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FOREWORD

The LTPPManual for Profile Measurements, Operational Field Guidelines, Version 3.1,was
released in January 1999.This manual described procedures for coll eding profil e datafor the
Long Term Pavement Performance (LTPP) program using the K. J. Law T-6600 pofil er,
FaceCompany Dipstick®, and the rod and level.

The FHWA purchased four new profilersto coll ed data for the LTPPprogram in 2002.
These four profil ers were purchased from the International Cybernetics Corporation (ICC).
These profil ers went into operationin September 2002.Version 4.0 d LTPPManual for
Profile Measurements describes operational procedures to be foll owed when measuring
pavement profiles for the LTPP Rogram using the ICC road profil er, FaceCompany
Dipstick®, androd and level.
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PREFACE

The Long Term Pavement Performance (LTPP) program is a study of pavement performance
a nealy 2,500in-service pavement sedions throughou North America The LTPPsgoal is
to extend the life of highway pavements through various designs of new and rehabilit ated
pavement structures, using different materials and undr diff erent loads, environments,
subgrade soil , and maintenance pradices. The spedfic objedives of the LTPPprogram are
to:

» Evauate eisting design methods;

» Developimproved design methods and strategies for the rehabilit ation d existing
pavements,

» Developimproved design equations for new and reconstructed pavements;

» Determinethe dfedson pavement distressand performance of loading, environment,
material properties and variability, construction quality, and maintenance levels;

» Determine the dfeds of spedfic design feaures on pavement performance and

» Establish anational long-term pavement performance database.

Towards acaompli shing these objedives, LTPPis coll eding data on in-service pavement
sedions over atwenty-yea period. The data mlleded at the test sedions are stored in the
LTPPInformation Management System (IMS) database. These data ae being used and will
continue to be used to achieve the goal and oljedives of the LTPPprogram.

The olledion d longitudinal profile data & ead test sedionisamajor task of LTPP. The
left and right whed path profile datafor five repea runs on atest sedion for ead test date
are stored in the LTPPdatabase. In addition, the International Roughnessindex (IRI), Mays
Index, Roat Mean Square Verticd Accderation (RMSVA) and Slope Variance, which are
computed from the profile data ae dso stored in the LTPP database.

This manual describes proceduresto be foll owed when measuring pavement profil es for the
LTPPprogram using the International Cybernetics Corporation (ICC) MDR 4084.3 road
profil er, FaceCompany Dipstick”, and rod and level. Field testing procedures, data @lledion
procedures, cdibration d equipment, record keging and maintenance of equipment for eah
of the profili ng methods are described in this manual. The primary device used to oktain
pavement profile measurements for LTPPisthe ICC profil er. However, when a profiler is not
avail able, the Dipstick" is used to colled profile data. Also, arod and level can be used to
measure pavement profileif aprofiler or a Dipstick” is nat avail able.
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1 INTRODUCTION

1.10OVERVIEW OF THE LTPP PROGRAM

The Strategic Highway Reseach Program (SHRP) was afive-yea, $150milli onreseach
program that began in 1987.The research areas targeted under SHRP were: asphalt,
pavement performance, concrete and structures, and highway operations. SHRP's Long Term
Pavement Performance (LTPP) program is afirst ever effort to study pavement performance
in dfferent climates and soil condtions at nealy 3000in-service pavement sedionsin all
fifty states of the United States andin participating provinces in Canada. The LTPPprogram
was designed as a 20 yea study. The first five yeas of this program - 1987to 1992- were
administrated by SHRP, and since 1992,administration d the program has been the
resporsibility of Federal Highway Administration (FHWA).

For purpaoses of pavement data lledion and coordination, the United States and
participating Canadian provinces have been subdvided into four regions, ead served by a
Regional Suppat Contrador (RSC). The regional boundiries defining the jurisdiction o
eat RSC areshown in figure 1.1.

1.2 SIGNIFICANCE OF PAVEMENT PROFILE MEASUREMENTS

Longitudinal profile dong the whed pathsin a pavement can be used to evaluate the
roughnessof the pavement by computing aroughnessindex such as International Roughness
Index (IRI). Changein longitudinal pavement profil e over time, which is diredly related to
changes in roughnesswith time, is an important indicaor of pavement performance Hence
one asped of the LTPPprogram isto coll ed pavement profil e data of in-service pavement
sedions for use in many applicaions sich asimproving pavement performance prediction.

1.3 PROFILE DATA COLLECTION

The primary means used to oltain pavement profil e measurements for the LTPPprogram is
to profile test sedions using aroad profil er. Each RSC operates a profil er to colled data
within its region. From the inception d the LTPPprogram until the end d 1996, pofile data
at test sedions were mlleded using amodel 690DNC inertia profiler manufadured by K. J.
Law Engineas, Inc. In late 1996,ead RSC replacal their model 690DNC profil er with a
Mode T-6600inertia profiler manufadured by K. J. Law Enginees, Inc. In September 2002,
eat RSC replaca their K. J. Law T-6600 pofil er with an International Cybernetics
Corporation (ICC) MDR 4083 inertia profil er. The operation and maintenance of the
profiler, and storage of colleded data ae the resporsibility of ead RSC.



LTPPManual for Profile Measurements, Version 4.0, September 2002

Hd
02Jid O1H3Nnd

HN

an

Al

N

suoibay ddii L' 8inbid

H
HVMVYH



LTPPManual for Profile Measurements, Version 4.0, September 2002

When aprofil er is not avail able, LTPPhas eleded to use the Dipstick™, which isahand
operated dgital profiler manufadured by FaceCompany, as abadk-up deviceto colled
profil e data. The Dipstick" is used also to oktain transverse profil e data & most sites. Each
RSC stores, maintains, and operates two Dipsticks-.

A rod and level can be used to measure pavement profil esif a profiler or a Dipstick” are not
avail able, or where other spedal circumstanceor requirements rule out the Dipstick” or the
profiler. However, this methodis very labor intensive andis not typicdly used within the
LTPPprogram.

1.4 OVERVIEW OF THE MANUAL

This manual describes proceduresto be foll owed when measuring pavement profil es using
the ICC MDR 408@_3 inertial profil er, FaceCompany Dipstick” androd and level. The
manual covers the following:

1. Field Testing;

2. Data Colledion;

3. Cdlibration d Equipment;

4. Equipment Maintenance, and
5. Reword Keegping.

This document addresses those aspeds of profil e measurements that are relatively unique to
the LTPPprogram. Other references (1-12) shoud be consulted for general information.
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2 PROFILE MEASUREMENTSUSING ICC PROFILER

2.1INTRODUCTION

The ICC MDR 4084.3 profiler isamodified cargo van that is equipped with spedalized
instruments to measure and record road profile data. The MDR 4084.3 profil er contains
threelaser height sensors, an acceéerometer located above eab laser height sensor, a
longitudinal distance measuring transducer, a computer system, signal condtioning
eledronics, and paver control equipment. The threelaser height sensorsin the unit are
mourted ona sensor bar that has been install ed onthe front of the vehicle. One sensor is
locaed at the canter of the vehicle, whil e the other two sensors are located along ead whed
path. The longitudinal distance measuring transducer is mourted onthe differentia of the
vehicle, and measures distancetraveled by the vehicle.

Laser height sensors measure verticd displacanent between the vehicle and the road, and
acceerometers measure vertica acceeration. Signals from the laser height sensors,
acceerometers and dstance measuring instrument (DMI) are fed into a computer, which
computes the profil e of the pavement along the path traversed by ead laser height sensor.
Profil es along the paths traversed by the threesensors are displayed onthe computer monitor
during profil e measurement. Data recorded by the height sensors, acceéerometers and DMI
are stored in the hard disk of the computer. These data can be processed to oltain the profile
along the path that was traversed by eat sensor.

The profiler also is equipped with two phdocdls. One phaocdl i s mourted verticdly to
sense refledions from pre-placal marks on the road surface The other phaocdl can be
rotated arounda horizontal axis, and can be positioned so it can sense refledions from pre-
placel cones with refledive markings that are placad onthe side of the road. The phaocdl is
used to perform areferencereset when it istriggered, and the locationwhere it istriggered is
stored in an event file. The profile vehicle is equipped with bah heaer and air-condtioning
unitsto provide uniform temperature for the dedronic equipment in the vehicle. According
to ICC, the profil er can measure road profil es at speads ranging from 10to 112 km/h. Test
spead isnormally 80 km/h for the LTPP program.

This manual presents procedures that shoud be followed for coll eding datawith the ICC
profiler. Most of the operating procedures that are spedfic for the equipment have been taken
from the ICC Profil er Operation Manual (1). This document and aher ICC documents (2-5)
shoud be mnsulted for additional detail s of the equipment and trouldeshoding procedures.
2.2 OPERATIONAL GUIDELINES

2.2.1 General LTPP Procedures

Accidents: In the event of an acddent, operator shall i nform the RSC as soonas possble

2-1
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after the mishap. Detail s of acddent shoud be reported in writing to the RSC. The @rporate
palicy of the RSC shoud be followed in event of an acdadent. A pdlicereport of the acedent
shoud aso be obtained.

Maintenance of Records. Operator is resporsible for preparing and forwarding the forms
and reoords to the RSC as described in sedion 2.7,which relate to testing and maintenance of
the profiler.

Safety: Safety of the profil e operators and traveling pubdic is of grea concento LTPP, and
safe driving and roadside pradices are expeded from LTPP profil e operators.

Problem Reports: A Profiler Problem report must be submitted whenever there ae
problems with equipment that affed the quality of data, data @lledion a data processng
software, data lledion guidelines or any other problem related to profili ng adivities. The
procedures described in Appendix A must be foll owed when submitting a problem report.

2.2.2 Test Frequency and Priorities

Profil e measurement frequency and prioriti es described in the latest FHWA diredive shoud
be followed when profili ng General Pavement Studies (GPS), Spedfic Pavement Studies
(SPS, Seasona Monitoring Program (SMP) and Weigh in Motion (WIM) sites. A copy of
the latest dirediveisincluded in Appendix B; the RSC isresporsible for ensuring that this
diredive be replaceal with any subsequent releases.

2.2.3 General Operations

The following quidelines related to the operation d the profiler shall be foll owed.

2.2.3.1 Laser Height Sensors

The profiler is equipped with threelaser sensors. Operator shall naot let the laser beam strike
hisor her eye, asit can damage the eyesight. Furthermore, becauseit isnot known if
thereflection of the laser beam from a surface such as a polished base plate, a gauge
block or a watch can damage the eyesight, operator shall take stepsto avoid a reflected
laser beam to comein contact with the eye. The FHWA will keep the RSC's informed of
information onthis sfety isaue @it becmes avail able. Always make sure that lasers are
turned off when inspeding the sensor glass cleaning the sensor or when performing
maintenance on the sensors. The switch for turning the lasers *On’ and * Off’ islocated onthe
panel adjacent to the drivers ®a (seefigure 2.2.3.)).

2-2
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Figure 2.2.3.1. Laser or/off switch.

2.2.3.2 Sensor Bar and Sensor Spacing

Sensor bar locaed in front of the vehicleis not designed to suppat the weight of the operator
or other persons. Do na sit or stand onthe sensor bar at any time. Sensors locaed along ead
whed path shoud be & adistanceof 838 mm from the center of the vehicle. This sensor
setup resultsin aspaang of 1,676mm between left and right sensors. Center sensor shoud
be & the center of the vehicle, with the distancefrom left and right sensors to the center
sensor being 838 mm.

2.2.3.3TirePressure

Thetire presaure in the vehicle shoud be dhedked at regular intervalsto seeif it is at the
manufadurers recommended values that are listed onthe doar and the fuel cover, which are
380 KPa (55 i) for the front tires and 550 Pa (80 si) for therea tires. These ae mld tire
presaure values. Thetires shoud be sufficiently warmed up pior to testing atest sedion. If
the vehicle has traveled abou 8 km (5 miles) at highway speeds after being parked, the tires
are onsidered to have warmed upsufficiently. Warming up o thetires will cause aslight
increase in tire presaure. The DMI is affeded by the tire presaure of therea tires. The
inflation presaure of the rea tires of the vehicle when it is used for testing shoud be between
550and 585 IPa (80 and 85 si). Before testing atest sedion, the operator shoud adjust the
tire presaure of the rea tires to ensure that the inflation presaure is between 550and 585 Pa
(80and 85 ).

2.2.3.4 Major Repairsto Profile System Components
LTPPMajor Maintenance/Repair Activity Report shoud be fill ed whenever repairs are

performed onthe profil e system comporents such as the laser sensors, accéerometer, DMI,
and data aquuisition system. This report shoud also befill ed if alaser sensor is replacel.
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DMI and accéerometers shoud be cdi brated whenever repairs are performed onthese
comporents or the ammputer cards asociated with these cmmporents.

After performing amajor repair or repladng a laser sensor, data lleded by the profiler
shoud be chedked using the foll owing procedure to ensure that acarate data ae being
colleded. In this procedure, atest sedion that has been profiled previoudly is re-profiled, and
a comparison is made between the profil e data.

1. Seled atest sedionthat has been profiled recantly, andis close to the aurrent locaion o
the profiler. When seleding the site, review comments that were made when this ste was
profiled to make sure that profil e data avail able & this ste isfreeof errors and that no
unexplained spikes are present in the data. It isrecommended that GPS3 and SPS2 sites
be avoided as sgnificant variationsin profile can occur onthese sedions dueto
temperature dfeds.

Profil e the seleded site and oldain an acceptable set of runs as described in sedion 2.2.8.

3. Compare the profil e data & well asthe IRI values with the previously colleded datafor
left and right sensors. If the repaired or replacel sensor isthe center sensor, only the
comparison d the profiles can be performed, as IRI values for the canter sensor canna be
computed.

4. If evauationindicaesthat the mlleded datais comparable with the previously coll eded
data, the profil e system comporents are cnsidered to be functioning corredly. If
discrepancies are noted, the cmmparison shoud be performed at ancther sedion. If
discrepancies are till noted, ICC shoud be contaded to resolve the problem.

N

If amalfunctionis deteded in a sensor locaed along the whed path, it may be replaced by
the canter sensor to continue data @lledion. The procedure to move asensor is described in
sedion 20 d the ICC Road Profiler Operations Manua (1). Warning: Eadh laser sensor is
matched with a processng unit that islocated at the badk of the profiler. If alaser is switched
(i.e., awhed path sensor replaced by the canter sensor) withou the required changes in
conredion made to the processng unit, it will damage the laser. Such damages will nat be
covered by warranty. Therefore, operators houd be avare that they need to clealy
understand the procedure for switching alaser sensor and/or get technicd asgstancefrom
ICC prior to switching a sensor.

Oncetherepaired o replacanent sensor is avail able, the center sensor that is now located at
an ouer position (left or right whed path) shoud be moved badk to the center position.
Repaired or replaced sensor shoud be installed at the locaion d the defedive sensor (either
left or right whed path). Accderometers shoud then be cdibrated, and afull cdibration
chedk (seesedion 2.5.4 shoud be performed onthe replacanent sensor. Procedures that
were described previoudly (i.e., profiling of a previously profiled sedion) shoud be foll owed
to ensure that the repaired/replaced sensor is functioning corredly.
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2.2.3.5 Sensor Covers

The threelaser sensorsin the profiler are equipped with covers. Covers $ioud bein-place
when testing is not being performed to proted the sensors. Covers shoud be taken off when
performing chedk on sensors, performing bourcetest, and coll eding profil e data.

2.2.3.6 Data From Previous Profile Visit

After colleding profile data & asite, profiler operator is required to compare the profil e data
aswell as|RI with the data mlleded duing the previous ste visit as described in Sedion
2.2.8.The profil e data comparison between the visits is made using the multi-visit plot
comparison ogionin ProQual (6). Prior to setting out to profile asite, operator must ensure
that the datafiles that are required to dothis comparison for the previous ste visit are

avail able. Operator shoud also have the IRI values for the site from the previous visits.

2.2.4 Computer System

2.2.4.1 Computer System in Profiler

The ICC profil er is equipped with two computers that are networked together. These two
computer systems are referred to as gystem 1 — Windows computer (Windows sde), and
system 2 — DOS/MDR computer (DOS Sde).

Software for the operation d the profiler islocaed in system 2. This Sftwareis DOS based,
and must be loaded from the DOS prompt. Data mlleded by the laser height sensor,
acceerometer and DMI during profili ng are saved in system 2. System 1 contains Windows
XP. The Windows based WinGraph software that displays a plot of the profil e data whil e the
data ae being colleded islocaed in system 1. The graphicd plot of the profile aeaed by
WinGraphis saved in system 1.

Thereisaswitch inthe KVM (keyboard, video and mouse) switch box that will switch the
monitor between system 1 and system 2 (seefigure 2.2.4.9). This switch is referred to as the
KV M switch heredter. The DOS/MDR system (system 2) also has Windows 98 installed on
it to enable sharing of the CD-ROM drive, Zip drive, and herd drive with the Windows XP
system. System 2 must be in Windows 98if it isto be accesed from system 1. Further detail s
on wse of the KV M switch to switch between the two systems during operation d the profil er
will be presented in appropriate sedions.

BIOS settings of the DOS/MDR system (system 2) as well as the Windows XP system
(system 1) are described in the ICC Road Profiler Operation Manual (1).

2-5
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KVM (Keyboa
Video-Mous

Figure 2.2.4.1.Keyboard, video and mouse (KV M) switch.

2.2.4.2 Temperature Range for Computer Operation

Interior vehicle environment is criticd to the operation d the on-board computers. Vehicleis
equipped with ahedaer and an air condti oner to maintain interior temperatures within the
required range. Interior of the vehicle shoud be between 10 T and 35 T before power is
applied to the dedronic equipment and the mmputer to proted them from damage.

2.2.4.3 Hardware and Software

Operator shoud maintain a opy of the ICC software and the ProQual software in the vehicle
in case software problems occur in the software installed in the computer. If any of these
software ae re-installed, operator shoud go through the setup menus described in sedion
2.2.6 d this manual to make sure that appropriate parameters have been set to the wrred
values.

|CC software programs that are install ed in the profil er computer are:

1. 90xfhwa.exe: Profiler runtime data wlledion pogram. ThisisaDOS based program
that isinstalled in system 2.

2. WinGraphexe: Runtime graph program. ThisisaWindows program that isinstalled in
system 1.

3. Winrp9d.exe: Report program and file conwverter. ThisisaWindows program that is
instaled in bah system 1 and 2.

4. Winrp9d.ini: INI control file used by Winrp9d.exe. ThisisaWindows based program
that isinstalled in bah system 1 and 2.

5. FHWA _Eval.exe: Profile graphing, analysis and IRI evaluation rogram. Thisisa
Windows based program that isinstalled in bah system 1 and 2.
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Do na add any hardware (extradrives or other device) to the cmmputer system before
contading ICC through FHWA andits Tedchnicd Suppat Services Contrador (TSSC) to
determine if they will i nterfere with the profil e programs. Interference of profil e programs
due to additional devices may not be realily apparent.

Software supdied with the ICC profil er istightly integrated. Apart from ProQual (6), other
software shoud na be loaded orto the computer, uriess pedficdly approved in writing by
FHWA. Such software could seriously degrade the performance and acairacy of the system.

Procedures for installi ng the ProQual program are described in the ProQual manual (6). The
ProQual program shoud be installed in system 2. ProQual isrunin system 2 through
Windows 98, which isinstalled in system 2.

Profil er data fil es may be organized into subdredoriesin the C drive. For example, New
York sites could be stored in the direcory C:\NY. All profile datafiles colleded in New

Y ork, which include those data from GPS SPS SMP, and WIM sites can be placel in this
diredory. Alternatively, separate subdredories may be aeaed for diff erent types of sedions
(GPS SPSetc.) under the diredory C:\NY.

2.2.5 Power-Up, Booting and Shutdown Procedures

2.2.5.1 Power Sources

Power to the computer and the dedronic equipment in the profiler can be provided through
the inverter or through an external source (house power). There is a battery in the profil er that
suppies power to the inverter. This battery is charged when the vehicle engineis running.
This battery is also charged when an external sourceis used to supdy power. Do nd leave
profiler conneded to an external power sourcefor extended periods of time since
overcharging of the battery may occur.

During data mlledion, paver will be supdied through the inverter. When the engineis
turned doff (e.g., monthly cdibration chedk, troubdeshoaing, operating computer when parked
in dffice) an external power source can be used to supdy power. The uninterruptible power
suppdy (UPS in the van also makes it passble to switch from one power sourceto ancther
(i.e. howse power to inverter power) withou having to shutdown the computer. The UPSwill
suppy power to the system using itsinternal battery when making the switch. When the UPS
is used withou house or inverter power, the UPSbattery is not being charged and will drain
down eventually to apoint where it can nolonger runthe momputers.

2.2.5.2 Switch Positions

The power switch in front of the inverter must always be left in the * Off' position (seefigure
2.2.5.0. A remote switch is used in the profil er to turn the inverter ‘On’ and ‘ Off’ . If the
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inverter switchisinthe‘On’ positionwithou the vehicle running, it will drain al power
from the battery.

The laser power switch, inverter power switch and computer power switch that are located on
the computer case shoud always be kept in the *On’ pasition (seefigure 2.2.5.9. Power to
these systems will be turned ‘On’ or ‘Off’ fr om switches that are located nea the driver’s
sed.

Figure 2.2.5.2.Switches on computer case.

2.2.5.3 Power Up Procedure

Procedures for powering up the system using house power as well asinverter power are
described in this ®dion.
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Power-Up Using House Power

1.
2.

3.

Flip the power switch located in the badk of the van to howse power (seefigure 2.2.5.3.
Make sure that external 120V power sourceis grounced. Plug the power cord into pat
on the passenger side of the van.

Make sure laser, inverter power and computer power switches located onthe computer
case aeintheOn’ paosition (seefigure 2.2.5.9.

The UPSislocaed behindthe driver’s sa. Push the ‘On’ button on UPS(seefigure
2.2.5.9.

Turn onthe computer monitor (seefigure2.25.5).

House Power Inverter Pewer

Figure 2.2.5.3.Power switch pasitions.

UPS On/Off
Switch

Figure 2.2.5.4.UPSon/off switch.
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Monitor
On/Off

Switch

Figure 2.2.5.5.Monitor or/off switch.

Using Inverter Power

1. Fip the power switch in the badk of the van to inverter power (seefigure 2.2.5.3.
2.
3. Make sure laser, inverter power and computer power switches locaed onthe computer

Start engine of the van.

case aeintheOn’ paosition (seefigure 2.2.5.9.
Turn power inverter ‘On’ using switch located onthe panel below the monitor (seefigure
2.2.5.6.

5{\' g

Figure 2.2.5.6.Remote switch for inverter power.

5. Pushthe‘On’ button on UPS(seefigure 2.2.5.9.
6. Turn onthe computer monitor (seefigure2.2.5.5.
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2.2.5.4 Computer Booting Procedure

1. Suppdy power to the system either using house power or inverter power as described in
sedion 2.2.5.3.

2. Allow the mmputer to come up to the Login screen for Windows XP. Login using LTPP
as user name and LTPPas passvord. Monitor will show that Windows XP is runring.

3. If the cmmputer system is powered upto colled profile dataor to perform the bourcetest,

doule dick the ICCiconfor the WinGraph program, else go to step 4.If the WinGraph

iconwas doulde dicked, the WinGraph program will now be running on the Windows

XP computer.

Switchthe KVM to system 2 (seefigure 2.2.4.1).

Allow the DOS-MDR system to proceal to DOS prompt.

Ched date andtime on system 2 and adjust to corred locd time.

At the c\ prompt type m and then pressEnter key to runthe MDR data wlledion

program.

8. Themain menu d the MDR program shoud now be shown onthe computer monitor (see
figure2.2.5.9.

No ok

Figure2.2.5.7.MDR main menu.

The MS-DOS commands ‘Date’ and ‘ Time' shoud be placed in the AUTOEXEC.BAT file
in system 2 (DOS/MDR computer) so that when the cmputer isturned onit will prompt
operator for date andtime. Thiswill ensure that data fil es have the mrred date andtime
stamp. Time shoud correspondto that of the time zone where the sedionislocaed. When
the computer prompts for date and time, operator shoud chedk if current values are @rred. If
they are @rred, operator can pressthe Enter key at ead prompt. If they are incorred, corred
values $roud be entered.

2.2.5.5 Shutdown Procedure

1. Remove CD-ROM and Zip disks from drives, if present.
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2. Turn off power to lasers by fli pping the switch onthe monitor stand (seefigure 2.2.3.1 to
down pgsition.

3. If monitor shows that computer is nat in system 2 (DOS/MDR), use KV M switch (see
figure 2.2.4.7 to go to system 2 (DOS/MDR). System 2 could be ather in Windows 98
or in the MDR program.

4. If the MDR program isrunnng, seled Quit from main menu, and then enter 'Y’ to

confirm the quit request. The C:\ prompt will then be displayed onthe screen. If the

systemisin Windows 98, exit al programs, seled ‘ Start’ button at the bottom left hand
side of the screen, seled ‘ Shutdown’, and then indicate you want to Shutdown the system.

Wait until the screen says ‘ Its now safe to turn off your computer.’

Use KV M switch (seefigure 2.2.4.1 to get to system 1 (Windows sde).

Exit al programs, seled ‘ Start’ button at the bottom left hand side of the screen, and

seled ‘Turn Off Computer.” Confirm request to turn off the cmputer. Wait until screen

says ‘It's now safe to turn off computer.’

7. Turn df the UPSlocaed behind the drivers & (seefigure 2.2.5.4. The power to the
computers has now been turned of.

8. If shutting down when being powered by house power, ungdug the house power inpu
from the profiler. If shutting down when being powered by the vehicle (through the
inverter), turn off power inverter by flipping the switch onthe monitor stand to the down
paosition (seefigure 2.2.5.6.

oo

2.2.6 Softwar e Setup Parameters

The MDR softwareis used to colled and save profil e data. Colleded profile datais processed
using the ProQual software. Most settings in the MDR program were set at appropriate values
when the profil ers were deli vered. However, these setting need to be hedked and recessary
corredions made if anew version d softwareisinstaled, o if problems are encourtered
with software. There ae some fields in ProQual that have to be set by the user oncethe
software isinstalled. Settingsin the MDR program and ProQual program that need to be
chedked and/or updated are presented in sedions 2.2.6.1and 2.2.6.2respedively.

