rehabilitation projects. One pass of
the full ROADRECON system can gather both wisual and numerical data on
which to base design decisions.

At the state level the system provides the bridge between the use
of manual methods, which employ various levels of subjectivity, and the
useé . of fully automated, objective review of pavement condition for re-
habilitation decisions. It allows thé existing persbnnel to be diverted
from survey work to more important tasks. In Iowa it can be used not
only for pavement management inventory'taﬁks'buﬁ also for‘anaiﬁéis of
detours and construction haul routes béfore'and after use. 1In addition,
it can provide visual and numerical information for the design of
project plans for detailed pavement reﬁabilitation.

In Towa, the PASCO unit can sérverto replace several outdated
pieces of equipment currently used to ﬁonitér pavement condition.
Increased efficiency in data collection.and reliable repeatability of
data are available iﬁ.thé PASCO unit. This unit would also éerve to
provide a replacement for the photologging van if an additional camera

could be mounted with a forward view of the roadway. This additional

e

U
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camera would provide a view of the pavement and road environment
similtaneously to answer both safety and design questions, and at the
same time it would reduce the number of personnel required to obtain

the data.
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APPENDIX A: DESCRIPIION OF DOT SYSTEMS




Seope

Test Method No. Icowa 1001-A
May 1970

IOWA 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 a measure at
20 mileg per pour with summation of one way
mnovement of standard towed traller buillt in
accordance to plans originally drawn by the

Bureau

of Public Roads Administration in

1941, and revised at various later dates.

Procedure

A. Apparatus

Towing vehicle with accurate tach-
ometer for speed control.

Rougheometer traliler conslsting of a
frame, integrator, and & standard
6.70-15" automobile tire. :

Electrical components.

Revolution counters in towing unit.

Integral counter on vertical move-
ment.,

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

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

B. Test Record Forns

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

For Laboratory final report, the
form is labeled Road Roughness
Report.

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 1f needed.

The entire unit must be warmed up
prior to testing a pavement section
for roughness, Check tire inflation
(27 p.s.i.) bvefore and after warm-
up pericd. The wamrm-up period con-
slsts of towing the unit at a speed
of 30 mph. for a distance of approx-
imately 10 miles with the counters
turned 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 wvehicle far enough from the
beginning of the section to safely
accelerate the vehicle to 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 tracks
during the actual test run, by
switching the master switeh off
and on at the proper times.

Puring the run through the project,
the predetermined sections within
the project are checked by the re-
corder, switching from one get of
counters to ancther, when the revo-
lution counter shows the proper
interval., The usual normal section
length is predetermined by the foll-
owing rule:



No. of Revolu- Appropriate

No. of Miles tions in Sec~ Chosen Int-

in Project tions (*) erval (Mi.)
Less than 2.0 186 1/4
2.0 to 5.0 372 /2
Greater than

5.0 Thi 1

* Note: Based on present calibrated rate of

B.
1.

tegt tire revolutions per measured
mile with 27 p.s.1. tire pressurs.

The above rule is followed unless a
special reguest is made to have the
reading units changed on a certain
preoject, or by the recorder noticlng
an exceptionally rough section that
he wishes to isclate in the notes,

or report as a special section.

Keep the units in each two lane road-
way identical as to stationing from
beginning to end of section.

Reporting Results

The field work sheet provides places
to note the project number, contrac-
tor, actual number of miles in proj-
ect, weather condltions, description
of location and the tested section

itself. Testing personnel are re-

ported along with visiting personnel
riding as observers. Starting loca-
tions are recorded with readings and
section lengths. The remarks column

ig uged to help describe any special
eventg, conditions, ete.

Fig., 1
Roughometer in Towing Position
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E.

1.

.

1.

Normal Check Calibrations

Precautions

Test Method No. Iowa 1001-A
May 1970 I

Each year all the bearings on the
traller unit including spring
bearings are to be cleaned, checked
regreaged and renewed as regquired. ‘
The tlre 1s alsgo to be checked for
roundness to .010" maximum variation.
The center of percussion is checked |
on unit, and adjusted by changing !
balance weights on frame if necesg- '
ary.

Before each week of operation, a ;
check cover standard measured

courses is made to determine 1T
counters, integrators and dash pots
are performing properly. If at any
time during the weeks work the oper-
ator feelg that the results are not
correct, an extra check may be made

The Resident or County Engineer
must be notified before arriving on l
his project for testing, so that he '
may have the work readied for test-
ing, and to arrange for any observ-
ers to accompany the testing crew. J

Temperatures below freezing may
affect the integrator by reducing z
its sensitivity to slip and grab

in its check of siight movements,

Fig. 2
Close-up of Roughometer
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Test Method No. Iowa 1002-B
March 1976

TOWA DEPARTMENT OF TRANSPORTATION
HIGHWAY DIVISION

Office of Materilals

METHOD OF DETERMINATION OF LONGITUDINAL
PROFILE VALUE USING THE IJK RIDE INDICATCOR

Scope

This testing method is used to detemrmine
the Longitudinal Profile value (LPV)
using the IJK Ride Indicator. The Longi-
tudinal Profile value is used to deter-
mine the Present Serviceability Index
(P.8.1.), a concept developed by the
American Association of State Highway
Officials (AASHO)} Road Test. It (P.8.I.)
is used ag an indicator of the ability of
a pavement to gerve the traveling public
and as an objective method of highway
evaluation.

