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I. OVERVIEW

On October 5 - 8, 1987, nearly 200 engineers and technicians gathered in
Fort Collins, Colorado to review the state of the art in pavement smoothness
measurement equipment. The four-day event included an intensive program of
presentation by recognized authorities on the subject, a demonstration of
smoothness testing equipment, an extensive field data collection effort using
the equipment demonstrated and a series of workshops on the subject. 1In
attendance were representatives of the public and private sector from the
United States and Canada including researchers, data collectors, users, and

sales representatives.

This report is intended to document the events of the four-day
gathering. The report is designed to be useful to those interested in:
(1) purchasing new equipment, (2) comparing performance data, or (3) seeking

out additional sources of technology on pavement smoothness measuring equipment.

The seminar was sponsored by the Federal Highway Administration,
(Demonstration Project No. 72) and was organized by the Colorado Department of
Highways and the Federal Highway Administration. The success of the seminar
can be directly attributed to those making presentations at the formal program
and workshops, the equipment operators, the attendees, and the many organizers

of the activities.
II. BACKGROUND

The use of automated pavement data collection equipment is becoming more
popular among highway agencies. As a variety of this equipment becomes
available, the selection of ‘that which is appropriate for a given use becomes
more difficult. The ability to collect data at highway speeds. reliability of
equipment, analysis of volumes of data collected, and presentation which is
meaningful to the user are important elements to consider in the equipment
selection process. In addition, as various states select equipment suited to
their needs, variation in data output exists among states or other highway

agencies. Thus, comparing pavement performance among agencies, at the



local or national level, becomes difficult because of the inconsistency in data
collection procedures. This aspect becomes more important when national data
bases are assembled for funding allocation or performance comparisons for

pavement management programs.

III. NEED

Throughout the four-day seminar the need for good quality pavement
smoothness data was emphasized and agreed upon. The data collection effort is
the basis from which many pavement management programs build their analysis.
Without this quality control at the beginning of the process, the data analysis

becomes skewed with an ultimate misinterpretation by the user.

Labor intensive data collection efforts and analysis are expensive.
Modern-day electronic data collection devices can generate volumes of data
beyond the comprehension of the pavement engineer. Thus, sophisticated
on-board and office automated data processing computers are needed to present
the finding in a format acceptable to the user. The seminar was designed to

provide a forum to seek out a cost-effective solution to this dilemma.

IvV. FORMAL PRESENTATIONS

The seminar began with a full day series of presentations which included
the basic concepts of pavement roughness, the current state of the art, and
needs of various users. Figure 1 lists the agenda for the four-day seminar

including the second day formal presentations.

Detailed proceedings of the individual presentations were not
assembled. This information is available in research or operational reports
prepared by the various speakers. However, an overall summary of the sessions

is discussed below.
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FIGURE 1
PAVEMENT PROFILE MEASUREMENT SEMINAR 1256r
AGENDA
Monday, October 5, 1987 Preliminary Events
8:00 a.m. - 5:00 p.m. Correlation data collection Equipment Operators &
by participating equipment Data Collection Personnel
4:00 p.m. - 7:00 p.m. Registration
Tuesday, October 6, 1987 General Session
8:00 a.m. - 9:00 a.m. Registration
9:00 a.m. - 9:30 a.m. Presiding Denis E. Donnelly
Research Coordination Engineer
Colorado Department of Highways
Welcome L. N. MacDonald
Regional Administrator
Federal Highway Administration
Remarks ; Dwight M. Bower
Deputy Director
Colorado Department of Highways
9:30 a.m. - 10:00 a.m. Presentation “National Perspective of
Pavement Smoothness”
Wade Gramling
Chief .
Roadway Mgmt. System Development
Pennsylvania D.O.T.
10:00 a.m. ~ 10:30 a.m. Coffee Break
10:30 a.m. - 11:15 a.m. Presentation "Theory of Pavement Roughness"
Mike Sayers
Asst. Research Scientist
University of Michigan
Transportation Research Institute
11:15 a.m. - 12:00 noon Presentation . "Public Perception of Roughness”
Michael S. Janoff
Consultant
JMJ Research
12:00 noon - 1:00 p.m. Lunch
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1:00 p.m. - 1:30 p.m. Presiding Doyt Bolling
Pavement Programs Engineer
Federal Highway Administration

Presentation "State of the Art of Automated
Pavement Smoothness Equipment”
- Ron Carmichael
Project Engineer
Federal Highway Administration

1:30 p.m. - 2:00 p.m. Presentation “Standardization of Measurement
Technology”
Peter Spellerberg
AASHTO Materials Reference Lab-
oratory

2:00 p.m., - 2:30 p.m. Presentation “Strategic Highway Research
Program Concern for Smoothness"
James M. Sassin
Research Engineer
Strategic Highway Research
Program

2:30 p.m. - 3:00 p.m. Coffee Break

3:00 p.m. ~ 3:30 p.m. Presentation "Highway Monitoring
System Data Needs"
David R. McElhaney
Director
Office of Information Management
Federal Highway Administration

3:30 p.m. - 4:00 p.m. Presentation "pavement Profile as Input to
Pavement Management®
William Miley
Bituminous Materials & Res. Engr.
florida D.0.T.

4:00 p.m. - 4:30 p.m. Presentation "Pavement Acceptance
Specifications"
David Gendell
Director
Office of Highway Operations
Federal Highway Administration

4:30 p.m. Adjournment

4:30 p.m. - 6:00 p.m. Open House Pavement Smoothness Measuring
Equipment Displays
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Wednesday, October 7, 1987 Demonstrations

9:00 a.m. - 9:15 a.m. General Overview David Huft
Research Engineer
South Dakota D.O.T.
9:15 a.m. - 10:00 a.m. Site Descriptions Werner Hutter
Research Enginger
Colorado Department of Highways
10:00 a.m. - 10:30 a.m. Coffee Break
10:30 a.m. - 5:00 p.m. Field Demonstrations
of Equipment Operation
5:00 - 6:00 p.m. Open House Pavement Smoothness Measuring

Equipment Displays

Thursday, October 8, 1987

8:00 a.m. - 9:00 a.m. Presiding Wm. Jones
Project Development Engineer
Federal Highway Administration

Panel Discussion “Field Demonstration
Questions and Answers"

9:00 a.m. - 9:15 a.m. Workshop Assignments

9:15 a.m. - 9:45 a.m. Coffee Break

9:45 a.m. - 11:00 a.m. Stream Workshops Session 1

11:00 a.m. - 12 noon Stream Workshops Session 2

12:00 noon - 1:00 p.m. Lunch

1:00 p.m. - 2:00 p.m. Stream Workshops Session 3

2:00 p.m. - 3:00 p.m. Workshop Reports Summary and Recommendations
3:00 p.m. Adjourn Seminar



However, the physical properties of the pavement, as measured by various
sensing devices are known. For example, the influence of vehicle dynamics,
speed, simulation techniques and other factors are being researched. Full
understanding of these factors and approaches are far from complete but

significant progress is being made.

A recent NCHRP study developed a subjective rating scale based on
public's reaction to roadway roughness. Pavement profile was then related to
a scale based on public perception determined through this process. As a
follow-up, panels were assembled in five different states to evaluate their
perception of roughness. The results indicated that there are small
differences between the transforms of the five individual states. 1In
addition, the differences between the preferred transform for all five states
combined and each individual state transform are less than the error inherent

in the panel rating experiment.

VII. GENERAL SESSION III

In this session roughness and profile measurement equipment was
described. The FHWA summary discussed commercially available, automated
devices, used in the measurement of pavement roughness and profile primarily
for purposes of network or system level analyses. Equipment was described in

terms of its components, measurements, output and cost.

A recent FHWA research study conducted by the National Bureau of
Standards has investigated the accuracy and precision of the K. J. Law 690
Surface Dynamic Profilometer and has assessed the feasibility of using this
device to provide calibration services. Preliminary arrangements are being
made through the AASHTO Materials Reference Laboratory (AMRL) program to
of fer such services on a national scale. Traditionally, AMRL has been
identified as an agency reviewing procedures of states' materials testing
laboratories. The AMRL is now in the process of further evaluating the
precision of the Surface Dynamic Profilometer and developing a calibration
service proposal. Data collected at this seminar is being used in the

development of this proposal.



A presentation was made on pavement data needs of the Strategic
Highway Research Program (SHRP). The SHRP requires that periodic
measurements be made of actual profiles on all designated sections resulting
in large amounts of data being collected. Profile measurement equipment must
be capable of repeatability, of detecting and analyzing long wavelengths, and
be able to travel at reasonable speeds. The main thrust of the SHRP data

base will be to document how pavement profile changes over time.

VIII. GENERAL SESSION IV

The Highway Performance Monitoring System (HPMS) is a national data
gathering program coordinated by the FHWA. It is the intent of this Federal
program to establish a data base that represents the condition of the
national highway program. Currently, pavement condition information as
reported by the states is assembled for reports to Congress on the highway
system's condition. Changes are being made in the study to gather additional
pavement condition data that will better define pavement performance and
assist in estimating future needs. Pavement smoothness has been designated
as a major factor in this national data base. Thus, the need for consistency
among data being submitted by the states is not only important for
establishing highway needs before the Congress, but is essential in making
comparisons on pavement performance. Beginning in 1989, states will be
required to collect additional pavement data, as well as assure better

consistency in the data that is reported.

The program in Florida for measuring pavement smoothness has undergone
several improvements. For example, consistent, accurate, and reliable data
is now being used to determine highway program needs and to make
recommendations on corrective actions to be taken to improve the highway
system. Most recently, new microcomputer technology has permitted automated
handling and analysis of pavement data. Florida feels that these recent
hardware and software improvements allow them to exercise better management

of their highway system.



The needs of the constrdction industry in quality control of pavement
profile are somewhat different from the needs pertaining to pavement
management. High production or high speed data collection which is critical
to pavement management is not needed in pavement construction control.
Light-weight devices capable of making timely measures on newly-placed
pavement surfaces are the devices needed. Such devices must be easily
transported, low in cost, produce repeatable results, and not have the
calibration problems associated with response-type equipment. At the same
time, the interpretation of the pavement surface data should not be labor
intensive. The device should be able to produce hard documentation for
project record purposes. The equipment must measure a pavement characteristic
which can be understood and controlled by the contractor. It must also be
able to precisely locate the rough areas of the pavement so that corrections

can be made.

The highway industry has concluded that pavement smoothness starts
from the bottom up. Contractors are thinking through the entire paving
process and are thus developing tighter controls as well as more efficient
operations. At the same time, contracting agencies are receiving better

workmanship and a better overall product.

A 1987 AASHTO survey identified smoothness specifications being used
by states for PCC pavements. Today, there are 24 states employing
specifications applicable only to PCC whereas, 8 states employ a ride

specification applicable to both AC and PCC.

Both contractors and transportation agencies generally agree that the
industry can provide smooth pavements. The key is to pay attention to the
basics from the ground up. Attention to proper construction techniques in
each layer of the pavement structure will assure the best rideability. The
implementation of a rideability specification has been found to result in

smoother, better riding pavements.
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IX. WORKSHOP SUMMARY

Three major workshop topics were identified to be discussed at the
seminar.  They included: User Needs, Equipment Selection and Operation, and
Data Handling and Presentation. The seminar's attendees wére directed to the
workshops dealing with their areas of interest as expressed during
registration. Each major topic was organized as a stream workshop session and
held concurrently. It was not possible for all of the attendees to listen to
every session topic. What follows is a brief summary of each of the sessions
and the topics discussed. More detailed information for these sessions may be

found in the workshop recorder notes of Volume III.

A. Stream Session A — User Needs

This session covered the needs of the equipment users at three
levels: network, project, and national. The session was moderated by
Paul Theberge of the Maine Department of Transportation. Mr. Theberge

posed a number of questions to the group:
° What are our data needs?
o How can we meet our common goals?

°  What frequency, accuracy, and precision do we need in

our data?
° What other data can be readily obtained?

There was good audience participation during this session. Due to the
numbers of people attending the session from different states it was
possible'to briefly poll those present to see what different states were
doing. The user needs of each level overlapped one another and, judging
from the audience participation, each session could have easily gone
beyond the planned time limitations. The following summarizes the issues
comments, and consensus registered for the user at the network level,

project level, and the national level:

11



1. Network Level Pavement Management Needs

. This discussion, lead by Al Crawley of the Mississippi DOH,
documented a number of network-level uses for profile measurements
beginning with_budget requests to the state legislature and

prioritizing project selections.

Roughness trends not only need to be accurate but repeatable if
performance trends are to be developed. This means that response-

type devices need to be regularly calibrated and maintained.

Project (design) level data generally cannot be obtained from
the network level data. The network surveys usually take place every
one to two years for most systems. The states vary the length of
their survey period from three to eight months. Pavement sections
should be surveyed at the same time of each calendar year. Most
statéé found it to be economical to make distress surveys at the same
time as roughness data is collected. Network level data should be

transferable to the national level.
2. Project Level/Design Input Needs

This discussion was lead by Andy Gisi of the Kansas DOT. 1In
Kansas the same set of data is used for both project level and
network level purposes. A response-type device is used to collect
pavement ride data. Additional data is sometimes gathered for
project level purposes. The Kansas device is trailer-mounted to
provide the constant shape, weight, and attitude needed to provide
for repeatable measurements over time. Smoothness measurements made
for SHRP will be on the order of 0.005 inches. This is probably far
beyond what is necessary. Measurements on the order of 1/16th of an

inch are considered more reasonable.

The following questions were addressed during open discussion:
Do we really need roughness measurements at the project level or only

at the network level? The consensus registered from discussion of

12



this question was that roughness measurements were not critical to
project level analysis or design. Can calculations of project
milling and leveling quantities or profile grades be calculated from
roughness data? Most felt that profile data could be used to a
limited extent to develop or estimate the extent of milling or

leveling to be done.

What are the benefits of profile-type devices over response-type
devices? It was generally concluded that profile devices produce
more repeatable measurements. Response devices require calibration
and need to be run at a constant speed. Profile devices have the
potential of providing more types of information other than just

roughness.

Do roughness measurements accurately reflect what the public's
perception of roughness is? The sound of the pavement under traffic
and the thump over depressed cracks may not be adequately reflected
by a roughness measurement as judged from the perspective of the
public.

What is the most important criteria for determining rehabili-
tation strategies? It was felt that the public would choose
roughness, while a design engineer would look more closely at

distress and its causes.

To what type of vehicle should our roughness measurements be
correlated? Ideally, it was determined that roughness measuring
devices should remain constant. However, it was also recognized that
the resulting measurements should be indicative of the effect it

would have on a typical truck.
3, National Monitoring Needs

James Gruver from FHWA Headquarters led this topic. The two
major national monitoring programs pertaining to pavements are the
Highway Performance Monitoring System (HPMS) and the Strategic
Highway Research Program (SHRP).

13



The HPMS requires very consistent data over a long period of
time. In order to improve consistency the FHWA will require
reporting pavement ride data in International Roughness Index (IRI)
units beginning in 1990. Periodic calibration of response-type
roughness devices used to collect this data will be necessary. The
calibration procedures used by the World Bank are being proposed by
the FHWA. Other requirements are being proposed in the area of
traffic monitoring to provide a more uniform comparison among the

various agencies.

SHRP activities will require more accurate and precise data
than needed for HPMS. It will concentrate on about a thousand
selected pavements for a twenty year period to determine pavement

performance curves.

In both these areas, standardization of the measurements for

roughness and distress are of prime importance.

Stream Session B - Equipment Selection and Operation

The session on equipment selection and operation was moderated by

James Cable of Iowa State University. A wide variety of equipment is

available with varying costs and capabilities. Agencies should not

expect a single piece of equipment to meet all of its needs. Proper

selection of equipment can only be made after carefully identifying the

agencies' requirements. Equipment costs generally vary depending on

level of sophistication.

1. Equipment Selection and Procurement

Professor K. P. George of the University of Mississippi led the
discussion on this topic. Costs for systems can range between
$10,000 for simple profile devices to $100,000 for those that provide
a broader range of information such as graphs, photographic records,
distress analysis, and roadside information such as signing and

maintenance of the right of way.
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Purchase considerations should include:
2 the type of output available (paper, diskette, tape);

® the versatility of the software, its displays, and the statistics
it can provide;

e the calibration procedures to be followed;

s the purpose of the data obtained (project acceptance,

rehabilitation needs, or performance trends);
@ the repeatability of the data recorded;

¢ the life of the equipment and its compatibility with future

improvements; and

e the technical and maintenance support that will be available from

the manufacturer.

‘Most of the agencies present were using or had used a Mays meter .
for inventory control. The difficulties in maintaining calibration
of the Mays meter has led most agéncies to use a California or Ames
Profilograph for purposes of construction control. A profilométer
resolution of 0.01 feet is suitable for most all needs and users;
however, the requirements of SHRP may require twice this resolution
(0.005 feet).

2. Equipment Calibration and Maintenance

Calibration of devices can take up to a week. Some consider-

ations for a calibration program are:

o the use of existing highway routes with varying conditions and a

range of PSI rating between poor and excellent;

15



°  the measurement of the profile of the roadway test sections;

e the use of a large number of sections (between 20 and 80);

° the length of the test section, preferably between 0.2 and 0.5

niles;

e the frequency of the calibrations, preferably on an annual

basis;

e the training of the equipment operators, also preferred on an

annual basis; and

e the use of the SHRP standard test sections to correlate to a

national standard of measurements.

3. General Operating Considerations

Fred Maurer of the Minnesota DOT was the topic leader for this
part of the session. He gave a slide show and a discussion of how
the Minnesota DOT collects pavement information on their highway
system. Their state uses a trailer-mounted Mays meter. Miscel-

laneous items presented in this discussion are:

Testing should be done at about the same time of the year, but
there is no hard data on this. The FHWA is doing a study that

will look for yearly variations in test sections.

Minnesota could not run their Mays when the winds were greater
than 15 mph. WNo agency would admit to operating their equipment

when water is standing on the roadway.

Shock absorbers are a concern of everyone. They are replaced
frequently, tested, paired, and specified by brand name. The
proper testing of the shocks is a concern, as is how their

performance varies as a function of temperature. Again, hard

data is lacking on this.
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Tire pressures also affect consistency. All those present were
using radial tires on their equipment. Skid testing tires are

not suitable for pavement smoothness measurement.