2.2.6.1 Settingsin MDR Software

Settings in the MDR program were set at the mrred settings when profil ers were delivered.
These settings sioud be hedked if the software isre-instal ed, if anew version d software
isinstaled, o if problems are encourtered. There ae some settings that the user will haveto
set or update. These settings are spedfic to the data @lleaed for the LTPPprogram. The

foll owing steps take the operator through the diff erent settings that need to be dhedked and/or
updated.
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1. Follow procedures described in sedion 2.2.5.40 launch the MDR software, omitting
step 3.

2. MDR main menushoud now be displayed onthe screen (seefigure 2.2.5.7).

3. Options Menu Settings: In the MDR main menu, seled ‘Options’, and dop dovn menu
shown in figure 2.2.6.1will be displayed onthe monitor. The Reference Post Display
Mode shoud show ‘Meter’, User shoud show ‘FHWA’, and Output fil e size shoud
show ‘Hard Disk’. If any of these fields are diff erent, contaa ICC.

Fave System & User Options to Disk
Options

Save Options

Figure 2.2.6.1.0Options menu.

4. ICC System Parameters Menu Settings: In the Options Menu (seefigure 2.2.6.9)
highlight ‘ICC System Parameters' and pressEnter key. The screen shown in figure
2.2.6.2will be displayed. Settings shown for diff erent parameters snoudd match the
values hown in figure 2.2.6.2.However, parameter settings for Target may be diff erent
depending on the phaocdl that will be used for testing.

Parameter settings that are shown in figure 2.2.6.2are & follows, and the parameter
settings srown in the monitor shoud match these values (except for Target which may
have adifferent value).

Profil e Sensors 123

Com2 Mode Off

1 Coml Port Setup 3F8h 9600E3h Coml On

2 Com2 Port Setup 2F8h 9600E3h Com2 On

3 LCD Port Setup 3F8h 9600 83hComl On

4 Cmd Port Setup 2F8h 11%K 83h Com2 On
Target 1-NA 2-NA 3-NA 4-F5 5F9
MDR Prog Files Dir C:\MDRSW\

Report List C:\MDRSW\MDRRPT.LST

Accderometer Filter delay (-ms) -5
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luthorization Code
Options

cHter new authorization code

Figure 2.2.6.2.1CC system parameters sreean.

If any of the parameters shown onthe monitor are different, chedk with ICC. After the
parameter settings have been chedked, pressEscape key twiceto get badk to the MDR
main menu (seefigure 2.2.5.7.

5. Sensor Configuration Menu Settings: In the main menu seled * Calibration’” and the drop
down menu shown in figure 2.2.6.3will be displayed. Highlight ‘ Sensors' in this menu,
and pressEnter key. The Sensor Calibration menu shown in figure 2.2.6.4will be
displayed onthe monitor.

iew Calibration Ualues
Calibration

View

Figure 2.2.6.3.Cdli bration menu.
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Lensor Configuration — Changes invalidates SCF values
Calibration

Sensors. ..

sEnsor Config...

Figure 2.2.6.4.Sensor cdibration menu.

In this menu highlight * Sensor Config’ and pressEnter key. The sensor configurations
will be displayed onthe monitor (seefigure 2.2.6.5). Parameter settings shown onthe
monitor shoud match the values hown in figure 2.2.6.5,which are:

Height Sensor(s)... 3a3
1-Pos 1- Lt Whed Path Selcom200
2—-Pos 2- Rt Whed Path Selcom200

3—-Pos 3- Center Selcom200
4—-Pos 4- Sensor None
5—-Pos 5- Sensor None

If parameters shown onmonitor are diff erent, chedk with ICC and set parameters to
appropriate values. After chedking the values of the parameters, pressEscape key to get
to Sensor Calibration menu

leight Sensor Configuration
Calibration

fengors. ..

Height Sensori{s)...

Figure 2.2.6.5.Sensor configuration menu.
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6. Key Rut Positions Menu Settings: In the Sensor Calibration Menu (seefigure 2.2.6.9,
highlight Spadng and pressEnter key. Thiswill bring up the Sensor Spadng sub-menu
that has three doices: Key Rut Positions, Rutting Order and Spadng (seefigure 2.2.6.6.

Left, Center, Right Sensor Positions
Calibration

Sensors. ..

sPacing. . .

Key Rut Positions...

Figure 2.2.6.6.Sensor spadng sub-menu.

Highlight Key Rut Positions and pressEnter key. The Key Rut Positions <reen shown in
figure 2.2.6.7will be displayed onthe monitor. Values srown onthe monitor shoud
match the values hown in figure 2.2.6.7 which are:

1 — Left Pos

1
2 — Center Pos 3
3 —Right Pos 2

Left, Center, Right Sensor Positions
Calibration

sPacing...

Key Rut Positions...

1 - Left Pos

Figure 2.2.6.7.Key rut positions sreen.
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If any of the parameters are different, chedk with ICC and set parametersto the indicaed
values. After cheding the parameters, pressEscape key to get bad to Sensor Spadng
sub-menu (seefigure 2.2.6.9.

7. Rutting Order Menu Settings: In the Sensor Spadng sub-menu (seefigure 2.2.6.6,
highlight Rutting Order and pressEnter key. Monitor will show the Rutting Order screen
shown in figure 2.2.6.8.Values for the parameters s1own onthe monitor shoud match
the values shown in figure 2.2.6.8 which are:

1 —Sensor Pos#
2 — Sensor Pos #
3 — Sensor Pos #
4 — Sensor Pos #
5 — Sensor Pos #

SO MNWE

Bensor Order from Left Side of Bumper to Right as viewed from Driver's Seat
Calibration

Sensors. ..

1 — Sensor Pos #

rutting Order...

Figure 2.2.6.8. Rutting order screen.

If any of the parameters are diff erent, chedk with ICC and set parametersto the indicaed
values. After chedking the parameters, pressEscepe key to get bad to Sensor Spadng
sub-menu (seefigure 2.2.6.9.

8. Sensor Spadng Settings. In the Sensor Spadng sub-menu, hghlight Spadng and press
Enter key. Monitor will show the sensor spadng screen shown in figure 2.2.6.9.The
values displayed onthe monitor shoud be identicd to the values snownin figure 2.2.6.9,
which are;

1—-Spadng 1-10mm

2 —Spadng 1 - 3 838nm
3—Spadng 1 - 2 1676nm
4 — Spadng
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Bensor Spacing

Calibration

Sensors. ..

1 - Spacing

Spacing...

Figure 2.2.6.9. Sensor spadng screen

If any of the parameters are diff erent, set parameters to the indicated values by

highli ghting parameter, pressng Enter, entering corred value in window that opens, and
pressng Enter key again to close window. After chedking the parameters, pressEscgoe
key twice, to get badk to the Sensor Calibration Menu (seefigure 2.2.6.9.

9. Sensor Serial Numbers: In the Sensor Calibration Menu (seefigure 2.2.6.4, highlight

Sensor S/N and pressEnter key. The Sensor Serial Number screen shown in figure
2.2.6.10which shows the serial numbers of the sensors, will be displayed.

Bensor Serial Mumber
Calibration

3 - SerNum

Figure 2.2.6.10Sensor serial number menu (serial numbers shown will be diff erent from
values hown onthe figure).

The serial numbers shown onthe monitor will be different from those shown in figure
2.2.6.10Chedk to seeif the serial numbers displayed are @rred. In the profiler, pasition
lisleft whed path, pasition 2isright whed path and paition 3isthe center sensor. The
laser sensor serial numbers are marked onthe front of ead laser’ s procesor unit, which
islocaed to the right of the cmputer chasgs. If displayed serial numbers are nat corred,
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highlight the gopropriate sensor, pressEnter key, type the corred serial number in the
window that opens, and pressEnter again to close windowv. When dore, pressEscape key
thriceto get to the MDR main menu (seefigure 2.2.5.7.

10. Run Options Menu Settings: In the MDR main menu (seefigure 2.2.5.79, Seled ‘Run
and Run Menu shown in figure 2.2.6.11will be displayed onthe monitor.

Run

Date/Time 07832002 17:08

Figure 2.2.6.11 Run menu.

Seled ‘Options' in this menu and the Run Options <reen shown in figure 2.2.6.12will
be displayed onthe monitor.

The values for parameters s1own onthe monitor shoud match the values shown in figure
2.2.6.12which are:

DMI Simulator Off

User mode SINGLE

Profile On

Graph Profile On

LCD Display Coml On 1

Spedal Colled On

Spedl Limit +1.6

Target Com1 On/Com?2 Off
Command Mode Com2 On

IRI On

If the value shown onmonitor for Speead Limit is different, highlight speed limit and press
Enter key. Next type 1.6in the window that opens and pressEnter key to close the
window. If values shown for any of the other parameters on the monitor are diff erent,
chedk with ICC and set the parameter to appropriate value.
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Distance Simulator

Run

DMI Simulator

Figure 2.2.6.12 Run ogions menu.

11. IRI Options Menu Settings: In the Run Options Menu (seefigure 2.2.6.12, seled ‘IRI...
andthe IRI Options reen shown in figure 2.2.6.13will be displayed onthe monitor.

Enable IRI Operation

Figure2.2.6.13IRI options sreen.

The values of the parameters siown onthe monitor shoud match the values shownin
figure 2.2.6.13which are:

Mode On
HCS/Avg IRI Avg
iri Scde 1000
Negative rut On
Filter On
Wavelength 100.0
moving Average 1
sedion control On
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interval Control On

Interval 152
interval Reset Off
spedl Limit 24.1
ride Number Off

Highlight ‘Interval’, pressEnter key and chedk if value shown in box that opensupis
152.4.If nat, edit thevalue so that it is %t to 152.4,and pressEnter key to close window,
If * Speed Limit’ does not show avalue of 24.1, hghlight ‘ Speed Limit’, pressEnter key,
type 24.1in the window that opens, and pressEnter key to close window. (Vaue for
Spedl Limit represents peal below which datawill not be included in file.) If any of the
other parameters shown onthe monitor are diff erent from the values srown onfigure
2.2.6.13 ched with ICC and set the parameter to appropriate value. After chedking the
parameters, pressEscgpe key thriceto get badk to the MDR main menu.

2.2.6.2 Settings in ProQual Software

The ProQual software shoud be install ed in system 2. ProQual shoud be runin Windows 98.
After softwareisinstalled, there ae several parameter settings that have to be entered (or set)
and ahersthat have to be dhedked. Use foll owing procedure to set/ched the parameter
settings.

1. Start ProQual, then seled System to bring up the System Menu shown in figure 2.2.6.14.

1|55 7 | |t | 8| 0| | 0|

¥ ProQual &
File  Wiew | Swstem Profles Manual Help
ﬂgl q & Sites ﬁl
= = Equipment
15 L4
Copy
£ Setup

Figure 2.2.6.14 ProQual system menu.

2. Highlight ‘Equipment’, pressEnter key and the monitor will display a screen similar to
that shown in figure 2.2.6.15(Entries for Serial # and phdocdl off sets displayed onthe
monitor will be different from values snown in figure 2.2.6.15.
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' ProGual
File “iew Swvstem  Profiles Manual Help

¥ » b & H

E quipment

Manufacturer: IIntemationaI Cybernetics

Descriptiun:|MDH4DSBL3 Photocell Offsets
Device Code: IF Model Cnde:ﬁ Yertical:| 12500 mm
Serial #:|58388 | Horizontal: | 200.00 'mm

| ] ] a] ]| S]EE

Figure 2.2.6.15 Equipment screen in ProQual

3. Chedk Seria Number and Photocdl Off sets: Adjust settingsif needed for serial number
and phdocdl off sets using following procedure:

() Usesecond buton from left at the bottom (i.e., prior equipment record) or third
button from left (i.e., next equipment record) to scroll through screens urtil the Serial
# matches last five digits of the VIN number of profiler. (Note: when mouseisona
button at the bottom of screen, amessage will appea that describes the function o
that button). Manufadurer field shoud now show ‘International Cybernetics.” Click
onsixth buton from left (i.e., save equipment changes) to save the changes.

(b) Ched to seeif verticd and haizontal phaocdl off sets svown match off set values for
the profiler. If nat, click fifth buton from left at bottom of screen (i.e., edit equipment
report). Thiswill alow vaues shown for phaocdl off setsto be alited. Use mouse to
click onappropriate off set field(s) and type @rread off set value(s). Click onsixth
button from left (i.e., save equipment changes) to save the changes.

(c) Click onrightmost button at the bottom of screen to exit to main menu.

4. Chedk Analysis Parameters: In Systems menu (seefigure 2.2.6.14, highlight Setup and
pressEnter key. The Analysis Parameters <reen shown in figure 2.2.6.16will be
displayed onthe monitor. The value for ead parameter shoud match exadly the value
shown infigure 2.2.6.16.t is possbleto edit these values using first button at the bottom
of screen, which will allow valuesto be alited. However, operator shoud never edit any
of the values shown onthis sreen, as these parameters are set to corred values when
ProQual isinstalled.
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# ProQual | P e T o | | 8 | | | <50 [ 51 M =] E3
Fil= “Wiew Swstem Profiles Manual Help
L B
m[=] E3
Running average:l 1580 mmn. Output Interval — Sample Length:l 150 m,
FauItThreshnId:I 0.8 rm.
Spike Threshaold 1:| 25 mmm. Spike Threshold 2:| 5 i,
Taolerancze on Mean:l 1% Taoleranze on Standard Deviatinn:l 20 %
Slope Yarance Interval | 200 mm, RMSYe Base Length: | 200 mam.
b ays Coefficients:l 20 [+ I 23 *RMSYe 4'+| S5 # AMSVA 16!
a | ,fl B ﬂ_tl
A

Figure 2.2.6.16 Analysis parameter screen in ProQual.
The following parameters srown in figure 2.2.6.16are not currently used in any
computations. Sample Length, Fault Threshald, and RMSVA Base length. Other
parameters are used in computations, and a brief description d ead o these parameters
follows:
Running Average: Thisistheinterval at which profile datais output in ProQual.
Spike Threshold 1: Threshold for doule devation spikes.
Spike Threshold 2 Single devation spike threshad.

Tolerance on mean: Tolerance on mean IRI that is used to determine if IRl of a set of
profilerunsis acceptable.

Tolerance on standard deviation: Tolerance on standard deviation  IRI that is used to
determine if aset of profilerunsisacceptable.

Slope VarianceInterval: Base length used to compute slope variance

Mays Coefficients: Coefficients used in computing the Mays Coefficient.
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2.2.7 Field Operations
2.2.7.1 Turnarounds

Applicable lawsin ead state regarding use of median turnarounds must be foll owed.

2.2.7.2 Strobe Bar, Flashing Signal Bar and Signs

Profiler is equipped with a strobe bar in front and a flashing signal bar in the rea. Both the
strobe bar and flashing signal bar shoud be turned on duing testing. In addition, the
magnetic sign ‘ Caution Road Test’ shoud be mourted at the bad of the vehicle during
testing. This sgn shoud be taken dff when traveling between sitesto all eviate any confusion
that may be perceived by other road users.

2.2.7.3 File Naming Convention

The file naming convention to be used in spedfying name of datafilein FHWA Menu d the
profil er software (see sedion 2.3.4.) is described in this dion. For file naming
conventions for WIM sites refer to the latest diredive on profiling of WIM sites. Failure to
adhere to the fil e naming convention could produce erors when running ProQual, and will
cause problems when archiving fil es. The file name shoud consist of eight charaders as
follows:

1. Charadersone andtwo: State ade of state in which siteislocaed (e.g., 27for
Minnesota).

2. Charadersthreeto six: Four-digit site number. For GPSand SMP sites thisis the four-
digit LTPPidentificaion number (e.g., 1023. For SPSsites, the third charader shoud be
0, A, B, etc., depending on projed code (e.g., 0300,A300, B300,etc.). The fourth
charader for SPSsitesisthe experiment number (e.g., 2for SPS2 projeds), while the
fifth and sixth charaders shoud always be zero.

3. Charader seven: Letter code defining sediontype, G for GPS Sfor SPS M for SMP or
C for Calibration test sedions.

4. Charader eight: Sequentia visit identifier code that indicates the visit code for the aurrent
profile data @lledion. Thisidentifier indicates the number of times a set of profile runs
has been colleded at a site sincethe site was first profiled with the K. J. Law T6600
profiler. (When the site was first profiled with the K. J. Law T6600 pofil er, the letter ‘A’
was used for the eghth charader). Use an appropriate letter for the aurrent profili ng. For
exampleif siteisbeing profiled for seaondtime use letter ‘B’, use ‘' C’ for the third time,
‘H’ for eighth time and so on.For rigid pavement test sedionsin the seasonal monitoring
program, a different charader shall be used ead time aset of profilesis obtained duing
the day. If asiteis being profiled for the first time (it has nat been profiled by K. J. Law
profiler before, asisthe cae for some GPS6B or GPS 7B sites), theletter ‘A’ shall be
used for the @ghth charader. Theredter, this letter shall be sequentially increased (‘B’,
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‘C’, and so on) during subsequent profil e data colledion \visits. If aregion has been using
the sequentia visit identifier to indicate the number of times a set of profil es has been
obtained at the site sinceitsinceptioninto the LTPP program, that procedureis also
accetable. In such case, theletter ‘A’ shall be used to denote the first time the site was/is
profiled by the RSC, whether with the DNC690, T6600 a ICC profiler. Theredter, this
letter shall be sequentially increased (‘B’, ‘C’, and so on) during subsequent profil e data
colledion wsits.

After the sequentia visit identifier code has been assgned as‘Z’, use the foll owing
procedure for file naming when the site is profil ed the next time.

(@) If the siteisa SMP site, change charader seven to N, and assgn site visit identifier to
be‘A’. For subsequent profil e visits, maintain charader seven as N and change
sequential visit identifier to be‘B’, ‘C’, ‘D’, €etc.

(b) If the siteisa GPSsite, change dharader seven to H, and assgn site visit identifier to
be‘A’. For subsequent profil e visits, maintain charader seven as H and change
sequential visit identifier to be‘B’, ‘C’, ‘D’, €etc.

(o) If the siteisa SPSsite, change charader sevento T, and assgn site visit identifier to
be‘A’. For subsequent profil e visits, maintain charader seven as T and change
sequential visit identifier to be‘B’, ‘C’, ‘D’, €etc.

The following are examples of valid data fil e names:

=

17100ZD: GPSsedion 1002in lllinais (state amde =17), profiled for the fourth time.

2. 26020(B: SPS2 sitein Michigan (state mde =26), profil ed for the secondtime.

3. 271018B: Seasona monitoring site 1018in Minnesota (state amde =27), profiled for
seondtime.

4. 27A300SC: SPS3 sites having projed code A in Minnesota (state code =27), profiled

for the third time

In cases where aGPSsite and aWIM site ae profiled in the same run, the letter ‘X’ shoud
be used for seventh charader instead of a‘'G’ (e.g., 51102XD). When thisfileis
subsedioned in ProQual , the data fil e name for the GPSsite shoud be 5110235D whil e that
for the WIM site shoud be 511023VD.

If along SPSprojed is naot profiled continuowsly, but profiled in groups of sedions, the sixth
charader in file name shoud be replaceal by a charader for ead group. For example,
consider SPS2 projed in state 26 that is profil ed as two groups of sedions. The fil e name for
thefirst groupcould be 2602CASA, whil e that for the secondgroup could be 2602BSA.

The first two dgits of the file name for a sedion must be valid state amdes when generating

file names for demonstration pupases or comparative studies. ProQual will nat operate on
datafiles that do nd follow this convention.
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2.2.7.4 Operating Speed

A constant vehicle spead of 80 km/h shoud be maintained duing a profile measurement run.
If maximum constant speed attainable is lessthan 80 kn/h dueto either traffic congestion, o
safety constraints, then alower spead depending on prevaili ng condtions houd be seleaed.
If spead limit at siteislessthan 80 kn/h, site shoud be profiled at posted speed limit. If
traffic traveling at high speedsis encountered at atest site, it is permissble to increase the
profiling speed to 88 km/h. If siteisrelatively flat, cruise control shoud be used to maintain a
uniform speed. It isimportant to avoid changesin speed during a profil e runthat may jerk the
vehicle or causeit to pitch onits suspension. Change in throttle presaure or use of brakesto
corred vehicle speead shoud be gplied slowly and smoathly.

2.2.7.5 Event I nitiation

During profil e data olledion, the data mlledion pogram uses an ‘event mark’ to record a
Reference Reset in the event file. Event marks are generated by the phaocdl. The verticd
phaocdl that deteds the white paint stripe or refledive tape a beginning of the test sedion
(and then sends a signal to record the event) shoud be used duing data clledion. In those
instances where eisting paint mark on pavement is not able to trigger verticd phaocdl, the
horizontal phatocdl should be used. A cone with the refledive marker or an FHWA
approved device shoud be placal onthe shouder at the beginning of the test sedionto
adivate the horizontal phatocdl.

2.2.7.6 Loading and Saving Files

Saving filesto the hard disk, zip disk or floppy disk, or loading fil es from the hard disk, zip
disk or floppy disk shoud na be done when the vehicleisin motion. At the completion d a
profilerun, diver shoud pul over to a safe locaion and come to a awmplete stop, enter end
of run comment, and then save datafile to hard disk.

2.2.7.7 Inclement Weather and Other | nterference

Inclement weaher condtions (rain, snow, heavy crosswinds) can interfere with the
aquisition d acceptable profil e data. Profil e measurements shoud ony be performed on dy
pavements. In some caes, it may be possble to perform measurements on adamp pavement
with no vsible acamulation d surfacewater. Under such circumstances, the data shoud be
monitored closely for runto run variations and pdential data spikes. ProQual shoud be used
to deted spikes. This program uses athreshold value of 5 mm to identify single devation
spikes. When reviewing data, operator shoud ke in mind that spikes could occur due to
pavement condtions (e.g., pahadles, transverse aadks, bumps), and eledronic interferences.
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Changing refledivity on adrying pavement due to differencesin brightnessof pavement
(light and dark areas) may yield results inconsistent with data clleded on unformly colored
(dry) pavements. Runto run variationsin data @lleded under such condtions shoud be
caefully evaluated. If problems are suspeded, profile measurements shoud be suspended
until pavement is completely dry.

Eledromagnetic radiation from radar or radio transmitters may aff ed datarecorded by the
profiler. If this occurs, operator shoud attempt to identify and to contad the sourceto lean if
atimewill be avail able when the sourceisturned of. If such atimeisnat avail able, it may
be necessary to schedule aDipstick” survey of the test sedtion.

2.2.7.8 End of Run and Operator Comments

The profil er software dl ows operator to enter comments at the end d ead profile run; those
comments are heredter referred to as ‘end d run’ comments. Operator can also enter
comments abou the profiled site dter profile dataisimported to ProQual; those mmments
arereferred to as ‘ operator’ comments. Both sets of comments can be up to 55charadersin
length and are uploaded into the LTPPIMS database. In this ®dion, examples are provided
separately for end o run comments and operator comments with suggested format for the
comment.

End of Run Comments

End d run comments entered for agroup d sedions profiled in orerun (e.g., SPSsite) are
put into ead individual file that is subsedioned from that profile run. Similarly, if aGPS
sedionis profiled in conjunction with aSPSsitein orerun,end d run comments are
commonto al sedions subsedioned from that profile run. Therefore, operator shoud ensure
end d run comments that are entered when several test sedions are profiled in ore run are
valid o applicableto al sedionsin that run (e.g. aweaher related comment). Anend d run
comment can be upto 55charadersin length. End o run comments houd be typed in
copita letters.

To ensure uniformity between the end d run comment that is made when agroup d sedions
are profil ed together (e.g. SPSsedion) and when asedionis profiled as an individual sedion
(e.g. GPSsedion), end d run comments have been grouped into the foll owing three
caegories:

1. GoodProfile Run

Comment used to indicate that profile run was goodand that no problems were
encourtered. Example comment: RUN OK.
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2. Environmental Related Comments
Profil e testing shoud not be performed when environmental condtions are so bad that
they can affed quality of the data. If operator believesthere is a posshility that
environmental condtions may have dfeded quality of the data, a omment shoud be
entered. Example ommment: HEAVY WINDS.

3. Sped Related Comments
The following are examples where a omment related to speed dof testing shoud be
entered:

(&) Sped limit at siteislower than 80 km/h spedfied for profil e data wlledion.
Example omment: SPEED LIMIT AT SITEIS60KM/H.

(b) Heavy traffic, difficult to maintain a constant speed. Example coomment: TRAFHC
CONGESTION: SFEED VARIABLE.

(c) Difficult to maintain constant speed because of grade (uphill or downhill).Example
comment: DIFFICULT TO MAINTAIN CONSTANT SPFEED: UPGRADE

End d runcomment is made & end d the run grior to saving the data. ICC software offers
six end d runs comment that user can seled at the end d arun. If none of these mmments
are gplicable, user can type any desired comment. The six end d run comment options that
are avail able in the ICC software ae:

1.RUN OK

2. PAVEMENT SURFACE DAMP

3. TRAFHC CONGESTION: SFEED VARIABLE

4. DIFHCULT TO MAINTAIN CONSTANT SHEED: UPGRADE
5.DIFHCULT TO MAINTAIN WHEEL PATH LOCATION

6. LATE PHOTOCELL INITIATION

There shoud aways be an end o runcomment. If no problems were encourtered duing the
run, the omment ‘Run OK’ shoud be entered as an end d run comment. If there were
wedaher/environmental related comments, or speed related comments, these shoud be
entered foll owing the guidelines that were presented previoudly. If alate phaocdl initiation
is suspeded, an additional runto replacethat run shoud be obtained.

Operator Comments
Operator comments are entered after profil e data has been imported into ProQual and

reviewed. Operator comments shoud be typed in capita | etters. They can fall into ore of the
following six caegories:
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1. Pavement DistressRelated Comment
A comment shoud be made if there ae pavement distresses or feaures within the sedion
that can affed the repeaability of profile data. Comment shoud spedfy the distresqes)
present that the operator believesto be caising nonrepeaability of profil e data. The
foll owing are examples where such comments may be entered:

(a) For asphalt concrete pavements distresses such as rutting, fatigue/alli gator cradking,
pathales, patches, longitudinal and transverse aadking.
Example comment: IN SECTION (enter distresstype for blank).

(b) For concrete pavements distresses such as faulting, spalli ng, longitudinal and
transverse aadking.
Example comment: IN SECTION (enter distresstype for blank).

(c) For pavementswith a chip sed, a aomment shoud be entered if chips are missngin
areas within the sedion.
Example comment: CHIP SEAL SECTION. CHIPSMISING

(d) Comment shoud be made if there ae dips within the sedion.
Example coomment: DIPSIN SECTION

2. Maintenance Related Comments
A comment shoud be made if operator is familiar with the test sedion and ndes that
recent maintenance and/or rehabilit ation adivities (e.g., overlays, patches, crad filli ng or
aggregate seds) have been performed onthat sedion. Operator shoud spedficdly make a
note if overband type aad fill ing has been performed onthe sedion.
Example comment: RECENT MAINTENANCE IN SECTION, PATCHES.