The IJK (lowa-Johannsen~Kirk) Ride Indi-
cator was developed by the Jowa Depariment
of Transportation Materials Laboratory.
Procedure
A. Apparatus
1, IJK Ride Indicater (An electro-
mechanical device mounted on the
differential of a standard auto-
mobile) (Fig. 1 to 4).
2. Tire pressure gauge.

3. Poxrtable calculator.

B. Test Record Forms and Section iden-
tification

1. lLongitudinal Profile value Work-
sheet (Feorm 921).

2. Final Report (Porms 915 or 922}.

3. "Test Sections by Milepost® booklet.

4, Correlation Table (Longitudinal
Profile value vs. Sum/Length for
testing unit).

¢. Personnel

1, Two personnel are regquired. One is
agsigned to drive while the other

D.

1.

B.

operates the counters and makes calcu-
lations.

Correlaticn

The Longitudinal Profile value is de-
rived from equations of the AASHO Road
Test using a correliation between the
CHLOE Profilometer and the IJK Ride
Indicator. The CHLOE is used as a cor-
relation standard because it is not
affected by possible changes in suspen-
sion but primarily is dependent only on
proper electrical operation. - The rela-
tionship between the CHLOE and the IJK
Ride Indicator iz determined through a
computer program by the least square
parabolic method (Y=CX24MX+R),

Test Procedure

Drive the test vehicle at least 10 miles
before beginning testing.

Operate the vehicle in a careful, legal,
conscientious manner.

Be sure the IJK unit is accurateiy zeroed
before mounting on the vehicle,

Be sure the dampening fluid level is cor-
ract. This should be checked weekly
during continuous operation.

During continuous testing, the unit should
he tested on eight conveniently close cor-
relation sections weekly to verify proper
operation. .

Wwhen ready to begin testing, disengage
the IFK arm lock.

gtart the test vehicle far enocugh from

the beginning of the test section to

ingure adequate distance for acceleration
to the standard test speed of 50 MPH.

Turn the main switch to the "ON" pesition
as the rear wheels pass the start of the
test section. It is turned off in the same
position at the end of the section.
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11.

12.

F.

G.

1.

He.
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Turn the main switch off while cros-
sing railroad tracks and bridges
{including approaches}. This length
and roughness counts are electrically
omitted.

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

Record the counter values and calou-
late the sum/L.

1f there is some reason to indicate
possible erroneous data a repeat

run should be made, Vvalid runs are
expected to check within 1% of each
other. )

Using the sSum/L, obtain the proper
Longitudinal Profile value from the
table to the c¢losest 0,05 (3.95,
4,15 etc.}.

Precautions

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

Be . dure o engageé thée IJK armm lock
when not testing.

Keep the vehicle in a neat orderly
cdonditions

Have the automobile serviced at the
proper interval.

Calculations for Longitudinal Profile
value :

BEnter the necessary descriptive data

in the heading porticn of the LPV
worksheet. The method of calculation
is as follows: the summation of counts
from counter no., 1 x 1, counter no., 2

x 2, counter no. 3 ®x 3, ete.  These
products are totaled and divided by the
tegted length (in milés) to obtain the
Sum/L. This sum/length is then used

to find the Longitudinal Profile value
from the correiation table.

Reporting Results

The final report for all testing uses
the same data that was necessary for
the worksheet. Form 915 is used for
county inventory testing and Form 922
is used for testing individual pro-
jects. A deduction for cracking,
patching and rut depth is used (from

Test Method No. Icowa 1002-B
March 1976

the most recent survey) to yield a
Present Serviceability Index.
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The IJK Ride Indicator vehicle

showing
Switches and Electrical Coun-

floor of the automobile.

The IJK Ride Indicator Control Conscle,

Visual Indicators,

ters on the
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Fig. 3

The IJX Ride Indicator Sensing Unit

Fig. 4

The IJK Ride Indicator Sensing Unit with Cover as
Mounted on the Rear Differential Housing of the
Vehicle ’
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March 1976
CORRELATION TABLE

IJK RIDE INDICATCR UNIT E

JULY 1975

SUM/LENGTH SUM/LERGTH ‘ SUM/LENGTL

LoV AC pC LEV AL pe LPV AE/ pz?

o 0.000 33770 29785 2,000 Lhyn 74623 4,190 £32 . 6gs

a N.025 12482 20283 2,025 &L360 6886 4,175 &R} 452
: 0,050 1R159 28790 2,050 4277 B75) 4,057 460 - 920
§.075 17863 28304 2,075 41RS [ 4, "75 4a0 . 889