Trailer hitch tongues must be kept level or readings may vary.

Photographics of distress data will vary with lighting

conditions.

On multi--lane roads most agencies were testing the traffic lane

and in the direction with the most truck traffic.
Even with a trailer-mounted device, the condition of the towing
vehicle can affect the readings. A change to front-wheel drive

might also affect the reading.

Stream Session C - Data Handling and Presentation

Glen Kietzman of the South Dakota DOT moderated this session.

1. Data Handling and Interpretation

Norman Mueller of the FHWA's Office of Highway Information
Management was the topic leader. He discussed in detail the
changes that are to be made to HPMS data reporting requirements.
Most of these changes are an expansion of the existing information
and will include concrete joint spacings, the use of dowel bars,
type of base and subgrade, subsurface drainage, overlay or
improvement data, additional pavement types (bonded and unbonded
overlays), shoulder types, and the use of the International

Roughness Index (IRI) in inches per mile.
A revised HPMS Field Manual will be issued in December of 1987

and implementation workshops will be conducted in February and

March of 1988.

17



Although performance levels are reported to upper management, it
is pavement distress that usually triggers rehabilitation efforts.

Different states reported different PSI ratings to initiate

resurfacing or complete rehabilitation of their pavements.

The duplication of available data is a concern. The new HPMS
reporting requirements may help the states in producing more uniform
data.

2. Pavement Ride Specifications

Wade Gramling of the Pennsylvania DOT was the topic leader for
this discussion. He reviewed AASHTO's Guide Specifications for
concrete and asphalt pavements as well as the specification that

Pennsylvania uses.

State highway agencies have been refining their constrgction
smoothness requirements since the early 1980's. Specifications apply
to both asphalt and concrete pavements with smoothness payment
incentives and disincentives. But the emphasis has been on éoncrete
pavements which can be ground after construction. The option of
taking corrective action on asphalt pavements is usually limited to
the lower lifts. The AASHTO Guide Specifications still allow the use
of a 10 foot straight edge, but usually this is done with a

California-type machine.

The continuity of the ride across bridges and approaches remains
a problem. These areas are usually not covered by the ride
specification unless excessive. However, some direct federal project
specifications are made irrespective of any structures that may be
present and no problems have been reported. Pay adjustment indices

vary from state to state. The AASHTO Guide for concrete recommends:

°  no payment for the item for pavements with 0.1 mile sections over

15 inches per mile until corrective action is taken.

18



a price adjustment for sections between 10 and 15 inches per mile;

full payment below 10 inches per mile;

incentive payments for pavements with less than 7 inches per

mile; and

all incentive payments are to be based on the condition of the

pavement prior to corrective action.

Pennsylvania uses ride specifications for both asphalt and
concrete pavements and for rehabilitated as well as new
pavements. Conflicts with the contractor can be reduced by

assigning him the responsibility of taking the profiles.

The contractor's equipment is keeping pace with these changes,

but beyond the 5 to 7 inch range there is not a performance basis
for incentives. Some states are reporting 2 inch initial profiles
following construction.

Incorporating Other Pavement Condition Data

Doug Anderson of the Utah DOT was the topic leader for this

session. He reviewed a variety of data on ride, cracking, rutting,

raveling, structural adequacy, skid resistance, accident rates,

volume, and capacity as used in Utah.

Discussions included the acceptance by maintenance forces of the

condition data, a comparison on the methods of gathering condition

data, and the minimum acceptable levels for various types of distress.

Dennis Miller of FHWA headquarters concluded the topic session with

a review of upcoming developments in advanced video techniques. A

number of vendors are entering this field and there is a good

potential for high-speed automated distress analysis.

Details of each of the workshops may be found in Volume III of this

report, published separately.
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PAVEMENT SMOOTHNESS TESTING SUMMARY

A, Testing Equipment

A total of twenty devices participated in the pavement profile
measuring seminar. The devices ranged from the relatively simple slow
moving profilographs capable of charting a longitudinal profile to high-
speed noncontact measuring equipment. The most widely represented
system was the latter type. The following devices participated in the

seminar:

% | Calibration and Construction Control

Profilograph (Rainhart)
Profilograph (McCracken)
E.W. Face Dipstick
Ames Profilograph

2 Response Type Systems
Mays Ridemeter (one car & two trailer based)

Cox Roadmeter

B&K Accelerometer

3 Accelerometer Based Systems

Portable Universal Roughness Device or PURD
Dynatest 5000 Roughness Distress Meter
Self-Calibrating Roughness Unit

Automatic Road Analizer or ARAN

4, Non-contact Profile Measuring Systems

K.J.Law M8300 Roughness Surveyor

Laser Road Surface Tester

K.J.Law 690 Digital Non-contact Profilometer
Pro Rut System

South Dakota Profilometer

Surface Dynamics Profilometer
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Each agency demonstrating its equipment has provided a description

in accordance with the equipment guide questionnaire. While this report
touches on the descriptions only briefly, a complete set of equipment

reports is available in Volume II of the Seminar Proceedings.
B. Test Sites

Nine roadway pavement sites located in the Fort Collins area were
selected for smoothness testing. These Sites were chosen based on their
close proximity to the seminar location and their variability in surface
type and roughness. Figure 2 contains a map of the Fort Collins area

with site locations identified.
Xs | Site selection and identification

Two replicate test sites for the three pavement roughness
categories were selected for flexible pavments, and one site in
each category for rigid pavements. These nine sites were typically

8/10 of a mile long with a 1/10 mile approach section.

The test sections had been identified by a roadside sign
marking the beginning and end of each test section. In addition,
pavement marking of beginning and ending section as well as 1/10
mile subsections were identified within the test sites as shown in

the accompanying sketch.
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The first day of the seminar (See Figure 1 - Agenda) was used
to explain data collection procedures to the equipment operators,
check equipment, and collect data. Following a short briefing the

data was collected as instructed on each of the test sites.

To ensure consistency, operators were asked to use the
guidance striping, (paint marks at approximately 100
foot intervals) to place their test vehicle in the lane so that the

roughness sensors would be measuring wheelpaths.

2 Operating speed

Speeds during the test runs were held to the posted speed
limits with a maximum of 50 miles per hour for all testing
equipment, except for the slow-moving calibration type devices.

Sites 1, 5, 7, and 8 were tested at 30 miles per hour.

3. Roughness sensor location

The preferred sensor location for single sensor equipment was
in the right wheelpath. However, reference profiles had been
established for both wheelpaths, as well as a combination of the
two paths using calibration and construction roughness measuring

equipment (Type I).

4. Number of test runs

A minimum of three, and a maximum of five runs for each test
site were required with a reading taken in each of the 1/10 mile
subsections. If the "run average" fell within 10% of the "site
average" as defined below, no further measurements were needed for

that site.

sum of sub-section roughness values
CUN BVELAGE = —rmme e e e e e e
number of sub-sections

sum of run average

site average = ———--e————ne e
Number of runs
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Convenient turnarounds were provided for most of the test

sites to allow repeat measurements,

The detailed instructions provided to the equipment operators

are included in Appendix C of Volume II of the Seminar Proceedings.

5 Data Reporting

The preferred roughness statistics to be reported were
to be in units of inches per mile. While some of the participating
agencies were not able to provide this statistic, (and supplied
serviceability indices in lieu of the preferred units) others were
capable of providing an international roughness index (IRI) with
units of inches per mile (or millimeters per meter). Table A is a
listing of the main data set units for all devices. Also indicated
with the units is the wheelpath in which the measurements were
taken. As mentioned earlier, some participants supplied additional
information. The type of information is listed in Table A (found
in the Data Analysis Section of this report) under the heading of
"Also Available."

Test Site Description

Site No. Description and location Pavement type Roughness

1% S.H. 68 WB from Timberline Rd to LeMay Ave flexible smooth

2 S.H. 68 EB from Timberline Rd to County Rd 9 flexible medium

3% I-25 NB from MP 268 to MP 269 rigid smooth

4 I-25 SB from MP 271 to MP 270 rigid medium

5 Vine Drive from Lindemeir St to County Rd 9 flexible medium

6% Vine Drive from County Rd 9 to Lindemeir St flexible rough

7% LaPorte Ave from College Ave to Shields Ave rigid rough

8 Shields Ave from Vine Ave to Wilcox Ave flexible rough
S.H.1 north of LaPorte Ave flexible smooth

(Sites with asteriks also served as demonstration sites)
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C. EQUIPMENT DETAIL SUMMARY

Each equipment operator demonstrating their devices provided a
detailed description of the device. Instructions including a standard

format for that description may be found in Appendix D of Volume II.
This portion of the report provides a brief description of the
equipment demonstrated. A complete set of equipment description reports

can be found in Appendix B of Volume TI.

The following pages provide a brief description and photographs of

the equipment used at the seminar by the various participants.

25



Colorado Devices

The McCracken and Rainhart profilographs are manually operated
longitudinal profile measuring devices. The main difference between the two
systems is that the Rainhart profilograph employs an intermediate truss and
support wheels in defining the averaging reference plane from which the
pavement deviation is measured. The McCracken reference plane is defined by

the two clusters of support wheel at the ends of the simple truss.

Both profilographs use strip chart recorders to identify pavement
roughness. 1In the data reduction, a 2/10 inch (0.2") blanking band was used to

filter out texture-caused roughness.
The McCracken profilograph truss can be disassembled into three sections

for transporting the equipment. It is currently used in Colorado's smoothness

specifications for concrete pavement projects.
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Colorado Department of Highways

Rainhart Profilograph

McCracken Profilograph
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E. W. Face Company

The Dipstick represents a precision auto-recording rod and level
replacement system primarily intended for calibration purposes. Elevation
differences between the one-foot spaced base points are measured by a slope
indicator. A readout device displays this measurement, and in the case of the
manual model, the operator makes a voice-recording of the readout for later

data processing.

The automated dipstick (with 18 K micro computer/printer) permits in-
the-field calculation of profile statistics with output of -IRI, FF-number,

elevation, curvature values as well as a plot of the measured surface.

Dipstick

The computer attached stores and analyzes the data.
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AMES PROFILOGRAPH

Central Direct Federal Division

The information for the Ames profilograph presented here
constitutes an excerpt from a report by Allan S. Miller and Candace E.

Watson entitled, "Pavement Rideability Study."”

The report focuses on a correlation between the rolling

straight-edge and a California-type profilograph.

This excerpt from the above report deals with operating experiences
of the Ames profilograph, as well as a list of California-type profilo-
graphs, schematic sketches, and samples of comparison roughness traces

for the McCracken and Ames profilographs.

Reference: "Pavement Rideability Study”; Central Direct Technical
Division, 1987; Allan S. Miller; Candace E. Watson
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Central Direct Federal Division of FHWA

The Ames Profilograph is a
low-cost smoothness testing
device. Simple and light-
weight construction are some
of the positive aspects of
this equipment. The manually
propelled device produces a
profile chart that is analyzed
using the California chart

method. The device is easily

assembled and disassembled by
one person to facilitate
transportation of the

equipment.

The two photographs show an
overall view of the equipment

and a close-up view of the

recording mechanism.

No smoothness data
was collected with
this device; it
was available
during the open
house and during
the demonstration

session.




Wyoming

The Mays Ride Meter used by the Wyoming Highway Department is mounted in

a 1986 Chevrolet Caprice consisting of the following equipment:

Odometer
Rotary Transmitter to convert axle-body movement to
an electrical signal.
Pavement Condition Recorder to record the movements and
accumulate the total roughness.
Data Playback Unit to transfer the casette-based data to an IBM-XT

computer
Data output consists of measured '"counts" based on the relative
axle- body motion and is translated to the Rainhart strip chart recorder as
follows:

Inches Chart Roughness/Miles = Total Count/(Net length * 64).

Sixty-four counts of the Mays meter is equal to one inch of roughness as

measured by the Rainhart strip chart recorder.

Mays Ridemeter
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Western Direct Federal Division of FHWA

The trailer mounted roughness measuring devices that were demonstrated

by this agency are a dual system consisting of the Mays Ride Meter and a B & K

Model 2231 integrating meter (accelerometer). The additional accelerometer was

intended to serve as a check for inconsistencies experienced with the Mays Ride

Meter (MRM). Although the B & K accelerometer output is not directly equiva-

lent to the MRM numbers, they are of a similar scale and could be correlated
via the Root Mean Square (RMS) acceleration.
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Computer and Recorder for MaYs Ridemeter and B & K Accelerometer
Western Direct Federal Division, FHWA
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Montana

Montana's trailer mounted Mays Ride Meter is a Rainhart 890T trailer as
developed by the Texas State Department of Highways and Public Transportation.
The instrument continually logs the pavement surface by recording magnitude,
direction, and summation of trailer axle to body excursions, together with

synchronized distance measurements and landmarks.

The addition of a pavement condition recorder (PCR2000) and a Zenith
Z-171 portable computer facilitate data collection and storage. Data output
consists of route, direction and lane information in addition to Mays count and

Mays distance information by 1/10 of a mile intervals.

Mays Ridemeter
Montana Department of Highways
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Nevada

Nevada's Cox roadmeter is a programmable response-type device that
records deviations in the vehicle body movements as it relates to the axle.
Deviation from the null are registered and accumulated over the section
length. Peak values are recorded in 1/8 inch increments. This data, fed into
a data acquisition system, outputs accumulated count number which in turn is

converted to vehicle displacement counts and, ultimately, inches per mile.
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Nevada Department of Transportation

VWSensor for Cox Roadmeter
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Ontario, Canada

Ontario's portable universal roughness device (PURD) measures roughness
using a trailer axle mounted accelerometer. The equipment demonstrated at the
seminar also had an optional multiple accelerometer system for generation of
IRI data. A microcomputer based pavement condition rating keyboard permits
recording of pavement distress types, severity and extent measurements. Also
included is a distance measuring instrument (DMI) to accurately measure all
surveyed sections and record locations of inventoried items.

The main difference between the equipment description in the report and
the equipment demonstrated, is that a trailer-based system was used instead of

the van-based system described in the equipment description.
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Portable Universal Roughness Device (PURD)
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Mississippi

Mississippi arranged for the furnishing of a Dynatest 5000 road

roughness measuring system. The response type (RTRRMS) uses an ultra precision

accelerometer to generate the statistic root-mean square vertical accelera-

tion. The van-mounted system consists of the following cdmponenté:

Digital distance encoder _
Processor and microcomputer for plotting, printing and data storage
A chassis-mounted accelerator

Hand-held event and start/stop keypads

Dual beam calibration assembly

Software to accomplish various data processing tasks

Dynatest RDM
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Texas

The Walker Roughness Device demonstrated by the Texas State Department
of Highways is also known as the self-calibrating roughness unit (SIometer).
The car-based system consists of a trunk-mounted accelerometer as the primary
sensor unit, a main control module and, optionally, a computer for data
storage. The accelerometer measures the vertical acceleration of the vehicle
and the signal is transmitted to the main control unit for digitizing and

processing.

The portable unit is easily installed in any vehicle because of the

self-calibrating feature.
Prior to actual measurements the vehicle's response is statisically

modeled over a short road section. The model parameters are later used in the

measuring process to remove the vehicle's characteristics.
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Control Console for the Texas Self-Calibrating Roughness Unit
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Texas

The second roughness measuring device provided by the Texas State

Highway Department was the automatic road analyzer (ARAN 111).

This non-contact, accelerometer-based roughness measuring system is used
to report overall condition of the state maintained highway network. 1In
addition to roughness measuring capabilities, this system also performs
pavement distress surveys using a dual video camera setup, and sonar sensors
for rut depth measurements. Travel speeds up to 50 miles per hour are feasible
for measuring distress and roughness. However, the body mounted accelerator
and an axle mounted accelerator evaluate pavement roughness at speed of 30 to
50 mph. The measured vertical accelerations are averaged for both wheel
tracks.

On-board display of roughness in units of root mean square of vertical
accelerations (RMSVA) and mean rectified slope (MRS) is on a 9-inch CRT. Raw
data is stored for post-processing of longitudinal profile and roughness
statistics such as the international roughness index (IRL). The system is
equally sensitive to all wavelengths from 1 foot to 300 feet independent of the

body-to-axle movement.
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ARAN 111

RIS

Interior view of the ARAN III
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Nebraska

The K.J. Law M8300 roughness surveyor is a ultrasonic non-contact
profile measuring system. The car-based unit consists of a bumper mounted
canister containing the accoustic probe and receiver, and an accelerator. The
accoustic probe measures displacement only. The microprocessor computers can
be programmed to provide Mays, PCA, RMS or other vehicle response statistics.
The Mays statisics was selected for this project and the output units are in

inches per mile.

K.J. Law M8300

Nebraska Department of Roads
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Colorado

Colorado's K.J. Law M8300 roughness surveyor is an ultrasonic
non-contact profile measuring system housed in a van. The canister containing
the acoustic probe, receiver, and accelerometer is mounted on the left side of
the rear bumper. The acoustic probe measures displacement only. Since
Colorado's K.J. Law is used for roadway inventory, a video camera has been
installed in addition to an automated rutting measuring device. A printer is
used for producing a on-board hard copy of the data. All data is stored on
magnetic tape for later transfer to PC's and subsequent editing and analysis.

Roughness units are programmable but the Mays statistic is used and the output
is in inches per mile.
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Canister containing sensors

for Colorado's K.J. Law M8300

Interior view of K.J. Law M8300
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AASHTO MATERTIALS REFERENCE
LABORATORY PROGRAM
(FHWA)

The K.J. Law 690 DNC Surface Dynamics Profilometer is an inertial system

that records road profiles at normal vehicle speeds.

The van-based system consists of the following:

Non-contact pavement sensors

Accelerometers

-

Digital distance encoder

Profile computers

Software (Operating system, profilometer program)

-

CRT terminal and printer

.