3. Whed Path Tradking Related Comments
A comment shoud be entered if operator encountered problems in trading the whed
path. Such comment shoud be entered if one or more of the following condtions are
encourtered:

(&) During profile run, path followed was either to the l€eft or to right of whed path.
Example omment: RUN RIGHT OF WHEEL PATH

(b) Difficulty in hdding whed path due to pavement distresges) such as rutting.
Example omment: DIFFICULT TO HOLD WHEEL PATH, RUTTING

(c) Difficulty in hdding whed path duwe to truck traffic.
Example comment: DIFFICULT TO HOLD WHEEL PATH, TRAFFC.

(d) Difficulty in hdding whed path due to wind.
Example omment: DIFFICULT TO HOLD WHEEL PATH, WINDY
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(e) Difficulty in hdding whed path becaise of grade, either uphill or downhill .
Example omment: DIFFICULT TO HOLD WHEEL PATH, UPHILL

(H Difficulty in hdding whed path becaise sedionison a arve.
Example omment: DIFFICULT TO HOLD WHEEL PATH, CURVE

4. Locdion d Test Sedion Comments
A comment shoud be entered if the location d sedion has apotential impad in oltaining
repeaabl e profil e runs. Such condtionsinclude:

(a) Section a approach to sedionisona arve.
Example comment: APFROACH TO SECTION ONCURVE

(b) Sedion a approach to sedionisonagrade (uphill or downhill).
Example comment: SECTION ON A DOWVNHILL

5. Miscdlaneous Other Comments
A comment shoud be entered if conditions other than thase not covered previously are
encountered during profili ng that may affed quality of the data. Such conditions include:

(&) Contaminants onroad such as ssnd/gravel or dead animals.
Example comment: SAND ON ROAD

(b) Traffic or weigh in motion (WIM) loops within test sedion.
Example omment: WIM LOOPSWITHIN SECTION OR TRAFHC LOOPSIN
SECTION

(c) Color variahility of the pavement because of salt application.
Example omment: COLOR VARIABILITY CAUSED BY SALT

(d) Excessve vehicle movements just prior to test sedion becaise of pavement
condtion.
Example omment: CORE HOLES ON WHEEL PATH BEFORE SECTION

6. Spike Related Comments
After ProQual has processed data, the operator shoud look for presence of spikesin the
data. If spikes are present, enter comment indicating whether or not spikes are pavement
related.
Example omment: PAVEMENT RELATED SAKES IN PROFILE.

After datais processed using ProQual, an operator comment can be entered for ead run by
going to the Run Detail s Tab in ProQual. ProQual offers $x comments that can be seleded
by the operator. These mmments are:

1. EQUIPMENT OK
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2. ROUGH SURFACE TEXTURE/ RAVEL & STONE LOSS
3. MODERATE TO SEVERE SURFACE FLUSHING

4. NOTICEABLE DISTRESSIN WHEEL PATH

5. MODERATE TO SEVERE RUTTING

6. FAULTING AND SPALLING OF JOINTS/ CRACKS

Operator also hasthe option d typing any desired comment. The operator can also seled one
of the default comments avail able in ProQual, and type an additional comment at the end d
the seleded comment.

Operator comments can be up to 55charadersin length. If spikes are observed in the profil e,
it is mandatory for the operator to enter a comment regarding these spikes after runnng the
ProQual program indicaing whether or nat they are pavement related. Because of the 55
charader constraint, it may nat be possbleto typein al of the gplicable fadors from the list
of fadors that were described previously. Therefore, when entering comments, it is
recommended that the foll owing order of priority (with first fador listed being gven the
highest priority) be foll owed: Whed Path Trading Related Comments, Pavement Distress
Related Comments, Maintenance Related Comments, Miscdl aneous Other Comments and
Locdion d Test Seaion Comments. It shoud be noted that comments are used to indicae
fadorsthat could affed quality of data or to indicae fadors that cause variability between
profil e runs. Depending on condtions encourtered in the field, the recommended priority
order may be changed with the fador having greaest effed on quality or repedability of
profile data being listed first. If there ae fadors that canna be entered because of space
constraints, such fadors shoud be entered in the LTPP Rofiler Field Activity Report (under
the field Additional Remarks Regarding Testing). (Note: if afador has been entered as an
operator comment into ProQual, it shoud na be repeaed in the Field Activity Report).

2.2.8 Number of Runs

This dion describes procedures to be followed to oltain an acceptable set of profile data a
asite.

2.2.8.1 Evaluating Acceptability of Runs

Oncethe operator is confidant that a minimum of five eror freeruns has been oltained,
acceptability of profile runs based on LTPPcriteriahasto be evaluated using the ProQual
program. Procedures for running ProQual are described in the ProQual manual (6). ProQual
uses colleded profil e datato compute IRI values for the left and right whed paths, as well as
average IRI of the two whed paths. ProQual also generates areport of spikes present in the
pavement profile. Profiler runs at asite ae acceted if the average IRI of the left and right
whed paths satisfies the following LTPPcriteria:

1. IRI of threeruns are within 1% of mean IRI of the five seleded runs.
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2. Standard deviation d IRI of the five seleded runs is within 2% of mean IRI of the five
sdeded runs.

For an SPSsite, acceptance citeria have to be met at ead sedion within the SPSprojed. If
ProQual indicates that the five runs are not acceptable, procedures described in sedion
2.2.8.2shoud be followed.

If ProQual indicaesthat five runs are accetable, bu spikes are present in the data, operator
shoud determine if spikes are pavement related or the result of equipment or operator error.
Operator shoud examine plots of al profile runs for discrepancies and feaures that canna be
explained by observed pavement feaures, and also study the spike report. Operator shoud
use the multi-run dot in ProQual to dothis comparison. If there ae spikes believed to be
caused by operator or equipment error, operator shoud corred cause of the anomalies and
make alditional runs urtil five runs freeof equipment or operator errors are obtained.

Operator shoud perform avisual comparison d data @lleded by the l€eft, right and center
profiles for one profile run wsing ProQual. If thereisamalfunctionin the center sensor, this
will be seen from comparison d the threeprofil es. It isimportant that this comparison ke
made, asit isthe only quality control ched that is performed on dita wlleded by the center
Sensor.

As afurther ched onthe data, operator shoud compare the airrent profil e data with those
obtained duing previous ste visit. Operator shoud also be familiar with the troutde-shoding
guideincluded in Appendix C. The material presented in this appendix describes common
errors that occur during profiling andis avaluable tod in identifying problems when profiles
are being compared.

As gedfied in Sedion 2.2.3.6, ogrator must have profil e datafor site from previous ste
visit. Comparison between current profil e data and those from the previous visit shoud be
performed using the multi-visit plot comparison ogionin ProQual software. This comparison
shoud be performed separately for the left and right whed paths. Operator shoud seled a
minimum of one profile runfrom the arrent set of profil e runs and compare it with ore
profile run colleaed during previous ste visit. If diff erences are observed between profil es,
further comparisons $hroud be made using remaining runs from bath the arrent and previous
vvisit. If there ae still discrepancies between profiles from the aurrent visit and previous
visit, operator shoud verify that these diff erences are not caused by equipment problems or
dueto incorred subsedioning in SPStest sedions. Operator shoud also explore if
differences are due to pavement maintenance adiviti es on the test sedion.

After profile comparisonis completed, an IRl comparison d current versus previous ste visit
data shoud be performed using procedures described in Sedion 2.2.8.31f IRI from profil er
runs med LTPPcriteriain the ProQual software and ogerator findsno aher indicaion o
errors, nofurther testing is needed at that site.
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2.2.8.2 Non-Acceptance of Runs by ProQual

Profil er operator isresporsible for carefully reviewing profil e datato determineif ahigh
degreeof run-to-run variability isindicaive of ‘bad’ data or indicative of a pavement with a
high degreeof transverse variability. If runsdo nd med LTPPcriteria, operator shoud
perform the foll owing steps to determineif variability is the result of equipment or operator
errors, environmental effeds, or pavement fadors.

1. Review end d runcomments and determineif any of the following fadors could have
affeded colleded data: passng trucks, high winds, rapid accéeration a decderation o
vehicle.

2. Review spike report generated by ProQual to determine if spikes are result of field related
effeds (e.g., pahdes, transverse aadks, bumps) or due to eledronic fail ure or
interference This can be determined by reviewing the ProQual reports and olserving if
spikes occur at the same locaionin al runs. Operator shoud aso examine profil e plots
for discrepancies and fedures that canna be explained by observed pavement feaures.
ProQual provides user with the capability to compare dl reped runs colleded at the site.
Thisfeaure shoud be used to compare data between runs when analyzing diff erences
between profiler runs.

3. Compare airrent profile datawith those wlleded duing previous stevisit. This
comparison can be performed using the multi-visit plot optionin the ProQual software.
This comparison may indicae potential equipment problems.

If variability between runs or spikes are believed to be operator related or equipment error,
identify and corred cause(s) of anomalies and make alditional runs urtil a minimum of five
runs freeof equipment or operator errors are obtained.

Where data anomalies are believed to be caused by pavement fedures rather than errors, a
total of seven runs $houd be obtained at that sedion and evaluated using the ProQual
software. If datafrom last two runs are consistent with those from first five runsin terms of
variability and presence of pavement-related anomalies, nofurther runs are required. If data
from last two runs differ from those for first five runs, operator shoud re-evaluate caise of
variability or apparent spike andtion. If no errors are found, olbain two additional runs and
terminate data clledion at that sedion.

Theredter, IRI values along the left and the right whed paths shoud be compared with IRI
values obtained duing previous test sedion visit as described in Sedion 2.2.8.3.

2.2.5.3 Comparison of IRl with Previous Values

Operator shoud have IRI values obtained along the left and the right whed path for the
previous profil e test dates for all test sedions. Once operator obtains an acceptable set of runs
a atest sedion, IRI values along the left and right whed paths shoud be compared with IRI
values that were obtained for the previous test date for the sedion. Operator shoud determine
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if current IRI value dong either the left or right whed path is higher or lower than 10 gercent
of IRI value d the test sedion from the previous test date. If the differencein IRl is greder
than 10 percent, operator shoud seeif the cause for changein IRI could be related to a
pavement feaure (e.g. maintenance adivity, crads or patches along whed path). If the caise
for change can be observed, it shoud be noted in the comments field in ProQual.

2.2.5.4 Graphical Outputs

Although na mandatory, the RSC may request the operator to oltain agraphicd plot of data
recorded by the l€eft, right and center sensors for one profiler run for archiving and/or quality
control purposes. If aprintout is obtained, the plot shoud be atached to the Profiler Field
Activity Report. The graphicd plot can be obtained using either the WinGraph pogram, or
ProQual program. If there ae significant diff erences between profile runs, it is recommended
that agraphicd plot of profil e data be obtained and attached to the Profiler Field Activity
Report. In such cases, aplot of al profile runsfor ead peth in ore plot or a plot of
guestionable runs may be obtained.

2.3FIELD TESTING
2.3.1 General Background

Procedures to be followed ead day prior to and duing data clledionwith resped to daily
chedks of vehicle and equipment, start-up procedures, setting up software for data wlledion
and wing software for field data lledion are described in the foll owing sedions.

These sedions will describe the proceduresto be foll owed when testing GPSor SMP
sedions. Some of the procedures for testing SPSsedions are diff erent than procedures for
GPSsedions. Sedion 2.4 d this manual ouitlines procedures for SPSsedions that differ
from those for GPSsedions.

2.3.2 Daily Checks on Vehicle and Equipment

Operator shoud follow the ‘Daily Chedk List’ form given in Appendix D and perform all
chedks outlined at the start of day. It is not necessary to fill i n thisform. Thisform can be
placel inside aplastic cover, and operator can go through items li sted and make sure that
everything isin proper working condtion. Operator shoud maintain alog bookin the
profiler to nae problems identified when going through the chedklist. Suggested format of
the logbookisincluded in Appendix D.

In order to maintain the computer and various associated equipment, care must be taken to

either cod or warm equipment to the operating temperature described in sedion 2.2.4.2 gor
to turning onthe power. Eledronic equipment in the profiler shoud be turned onfor abou 15
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minutes prior to performing daily chedks as well as profil e testing in arder for the dedronics
to warm-up and stabili ze.

2.3.3 Daily Equipment Checks

The foll owing equipment chedks shoud be performed dail y before profil e measurements are
taken.

1. Laser sensor chedk.
2. Accderometer chedk.
3. Bourcetest.

2.3.3.1 Laser Sensor Check

This ched isatest of laser sensorsto determine if they are within tolerance Chedk shoud be
caried ou in an enclosed bulding or at alocaionwhere the vehicleis proteded from wind
(e.g., vehicle can be parked onthe side of abuilding to protea it from wind). Vehicle shoud
also be parked onalevel surface Thistest may be conducted using an external power source
or with the engine of the vehicle runnng. Laser sensor chedk can be performed onall three
sensors at the sametime, or ead sensor can be dedked separately. Procedures for both
methods are described in this dion

Sealection of Calibration Blocks

Hand e the cdibration Hocks with care. Surfaces of the cdi bration Hocks are measured
predsely, andif they are damaged they will nat be suitable to perform cdibration ched.

If sensors areto be dhedked individually, only one block is needed to perform the chedk. If all
threesensors are to be hedked simultaneously, threeblocks are needed to dothistest. The 25
mm side of the block is placead verticdly when performing this test. Use following procedure
to seled threeblocks to dothistest if al threesensors are to be checked simultaneously.

The exad dimension d the 25 mm side of the block is engraved to threededmal places on
ead bock. Round dmensions of the 25 mm side of the six blocks to the second deamal
place For example say dimensions of the six blocks are: 25.022,25.024, 25.024, 25.025,
25.028and 25.010When thicknesses are rounded to the second cedmal placevalues are:
25.02, 25.02, 25.02, 25.03, 25.88 25.01 Seled threeblocks that have the same
dimensionto dotest, and when prompted to enter block size when dang the test, enter the
block height rouncded to the seaond dedmal place For the example given, the block size
shoud be entered as 25.02.
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If only two blocks have the same dimensions when rounded dff, seled these two blocks and
ancther block that has the dimension closest to the two blocks for the sensor chedk. For
example, if block heights when rounded to second cedmal place ae: 25.00, 25.01, 25.02,
25.02, 25.03nd 25.03seled the two bocks with height of 25.02and a block with a height
of 25.03to dothe test. When computer prompts for block size when dang the test, enter
height that was common to two of the blocks, rounded to second dedmal place For the
above example, block height shoud be entered as 25.02(which is the size of two of the
blocks).

If rounced dmensions for the blocks are dl different from ead ather, seled threeblocks that
are dosest to ead ather in height to dothe test. For example, if block heights when rounded
to seoond cedmal place ae: 24.98, 24.99, 25@ 25.01, 25.02nd 25.03, oprator can seled
blocks with dmensions of 25.00, 25.05and 25.020 dothe test. When the computer prompts
for block size when ddng the test, enter height of block that is between heights of the other
two blocks. For the @ove example, block height shoud be entered as 25.01.

Profiler Setup for Performing Displacement Sensor Check

Use foll owing procedure to set up profiler to perform the laser sensor chedk:

1. Park profiler onalevel surface

2. Remove mvers from sensors and clean sensors. Make sure that lasers are turned doff prior
to cleaning sensors.

3. Boot upthe mmputer following procedure described in sedion 2.2.5.4The MDR main
menu (seefigure 2.2.5.7 shoud be displayed onthe monitor at this gage. Turn on the
lasers.

Performing Laser Sensor Check

The computer and lasers shoud have been turned onfor abou 15 minutes to all ow eledronic
equipment to warm up and stabili ze prior to performing this ched. Do na enter, bourceor
bump vehicle, or lean onvehicle when this ched is performed. Operator shoud adjust
computer monitor so that it can be seen from outside the vehicle, and keyboard shoud be
placel on ore of the front seds. As described previously, sensor chedk can be performed
simultaneously on all threesensors, or it can be performed individually on ore sensor at a
time. Recommended procedureisto perform the dhedk simultaneously on al threesensors.
Procedures for bath methods are described separately.

Performing Check Smultaneously On All Sensors
1. Inthe MDR main menu selea Calibration ogion, move highlighted bar to the * Sensors’

option, and pressEnter key. The monitor shoud naw display the Sensor Calibration
screen shown in figure 2.3.3.1.
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Kensor Configuration — Changes invalidates SCF values
Calibration

Sensors. ..

sEnsor Config...

Figure 2.3.3.1.Sensor cdibration menu.

2. Highlight ‘ Sensor Cal Block Chk’ and pressEnter key. Monitor will display the
cdibration ched screen shown in figure 2.3.3.2.

Press {— To Start

Figure 2.3.3.2Cali bration chedk screen.

3. Block size hasto be entered in the window that is open. Type the block size based onthe
value dedded in sedion‘ Seledion d Calibration Block.”, and pressEnter key to close
window.

4. Cleantop d cdibration bese plates, as neaded. (Base plate is plate with threefed). Place
a cdibration base plate on the groundbelow ead sensor, such that the red laser dot is
centered on tase plate (seefigure 2.3.3.3.
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Figure 2.3.3.3.Laser dot centered on lase plate.

5. Place a chibration surfaceplate ontop d ead cdibration base plate, with long
dimension d cdibration surfaceplate parall €l to long dimension d profil er sensor bar.
Center ead cdibration surfaceplate so that the red laser dat of ead sensor is centered on
cdibration surfaceplate (seefigure 2.3.3.9.

Figure 2.3.3.4.Cdli bration surfaceplate ontop d base plate.

6. PressEnter key to begin sampling by the system. Number of samples taken is displayed at
the bottom of the screen. Computer monitor at this gage will | ook similar to figure
2.3.3.5.(Note: values displayed onmonitor for court, Avg Height, Avg Court, Height 1,
Height 2, Dif Ht, Dif Blk will be different from values srownin figure 2.2.3.5. Allow
system to take & least 500 samples and then press‘ Badkspace key to stop sampling.

7. Remove cdibration surfaceplate from cdibration base plate for |eft sensor, then pace
one of the blocks sleded for test ontop d base plate such that the 25 mm side of the
block isverticd. Adjust block so that red laser dat is at the middle of the block. Place
cdibration surfaceplate ontop d block and adjust surfaceplate to ensure red laser dot is
at the middle of the cdi bration surfaceplate (seefigure 2.3.3.9. Repea this procedure
for center and right sensors.

8. PressEnter key, al ow system to take at least 500readings, and press’Badkspace key to
stop sampling. Computer monitor at this gage will | ook similar to figure 2.3.3.7.(Note:
Vaues displayed onmonitor for Court, Avg Height, Avg Court, Height 1, Height 2, Dif
Ht, Dif Blk will be different from values shown in figure 2.3.3.7.
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Fress EBksp To Stop

Figure 2.3.3.5Realings taken on lase plate.

Figure 2.3.3.6.Block ontop d base plate with cdibration date ontop o block.

9. Notations#1, #2and #3refer to the | eft, right and center sensors, respedively. Value
shown in ‘Dif Ht' field is the height of block as measured by data aquisition system in
the profiler. Vaue shown in *Dif BIK’ field is the diff erence between height of block as
measured by data a@uisition system of the profiler and dock height that was entered into
the computer in step 3.

10.1f value displayed in field * Dif BIk’ for all threepositions (#1, #2and #3 is between —
0.25mmand +0.25mm, all threesensors are awnsidered to be functioning satisfadorily.
If value displayed in ‘Dif BIk’ for any sensor is outside tolerance of + 0.25mm, then
repea chedk for sensor(s) that do nd med spedfied tolerance Make sure system is
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warmed up,sensor glassis cleaned, Hocks arelevel, van is dealy, and lighting
conditions are consistent prior to repeaing the test. If sensor(s) are still outside tolerance,
reped test threemore times. If tolerance caana be atieved, turn engine off, repea chedk
and seeif the required tolerance can be atieved. If sensor(s) are till outside tolerance,
move the vehicle to anather locaion and repea the test. If operator feds that sunlight
may have had an effed on results move van to a shaded location and reped test. If
sensor(s) are still outside tolerance, cal RSC and ICCto dedde ona @urse of adion.

Press EkSp To Stop

Figure 2.3.3.7 .Realings being taken on 25mm blocks

Performing Check Individually On a Sensor

1. Inthe MDR main menu seleda Calibration ogion, move highlighted bar to the * Sensors
option, and pessEnter key. The monitor should now display Sensor Calibration screen
showninfigure2.3.3.1.

2. Highlight ‘Sensor Cal Block Chk' and pressEnter key. Monitor will display the
cdibration screen shown in figure 2.3.3.2.

3. Block size hasto be entered in the window that is open. Type block size of the block that
will be used for the test, and pressEnter key to close window.

4. Cleantop d cdibration bese plate, as needed. (Base plateis plate with threefed). Place
cdibration base plate on the ground lelow the sensor that is being chedked, such that the
red laser dot is centered onthe base plate (seefigure 2.3.3.3.

5. Place a chbration surfaceplate ontop o ead cdibration bese plate, with long
dimension d cdibration surfaceplate parall €l to long dimension d profil er sensor bar.
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Center cdibration surfaceplate so that the red laser dot of ead sensor is centered on
cdibration surfaceplate (seefigure 2.3.3.9.

6. PressEnter key to begin sampling by the system. Number of samples taken is displayed at
battom of the screen. Computer monitor at this gage will | ook similar to figure 2.3.3.8.
(Note: Vaues displayed onmonitor for court, Avg Height, Avg Count, Height 1, Height
2, Dif Ht, Dif Blk will be different from values shown in figure 2.3.3.89. Allow system to
take a least 500 samples and then press‘Badkspace key to stop sampling.

Press BkSp To Stop

Figure 2.3.3.8.Realing taken on lase plate for single block test.

7. Remove cdibration surfaceplate from cdibration base plate, then placeblock seleded for
test ontop d the base plate such that the 25 mm side of the block is verticd. Adjust
block so red laser dat is at the midde of block. Place cébration surfaceplate ontop o
block, and adjust surfaceplate to ensure red laser dot is at the midde of cdibration
surfaceplate (seefigure 2.3.3.9.

8. PressEnter key, alow system to take a least 500readings, and press’'Badkspace key to
stop sampling. The mmputer monitor at this dage will | ook similar to figure 2.3.3.9.
(Note: The values displayed onmonitor for Cournt, Avg Height, Avg Count, Height 1,
Height 2, Dif Ht, Dif Blk will be different from the values srownin figure 2.3.3.9.

9. Notations#1, #2and #3refer to the | eft, right and center sensors, respedively. Value
shown in ‘Dif Ht' field isthe height of block as measured by data aquisition system in
the profiler. Vaue shown in *Dif BIK’ field is diff erence between the height of block as
measured by data aquisition system of the profiler and dock height that was entered into
the computer.
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10.1f value displayed in * Dif BIK’ for sensor being chedked is between —0.25mm and +0.25
mm, that sensor is considered to have passed laser sensor chedk. PressEscape key to go
badk to Sensor Calibration Screen (seefigure 2.3.3.1 and repea steps 1 through 10 for
the other two sensors.

Fress EBksp To Stop

Figure 2.3.3.9.Realings being taken on 25mm block — single block test

11.1f value displayed in *Dif BIK’ for sensor is outside tolerance of + 0.25mm, then repea
laser sensor chedk for sensor. Make sure system is warmed up,sensor glassis cleaned,
block islevel, vanis geady and lighting condtions are mnsistent prior to repeaing the
test. If sensor is gill outside tolerance, reped test threemore times. If tolerance cana be
achieved, turn engine off repea check and seeif required tolerance can be adieved. If
tolerance caana be atieved, move vehicleto anather locationand repea test. If
operator feds that sunlight may have had an eff ed on the results move van to a shaded
locaion and reped test. Once sensor passes the laser chedk, pressEscape key to go badk
to Sensor Calibration Screen (seefigure 2.3.3.0) and reped steps 1 through 10for the
other two sensors. If asensor is gill outside tolerance, cdl RSC and ICCto deddeona
course of adion.

2.3.3.2 Accelerometer Calibration Check
This chedk shoud be performed daily prior to data olledionto ched if cdibration values of
acceerometers are within all owable limits. Operator may eled to doa daily acceéerometer

cdibration foll owing procedures listed in sedion 2.5.3insteal of adaily acceéerometer
che.
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Accderometers chedk shoud be performed while vehicle is parked onalevel surface
Locaionwhere dhedk is made shoud be freeof any vibrations. Do na bource or bump
vehicle during this ched. Operator may be inside vehicle with engine running when this
chedk is performed. Computer shoud have been turned onand system warmed upat least 15
minutes prior to performing this ched. The following procedure shoud be used to perform
this chedk:

1. Inthe MDR main menu, seled ‘Calibration’ to bring up Cali bration menu. Next use
arrow keys to move highlighted bar to ‘ Accderometer’ and pressEnter key. The
Accderometer Calibration Menu shown in figure 2.3.3.10will be displayed onmonitor.
Make sure settings snown onmonitor match the values snown in figure 2.3.3.10.

ficcelerometer GConfiguration (B, 1, 2, or 3D
Calibration

Accelerometer. . .

aCcelerometer(s>

Figure 2.3.3.10 Accderometer cdibration menu.

2. Use arow keysto move highlighted bar to the *Go’ option and pessEnter key. The
Accderometer Calibration screen shown in 2.3.3.11will be displayed onmonitor.
(Values shown onmonitor will be different from values shown in figure 2.3.3.1).

Perform Accelerometer Calibration
Calibration

Press < To Start

Figure 2.3.3.11 Accderometer cdibration screen.
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3. PressEnter key and acceerometer will begin coll eding data. After about 5000samples
have been taken, pressthe ‘Badkspace key to end cdibration.

4. Chedk valuesthat are displayed onmonitor for the three acckerometers. If values are
between 1710and 1790 acceerometers are functioning properly. The system will ask if
new values shoud be acceted. Press'n’ key to exit badk to Calibration Menu. If
displayed values are outside dlowable range of 1710to 1790,an accéerometer
cdibration shoud be performed foll owing the procedures described in sedion 2.5.3.