0,108 17566 27825 2,100 4inn Anag 4,130 %329 853

0.125 17276- 27355 2,125  &h1A 6357 4,125 41 828

0.150 16961 26391 2,150 3933 8231 4,15% 332 709

G.175 16710 28435 2,175 3852 6196 4,175 364 770

0,200 164533 23987 2.200 3772 S8Ry W, 200 346 742

0.225 16140 25545 2.225  38A3 52463 L,215 12¢ 715

$.750 15803 25111 2.250 361§ STu4 4,250 311 5E8

. 0.275 15628 24684 2,275 383% S628 . gy 275 204 661

0.300 15367 24763 2,300 3u6hL 5513 5,329 217 635

0,325 15110 23849 2.325% 3391 5400 6.325. 251 §19

6.350  1ufsf 23441 2,350 3318 529% 4,359 245 58S

0.375 146ng 23441 2.%37% 3247 5181 4.375 239 541

n.u0n  1u36y 226486 2.408 3176 5473 4,697 1% 55

§_h35 18121 22258 2,428 3107 4ag8 4, L25 2597 518

0,450 13R85 21476 2,450 3039 4RR4 L, 450 136 192

0,475 131650  2L54¢ 2,475 297% 4782 LohT5 112 470

n.5008 13470 21130 2,500 2e7 [Y:1:¥4 5,570 158 1'%

: 6,525 13193 20766 2.525 2842 L4563 4.52% 145 427
b N850 12869 20607 .55 277%  Lag7 4,559 132 LOo7
E ‘ G.575 12741 20055 2.575 2716 4371 4.575 113 387
i : 0.600 12532 19708 2.6B0 2655 4278 4,600 107 157
0.625 12318 19366 2.625 2594 4186 4. £25 1N 3L

0,650 12107 19030 2,650 2535 4095 4,650 83 329

©8.675 11908 18700 2,R75 2477 - w096 4. £75 . T 311

0,700 11606 18374 2,708 2ul% 3119 4,750 &9 2493

4,725 11445  180%% 2.72% 2363 1833 8,728 %9 275

§.750 11267 17739 2,150 2307 373 4,759 38 258

0.775 11102 17428 2,775 2253 3665 L.775 27 242

a.800 10918 17124 2.800 1187 3581 4,800 17 225

0,825 10721 16824 2,825 2186 3503 4,825 7 210

N.850 10534 15529 2,850 2095 Zaly 4, 850 1 19

0,275 10351 16238 2,875 2066 3547 6,275 174

0,400 10170 15952 2.900 1994 3270 4.9 164
0.925  as4z 15670 2.925 1044 3196 4,925 159 -

0,950 9817 15393 2.950 1396 3127 4. 059 135

£.975  9ARs 15121 2.475 1849 3650 L,975% 122

1,000 .- 475 1uBs53 3,000 1802 2%/ 5,033 119

.o 1025 axg  1hses 3.025 1756 200% $.025 ag

) 1,880 alal 14326 3,050 1711 2840 5.059 gk

1.A75 821 14074 3,075 1667 2773 . 5.075 71

1,169 gn2l 15822 3,100 1624 2747 5,100 54

1.176 8RG3- 13575 3,125 1501 2642 5,125 ug

1,150 gs5ae 13332 3,150 1839 2578 5,157 15

1.175 8356 13093 5.175  1kA3 2518 5,175 25

1,200 8266 12856 3,260 1458 2454 4,700 1%

1,725 &A5% 12635 3,725 1s1% 0 2333 5.225% 4

1,366 7912 12316 3,250 1379 2334
1,275 1769 12172 3,275 1361 2178
1.300 TR2% 11951 3,300 1393 2218
1.325 7489 1173n 3,325 1267 2162
1.350 7353 11520 3,350 1231 2167
1.375 7217 11349 3.375 11895 2052
1.500 1024 11182 3,400 1160 1ean
i,?zg £453 %g?gg 3,425 1126 1947
RS 6272 i !
ST L S I 0
1,500 RSPy 10307 3,590 1028 179k
1.52¢ Ah3: 10116 3.625% 994 1748
1.850 A134 6028 3.55n 965 1760
1.575 621 ﬂzhh 3.576 35 1653
1,600  RAAL 9562 X 90
1.625 5870 9383 g.ggg 872 i?:g
© 1650 3865 9207 3,650 Bu7 1519
1,675 5753 9034 3,675 811 147S
1,700 BLeY BAGY 3700 791 1433
1,725 583n  8hn§ 3,725 764 1371
1.750 54728 8531 3750 738 115%
1,775 5323 8369 3,775 717 1311
1,806 5230 8209 3,800 RET 1272
. 1.825 5113 8082 3.825 662 1233
1,850  5n1R 7898 3.850 637  1149%
1.875% 919 7746 31,875 614 115¢%
1.990  wg22 7547 3,900 598 1123
1.925 4727 7450 3,925 567 1087
1,950 %833 7305 ¥ gfg 545 1857
1,475 4S540 7163 3,975 523 1018
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Form 921

IoWa DEPARTMENT OF TRANSPORTATION
HIGHWAY DIVISION
OFFICE OF MATERIALS

Unit £§ Worksheet
Road No, I"'35 County L , _Lab. No. Lv__

1062-B

Year DBuilt Da Tested Date RspOrted
contractor 4 Tt

L " pr J t No. 1
o ojec I]ﬁ,i‘j&:/ﬁy@

"