Magnetic tape recorder

o ~wN o n &> W N -

Optional software

Among the pavement rougness simulation programs the following is

available:

BPR Roughometer

Mays Ride Meter - Vehicle and trailer
PCA Ride Meter

Cox Ride Meter

Root Mean Square Acceleration (RMSA)
Present Servicability Index (PSI)

The unit has numerous other capabilities in the pavement performance

evaluation area. They are listed in the equipment section of the report.
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UMTR1/Michigan

The PRORUT System as demonstrated by UMTRI was designed to perform as a
fully integrated pavement condition survey system as well as a relatively
accurate and inexpensive profiling system. The use of laser sensors in the
original design was changed to infrared transducers on the unit used in the
demostration. Profiling and rut-depth measurements are easily combined with
this sensor arrrangement. The on-board computer controls the system operation,
including calibration and data processing. Two accelerometers situated above
the wheel tracks allow roughness computation for the separate wheel paths with

IRI values as well as profile plot output.

Pro Rut System (FHWA)
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South Dakota DOT

South Dakota's profilometer system consists of a linear accelerometer
and a non-contact ultrasonic ranging device. 1In addition to the pavement
profile capabilities, the ultrasonic sensors are used for rut depth
measurements. A microcomputer controls the devices that measure the vehicle's
horizontal distance, vertical position, and height above the pavement are
housed in a van. A printer for hard copies and disk driven for data storage

comprise the data storage system.

The software is capable of producing a number of statistics,

specifically in addition to the profile plots the following is available:

Mays Index
PCA Index
PSI

RMS Acceleration Sprung Mass

Average Rut Depth

The profile plots are produced for one wheel path only. The above

statistics are used to represent combined wheel paths.
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Road Profiler
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Interior view of Road Profiler
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Nebraska

Nebraska's profilometer was developed using the South Dakota

profilometer design. The description of the South Dakota equipment is

applicable for Nebraska's profilometer. As is the case with the South Dakota

system, automated rut-depth measuring facility exists on Nebraska's
profilometer.

SD Profilometer Nebraska Department of Roads
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Texas

The Texas Surface Dynamics Profilometer (SDP) measures longitudinal
pavement profile in each wheel path. A non-contact laser probe and an
accelerometer located over each wheelpath are used to measure the pavement
profile and the information is processed by a 80286 CPU based computer.
Software permits sampling rates at ten or twenty samples per foot, either
filtered or unfiltered. Only longitudinal profile is being measured by this
equipment. Roughness values are computed and reported in units of
Servicability Index (SI) for each wheel path. The program is also capable of

simulating a Mays Ride Meter count.
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Texas Surface Dynamics Profilometer

Interior view of Texas Surface Dynamics Profilometer
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XI DATA ANALYSIS

Many of the participants had pavement data collection equipment
that was capable of gathering a multitude of information such as video logs of
pavement conditions, rut depths, profile plots, and various simulation
statistics. However, it was the intent of this seminar to focus on the
pavenent smoothness aspect of data collection, processing and the demonstration

of the various devices that are currently available.

The participants in the equipment demonstration were provided with
guidelines for this purpose. WNine test sites had been selected to represent
smooth, medium-rough, and rough pavement samples for rigid as well as flexible
pavements. Replicate test sections were established for the flexible pavements
only. In order to verify equipment measuring consistency, the tests for each
site were repeated three times as a minimum, and a maximum of five times to
avoid excessive test duration. The criterion for the need to repeat the tests
more than three times was the relationship of the individual site average
roughness to the overall average roughness of the first three tests. If
individual site average was within ten percent, no additional tests were
required. As can be seen in the data summary sheets, located in Appendix B,
Volume 1, every device was consistent enough to satisfy this requirement,

although some of the participants performed additional tests.

Data processing proved to be more difficult than initially anticipated
because of the multitude of equipmént participating in the testing. The
preferred data storage on floppy diskettes that was suggested in the
guidelines was feasible for only a limited number of participants. Since
each piece of equipment was capable of producing a hard-copy of their test
data, this method of data submission was selected. All data was put manually
into LOTUS spreadsheets.

The basic format of the resulting spread sheet (Appendix B) identifies
the test site number, pavement type, smoothness category, test speed, and the
test site sub-section number. Each participant's equipment and their
affiliation is shown in the left-most column along with the roughness

statistics units. The second column indicates the wheelpath in which the
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roughness values were obtained. The values in the sub-section columns are
roughness values for each tenth-mile long sub-sections. Average test section
roughness, maximum section roughness, and minimum section roughness values

complete the page.

The test devices have been arranged so that similar devices are listed
together. The various device categories have been identified in the previous

section of this report.

Since many of the participants expressed the desire to obtain all raw
data, the final data reporting and storage was directed toward this goal.
Testing speeds are noted in the page header and apply to the high-speed

equipment only. Low-speed devices are indicated by asteriks.

Although only three test runs were requested, some participants supplied
data for additional test runs. This data is also summarized in these

spreadsheets, found in Appendix B.

It should be pointed out that the purpose of this data collection effort
was primarily to demonstrate the pavement smoothness measuring devices and

their data collection capabilities. The data is presented here for information

only and not necessarily for comparisons between devices, correlation efforts

or other statistical analysis. Summarized data is presented here for the

reader's information.

The finalized tables containing all data collected by each pavement
smoothness measuring device are available on floppy diskette in LOTUS
WKS format as well as ASCll text files upon request from the authors at the

Colorado Department of Highways Research Branch.

Several agencies produced additional data output consisting of response
roughness statistics, longitudinal roughness profile charts, and rut-depth
data. Samples of this data output are included in Volume II of this Seminar
Proceedings. However, a complete set will be made available upon request. A

complete listing of available data can be found in Table A.
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TABLE A
PAVEMENT SMOOTHNESS EQUIPMENT DATA OUTPUT UNITS

PRIMARY DATA */

EQUIPMENI (WHEEL PATHS) ALSO AVAILABLE
Ralnhart in/ml / Longltudlnal profile graph for b th on
Profilograph (BWP) Sites 1,3,5 & 7
Profilograph in/mi / Longitudinal profile graph for both WP on
McCracken (BWP) Sites 1,3,5 & 7
Dipstick IRI in/mi E.W. Face
(L&R WP)
Mays (Car) Mays in/mi
Wyoming (BWP)
Mays(Trailer) Mays in/mi
Direct Fed. (BWP)
PCR-2000 in/mi / Data on floppy diskette
Montana (BWP)
Cox in/mi
Nevada (BWP)

B&K Accelero- LEQ Decibels
meter D.Fed. (BWP)

H.P.I. PURD IRI in/mi / Real-time response roughness statistics,

Ontario MTC (BWP) Root mean square axle acceleration RMSVA in
milli G's), Mean absolute slope (MAS, m/km),
IRI data on floppy diskettes, Longitudinal pro-
files for Sites 1,2,5 & 7.

Dynatest 5000 SI (Serviceability Index)
Mississippi (BWP)

Siometer SI

Texas (BWP)

Aran IIIX IRI in/mi / Response roughness statistics (RMSVA), Longi-
tudinal profiles

Texas (BWP)

Laser RST IRI in/mi, MO Index

IMS-Illinois (BWP)

K.J.LAW 690 IRI in/mi / Mays (in/mi), PCA (count/mi), PSI, RMSA,
FHWA (BWP, L&R WP)/ Longitudinal profile plots, IRI & Mays data
/ on floppy diskettes.

PRO RUT IRI in/mi / Combined wheelpath rutting

FHWA (L&R WP)
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EQUIPMENT PRIMARY DATA / ALSO AVAILABLE

Profxlometer IRI 1n/mi / Data on floppy diskettes, Rutting
S.Dakota LWP

S.D. Road IRI in/mi / Rut Depth
Profiler LWP
Nebraska
Profilometer SI / Profile plots for each WP, Profile data on floppy
Texas BWP diskettes.
* NOTES:
BWP - Both Wheel Paths

RWP - Right/Left Wheel Path
IRI - International Roughness Index
SI - Serviceability Index
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XI1I. EQUTPMENT DEMONSTRATION

All of the equipment being used at the seminar was made available for
review and inspection after each days session. Seminar participants took this
opportunity to discuss operating procedures with the owners, take photographs,
and make detailed inspections of the devices. The participants also used this

opportunity to compare experiences or procedures used among each other.

As indicated in the agenda, the third day of the seminar was identif?ed
to provide an operating demonstration of the equipment. The participants wére
transported to four of the test sites where they were able to see the
equipment in operation. Participants were provided the opportunity to ride in

each device and observe the data being collected.

XI1l. CONCLUSIONS

This four-day seminar provided an excellent opportunity for the highway
transportation industry to learn and understand the state of the art in
roadway pavement smoothness. It was the consensus of the nearly 200
participants that the seminar/demonstration/workshop forum offered an
opportunity to better understand the subject. Most participants felt that
they better understood the theory, basic concepts, uses and application of
pavement smoothness data. The equipment cost, specifications and operating
procedures were better understood by the administrators selecting the

equipment and the operators using the equipment.

Volume II of the Seminar Proceedings contains detailed information on
the equipment represented at the seminar. This information includes brochures

and write-ups as presented by the equipment owners and operators.
Because of the volume and diverse formats, all the data collected at

the seminar has not been included in the proceedings. As indicated earlier,

it is available from the authors.
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Volume III of the Seminar Proceedings contains summaries of the
various workshop findings. This document contains, in addition to the
summarized information, notes and reports submitted by the workshop

moderators, topic leaders, and recorders.

In conclusion, it was generally agreed that this forum was very useful
in relating a large volume of information on a complex subject. Future
gatherings of this type, through the FHWA's Demonstration Projects Program,

are encouraged.
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. Frank Abel
Materials Engineer
CO Department of Highways
4201 East Arkansas
Denver, CO B0222

Richard Angove
Owner

Ames Profilograph
200 Rockwell
Ames, IA 50010

R. Beck

Engineer

TX Btate DOH % Public Transp
Box 5051

Austin, TX 78743

Dean Berwick
Operations Supervisor

Federal Highway Administration
Box 1127
Cheyenne, WY 82003

Doyt Bolling
Pavement Engineer

Federal Highway Administration
535 Zang #400
Lakewood, CO 80228

Chuck Boyd
Safety Frograms Coordinator

,Federal Highway Administration

200 Northwest Sth Street #454
Oklahoma City, 0K 73102

Gary Brhel

Highway Management

NE Department of Roads
Box 94759

Lincoln, NE 68509

James Cable
Associate Professor

Towa State University
378 Town Engineering Bldg
‘Ames, IA 50011

Fu Hua Chen
Chairman of the Board

Chen % Associates
96 Sputh Zuni
Denver, CO B0223

Billy Connor
Senior Research Engineer

AK DOT & Public Facilities
2301 Feger Road
Fairbanks, AK 99709

Thomas Adkins

Pavement Mgmt Engineer
WY Highway Department
Box 1708

Cheyenne, WY BZ002

Harvey Atchison

Transp Develop Director
€0 Department of Highways
4201 East Arkansas
Denver, CO 80222

Randy Bellard

Planning Engineer

Federal Highway Administration
1535 Hot Springs #100

Carson City, NV 89701

Doug Birlauf
Transportation Planning

CD Department of Highways
4201 East Arkansas
Denver, CO B0222

Tim Borg
Project Manager

OK Department of Transportation
200 Northeast 2ist Street
Oklahoma, OK 731035

Bob Boyer
Engineer

Dynatest, Inc.
Box 71
Djai, CA 93023

derry Budwig

Division Engineer

Federal Highway Administration
Box 25246

Denver, CO 80222

Ron Carmichael
Senior Program Manager

Federal Highway Administration
400 7th Street Southwest HHO-11
Washington, DC 20590 '

G. Norman Clark
Geotechnical Engineer

kS Department of Transportation
2300 VanBuren
Topeka, KS &44b1t

Charles Cook

Materials % Test Engineer

NV Department of Transportation
1263 South Stewart

Carson City, NV 89712
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Doug Anderson
Research Engineer

UT Department of Transportati
4501 South 2700 West
S5alt Lake City, Ul 84119

John Bassett
Engineer/Supervisor

VA Department of Transportati
1401 East Broad
Richmond, VA 23219

Ronald hnhling
Geologist III

NE Department of Roads
Box 94739
Linceln, NE 68509

Dwight Bower
Deputy Director

CO Department of Highways
4201 East Arkansas #2642
Denver, CO B0O222

" Bud Brakey

District Engineer
Asphalt Institute
5630 East Evans
Denver, CD 80222

Stephen Burnham
Plan % Research Engineer

Federal Highway Administratic
100 Centennial Mall North #4&
Lincoln, NE 68508

Peggy Casey
Program Coordination Engineer

Federal Highway Administratio
209 Adams Street
Jefferson City, MO 65101

Marvin Cobb
Engineering Technician
WY Highway Department
Box 1708

Cheyenne, WY 82002

Robert Copp

Assistant Chief
Caltrans-Pavement Condition I
Box 942873

Sacramento, CA 94273



Debra Corcoran

Project Engineer

8D Department of Transportation
700 Broadway East

Fierre, SD 57301

Gaylord Cumberledge

Favement Engineer

PA Department of Transportation
140 Cherry Lane

Dillsburg, PA 17019

Harold Dalrymple

Research Engineer

University of Illinois

_ 208 North Romine - Civil Engr
Urbana, IL 41801

Leonard Della-Moretta
Staff Engineer

US Forest Service

444 East Bonita

San Dimas, CA 91773

Denis Donnelly
Research Coordination Engineer

CO Department of Highways
201 East Arkansas
Denver, CO B0Z22

James Edwards
Assistant Research Engineer

AL Highway Department
1409 Coliseum Blvd
Mantgomery, AL 34130

Joy Ferguson

Engineer

MS Department of Transportation
732 Franklin

Grenada, MS 3B901

K.P. George

Professor

University of Mississippi
108 Stone Road

Oxford, M5 3B655

David Grachen

Pavement Technician

Federal Highway Administration
4300 Georgetown Pike

McLean, VA 22101

Richard Griffin

R%D Branch

CO Department of Highways
4201 East Arkansas
Penver, CO BOZZ

Al Crawley

Engineer

M5 State Highway Department
Box 1850

dackson, MS 39213

Donald Curphey

Senior Engineer

PCES Pave Condition Eval Ser
1145 Icehouse

Sparks, NV 89431

Roman Dankbar
Transp Research Engineer

IA Department of Transportation
80O Lincolnway
Ames, IA 50010

Andy Dennison

Writer

Roads & Bridges Magazine
14 North Chestnut

Colorado Springs, CO B09035

Kurt Dunn

Pavement Engineer

Federal Highway Administration
Box 419715

Kansas City, WO 65141

Warren Edwards

Plan/Proj Dev Engineer

Federal Highway Administration
2026 Nagel Drive

Bismarck, ND 58501

Floyd Freeman

Construction Staff Engineer
WY Highway Department

Box 1708

Cheyenne, WY 82002

Andy Bisi

Favement Engineer

KS Department of Transportation
2300 VanBuren

Topeka, KS 66611

Wade Gramling
RMSD Chief

PA Department of Transportation
1009 T&S Building

Harrisburg, FA 17120

James Gruver

Hwy Perf fAnal Br Chief

Federal Highway Administration
400 7th Street Southwest
Washington, DT 20590
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Steven Cumbaa

Pavement Engineer

LA Department of Transportati
15320 Ashville

Fride, LA 70770

Gary Cypert

Engineer

TX DOH & Public Transp
Box 5051

Austin, TX 78763

Earl Davis

Field Liaison Engineer

MO Highway % Transportation D
Box 270

Jefferson City, MO 45102

Dave Dicarlao

Engineer

Highway Products Internationa
Box 520

Faris, Ontario, Canada N3L3Té

Alan Eastwood

Senior Highway Engineer
CO Department of Highways
4340 East Louisiana
Denver, CO B0222

Allen Face

Quner

EW Face Company

427 West 35th Street
Norfolk, VA 23508

David Gendell

Office of Highway Operation
Federal Highway Administratic
400 7th Street Southwest
Washington, DC 205990

Curtis BGoss

Owner

Rider Instrumentation
4000 Greenmountain Lane
Austin, TX 78759

Randy Grauberger

Program Section Manager
CO Department of Highways
201 East Arkansas
Denver, CO BO222

Donna Harmelink

Highway Engineer

CO0 Department of Highways
4201 East fArkansas
Denver, CO B0222


https://Richa.rd

Lawrence Hart
President
Rainhart Company
Box 4533

Austin, TX 7B765

Mike Herron

Freconstructing Engineer
Federal Highway Administratien
555 Zang #2350

Lakewood, CD B0228

Peter Hinckley

Senior Highway Engineer
CO Department of Highways
4201 East Arkansas
Denver, CO B0222

Gerry Huber
Surfacing Engineer

Saskatchewan Highways & Transp
1855 Victorian Avenue
Regina, Saskatch 54P3V§

Andrew Ingram
Research Engineer

US Air Force
HB AFEFC
Tyndall AFB, FL 32403

Spencer Jennings
Materials Engineer

NC Department of Transportation
Box 23201
Raleigh, HC 27611

Sam Khouhry
Transportation Engineer

ca Departhent of Transportation
B30 Camelback Place
Pleasant Hill, CA 94523

John Kiljan

Senior Highway Engineer
CO Department of Highways
4201 East Arkansas
Denver, CO 80222

Harvey Koch

Beotech % Materials
Saskatchewan Highways % Transp
1855 Victorian Avenue

Regina, Saskatch S4P3V5

Charles Larson
Transportation Engineer

CT Department of Transportation
280 West
Rocky Hill, CT 06047

Charles Hatch

Const & Mtnc Engineer

Federal Highway Administration
2808 Camino Del Bosque

Santa Fe, NM 87505

Robert Hickman

Region Planning Engineer
Federal Highway Administration
335 Zang

Lakewood, CO 80228

Dick Hines

Flexible Pavement Engineer
CO Department of Highways
4201 East Arkansas

Denver, CO B0Z222

’

David Huft
Research Engineer

5§D Department of Transportation
700 Broadway East
Pierre, 8§D 57501

Michael Janoff
Consultant

JMJ Research
Box 144
Newtown, PA 18940

William Jones

Project Dev Engineer

Federal Highway Administration
555 Zang #2350

Lakewood, CO B0O228

Glenn Kietzmann

Planning Engineer

5D Department of Transportation
East Broadway, Trans Bldg
Pierre, 8D 57501

Bruce Kinney
Transportation Flanning

" CO Department of Highways

4201 East Arkansas
Denver, CO 80222

John LaCroix
Surface Properties Engineer

IL Department of Transportation
126 East Ash
Springfield, IL 62706

Kenneth Law
Fresident

KJ Law Engineers, Inc.
23660 Research Drive
Farmington Hills, MI 48024
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VYon Hemmert