2.3.3.3 Bounce Test

The bourcetest is performed to verify that height sensors and accéerometersin the profil er
are functioning properly. The bourcetest shoud be performed every day prior to data
colledion. Thistest can be performed immediately after performing the laser sensor check
and accéerometer cdibration ched. This bourcetest consists of two separate tests, a static
test and adynamic bourcetest. In the static test, sensorsin the vehicle ae turned onwhil e the
vehicleis parked, and generated profil e is recmrded and evaluated. In the dynamic bource
test, vehicleisbourced whileit is dationary, and generated profil e is recorded and evaluated.
Vehicle engine may be on a off when performing the static and dynamic bourcetest. Both
the static and dynamic tests can be combined into ore test. The recmmended methodfor
performing bourcetest isthe combined test. Procedures for performing the cmmbined test, as
well as procedures for performing static and dynamic bourcetest are described in this
sedion.

Setup Procedure for Bounce Test

The following procedures shoud be foll owed to set up the profil er prior to performing either
static test and/or dynamic bourcetest:

1. Park profiler onalevel surface

2. Boot up computer foll owing procedures described in sedion 2.2.5.4After computer has

been boded up,the WinGraph program shoud be running in system 1 (Windows XP

computer), while monitor shoud show the MDR main menu (seefigure 2.3.3.13. If
computer has arealy been turned on, e KV M switch and go to system 1. If WinGraph
program is not running in system 1, doube dick onICCiconto runthe WinGraph
program. Then use KV M switch to go bad to system 2 (DOS/MDR computer).

If lasers have not been turned on,turn-on lasers.

In the MDR main, menu seled ‘Run’ option and the Run Menu shown in figure 2.3.3.13

will be displayed onmonitor.

5. Use arow keys, move highlighted bar to ‘Options and pressEnter key. Next, highlight
‘IRI..."” and pressEnter key. The screen shown in figure 2.3.3.14will be displayed onthe
monitor. Chedk to seeif Interval is st to 152.4.1f nat, highlight Interval, pressEnter key,
type 152.4in window that opens up, and pessEnter key to close windowv. When dorg,
pressEscape key thriceto get bad to the MDR main menu (figure 2.3.3.13.

B w
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Figure 2.3.3.12MDR main menu.

Fustem Date and Time
Run

Date Time A7-A3-2082 17:88

Figure 2.3.3.13 Run menu.

[Enable IRI Operation

Figure 2.3.3.14IRI options sreen.
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6. Place a tipbaard below ead sensor. This procedure is foll owed becaise pavement
surfacetexture can affed the IRI values obtained from bourcetest, and dadng a
clipbaard ensures that all threesensors take readings on a smooth and similar surface

7. Unplug the DMI conredor from the computer and dug it to the 3001Audio Generator
(seefigure 2.3.3.15.

plugged in to.
simulate DME

—

f

Connector for
Vehicle DMI

Figure 2.3.3.15 Audio generator plugged in for bourcetest.

8. Set audio generator frequency to 1.2K. This stting generates a speed of 86.8 kn/h for
simulation sped.

Combined Bounce Test Procedure

Power to the computer and lasers sroud have been turned onfor about 15 minutes for
eledronic equipment to warm up gior to condicting this test. Use the foll owing procedure to
perform combined test, which consists of the static test and dynamic bourcetest.

1. Seed ‘Run optionin MDR main menu. A Run Menu similar to that shown in figure
2.3.3.13will be displayed onmonitor.

2. Use arow keysto move highlighted bar to ‘ Data Diredory’, and pressEnter key. In
window that opens up type an appropriate diredory to save bourcetest file and press
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Enter key to close window. Operator may eled to use adiredory such as C:\BOUNCE to
save bourcetest files.

3. Move highlighted bar to ‘File Name' option and pressEnter key. Thiswill cause a
window to open. Type file name that will be used to save data from combined test and
pressEnter key to close window. A suggested file name format to follow is
YY MMM DDC, where YY —last two dgitsfor current year, MMM — current month (use
first threeletters of month), DD — current day, and C —indicates test is a combined test.

4. Inthe RunMenu (seefigure 2.3.3.13 highlight ‘Go’ option and pressEnter key. Monitor
shoud naw display aMDR Run screen similar to that shown in figure 2.3.3.16(values
shown onmonitor for POS1, POS2, POS3, SEN1, SEN2, SEN3 and filename will be
different from that shown in figure 2.3.3.16. Green part of the screen shoud naow display
the message OnLineCk. This message indicates that system 2 (DOS/MDR computer) is
conreded to WinGraph pogram in system 1 (Windows XP compuiter). If thismessageis
not displayed, exit program and go to system 1 and seeif WinGraphis running.

SitelD BEL155A8 UehicleID 68395 Dir Morth (+) Lane DUTSIDE

REF POST SECTION ACCUM DIST POS 1 POS 2 POS 3

~ ooaooa B ol a.oea | 5oz § .60 1.695

RUN NUM LDM HIGH R/Z
a2

SEN1 SENZ SEN 3

1.349 § 1.349 § 1.349

SECTION PATH FILENAME NAKS LAST

[ Cindata ________QJgg | I .

MESSAGE BUFFER

|
FROM RP  TO RP DIST  IRIL _ IRI R IRI G AUG IRI

B.888 OnLineCk

145 END 1&-DMI E-RGH (3-EUT A8-TAR 1-NR-S 13:5-RST_REF [WU-EXIT

Figure 2.3.3.16. Run screen of MDR program.

5 System isnow ready to perform static portion o combined test. Operator shoud be
outside vehicle when this test is being performed. There shoud be no motions induced on
the vehicle during this test. PressF3 key to start the DMI simulator. Let system show a
travel of abou 600m, pressF9 key to send areferencereset, and then let smulator travel
for 200m.

6 Dynamic bourceportion d thetest can now be performed. Operator shoud stand onrea
bumper of van, and bourte profil er to induce apitching motion. This motion shoud pitch
vehicle dong the longitudinal diredionwith nosideways motion. Motion should
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correspondto a 25 mm displacament of rear bumper for ead bource (i.e., dstancefrom
highest pasition to lowest positionis 25 mm during bourting). For dynamic bourcetest,
the IRI value over adistance of 152.4m within which bourting motions wereinduced is
evaluated (e.g., this distance may be between 304.8m and 457.2m, or between 457.2and
609.6m). The operator shoud dosometria runs with another personin order to get an
idea doou time needed in order to achieve this requirement. Once operator is sure that
bourcing motion was performed between either 304.8m and 457.2m, or between 457.2
and 609.6m, stop bouring and pressF3 key to stop the DMI.

7. Goto system 1 using KV M switch to display bourcetest profile in the WinGraph
program. Move mouse pointer to the down arrow beside the Y-Scde windowv on upper
left hand side of the WinGraph window and click onit oncewith left mouse button.
Move mouse pointer to the number 1 onthe y-scade drop davn menu and click onceonit
with left mouse button (seefigure 2.3.3.17.

Eﬂ Win Graph - Connected

~

1 &t beneml
= T LT G R

E
E
£
-
(=]
E
E
E
£m
=

Ref Post - (m)

IRl Data | Spike Data| Event Data | Messages |
From To RoughDist Left Center Right

Figure 2.3.3.17. Adjusting scde of graphin WinGraph.

8. A screen similar to that shown in figure 2.3.3.18 will be shown at the end d test (IRI
values snown onmonitor will be different from values siownin figure2.3.3.18.
Evaluate profil es that are displayed for the threesensors. Graph shoud show that
bourcing motion was induced between the limits of 304.8m and 457.2m, or between
457.2m and 609.6m. If nat, test shoud be repeaed.

9. Compare profil e plots between threesensors for bath the static part and dynamic part of
the test. Profile arrespondng to dynamic bource part will show more movement when
compared to static portion d the test. Evaluate profil e for presence of spikes. Spikesin
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the profile may indicae problems with sensors. If spikes are observed in the profil e,
reped test.

Eﬂ Win Graph C:\BOUNCEADOB1 9021, EO1
F & [@omor > 1| [8]|@ W Cr» EHOEM T DB A,

Y-Scale Ref Mode Odometer* Speed

1.00

0.0o RR

Left {mm)

-1.00
1.00

| A At
00| bt A AT o A AL ’F"'"'f"‘my‘q'nmm,.-«m.ﬂwl.m-h,ﬂM‘"
Pl

-1.00
1.00

0.00 RE

Right {mm)  Center (mm)

.00
a0 100 150 200
Ref Post - {m)

IRl Data | Spke Data] Event Data Messagas]
From To Foughlist Left Center Right Average

-145.017 1] 145017 0.04 0.04 0.04 0.04

0 162,351 162351 0.05 0.04 0.05 0.05

152.391 304.802 162411 0.08 0.08 0.08 0.08

» 304.802 457.193 162391 0.03 0.os 0.0s 0.os

Eﬂ ‘Win Graph CHBOUNC..,

Figure 2.3.3.18. Output from combined bourcetest.

10.1RI vaues between 0and 152.4m correspondto IRI of the static portion d the test.
Verify that IRI values from 0to 152.4for the left, center and right sensors are lessthan o
equal to 0.08m/km. If so, al threesensors are within tolerancefor the static test. If IRI
for the static portion d the test is outside the spedfied limit, reped test. If after repeding
the test several times IRI value of sensor(s) is outside spedfied limit, dedde ona wurse
of adion by contading RSC and ICC. Also seesedion ‘Failure of Bource Test
Criterion’, which is locaed after the sedions ‘ Performing Static Test’ and * Performing
Dynamic BourceTest’ in this edion.

11. Seled a152.4m interval that is srown at the bottom of the graph ower which bourting
motions have been performed. Thisinterval may be between 304.8and 457.2m or
between 457.2and 609.6m. Note IRI value for eat sensor for the seleded 152.4m
interval, which is IRI of the dynamic bource part of the test.

12. For eadt sensor (left, center and right), compute diff erence between dynamic bourcelRI
and static test IRI. If differencein IRl islessthan or equal to 0.10m/km for all three
sensors, the profiler is considered to have successully passed the bourcetest. If nat,
repea test until al threesensors are within the spedfied tolerance. If spedfied criterionis
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not satisfied after repeding test several times, dedde ona wurse of adion by contading
RSC and ICC. Also seesedion ‘Fail ure of Bournce Test Criterion’, which islocated after
the sedions ‘ Performing Static Test’ and ‘ Performing Dynamic Bource Test’ in this
sedion.

13.1f both static and dynamic IRI criteria ae satisfied for al threesensors, oltain a printout
of the profile plot and nde the static test IRI and dynamic bourcetest IRl values for eat
sensor onthe graph.

14.Go to system 2 using the KV M switch. The MDR green color screen will be displayed on
the computer monitor.

15. PressF10 key to exit program and save data. System will ask operator to enter an End d
Run Note. Sincenore of the given choices are gpropriate, press7 then press Enter key
andtype an end d runcomment if needed, and pressEnter key.

16. The path and fil e name to save data will be displayed. If they are accetable, pressEnter
key. If adifferent path and/or file nameis needed use Badkspacekey to edit, and press
Enter key. After saving fil e, the system will revert badk to the MDR main menu.

17.Disconred the Audio Generator and hookDMI cable badc to computer chasgs.

18. Turn Audio Generator to off position.

Performing Static Test

The power to computer and lasers shoud have been turned onfor about 15 minutes for
eledronic equipment to warm up grior to condicting static test. Use the foll owing procedure
to perform the static test.

1. Perform steps 1 through 4 as described under Combined Bounce Test Procedure. In step 3
type an appropriate fil e name to save the static test data. A suggested fil e name format to
follow isYY MMM DDC, where YY —last two dgitsfor current yea, MMM — current
month (use first threeletters of month), DD — current day, and S—indicaesthetest isa
static test.

2 Thesystem isnow realy to perform the static test. Operator shoud be outside the vehicle
when thistest is being performed. There shoud be no motions induced on \ehicle during
thistest. PressF3 key to start the DMI simulator. Let system show atravel of abou 600
m, pressF9 key to send areferencereset, let the simulator travel for 200m, and pressF3
key to stop the DMI.

3. Switch to system 1 using KV M switch. Move mouse painter to the down arrow beside the
Y-Scdewindow on upper left hand side of the WinGraph window and click onit once
with left mouse button. Move mouse pointer to the number 1 onthe y-scade drop davn
menu and click onceonit with left mouse button (seefigure 2.3.3.17.

4. A screen similar to figure 2.3.3.19will be shown at the end d test (IRI values shown on
monitor will be different from values srown in figure 2.3.3.19. Evaluate profil e for
presence of spikes. Spikesin the profile may indicae problems with sensors. If spikes are
observed in the profil e, reped test.

5. Verify if IRl values from 0 to 152.4for the left, center and right sensors are lessthan o
equal to 0.08m/km. If so, al threesensors are within tolerance Print graph and nde IRI
values from 0 to 152.4m for the threesensors on graph. If IRI for any sensor is greaer
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than 0.08m/km, reped test. If after several tests, IRI valueis gill outside tolerance,
dedde ona murse of adion by contading RSC and ICC. Also, seesedion * Fail ure of
Bource Test Criterion” which follows sdion‘Dynamic Bource Test'.

6. Switch to system 2 using KV M switch. The MDR run screen (green colored screen) will
be displayed onthe computer monitor.

7. PressF10 key to exit program and save data. System will ask operator to enter an End o
Run Note. Sincenore of the given choices given are gpropriate, press7 then pressEnter
key andtype an end d runcomment if needed, and pressEnter key.

8. The path and file name where data will be saved will be displayed onmonitor. If they are
accetable, pressEnter key. If adifferent path and/or file name is needed use Badkspace
key to edit and pressEnter key.

9. After saving file, system will revert badk to the MDR main menu.

!ﬂw’inGraphC:\BOUNCE\SUNBUZLEM
B S| p il (8|S WA B EHOEM Y T D A

Y-5cale  Ref Mode

Odometer Speed
1.00

|
RR

|

I

-m»-ﬂw-xwwm«'mmmww.-W' M e e b Aol o
i
|
|
R
!
i

150 200 250
Ref Post - (m)

IRI Data | Spke Data] Event Data | Messages |
Fiom To FioughDist Left Center Fight Average
-35.754| 0| 35,754 0.05| 0.04| 0.04| 004
» of 152,411 152,411 0.04] 0.04| 0.05| il |

Figure 2.3.3.19. WinGraph screen after static test has been terminated.

Performing Dynamic Bounce Test

After static test has been performed, dynamic bourcetest shoud be performed. Use
foll owing procedure to perform dynamic bourcetest.

1. Perform steps 1 through 4 as described under Combined Bournce Test Procedure. In step
3, type an appropriate file name to save data. A suggested fil e name format to follow is
YY MMM DDD, where YY —last two dgitsfor current yea, MMM — current month (use
first threeletters of month), DD — current day, and D — indicaestest is a dynamic test.
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2 System isnow realy to perform dynamic bourcetest. PressF3 key to start the DMI
simulator. Let smulator travel for abou 600m and then pressF9 key to send areference
reset. Next stand onrea bumper of the van, and bource profil er to induce apitching
motion. This motion shoud pitch vehicle dong the longitudinal diredionwith no
sideways motion. Motion shoud correspondto a 25 mm displacement of rea bumper for
eadt bource(i.e., dstancefrom highest position to lowest pasitionis 25 mm during
bourting). For dynamic bourcetest, IRI values between 152.4m and 304.8m are
evaluated. It will t ake some time for operator to get on the bumper and start bourting
after presang F9 key. Operator shoud make sure that bourcing motions on wehicle ae
induced before adistance of 152.4m has been reated (Operator shoud dosometrial
runs with another personin order to get an idea dou time needed in arder to achieve this
requirement). If operator feds bourcing motions darted after 152.4,then bourcetest
shoud be mntinued so that bourcing motionisinduced between dstances of 304.8m
and 457.2m.

3. After asimulated distanceof 304.8m (or 457.2m if operator feds that bourcing motions
started after 152.4m), stop bourting and ressF3 key to stop DMI. When operator is
bourting vehicle, computer monitor canna be seen. Therefore, operator has to estimate
time of bourcing such that simulator will travel adistancegreaer than 304.8m.
(Operator shoud dosometrial runs with ancther personto estimate time the vehicle
shoud be bourced in order to achieve spedfied dstance).

4. Gotosystem 1 using KV M switch to dsplay bourcetest profil e in the WinGraph
program. Move mouse pointer to the down arrow beside the Y-Scde window onthe
upper left hand side of the WinGraphwindow and click onit oncewith left mouse button.
Move mouse pointer to the number 1 onthe y-scade drop davn menu and click onceoniit
with left mouse button (seefigure 2.3.3.17.

5. A screen similar to that shown in figure 2.3.3.20 will be shown onmonitor at end d the
test (IRI values snown onmonitor will be different from values shown in figure 2.3.3.20.
Evaluate profil es that are displayed for the threesensors. Graph shoud show that
bourting motion was induced between limits of 152.4and 304.8m. Figure 2.3.3.20
shows an example of agraphthat is obtained when dynamic bourcetest is performed.

If bourcing motion started after 152.4m or if bourcing motion was terminated before
304.8m, dynamic bourcetest shoud be repeaed. However, if bourcing motions were
continued between limits of 304.8to 457.2m, IRI values within these limits can be used
as dynamic bourcetest IRI values. In graph shown in figure 2.3.3.20, boucing motions
started after 152.4, bwere continued to a distance greaer than 750m. IRI values
between 304.8and 457.2m can be used in this case & dynamic bourcetest IRl values.

6. Compare profil es between left, center and right sensors. Asthereisatime delay after
pressng F9 key and start of bourting, first part of graph will show profil e recorded
during static condtions. A comparison between static profile and dynamic bource profile
can also be made by observing graph. Evaluate profil es for presence of spikes. If spikes
arenoted in profile, repea test. If bourcetest appeasto have been performed
satisfadorily, nae IRI vaues for the left, center and right sensors for distance between
152.4m and 304.8m. If bourcing motions commenced after 152.4m and bourting was
performed between 304.8and 4572 m, nde IRI values between these limits. Print graph
and write down IRI values for the threesensors on graph.
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Figure 2.3.3.20. WinGraph screen after dynamic bourcetest has been terminated.

7. For eat sensor (left, center and right), compute diff erence between the dynamic bource
test IRI and static test IRI. If differencein IRl islessthan or equal to 0.10m/km for all
threesensors, the profiler is considered to have succesdully passed bourcetest. If nat,
reped test urtil all threesensors are within the spedfied tolerance If the bourcetest
criterionis not satisfied after repeding test several times, seethe foll owing sedion
‘Failure of Bournce Test Criterion'.

8. Goto system 2 using the KV M switch. The MDR green color screen shoud be shown on
the computer monitor.

9. PressF10 key to exit the program and save data. System will ask the operator to enter an
End d Run Note. Sincenore of the given choices are gppropriate, press7 then press
Enter key andtype an end d runcomment if needed, and pressEnter key.

10. The path and fil e name to save datawill be displayed. If they are accetable pressEnter
key. If adifferent path and/or file name is needed, uwse Badkspacekey to edit and press
Enter key. After saving fil e, system will revert bad to the MDR main menu.

11.Disconred the Audio Generator and hookDMI cable bad to computer chasgs.

12.Turn Audio Generator to off position.

Failure of Bounce Test Criterion

If operator isunable to oltain a static bourcetest IRI of lessthan or equal to 0.08m/km for a
sensor, or if differencein IRl between dynamic bourcetest IRI and static bourcetest IRI
exceeals 0.10m/km, operator shoud contad RSC and ICCto dedde ona @murse of adion. If
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an error in the equipment is foundand fixed, operator shoud re-evaluate profil e data that
were @lleded duing the previous day. If the problem was in a sensor that islocaed either in
left or the right whed path, IRI values obtained duing the previous day as well asthe profile
datashoud be compared with those obtained from the last visit to that site. If data problems
are suspeded, such sedions $oud be re-profil ed after equipment repairs.

2.3.4 Data Collection
2.3.4.1 Entering Header Information

Prior to colleding profil e data at a site, operator has to enter header information related to the
site. This dion describes procedures to be foll owed to enter header informationfor asite
into the computer, and also describes procedures to be followed to get the cmmputer system
ready for data @lledion. Use the foll owing procedures to enter header information at a site.

1. If computer has been boded upgo to step 2, dherwise boa up computer system (using
steps outlined in sedion 2.2.5.3and 2.2.5.4.

2. Make sure system 2 is howing the MDR main menu (seefigure 2.3.4.9. Use KVM
switch to switch to system 1 and ched if WinGraphisrunning in system 1 (seefigure
2.3.4.3. If nat, doube dick onICCiconto start WinGraph program and use KV M
switch to get bad to system 2.

3. Seled Phatocdl: Inthe MDR main menu (figure 2.3.4.7) seled Options. The Options
Menu shown in figure 2.3.4.3will be displayed onmonitor. Seled ‘ICC System
Parameters and a screen similar to that shown in figure 2.3.4.4will be displayed on
monitor.

Target optionin the ICC Systems Parameter Menu (seefigure 2.3.4.9, determines which
target will sendwhich function key to data aqjuisition system when it istripped. Targets
1 through 3are not used, 4isthe horizontal retro-refledive sensor and 5 is the verticd
line sensor. F5 refersto an event trigger and F9 refers to referencereset trigger. Use one
of the following procedures to seled either the verticd phaocdl or the horizontal
phaocdl to send areferencerest.

Seleding Verticd Phatocdl: In the ICC Systems Parameter menu (seefigure 2.3.4.4)
highlight Target and pressEnter key, highlight Target 5, and use Enter key to toggle
through avail able options to seled F9. If Target 4 is srowing ‘NA’ then pressEscgpe key
twiceto get badk to Options Menu (seefigure 2.3.4.3. If Target 4isnot showing ‘NA’,
highlight Target 4 and wse Enter key to toggle through avail able options to seled *NA’,
then pressEscape key twiceto get badk to Options Menu. Avail able options when
toggdling for either Target 4 or 5 are: NA, F5, F8, F9 and F2. When dore, highlight Save
Options and pressEnter key to save parameters that were assgned.
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Figure 2.3.4.1. MDR main menu (DOS/MDR computer).

k@ Win Graph - Waiting for Connection
S| & [Rovores b @@ M B ECRIMET DDA,

Y-Scale  Ref Mode Odometer Speed
o e

100

50

X-Axis 1

IRl Data | Spike Data] Event Data | Messages |
Istfl

Figure 2.3.4.2 WinGraph program running in system 1 (Windows XP system).

Fave System & User Options to Disk
Options

Save Options

Figure 2.3.4.3.0ptions menu.
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luthorization Code
Options

cHter new authorization code

Figure 2.3.4.4.1CC systems parameters menu.

Seleding Horizontal Photocdl: In the ICC Systems Parameter menu (seefigure 2.3.4.9,
highlight Target and pressEnter key, highlight Target 4, and wse Enter key to toggle
through avail able options to seled F9. If Target 5is dowing ‘NA’, then pressEscape
key twiceto get bad to Options Menu (seefigure 2.3.4.3 If Target 5isnot showing
‘NA’ highlight Target 5 and use Enter key to toggdle through avail able options to seled
‘NA’, then pressEscape key twiceto get badk to Options Menu. Avail able options when
togdling for either Target 4 ar 5 are: NA, F5, F8, F9 and F2. When dore highlight Save
Options and pressEnter key to save parameters that were assgned.

Note: It has been reported that although the phaocdl to send a Reference Reset is
seleded as described above, bah phdocdls gill remain adive. For example, if Target 5
(verticd phaocdl) is st to F9 to send areferencereset with Target 4 (horizontal
phaocdl) set to ‘NA’, the system will still send areferencereset if Target 4 deteds a
condtionthat generates an event mark. Until 1CC software is fixed to corred this error,
operator shoud use apieceof tape to cover phaocdl that is not being used. For example
if operator is gedfying the verticd phaocdl to send Reference Reset, harizontal
phaocdl shoud be mvered with a pieceof tape.

4. Inthe MDR main menu, seled Run ogion and Run Menu similar to that shown in figure
2.3.4.5will be displayed onthe monitor.

5. Highlight ‘Options’ in the Run Menuto bring up the Run Options Menu (seefigure
2.3.4.9. Inthismenu, seleda IRI and pressEnter key. IRI options menu shown in figure
2.3.4.7will be displayed onmonitor. Ched if Interval is %t at 152.4.1f nat, highlight
Interval and pressEnter key. A window will open upand ogerator will have to type 152.4
in the window and pressEnter key. PressEscgpe key twiceto get badk to Run Menu (see
figure2.3.4.5
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Eyztem Date and Time

Run

Date/Time

Figure 2.3.4.5.Run menu.

Distance Simulator
Run

DMI Simulator

Figure 2.3.4.6.Run ogions menu.

Enable IRI Operation

Figure 2.3.4.7.IRI options menu.
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6. Seled DataDiredory: In the Run Menu (seefigure 2.3.4.5, ched to seeif data diredory
that is shown is appropriate to save profil e data. If diredory needs to be changed,
highlight ‘ Data Diredory’ and pressEnter key. Thiswill open awindow that shows the
current data diredory. Use badspacekey to edit entry shown, type the path (e.g.,
c:\data\ohio) and pressEnter key to close window. If diredory that was typed dces not
exist, program will automaticaly creae it when it saves thefirst file.

7. File Name: Highlight ‘File Name' option (seefigure 2.3.4.5 and pessEnter key. Type
file name to save profile data in window that opens up. File name shoud be spedfied
based on file naming convention described in sedion 2.2.7.3.After entering fil ename,
pressEnter to close window.

8. Goto Heaer Menu: Highlight Parameters-FHWA optionin Run Menu (seefigure
2.3.4.5 and pressEnter key. The monitor will display a FHWA Parameters sreen simil ar
to that shownin figure 2.3.4.8.

[Date Format mm—dd-yuyy

B7-83-2802

Figure 2.3.4.8.FHWA parameters sreen.

The arow keys can be used to highlight any item in this menu. After item is highlighted
and Enter key is pressed, awindow will open for some items (e.g. Site ID,
Operator/Driver). Therequired value can then be entered in the window and when the
Enter key is pressed the window will close. The typed value will be shown for that
parameter. Some of the parameters have aspedfied set of input values, and when these
parameters are highlighted, Enter key can be used to cycle through inpu options that are
avail able for those items. For example, valid entry for Laneis either Inside or Outside.
When Lane is highlighted and Enter key is pressed, parameter for lane will cycle between
Inside and Outside. The foll owing sedions will describe parametersto be entered or
seleded for eat o theitems shown in the FHWA Parameters Menu.

9. SitelD: Highlight ‘Site ID’ and pressEnter key. Type the site ID in window (e.g.,
451024 and pressEnter to close window. Foll ow procedure described in steps1 and 2 d
sedion 2.2.7.30 olktain the gopropriate six-digit code for the Site ID.