Weather [’ _ .
. Spee est Personnel

Temp. q1 F.
_Surface_ o
S P . gx. D.0- o6
BHE : W0 :
Length . 92 ' = L '
. I
2
) o
4 P
5 —
£ e e
7 e
.8 - - -
9 —
10
Sum ] . BE—
Sum/L — sy M o
LBV — e e
C.54 5.T, $.T. Do
End End
Start Start
Lergth Length
pDeduct Deduct
Length Length
] 1
2 . 2 N . _—
3 3
a T - =
K o T ) ) '
6 6 o
7 ) 7
3 8 o
9 - g R - o
o P ____..,._ —
Sum e — Csum o . o
Sum/L —_— sum/n, T ......__. —
RMRY e R e RMRV - S —
Note ~
S.T = ‘urface Tvpe Do o= Dircction




104

Test Method No. Iowa 1002-B
'~ March 1976 Road Meter
TOWA DEDPARTH INT OF TRANSPORTATION County
HIGHHAY DIVISION oM. Mcgaszey
OFFICH OF MATERIALS V.R. Snyder (2)

1976  present Serviceability Index Summary for Jones  County ( 53 )

Date Reported 3-16-76 Lab. No. Lv6-44 to 57
Lab. Peginning Ending road  Length  Surface D;r. ﬁﬁﬁ%i%gdlﬁalWinter 75-76  present
NG, Milepost Milepost Mo, {Miles) Type Lane Valueof Ded., for Sexrvice-
V- ' : March Cracking ability
‘ 1976 ratching Index
44 20.77 22.24  US 151  1.47 AC EB 3.70 .05 3.65
' : L ' W5 3.70 .05 3.65
45 22.24 .27.34  US 151 5.10 - AC EB 3.65 .10 3.55
' . WB 3,65 .10 3.55
46 27.34 37.61 US 151  {5.58) AC EB 3.55 .05 3.50
WB 3.60 .05 3.55
(4.26) PC. EB 3.30 .15 3.15
WB 3.50 .15 3.35
47 38.69 48,07 US 151  (6.68) AC EB 3.55 .05 3.50
_ WB 3.55 .05 : 3.50
(2.52) PC EB 3.35 .10 3.25
WB 3.25 .10 3.15
48 0.00 21.22 IA 64 . (14.47) AC EB 3.15 .00 3.15
: WB 3.20 .00 3.20
(5.16) PC- EB 3.25 .70 2.55
: WB 3.25 .70 2.55
49 115.78 119.25 1A 1 3.47 AC NB . 3.0% .35 2.70
‘ SB 3.310 .35 2.75
50 39,10 42.44 1A 38 3,34 AC NB 4.00 .00 4.00
_ S SB 3.95 .00 _ 3,95
51 43,45 47.81 IA 38 4,36 AC NB 3,55 .10 3,45
o , SB 3.50 .10 3.40
52 506.01 ©  53.39 IA 38 3.38 AC NB 3.55 .00 3.55
SB 3.55 .00 3.55
53 53.39 63.50 IA 38 10.11 AC NB 4.00 .00 4.00
: ‘ _ ' SB 4.00 .00 4.00
54 65.11 68,41 TIA 38 3.30 BC NB 4,05 .00 4.05
: SB 4.05 .00 4,05
55 43,16 53,42 IA 136  10.26 AC NB 3.85 .00 3.85
sB 3.85 .00 3.85
56 . 54.79 58,39 IA 136 3.60 AC NB 3.75 .05 3.70
' o SB 3.80 .05 3.75
57 58.39 72,04 IA 136  13.65 AC NB 3.90 .00 3.90
SB 3.95 . .00 3.95

Deductions for cracking and patching were caloulated on a 2 lane roadway basis,

{Length) indicates tested length on an AC/PC section
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TOW? STATE HIGHWAY COMMISSION

Materials

Department

METHOD OF DETERMINATION OF LONGITUDINAL

PROFILE VALUE BY MEANS OF THE CHLOE PROFILOMETER

Scope

This method is used to determine the
Longitudinal Profile Value (LFPV) of pave-
ment by the CHLOE Profilometer., The test
is conducted at 5 mph, while obtaining the
summation of a value Y&i% which can be re-
lated %o the slope of thé pavement and
“that of -the square of Y 4y, where i = 1,2,3
++oN, and N is the tota£ Aumber of points
at 6-inch intervals. The values of N, Vi,
and Yi<, are used to determine the CHLOE
Slope Variance (CSV), Road Test System Slope
Variance (SV), and the Longitudinal Profile
Value (LPV).

Procedure
A, Apparatus
1. CHLOE Profilometer

a, Electronic Computer Indicator
(Fig. 1).