Planning Survey Engineer

OR Department of Transportatio
325 13th Street Northeast #6035
Salem, OR 97310

James Hill
Research Supervisor

ID Transportation Department
Box 7129
Boise, ID B3707

Stephen Harton
Senior Highway Engineer

CO Department of Highways
4201 East Arkansas
Denver, CD B0222

Werner Hutter

R%D Branch

CO Department of Highways
4201 East Arkansas
Denver, CO B0O222

Gerald Jdasper

Engineering Coordinator
Federal Highway Administration
444 Sputheast Ruincy #240
Topeka, K5 66683

‘Shawn Kennedy

S0il % Ag Supervisor
AMRL

NBS Bldg 2246, Room A345
Gaithersburg, MD 20899

William Kilian

C&M Engineer

Federal Highway Administration
1974 Potwin Drive

Baton Rouge, LA 70808

David Klockeman

Civil Engineer

City of Ft. Collins
Box 3580

Ft. Collins, CO BOG22

Keith Lane

Materials Testing Chief

€T Department of Transportatior
280 West

Rocky Hill, CT 04047

kenner Lees

Geotech % Materials
Saskatchewan Highways & Transp
1855 Victorian Avenue

Regina, Saskatch S4P3V5



Dan Leholsky

Civil Technician

Highway Products International
Box S20

Paris, Ontario, Canada N3IL3Té

Robert Light

Engineer

TX State Dept of Hwys % Pub
Box 35051

fustin, TX 78763

L.MN. MacDonald

Regional Administrator

Federal Highway Administration
555 Zang '
Lakewond, CD B0OZ28

David Matsen
Favement Mgmt Engineer

DE Department of Transportation
Box 778
Dover, DE 19903

John Maykuth

Construction Review Supervisor
MT Department of Highways

2701 Prospect

Helena, HT 59620

David McElhaney

Info Mgmt Director

Federal Highway Administration
400 7th Southwest HFM-1
Washington, DC 20590

Richard HMcReynolds
Pavement Mgmt Engineer

KS Department of Transportation
2300 VanBuren
Tapeka, K§ bb4411

Allan Miller

Highway Engineer

Federal Highway Administration
555 Zang

Lakewood, CO 80228

Fhillip Hillet

FMS Unit Manager

CO Department of Highways
4201 East Arkansas
Denver, C0O B(222

Dick Moore
Engineer

NV Department of Transportation
{263 South Stewart
Carson City, NV E9712

Thomas Leitzel

Transportation Supervisor

FA Department of Transportation
Box 202

McAlisterville, PA 17049

Walton Little
Specifications Engineer

MG State Highway Department
Box 1B30

Jackson, M5 39215

Kevin Maehling
Marketing Specialist
Ramsey Engineering

18353 West County Road C
St. Paul, MN 55113

Bruce Matzke

Highway Engineer

Federal Highway Administration
400 7th Southwest HHO-12
Washington, DC 20590

Phil McCabe
Transportation Flanning
CO Department of Highways
4201 East Arkansas
Denver, CO B0222

William McLoughlin

Western Direct Division
Federal Highway Administration
610 East Sth Street

Vancouver, WA 98641

William Metheny

Pave Evaluation Engineer

KS Department of Transportation
2300 VanBuren

Topeka, K5 66611

Dennis Miller
Pavement Engineer

Federal Highway Administration
615 North Armistead
Alexandria, VA 22312

Rita Mitchell
Engineer Associate

NE Department of Roads
Box 94739

Lincoln, NE 683509

Walt Moore
Construction Equip Magazine

Cahners Publishing Company
1350 East Touhy
Des Flaines, IL &G0iB8
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Uwzn Leonard

Senior Highway Enpineer
CO Department of Highways
4711 West 9th Street
Greeley, CO 80434

Blair Lunde

Engineer

SD Department of Transportatic
700 Broadway East

Pierre, 5D 57301

Joseph Massucco

Administrator

Federal Highway Administratior
211 Main Street #1100

San Francisco, CA 94103

Fred Maurer

PMD Supervisor

MN Department of Transportatic
2417 Bueens

Woodbury, MN 55123

Randy McDonald

Regional Pavements Engineer
Federal Highway Administratior
819 Taylor

Ft. Worth, TX 76102

Stephen McMahen

Area Engineer

M5 State Highway Department
Box 1850

Jackson, MS 392185

William Miley

Materials & Research Engineer
FL Department of Transportatii
605 Buwannee

Tallahassee, FL 32301

Jerry Miller
Program Mgmt Engineer

NE Department of Roads
Box 94759
Lincoln, NE 483509

Beth Moore
Tech Transfer

CO Department of Highways
4201 East Arkansas
Denver, CO B0O222

Norman Mueller

Chief Hwy Sys Perf Division
Federal Highway Administratior
{0703 Almond

Fairfax, VA 22032



John Michols

Area Engineer

Federal Highway Administration
824 Federal (Office Bldg
Austin, TX 78701

Leo O0'Connor
Favement Materials Engineer

CO Department of Highways
4201 East Arkansas
Denver, CO B0O222

William Outcalt
Engineering Aide

CO Department of Highways
4201 East Arkansas
Denver, CO BO2Z2Z2

Charles Fotter
Special Investigations Engineer

IA Department of Transportation
102 Northeast Oak
Ankeny, IA 50021

Larry Furnell
Vide Fresident

PAVEDEX
North 800 Hamilton
Spokans, WA 79202

Wally Rooke
Favement Division Manager

Edward Face Company
200-5 Donald
Winnipeg, Manitoba, Canada

Norman Rutherford

Manager

CO Transportation info Ctr
€80 - ERC A307 ’
Ft. Collins, CO 80523

Dennis Schwartz
Materials Inspector

Jefferson County
1801 19th Street
Golden, CO 80401

Roy 5helton

District Engineer

Federal Highway Administration
Box 26806

Raleigh, NC 27612

James Sorenson

Region {0

Federal Highway Administration
738 Southwest Zrd Avenue
Fortland, OR 97204

Corey Noonan

Gpeciality Sales
McCracken Concrete Pipe
111 Southg George

Bioux City, IA 51103

Bob Olejnik
Transportation FPlanning
CO Department of Highways
4201 East Arkansas
Denver, CO B0222

Audrey Perich

Staff Assistant

CO Department of Highways
4201 East Arkansas
Denver, CO B0222

:

fAnand Prakash

Pavement Mgmt Engineer
Ontario Ministry of Transp
1201 Wilson

Downsview, Ontario, Canada

Dennis Reese

Product Manager

Ramsey Engineering

1853 West County Road C
St. Faul, HMN 55113

David Routzahn

Research Bpecialist

MT Department of Highways
2701 Prospect

Helena, MT 592420

James Bassin

Research Engineer
Strategic Highway Research
818 Connecticut 1 NW #400
Washington, DC 200064

Larry Scofield

Trans Engr Supervisor

A1 Department of Transportation
AZ Btate U, College of Engr
Tempe, AZ BS287

Ken Simons
Fresident

Denver Engineering Assoc, Inc.
1777 South Bellaire

Denver, CH 80222

Elson 5Spangler
President

Surface Dynamics, Inc.
BOG West Long Lane Road #145
Bloomfield Hills, MI 48013
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Robert Novak

Partner

IHS Infrastructure Mgmt Servi
3350 5alt Creek #117
Arlington Heights, IL 600035

Robert Orthmeyer
General Manager

Braun Favement Technology
1404 Concordia
5t. Paul, MN 55104

Charles Peterson
Transportation Specialist
CO Department of Highways
4201 East Arkansas
Denver, CO B0222

David Price

Engineering Technician

CO Department of Highways
4201 East Arkansas
Denver, CO B0222

W.H. Reynolds
P%M Materials Engineer

Federal Highway Administratic
Route 1, Box 89-P
Bauxite, AR 72011

feorge Rowe

Highway Project Engineer
€0 Department of Highways
4201 East Arkansas
Denver, CO B0O222

Mike Sayers

fissistant Research Scientist
University of Michigan

2901 Baxter Road

Ann Arbor, MI 48109

Gopal Shah

Develop Research Chief

MD Department of Transportati
2323 West Joppa Road
Brooklandville, MD 21022

Chan Singh

Highway Technician
SD Department of Transportat:
700 Broadway East
Fierre, 5D 57301
Lee Spann
Statewide Flanner

Federal Highway Adminmistratac
Box 197135

t.ansas City, MO &5141



Robert Speckmann

Senior Manager

Nd State Highway Department
600 East Boulevard Avenue
Bismarck, ND 58501

Elaine Spencer

Dperations % Planning Manager
Larimer County Public Works
Box 1190

Ft. Collins, CO 80522

Dave Sullivan
F &R

Federal Highway Administration
Box 1127
Cheyenne, WY 82003

Bob Templeton
Constructiaon Engineer

TX Dept of Hwys & Public Transp
125 East 11th Street
Austin, TX 78701

John Unbewust

Supervising Highway Engineer
CO Department of Highways
12296 East Bates Circle
Aurora, CO BOO14

Chuck Walrath

Civil Engineer

US Forest Service

240 Frospect

Ft. Collins, CO 805254

Bill Whipple
Engineering Technician
WY Highway Department
Box 1708

Cheyenne, WY B2302

Gary Williams
Research Project Manager

0K Department of Transportation

Route 2, Box 38A
Noble, 0K 73048

ken Wood

District Materials Engineer
CO Department of Highways
Box BS0

Greeley, CO B0632Z

Shie-shin Wu

Favement Engineer

NC Department of Transportation
Box 25201

Raleigh, NC 27611

F.W. Speers

Marketing Manager °

Highway Products International
Box 520 .

Paris, Ontario, Canada N3L3Té

Loren Staunton

Pavement Technician

Federal Highway Administration
6300 Beorgetown Pike HNR-20
Mclean, VA 2210t

Mel Sundermeyer

Planning Traffic Erigineer

MO Highway &% Transp Department
Box 270

Jetterson City, MO 65102

Paul Theberge

Engineer

ME Department of Transportation
State Office Building

Augusta, ME 04330

Dallace Unger

Transportation Planner

Federal Highway Administration
993 Zang

Lakewood, CO B022B

Richard Wasill

Project Dev Engineer

Federal Highway Administration
610 East Sth Street

Vancouver, WA 98461

William White

Regional Transp Planner
Federal Highway Administration
18209 Dixie Highway

Homewood, IL 60430

Gerald Wimer

Construction Operations Engineer
OR State Highway Division

1158 Chemeketa

Salem, OR 97310

George Woolstrum

Special Projects Engineer
NE Department of Roads
Box 94759

Lincoln, NE 48509

James Wyatt
Engineer

TX Dept of Hwys & Public Transp
Box 5051

Austin, TX 78743
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Peter Spellerberg -
Assistant Manager

AMRL ,
NBS Bldg 226, Room A363
Gaithersburg, MD 20899

Richard Stubstad
Owner

Dynatest, Inc.
Box 71

Djai, CA 93023

Bill Swimdall

Chief Engineer

Highway Products Internationa
Box 520

Paris, Ontario, Canada N3L3Th

Curtis Treadway

Pavement Management Engineer
AL Highway Department

1409 Coliseum Blvd
Montgomery, AL 34130

Bruce Varker
Engineer

City of Phoenix

125 East Washington
Phoenix, AZ B3004

" Candace Watson

Transportation Assistant
Federal Highway Administratio
595 lang

Lakewood, CO B0228

Allan Widger

Geotech & Materials
Saskatchewan Highways % Trans
1855 Victoria

Regina, Saskatch S54P3V5

Leon Witman

Division Administrator
Federal Highway Administratio
555 Zang #250

Lakewood, CO B0228

John Wright

Supervisor Pave Mgmt Section
MT Department of Highways
2701 Prospect

Helena, MT 59620

Jonathon Young

Assistant PY4R Engineer
Federal Highway Administratio
355 Zang

Lakewood, CO 80228



Ron Youngman Rick Yowell Mark litzka

Paving Engineer Construction Engineer Preconstruction Engineer

CO Concrete Paving Assn. ¢p Department of Highways Federal Highway Administratior
1805 S. Bellaire #4335 18500 East Colfax 301 South Park #448

Denver, CO 80222 Aurora, COD B8OOIt Helena, MT 59426
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SHOOTHNESS DATA FOR SITE # 1 (S.H. 68; SHOOTH FLEXIBLE PAVEMENT) TEST SPEED 30 MPH
SUB-SECTIONS

0 1 2 3 4 5 6 7 B AVERAGE MAX  HIN
EQUIPNENT ' VALUES VALUES VALUES
PROFILOGRAPH *  RWPL  7.50 5.50 2.50 3.50 0.50  3.50 3.83  7.50  0.50
RAINHART RWP2  10.00  4.00 3.00 2.00 0.50  3.50 3.83 10,00  0.50
COLORADO DOH LWPL 4,00 2.00 2.00 1.5 0.50  3.00 2.17 400  0.50
(infai) *x LWP2 4,00 1.50 0.50 2.50 0.50  0.50 1.58  4.00  0.50
PROFILOGRAPH *  RWPL  29.00 18.00 10.50 9.00 8.00 15.00 14.92  29.00  8.00
MCCRACKEN RWPZ  30.00 19.50 11,00 10.50 7.50 18.50 16.17  30.00  7.50
COLORADO DOH LWPL  16.50 12.00  9.00 12.00  3.50 11.00 10.67 16.50  3.50
(in/mi) * LWP2  16.00 13.00 7.50 12.00  6.00 11.50 11.00  16.00  6.00
DIPSTICK RWPL 102.24 96.79 99.52 102.24 96.79
E. W. FACE LKPL 106.42 83.30 94.86 106.42 83,30
IRI {in/mi)
MAYS RIDEMETER  BWP1  76.00 78.00 69.00 61.00 47.00 59.00 65.00 78.00 47.00
CAR BWP2  85.00 59.00 56.00 60.00 56.00 69.00 64.17  85.00 56.00
WYOMING HD BNP3  82.00 60.00 65.00 71.00 55.00 76.00 68.17 82.00 55.00
MAYS (in/mi)
MAYS RIDEMETER  BWPL  95.00 79.00 58.00 62.00 63.00 B86.00 73.83  95.00 58.00
TRATLER BWE2  98.00 85.00 65.00 77.00 57.00 77.00 76.50 98.00 57.00
DIRECT FEDERAL  BWP3  108.00 89.00 67.00 64.00 57.00 81.00 77.67 108.00 57,00
MAYS (in/mi) BWP4  88.00 83.00 77.00 68.00 70.00 87.00 78.83 88.00 68.00
BWPS  88.00 86.00 71.00 48.00 63.00 84.00 76.67 88.00 63.00

MAYS RIDEMETER  BWPL  66.98 60.45 85.17 56.99 57.20 59.36  66.98 55.17
HONTANA DOH BHP2  72.23 70.64 64.00 60.79 60.32 60.68 64.78  72.23  60.32
(in/ai) BWP3  76.92 72.96 68.67 66.48 63.00 63.79 68.64 76.92 63.00
COX ROADMETER  BWPY  11.90 7.50 8.20 8.20 9.60  9.50 9.15 11.90  7.50
NEVADA DOT BWP2  8.80 7.20 8.10 8.00 10.20  9.40 8.62 10.20 7.20
(in/mi) BWP3 1210 8.40 8.0 7.30 9.80 10.20 9.40 12.10  7.30

Bk BWPL AVERAGES ONLY 13.10
ACCELEROMETER  BHWP2 : 12,40
DIRECT FEDERAL  BWP3 12.80
(Decibels d8)
H.P.1. PURD BWPL  98.21 83.03 75.77 70.21 ¢69.14 68.59 77.49  98.21 68.59
ONTARIO M.T.C.  BHP2 100.94 84.47 78.83 74.48 64.65 64.12 77.92 100,94 64,12
IRI (in/mi) BWP3  104.14 78.33 80.15 B81.27 73.77  66.50 80.69- 104.14  66.50
DYNATEST RDM BWPL  3.54  3.68 3.67 3.64 3.67 3.6l 3.63  3.68 3.5
MISSISSIPPI HD  BWP2  3.58  3.70  3.66  3.60 3.69  3.63 3.6 3.70  3.58

SI BWP3 3.58  3.68 365  3.63 3.6  3.60 3.63 3.68  3.58

*¥ .2 INCH BLANKING BAND USED
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SMOOTHNESS DATA FOR SITE % 1 (S.H. 68; SMOOTH FLEXIBLE PAVEMENT) TEST SPEED 30 HPH
SUB-SECTIONS

0 1 2 3 4 5 6 7 B AVERAGE  MAX HIN

EQUIPHENT VALUES VALUES VALUES
TEXAS BHP! 2.60 2,60 3.80 3.8 3.70 3.70 3.31  3.80  2.60
SELF CALIBRATING BWP2 2.50 2,50 3.80 3.80 3.60 3.60 3,30 3.80  2.50
ROUGHNESS UNIT  BHPS 2,60 2,60 3.80 3.80 3.70 3.70 3,37  3.80  2.60
TEXAS HD
(s1)
ARAN III BWPL  96.73 79.20 75.74 69.55 63.12 TL19 76,02 96.73  63.12
TEXAS HD BWPZ  103.75 80.23 73.24 65.47 63.38 68.36 75.74 103.75 63.38
IRT (in/ai) BWP3  98.35 78.57 72.07 65.93 66.19 71.10 75.37 98.35 65.93
K.J. LAW MB300  RWPL 111.00 95.00 57.00 66.00 60.00 75.00 77.33 111.00 57.00
NEBRASKA DOR RWP2  110.00 97.00 59.00 74.00 58.00 77.00 79.17 110,00 58.00
MAYS (in/mi) RWP3 110,00 93.00 56.00 71.00 58.00 74.00 77.00 110.00 56.00
K.J.LAH M8300 LWPL  B2.00 79.00 46.00 64.00 48.00 61.00 63.33 - 82.00 46.00
COLORADD DOH LWP2  83.00 77.00 46.00 71.00 47.00 65.00 64.85 83.00 46.00
HAYS (in/ei) LWP3  75.00 81.00 47.00 68.00 52.00 63.00 64.33 81.00 47.00
LASER RST BWPL  95.03 76.02 57.02 69.69 63.35 63.35% 70.74  95.03 57.02
IMS-ILLINOIS BWP2  107.70 76.02 57.02 69.69 - 57.02 63.35 71.80 107.70 57.02
IRI (in/mi) BWP3  95.03 76.02 57.02 69.69 57.02 63.35 69.69 95.03 57.02
K.J. LAW 690 DNC BWPL  88.00 77.00 77.00 74.00 72.00 90.00 79.67 90.00 72.00
PROF ILOMETER BWP2Z  88.00 79.00 71.00 71.00 71.00 88.00 78.00 88.00 71.00
FHHA BWP3 90,00 75.00 73.00 70.00 73.00 90.00 78.50 90.00 70.00
IRT (in/ni) BWP4  92.00 80.00 76.00 75.00 74.00 90.00 81.17 92.00 74.00