10. Operator/Driver: Operator and diver shoud be identified by atwo dgit charader; first
letter of their first and last name. Operator and diver names shoud be separated by a
badkslash and typed in cepital letters (e.g., CK/RS). If profiler is used as a one person
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operation, operator and diver name would be the same (e.g., CK/CK). If current entry in
thisfield does nor correspondto operator/driver, highlight * Operator/Driver’, pressEnter
key, and type the operator and driver initialsin the window, and pressEnter key to close
window.

11.VehicleID: Thelast five digits of the VIN shoud be shown in thisfield. Oncethis
parameter has been set to the corred value, it does nat need to be dhanged. To set value
thefirst time, highlight ‘Vehicle ID’ and pressEnter key. In the window that opens, type
last five digits of the VIN and pressEnter key to close window.

12.Road Description: Highlight ‘Road Description’, press Enter key, type route number
where sedion is locaed (e.g. 1-88), and press Enter key to close window. All |etters
shoud be capital.

13.Lane Measured: Thevalid entriesfor the field are ‘INSIDE’ or ‘OUTSIDE’. Outside lane
isthe lane ajacent to shouder at right edge of road. Highlight ‘Lane Measured’, use
Enter key to toggle between ‘' INSIDE’ and ‘OUTSIDE’, and seled appropriate value. For
nealy all LTPPsedions, lane measured is‘ OUTSIDE'.

14.Travel Diredion: Seled appropriate lane diredion (NORTH, EAST, SOUTH, or WEST);
highlight field and use Enter key to kring up Diredion window. Type the first charader
of diredionto add the diredion.

15. Horizontal Offset: The value for horizontal off set shoud be O (zero) for al sedions. This
value hasto be set only once, as the system will retain spedfied value. Highlight field,
pressEnter key and type O in window that opens, and pressEnter again to close window.

16.Beginning Description: Thisfield shoud be left blank. An entry in thisfield can be alited
by highlighting ‘ Beginning Description’ and pressng Enter key, which will cause a
window to open upcontaining the arrent entry in this field. After editing, Enter key
shoud be pressed again to close the window.

17.Ending Description: Thisfield shoud beleft blank. An entry in thisfield can be elited by
highlighting * Ending Description’ and ressng Enter key, which will cause awindow to
open upcontaining the aurrent entry in thisfield. After editing, Enter key shoud be
pressed again to close the window.

18.Beginning Station: Thisfield shoud be set to Ofor all sedions. An entry in thisfield can
be alited by highlighting ‘Beginning Station’ and pressng Enter key, which will cause a
window to open upcontaining current entry in this field. After editing current value to set
valuein field to 0, Enter key shoud be pressed again to close the window.

19. Ending Station: Thisfield shoud be set to length of test sedion. For GPSsedions
ending stationwill always be 152.4.For SPSsedions, ending station will be the total
length of the SPSprojed that is being profiled. Anentry inthisfield can be elited by
highlighting ‘ Ending Station’ and pressng Enter key, which will cause awindow to open
up containing the aurrent entry in thisfield. After setting entry in the field to desired
value, Enter key shoud be pressed again to close the window.

20. Surface Type: Valid entries for road surfacetype ae A-CC for asphalt surfaced
pavements and P-CC for Portland Cement Concrete surfaced pavements. When ‘ Surface
Type' ishighlighted, pressng Enter key will togdethe entry in thisfield between P-CC
and A-CC. Seled appropriate entry.

21. SurfaceCondtion: Describes surface ondtion o pavement; valid entriesare V. GOOD
(Very Good), GOOD, FAIR or POOR. The foll owing guidelines shoud be used to
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determine road condtions. Severity levels that are described correspondto the definitions

givenin the LTPPDistressldentification Manual (10).

(@ V. GOOD:. Pavement does nat show any distress

(b) GOOD: Pavement exhibits few visible signs of surfacedeterioration. Asphalt
surfacad pavements may show low severity cradks, and Portland Cement Concrete
(PCC) pavements may show low severity cradks and spalli ng.

(c) FAIR: Typicd distresses on asphalt concrete surfaced sedions can include the
following distresses in alow to medium severity - rutting, block or edge aadking,
transverse and longitudinal crading, and patching. Typicd distresseson PCC
pavements can include the following distresses in alow to medium severity - spalli ng,
transverse and longitudinal cradking, faulting, and patching.

(d) POOR: Pavementsin this category have deteriorated to such an extent that they affed
the speed of freeflow traffic. Typicd distresson asphalt-surfacel sedions includes
the foll owing distresses in amedium to high severity - rutting, transverse and
longitudinal cracking, pahales. Typicd distresson PCC pavements can include the
foll owing distresses in amedium to high severity - spalli ng, transverse and
longitudinal cracing, faulting and patching.

When ‘ SurfaceCondition' is highlighted, Enter key will togg e between V.GOOD,
GOOD, FAIR and POOR. Pick appropriate entry.

22.Air Temperature: Air temperature (in degrees Centigrade) at time of test shoud be
entered in thisfield. Obtain air temperature from temperature display gauge. Highlight
‘Air Temperature', pressEnter key, enter air temperature value in the window, and press
Enter key to close window. If no changeto thisfield is made during subsequent runs, the
entered temperature value is saved with profil e data for subsequent runs. The profil er
operator shoud nae the ar temperature prior to the start of ead profile run. If the
temperature display gauge indicaes atemperature that is not within + 2°C of that
measured duing previous run, pofiler operators shoud enter the new value to the
software prior to commencing the profile run.

23.CloudCondtions: Vaid entriesfor thisfield are: CLEAR, P. CLOUDY (Partly Cloudy),
or CLOUDY. Use the foll owing guidelines: Clea - sunny sky, Cloudy - suncanna be
observed, P. Cloudy - sunis smetimes covered by clouds. Highlight ‘Cloud
Condtions, and pressEnter key to toggle between CLEAR, P. CLOUDY, CLOUDY
seled an appropriate entry.

24. Start Method The start methodfor data wlledion shoud aways be Photocdl. When
‘Start Methodis highlighted and Enter key is pressed, entries will t oggle between
PHOTOCELL and PENDANT. Oncethisentry is st to PHOTOCELL, it doesnat need
to be changed again.

25. Stop Method Stop Method shoud always be DISTANCE. When * Stop Method is
highlighted, and Enter key is pressed, entries will t oggle between PHOTOCELL,
PENDANT, and DISTANCE. Oncethisentry is %t to DISTANCE, it does not need to be
changed again.

26. Stop Distance: Stop Distancefor GPSand SMP sedions shoud be 152.40meters.
Distanceto be entered for SPSsedionsis presented in sedion 2.4.2 Distancefor WIM
sedions foud be obtained from latest diredive on profiling WIM sedions. If aGPS
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sedionis profiled with aWIM sedion, dstance shoud be set such that both sedions are
covered. Highlight * Stop Distance, pressEnter key, enter value in Window, and press
Enter key to close window.

27.0ther Wedher Condtions: Valid entries for thisfield are: CONDITIONS OK, STEADY
CROSSNIND, WIND GUSTS, HOT AND HUMID, HAZY, LOW SUN ANGLE.
Highlight * Other Weaher Cond, pressEnter key to toggle through avail able entries, and
seled an appropriate entry.

28. Filter wavelength: Filter wavelength should be set to 100. Oncethisvalueis set, it
should not be changed again asthe system will retain thisvalue. (Vaue can be
changed by highlighting ‘ Filter Wavelength’, pressng Enter key typing avaluein the
window that opens, and again pressng Enter to close window).

29. Spike Tolerance Recommended value for spike toleranceis 5.0. To set value, highlight
‘Spike Tolerance, pressEnter key, type value in window that opens and pressEnter key
to close window.

2.3.4.2 Profiling Test Section

Once heaer information has been entered and equipment has warmed upsufficiently (all ow
15 minutes after turning power to computers and lasers for equipment to warm up), profiler
isrealy to begin profili ng. The following procedures shoud be foll owed to get an acceptable
set of runs. In these procedures, function keys (e.g., F3, F6) haveto be pressed. Keysin either
the keyboard or the handheld event pad can be used.

1. Ched if WinGraphisrunnngin system 1. If nat, doulde dick onICCiconto run
WinGraph (If in system 2 - DOS/MDR computer, use KV M switchto go to system 1,
and wethis switch again to get badk to system 2 from system 1).

2. Inthe MDR main menu, seled ‘Run’ to bring up the Run Menu shown in figure 2.3.4.9.

Euystem Date and Time

Run

Date Time A7-83.-2082 17:88

Figure 2.3.4.9.Run menu.

3. Inthe RunMenu, hghlight ‘Go’ and pressEnter key. Monitor will display the MDR run
screen shownin figure 2.3.4.10.The message ' OnLineCK’ shoud appea onthe green
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part of the screen. This message indicaes the MDR program has succesgully linked up
with the WinGraph program. The values shown for POS1, POS2, POS3, SEN1, SEN2,
SEN3 and filename on the monitor will be different from the values for these parameters
shown in figure 2.3.4.10 Path and fil ename that are shown will be path and file name that
weretyped in steps6 and 7 d sedion 2.3.4.1.

SitelD BEL155A UehicleID 68395 Dir North (+) Lane ODUTSIDE

REF POST SECTION ACCUM DIST POS POS 2 POS 3

ST T T T WS W

RUN HUH LDM HIGH n/z
T
SEN1 SENZ SEN 3

1.349 § 1.349 § 1.349

SECTION PATH FILENAME HAKS LAST

N Cndata~ Qoo | N .

MESSAGE BUFFER

FROM RP TO RP DIST IRI L IRI R IRI C AVUG IRI

B.888 OnLineCk

-5 END L&-DHMI LE-RGH E-EUT 38-TAR 1¥i-NR-5 13-RST_REF [SU-EXIT

Figure 2.3.4.10 MDR run screen.

4. Driver shoud attain a mnstant test spead of 80 km/h at least 175m before beginning of
test sedionand align vehicle dong whed paths. (As described in sedion 2.2.7.4a spedd
different from 80 km/h may be used depending on site andtions). Then pressF3 key to
start the DMI abou 150 m before the start of the test sedion. (Note: The profiler shoud
have dtained its testing spead prior to pressng the F3 key).

5. Abou 40m before start of the sedion (after passng lead-in stripe of the sedion), press
F6 key. When F6 key is pressed, asterisk beside the 0 in sedionfield will disappea.
When F6 key is pressed, the phaocdl isarmed and will belooking for refledive mark
on pavement surfaceor cone with refledive marking (depending on phdocdl that was
seleded) to record an event mark and perform areferencereset.

6. When phdocdl detedstarget, green part of screen will show the message ‘ Reference
Reset’, and abeep will be head. If phaocdl isnat triggered when event mark is passed,
clean phdocdl and reped run and seeif the phaocdl triggers. If the phaocdl till fails
to trigger, operator shoud adjust threshald control for phatocdl using procedures
described in Sedion 19 d the ICC Road Profiler Operation Manual (1) and seeif
phaocdl will trigger. If thisis not successul, operator shoud use horizontal phaocdl.
Foll ow procedure described in step 3 d sedion 2.3.4.1o seled horizontal phaocdl to
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send a Reference Reset.

7. After the end o sedionis passd, pressF3 key to end cata wlledion. Note: The operator
shoud pressF3 key while profiler is gill traveling at itstesting speed.

8. Bring vehicleto astop at asuitable locaionto enter end o run comment, evaluate
colleded data, and save datato hard dsk. After stopping the vehicle, use KV M switch to
go to system 1. Graphica output of profile data wlleded along the | eft, center and right
paths will be displayed onmonitor. A verticd line will be present at locaions where
spikes excealing spedfied spike height (spedfied in step 29 d sedion 2.3.4.) are
present. Evaluate profil e datafor the left, center and right paths to seeif they are
satisfadory. Also, compare profil e datafor the left, center and right sensors to seeif they
are omparable. IRI for the left, center and right paths of the sedionwill also be
displayed below the graph. Evaluate IRI values and seeif they are reasonable. If data
appeasto be reasonable switch bad to system 1 using the KV M. If profile data ae
unreasonable investigate and corred the problem, and re-start data ll edion.

9. End d RunNote: PressF10 key to enter End d Run Note, and save data. When F10is
pressed, end d run nde screen shown in figure 2.3.4.11will appea onthe computer
monitor.

Figure2.3.4.11End d run nde screen

Evaluate the six end d run comments that are displayed, which are:

1.RUN OK

2. PAVEMENT SURFACE DAMP

3. TRAFHC CONGESTION: SFEED VARIABLE

4. DIFHCULT TO MAINTAIN CONSTANT SHEED: UPGRADE
5.DIFHCULT TO MAINTAIN WHEEL PATH LOCATION

6. LATE PHOTOCELL INITIATION

Use guidelines presented in sedion 2.2.7.80 seled an appropriate end d run comment.
End d run comment shoud be based oncondtions during the profil e run, and nd based
on olservations noted in profile when profileis evaluated in step 8. If one of the
displayed comments is appropriate for the profil e run, type the gopropriate number and
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pressEnter key. If the nore of displayed comments are gopropriate for the profile run
and operator wants to type adifferent comment, type 7 and pressEnter. Thiswill open a
window where the operator can type an end d run comment. After typing the comment,
pressEnter key to close the window.
10.Save Data: Path and fil ename for saving profil e datawill now be displayed on monitor. If
these ae accetable pressEnter key. If any changes are needed, use badkspacekey to
corred path and/or file name, and pressEnter key.
11. After thefileis saved, computer screen will show the MDR main menu. Reped steps 2
through 10to obtain five aror freeruns.
12.Use ProQual to evaluate olleded data using procedures described in sedion 2.2.8 As
ProQual isaWindows based program, Windows has to be loaded to system 2 ( DOS-
MDR). Usefollowing procedure to load windowsto system 2:
(& Monitor shoud show the MDR main menu. If monitor is srowing WinGraph, wse
KV M switch to go to system 2 (DOS/MDR computer).
(b) Inthe MDR main menu, hghlight ‘Quit” and pressEnter key.
(c) The MDR Program will ask ‘Do you want to Exit system? Press'y’ to exit system.
The C:\ prompt will appea on monitor.
(d) PressCtrl — Alt — Delete keys smultaneously to restart computer.
(e) When the Windows 98 menu comes on the screen, use arow keysto seled the
Windows option and pressEnter key.
() When Windows finishes loading, login to system using LTPPas user name and LTPP
as password.
(g) Start ProQual 2002and evaluate olleded data using procedures described in 2.2.8.
13.1f fiveruns are accetable go to step 14.1f nat, okltain additional runs as described in
sedion 2.2.8 and review these runs using ProQual
14.Badk Up Data: Use Windows Explorer to badk up datato an lomega ZipQ disk. ICC
profil e data fil es that shoud be badked upare fileswith file extensions P, V and E, which
were @lleded at the site. All files generated by ProQual when the profil e data were
processed shoud also be badked up.Seesedion 2.3.5for adescription o ProQual files
that shoud be badked up.
15. Operator shoud verify that the ‘LTPP Rofiler Field Activity Report Form’' (seesedion
2.7.7) and * Status of Regions Test Sedion (seesedion 2.7.3 forms arefill ed before
leaving test site.

2.3.5 Data Backup

Profile data wlleded at a site by the profiler aswell asfiles generated by ProQual when
these data were processed shoud be backed upto a Zipd disk using the lomega ZipO disk
drive in the computer immediately after testing is completed at atest site.

ICC profil e data fil es that shoud be badked upare fileswith file extensions P, V and E,
which were mlleded at the site.
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ProQual datathat shoud be badked upare system files and site fil es. The following
guidelines for backup o ProQual files are general in nature sincethere culd be variations
between dredory structure used for ProQual 2002 ty the diff erent regions. However,
spedfic data diredories that need to be badked-up are presented. System files are cntained
in the SY SDB subdredory of the ProQual 2002install ation dredory. All filesin this
subdredory shoud be badked up.Figure 2.3.5.1shows the @ntents of the SY SDB
subdredory. For this example, ProQual has been install ed in the diredory C:\ProQual 2002.

B Exploring - C:\ProQual 2002\5ysDh M=
Fle Edit “iew Toolz Help
[ syeDb sl oE al bEel - XE BEEE
Al Folders Contents of 'C:\Prollual 200245 ys0b'
L1 lec_Apps d Marmne | Size | Modified | Altributes |
-] MsPeit ] Cades. DB KB 4/22/0212:37 PM A
& OfficeSean NT ] Codes P KB 4/22/0212:37 PM A
L] Orant 5] Equipment DB 4KE  B/21/02 11:52 6M &
L] Pma s8] Equipment. Fx 4KE  B/21/0211:52 &M 4
L] Pmalll T Equipment VAL KB B/21/02 1029 &M A
-] Program Files ] SectionDE BKE 9/16/02 245 PM A
a4 P'ﬁ“""[)zfuz 8] Section P KB 9/16/02 245 M A
j T’”e ;plate = L KB 9/9/02 218 PM 4
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Figure 2.3.5.1Filesin SY SDB diredory.

Sitefil esthat are generated by ProQual shoud also be badked up.Locaion d the sitefiles
will depend on dredory structure that is employed by the regions to store fil es generated by
ProQual. Figure 2.3.5.2shows an example of the locaion d site files that need to be badked
up. For this example, datafor site 370204are stored in the diredory Sites\37A0204.

BY Exploring - C:\ProQual 2002\5ysDb H[=] E3
Fle Edit Wiew Tools Help
[ =3 sysDb B al 4EE | XE BEEEE
Al Folders Conterts of 'C:\Proflual 200245ys0b'
1 lec_fpps d Marme | Size | Modified | Altributes |
-] MsPelnt ] Cades. DB 4KE  4/22/0212:37 PM A
-] OfficeScan NT 8] Codes P 4KE  4/22/0212:37 PM A
] Orant & Equipment DB 4KB B/21/02 11:52 64 3
L] Pma 8] Equipment. ¢ KB B/21/0211:52 AM A
L] Pmalll T Equipment WAL KB B/21/0210:20 &M A
= E'”gaml ESEZ ] Gection DB BKE  9HG/02 245 PM 4
L1 Fro S“:Db ] SectionFx KB 9/16/02 245 M 4
j‘ T”e plete BB Section WAL 1KE  59/9/02 218 PM A
1 Recyoler g SOKE  9/20/02 2104M A
L1 Temn ] 4KE  9/20/02 753 AM A
) TrpDb Debug P Sites VAL KB B/9/01 10008 b A
) TrpFud ] states DB 10KE  5/2/02 2:24 PM A
0] Usr [o#] States P KB 5/2/02 2:24 PM A
| it ] System.DE BKE  9/10/0212:58 P A
g Work [O]
- Vadm
#1-__] Backup =
L o
14 ohject(z] 101KB [Disk free space: 850ME]

Figure 2.3.5.2 Sitefilesin ProQual.
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A recommended procedure to follow during backup o datafor asiteisto crede separate
diredoriesin the Zip[d disk to badk up ICC profil e data, SY SDB diredory, and Site files
creaed by ProQual.

Operator shoud maintain alog for ead Zipd disk to dacument files that are in the Zip[
disk. Profiler shoud na leave atest site unlessall data have been badked up.At end o eat
day, an additional badup copy of al profiler test data @lleded onthat day shoud be made
onaZipd disk. Therefore, at end o ead test day, there shoud be two Zip disks that
contain profil e data that were @lleded onthat day. One of these disks shoud be kept in the
profiler (profiler copy) whil e the other copy (RSC copy) shoud be forwarded to RSC. Until
RSC copy isforwarded, profiler copy must be removed from the vehicle whenever testing is
not in progress No colleded profil e data shoud be deleted from the hard disk until the RSC
has informed the operator that RSC copy has been recaved and processed by RSC. Profil er
copy of the Zip disk can be recycled orcethe RSC informs the operator that data have been
receved, processed and badked up.The RSC shoud badkup the data foll owing procedures
outlined in the latest FHWA diredive.

The WinGraph program will save graphicd datathat are displayed during a profile run, as
well as data displayed during the bourcetest. These datawill be saved in system 1 (XP
computer). The path that is gedfied in system 2 for saving profil e data fil es will be used in
system 1 to save the WinGraph dcata. The WinGraph files do nd need to be baded up.They
can be deleted after data for the site have been processed by the RSC.

24 TESTING SPSSECTIONS
2.4.1 General Background

This fdion describesfield testing procedures to be foll owed when testing SPSsites, which
are diff erent than the procedures used for GPSsedions. However, other than the exceptions
described in this ®dion, al other information presented in ealier sedions of this manual are
valid when SPSsites are being tested. A SPSsite ansists of anumber of test sedionswith a
transition areabetween adjacent sedions. During a profiler runat a SPSsite, profile data ae
colleded for entire site, which includes test sedions as well as transition aress.

2.4.2 Length of Test Sections

Unlike GPStest sedionsthat are dways 152.4m in length, total length of a SPSprojed that
will i nclude test sedions and transition areas will vary from projed to projed. Operator may
eled to bre&k the SPSprojed into two sedions for profili ng depending onlocaion o test
sedions aswell asturn aroundlocations. For example, if thereis alarge transition dstance
between two groups of test sedions, and turn aroundis located in the transition areg
operator may eled to profile the SPSprojed as two sedions.
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2.4.3 Operating Speed

Guidelines regarding operating speead described in sedion 2.2.7.4shoud be foll owed when
testing SPStest sedions. When SPStest sedions are tested, transition areabetween sedions
may be used to adjust vehicle speead to 80 kn/h (or appropriate spead depending on site
conditions as described in sedion 2.2.7.4 before next sedionistested. If thereistrafficin
front of the profil er, its gpeed can beinitially deaeased in the transition sedion to give more
leevay between the vehicle in front. Theredter, profiler must be brought up to a constant
spead of 80 km/h before entering next test sedion.

2.4.4 Number of Runs

Five profiler runsin ead test sedion within a SPSprojed shoud satisfy the accetance
criteriadescribed in sedion 2.2.8.The ProQual program is cgpable of computing the IRI
value of individual test sedions within a SPS projed by identifying test sedions using
stationing and event marks. The procedure for subsedioning individual test sedionsfrom a
profile runmade & a SPSsedionis described in the ProQual manual (6). Operator shoud
study IRI computed for ead run and dot data from repea runs to ensure that repedable data
are obtained between runs. The procedure outlined in sedion 2.2.8shoud be followed in
order to oltain an acceptable set of runs at a SPSprojed.

2.45 Header Generation

The procedures outlined in sedion 2.3.4.Xfor header generation for GPStest sedions soud
also befollowed for SPStest sedions. However, Stop Distancethat is entered in step 26for a
SPSprojed is different than that is entered when profiling GPSsedions.

Operator shoud refer to site layout plans and oldain length of SPSprojed that will
encompassall test sedions. To guard against discrepancies between layout plans and as-built
sedions, operator may add a distance such as 30 m to the distance obtained from site layout
plan. This distance shoud be entered as the Stop Distancein step 26 d sedion 2.3.4.1.

If operator is not certain abou the length to be entered, perform atria runto determine the
length of the SPSprojed. Go to MDR run screen (seefigure 2.3.4.10 and terminate data
colledion orcethe end d the last test sedionis passed. The MDR Run screen will i ndicate
thelocaion d the Reference Reset and the location where data ll edion was terminated.
Use thisinformation to oltain the length of the SPSprojed, and enter this length as the Stop
Distance

2.4.6. Hardcopy of Profile

RSC may require the operator to oltain agraphicd plot of the data recorded by the left, right
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and center sensors for one profiler run d the entire SPSproject for archiving and/or quality
control purposes. Obtain printouts using data & an appropriate interval such as400m.

If aprintout isobtained, dot shoud be dtadhed to the Profiler Field Activity Report. The
graphicd plot can be obtained using either the WinGraph a ProQual programs. If there ae
significant diff erences between profile runs, it is recommended that a graphicd plot of
profil e data be obtained and attached to the Profil er Field Activity Report. In such cases, a
plot of al profile runsfor ead peth in ore plot or a plot of questionable runs may be
obtained.

2.4.7 Data Backup

Data wlleded at SPSprojeds shoud be badked up wsing the same procedures described in
sedion 2.3.5.

2.5 CALIBRATION
2.5.1 General Background

Accderometers in the profiler shoud be cdibrated if the accéerometer ched (seesedion
2.3.3.9 indicaes accdéerometer cdibration fadors are outside the dlowable range or if the
bourcetest (seesedion 2.3.3.3 indicaes apatentia problem with acceéerometers. Operator
may eled to cdibrate accéerometers daily prior to performing the bourcetest. Asa
minimum, the DMI shoud be cdibrated monthly or whenever problems are suspeded. The
DMI shoud also be cdibrated when tires are replaced, suspension repairs are performed or
when wheds are rotated or aligned. The DMI and accéerometers shoud be cdi brated when
repairs are performed onthese componrents or to computer cards associated with these
comporents. A cdibration chedk must be performed monthly on the laser sensors and the
temperature probe. Accderometers shoud also be cdibrated when this monthly cdibration
ched iscaried ou. Calibration check must also be performed whenever problems are
suspeded onthe laser sensors, or when asensor isrepaired o replaced.

Power to the dedronic equipment shoud be turned onfor abou 15 minutes prior to
performing any cdibration a cdibration chedks © that the dedronic equipment is al owed
to warm up and stabili ze.

2.5.2 Calibration of Distance Measuring Instrument (DM1)

The DMI is cdibrated by driving vehicle over aknown dstanceto cdculate the Distance

Cdlibration Fador (DCF). The operator enters the adual distancetraveled in the cdibration
menu and the mmputer cd culates the DCF.
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An acarrately measured sedion o 300m shoud be used to cdibrate the DMI. This sdion
shoud belocaed onastraight portion d roadway that is reasonably level and hes low traffic
volume. Spedd limit at site shoud be & least 80 km/h. This dionshoud bein an area
where vehicle can be driven at a anstant speed withou interruptions. Sedion shoud be
measured with a sted tape using standard surveying procedures, or laid out using an
eledronic distance measuring system. The sted tape shoud be crreded for temperature, and
the proper tension shoud be goplied duing the layout of the sedion. Refledive tape that will
trigger the phaocdl shoud be placed onthe pavement at the start and end d the sedion,
such that the distance between leare edges of the two refledive tapesis 300m. Therefledive
tape shoud be placal onthe lane such that the verticd phaocdl will traverse over the tape
when profil er traverses the test sedion.