B. CHLOE trailer section (Fig. 2).
2. Towlng and transporting vehiclie.

3. S8afety support vehicles as needed
to insure safe operation.

B. Test Record Form

Use work sheet "LPV for PC or AC
Pavement” for recording fileld
measurements,

C, General Procedure
1. Calibration Procedure

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

b, The roller contact, switeh plate,
and electronic computer indicator
should be checked before beginning
the road test. Anytime the data
appears to be in error a check
should be made and if an error
1s verified the malfunction
should be corrected. The pro-
cedure for checking is as follows:
First turn the electric eye
switch at the rear of the trailer
section from the road test to the
manual position, then with the

- goes off the switch plate.

siope wheels up, the upright

arm of the slope wheéls ls moved
forward until the roller contact
While
turning the calibrating crank,
slowly move the upright arm to
the rear until the roller contact
impinges on the first switch
segment.  Hold this position and
gset the electronic computer in.
dicator to zero, then turn the
calibrating crank slowly until

N = 10, Check to see if the
quentities indicated (£ ¥, ¥%)
are corrvect. (Table I gives

the values that should be obtained
for each segment). If correct,
reset the electronic computer
indicator to zero, move the up-
right arm rearward until the
number two switch segment is con-
tacted and follow the same pro-
cedure used for the first switch
segment. Continue this procedure
untll all 29 switch segments have
been checked.

Check to see if the pressure in
the CHLOE trailer tires is U5 +
0.5 psi.

The position of the trailer hitch
should be such that a sliope mean
(XY + N) between 14 and 15 is
cbtained. o check this, lower
the slope wheels, set the elec~
tric eye switch to the road test
position, and zero the elecironic
computer indicatcor. Pull the
CHLOE Profijometer ahead until

§ = 100, The £ Y value should
be between 1400 and 1500. If it
is not, the trailer tongue should
be raised or lowered by turning
the crank at the front of the
trailer section. Turning the
crank counterclockwise lowers
the & ¥ value and turning it
clockwise raises theZ Y value,
Repeat the procedure if nece-~
$8ary.

The downward force of the CHLOE
glope wheels should be between

150 and 16C 1bs. To ctleck this
a bathroom scale and two wooden
plocks of the same thickness as
the scale are needed. Pull the
CHLOE carriage wheels onto the
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wooden blocks, then place the
scale under the slope wheels
and lower them. If the scale
does not read between 150 and
160 1be., adjustment can Dbe
made by turning the 3/16"
knuried screw located at the
bottom of the connector box
fastened to the 1ift motor,
Turning this screw clockwise
will decrease the force and
turning it counterclockwise
will increase the force.

For more detailed ingtructlions
on the cperation of the CHLOE
Profijometer see CHLOE Profil-
ometer Operating BHG SSTViCIiNg
Instructlions.

Testing Procedure

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

Set the electronic computer
indicator to a zero resading.

Turn the counter switch on
when the siope wheels reach
the beginning of a test sec~
tion and turn it off at the
end of the gection.

When running a test section,
the speed of the towing
vehicle should be about 5 mph.

Record the values of N, Y,
and & Y2,

Com?ute the LPV a8 described
in "Caleulations".

D. Calculations (See "Typical Calcula-

1.

E

tion Example.)
Enter the values of N,£Y, and
Y% on lines 6, 7 and 3 respec—
tively,

Divide £ Y by N to an accuracy
of one ten-thousandth (0.0001)
and enter on line 9,

Sguare this number and record
the result to the nearest thous-
andth {0.001} on 1line 11.

pivide X Y2 by ¥, round the ans-
wer to the nearest thousandth,
and racord it on line 10.

Subtract line 11 from line 10
and enter the result on line 12.

A

10.

1i.

Test Method No. Iowa 10034
Febroary 1971

Multiply line 12 by 8.46 to obtain

the CHLOE Slope Variance (line 13).

Subtract 2,00 from the CHLCE Slope
Variance and place the result on
line 14.

. Find the log of line 1%, record it
on line 15.

. Multiply line 15 by 1.80 if the
surface type is PC or 1.91 if AC,
and record this result or line 17.

On 1line 16 enter %,41 if the sur-
face type is PC or 5,03 if the
surface type is AC.

Subtract line 17 from line 16 to
obtain the Longitudinal Profile
Value (LPV) of the test section,

Precautions

The voltage supply to the CHLOE Pro-
filometer from the batteries musi
not be less than 11.5 V.

The operator must wabtch the electronic

computer indicator closely to insure
that it is working properiy.

Reporting of Results

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

The LPV determined by the CHLOE Pro-
fijlometer may be used along with
other factors to calculate a Present
Serviceability Index as described in
"Method of Determination of Present
Sepviceability Index". (Test Method
No. Iowa 1004.)
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Fig. 1
Electronic Computer Indicator

g. 2
CHLOE Trailer Section
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TABLE I
Switch N=10
Segment Y Y2
i 10 10
2 20 40
3 30 20
4 40 160
5 50 250
& 60 360
7 70 490
8 80 640
9 o0 810
1¢ 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 3,010
20 200 4,000
21 210 4,410
22 220 4,840
23 230 5,290
24 240 5,760
25 250 6,250
26 260 6,760
27 2270 7,290
28 280 7,840
29 290 8,410