BWPS  91.00 79.00 74.00 73.00 73.00 88.00 79.67 91.00 73.00
PRO RUT SYSTEM  RWPL  110.65 100.63 89.99 90.27 75.32 91.74 93.10 110.65 75.32
FHWA RWP2 © 119.15 102.75 B84.04 90.61 74.14 97.64 94.72 119.15 74.14
IRI (in/mi) RHP3  111.69 104.59 85.68 91.70 76.93 94.98 94.26 111.69 76.93

' LWPL  B86.04 82.02 60.60 74.13 64.91 75.06 73.79 86.04 60.60

LWP2  87.85 B2.58 59.67 72.50 62.83 75.71 73.53 87.85 59.67

LWP3 86,90 82,23 60.58 71.34 63.56 74.95 73.26 86,90 60.58
ROAD PROFILER LWPL 96,00 94,00 76.00 82.00 70.00 78.00 82.67 96.00 70.00
SOUTH DAKOTA LWP2  130.00 99.00 70.00 76.00 71.00 78.00 87.33 130.00 70.00
MAYS (in/mi) LWP3  97.00 98.00 75.00 79.00 77.00 84,00 85.00 98.00 75.00
SD PROFILOMETER LWP1  141.00 141.00 136.00 130.00 128.00 106.00 130,33 141.00 106.00
NEBRASKA DOR LWP2  151.00 138.00 124.00 132.00 116.00 95.00 126.00 151.00 95.00
IRL (in/mi) LWP3  143.00 150.00 133.00 137.00 133.00 120.00 136.00 150.00 120.00
TEXAS SURFACE BWP1 3.35  3.71 0 4.29 413 4.9 4.04 3.98  4.29 3.35
DYNAMICS BNP2 3.2 360 425 417 433 403 3.94 433 323
PROFILOMETER BHP3 3.29  3.90  4.29  4.09 431 4.00 3.98 431 3.29
TEXAS HD :
S1
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SMOOTHNESS DATA FOR SITE # 2 (S.H. 68 EB; MED ROUGH FLEXIBLE PAVEMENT) TEST SPEED 50 MPH
SUB-SECTIONS

0 1 2 b 4 5 6 7 8 AVERAGE MAX HIN
EQUIPMENT . VALUES VALUES VALUES
PROFILOGRAPH *  RWPL NOT TESTED ON THIS SITE
RAINHART RUWP2
COLORADD DOH LWP1
(infai) LWP2

PROFILOGRAPH *  RWP1 NOT TESTED ON THIS SITE

HcCRACKEN RWP2

COLORADO DOH LhP1

(in/mi) LWP2

DIPSTICK * RWP1 140.88 117.63 129.26 140.88 117.63
E. W. FACE LWP1 149,43 201.44 175.44 201.44 149.43
IRT (in/mi)

MAYS RIDEMETER  BWPI 85.00 124,00 92.00 76,00 71.00 46,00 63.00 94.00 81.38 124.00 46.00
CAR BWP2  80.00 124.00 94.00 B80.00 62,00 47.00 43.00 92.00 80.25 124.00 47.00
WYOHING HD BWP3 77.00 128.00 89.00 85.00 64,00 49.00 71.00 88.00 81.38 128.00 49.00

MAYS (in/mi)

MAYS RIDEMETER  BWP1  106.00 140.00 136.00 110.00 85.00 53.00 81.00 97.00 101.00 140.00 53.00

TRAILER BWP2 78.00 128,00 126.00 107.00 BL.00 72.00 91.00 101.00 98.00 128.00 72.00
DIRECT FEDERAL BWP3 89.00 126.00 137.00 100.00 69.00 63.00 94.00 104.00 97.7% 137.00 63.00
HAYS (in/ai) BWP4
BHPS

MAYS RIDEMETER BWPI 80.83 91.45 91.27 86.45 81.97 78.15 76.00 77.36 B2.94 91.45 74.00
MONTANA DOH BWP2 87.82 94.50 93.67 90,98 87.37 80,97 79.85 80.17 86.92 94.50 79.85
(in/ni) BKP3 93.91 100.00 98.67 94.73 87.20 80.81 80.42 80.2} 89.49 100.00 80.21
C0X ROADMETER BWP1 12,20 21.20 16.70 12.80 9.50 6.70 8.90 16.60 13.08 21.20 6.70
NEVADA DOT BWP2 13.80 20.10 18.30 14.60 8.70 7.00 11.70 15.10 13.66 20.10 7.00
(in/mi) BWP3 12,30 21.70  17.40 14.30 9,80 6.90 13,20 16.90 14,06 21.70 6.90

84K BWPL AVERAGES ONLY 15.50
ACCELEROMETER BHP2 15.60
DIRECT FEDERAL BWP3 15,40
(Decibels d8) '
H.P.I. PURD BHPL 80.71 111.85 90.61 74.31 72.39 58.40 75.65 85.64 81.19 111.85 58.40
ONTARIO M.T.C. BWP2 88.19 113.68 94.11 74,57 71.38 55.32 71.14 0.0t 81.05 113.68 55,32
IR (infmi) BRP3 88.88 114.07 101.03 88.29 75.53 59.5 78.51 84.07 86.24 114.07 59.56
DYNATEST RDM BWPL 3,48 3.39 3.37 3.39 3.48 3.45 3.31 3.47 3.42 3.48 3.37
MISSISSIPPI HD BHP2 3.48 3+33 3.36 3,34 3.50 3.56 3.49 3.54 3.44 3.56 3.33
51 BWP3 3.49 3.38 3.35 3.45 3.52 3.51 3.56 3.55 3.47 3.56 3.35
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SHOOTHNESS DATA FOR SITE 4 2 (S.H. 68 EB; MED ROUGH FLEXIBLE PAVEMENT) TEST SPEED 50 MPH
SUB-SECTIONS

0 1 2 3 4 ] 6 1 8 AVERAGE  HAX HIN

EQUIPHENT VALUES VALUES VALUES
TEXAS ' BWP1 2.50 2.5 2.80 2.80 3.60 3.60 2.70 2.70 2.90  3.60 2.50
SELF CALIBRATING BWP2 2.40 2,40 270 2.70 3.5 3.50 2,70 2.70 2.83  3.50 2.40
ROUGHNESS UNIT  BWP3 2,30 2,30 2.60 2.60 3.40 3.40 2.50  2.50 2,710 340  2.30
TEXAS HD

(S1)

ARAN 111 BWPL  88.14 112.27 96.78 B1.94 72.64 63.54 83.48 74.60 84.17 112.27 63.54
TEXAS HD BWP2  91.43 116.32 100.58 83.31 69.93 64.79 B85.63 75.39 85.92 116.32 64.79

IRT (in/nl) BWP3  87.93 110.28 95.86 73.62 69.84 65.79 82,90 75.48 82.71 110.28 65.79

K.J. LAW 18300  RWP1  87.00 116.00 106.00 101.00 89.00 103.00 102.00 102.00 100.75 116.00 87.00
NEBRASKA DOR RWP2  103.00 120.00 113.00 106.00 98.00 95.00 109.00 105.00 106.13 120.00 95.00
HAYS (in/mi) RWP3  80.00. 125.00 131.00 117.00 111.00 117.00 104.00 103.00 111,00 131.00 80.00

K.J.LAH MB300 LKPL  101.00 127.00 125.00 105.00 93.00 68.00 100.00 90.00 101,13 127.00  68.00
COLORADO DOH LWP2  98.00 133.00 124.00 105.00 88.00 66.00 103.00 101.00 102.25 133.00 66.00
HAYS (in/ai) LWP3  108.00 136.00 128.00 97.00 87.00 61.00 107.00 84.00 101.00 136.00 61.00

LASER RST 8WPL 145,70 133.04 133.04 107.70 95.03 76.02 126.70 107.70 115.61 145.70 76.02
IHS-ILLINOIS BWP2  114.03 133.04 133.04 95.03 88.69 69.69 120.37 107.70 107.70 133.04 69.69
IRT (in/mi) BWP3 120,37 126.70 133.04 101.36 88.69 76.02 133.04 107.70 110.86 133.04 76.02
K.J. LAW 690 DNC BWPL 92,00 117,00 103.00 89.00 81.00 55.00 81.00 88.29 117.00 55.00
PROFILOMETER BWP2 - 90.00 113.00 114.00 89.00 B82.00 56.00 89.00 90.43 114.00 56.00
FHEA BWPI  89.00 117.00 114.00 90.00 81.00 56.00 85.00 : 90.29 117.00 56.00
IRI (in/mi) BWP4  89.00 115.00 118.00 88.00 82.00 61.00 79.00 90.29 118.00 61.00

BWP5  89.00 119.00 111.00 85.00 B83.00 58.00 73.00 88.29 119.00 58.00

PRO RUT SYSTEM  RWP1 ~ 98.36 142.60 127.06 109.38 88.07 76.68 96.85 114.43 106.68 142.60 76.68
FHKA RWP2  106.07 143.64 130.34 105.94 91.02 74.94 B86.37 114.40 106.59 143.64 74.94
IRT (1n/mi) RWP3  109.15 134.99 130.95 105.82 104.28 90.17 86.30 114.11 109.47 134.99 86.30
LWPL 126,78 127.04 150.71 123.43 101.86 75.73 110.66 106.03 115.28 150.71  75.73
LWP2  119.93 131.02 122.35 127.32 106.49 71.39 95.31 98.86 109.08 131.02 71.39
LWP3  109.38 129.03 128.00 125.77 101.25 62.29 94.23 96.%9 105.82 129.03 62.29

ROAD PROFILER LWPL  125.00 131.00 163.00 143.00 134.00 132.00 166.00 119.00 139.13 166.00 119.00
SOUTH DAKOTA LWP2  135.00 144.00 162.00 150.00 146.00 148.00 158.00 112.00 144,38 162.00 112.00
HAYS (in/mi) LWP3  121.00 137.00 157.00 154,00 148.00 156,00 184,00 122.00 147.38 184.00 121.00

SD PROFILOMETER  LWPL  135.00 155.00 149.00 145.00 141.00 124.00 155.00 128,00 141.50 155.00 124.00
NEBRASKA DOR LWP2  132.00 134.00 168.00 125.00 123.00 116.00 157.00 117.00 134.00 168.00 116.00

IRT (in/ni) LWP3  129.00 143.00 156.00 129,00 131.00 137.00 155.00 123.00 137.88 156.00 123.00
TEXAS SURFACE BWPI 3.66 2,99 319 3.46  3.89 3.3 3.46  3.67 3.51 3.8 2.99
DYNANICS BWP2 .66 3,03 324 359 377 378 3.36 3.66 3.8 3.8 3.03
PROFILOMETER BHP3 372 3.04 3.2 385 390 375 .67 3.93 3.59  3.93  3.04
TEXAS HD '

SI
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SHOOTHNESS DATA FOR SITE & 3 (I-25; NEW RIGID PAVEMENT) TEST SPEED 50 MPH
SUB-SECTIONS

0 1 2 3 4 5 é 1 8 AVERAGE MAX  HIN
EQUIPHENT ' VALUES VALUES VALUES
PROFILOGRAPH * RWPL 4.50  9.50  4.00 1.00 1.50  2.50 13.00 5.14 13,00 1.00
RAINHART RWP2 13.00 6.5 11,50 3.00 3.50 5.00 16.00 8.36 16.00 3.00
COLORADO DOH LWP1 550 9.5 4.00 3.50 11.00 10.00 7.25 11,00  3.50
{in/mi) %% LWP2 3.00 11.50 3.50 4,00 10.50 14.50 13.50 8.64 14.50 3.00
PROFILOGRAPR ¥ RWPL 16.00  16.00 15,50  8.50 18.00 19.50 32.00 17.93  32.00 8.50
HCCRACKEN RWP2 16.50 17.00 16.50 11.00 13.50 28.50 44.50 21.07 44,50 11.00
COLORADD DOH LKPL 21.00 42,00 23.00 19.50 21.00 42.50 40.00 29.86 42.50 19.50
{in/mi) xx LWP2 18.50 25,50 26.00 23.50 21.50 31.50 39.00 26.50 39.00 18.50
DIPSTICK * RWPL NOT TESTED ON THIS SITE
E. W. FACE LWPL
IRI (in/mi)
MAYS RIDEMETER BHPL 104,00 69.00 101.00 75.00 63.00 112.00 116.00 91.43 116.00 63.00
CAR BWP2 88.00 80.00 95.00 73.00 62.00 91.00 110.00 85.57 110.00 62.00
WYOMING HD BWP3  88.00 72.00 100.00 75.00 75.00 75.00 115.00 85,71 115,00 72.00
HAYS (in/mi)
MAYS RIDEMETER  BWPI 112,00 106,00 107.00 93.00 84.00 124.00 142.00 109.71 142,00  84.00
TRAILER BWP2 98.00 101.00 93.00 92.00 82.00 111.00 139.00 102.29 139.00 82.00
DIRECT FEDERAL BWP3 102,00 112.00 100.00 81.00 69.00 118.00 132.00 102.00 132.00 469.00
MAYS (in/mi) BWP4
BWPS

MAYS RIDEMETER  BWPI 96.81 90.50 B89.61 84.73 79.40 81.99 84.20 86.75 96.81  79.40
MONTANA DOH - BWP2 84.83 79.00 76.95 80.19 76.57 80.14 82.92 - 80.09 B4.83 76.57
{in/mi) BHP3 89.91 82,50 85.94 82.94 T77.17 18.47 82.29 82.75 89.91 71.17
COX ROADMETER BWP1 16,20 11.90 13.40 10,90 10.00 13.40 17.30 13.30  17.30  10.00
NEVADA DOT BWP2 11,30 15,00 16.30 10.40 11.10 14.40 20.30 14,11 20,30 10.40
{(in/ni) BHP3 16,70 13.30 15.70  9.50 10.80 13.80 17.40 13.89 17.40  9.50

B&K BWP1 AVERAGES ONLY 19.70
ACCELEROMETER BHP2 19.30
DIRECT FEDERAL BWP3 19.60
(Decibels dB) :
H.P.1. PURD BWPL 95.80 110.94 108,28 80.82 80.05 112.94 120.15 101.28 120.15 80.05
ONTARIO M.T.C. BWP2 95.75 105.79 106.14 82.46 84.48 108.91 131.43 102.14 131.43 82.46
IRI (in/ni) BHP3 98.91 106.30 106.35 88.94 84.86 107.89 119.70 101.85 119.70 84.86
DYNATEST RDM BWP1L 3.16 2.92 2,93 3.1 3.14 3.08 2.99 3.04 3.16 2.92
HISSISSIPPT HD BWP2 3. 16 2.98 2.93 3.07 3.1l 3.0% 3.00 J.04 3.16 2.93
SI BWP3 3347 3.04 3.04 3.19 3.30 3.04 3.05 3.12 3.30 3.04
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SHOOTHNESS DATA FOR SITE # 3 (1-25; NEW RIGID PAVEHENT)'TEST SPEED 50 HPH
SUB-SECTIONS

0 | 2 3 4 5 6 7 8 AVERAGE  MAX HIN
EQUIPMENT VALUES VALUES VALUES
TEXAS BWPL 3.80 3.80 3,70 370 400 4,00 310 ‘ 3.3 4,00
SELF CALIBRATING BWP2 3.10 3.10 3.40 3.40  3.90 3.9 3.20 3.43  3.90
ROUGHNESS UNIT ~ BWPI 3.60 3.60 3.80 3.80 3.8 3.80 3.10 3.64  3.80
TEXAS HD
{s1)
ARAN 111 BWPL  97.53 103.83 93.58 88.48 81.57 101.03 110.56 96.65 110.56 81.57
TEXAS HD BWP2  94.24 101.36 104.95 90.03 81.85 103.26 106.57 97.47 106.57 81.85
IR (in/mi) BWP3 92,55 98,3} 96.76 91.22 82.65 107.19 121.12 98.54 121.12 82.65
K.J. LAWK M8300 RWPL 211,00 312.00 240.00 226.00 247.25 312.00 211.00
NEBRASKA DOR RWP2  233.00 275.00 254.00 275.00 233.00
MAYS (1in/mi) RWP3
K.J.LAK NB300 LWPL  119.00 121.00 129.00 97.00 93.00 106.00 121.00 112,29 129.00 93.00
COLORADD DOH LWP2 112,00 113.00 116.00 92.00 92.00 112.00 137.00 110.57 137.00 92.00
MAYS (in/mi) LWP3 144,00 137.00 128.00 104.00 121.00 108.00 109.00 121.57 144,00 104.00
LASER RST BWP1 126,70 107.70 120.37 107.70 88.69 107.70 101.36 108.60 126.70 1.40
IMS-ILLINGIS BWP2 126,70 126.70 120.37 101.36 101.36 107.70 107.70 113.13 126.70 1.60
IRI (in/mi) BWP3 114,03 114,03 126.70 101.36 88.69 114.03 107.70 109.51 126.70 1.40
88.69