Operator shoud drive the vehicle for abou 6 to 8km (4 to 5miles) at highway speeds prior
to cdibration so that the tires can warm up. The foll owing procedure shoud be used to
cdibrate the DMI:

1. Power up system and bod computer using procedures outlined in sedion 2.2.5.3and
2.2.5.4,

2. Seled phatocdl: The verticd phaocdl shoud be seleded foll owing the procedures
described in step 3in sedion 2.3.4.1.

3. Adjust Tire Presaure: Adjust tire presaure of therea tires  that the tire presaureis
between 551and 586 WPa (80 and 85 si). Notetire presaure.

4. Enter Parameters. Inthe MDR main menu, seled ‘ Parameters’ and pressthe Enter key.
The Parameters Menu shown in figure 2.5.2.1will be displayed onmonitor. Highli ght
‘Operator’, pressEnter key and type operator initials in window that opens, and press
Enter again to close window. Repea procedure highlighting Driver, Vehicle, and
Equipment, respedively, and entering appropriate entries for ead of these parameters.
These entries will be saved in DMI cdibration report that is generated after DMI
cdibration procedureis completed.

Bystem Operator Identification
Parameters

Operator JC

Figure 2.5.2.1.Parameters <reen.
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5. Bring Up Cadlibration Menu: In the MDR main menu, choase * Cdlibration’ to bring up the
Cadlibration menu shown in figure 2.5.2.2..

iew Calibration Ualues
Calibration

View

Figure 2.5.2.2.Cdli bration menu.

6. Enter Distance and Tire Presaure: In the Calibration Menu hghlight ‘Distance and press
Enter key. Screen will display the aurrent DCF andthe ‘Go’ option. Highlight *Go’ and
pressEnter key. The system will t hen prompt operator for the Calibration Distance. Enter
the length of the cdibration sedion, which shoud be 300,and pressEnter key. The
system will prompt user for tire presaure. Enter tire presaure of rea tiresin psi and press
Enter key. (Thetire presaure shoud be between 80and 85 si). The distance cdi bration
screen shown in figure 2.5.2.3will now be displayed onthe monitor.

Perform Diztance Calibeation
Calibeat ion

Figure 2.5.2.3.Distance cdi bration screen.

7. Bringvehicleupto aspead of 80 km/h abou 150 m prior to start of the sedion. Then
pressF3 key (to start DMI) followed by F6 key (to adivate the phaocdl).

8. Asprofiler crosses the start of the sedion, abeep will be heard when phdocdl is
triggered by the refledive tape, which islocated at the start of the sedion. When the
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profiler crosses the end d sedion, dstance cdibration screen will display the new DCF
value.

If the phaocdl fail sto trigger, clean phdocdl and repea the run and seeif the phatocdl
triggers. If phaocdl still failsto trigger, operator shoud adjust the threshald control for
phaocdl using procedures described in Sedion 19 d¢ the ICC Road Profiler Operation
Manual (1) and seeif phaocdl will trigger.

If thisis not successul, operator shoud use horizontal phatocdl. To use horizontal
phaocdl in step 2,seled horizontal phaocdl as adive phaocdl. Placetwo cones on
side of road at beginning and end d sedion. Cones placel at the beginning andend o
sedion shoud be digned such that the leave adge of the refledive mark onthe wmneis
aligned with the leave adge of the mark that is on the pavement surface

9. Reped the cdibration procedure five more times 2 that six cdibration runs are obtained.
At start of ead run adjust tire presaure to value noted in step 3. If operator fedsthat a
cdibration runwas not done properly, move the highlighted ber with the arow keysto
the results and pressF8 to delete the run. When six cdibration runs have been oltained,
monitor will display a screen similar to that shown in figure 2.5.2.4(adua values shown
onmonitor will be different from thase shown in figure 2.5.2.9.

Perform Distance Calibration
Calibration

15318 4211 159.58

-4 CEPT -TARGET [@-REFPORT [FE-CEL [QE-RESET [@NE-E-IT

Figure 2.5.2.4.Cali bration screen after obtaining six runs.

10. Under column ‘Distance New DCF ‘, evauate the Average Distance (that is own in the
first line s AV) and standard deviation (that is hown at the bottom as SD). If average
distanceiswithin + 0.15m of adual distanceof the site (300m), and standard deviation
islessthan 0.075m, the DMI cdibration has been performed succesdully. If the values
are outside spedfied tolerances, oltain additional runs until six runs that mee spedfied
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criteriahave been oltained. If six runsthat med spedfied criteria caana be obtained,
contad RSC and ICCto dedde ona murse of adion.

11. The new DCF value that was computed duing DMI cdibration hes to be saved. Use
arrow keysto highlight the average that is $rown at the top and pressF2 key to accept the
new DCF value. System will ask ‘ Set DCF to Accepted Value? Press 'y’ key to save
cdibrationfador. Program will also save areport for distance cdibration. Locaion d the
report (path and file name) will be displayed onthetop d the screen when fileis saved.

12.PressF10to exit Distance Calibration. System will ask ‘Do You Want to Exit? Press'y’
key to doso, and the MDR main menuwill now be displayed onthe screen.

13. Print the Distance Cali bration Report that was saved.

2.5.3 Calibration of Accelerometers

Cdlibration d accéerometers roud be performed whil e the vehicle is parked onalevel
surface Locaionwhere cdibrationis being performed shoud be freeof any vibrations
Cdlibration d accéerometers sroud na be performed when the engine of the van is running.
Operator shoud be outside of vehicle when cdibration is performed. Operator shoud adjust
computer monitor so that it can be seen from outside vehicle and keyboard shoud be placed
onsed of van. Do na enter vehicle, bource or bump vehicle, or lean on \ehicle during
cdibration. The power to the system shoud have been turned onfor abou 15 minutes for the
system to warm up prior to cdibrating the accéerometers. The following procedure shoud be
used to cdibrate accéerometers:

1. Boot up computer foll owing procedures described in sedion 2.2.5.4The MDR main
menu shoud now be displayed onthe monitor.

2. Inthe MDR main menu, seled ‘Calibration’ to dsplay the cdibration menu (seefigure
2.5.3.1. Inthe Calibration Menu, hghlight ‘Accderometer’ and pressEnter key, and the
Accderometer Calibration Menu shown in figure 2.5.3.2will be displayed onthe
monitor. The settings for parameters displayed onmonitor shoud match values shown in
figure2.5.3.2.

3. Inthe Accderometer Calibration Menu (seefigure 2.5.3.9, highlight ‘Go’ and press
Enter key. Monitor will display an Accderometer Calibration Screen simil ar to that
shown in figure 2.5.3.3.(values displayed onmonitor will be different from those shown
infigure2.5.3.3.

4. PressEnter key and acceéerometer will begin colleding data. After about 5000samples
have been taken, pressBadkspacekey to end cdibration.

5. System will ask operator if new values houd be acceted. If test appeasto bevalid and
cdibrationfadors are between 1710and 1790, pess'y’ to accept values. If test was not
valid, press‘n’ key to repea cdibration procedure. Whenthe 'y’ key is pressed,
cdibration values are saved and these values will be recorded in the log file. Thislog file
iscdled cd_log.txt, andit islocaed in the diredory C:\mdrsw\mdr_cd.
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iew Calibration Ualues
Calibration

View

Figure 2.5.3.1.Cadli bration menu.

ficcelerometer GConfiguration (B, 1, 2, or 3D
Calibration

Accelerometer. . .

aCcelerometer(s>

Figure 2.5.3.2.Accderometer cdibration menu.

Perform Accelerometer Calibration
Calibration

Press <— To Start

Figure 2.5.3.3.Accderometer cdibration screen.
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2.5.4 Full Calibration Check of Laser Sensors

The laser sensors have been cdibrated in the fadory and operator canna cdibrate these
sensors. A cdibration ched of the laser sensorsis performed prior to data @lledion (see
sedion 2.3.3.). In this procedure, laser sensors are chedked to seeif they can acarately
measure the height within a spedfied tolerance by using a 25 mm gauge block. However, this
procedure only cheds the acairacy of the laser sensor over a 25 mm distancewithin its
measuring range. A more mmprehensive ded of laser sensors shoud be performed
monthly, that will ched the acarracy of the laser sensors over a 100mm measuring range.
This ched isreferred to as the Full Calibration Chedk of laser sensorsto dstinguish it from
the Calibration Ched of laser sensorsthat is performed prior to data wlledionin thefield.
The laser sensor is attached to the sensor bar such that the mid pant of the measuring range
of the laser sensor is at the groundsurface During full cdibration ched, vehicleis elevated
so that the acairagy of the laser sensor over a distancefrom below the mid pant of
measuring range to above the mid pdnt of measuring range can be chedked.

2.5.4.1 Suppliesfor Calibration Check

Van Suppat Blocks: Asdescribed previously, the van is elevated when the full cdibration
chedk is performed. Thisis accomplished by driving the tires of the van over four wooden
suppat blocks, so that all four tires onthe van will rest on suppat blocks. A van suppat
block is made by using two stadked 38 mm by 254-mm by 915-mm boards <rewed together
onthe 254mm by 915mm face One 254-mm end shoud be beveled to all ow the profiler to
be driven up oro the blocks. Figure 2.5.4.1shows an example of avan suppat block.

200278577311

Figure 2.5.4.1.Suppat blocks.

Calibration Base Plates: Polished sted 100-mm by 100-mm by 9-mm sted plates, with fed
installed onthe bottom of the plates for stability. Threebase plates are provided for ead
profiler.
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Cadlibration SurfacePlates: Polished gray paymer 5-mm by 25-mm by 75-mm plates used as
the top refledive surfacefor cdibration ched. Threeplates are provided for eat profil er.

Cadlibration Blocks: Polished bad pdymer blocks having nominal dimensions of 25-mm by
50-mmby 75-mm. Each profiler is provided with six cdibration Hocks. Each block is
engraved with its exad dimension onead faceto threededmal placesin millim eters.

2.5.4.2 Setup Profiler

Idedly, the full cdibration chedk of laser sensors shoud be performed in an enclosed
building with alevel concrete floor, with an external power source (house power) used to
power the profiler system. If cdibration ched is performed in the field, locaion where the
chedk is performed shoud protead profil er from wind and aher vibrations. The pavement
surfaceshoud be & level as possble, andlighting condtions shoud be consistent from
sensor to sensor (i.e., facevan away from the sun). An external power source shoud be used,
if possble. Thefoll owing procedures shoud be used to set up the profiler to perform the fulll
sensor cdibration chedk.

1. Ched Sensor Height: Make sure power to laser sensors has been turned off. Remove
sensor covers. With tires of the profil er resting on floor, measure distance from floor to
glassfaceof the laser sensor. This distance shoud within + 5 mm of 325mm. The
distancefrom groundto faceof the sensor shoud na change between cdi bration checks
that are performed monthly, uness ®nsors have been moved or replaced since previous
cdibration ched. Adjust sensor if required so that height from glassfaceof sensor to
groundis 325+ 5mm.

2. Clean Sensor Glass Clean glasson the bottom of ead sensor using a soft cloth and

water.

3. Elevate Vehicle: Place avan suppat block in front of ead tire, and then drive vehicle on
to the blocks such that al four tires rest onthe van suppat blocks. Figure 2.5.4.2shows
the van in the devated pasition.

4. Warm Up Eledronics. After conreding to hotse power, turn onthe mmputer (see
sedions 2.2.5.3and 2.2.5.4 and lasers. The monitor shoud show the MDR main menu.
Let equipment warm up for at least 15 minutes.

2.5.4.3 Performing Full Calibration Check

There ae two methods that can be used to perform full sensor cdibration chedk. In thefirst
method, cdibration ched onall threesensors is performed simultaneously. In the second
method, cdibration chedk is performed separately on ead sensor. Performing a full sensor
cdibration chedk simultaneously on al threesensors will reducethe time required to dothis
chedk. Both these procedures are described in this sdion.
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2002/ 7/31

Figure 2.5.4.2 Profiler ontop o suppat blocks.

Procedure to Perform Calibration Check: All Three Sensors at Same Time

1. Operator shoud be outside vehicle when cdibration chedk is performed. Operator shoud
adjust computer monitor so that it can be seen from outside the vehicle, and keyboard
shoud be placel onthe sed of the van. Do na enter vehicle, bource or bump vehicle, or
lean on \ehicle during cdibration ched.

2. Cleanthetop d the cdibration base plates, as neaded, and dace a clabration bese plate
onthe ground undr ead laser sensor, so that red laser dot on ead pate is centered
within the plates (seefigure 2.5.4.3.

Figure 2.5.4.3.Laser dat centered on lase plate.

3. Place a chibration surfaceplate ontop d ead cdibration base plate, with the long
dimension d cdibration surfaceplate parall el to long dimension d the profil er sensor
bar. Center eadh cdibration surfaceplate so that red laser dot of ead sensor is centered
onthe cdibration surfaceplate (seefigure 2.5.4.9.

4. Inthe MDR main menu, seled ‘Calibration’ to dsplay the Calibration Menu. In this
menu hghlight ‘ Sensors' and pressEnter key to dsplay the Calibration Sensor Menu that
is howninfigure2.5.4.5
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R B el
Figure 2.5.4.4 Cdli bration surfaceplate ontop d base plate.

Lensor Configuration — Changes invalidates SCF values
Calibration

Sensors. ..

sEnsor Config...

Figure 2.5.4.5.Cdli bration sensor menu.

5. Inthe Calibration Sensor Menu, hghlight * Sensor Cal Block Chk' and pressEnter key.
Monitor will display sensor cdibration screen shown in figure 2.5.4.6.

Press {— To Start

Figure 2.5.4.6.Sensor cdibration screen.
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6. Inthewindow that opens, enter the height of block as 25.0and pressEnter to close
window.

7. PressEnter key so that system will begin sampling (i.e., taking measurements on
cdibration surfaceplates that are below ead sensor). Number of samplestakenis
displayed at the battom of the screen. Computer monitor at this gage will | ook similar to
screen shown in figure 2.5.4.7.(Note: Values displayed onthe monitor for Court, Avg
Height, Avg Count, Height 1, Height 2, Dif Ht, Dif Blk will be different from those
shown in figure 2.5.4.7. Allow system to take & least 500 samples and then press
Badspacekey to stop sampling.

Press EkSp To Stop

Figure 2.5.4.7 . Realings taken on lase plate.

8. Remove cdibration surfaceplate from cdibration base plate, placeblock ontop o
cdibration base plate such that the 25 mm side of block isverticd, andred laser dot is at
the center of block. Place cébration surfaceplate ontop d the block and adjust
cdibration surfaceplate such that red laser dot will be centered onthe caibration surface
plate. Reped procedure for the other two sensors. Figure 2.5.4.8shows the 25 mm block
on cdibration base plate with cdibration surfaceplate ontop d the 25 mm block.

9. PressEnter key, alow system to take & least 500readings, and pressbadkspacekey to
stop sampling. Computer monitor at this gage will | ook simil ar to screen shown in figure
2.5.4.9.(Note: Values displayed onmonitor for Court, Avg Height, Avg Court, Height 1,
Height 2, Dif Ht, Dif Blk will be different from thase shown in figure 2.5.4.9.
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Figure 2.5.4.8.Block ontop d base plate with cdibration date ontop o block.

25.189 25.040
0,19 0,16 0,04

Press BkSp To Stop

Figure 2.5.4.9 Realings being taken on 25mm blocks.

10.Fields #1, #2and #3refer to the left, right and center sensor, respedively. Field ‘Dif Ht'
indicaes height of the block as measured by data aquisition system in the profiler. The
field ‘Dif BIk’ indicates diff erence between the height of block as measured by data
aqquisition system of the profiler and Hock height that was entered into the cwmputer. As
the adual heights of the blocks that were placel below the threesensors are not exadly
25mm, values hown in ‘Dif Ht' and ‘Dif BIk’ fields haveto be aljusted to get corred
values. Enter value shown in field ‘Dif BIk’ in computer to field * Dif Blk From
Computer’ in form PROF-5 that isincluded in Appendix D (enter for 25 mm block
position).

2-79



LTPPManual for Profile Measurements, Version 4.0, September 2002

11. Enter height of blocks that were placed below the l€eft, right and center sensorsin field

‘Actua Block Height’ in form PROF-5 (values shoud be entered in columns
correspondng to 25mm block pasition with height of block entered to threedeamal
places). Perform computations shown onform to get values in row numbers (3) and (5).

12.1f values computed in From PROF-5 for ‘Adjusted Dif BIk’ for al threesensors are

between —0.25mm and +0.25mm, all threesensors are wnsidered to have passed the
full cdibration ched at the 25 mm position, and operator shoud proceal to step 13.1f
value for ‘Adjusted Dif BIk’ is outside spedfied tolerance of + 0.25mm, sensor is out of
tolerance If asensor is out of tolerance, make sure system is warmed up,sensor glassis
clean, Hocks arelevel, van is dealy, and lighting condtions are cnsistent. Repeda test
urtil spedfied tolerancelevel isadieved for al sensors. If after five dtempts sensor(s) is
still out of tolerance, contad ICC to resolve the problem.

13. Repea steps 3 through 12for block heights of 50, 75and 100mm. For the 50 mm block

chedk, placeblocks under ead sensor such that the 50 mm side of the block is verticd.
For the 75 mm block chedk, placeblocks under eat sensor such that the 75 mm side of
the block is verticd. For the 100mm block chedk, placetwo 50mm blocks one ontop d
the other. In step 6, enter block heights as 50, 75and 100for the 50 mm, 75mmand 100
mm block pasitions, respedively. When computing ‘ Adjusted Dif BIk’ value in form
PROF-5, use gopropriate olumns for ead block pasition. If Adjusted Dif BIk™ at any of
these height positions on any sensor is outside dlowable tolerance of + 0.25mm, resolve
the isaue following procedures described in the previous gep.

Procedure to Perform Calibration Check: One Sensor at a Time

1.

Operator shoud be outside vehicle when cdibration chedk is performed. Operator shoud
adjust computer monitor so that it can be seen from outside the vehicle and keyboard
shoud be placal onthe sed of the van. Do na enter vehicle, baunce or bump vehicle, or
lean on \ehicle during cdibration ched.

Cleantop d cdibration base plate, as neaded, and dace cébration base plate onthe
ground unday laser sensor being chedked, so that red laser dot onthe plate is centered
within the plate (seefigure 2.5.4.3.

Place cébration surfaceplate ontop d the cdibration bese plate, with long dimension o
cdibration surfaceplate parall €l to long dimension d the profil er sensor bar. Center
cdibration surfaceplate so that red laser dot of sensor is centered onthe cdibration
surfaceplate (seefigure 2.5.4.9.

In the MDR main menu, seled ‘ Cdlibration’ to display the Calibration Menu. In this
menu highlight ‘ Sensors' and pressEnter key to display the Calibration Sensor Menu
shown in figure 2.5.4.5.

Highlight * Sensor Cal Block Chk’ and pressEnter key. Monitor will display the sensor
cdibration screen shown in figure 2.5.4.6.

In the window that opens, type the shortest dimension d the block that will be used for
thistest (the value will be doseto 25mm). Dimension d the block is engraved onthe
block. Block height must be typed to threedeamal places. After typing the value, press
Enter to close the window.
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7. PressEnter key, to trigger the system to begin sampling (i.e., to oltain measurements on
the cdibration surfaceplate). The number of samples taken is displayed at the bottom of
the screen. The cmputer monitor at this dage will | ook simil ar to screen shown in figure
2.5.4.10(Note: Vaues displayed onthe monitor for Count, Avg Height, Avg Count,
Height 1, Height 2, Dif Ht, Dif Blk will be different from those shown in figure 2.5.4.10.
Allow system to take & least 500 samples and then pressBadspacekey to stop sampling.

Press BkSp To Stop

Figure 2.5.4.10 Realings taken on kase plate (base plate below sensor #1).

8. Remove cdibration surfaceplate from cdibration base plate, placeblock ontop d
cdibration surfaceplate such that the 25 mm side of the block is verticd, and red laser
dot is centered onthe block. Place cébration surfaceplate ontop d the block and adjust
cdibration surfaceplate such that red laser dot will be centered onthe caibration surface
plate.

9. PressEnter key alow system to take & least 500readings, and pressbadkspacekey to
stop sampling. Computer monitor at this gage will | ook simil ar to that shown in figure
2.5.4.11(Note: Vaues displayed onmonitor for Court, Avg Height, Avg Court, Height
1, Height 2, Dif Ht, Dif Blk will be different from thase shown in figure 2.5.4.11).

10.Thefield ‘Dif Ht' indicaes height of the block as measured by data aqjuisition system in
the profiler. Thefield ‘Dif BIK’ indicates diff erence between height of block as measured
by data aquisition system of the profiler and Hock height that was entered into the
computer. Values displayed for #1, #2and #3correspondto left, right and center sensors,
respedively. (Asadual block height was entered when dang this test, values for ‘Dif Ht’
and ‘Dif Block’ do nd need to be aljusted).
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Press BkSp To Stop

Figure 2.5.4.11 Readings taken with 25mm block below sensor #1.

11.1f value displayed in field ‘Dif BIK’ for the sensor being chedked is between —0.25mm
and +0.25mm, the sensor is considered to have passed the full cdibration chedk for the
25 mmblock pasition. If sensor iswithin tolerance, go to step 12.If value shown in field
‘Dif BIk’ isoutside spedfied +0.25mm wlerance make sure system is warmed up,
sensor covers are dean, Hocks are level, van is gealy, and lighting condtions are
consistent, and reped test. Reped test until the spedfied tolerancelevel is adieved. If
after five atempts the spedfied tolerance cana be adieved, contad ICC to resolve the
issle.

12.Record value displayed in field * Dif BIK’ in the gopropriate field of Form PROF-6, which
isincluded in Appendix D.

13. Reped steps 3 through 12 wsing block heights of 50, 75and 100mm for the same sensor.
For the 50 mm block chedk placethe block under the sensor such that the 50 mm side of
the block is verticd. For the 75 mm block ched placethe block under the sensor such
that the 75 mm side of the block is verticd. For the 100mm block ched, placetwo 50
mm blocks one ontop d the other. At step 6,for ead bock pasition, enter the
appropriate block height that is engraved onthe block (enter value to threedeamal
places). For the 100mm pasition, add the heights for the two blocks that are being used
for the dhedk and enter the value. If value shown in the ‘Dif BIk® window at any of these
height pasitionsis out of the dl owable toleranceof + 0.25mm, resolve the isue
foll owing procedures described in step 11.

14. Repea cdibration ched for other two sensors foll owing procedures described in steps 1
through 13.
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2.5.5 Calibration Check of Temperature Probe

A monthly ched onthe ar temperature probe shoud be caried out. This can be performed
at the time when the full cdibration chedk onthe profil er sensorsis performed. The
procedures ouitlined for the temperature probe cdibration chedk shoud be foll owed whenever
operator observes “suspicious’ temperature readings. A NIST (National Institute of Standards
and Tedhndogy) tracedle mercury thermometer isrequired to perform thistest. Thistest
shoud be performed in the shade, using the foll owing procedure.

1. Park the profiler in the shade, and allow sometime for the vehicle to cod off if the
profil er was exposed to the sun.

2. Place ahermometer close to the temperature probe and olserve the reading of the
thermometer.

3. Reaord realing of the temperature displayed by the temperature display gauge.

If the diff erence between the two temperature readings are lessthan or equal to 2 °C, the

temperature probe is considered to be accetable.

5. If the diff erence between the two temperatures is greaer than 2 °C, repea steps 2 through
4. If the differenceis 4gill greaer than 2°C, reped steps 2 through 4 again. If the
diff erence between the temperaturesis gill greaer than 2°C consider the ar temperature
probeto be unacceptable, and contad ICC/manufadurer of probe to resolve the problem.

»

2.6 EQUIPMENT MAINTENANCE AND REPAIR
2.6.1 General Background

Resporsibility for equipment maintenance and repair rests with ead RSC. Deasions
required for proper maintenance and repair shoud be based ontesting schedule and expedited
as necessry to prevent disruption d testing. Maintenance ativiti es on the profiler shoud be
performed prior to mohili zation for testing. During atesting period there will be littl e time to
do more than the required dail y chedks prior to testing. Speafic, detail ed maintenance
procedures are cntained in the manuals provided with eat pieceof equipment (see
References). Operator must become familiar with maintenance recommendations contained
in al equipment manuals. Maintenance'repair work to be performed can be dasdfied as:
routine maintenance, preventive maintenance and urscheduled maintenance

2.6.2 Routine Maintenance
Routine maintenanceincludes work that can be performed by operator. The Daily Ched List
(seeAppendix D) includes ali st of maintenance adivities to be performed every day. These

procedures include dhedking vehicle lights, cheding under vehicle for fluid le&s, cheding
fluid levelsin vehicle and cleaning dasscovers of the sensors and phdocdl. These items are
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the most basic and easily performed maintenance measures and shoud always be dore prior
to using equipment every day. If any problems are noted, they shoud be entered in the
Profiler Log (sedion 2.7.4, which shoud be maintained in the vehicle, and appropriate
adion shoud be taken to corred noted problems.

Laser height sensors are seded unts and they will not function corredly if sed is broken.
Cradked or chipped glasswindows may cause moisture damage to occur and this can leal to
failure of sensor. If any sign of physicd damage is noted onthe sensor glass ICC shoud be
contaded to dedde on arepair procedure.

2.6.3 Scheduled Major Preventive Maintenance

Scheduled major preventive maintenance services are services that are performed at
scheduled intervals. Scheduled preventive maintenance adiviti es on the vehicle shoud be
performed foll owing manufadurer’s heavy use guidelines. These include adivities such as ail
changes that are performed every 3,000miles. Chedking of drive belts, hoses, battery cable
conredions, etc. shoud be performed when the oil i s changed in the vehicle.

The LTPPMagor Maintenance/Repair Report Form (seeAppendix D) shoud be used by
operator to report necessary services performed and will also serve to inform RSC of the
condtion d profiler onaregular basis.

2.6.4 Unscheduled M aintenance

These ae unscheduled repairs. These repairs must be reported onthe LTPPMagjor
Maintenance/Repair Report form as an urscheduled maintenance adivity. The LTPPMajor
Maintenance/Repair Activity Report shoud be cmmpleted whenever a sensor isreplaced o
repaired. The procedures described in sedion 2.2.3.4shoud be foll owed after a sensor is
replacel o repaired.

2.7 RECORD KEEPING

There ae seven types of records that shoud be forwarded to the RSC by the profil er operator.
They are:

LTPP Rofiler Field Activity Report.

Status of the Regions Test Sedions.

ProQual Reports and Profile Plots.

Profiler Log.

LTPPMajor Maintenance/Repair Activity Report.
Profiler Calibration Reports.