Test Method No. Iowa 1L003-A

February 1971

{
i



TYPICAL CALCUTATION EXAMPLE
LPV for PC or AC Pavement

_3 .
State Lowa . Location £, o ¥ %m&ﬁm : Date t\\&t.ﬂg

Test Personnel

County S ,xd LA Project

Route No. \m.m«mr\ M.\.w\.w.m*

Weather

1 | Section No. /0
2 | Location A 8-1672
3 | Surface Type ! FPc
4 Direction xm.\m
5 | Wheelpath O .
6 | No. of readings (N) 425}
715y 7/733
g | =v2 104y 72y
-
o | v 14,4886 S .
10| Zyém 211,0)3
11| (2van? 209,926
12} (line 10 = line 11) 1,093
13| €SV = (line 12) x 8.46 g2Y7
14| (1 + sV) = {(line 13 - 2}* AL i
15| Log (1 + SV) = Log (line 14) A.§5%4
Enter 5.41 for PC
16| or 5,03 for AC 54
If 2C 1.80 x line 15
17 If AC 1,91 x line 15 \I.m\m
18} LBV = (line 16 - line 17) 356
=
@
& - 0
oo ok
* SV = CSV - 3 w m %
LBV (PC) = 5.41 - 1.80 Log (1+8V) i g 52
LPV(AC) = 5,03 = 1.91 Log (1+8V) r_,wrecw
i
-3 =
b T'I_ Mu
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Test Method No. Iowa 1004-C
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IOWA DEPARIMENT OF TRANSPORTATION
HIGHWAY DIVISION

Office of Materials

METHOD OF BDETERMINATICN OF PRESENT
SERVICEABILITY INDEX

General Scope

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

The AASHO rating scale ranges from 0 to 5
with dadjective designations of:

Very Poor 0 -1
Poorx 1 -2
Fair 2 - 3
Good 3 -4
Very Good 4 - 5

The Bureau of Public Roads has a similar
scale with the following designations which
are more realistic in the evaluation of new
pavenments:

PSI Rating
Above 4.5 Outstanding
4.5 - 4.1 Excellent
4.1 - 3.7 Good
3.7 ~ 3.3 Fair
Below 3.3 Poor

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

Part I. Determination of the Longiltudinal
Profile Value

Scope:

The Iowa DOT uses three methods for deter-

mination of the longitudinal profile value:

1. CHLOE Profilometer
2, BPR Type Road Roughometer
3. IJK Type Road Meter

Test Procedure:

1. The determination of longitudinal
profile value by the CHLOE Profil-
ometer is described in Test Method
No. Iowa 1D03-A.

2. The determination ¢f rcad roughness
by the BPR Type Roughometer is des-
cribed in Tegt Method No. Iowa i00L-A.

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

of road roughness (inches/mile) vs.
longltudinal profile value (LPV}
determined by the CHILOE Profilonmeter
to cobhtain a longitudinal profile
value.

3. fThe determination of the road meter
roughness value, which is the same
as the Longitudinal Profile Value, by
the IJX Type Road Meter, is described
in Test Method No. Xowa 1002-B.

Part II. Deterininatioh of Deduction for
Cracking, Patching and Rut Pepth

Scope:

The purpose of this portion of the test is
to determine the value of the Present
Serviceability Index lost dué to physical
deteriocration of the rcadway.

The evaluation is conducted according to
general procedure established by the AASHO
Road Test and descriked in detail in the
"Highway Research Board Special Report 61E

Test Procedure —-- Flexible Pavement:

The eguation for Present Serviceability
Index of flexible pavement is:

PSI = LPV - .01 ~/TFF - 1.38 RD?
where; '
PSI = Present Serviceability Index
LPV = Longitudinal Profile Value

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

RD = A measuze of rutting in the
wheel paths _

Cracking, C, is defined as the sguare feet
per 1000 square feet of pavement surface
exhibiting alligator or fatigue cracking.
This type of cracking is defined as lodd
related cracking which has progressed to
the state where cracks have connécted
together to form a grid like pattexrn re-
sembling chicken wire or the skin of an
alligator. This type of distress can
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advance to the point where the individual
pieces become loosened.

Figure 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 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.

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
been sealed. If these cracks are
observed to occur less than 3 feet
from one another, the condition des-
cribed under C should be looked for
and if present reported instead of
reporting the distress as longitu-
dinal cracking.

Cracking, T, 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
cor diagenal cracks are lgnored.

Faulting, F, is defined as the mean
vertical displacement, in ;nches,
neasured with a 4~ft. straightedge.
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Figure 2.

Longitudinal Cracks

Figure 3.

Transverse Cracks and Faulting

TPest Progedure -—- Rigid Pavement:

The egquation for Present Serviceability
Index of rigid pavement is:

PSI = LPV - .09 A/CHP

where;



PSI = Present Serviceability Index
LPV = Longitudinal Profile Value

C+P

Measures of c¢racking and
patching of the pavement

Cracking, C, is defined as the lineal
feet of cracking per 1000 sguare feet
of pavement surface. Only those
cracks which are open to a width of
1/4" ox more over half their length
or which have been sealed are to be
ingluded. - : B L

Patching, P, is the repair of the
pavement surface by skin or full
depth patching. It ig measured in
square feet per 1000 sqguare feet oOf
pavement surface.