K.J. LAW 690 DNC BWPL 93.00 93.00 100.00 87.00 B81.00 108.00 93.67 108.00 81.00
PROFILOMETER BHP2 92.00 94.00 106.00 86.00 78.00 108.00 94.00 108.00 78.00
FHUA BWP3 94.00 91.00 102.00 87.00 78.00 110.00 93.67 110.00 78.00
IRT (in/mi)
PRD RUT SYSTEM RWP1. 101.87 95.14 95.84 84,19 84.76 101.52 114.11 96.78 114.11 B4.19
FHHA RHP2
IR (1n/mi) RHP3

LWP! 94,24 101.10 106.53 98.38 86.83 118.95 114.84 102.98 118.95 86.83

LKP2

LWP3
ROAD PROFILER LWPL 161,00 190.00 190.00 151.00 155.00 184.00 176.00 172.43 190.00 151.00
SOUTH DAKOTA LWP2 - 159,00 192.00 182.00 179.00 147.00 173.00 167.00 171.29 192.00 147.00
HAYS (in/mi) LWP3  159.00 166.00 188.00 177.00 164.00 167.00 165.00 169.43 188.00 159.00
SD PROFILOMETER LWPL  113.00 144,00 147.00 129.00 117.00 137.00 134.00 131.57 147.00 113.00
NEBRASKA DOR LWP2  134.00 142.00 108.00 133.00 140.00 146.00 122.00 132,14 146.00 108.00
IRD (in/mi) LWP3 124,00 134,00 152.00 118,00 119.00 143.00 136.00 132.29 152.00 118.00
TEXAS SURFACE BHP1 3.96  3.91  3.89 4.18 411 3.5  3.69 3.90 4.18  3.56
DYNAMICS BWP2 3.96 3.82 3.87 §.07 4.01 3.4 3.66 3.84 4,07 3.47
PROFILOMETER BWP3 3.91 3.84 3.86 4.15  4.05 3.41 3.61 3.83 4.15 3.41
TEXAS HD
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SMOOTHNESS DATA FOR SITE # 4 (I-25; MEDIUM ROUGH RIGID PAVEMENT ) TEST SPEED 50 MPH
SUB~SECTIONS

0 1 2 3 4 ) 6 7 8 AVERAGE  MAX MIN
EQUIPHENT VALUES VALUES VALUES
PROFILOGRAPH ¥ RWP1 NOT TESTED ON THIS SITE
RAINHART RWP2
COLORADO DOH LHP1
{in/m1) LKP2

PROFILOGRAPH ¥  RWPL NOT TESTED ON THIS SITE

McCRACKEN RWP2
COLORADD DOH LWPL
(in/mi) LWP2
DIPSTICK * RWPL NOT TESTED ON THIS SITE
E. W, FACE LWP1

IRI {in/mi)

MAYS RIDEMETER  BWP1  147.00 120.00 154.00 148.00 115.00 134,00 143.00 135.00 137.00 154.00 115.00
CAR BHP2  143.00 119.00 {45.00 146.00 125.00 133.00 147.00 129.00 135.88 147.00 119.00
WYOMING HD BHP3  150.00 121.00 154,00 143.00 128.00 146.00 150.00 139.00 141,38 154.00 121.00
HAYS (in/mi)

MAYS RIDEMETER  BWP1  133.00 125.00 149.00 135.00 128.00 144.00 145.00 123.00 137.75 153.00 123.00
TRAILER BWP2  152.00 130.00 147.00 139.00 103.00 .132.00 135.00 133.00 133.88 152.00 103.00
DIRECT FEDERAL ~ BWP3  150.00 119.00 133.00 146.00 105.00 144.00 135.00 132.00 133.00 150.00 105.00
HAYS (in/mi) BHP4

BHPS

MAYS RIDEMETER ~ BWP1 112,77 103.45 107.26 105.67 102.80 103.47 106.14 105.87 105.93 112.77 102.80

HONTANA DOH BWP2  104.90 98.45 100.93 100.72 97.40 99.80 102.14 102.71 100.88 104.90 97.40

(in/m1) BHP3  119.88 107.95 108.59 106.64 101.56 103.13 105.57 105.53 107.36 119.88 101.56

COX ROADMETER BWP1 19.60 15.10 21.50 23.00 17.30 22.50 22.20 20.30 20.19 23.00 15.10

NEVADA DOT BWP2  20.50 18.20 23.60 21.80 15.80 22.90 22.90 20.20 20,74  23.60 15.80

{1n/mi) BWP3  20.40 16.60 25,20 20.90 19.00 21.30 24.50 18.20 20.84 25,20 16.60
B&K BWPL 16.80

ACCELEROMETER BWP2 16.80

DIRECT FEDERAL BWP3 17.00

{Decibels dB)

H.P.I. PURD BWP1  137.49% 122.02 126.34 121.84 113.14 125.20 127.48 121.88 124.42 137.49 113.14

ONTARID H.T.C. BWP2  147.53 131.64 132,53 128.67 125.14 135.75 137.29 142.54 135.14 147,53 125.14

IRI (in/mi) BWP3 144,22 123.59 132.17 129.08 117.05 127.90 138.29 120.38 129.09 144.22 117.05

DYNATEST RDM BWPL 3.08 3.19 3.22 3.22 3.8 3.7 A& Y 3,19 3.28  3.08

MISSISSIPPT HD  8WP2 3.09 3.21 3.2 3.2 Jutl 3.6 3.17 3.18 3.19  3.27 3.09

SI BWP3 3.02  3.16 320 3.17 323 31 3.7 3.20 3.15 3.23  3.02
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SHOOTHNESS DATA FOR SITE # 4 {I-25; MEDIUM ROUGH RIGID PAVEMENT ) TEST SPEED 50 HPH
5UB~SECTIONS

0 1 2 3 4 5 6 1 8 AVERAGE  MAX HIN

EQUIPHENT VALUES VALUES VALUES
TEXAS BHP1 2,10 2,10 . 2.00 2,00 2.50 2,50 230 2.3 2,23 2,50  2.00
SELF CALIBRATING BWP2 2,10 2,10 2,30 2,30 2.60 2.60 2.40  2.40 2,35 2,60 2.10
ROUGHNESS UNIT  BHP3 2,10 2,10 2.20 2,20 2.60  2.60  2.40  2.40 2.3 2.60  Z.10
TEXAS HD

(s1)

ARAN III BWP 130,53 111.16 123.75 126.44 109.01 121.51 121.91 111.45 119.47 130.53 109.01
TEXAS HD BWP2  144.20 116.61 120.95 118.73 114.83 126.08 131.49 130.46 125.42 144,20 114.83
IRI {in/ni) BWPI  139.76 115.42 123.87 122.96 106.33 120.16 126.81 137.74 124,13 139.76 106.33

K.J. LAW MB300  RWPL  150.00 116.00 143.00 137.00 119.00 146.00 149.00 139.00 137.38 150.00 116.00
NEBRASKA DOR RWP2 142,00 115.00 146.00 150.00 119.00 149.00 142.00 147.00 138,75 150.00 115.00
HAYS (in/mi) RWP3 132,00 125.00 134.00 157.00 168.00 165.00 147.00 146.00 146.75 168,00 125.00

K.J.LAN H8300 LWPL  137.00 98.00 133.00 129.00 109.00 131.00 127.00 116.00 122.50 137.00 98.00
COLORADD DOH LWP2  134.00 96.00 128.00 130.00 102.00 128.00 122.00 127.00 120.88 134.00 96.00
HAYS (in/mi) LWP3 140,00 97.00 128.00 123.00 94.00 125.00 138.00 122.00 120.88 140.00 94.00

LASER RST BWPL  158.38 101.36 120.37 114.03 101.36 126.70 120.37 120.37 120.37 158.38 101.36
IHS-TLLINOIS BWP2  145.70 101.36 120.37 114,03 101.36 120.37 114.03 120.37 117.20 145.70 101.36
IRI (in/ai) BWP3  139.37 101.36 120.37 114.03 101.36 120.37 114.03 126.70 117.20 139.37 101.36
K.J. LAK 690 DNC BWPL  221.00 306.00 316.00 284.00 313.00 188.00 199.00 261.00 316.00 188.00
PROFILOMETER BWP2  215.00 296.00 299.00 278.00 318.00 184.00 199.00 255.57 318.00 184.00
FHHA BWP3  217.00 301.00 305.00 275.00 300.00 182.00 190.00 252.86 305.00 182.00
IRT (in/mi) BiP4  224.00 302.00 298.00 287.00 323.00 195.00 190.00 259.86 323.00 190.00

BWPS  224.00 299.00 292.00 282.00 304.00 178.00 189.00 252.57 304.00 178.00

PRO RUT SYSTEM RWP1  137.69 125.57 141.33 141.84 136.10 143.98 152.17 150.58 141,16 152.17 - 125.57
FHHA REP?  138.04 126.58 142.43 142.36 132.25 144.12 148.47 150.94 140,65 150.94 126.58
IRI (in/mi) RUP3
LWPL 141,77 112.18 134.42 126.32 122.74 137.73 129.72 136.50 130.17 141,77 112.18
LNP2 142,56 112,80 134.31 126.58 117.74 133.59 127.27 135.69 128.82 142.56 112.80
LHP3 .

ROAD PROFILER LWP1 144,00 130,00 136.00 133.00 137.00 153.00 147.00 151.00 141.38 153.00 130.00
SOUTH DAKOTA LWP2  140.00 144.00 148.00 141.00 130.00 155.00 152.00 145.00 144,38 155.00 130.00
MAYS (in/mi) LHPI 144,00 138.00 147.00 141.00 142.00 148.00 143.00 144.00 143.38 148.00 138.00

SD PROFILOMETER LWP1  201.00 129.00 116.00 136.00 113.00 128.00 139.00 134.00 137.00 201.00 113.00
NEBRASKA DOR LWP2  140.00 118,00 134.00 121.00 122.00 135.00 131.00 134.00 129.38 140.00 118.00

IRI (in/mi) LWP3 142,00 120.00 137.00 120.00 122.00 140.00 132.00 136.00 131,13 142,00 120.00
TEXAS SURFACE BWP1 3.49  3.45 315  3.58 341 3.28 3.6 3.5 3.38 3.8 3.15
DYNANICS BWP2 3.9 3.07  3.05 3.60 3.36 2,95 2.58 3.0l 3.1 3.60  2.58
PROFILOMETER BWP3 347 3.3 329 364 330 2.91 276 3.4 3.20 3.64 2,76
TEXAS HD '
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SHOOTHNESS DATA FOR SITE # 5 (VINE DRIVE; ROUGH FLEXIBLE PAVEMENT) TEST SPEED 30 MPH
SUB-SECTIONS

0 1 2 3 4 5 6 1 8 AVERAGE MAX HIN
EQUIPMENT : VALUES VALUES VALUES
PROFILOGRAPH *  RWPL  17.50 13.50 26.50 31.00 24.50 55.50  9.00 25.36  55.50  9.00
RAINHART RWP2 18,00 12.50 23.50 23.50 26.50 48.50  3.00 22,21 48,50  3.00
COLORADO DOH LWP1  13.00  8.50 14.00 7.50 -18.50 39.50 23.50 17.719  39.50  7.50
(in/ni) *x LWP2  29.00  4.50 15.00 16.00 15.00 35.50 10.50 17,93 35,50  4.50

PROFILOGRAPH *  RWPL  108.50 190.00 151.50 125.00 172.50 69.50 75.00 92.00 123.00 190.00 69.50

HeCRACKEN RHPZ  122.00 171,00 114.00 143.00 173.50 60.00 93.00 81.50 119.75 173.50  60.00
COLORADO DOH LWPL  36.00 49.50 209.50 75.50 53.50 54.00 46.50 26.00 68.81 209.50 26.00
(in/m1) xx LWP2  38.00 52.00 78.00 67.50 66.00 55.00 53.00 24.00 54.19 78.00 24.00
DIPSTICK * RWP1 495.94 469.27 482.60 495.94 469.27
E. W. FACE LiP1 282.21 324.78 303.52 324.78 282.27

IRI (in/mi)

MAYS RIDEMETER BWP1 262,00 415.00 362.00 308.00 371.00 191.00 235.00 232.00 297.00 415.00 191.00
CAR BWP2  248.00 399.00 369.00 309.00 362.00 198.00 208.00 237.00 291.25 399.00 198.00
HYOMING HD BHP3  257.00 362.00 370.00 318.00 364.00 196.00 211.00 226,00 288.00 370.00 196.00
MAYS (in/mi)

MAYS RIDEMETER  BWPL  243.00 568.00 477.00 405.00 394.00 265.00 253.00 252.00 357.13 568.00 243.00
TRAILER BWPZ  287.00 576.00 475.00 405.00 475.00 301.00 300.00 313.00 391.50 576.00 287.00
DIRECT FEDERAL ~ BWP3  246.00 449.00 463.00 391.00 395.00 250.00 265.00 271.00 341.25 463.00 246.00
MAYS (in/ni) BWP4  288.00 546.00 439.00 411.00 420.00 279.00 281.00 285.00 368.63 546.00 279.00

MAYS RIDEMETER  BWPL 241.76 352,32 358.33 345.24 344.66 320.95 306.00 295.36 320.58 358.33 241.76

- MONTANA DOH BWP2 269,73 327.50 339.00 329.92 332.87 311.40 300.86 295.59 313.36 339.00 269.73
(in/mi) BWPI  304.70 332.50 351.00 345.66 346.00 326.89 313.57 303.17 327.94 351.00 303.17
COX ROADMETER BWPL  36.30 45,70 51.10 54.30 47.10 36.90 34.20 32.50 42,26 54.30 32,50
NEVADA DOT BWP2  32.60 48.30 58.70 63.40 47.00 30.60 25.40 36.10 42.76  63.40 25.40
(in/mi) BWP3  34.50 48.70 51.40 47.80 46.70 46.30 32.10 38.20 43.21  51.40 32.10

B&K BHP1 AVERAGES ONLY 28.40
ACCELEROMETER BWP2 20.40

DIRECT FEDERAL BWP3
{Decibels dB)

H.P.I. PURD . BWPL  176.05 297.00 274.98 280.60 320.81 213.27 205.45 164.75 241.61 320.81 164,75

ONTARIO M.T.C.  BHP2  155.45 288.41 266.94 271.14 316.28 219.25 205.06 163.23 235.72 316.28 155.45

IRI (in/mi) BWP3  168.40 300.89 271.15 275.61 321.98 220.18 197.50 161.04 239.59 321.98 161.04

DYNATEST RDM BHPL 2,95 2.54 2.8 2,79 2,80 3.08 3.27 3.09 2.82  3.21 254

MISSISSIPPI HD  BHWP2 3.29 2.1 2.82 291 298 3.1 333 I.le 297 3.3 2.1

81 BWP3 3 2710 2.7 293 2.9 312 3.4 S M4 2,93 324 2.1
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SHODTHNESS DATA FOR.SITE 3 5 "(VINE DRIVE; ROUGH FLEXIBLE PAVEMENT) TEST SPEED 30 MPH

SUB-SECTIONS
0 1 2 3 4 5 6 7 8 AVERAGE HAX HIN

EQUIPHENT VALUES VALUES VALUES
TEXAS BiP1 .70 176 110 1,10 . 1,50 1.50 2.40 2.40 1.68 2.40 1.10
SELF CALIBRATING BWP2 1.80 1.80 1.20 1.20 1.30 1.30 2.40 2.40 1.68 2.40. 1.20
ROUGHNESS UNIT  BWP3 1.80 1.8 136 1.30 1.30 1.30 2.40 2.40 1.70  2.40 1.30
TEXAS HD

(s1)

ARAN III BWPL  185.25 331.72 253.57 243.45 309.38 214.57 185.78 199.95 240.46 331.72 185.25
TEXAS HD BWPZ  226.59 359.86 288.32 287.53 321.80 219.78 193.77 201.71 258.67 359.86 193.77
IRI (in/ai) BRP3  192.28 372.18 293.02 261.69 318.89 214.95 197.57 202.85 256.68 372.18 192.28

K.J. LAW MB300  RWPL  279.00 431.00 320.00 347.00 444.00 234.00 267.00 268.00 323.75 444.00 234.00
NEBRASKA DOR RWP2  249.00 374.00 348.00 414.00 459.00 281.00 265.00 281.00 333.88 459.00 249.00
HAYS (infmi} RWP3  299.00 437.00 322.00 426.00 485.00 250.00 257.00 250.00 340.75 485.00 250.00

K.J.LAN H8300 LWP1  190.00 239.00 337.00 323.00 209.00 218.00 239.00 142.00 237.13 337,00 142.00
COLORADO DOH LWp2  194.00 237.00 328.00 307.00 201.00 225.00 242.00 154.00 236.00 328.00 154.00
HAYS (in/mi) LWP3  203.00 236.00 340.00 309.00 211.00 224.00 241.00 180.00 243.00 340.00 180.00 -

LASER RST BWPL  215.39 266.07 329.42 367.43 247.07 234.40 310.42 281.46 367.43 215.39
IHS-ILLINOIS BWPZ 215,39 278.74 335.76 354.76 240.73 234.40 304.08 280.55 354.76 215.39
IR (infei) BHP3  221.73 278.74 342.09 367.43 247.07 259.713 323.09 291.41 367.43 221.73
k.J. LAW 690 DNC BHWPL  221.00 305.70 316.30 284.20 312.60 187.60 199.00 260.91 316.30 187.60
PROFILOHETER BNPZ 214.90 295.60 299.40 277.80 317.90 183.80 199.10 255.50 317.90 183.80
FHNA BWP3  217.00 301.20 305.30 275.00 300.00 182.30 189.90 252.96 305.30 182.30
IRT (in/ai) BNP4  224.10 302.30 298.40 286.70 322.90 195.00 190.40 259.97 322.90 190.40

BHPS  223.80 299.40 291.70 282.40 303.80 178.10 189.40 252.66 303.80 178.10

PRO RUT SYSTEW  RWPL 342.84 574.95 527.10 518.34 591.97 344.52 375.11 400.99 459.48 591.97 342.84
FHER APz 343.88 581.82 523.15 517.98 598,00 308.88 329.27 382.39 448.17 598.00 308.88
IRI (infai). RHP3  291.87 620.88 515.85 526.84 624.42 311.32 325.58 393.44 451.28 624.42 291.87
LHPL  179.71 254.41 344.65 271.90 233.41 236.99 195.84 160.53 234,68 344.65 160.53
LWP2  188.44 250.83 324.57 271.23 215.60 227.45 242.66 153.21 234.25 324.57 153.21
LHP3  205.49 281.96 305.35 259.92 221.70 217.34 233.38 163.51 236.08 305.35 163.51