Laser Sensor Calibration Chedk Log.

NogkrwnNE
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A description d ead of these forms/reportsis presented in the foll owing sedions. If items
described for the Profiler Log or the LTPPMajor Maintenance/Repair Activity Report are
being recorded by operator foll owing standard operating procedures of RSC, the cmpletion
of these forms may be omitted. It is acceptable for aregionto use formsthat have adiff erent
format as long as the modified form contains al items indicated in the forms presented in this
manual.

2.7.1LTPP Profiler Field Activity Report

The Field Activity Report (form PROF-1 in Appendix D) records all adivitiesto and from a
site, aswell asadivities at the test site. Thisreport shoud befill ed ou for all travel and
testing days. For travel-only days the sedion for which traveling is being done shoud be
noted. Entering IRI readings requested onthisform is optional. If aregion kegysthisform in
vehicle and wses IRI values as a dhedk when sedionis profil ed subsequently, IRI values
shoud be entered.

2.7.2 Status of the Regions Test Sections

The Status of the Regions Test Sedions form (form PROF-2 in Appendix D) shoud befill ed
out at every test sedion. Recent maintenance or rehabilit ation adiviti es, condtion d paint
marks, missng LTPPsigns and celineaors as well as any other comments regarding the test
sedion shoud be recorded onthis form.

2.7.3 ProQual Reportsand Profile Plots

Two reports are generated for eadh test sedion by ProQual. The Summary Report contains a
statisticad summary of IRI's for different runs at atest site. The Spike Report contains a
record of spikes deteded in the pavement profile. If no spikes are deteded at a sedion, this
report is not produced. Both reports must be dtaded to the associated Field Activity Report.
If agraphicd output of profile datais obtained at a site, the printout shoud be dtached to the
asciated Field Activity Report.

2.7.4 Profiler Log
Operator shoud maintain a Profiler Log in vehicle. Format of log is snown in form PROF-3

that isincluded in Appendix D. When operator performs dail y chedks on equipment, items
needing attention shoud be noted onthe Profiler Log.
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275LTPP Major Maintenance/Repair Activity Report

Thisform (seeform PROF-4 in Appendix D) shoud befill ed when scheduled or
unscheduled maintenance or repairs are performed onthe profil er. Vehicle and equipment
operating costs are monitored with this form. This form shoud be submitted along with all
recapts for maintenance adivities.

2.7.6 Profiler Calibration Reports

After a cdibrationis performed onthe DMI, a printout of the cdi bration report shoud be
obtained. Operator shoud regularly badk upthe cdibrationlog file & past acceéerometer
cdibration values are stored in thisfile. Log fileiscdled cd_log.txt, andit islocaed in the
diredory C:\mdrsam\mdr_cd.

2.7.7 Laser Sensor Calibration Check Log
Each time afull cdibration chedk is performed onthe laser sensors, either form PROF-5 (if
al sensors are hedked simultaneously) or PROF-6 (if sensors are chedked individually)

shoud befill ed. Both forms are included in Appendix D. The cdibrationlog shoud be
maintained in athreering binder.
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3 PROFILE MEASUREMENTSUSING THE FACE DIPSTICK"

3.1 INTRODUCTION

The FaceCompany Dipstick” is amanually operated devicefor colledion o predsion
profile measurements at rates greaer than traditional rod and level survey procedures.
However, the profil e obtained from Dipstick” measurements may have ashift from the true
profil e because of systematic cumulative arorsin the Dipstick” readings. The body of the
Dipstick” houses an inclinometer (penduum), LCD panels, and a battery for power supgy.
The Dipstick™ sensor is mourted in such away that its axis and li ne passing through footpad
contact points are @-planar. The sensor becomes unbalanced as the Dipstick” is pivoted
from one leg to the other asit is moved down the pavement, causing the display to beacome
blank. After the sensor achieves equili brium, the differencein elevation between the two
pointsis displayed. Swivel footpads having a diameter of 32 mm shoud be used for all
measurements.

Each LTPPRegional Suppat Contrador (RSC) has two FaceDipsticks™; amanual Dipstick”
(Model 1500 and an automated Dipstick” (Model 2000. Both these Dipsticks™ display data
in millim eters. The spadng between the two fee of the Dipstick” is 305mm for bath
models. When the automated Dipstick" is used for data mlledtion, it shoud be used in
manual mode, with data recorded manually.

Profil e measurements on GPSand SPSsites that canna be obtained using the LTPP profil er
shoud be mmpleted using the Dipstick”. Dedsions with resped to the need for Dipstick”
measurements at these test sedions sroud be made on a cae-by-case basis by resporsible
RSC personrdl.

3.2 OPERATIONAL GUIDELINES
3.2.1 General Procedures

Dipstick” measurements are to be taken by personnel who have been trained in using the
device and are familiar with the procedures described in this manual. Data @lledion wsing
the Dipstick" is atwo-person operation, with one person ogerating the Dipstick” and the
other person recording the data. However, asingle person can colled the dataif that person
uses avoice ativated tape recorder to record the readings.

Detail ed scheduling and traffic control at test sites must be wordinated by the RSC. Traffic
control at test siteswill be provided by ether the state highway agency (in United States) or
provincial highway agency (in Canada). Layout of site shoud na be undertaken urtil all
applicable traffic control equipment isin-place
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3.2.2LTPP Procedures

Maintenance of Reaords. Operator isresporsible for forwarding all data wlleded duing
testing (seeformsin Appendix E). In addition, ogerator is also required to forward ather
records related to Dipstick” operation, which are described in sedion 3.6,to RSC.

Equipment Repairs: RSC's are resporsible for ensuring that LTPPowned equipment is
properly maintained. Dedsions required for proper maintenance and repair shoud be made
based ontesting schedule and expedited as necessary to prevent disruption d testing.

Acddents. In event of an acadent, operator will i nform RSC of incident as soonas pradicd
after mishap. Detail s of event shall subsequently be reported in writing to RSC.

3.3FIELD TESTING
3.3.1 General Background

The foll owing sequence of field work tasks and requirements provides an overall perspedive
of the typicd work day at atest sedion.

Task 1: Personrel Coordination

a  Dipstick™ crew (operator and recorder)

b: Traffic control crew supdied by state highway agency, or traffic control
contrador working for the state agency (as recommended by state highway
agency or provincia highway agency)

c. Other LTPP, State DOT, and RSC Personrel (they are observers and are
not required to be present)

Task 2: Site Inspedion
a Genera pavement condtion (within test sedion limits)
b: Identify whed paths

Task 3: Dipstick” Measurements
a Mark whed paths
b: Operational chedks on Dipstick”
c: Obtain Dipstick” measurements
d: Quality control

Task 4: Forms DS-1 through DS-7 shoud be cmmpleted for longitudinal profile
measurements. Form DS-8 shoud be completed for transverse profile
measurements. These forms are mntained in Appendix E.

On arrival at asite, operator will carefully plan adivitiesto be cmnducted to insure most
efficient utili zation d time. While many adivities can orly be acomplished by operator
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and/or recorder, it may be necessary to enlist the asgstance of other personrel at the site to
mark whed paths. In general, arrangements for this assstance shoud be made in advance by
the RSC.

Asauming that amanual distress sirvey is aso to be performed at the site, traffic control
typicdly shoud be avail able for six to eight hous. This shoud provide adequate time for
Dipstick” measurementsin bah whed paths as well as for the manual distress sirvey to be
completed. Experienced Dipstick” operators can oktain approximately 500readings/hour.

Colleding profil e datais the primary resporsibility of operator. In order to ensure that data
colleded in thefour LTPPregions areidenticd in format, certain guidelines and standards
have been establi shed for data a@juisition and handling.

3.3.2 Site Inspection and Layout - Longitudinal Profile M easur ements

The pavement must be dea of ice snow, and puddles of water before profil e measurements
can be taken with the Dipstick”, as such conditions can affed profil e measurements. Podls of
water can passbly damage dedronicsin the Dipstick” and must be avoided either through
adjusting schedule of profili ng trips, or by delaying adual measurements until acceptable
condtions exist.

The longitudinal Dipstick” measurement procedure mnsists of performing an elevation
survey in ead whed path, and wsing transverse measurements at the sedion endsto form a
closed loop.Asill ustrated in figure 3.1, measurements dart at Station 0+00in the right whed
path and procee in the diredion d traffic toward end d sedion. At end d sedion,
transverse measurements are made to the end pant of survey linein left whed path. A 0.61
m diameter closure drcle aoundthis paint is used to close transverse measurements on this
start locaion for measurements in the left whed path. Longitudinal measurements are then
performed in the left whed path bad to Station 0+00. Transverse measurements and closure
circle ae used to close the survey onthe starting point. This procedureis designed for a
152.4m test sedion; however, the concept can be gplied to test sedions of any length.

If acceptable mnditi ons are present to perform the Dipstick” measurements, clean bah whed
paths of loose stones and debris to prevent sli ppage of the Dipstick” footpads during
measurements. The first step in the site layout isto locae the whed paths, where eat whed
path islocaed at a distanceof 0.826m from the canter of travel lane. Use following
procedure to locate center of travel lane;

Case l: Where whed paths are eaily identified, midway point between two whed
paths shoud be used as center of lane.

Casell: If whed paths are nat clealy identifiable, but two lane edges are well
defined, center of travel laneis considered to be midway between two lane edges.
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Case lll : Where whed paths are nat apparent and orly one lane alge can be dealy
distinguished, center of lane shoud be established at 1.83m from that edge.

Once cater of travel lane has been identified, use following procedure to layout site:

1

2.

Identify location d two longitudinal elevation survey lines 0.826m from center of lane.
Mark these locations at intervals equal to length of chalk line used for marking. Use
chalk line to mark a straight line between previously established pants. Start locaion
shoud belocated so that badk edge of the Dipstick” footpad is located immediately
adjacent to leare edge of white stripe & beginning of monitoring portion d test sedion.
If thislocaionis not marked with a stripe, the start locaion shoud be establi shed at
Station 0+00. Using a tape measure (measuring wheds are nat acceptable), carefully
measure length of ead longitudinal elevation survey line to establish end pantsat 152.4
m, or at spedfied length for test sedionsthat are nat 152.4m long, from the previously
establi shed start locaion. An acarrate measurement of thislength isrequired sinceit is
used as aquality control chedk onthe measurement process
At Station 0+00 wse a talk lineto mark atransverse line cnreding the endpants of the
two longitudinal elevation survey lines. In right whed path, mark a0.61m diameter
circle centered onthe first measurement point. This closure drcle will be used for
completion d elevation survey loop.
At end pant marks placed at Station 152.4m, or end d test sedion, wse a talk lineto
mark atransverse line mnneding the endpants of the longitudinal elevation survey lines.
Mark a0.61m diameter circle centered onthe measurement point located in the left
whed path at thislocaion. This closure drcle will be used for completion o elevation
survey loop.
Note on data wlledion shed or field naebook, method sed to establish locaion d lane
center and any discrepancies between painted and measured sedion end locaions. This
information will help to colled consistent datain future profil e measurements at that
sedion.

3.3.3 Dipstick"” Operation for Longitudinal Profile M easurements

3.3.3.1 Pre-operational Checks on Dipstick”

Chedks to be performed onthe Dipstick" prior to testing are described in this sdion.

1.

Chedk condition of foatpads and replaceif necessary with extra set in the Dipstick” case.
Clean and lubricae ball and socket joints on the footpads to insure smoaoth pivoting of
instrument. When joint is dirty, pivoting becomes difficult and sli ppage of footpad can
occur. A cleaning agent such as WD-40 a alight oil for lubricationwill work for the
ball and socket joint.

If using Model 1500Dipstick”, install afresh set of rechargeable batteriesin the
instrument and seaurely close battery compartment. The batteries in this unit haveto be
taken out in order to recharge them. The Model 2000Dipstick” is equipped with
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rechargeabl e batteries that can be charged whil e the batteries are still within the unit. If
the batteries have not been charged owvernight, install afresh set of rechargeabl e batteries
in the instrument and seaurely close battery compartment. Batteriesin either of these
units shoud be changed after 4 hous of usage to insure cntinuity of measurements. The
Model 1500Dipstick” is powered with 9 vdt batteries, whil e the Model 2000Dipstick”
is powered with AA size batteries An extra set of rechargeable batteries shoud be kept
on handfor ead o these units.

Ched andif necessary, re-tighten hande on the instrument.

Perform Zero Chedk and Cali bration Chedk, which are described next. According to
manufadurer, cdibration ched is needed orly if adjustments were required during the
zero chedk. However, for LTPPrelated measurements, bah the zero and cdibration
chedks are required at the beginning of data @lledtion. The Dipstick~ shoud be fully
asembled, turned on,and all owed to warm up for several minutes prior to performing
these two chedks.

B w

Manual Dipstick” (Model 1500)

Zero Chedk (Model 1500

Form DS-7 included in Appendix E shoud befill ed when thistest is carried ou. A zero
verificaionis performed by thistest. Test shoud be performed onasmoath, clean locaion
where instrument can be properly positioned (carrying case for the Dipstick”, or aflat board
will suffice). After pasitioning the Dipstick” draw two circles aroundfoatpads and nde
reading on dsplay at switch end (reading = R1). Theinstrument shoud then be rotated 180
degrees and the foatpads placed onthe two circles that were drawn ealier; note reading
obtained at switch end (reading = R2). If readings from the two placaments (R1 and R2) add
up to within +0.1 mm, the Dipstick” has passed the zero ched. If they do nd fall within
these limits, zero adjustment is necessary. The zero adjustment shoud be performed using
the following procedure:

1. Obtain average of two Dipstick” readings; e =0.5(R1 + R2)

2. Subtrad average value from R2 reading to oltain R20; R20=R2- e

3. With Dipstick" still i n R2 reading position, loosen the set screw and adjust start/end @n
up a down so that display reads R20.

4. Tighten set screw, rotate the Dipstick” bad to R1 reading position and read display at
switch end (reading = R10).

5. Addition d R1loand R2orealings shoud be within tolerance if not, repea adjustment
procedure until two readings are within tolerance

This s the only adjustment operator is all owed to make on the Dipstick”.
Calibration Ched (Model 1500

Calibration d the Dipstick” isfixed duing manufaduring and canna be dtered by the user.
User can verify cdibration against a standard cdibration Hock that is provided with the
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Dipstick”. After zero chedk and adjustments are performed, cdibration o devicemust be
chedked. Form DS-7 (seeAppendix E) shoud be mmpleted when thistest iscaried ou. To
chedk cdibration, nde the Dipstick" reading and gacethe 3.2mm cdibration Hock under
one of the Dipstick” foot pads. The reading displayed minus 3.2 shoud be within +0.1mm
of previous reading. If thistoleranceis nat obtained, aLTPPMajor Maintenance/Repair
Activity Report (Form DS-10in Appendix E) shoud be completed and the FaceCompany
shoud be mntaded through RSC officeto repair Dipstick".

Automated Dipstick” (Model 2000)

Zero Chedk (Model 2000

This ched shoud be performed ona smoath, clean and stable location (carrying case for the
Dipstick” or aflat board will suffice) where the instrument can be properly pasiti oned.
Circles dal be drawn aroundthe two footpads and the CAL button depressed orce The
instrument shoud then be rotated 180 akgrees and the two footpads placel in the drcles
drawn ealier. The CAL button shoud again be depressed orce The display will flash ‘CAL’
threetimes after which the aror isautomaticdly stripped ou of the readings. Note the
reading at switch end o Dipstick”. Rotate Dipstick” and dacetwo footpadsin the drcles,
and nderealing at switch end. If the two realings that were noted add upto within +0.1 mm,
the Dipstick” has passed the zero chedk. The zero chedk can orly be performed orce. If
ched is not successul, the Dipstick” must be turned off, turned badk on, and the zero chedk
repeded. A chedk mark shoud be placel onForm DS-7 (seeAppendix E) at the gpropriate
locaionto indicae that the zero chedk was performed.

Cali bration Chedk (Model 2000
Foll ow procedure described for the manual Dipstick” (Model 1500 to perform this chedk.
Form DS-7 (seeAppendix E) shoud be cmpleted when thistest is caried ou.

3.3.3.2 Longitudinal Profile Measurement

Complete header information onform DS-1 (SeeAppendix E). The foll owing procedures
shoud be foll owed to colledt longitudinal profil e data using the Dipstick”.

1. To start profile measurement, Dipstick” shoud be placel onmarked survey linein RWP
(right whed path) at Station 0+00, with start arrow pointed forward in dredion o traffic.

2. After reading stabili zes, it shoud be recorded under the right whed path column onForm
DS-2 (included in Appendix E) onthe row correspondng to Reading Number 1. The
Dipstick” shoud then be rotated to the next measuring point using a dockwise rotation.
After reading has gabili zed, it shoud be recorded onthe next row of Form DS-2 |abeled
Reading Number 2. This procedure shoud be repeded for entire length of test sedion.
During measurements, the following precaitions and procedures shoud be foll owed:

(& Alwaysuse a tockwise rotation.
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(b) Hande of Dipstick” shoud be held in averticd positionwhen taking
measurements.

(c) Lateral pressure shoud na be gplied to handle during a measurement.

(d) If at aparticular placement, afoatpad will fall into awide aad or apatholein the
pavement, avoid pladng the foatpad into such afedure. If such a condtionis
encourtered, dfset the placanent of the foatpad so it will rest on the pavement that
is adjacent to the feaure.

(e) If for any reason measurements must be stopped, circles sroud be drawn around
both foot pads with the start arrow in the diredion o traffic a last measurement
position. When restarting, the Dipstick"” shall be returned to this position and
adjusted so that current measurement agrees with the measurement prior to
stoppage.

(H Ifitisnat posgbleto mark the footpad pasitions prior to stoppage or to successully
repositi on the Dipstick” in the same pasiti on, then data must be discarded and the
measurement procedure restarted from the beginning.

3. After last measurement in right whed path at Station 152.4m, the location d the front
Dipstick” foot shoud be mmpared to the pre-measured end pant location. If front foat is
within 152mm of marked end pant locaion, proceal with transverse dosure
measurements asindicated in step 4. If front foot is not within thisinterval, perform the
foll owing:

(@ Draw circlesaroundead foot and nde diredion d start arrow.

(b) Chedk data shedsfor skipped or missng measurements.

(c) If noapparent anomalies are present in data, remeasure length o longitudinal
survey lineto verify position o end pant. If reemeasured locaion o end pant is
within 152mm of front foot of the Dipstick", remark transverse line & this location
and proced. If end-paoint is nat within 152mm of the Dipstick" front foot, discard
data & susped and restart survey from Station 0+00.

4. After locaion d last measurement in right whed path hes been verified, transverse
closure measurements shoud beinitiated by rotating rea foat of the Dipstick” toward left
whed path and dadng it on pre-marked transverse dosure line. Measurements along
transverse dosure line shoud be recorded in the table labeled * Transverse Closure
Measurements from Right Whed Path to Left Whed Path at Station 152.4m’ locaed at
the bottom of form DS-6 (included in Appendix E). When the Dipstick” reades point in
which next measurement along transverse survey line passes locaion d left whed path, it
shoud be rotated so that the foat pad rests at any point onthe dosure drcle (CC). After
recording this measurement in the column labeled 5-CC, rotate device so that foat pad
rests ontop d intersedion between the longitudinal survey linein the left whed path and
the transverse dosure line. Record this measurement under CC-LWP. This procedureis
illustrated in figure 3.1.

5. Begin measurements down longitudinal survey linein left whed path, recording them in
column labeled LWP on forms DS-6 through 2. These measurements will be entered in
reverse order from those in RWP.

6. When last measurement in left whed path is made & Station 0+00, \erify that position o
front Dipstick” foot iswithin 152mm of end pant. If nat, follow procedures for end
point verification previously discussed for the measurements in right whed path. If a
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problem is foundwith amissing or skipped measurement or final location o Dipstick"” in
left wheel path, measurementsin left whed path shoud be discarded as susped and
survey restarted at beginning point in the left whed path.

7. After locaion d last measurement in left whed path has been verified, transverse dosure
measurements soud be initiated by rotating rea foot of Dipstick” toward right whed
path and dadng it on pre-marked transverse dosure line. Measurements along transverse
closure line shoud be recorded in the table labeled * Transverse Closure M easurements
from Left Whed Path to Right Whed Path at Station 0+00' located at the bottom of form
DS-2 (included in Appendix E). When the Dipstick” reades point in which rext
measurement along transverse survey line passeslocaion d right whed path, it shoud be
rotated so that the foot pad rests at any point onthe dosure drcle (CC). After recording
this measurement in the wlumn labeled 5 CC, rotate device so that foot pad rests ontop
of intersedion ketween the longitudinal survey linein the right whed path and the
transverse dosure line. Record this measurement under CC-RWP. This procedureis
illustrated in figure 3.1.

3.3.3.3. Post Data Collection Check

After completing survey, operator must condict the zero and cdi bration chedks. For manual
Dipstick” (Model 1500, obtain readings R1 and R2 as described in zero chedk in sedion
3.3.3.1.Redlings from the two placements (R1 and R2) shoud add upto within + 0.1mm in
order to passthe zero chedk. If the aldition d the two realings is outside these limits, the
device hasfailed the zero chedk.

For automated Dipstick” (Model 2000, placeDipstick” onasmooath, clean and stable
location (carrying case for the Dipstick” or aflat board will suffice) where the instrument can
be properly positioned. Draw circles aroundthe two footpads, and nde realing at the switch-
end d the instrument (R1). Then rotate instrument 180 degrees and dacethe two footpads in
the drcles that were drawn ealier. Note the reading at the switch-end o the Dipstick” (R2).
The two readings (R1 and R2) shoud add upto within + 0.1 mm in order to passthe zero
ched. If the aldition d the two realingsis outside these limits, the device has fail ed the zero
che.

For both manual Dipstick” (Model 1500 and automated Dipstick” (Model 2000, the
cali bration chedk shoud be performed as described in sedion 3.3.3.1for the manual
Dipstick”.

Results from zero chedk as well as cdibration chedk shoud be entered onForm DS-7 (see
Appendix E). Based onresults from these thedks, follow one of the goplicable procedures
presented below:

1. If Dipstick™ fail s zero chedk, data shoud be discarded as susped and ancther survey

shoud be performed.
2. If Dipstick” passes zero chedk, bu fail s cdibration chedk, data shoud be discarded as
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susped and the FaceCompany shoud be mntaded for repair, as discussed under
cdibration chedk in sedion 3.3.3.1 bthis manual.

3. If Dipstick” passes both tests, the dosure a@ror computations that are described in sedion
3.3.3.4shoud be performed.

If Dipstick” fail ed zero chedk, but can successully be aljusted to passzero cheek and also
passes the cdi bration ched, another survey shoud be performed.

3.3.3.4 Closure Error Computations
The following procedures shoud be foll owed when performing closure eror computations.

1. Closure eror computations must be performed in the field prior to leaving site.

2. Redalingsin ead column onforms DS-2 through 6 (seeAppendix E) shoud be summed
andrecorded in last row of ead column. Measurements in transverse dosure
measurement tables onforms DS-2 and DS-6 (seeAppendix E) shoud be summed acoss
row and entered in last column.

3. Column summations soud be entered orto form DS-1 (seeAppendix E) in locdions
correspondng to labels srown in ead summation cdl.

4. Onform DS-1 (seeAppendx E), elevation sumsin the RWP and LWP shoud be alded
together and recorded in indicaed cdls.

5. Transverse sums $oud then be alded to ead of these sums and the result recorded in
the total row at bottom of closure clculationtable.

6. Two totals roud then be added together and the result entered into cdl | abeled closure
error.

7. If closure aror isnat within £76 mm, data shoud be discarded as susped and test sedion
re-surveyed urtil closure aror iswithin alowable limits.

3.3.4 Site Inspection and Layout - Transver se Profile M easur ements

Pavement must be dea of ice snow, and puddies of water before profil e measurements can
be taken with the Dipstick”, as such conditions can affedt profil e measurements. Poals of
water can possbly damage dedronicsin the Dipstick” and must be avoided either through
adjusting schedule of profili ng trips, or by delaying adual measurements until acceptable
conditions exist. Layout and mark straight lines for transverse profil e measurements. Lines
shall be perpendicular to edge of pavement and locaed at 15.24m intervals, starting at
station Oand ending at station 152.4m (or end d sedionif length of test sedionsis diff erent
from 152.4m). For ead test sedion (GPSor SPS, eleven transverse lines will be present.
Location d theselines shoud be aljusted to avoid pavement markings and aher anomalies
such as patches and pdahades. The need for and magnitude of such adjustmentsisto be
recorded onappropriate data sheds. Transverse profil e measurements dall be performed
when manual surveys are mndcted onasphalt surfaceal pavements. Transverse profile
measurements are not required for rigid pavements.
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3.3.5 Dipstick” Operation for Transverse Profile M easur ements

3.3.5.1 Pre-operational Checks on Dipstick"”

Operator shoud chedk equipment using procedures described in sedion 3.3.3.1Chedks will
include both the zero ched and the cadibration chedks. Operator shoud fill out the LTPP
Dipstick” Data Colledion Form DS-7 (seeAppendix E).

3.3.5.2 Entering Header Information in Transverse Profile Form

After performing the pre-operational chedks on the eguipment, the operator shoud fill the
header information in the Transverse Profil e Data Coll edion Form (Form DS-8 in Appendix
E). The healer fieldsin the form that shoud befill ed, as well as guidelines for filli ng these
fields are provided in this edion. Asthisinformationis used in ProQual, it isimportant that
the operator foll ow these guideli nes when filli ng the header information.

State Code: State mde of state in which the site islocaed.

LTPP SdionID: Four digit LTPP SdionID of site.

Date: Current date.

Time: Current time, use military format (e.g., 0930, 1530 etc).

Dipstick” Serial #: Five digit serial number on bese or side of Dipstick” (e.g., 3002).
Dipstick” Mode #: 1500for manual model and 2000for automated model (new unit).
Operator: First and last initial of operator in capital letters (e.g., JD).

Reoorder: First and last initial of recorder in capital letters (e.g., AM)

Site Type: GPSor SPS

Visit: Sequential visit identifier. (e.g., A for first visit to site, B for second \isit, C for third
visit etc).

SurfaceType: A-CC for asphalt surfaced pavements and P-CC for portland cement concrete
surfacad pavements. Transverse profil e measurements are not usually performed on patland
cement concrete pavements.

Condtion: Enter condtion d pavement as either V.GOOD, GOOD, FAIR or POOR (use

capitd letters). Use foll owing gquidelinesto seled condtion.
V. GOOD- Pavement does not show any distress
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GOOD- Pavement exhibits few visible signs of surfacedeterioration. Pavement may show
low severity cracs.