Rut depth, KD, is defined as the

mean depth of rutting, in inches,
in the wheel paths under a 4-£ft.

stralghtedge.

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

D-cracgking, D, refers to a char-
acteristic pattern than can '
develop in portland cement con-
crete. Initially, the occurrence

of b-cracking may be preceded and
accompanied by staining of the
pavement surface near joints and
cracks. However, pot all stained
joints and cracks develop D-cracking.
D-~cracked concrete will first exhibit
fine parallel cracks adjacent to the
transverse and longitudinal joints

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

D-cracking - Initial étages

Figure 5.

D-cracking - All joints affected

Frogedure

A,

Apparatus

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

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

5.. Safety equipment =~ hard hats,
safety vests, survey signs.
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8. Tast Record Forms

1. <Crack and Patch Survey worksheet
(a.C. or P.C.C.).

2, Crack and Patch Calculation and
Summary Sheet.

3., Present Serviceability Index
Summary {(Form 2913).

C. Test Procedure

The control sections ara as described
in the "Control Sections by Mileposts®
booklet. Fpr control sections of
0-5.00 miles in length, one representa-
tive 1/2 mile test section will be
evaluated. For 5.01-10.00 miiez, two
1/2 mile test sections are used.

Three 1/2 mile sections are used for
any contrcl section greater than

10.0 miles.

After determining a location for the
representative 1/2 mile test section
or sections, the county, highway num-
her, beginning and ending control
section milepost, pavement width,
keginning and ending milepost of the
1/2 mile test section being surveyed,
date of survey and names cf those
doing the survey shall be recorded

an the worksheet.

Flexible

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

The rut depth is measured in the outside
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 0.05 mnile
portion of the test section the number of
longitudinal and transverse cracks meeting
the previously descoribed criteria will be
counted and recorded. Transverse eracks
extending across only one lane will be
count2d as "half cracks" and recorded as
such.

While driving the first and last 0.05 nile
portions, the occurrence of faulted cracks
will be locked 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 recordsd.

Rigid

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

lane are recorded as "half cracks" and sum~
med to full cracks during 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 estimdted and
recorded individually on the worksheet.

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

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

Faulting is measured one foot in from each
pavement edge at (.05 mile intervals and
recorded (10 sets of réadings per check
section) .

The D-crack Ocgurrence Factor (DOF} in the
test section will be evaluated and assigned
a numerical rating based on the following
description.

DOF Value
0 = No D~cracking noticeable

1 = D-ecracking is evident at some joints
especially the interior corners.
Pavement ig sound condition and no
maintenance is required due to D-cracks.

2 = D-cracking is evident at most joints
and has progressed across width of
slab. Pavement is in sound condition
and no maintenance is rxequired due to
p~cracking.

3 = D=¢racking is evident at virtually all
joints and random cracks. Minor
raveling and spalling are ogcurring
and traffic is causing some loosening
af cracked pavement. Some rinor main-
tenance of spalled areas is required.

4 = p-cracking very evident as in 3 above.
Spalling and removal by traffic has
progressed to point that regular main-
tenance patching is required, Effect
on riding quallty of pavement is now
noticeable.

5 = D-cracking has continued to progress at
gites identified in 3 above and requires
regular maintenance patching. Full
depth patches may be necessary. Ride
gquality has deteriorated to point where
reduced driving speed is necessary fox
comfort and safety.
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DOF

= 1

Dor

Examples of D-crack Occurrence Pactors

Figure 6.
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b. Calculations

1.

Flexible Pavement

a.

a.

The area of cracking is totaled
and divided by the area of the
test section in thousands of
square feet to obtain C.

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.

The number of longitudinal
cracks in the two areas suxr-
veyed are totaled, averaged,
and reported as L.

The number of transverse cracks
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.

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 = LBV - 0.014/CFF - 1.38 D2

‘ Rigid Pavement

The number of cracks and 1/2
cracks {divided by 2} are
totaled and multiplied by the
width of the roadway and
divided by the area of the
test section in thousands of
square feet to obtain C.

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

The rut depth measurenments
are totaled and averaged to
obtain RD.

The faulting measurements are
totaled and averaged to obtain
B,

e, Cracking (¢) and patching (P)
as calculated above and LPV
as determined in Part I are
used in the following formula
to determine the Present
Serviceability Index (PSI):
PEE = LPV - .09 A/C4P

Reporting Results

1. lLab. Number.

2. Beginning Milepost.
3. Ending Milepost.

4, Road Number.

5. lLength.

6. Surface Type.

7. Direction and Lane.
8. RMRV or LPV.

5. Deduction for cracking and patching.

10. Present Serviceability Index.



APPENDIX B:

117

DESCRIPTION OF PASCO SYSTEMS OPERATION
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Figi B.l. The ROADRECON~70.

- SLIT CAMERA

SLIT {27 mm x 1 mm)

Fig. B.2. 81it camera.
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Fig. B.3. ROADRECON-70 system.
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Processing speed:

0 - 30 feet/uwin.