ROAD PROFILER LWP1  235.00 322.00 373.00 392.00 267.00 278.00 312.00 219.00 299.75 392.00 219.00
SOUTH DAKDTA LHPZ  256.00 321.00 368.00 358.00 248.00 265.00 318.00 223.00 294.63 368.00 223.00
HAYS (in/mi) LWP3  265.00 323.00 345.00 385.00 255.00 278.00 301.00 212.00 295.50 385.00 212.00

SD PROFILOMETER LWPL 275.00 315.00 375.00 371.00 276,00 266.00 338.00 235.00 306.38 375.00 235.00
NEBRASKA DOR LNP2  241.00 287.00 346.00 350.00 287.00 275.00 318.00 248.00 294.00 350.00 241.00
IRT (in/mi) LHP3  231.00 296.00 245.00 340.00 288.00 259.00 296.00 247.00 275.25 340.00 231.00

TEXAS SURFACE BiP1 1.47 0.80 1,90 0.83 1.40 2.06 2.40 1.9 1.60 2,40  0.80
DYNAKICS 8Pz 1.69 6.76 1.75 0.68 1,27 1.82 1.97 1.88 1.48  1.97 0.68
PROFILOMETER B8P3 1.64 081 1.8 075 1,18 1.78 2,19 1.92 1.5 2,19 0.75
TEXAS HD '
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SHOOTHNESS DATA FOR SITE % 6 (MEDIUM ASPHALT, VINE DR, TEST SPEED 50MPH)
‘ . SUB-SECTIONS
0 ! 2 3 4 5 6 7 8 AVERAGE  MAX HIN

EQUIPHENT VALUES VALUES VALUES
PROFILOGRAPH * RWP1 74.50 149.00 106.00 99.50 92.00 62.00 59.50 91.79 149.00 59.50
RAINHART RWP2 30.00 43.50 69.50 61.50 49.50 44.50 35.50 47.71  69.50 30.00
COLORADO DOH LWP1 20.50 102.00 72.50 90.50 110.00 42.00 51.50 69.86 110.00 20.50
(in/mi) *x LKP2 38.00 53.50 63.00 63.00 37.00 48.50 47.00 50.00 63.00 37.00
PROFILOGRAPH * RWPL 43.00 30.50 51.00 24.50 55.00 82.50 34.00 45.79  82.50 24.50
MCCRAGKEN RWP2 41,00 11.00 36.50 13.50 42,00 55.00 53.50 36.07 55.00 11.00
COLORADO DOH LWP1 41.50 23,50 53.5¢ 27.00 56.50 96.00 25.50 46.21  96.00 23.50
{in/mi) ** LWP2 37.00 20.00 31.00 41.00 29.50 57.50 37.50 36.21  57.50 20.00
DIPSTICK ¥ RWP1 NOT TESTED ON THIS SITE
E. W. FACE LWP1
IRI (in/mi)
MAYS RIDEMETER BWPL  125.00 101.00 146.00 121.00 138.00 261.00 117.00 144.14 261.00 101.00
CAR BWP2  126.00 111.00 150.00 139.00 140.00 260.00 124.00 150,00 260.00 111.00
HYOMING HD BWP3  139.00 92.00 141.00 125.00 143.00 270.00 126.00 148.00 270.00 92.00
HAYS (in/mi)
MAYS RIDEMETER BWPL  144.00 163.00 137.00 152.00 155.00 288.00 181.00 174.29 '288.00 137.00
TRAILER BWP2  166.00 127.00 165.00 143.00 148.00 284.00 167.00 171.43 284.00 127.00
DIRECT FEDERAL BHP3  168.00 157,00 155,00 134.00 170.00 272.00 189.00 177.86 272.00 134.00
MAYS (in/mi) BWP4
BHPS

HAYS RIDEMETER BWPL  141.86 130.43 132.9%1 126.22 128.55 147.78 146.02 136.25 147,78 126.22
MONTANA DOH BWPZ2  133.47 125.94 126.83 127.40 127.55 146.28 144.11 133.08 146.28 125.94
(in/ni) BWPI  141.86 129.94 131.58 127.40 126.20 144.45 144.27 135,10 144.45 126.20
COX ROADMETER BWPL 19.90 12,90 24.30 14.40 18.80 B81.70 18.40 27.20 81.70 12.90
NEVADA DOT BWP2 20,80 12.00 24.30 11.40 18.20 82.10 15.50 26,33 82.10 11.40
(in/m) BHP3 13.80 13.50 22.50 15.70 20.20 75.80 18.80 25.76 75.80 13.50

B&K BWP1 AVERAGES ONLY 19.10
ACCELEROMETER BWP2 19.40
DIRECT FEDERAL BKP3 . 19.40
(Decibels dB) ’
H.P.1I. PURD BWPL  115.39 111.64 125.50 118.70 113.06 190.81 127.69 128.97 190.81 111.64
ONTARIO M.T.C. BWP2 136.14 115.44 124.18 148.00 140.40 231.70. 162.81 151.24 231.70 115.44
IRT (in/mi) BWP3 132,69 116.15 127.68 147.99 131.64 237.67 161.95 150.82 237.67 116.15
DYNATEST RDM BWP1 2.84 2.68 3.04 3.03 2.98 2.64 2.93 2.83 3.04 2.61
MISSISSIPPI HD 8KHP2 2.81 2.69 3.03 3.02 2.99 n9 2.9 2.83 3.03 2.51
S1 BWP3 2.87 2.69 3.03 3.00 3.03 2.60 2.95 2.84 3.03 2.60
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SMOOTHNESS DATA FOR SITE % 6 (MEDIUN ASPHALT, VINE DR, TEST SPEED SOMPH)
SUB-SECTIONS
0 1 2 3 4 5 6 1 8 AVERAGE  MAX HIN

EQUIPHENT - VALUES VALUES VALUES
TEXAS BNPL  3.20 3.20 270 270 1.80 1.80 2.50 2.5 3.20 1.80
SELF CALIBRATING BNP2  3.30  3.30 2.70 270 190 1.90 2.50 2.61 330 1.90
ROUGHNESS UNIT ~ BWP3  3.20- 3.20 2.30 2.30 1.80 1.80 2.40 243 320 1.80
TEXAS D
(81)
ARAN 111 BNPI  137.07 129.40 114.24 130.35 122.63 201.9%6 147.72 140.48 201.96 114.24
TEXAS HD BWP2  139.33 136.94 115.51 139.27 129.30 217.84 165.81 149.14 217.84 115.51
IRI (in/ai) BNP3  140.08 128.67 114.08 124.17 123.61 209.21 162.94 143.25 209.21 114.08
K.J. LAN N8300  RWP1 169,00 133.00 187.00 178.00 215.00 247,00 110.00 177.00 247.00 110.00
NEBRASKA DOR  RWP2  195.00 169.00 181.00 180.00 231.00 254.00 114.00 189.14 254.00 114.00
MAYS (in/ai) RNP3  157.00 124,00 190.00 167.00 197.00 245.00 104.00 169.14 245,00 104.00
K.J.LAN H8300  LWP1 130.00 124,00 141.00 96.00 96.00 194.00 140.00 131.57 194.00 96.00
COLORADO DOH  LWP2  139.00 122,00 136.00 115.00 115.00 195.00 148.00 138.57 195.00 115.00
HAYS (in/mi) LWP3 14200 108.00 107.00 83.00 107.00 203.00 160.00 130.00 203.00 83.00
LASER RST BNPL 15204 133.04 120.37 107.70 126,70 221.73 15.38 145,70 221.73 107.70
IMS-ILLINDIS ~ BWP2 158,38 145.70 114.03 101.36 120.37 202.72 158.38 142,99 202.72 101.3%
IRI (in/mi) BHP3  164.71 152,04 126.70 101.36 126.70 215.39 164.71 150.23 215.39 101.36
K.J. LAW 690 DNC BWP1 133.00 110.00 133.00 131.00 138.00 223.00 144.67 223.00 110.00
PROFILOMETER  BNP2 138.00 105.00 138.00 130.00 102.00 223.00 139.33 223.00 102.00
FHNA BWP3  136.00 108.00 138.00 127.00 101.00 216.00 : 137.67 216.00 101.00
IRI (in/ai) BNP4  135.00 108.00 138.00 131.00 106.00 221.00 139.83 221.00 106.00
BHPS 138,00 107.00 137.00 131.00 109.00 222.00 140.67 222.00 107.00
PRO RUT SYSTEM  RWP1 202.68 141.45 207.30 182.40 199.91 317.78 144.95 199.50 317.78 141.45
FHNA RWP2  175.51 140.15 136.18 167.06 181.71 228.02 153.76 168.91 228.02 136.18
IRL (in/ai) RWP3  204.19 140.15 215.98 183.57 197.59 338.85 153.38 204.82 338.85 140.15
LHPI  166.06 141,78 138.63 173.13 165.28 223.99 142.20 164.44 223.99 138.63
LWP2  201.25 143.43 201.01 181.01 194.88 333.68 148.78 200.58 333.68 143.43
LWP3 172,22 143.32 141.88 162.53 152.87 226.43 152.83 164.58 226.43 141.88
ROAD PROFILER  LWPL 217.00 207.00 232.00 224.00 194.00 266.00 243.00 226.14 266.00 194,00
SOUTH DAKOTA  LWP2 228,00 215.00 205.00 238.00 191.00 269.00 246.00 227.43 269.00 191.00
MAYS (in/ni) LWP3  215.00 209.00 209.00 233.00 216.00 276.00 215.00 224,71 276.00 209.00
SD PROFILOMETER LWP1  192.00 184.00 191.00 130.00 135.00 214.00 218.00 180.57 218.00 130.00
NEBRASKA DOR  LWP2 184.00 189.00 180.00 128.00 147.00 220.00 194.00 177.43 220.00 128.00
IRL (in/ai) LWP3 172,00 174.00 175.00 104.00 132.00 221.00 210.00 169.71 221.00 104.00
TEXAS SURFACE  BWPL  2.75 3.1 2.57 2.63 3.32 L13 2.15 2.9 3.32
DYNANICS BHP2  2.69 2.91 2.35  2.63  3.20 1.65 2.9 2.2 3.20
PROF ILOMETER BHP3 270 2.6 2,12 2.64 302 L4 2.9 2.55 3.2 1.64
TEXAS HD -
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SHOOTHNESS DATA FOR SITE % 7 (LA PORTE AVE,ROUGH RIGID PAVEMENT) TEST SPEED 30 MPH
SUB-SECTIONS e .

0 1 2 3 4 5 é 1 8 AVERAGE  MAX MIN
EQUIPMENT , VALUES VALUES VALUES
PROF ILOGRAPH * RWP1 41.00 49.50 44.00 27.00 54.50 78.00 24.00 45.43 78.00 24.00
RAINHART RHP2 56.00 53.50 48.50 39.50 44.50 80.50 2‘5.50 " 49,71 80,50 25,50
COLORADO DOH LKP1 36.50 75.00 52.00 40.50 50.50 84.50 32.50 53.07 84.50 32.50
(in/mi) *¥ LWP2 38.00 45.00 48.00 35.00 55.50 86.50 32.50 48.64 86.50 32.50
PROF ILOGRAPH ¥ RKPL 93.50 112.50 88.50 61,00 66.50 113.00 52.50 83.93 113.00 52.50
McCRACKEN RUP2 68.00 57.00 87.50 79.00 89.50 120.00 46.50 78.21 120.00 46.50
COLORADO DOH LWPL 86.00 99.50 109.00 93.50 81.00 124.00 49.00 91.71 124.00 49.00
(in/mi) ¥* LHP2  66.00 74.00 96.00 62.50 93.00 113.00 49.00 19.07 113.00 49.00
DIPSTICK * RWP1 367.79 285.50 ; ©326.65 367.79 285.50
E. . FACE LWP1 213.72 243.76 258.74 273.72 243.7¢6
IRI (in/mi)
MAYS RIDEMETER BWP1  305.00 287.00 314.00 282.00 260.00 372.00 228.00 292.57 372.00 228.00
CAR BWP2  293.00 326.00 319.00 272.00 262,00 368.00 242.00 297.43 368.00 242.00
WYOMING HD BWP3  290.00 326.00 326.00 288.00 275.00 392.00 226.00 303.29 392.00 226.00
HAYS (in/mi)
MAYS RIDEMETER BWP1 350,00 352.00 340.00 286.00 273.00 386.00 238.00 317.86 386.00 238.00
TRAILER BWP2  359.00 332.00° 352.00 285.00 290.00 388.00 233.00 319.86 388,00 233.00
DIRECT FEDERAL BWP3  398.00 367.00 372.00 344.00 317.00 419.00 269.00 355.14 419.00 269.00
HAYS (in/mi) BWP4 :
BHPS

MAYS RIDEMETER BWP1  294.70 302.00 296.33 284.68 277.40 284.29 273.70 ~287.59 302.00 273.70
MONTANA DOH BWP2  295.70 305.00 299.13 287.18 280.80 287.79 275.51 . 290.16 305.00 275.51
(in/mi) BWP3  296.70 307.50 301.80 286.93 278.40 287.07 274.90 290.47 307.50 274.90
COX ROADMETER BWP1 47.80 54.30 65.30 44.40 54.00 78.50 36.00 < 54,33  78.50 36.00
NEVADA DOT BHP2 52.60 47.80 67.10 46.70 52.10 79.80 38.90 55.00 79.80 38.90
(in/ni) BHP3 52.30 50.70 70.00 37.40 52.70 77.50 36.60 53.89 77.50 36.60

B&K BWPL AVERAGES ONLY 17.10
ACCELEROMETER BHP2 17.80
DIRECT FEDERAL BWP3 11,80
{Decibels d8) :
H.P.1. PURD BWPL 234,75 276.34 278.39 228.67 234.47 252.80 187.58 241.86 278.39 187.58
ONTARIO M.T.C. BWP2  248.25 274.40 280.13 229.54 241.03 250.19 195.48 245.57 280.13 195.48
IR (in/mi) BWP3  247.23 282.70 278.55 229.85 234.06 250.61 179.57 243.22 282,70 179.57
DYNATEST RDM BWP1 2.32 2.29 2.32 2.52 2.36 2.15 2.62 2.34 2,62 ' 2.15
MISSISSIPRI HD BHP2 2,38 2.25 2.2% 2.5% 2.38 2.20 2.63 s Lud) 2.63 2.20

SI B8P3 2,30 2,27 2,25 2.3 2.3 2.2 2.64 2,35  2.64 2.2
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SHOOTHNESS DATA FOR SITE %7 (LA‘PORTE AVE,ROUGH RIGID PAVEMENT) TEST SPEED 30 MPH
SUB-SECTIONS

0 i 2 3 L] ] 6 7 8 AVERRGE  MAX HIN
EQUIPMENT VALUES VALUES VALUES
TEXAS BWP1 1.50 1.0 L1000 110 130 1.3 1.30  1.50
SELF CALIBRATING BWP2 10 1o 110 L0 1300 1,30 1.17
ROUGHNESS UNIT  BMWP3 1.60 1.60 1.10 1.10 130 1.30 1.33
TEXAS HD
(s1)
ARAN 111 BWPL  261.00 295.00 272.00 231.00 252.00 364.00 181.00 265.14 364.00 181.00
TEXAS HD BWP2  272.00 303.00 273.00 212.00 253.00 336.00 187.00 262.29 336.00 187.00
IR (in/mi) BWP3  255.00 297.00 270.00 218.00 243.00 316.00 170.00 252,71 316.00 170.00
K.J. LAW HB300  RWPl
NEBRASKA DOR RWP2
HAYS (in/mi) RWP3
K.J.LAN H8300 LWPL  259.00 252.00 278.00 212.00 260.00 310.00 186.00 251.00  310.00 186.00
COLORADO DOH LWP2 248,00 254.00 275.00 215.00 255.00 303.00 177.00 246,71 303.00 177.00
HAYS (in/mi) LWP3 262,00 248.00 277.00 217.00 259.00 294.00 176.00 247,571 294.00 176.00
LASER RST BNPL  354.76 266.07 272.41 234.40 259.73 272.41 190.05 264.26 354.76  3.00
INS-ILLINOIS BWPZ  310.42 272.41 278.74 247.07 266.07 278.74 190.05 263.36 310.42  3.00
IRT (in/mi) BWP3  380.10 266.07 272.41 234.40 266.07 272.41 190.05 268.79 380.10  3.00
K.J. LAW 690 DNC BWP1  285.00 306.60 270.60 254.60 247.00 327.60 281.90 327.60 247.00
PROFILONETER BWP2  287.00 316.90 270.20 251.70 248.10 324.60 283.08 324.60 248.10
FHHA BWP3  288.00 320.40 269.20 251.10 248.40 320.70 282.97 320.70 248.40
IRT (in/mi) BWP4  286.80 312.60 267.40 248.50 247.10 318.50 ‘ 280.15 318.50 247.10
BWPS  309.20 313.90 269.60 251.90 246.20 316.10 284.48 316.10 246.20
PRO RUT SYSTEM  RWPL  339.20 379.00 294.00 282.90 272.80 383.30 242.90 313.44 383.30 242.90
FHHNA RWP2  252.50 276.20 269.60 232.30 259.00 298.90 204.30 256.11 298.90 204.30
IRL {in/mi) RWP3 344,80 379.40 299.40 303.60 278.30 395.10 248.50 321.30 395.10 248.50
LWPL  263.20 276.40 271.90 232.50 254.20 324.90 204.50 261.09 324.90 204.50
LWP2  341.70 381.10 284.80 296.00 270.60 382.60 248.40 315.03 3B2.60 248.40
LWP 255,30 279.30 ?272.90 230.60 260.80 312.50 213.70 260,73 312.50 213.70
ROAD PROFILER LWPI  263.00 280.00 281.00 245.00 271.00 329.00 202.00 267.29 329.00 202.00
SOUTH DAKOTA LNP2 264,00 281.00 283.00 245.00 271.00 295.00 199.00 262.57 295.00 199.00
MAYS (in/mi) LWP3  266.00 274.00 275.00 240.00 273.00 315.00 200.00 263.29 315.00 200.00