FAIR — Typicd distresses can include the following in alow to medium severity: rutting,
transverse and longitudinal cradking, block cradking, fatigue, edge aadking, and petching.
POOR — Typicd distresses can include the foll owing in amedium to high severity: rutting,
transverse and longitudinal crading, block crading, fatigue aading, patching and pdhaoles.

Road Name: Highway or route designationin capital letters (e.g., INTERSTATE 57, US 395,
S.R. 31).

Lane: Circle ather ‘Outside’ or ‘Inside’. Outside lane is the outermost traffic lane. Nealy all
LTPPsedions arelocaed in the outside lane. Inside laneis any lane that is not an ouside
lane.

Diredion: Diredion shoud be NORTH, EAST, WEST or SOUTH (use caital |etters).

Clouds: Valid entriesfor thisfield are CLEAR, P. CLOUDY, or CLOUDY (use caital
letters). Use following quidelinesto seled an appropriate entry to thisfield. CLEAR — Sunry
sky, P. CLOUDY —Sunis sometimes covered by clouds, CLOUDY — Sun canna be
observed.

Temperature: Pavement temperature in Centigrade obtained using an infrared device.

Weaher Comment: Any additional comments abou the weaher condtions at the time of
testing. ProQual contains the foll owing predetermined comments, bu the aew isnat limited
to the use of these omments exclusively: CONDITIONS OK, STEADY CROSSNIND,
WIND GUSTS, HOT AND HUMID, HAZY, LOW SUN ANGLE. Use caital lettersfor
wedher comment.

3.3.5.3 Transverse Profile Measurement

Dipstick” transverse profile measurements sall be wlleded at 15.24m intervals darting at
station 0+00. Elevations for each transverse profil e location will be measured from outside
edge of pavement and shoud extend ower full |ane width, with adual distance depending on
lane width and pavement striping. Starting point shoud be junction d transverse
measurement line and inside edge of white paint stripe dong outside edge of the lane. If no
outside alge stripeis present, or if outside edge stripe is on the shouder, then beginning
point shall be ather shouder-lane joint or apoint approximately 0.91m from center of
outside whed path. A comment shoud be entered in the data shee commenting on hav
starting point was determined. The starting point on subsequent surveys shoud be the same.
Theinitial elevationisarbitrarily established as ‘ zero’ and subsequent realings are recorded
relative to this benchmark. The cmbination d these measurements provide ameasure of
pavement cross sope.
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To begin transverse profil e measurements, Dipstick” is place at outside elge of pavement
starting at Station 0+00 with start arrow pointed towards pavement center line. Measurements
shoud be recrded onthe Transverse Profil e Data Coll edion Form DS-8 (seeAppendix E).
Operator shoud complete two runs per transverse profil e of ead LTPPsedion; one run up
the transverse line and areturn along same line to complete a ¢osed loop survey.

After the last transverse profil e measurement is completed, enter any additional comments on
the last line of the form. The comment shoud be entered in capital letters (e.g., ELEVEN
DATA POINTS DUE TO HEAVY TRAFHC).

3.3.5.4 Post Data Collection Check

After completing survey, operator must conduct zero and cdi bration chedks. For manual
Dipstick” (Model 1500 obtain readings R1 and R2 as described in zero chedk in sedion
3.3.3.1.Redlings from two placements (R1 and R2) shoud add upto within + 0.1 mm. to
passthe zero ched. If the aldition d the two realings is outside this limit, the device has
fail ed the zero ched.

For automated Dipstick” (Model 2000, placeDipstick” onasmooath, clean and stable
location (carrying case for the Dipstick” or aflat board will suffice) where the instrument can
be properly paositioned. Draw circles aroundthe two footpads, and nde realing at the switch-
end d the instrument (R1). The rotate instrument 180 degrees and dacethe two footpadsin
the drcles that were drawn ealier. Note the reading at the switch-end o the Dipstick” (R2).
The two readings (R1 and R2) shoud add upto within + 0.1 mm in order to passthe zero
ched. If the aldition d the two realingsis outside these limits, the device has fail ed the zero
che.

Results of these chedks shoud be entered onForm DS-7 (seeAppendix E). Based onresults
from these dhedks, foll ow one of the gopli cable procedures presented below:

1. If Dipstick™ fails zero chedk then data shoud be discarded as susped.

2. If Dipstick” passes zero chedk, bu fail s cdibration ched, data shoud be discarded as
susped and FaceCompany shoud be mntaded for repair, as discussed under cdibration
ched in sedion 3.3.3.1 @ this manual.

3. If Dipstick” passes both tests, the dosure @ror computations that are described in sedion
3.3.5.4shoud be performed.

If Dipstick” fail ed zero chedk, but can successully be aljusted to passzero chedk and also
passes cdibration chedk, another survey shoud be performed.
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3.3.5.5 Closure Error Computation

Thetotal acawmulated error in atransverse profil e is establi shed by a dosed loopsurvey. The
forward and return run along atransverse lineis utili zed to compute this error. At ead
station, sum the readings for the forward and return runs sparately, and record the valuesin
‘Sum’ column of Form DS-8. Then at ead station, add the valuesin * Sum’ column for the
forward and return run, and record the result in the * Closure’ column. At ead station, for
ead Dipstick® realing, add the reading for the forward and return run, and record the value
inthefield ‘Difference.

To compute the dl owable dosure eror for atransverse profil e run, multi ply total number of
Dipstick® readings (sum of number of readings for forward and return run) by 0.076(0.076
mm is all owable aerage eror per one Dipstick® reading). The dlowable dosure aror for
typicd lane widths that are encourtered are givenintable 3.1

If the dosure aror for atransverse profil eis outside the dl owable range, those data shoud be
discarded and measurement of the transverse profil e repeaed. The value in the * Diff erence
field at a spedfic position gives the diff erencein readings between the forward and return
runs at that position. Thisinformation can be used by the operator to identify locations where
problem readings may be occurring.

Table 3.1.Allowable dosure arors for transverse Dipstick® measurements

Lane Width Total Number of Allowable Closure
(m) Dipstick® Readings Error (mm)
3.05 20 +/-1.5
3.35 22 +-1.7
3.66 24 +/-1.8
3.96 26 +/-2.0

If after several reped runs at a station(s), a dosure eror within allowable valueis not
obtained, and Dipstick” is able to passpost data mll edtion chedks, enter a @mment on why
closure aror isoutside the dl owable value (e.g., ROUGH SURFACE TEXTURE MADE
CLOSURE DIFHCULT).

3.3.6 Data Backup

The importance of safeguarding Dipstick” data cainat be overstated. Badk-up copies of the
Dipstick” data must be made withou exception after completion o data wlledion at the
ealiest time possble. A minimum of two complete @pies shall be made of all Dipstick”
data. One copy will be transmitted by mail to the RSC officewhil e the seaond copy will be
retained by operator in casefirst copy islost in mail.
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3.4 CALIBRATION
3.4.1 General Background

To ensure that the Dipstick” is operating properly, the zero and cdli bration chedks described
in sedion 3.3.3.1are performed. If Dipstick" fail s cdibration chedk it shoud be returned to
manufadurer for repair.

The RSC shoud ensure that the gauge block used for cdibration chedk is cdibrated annually
to an acaracy of 3.18+ 0.03mmusing alocd cdibration laboratory or a cdibration
micrometer. Calibration d gauge block may need to be performed more frequently,
depending on (1) presenceof oxidation, (2) evidenceof erosion, and (3) possble damage
caused by acddental mishanding in field. If the cdibration Hock is nat within an acaracy of
3.18+ 0.03mm, anew block that satisfies the aiteriashoud be obtained.

If cdibration Hdock (gauge block) thicknessis not within 3.18+ 0.03mm, all data wlleded
sincelast chedk of block are susped and may have to be disregarded.

3.4.2 Calibration Frequency

The zero and cdibration cheds $houd be amnducted by operator prior to and after any
Dipstick” measurements. Procedures for performing pre-operational zero ched and
cdibration ched are described in sedion 3.3.3.1Procedures for performing paost-operational
zero chedk and cdibration chedk are described in sedion 3.3.3.3If Dipstick™ fails
cdibration ched, approval from an RSC enginee is required before shipping equipment to
manufadurer.

35 EQUIPMENT MAINTENANCE AND REPAIR
3.5.1. General Background

Scheduled preventive maintenancewill serve & ameans of ensuring proper operation o
equipment, aswell as, identifying potential problems. Timely identification o problems will
help to avoid costly delays or incompl ete data that could result from on site equipment
malfunction. Time cnstraints on the profil e testing program require that maintenance
adivities be performed prior to mohili zation for testing. During testing, it is necessary that
operator be mnstantly aware of proper functioning of equipment. There will belittl etimeto
acomplish more than the required initial chedks at site in preparation for test day. Therefore,
thereis a paramount need for preventive maintenanceto be performed as aroutine function at
the end d ead test day.

Minimizing rate of equipment deterioration is the resporsibility of the RSC and individual
operators. Spedfic, detail ed maintenance procedures are @ntained in the manuals provided

3-15



LTPPManual for Profile Measurements, Version 4.0, September 2002

with ead individual pieceof equipment, and operator must become intimately familiar with
the maintenance recommendations contained in these manuals. This ®dionisintended to
reinforcethe concept of maximum equipment dependability, which is criticd to the

eff edivenessof the LTPPprogram.

It isnaot the intention d this guide to supersede manufadurers minimum services and service
intervals, bu to provide supdementary servicerequirements. Where there is a conflict
between this guide and the manufadurers' instructions, the more stringent requirements
shoud be followed.

3.5.2 Routine Maintenance

Routine maintenanceincludes thase functions that can be eaily performed by operator with
minimal disassembly of the device. Routine maintenancefor the Dipstick” includes cleaning
and lubricaion d ball and socket joints onfootpads, replacement of batteries and cleaning of
battery contads. These items are basic and easily performed preventive measures and shoud
always be completed prior to and after operation d equipment.

The following list of pre and past operation preventive maintenanceitemsis not complete,
but isintended to show the extent and dktail required before operation chedks are performed.
Thislist of itemsis nat to supersede manufadurers minimum requirements for warranty
compliance

1. Exterior: Chedk general appeaance glassdisplay (shoud be dean), ball and socket joint
for footpads (shoud be properly lubricated).

2. Accesgries. Be sure alequate suppies of consumables are on hand (e.g., Batteries, WD-
40).

3.5.3 Scheduled Major Maintenance

Scheduled major preventive services shal i nclude much more than routine chedks and will
require some disassembly of equipment by personrel with technicd capabiliti es beyond skill
of operators or RSC staff. The LTPPMagjor Maintenance/Repair Report DS-10 (see
Appendix E) shoud be used by operator to report performance of necessary services. This
form will also serveto inform RSC of condtion d Dipstick™ onaregular basis. Items such
as battery conredor replacement would fall i nto the major maintenance caegory.
Appropriate serviceintervals are outlined in the equipment manufadurer’s manual.

3.5.4 Equipment Problems/Repairs

Regardlessof the quality of the preventive program, there will probably be eguipment
failures during the LTPPprogram. When these occur, it is extremely important that repairs or
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replacament of items be acomplished in atimely fashion. During periods when thereisno
scheduled testing, these problems are eaily handled. However, if they occur during

mohili zation a while on-site, significant problemsin scheduling and coordination could
develop. To help minimize impad of equipment problems, it is essential that operator
immediately natify RSC and any other agencies or individuals as necessary.

Resporsibility for equipment maintenancerepair adivity rests with ead RSC. However,
RSC shoud keep LTPPstaff informed of any major problems concerning equipment. When
repairs are necessary and must be performed by an ouside ayency, operator will report this
information onthe LTPPMagjor Maintenance Report form as an urscheduled maintenance
adivity. Detail s of circumstances during field testing related to this maintenance adivity
shoud be noted onappropriate data sheds.

3.6 RECORD KEEPING
Dipstick” operator will be resporsible for maintaining the foll owing Forms/Reaords.

1. For Longitudinal Profile Measurements. Longitudinal Profile Forms DS-1 through
DS-6.

2. For Transverse Profile Measurements. Dipstick” Data Colledion Form -
Transverse Profile, Form DS-8.

3. Zero and Cadlibration Chedk Rewords (form DS-7) for bath longitudinal and
transverse profil e measurements

4. Magor Maintenance/Repair Report, Form DS-10.

All these forms are included in Appendix E. Each o these records dhall be kept in upto-date
files by eath RSC with ore complete set kept onfile & the regional office A description o
ead o these formsfoll ows.

3.6.1 Longitudinal Profile Measurements (Forms DS-1 through DS-6)

Forms DS-1 through DS-6 shoud befill ed at every sediorn/projed where longitudinal profile
measurements are performed with a Dipstick”. Comments sdionin this form shoud include
any downtime and any fadors that might affed coll eded test data. Names and aganizations
of other personnel present at site shoud be included in this form. Names of these personrel
will be invaluable if an acddent occurs at test site. Original of these forms doud be kept by
operator with a copy forwarded to RSC.

3.6.2 Transver se Profile M easur ements

The form DS-8 should befill ed at every sedion where transverse profil e measurements are
performed with a Dipstick™. Foll ow guidelines presented in sedion 3.3.5.2o0 fill the header
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fieldsin thisform. Original of thisform shoud be kept by operator with a wpy forwarded to
RSC.

3.6.3 Zero and Calibration Check Form

Thisform DS-7 shoud be completed whenever the zero and cdibration chedks are caried
OUL.

3.6.4LTPP Major Maintenance/Repair Report

When any major maintenanceor repair must be performed by an ouside ayency, the LTPP
Major Maintenance/Repair Activity Report (Form DS-10) must be completed.
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4 PROFILE MEASUREMENTSUSING THE ROD AND LEVEL

4.1 INTRODUCTION

Therodandlevel can be used to acarately measure profil e of a pavement. This data can be
used to evaluate roughnessof pavement by computing a roughnessindex such asthe
International Roughnessindex (IRI). In computing roughnessindices, only relative devations
and nd absolute devations are nealed. The guidelinesin this dion can be gplied to
conventional survey equipment such as an opticd level and graduated staff which requires
readings to be manually recorded as well as automated equipment that are caable of
automaticdly storing measured deta.

4.2 OPERATIONAL GUIDELINES
4.2.1 General Procedures

Detail ed scheduling and traffic control at test sites must be wordinated by RSC. However, al
traffic control adivities at test siteswill be performed by personnel from either the state or
provincia highway agency. Layout of test site shoud na be undertaken urtil all applicable
traffic control devices arein-place

4.2.2 Equipment Requirements

Therodandlevel used in routine surveying and road construction will generally not have
resolution reeded for pavement profil e measurements. For pavement profil e measurements,
predsion leveling instruments are required. Instrument used for profil e measurement shoud
satisfy resolution criterion given in table 4.1, which was obtained from the ASTM Standard
on Measuring Road Roughnesshy Static Level (12).

Table 4.1. Resolution requirement for rod and level measurements.

IRl Range Resolution

(m/km) (mm)
0<=IRI <0.5 0.125
0.5<=IRI<1.0 0.25
1.0<=1RI <3.0 0.5
3.0<=IRI <5.0 1.0
5.0<=IRI<7.0 1.5
IRI>=7.0 2.0
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Rod wsed shoud be equipped with abuble level so that it can be acarately held verticdly.
A suitable base may be seleded for rodin order to reduce sensitivity to small variationsin
rod dacement. For smocth textured pavements, any type of base is uitable. For textured
surfaces a drcular pad with adiameter of at least 20 mm is recommended (12). Asonly
relative devations are required for computing roughnessindices, nocorredionisrequired if a
pad is attached to batom of rod.

4.2.3LTPP Procedures

Maintenance of Reaords. Operator isresporsible for forwarding al data wlleded duing
testing to the RSC.

Acddents: In event of an acadent, operator will i nform RSC of incident as soonas pradicd
after mishap. Detail s of event shall subsequently be reported in writing to RSC to assst in
any insurance daim procedures.

43 FIELD TESTING
4.3.1 General Background
The foll owing sequences of field work tasks are required.

Task 1: Personrel Coordination

a Personrel for rodand level survey.

b: Traffic control crew supgied by state or provincia highway agency or
traffic control contrador working for state agency (as recommended by
state or provincial highway agency).

c. Other LTPP, State DOT, and RSC personrel (they are observers and are
not required to be present).

Task 2: Site Inspedion
a Genera pavement condtion (within test sedion limits).
b: Identify whed paths.

Task 3: Rod and Level measurements.
a  Mark whed paths.
b:  Obtainrodandlevel realings.

To measure pavement profil e using rod and level, two persons are needed. One personis
needed to hdd rod (rod-person) and anather to operate level and take readings (instrument
operator). If level isnat capable of automaticdly recording readings, having an additional
person (record keeper) to record readings will make the processquicker.
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According to ASTM Standard onMeasuring Road Roughnessby Static Level (12), an
experienced crew of threewould require lessthan 10semnds to oltain orerealing. This
involves positioning of rod by rod-person, reading level by instrument operator and recording
of measurements by record keeper.

4.3.2 Site Inspection and Preparation

The two whed paths in the outside travel lane shoud be marked using the following
procedure.

1. Clea areaof bath whed paths of loose stones and debristo prevent slippage of rod
during measurements.
2 Identify location d two longitudinal elevation survey lines 0.826m from center of lane.

Case l: Wherewhed paths are eaily identified, midway point between two whed
paths shoud be used as center of lane.

Casell: If whed paths are nat clealy identifiable, but two lane edges are well
defined, center of travel laneis considered to be midway between two lane edges.

Case lll : Where whed paths are nat apparent and orly one lane alge can be dealy
distinguished, center of lane shoud be established at 1.83m from that edge.

3. Mark theselocations at intervals equal to length of chalk line used for marking. Use
chalk line to mark a straight line between previously established pants.

The method ky which whed paths were located shoud be noted in the ommentsfield of the
Field Form for Rod and Level (seeAppendix F). Thiswill help in locaing whed paths used
for profile measurements at a future date.

Measurements have to be taken along whed paths at 0.3m intervals. Locdions at which
readings are to be taken can be determined by either of the foll owing methods:

1. Lay surveyor'stape dong chalk line, with the zero mark of tape & station 0+00. Station
0+00is at the & theleave alge of the white stripe & the beginning of the sedion. Mark
distances on pavement at 0.3 m intervals using a suitable marker. Markings have to be
made dong entire length of sedion on baoh whed paths.

2. Placesurveyor'stape a adlight off set from the whed path so it will nat interfere with
rod dacement. The zero mark of tape shoud be & station 0+00. Station 0+00is at the
leave alge of the white stripe a the beginning of the test sedion. Seaure both ends of
tape, aswell as svera intermediate points on tape with adhesive tape. Distances along
sedion can be referenced from the tape. After distance @rrespondng to length of tapeis
leveled, tape will have to be repasitioned.
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4.3.3 Longitudinal Profile M easurements

The first reading taken after level is st-upisreferred to as a badksight, whil e last reading
taken at that setup before level is moved isreferred to as aforesight. Other readings taken in-
between a badksight and aforesight are referred to as intermediate sights. The procedure to
be followed for measuring longitudinal profil e is described next.

1.

2.

Complete required header information in the Rod and Level Data Colledion Form (forms
areincluded in Appendix F).

Set up level at asuitable locaion taking into acourt range of level. With some
instruments, it might be posshble to cover entire test length from one instrument set up,
locaed nea center of test sedion. Level shoud be setup at a position whereit will not be
disturbed dueto passng traffic. In addition, it shoud be setup at a stable locaion that will
not settle. When setting tripod, set it as low as pradicd to reduce aror caused by rod nd
being held exadly verticd. Theredter, level instrument using leveling screws.
Rod-person shoud pacerod at zero pasition d sedionand wsing buble level attached to
rod as areference hdd rod \erticdly. Oncerodis held verticdly rod-person shoud
signal to instrument operator to take arealing. If readings are recorded manually by a
third crew member, instrument operator shoud cdl out realing to record-keeper.
Readings shoud beremrded in the form shown in Appendix F. If an automated system is
being used, instrument operator shoud make sure that reading is saved.

Next, rod-person shoud placerod 0.3m away from initial reading, and a new reading
shoud berecrded. This process $ioud be continued urtil either entire test sedionis
surveyed o horizontal range or verticd range of level is excealded. Horizontal range of
level is excealed if distance between level and rodistoo short or too long to focus
properly. Verticd range of level isexceealed if rod canna beread due to slope of the
road. When range of the level is excealed, level hasto berelocated.

If range of level is excealed duing measurements, instrument has to be relocaed. Mark
locaion at which rodisto be held for last reading. This pasitionis caled apivot point.
Theredter, placerod at locaionwherefirst reading was taken with current setup o level,
and take arealing. Compare this reading with first reading that was taken at thislocation.
If they do nd agreewithin resolution d instrument, al readings taken from the arrent
level position haveto be repeaed. If readings agree placerod on pvot point and take last
reading from current set up d instrument (foresight). Then set up instrument at new
locaion. Placerod at pivot point and take reading (badksight). Continue leveling process
as before, taking readings at 0.3 m intervals. If instrument hasto be repositioned again,
the procedure has to be repedaed.

When the end d the test sedion is readed, follow one of the following procedures
depending on hav the measurements were performed.

(&) Entire survey performed from one instrument set up: Placerod at zero pasition
(point from which survey was initi aly started) and take areading. Thisreading
shoud agreewith first reading taken at thislocation at start of the survey within
resolution d instrument. If readings do nd agree profile measurement hasto be
repeaed.
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(b) Instrument Repositioned During Survey: Placerod at last pivot point and take a
reading. Thisreading has to agreewith ealier reading taken at this position within
resolution d instrument. If they do nd agree profile hasto be measured again from
last pivot point to end d sedion.

Measurement of pavement profiles using rod and level islabor intensive, andtime
consuming. Therefore, it is advisable to chedk acairacy of measured data & regular intervals.
This can be performed hy establishing a set of control points along whed path, for example &
30 m intervals garting from beginning of sedion. After leveling a distanceof 30 m, rod hes
to be place at previous control point and ancther reading taken. This reading has to agree
with previous realing taken at this control point within resolution d instrument. If readings
do nd agree the distance between control points hasto be measured again. This procedure
can be used if instrument set upis nat changed between two control points being considered.
If instrument set upis changed between two control points, above procedure can still be
applied by treaing pivot point asa cntrol point.

4.3.4 Factorsto be Considered During Survey

The following fadors have to be considered when conducting profil e measurements with rod
and level.

1. If level is ensitive to temperature variations, it might need to be avered with an
umbrellato proted it from dired sunlight.

2. During windy condtions profile measurements shoud be avoided, as movement of level
could ocaur.

3. If level hasto be set up at more than ore position duing profile measurements, make
length to badksights and foresights equal. Thiswill eliminate erors due to curvature and
refradtion at turning points.

4. Setuplevel aslow as possbleto reduce eror caused by the rod nd being exadly
verticd.

4.3.5 Profile Computation

In the field, duing profil e measurements, the aew is only expeded to record readings of
level using procedures described in sedion 4.3.3.Computation o elevation profile from
these datawill be dorein the office This dion lriefly describes how datarecorded in field
isused to oltain longitudinal profil e of pavement.

For profile cmmputations, elevation d locaionwhere first reading (first badksight) was
measured is neaded. However, as only relative devations are needed to compute roughness
indices (such as IRI), an arbitrary value can be seleded for the devation d this point.
Relative devation d any point measured from initial instrument set up can be obtained from
the foll owing equations:
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Instrument Height (1S) = BM + RR1....(4.1)

Relative Elevationof a Point= IS-RR....(4.2)

where,
IS= Initial instrument height,
BM = Elevation d point wherefirst badksight was taken (assume any value eg.
30m),

RR1= Rodrealing at first backsight, and
RR= Rodrealing at any point from initia instrument setup.

Onceposition d level is changed, instrument height will also change. New instrument height
can be obtained from the foll owing equation.

Nht = Oht + BS- FS.....(4.3)

where,
Nht = New instrument height,
Oht = Old instrument height,
BS = Bacdksight at pivot point, and
FS = Foresight at pivot point.

Relative devation d points measured from this new instrument locaion can be determined
by using equation 4.2and wsing new instrument height.

4.3.6 Quality Control

Field Quality Control: This chedk ensures that no movement of level took daceduring
current setup d level. Thishasto be verified every time before instrument is moved and
when end d test sedionisreaded. Thisched is performed by kegoing rod at location at
which first reading was taken with current instrument setup and again taking areading. Both
readings have to agreewithin resolution d instrument. This chedk can aso be performed at
regular intervals by establishing a set of control points as described in sedion 4.3.3.

4.4 CALIBRATION AND ADJUSTMENTS

The user manual of the level shoud be mnsulted on hav to perform adjustments to
instrument. Diff erent makes/models of levels will require diff erent adjustmentsto be
performed. The foll owing are some cmmon adjustments that are required in levelsin order
to oltain acarate measurements. The user manual shoud be @nsulted to determineif the
foll owing adjustments are nealed for level being used and, if so, how to perform the spedfic
adjustment.
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1. MakeAxisof Level Bubbe Perpendicular to Verticd Axis: After setting up level, center
bublde. Move telescope 180 degrees abou verticd axis. If bubde moves, instrument
needs adjustment.

2. Adjust Horizontal CrossHairs. This adjustment will ensure that horizontal crosshairs
are truly horizontal when instrument is leveled.

3. Adjust Lineof Sight: This adjustment will make ais of sight perpendicular to verticd
axis and also make it parall €l to axis of level. The method d adjustment for this error is
commonly referred to as the two-peg method.

Rod hesto be dhedked to verify acaracy of markings. A standardized tape shoud be used for
this.

4.5 EQUIPMENT MAINTENANCE

Shock proof padkaging shoud be used when transporting instrument. After completing a
profile measurement, always clean instrument. Before deaning lenses, blow dust off lenses,
then clean lenses using a soft cloth. Lenses houd na be touched with fingers. If instrument
bemmes wet in field, make sure that it is completely dry before padcing. Tripodshoud be
inspeded regularly to ensure that conredions are not loose.

4.6 RECORD KEEPING

The Rod and Level Data Colledion Form (seeAppendix F) shoud be used to record realings
when profil e measurements are performed using rod and level. In addition,a comment shoud
be made on thisform asto honv whed paths were located. All itemsin this form shoud be
completed by record-keeper. Even when an automated instrument that is cgpable of saving
datais used, locaioninformationin thisform shoud be cmmpleted.
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