Developing temperature: 15°- 40°C

Fixing température:
Drying température:
Water consumption:

Film magazinég

Fig. B.4.

fixed at 28°C

40° -~ 70°C

4 liters /min.(at 4° - 30°C)
1,000 feet

Automatic film processer.



FILM

PROJECTOR
CONTROLLER
FLOPPY DISK
_ [ micro :
= | | coMPUTER O (3 1/2in.)
DIGITIZER
| PRINTER
PROJECT LIGHT SOURCE: HALOGEN LAMP
PROJECTION MAGNIFICATION: 10 TIMES FLOPPY DISK
FILM LOADING CAPACITY: 400 ft (84n.)
RESOLUTION: 0.02 mm N e G
EFFECTIVE MEASURING AREA: 400 X 590 mn | |
16-BOTTUN CURSOR:
RECORDING MEDIA: © g'in. FLEXIBLE DISK
RECORDING CAPACITY: 1 M BYTES
S CASSETTE

O O | MAGNETIC TAPE

 Fig. B.5. ROADRECON film digitizer.
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- Fig. B.7. Interpretation of cracking on ROADRECON-70 film positives.
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DISTANCE (km)

‘;”,,———"'"“ | SPEED (km/hr)
/\/\/\/\/f\/‘ ROUGHNESS (mm)

A A A A TCR {TOTAL CUMULATIVE
ROUGHNESS)

Fig. B.9. Paper chart.
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Fig. B.10. Laser reflection.
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PASCO wvehicle.

Camera mounting on

Fig. B.12.

§lit camera.

B.13.

Fig.



Fig. B.l4., Laser mounting on PASCO vehicle.

Fig. B.15.

Tracking wheel mounting on PASCO vehicle.
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APPENDIX C: EVALUATION METHODS AND STATISTICAL COMPARISONS
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Evaluation Methods

Both PASCO and Iowa DOT methods were used to evaluate the surface

conditions of all seven sections, including some shoulders of the sections.

The cracking, patching, roughness, and the total evaluation were compared
by using a simple linear regression model. Supposing that Xi is the
observation by the PASCO method and Yi is the corresponding value by

the Towa DOT method, then ideally

Y, =m¥X, + C
i i

where m (gradient of the straight line) and c (intercept of the straight

line) are constant. Now if we have n such observations, we have

Y1 1
m
c
Y . X 1
. L=4A- 7%
where
¥ X, 1
: m
matrix L = v ; A= le;andzm(>
C
v X 1
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.. Using the least squares method we have

Z= (m) = (a7 a) 7wty

(m ) ( sz - ) ( 2xy)
c x n 2y
Now, if we shift X, such that x'i = x, - % where. x = Ix/n, then

= '+ ox) +
Yi m (x i %) C

m x'i +mx +C=m x‘i + C!

!2 -I 1
Oy -0 )
c’ 0 n iy
ZX .
o= 'y i(x, - %)y ) inyi - (-;;-) Iy
Zx'2 i x. - X 2 2 X, 2x
: 5x. ¢ - 2\ —%) 5%, t \—
i n i n
o 2 5
: n

coc=c¢h mom ZX (}%X) “-m (EE) ‘

n

The covariance between x and y observations is then given by

_3(x - ®)(y - ¥)
Xy o, O,
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where
2 Zx - 5)2
o =
X n -1
and
- 2
o 2 - Z(y -~ v)
v n -1
ny = r = correlation between the two observations
~ - 2.
_z(yi-y)
- -)2
E(vi-y)
where
.
y n
and
y1 = xi + e

where @ and ¢ are the values obtéined by the least squares method. If
r = 1, then the two observations are correlated and are comparable;

if r = 0 then they are not comparable. As a rule, if r > 0.5 one could
say that both the observations should give the same result {(better than
50% probability), and if r < 0.5 then one could conclude that both

results may not give the same result. However, for statistical analysis,

e .
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N

satisfies a "t'" distribution, and hence can be used to evaluate the

confidence level of agreement with the standard "t" table.
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Fig. C.1. BPR vs ROADRECON-77 (TCR).




ROADRECON-77, Y:5D, mm
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Fig. C.2. BPR vs ROADRECON-77 (SD).



ROADRECON-85B, in./mi
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Fig. C.3. BPR vs ROADRECON=85 (TCR).
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ROADRECON 85B, in,/mi
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Fig. C.4. BPR vs ROADRECON-85 (SD).
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Fig. C.5. Rut depth (PASCO vs Iowa DOT).
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Towa DOT
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Fig. C.7. Patches (lowa DOT vs PASCO).
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Fig. C.8. MCI vs PSI.




2ND PASS, MCI
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Fig. C.9. MCI (lst pass vs 2nd pass).
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Fig. C.10. ROADRECON-T0O (lst pass vs 2nd pass).
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Fig. C.1l. ROADRECON-75 (1§t pass vs 2nd pass).
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Fig. C.)2. ROADRECON-77 (lst pass vs 2nd pass).
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Fig. C.13. ROADRECON-85B (1st pass vs 2nd pésé).