SD PROFILOMETER  LWP1  279.00 317.00 299.00 282.00 301.00 312.00 248.00
NEBRASKA DOR LWPZ  271.00 299.00 310.00 280.00 301.00 367.00 216.00

IRI (in/ai) LKP3  282.00 295.00 315.00 295.00 297.00 358.00 230.00

TEXAS SURFACE  BWPI  1.60 1.20 1.30 172 145 1.60 1.9 1.5 1.95
DYNANICS BWP2 L6l 139 1.65 176 1.25  1.66  2.03 .62 2.03
PROFILONETER ~ BWPS  1.48 1.08 1.2 175 1.08 152 2.0 145 2.02
TEXAS HD ‘ .
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SHOOTHNESS DATA FOR SITE # 8 (SHIELDS AVE. ROUGH FLEXIBLE PAVEMENT) TEST SPEED 30MPH
SUB-SECTIONS

0 1 2 3 4 5 6 1 8 AVERAGE  MAX HIN
EQUIPHENT VALUES VALUES VALUES
PROFILOGRAPH *  RWPL NOT TESTED ON THIS SITE
RAINHART RHP2
COLORADO DOH LWP1
{1n/m1) LKP2

PROFILOGRAPH ¥ RWP1 NOT TESTED ON THIS SITE

McCRACKEN RKP2
GOLORADO DOH LWPL
{in/mi) LWP2
DIPSTICK ¥ RWPL NOT TESTED ON THIS SITE
E. W, FACE LWPL

IRI (in/ni)

MAYS RIDEMETER  BNPL 347,00 444.00 390.00 349.00 274.00 191.00 331.00 359.00 335,63 444,00 191.00
CAR BWP2  326.00 477.00 397.00 364.00 269.00 197.00 339.00 363.00 341.50 477.00 197.00
WYOMING HD BWPI  339.00 436.00 408,00 364.00 284.00 172.00 336.00 340.00 334.88 436.00 172.00
MAYS (in/mi) ’

MAYS RIDEMETER BWPL  321.00 478.00 399.00 345.00 274.00 166.00 316.00 296.00 324,38 478.00 166.00
TRAILER 8WP2  318.00 480.00 401.00 354.00 299.00 181.00 335.00 342.00 338.75 480.00 181.00
DIRECT FEDERAL . BWP3 341,00 517.00 395.00 339.00 305.00 181.00 344.00 343.00 345.63 517.00 181.00
HAYS (in/mi) BWP4

BWPS

MAYS RIDEMETER ~ BWPL  345.65 394.00 394.67 384.46 365.40 337.39 334.43 335.05 361.38 394.67 334.43
MONTANA DOH BWP2  376.25 440.00 430.71 412.94 393.04 357.44 350.86 348.71 388.74 440.00 348.71
(in/m1) BWP3  377.62 428.50 421,33 408.65 392.60 361.44 360.00 359.15 388.66 428.50 359.15

COX ROADMETER BWPL  50.90 97.20 839.60 63.10 36.70 24.90 45.20 77.90 154.44 B839.60 24,90

NEVADA DOT BHP2 63.70 808.90 833.00 58.70 38.50 26.30 49.60 82.80 245.19 833.00 26.30

(in/m1) BWP3 59.70 806.80 837,20 51.30 38.70 27.50 36.60 77.70 241.94 837.20 27.50
B&K BHPL AVERAGE ONLY 17.90

ACCELEROMETER BWP2 17.90

DIRECT FEDERAL BWP3 16.80

{Decibels d8) ‘

H.P.I. PURD BWP1  272.41 314.52 363.77 339.45 258.56 168.99 233.86 193.28 268.11 363.77 168.99

ONTARID M.T.C. BWP2  316.53 351.B0 391.65 364.95 275.29 169.06 256.48 193.67 289.93 391.65 169.06

IRI (in/mi) BWPI  306.31 343.34 385.98 380.00 385.51 190.64 251.27 189.31 304,05 385.98 189.31

DYNATEST RDM BHPL 2.68 2.37 2.7 2.67 2.94 3.15 2.83 1.54 2.54 3.15 247

MISSISSIPPT HD BWP2 2.12 2.32 2.17 2.65 2.82 3.13 2.717 2.46 2.52 - .

SI BWP3 2.66 2.32 2.15 2.65 2.85 3.14 2.82 2.56 2.54 3.14 2.15
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SHOOTHNESS DATA FOR SITE # 8 (SHIELDS AVE. ROUGH FLEXISLE PAVENENT) TEST SPEED 30MPH
SUB-SECTIONS

0 1 2 3 4 5 3 // 8 AVERAGE MAX HIN

EQUIPHENT VALUES VALUES VALUES
TEXRS BWP1 0.70  0.70 0.40  0.40 1.00  1.50  0.40
SELF CALIBRATING BKP2 0.80 0.80 0.40 0.40 3 . : s 1.05 60 0.40
ROUGHNESS UNIT  BWP3 0.70.  0.70 0.40 0.40 1.50 1.50 1.30 1.30 0.98 1.50  0.40
TEXAS HD

(s1)

ARAN 111 BHPL  283.93 337.23 349.42 308.50 365.61 176.48 216.51 219.04 282.09 365.61 176.48
TEXAS HD BWP2  276.09 336,97 355.97 316.66 253.57 166.07 215.79 191.70 264.10 355.97 166.07
IRI (in/a1) BWP3  295.28 352,99 401.44 333.69 279.18 174.25 246.29 175.84 282.37 401.44 174.25

K.J. LAW MB300  RWP1 358.00 477.00 437.00 343.00 324.00 193.00 337.00 469.00 367.25 477.00 193.00
NEBRASKA DOR RWP2 361,00 488.00 464.00 338.00 315.00 201.00 301.00 459.00 365.88 488.00 201.00
HAYS (in/ai) RHP3 402,00 466.00 424.00 337.00 355.00 188.00 279.00 420.00 358.88 466.00 188.00

K.J.LAW 18300 LWP1 234,00 452.00 487.00 328.00 237.00 148.00 298.00 341.00 315.63 487.00 148.00
COLORADO DOH LWPZ 252,00 436.00 487.00 336.00 230.00 156.00 281.00 326.00 313.00 487.00 156.00
HAYS (in/mi) LKPS  234.00 436.00 519.00 337.00 226,00 153.00 325.00 337.00 320.88 519.00 153.00

LASER RST BHPL  266.07 456.12 487.80 361.10 202.72 177.38 266.07 348.43 320.71 487.80 177.38
INS-ILLINOIS BWP2  253.40 462.46 544.81 373.77 202.72 171.05 253.40 329.42 323.88 544.81 171.05
IRT (in/ai) BHP3  240.73 443.45 468.79 342.09 209.06 164.71 291.41 361.10 315.17 468.79 164.71
K.J. LAN 690 DNC BWP1  308.00 378.00 368.00 342.00 256.00 157.00 292.00 300.14 378.00 157.00
PROFILOMETER BWP2  297.00 402.00 369.00 288.00 222.00 155.00 243.00 282.29 402.00 155.00
FHRA BWP3  339.00 380.00 420.00 303.00 236.00 173.00 305.00 308.00 420.00 173.00
IRI (in/mi) 336.00 370.00 367.00 336.00 247.00 180.00 290.00

315.00 370.00 353.00 356.00 238.00 180.00 270.00

PRO RUT SYSTEM  RWPL  485.80 598.00 455.10 509.60 474.00 281.60 466.30 468.90 467.41 598.00 281.60
FHHA RWP2  247.70 414.50 477.10 411.80 214.10 162.80 318.10 329.20 321.91 477.10 162.80
IRI {in/ai) RWP3  481.70 575.60 463.80 504.10 492.00 293.00 460.80 448.80 464.98 575.60 293.00
' LWP1  252.10 430.20 452,70 405.60 225.60 156.90 304.30 295.60 315.38 452.70 156.90

LWP2Z 511,90 598.70 469.90 503.60 4B3.70 289.30 472.80 445.30 471.90 598.70 289.30

LWP3  267.30 409.30 432.40 413.70 241.20 174.40 309.20 287.30 316.85 432.40 174.40

ROAD PROFILER LWPL  258.00 458.00 488.00 359.00 245.00 189.00 300.00 336.00 329.13 488.00 189.00
SOUTH DAKOTA LNP2  268.00 483.00 500.00 360.00 225,00 179.00 294.00 327.00 329.50 500.00 179.00
HAYS (in/ai) LWP3  273.00 481.00 486.00 362.00 256.00 183.00 292.00 336.00 333.63 486.00 183.00

SD PROFILOMETER  LWP1  243.00 430.00 508.00 375.00 226.00 194.00 240.00 341.00 325.88 508.00 194.00
NEBRASKA DOR LWPZ  297.00 470.00 479.00 397.00 261.00 199.00 278.00 308.00 336.13 479.00 199.00

IRI (in/ai) LHP3 274,00 466.00 497.00 368.00 248.00 199.00 262.00 338.00 331.50 497.00 199.00
TEXAS SURFACE BWP1 0.68 0.76 0.40 0.85 1.44 191 115 0.7l 0.99 1.91 0.40
DYNAMICS BWP2 0.77. '0.86 0.43 0.92 1.0 1.75 1.17  0.64 1,02 L5 0.43
PROFILOMETER BHP3 0.68 0,75 031 0.63 139 L.72 1.0 0.70 0.91 1.72  0.31
TEXAS HD '
SI
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SHODTHNESS CORRELATION DATA FOR SITE # 9 (S.H.1, NEW FLEXIBLE PAVEMENT) TEST SPEED 50 HPH
SUB-SECTIONS

0 1 2 3 4 5 6 7 8 AVERAGE  MAX HIN
EQUIPHENT VALUES VALUES VALUES
PROFILOGRAPH RWP1 NOT TESTED ON THIS SITE
RAINHART RWP2
COLORADO DOH LWP1
(in/mi) - LWP2

PROFILOGRAPH *  RWP1 NOT TESTED ON THIS SITE

McCRACKEN RWP2
COLORADD DOR LkP1
(in/ai) LWP2
DIPSTICK * RWP1 NOT TESTED ON THIS SITE
E. ¥. FACE LWP1
IRI (in/mi)
MAYS RIDEMETER - BHWPI 73.00 45.00 61.00 90.00 95.00 51.00 43.00 44.00 62.75 95.00 43.00
CAR BWP2Z  68.00 42,00 60.00 81.00 91.00 47.00 42.00 56.00 60.88 91.00 42.00
WYOMING HD BHPI  66.00 42.00 57.00 82.00 91.00 45.00 38.00 55.00 59.50 91.00 38.00
HAYS (in/ai)
NAYS RIDEMETER  BWPI 51.00 30.00 45.00 69.00 73.00 48.00 34.00 58.00 51.00 73.00 30.00
TRAILER BWP2 46.00 35.00 56.00 66.00 77.00 45.00 48.00 53.00 53.25 77.00 35.00
DIRECT FEDERAL BWP3 47.00 28.00 45.00 66.00 74.00 44.00 44.00 53.00 50.13 74.00 28.00
HAYS (in/mi) BWP4
BHPS

MAYS RIDEMETER  BHWPI 45.91 40.48 42,31 50.2¢ 52.18 51.63 51.57 51.15 48.18 52.18 40.48
HONTANA DOH BWPZ  60.88 52.47 55.00 58.24 59.20 57.81 56.5 571.29 57.18 60.88 52.47
(1n/mi) BWP3 55.94 48.48 49.00 53.24 54,58 53.32 51.71 52.38 52.33 55.94 48.48
(COX ROADMETER BWP1 .7.40 6.30  8.20 7.60 10.90 1.50 5.40 4.40 1.21  10.90 4.40
NEVADA DOT gWP2 - 7.10 5.60 7.20 9.20 8.60 6.20  6.50 5.20 6.95 9.20  5.20
(in/ai) BRP3 7.40 6.30 8.00 9.80 10.40 4.50 570 4.5 7.08 10.40 4.50

B&K BHP1 AVERAGES ONLY 10.70
ACCELEROMETER BRP2 10.60
DIRECT FEDERAL BHP3 10.80
(Decibels dB)
H.P.1. PURD BWP1 67.23 43.64 57.46 80.25 84.10 51.76 50.48 5B.72 61.71 B4.10 43.64
ONTARIO H.T.C. BWP2 67.30 40.92 55.15 84,52 B4.35 53.54 50.64 50.19 60.83 84.52 40.92
IRT (in/ai) BHP3 65.75 44,00 56.67 84.78 B4.77 52.98 46.92 44.65 60.07 84.78 44.00
-DYNATEST RDM BWP1 3.89 3.90 3.84 .19 3.1 392 3.92  3.86 3.86 3.92  3.76
MISSISSIPPI HD  BHWP? 3.81 3.85 3.88 315 3.712 3.88 3.88 3.87 3.83 3.88 3.2
S1 BWR3 3.89 3.92 3.85 3.73 3.n 1.9 3.88 3.84 3.84 3.92 3.72
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SHOOTHNESS CORRELATION DATA FOR SITE # 9 (S.H.1, NEW FLEXIBLE PAVEMENT) TEST SPEED 50 MPH
SUB-SECTIONS

0 1 2 3 4 8 6 1 8 AVERAGE MAX HIN
EQUIPMENT VALUES VALUES VALUES
TEXAS BHP1 3.90 3.90 3.60 3.60 3.50 3.50 4.50 4.50 3.88  4.50  3.50
SELF CALIBRATING 8WP2 3.80  3.80 3.40 3.40 350 3.50 410 4,10 3.70 410 3.40
ROUGHNESS UNIT  BWP3 3.0 3,70 3,50 3.50 3.40 3.40 4.40  4.40 3,75 4.40  3.40
TEXAS HD
(s1)
ARAN 111 BWP1  68.27 47.73 61.36 82,22 86.96 57.33 54.54 60.10 64.81 86.96 47.73
TEXAS HD BWP2  68.92 48.62 60.10 82.48 B89.70 57.06 53.93 58.68 64.94 89.70 48.62
IR (in/ei) BWP3  68.06 49,13 58.78 B1.89 89.04 57.94 52.98 67.15 65.62 89.04 49.13
K.J. LAW MB300  RWPL  71.00 41.00 57.00 78.00 75.00 49.00 53.00 46.00 58.75 78.00 41.00
NEBRASKA DOR RWP2  68.00 38.00 60.00 83.00 75.00 49.00 45.00 46.00 58.00 83.00 38.00
HAYS (in/mi) REP3  72.00 34.00 58.00 79.00 75.00 51.00 51.00 46.00 58.25 79.00 34.00
K.J.LAN HB8300 LWP1 65,00 38.00 63.00 67.00 81.00 46.00 42.00 56.00 57.25 81.00 38.00
COLORADO DOH LWP2  70.00 36.00 57.00 70.00 93.00 53.00 53.00 56.00 61.00 93.00 36.00
HAYS (in/mi) LHP3 74,00 34.00 58.00 66.00 84.00 43.00 42.00 53.00 56.75 84,00 34.00
LASER RST BWPL 82,36 44.35 63.35 63.35 76.02 50.68 50.68 57.02 60.97 B2.36 44.35
INS-ILLINOIS BWPZ  69.69 38.01 63.35 69.69 76.02 50.68 50.68 57.02 59.39 16.02 38.01
IRT (in/mi) BWPS  69.69 44.35 63.35 69.69 76.02 50.68 50.68 57.02 60.18 76.02 44.35
K.J. LAW 690 DNC BWP1  69.60 39.30 59.00 73.10 75.70 49.30 47.80 59.11  75.70 39.30
PROFILOMETER BWP2Z 71,00 40.00 60.00 73.50 76.10 50.60 47.70 59.84 76.10 40.00
FHHA BWP3  72.50 39.70 5B.60 76.90 77.60 51.10 50.40 60.97 771.60 39.70
IRI (in/mi) 71.00 40.50 58.60 74.00 77.80 51.00 49.30 60.31 77.80 40.50
72.00 41.30 58.40 79.20 75.60 50.30 50.10 60.99 79.20 41.30
PRO RUT SYSTEM  RWPL  73.25 44,18 63.30 86.55 78.74 56.04 52,79 53.99 63.61 86.55 44.18
FHHA RWP2 © 73.56 48.22 66.33 93.11 87.24 58.73 57.85 54.02 67.38 93.11 48.22
IRI (in/ai) RWP3 72,29 45.67 60.97 B85.44 B86.37 59.66 53.30 60.32 65.50 B6.37 45.67
© LWPL 70.33 46,93 65.54 73.67 79.91 55.14 55.04 58.31 63.11  79.91 46.93
LWP2  71.45 45.63 65.50 76.63 77.59 58.03 55.83 56.91 63.07 71.59 45.63
LWP3  70.57 47.41 66.02 74.68 78.59 54.11 56.65 59.74 63.47 18.59 47.41
ROAD PROFILER LHPL  97.00 85.00 88.00 99.00 144.00 88.00 86.00 85.00 96,50 144.00 85.00
SOUTH DAKOTA LWPZ ~ 90.00 B1.00 87.00 103.00 134.00 82.00 77.00 89.00 92.88 134.00 77.00
MAYS (in/mi) LWP3  94.00 72.00 87.00 105.00 135.00 86.00 84.00 89.00 94.00 135.00 72,00
SD PROFILOMETER LWPL  83.00 66.00 111.00 99.00 105.00 66.00 80.00 84.00 86.75 111.00 66.00
NEBRASKA DOR LWP2  89.00 80.00 80.00 95.00 141.00 85.00 73.00 72.00 89.38 141.00 72.00
IRI (in/ai) LWPF  87.00 73.00 84.00 100.00 127.00 79.00 67.00 75.00 86.50 127.00 67.00
TEXAS SURFACE BWP1 4.12 476 420 3,98 443 466 435  4.48 4.37  4.76 3.98
DYNARICS 4,28 478 418 399 426  4.55  4.36  4.36 4,35 4.78 3.99
PROFILOMETER 4,18  4.66  3.97 3.76 4.2  4.56 429  4.49 4.21 466 3.76
TEXAS HD '
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* THIS EQUIPHENT OPERATED AT 2-3HPH (WALKING SPEED)








