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FOREWORD

The LTPP Manud for Profile Measurements, Operational Field Guidelines, Verson 3.1, was
released in January 1999. This manua described procedures for collecting profile data for the Long
Term Pavement Performance (L TPP) program using the K. J. Law T-6600 profiler, Face
Company Dipstick®, and the rod and level.

The FHWA purchased four new profilersto collect data for the LTPP program in 2002. These four
profilers were purchased from the Internationa Cybernetics Corporation (ICC). These profilers
went into operation in September 2002. Version 4.0 of LTPP Manud for Profile Measurements
describes operationd procedures to be followed when measuring pavement profiles for the LTPP
Program using the ICC road profiler, Face Company Dipstick®, and rod and level.
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PREFACE

The Long Term Pavement Performance (LTPP) program isa study of pavement performance at
nearly 2,500 in-service pavement sections throughout North America The LTPP sgod isto extend
the life of highway pavements through various designs of new and rehabilitated pavement structures,
using different materias and under different loads, environments, subgrade soil, and maintenance
practices. The specific objectives of the LTPP program are to:

Evauae exiging desgn methods,

Develop improved design methods and sirategies for the rehabilitation of existing pavements;
Develop improved design equations for new and reconstructed pavements,

Determine the effects on pavement distress and performance of loading, environment, materia
properties and variability, congtruction qudity, and maintenance leveds,

Determine the effects of specific design features on pavement performance; and

Egtablish anationd long-term pavement performance database.

Towards accomplishing these objectives, LTPP is collecting data on in-service pavement sections
over atwenty-year period. The data collected at the test sections are stored in the LTPP
Information Management System (IMS) database. These data are being used and will continue to
be used to achieve the goa and objectives of the LTPP program.

The collection of longitudinal profile data a each test section isamagor task of LTPP. Theleft and
right whed path profile datafor five repeat runs on atest section for each test date are stored in the
LTPP database. In addition, the International Roughness Index (IRI), Mays Index, Root Mean
Square Verticad Accderation (RMSVA) and Sope Variance, which are computed from the profile
data are aso stored in the LTPP database.

This manual describes procedures to be followed when measuring pavement profiles for the LTPP
program using the Internationa Cybernetics Corporation (ICC) MDR 4086L 3 road profiler, Face
Company Dipstick?, and rod and level. Fidd testing procedures, data collection procedures,
cdibration of equipment, record keegping and maintenance of equipment for each of the profiling
methods are described in this manua. The primary device used to obtain pavement profile
measurements for LTPP isthe ICC profiler. However, when aprofiler is not avallable, the
Dipstick? is used to collect profile data. Also, arod and level can be used to measure pavement
profileif aprofiler or aDipstick® is not available.
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1 INTRODUCTION

1.1 OVERVIEW OF THE LTPP PROGRAM

The Strategic Highway Research Program (SHRP) was a five-year, $150 million research program
that began in 1987. The research areas targeted under SHRP were: asphdlt, pavement
performance, concrete and structures, and highway operations. SHRP's Long Term Pavement
Performance (LTPP) program isafirst ever effort to sudy pavement performance in different
climates and soil conditions a nearly 3000 in-sarvice pavement sectionsin dl fifty states of the
United States and in participating provincesin Canada. The LTPP program was designed as a 20
year sudy. Thefirg five years of this program - 1987 to 1992 - were administrated by SHRP, and
snce 1992, adminidration of the program has been the responsibility of Federd Highway
Adminigration (FHWA).

For purposes of pavement data collection and coordination, the United States and participating
Canadian provinces have been subdivided into four regions, each served by a Regiona Support
Contractor (RSC). The regiond boundaries defining the jurisdiction of each RSC are shownin
figure 1.1.

1.2 SSIGNIFICANCE OF PAVEMENT PROFILE MEASUREMENTS

Longitudina profile dong the whed pathsin a pavement can be used to evauate the roughness of
the pavement by computing a roughness index such as International Roughness Index (IRI). Change
inlongitudind pavement profile over time, which is directly related to changes in roughness with
time, isan important indicator of pavement performance. Hence, one aspect of the LTPP program
isto collect pavement profile data of in-service pavement sections for use in many gpplications such
asimproving pavement performance prediction.

1.3 PROFILE DATA COLLECTION

The primary means used to obtain pavement profile measurements for the LTPP program isto
profile test sections using aroad profiler. Each RSC operates a profiler to collect data within its
region. From the inception of the LTPP program until the end of 1996, profile data at test sections
were collected usng amode 690DNC inertia profiler manufactured by K. J. Law Engineers, Inc.
In late 1996, each RSC replaced their model 690DNC profiler with aMode T-6600 inertid
profiler manufactured by K. J. Law Engineers, Inc. In September 2002, each RSC replaced their
K. J. Law T-6600 profiler with an International Cybernetics Corporation (ICC) MDR 4086L3
inertid profiler. The operation and maintenance of the profiler, and storage of collected data are the
responghility of each RSC.
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When aprofiler is not available, LTPP has dected to use the Dipstick? , which is a hand operated
digitd profiler manufactured by Face Company, as a back-up device to collect profile data. The
Dipstick® is used also to obtain transverse profile data a most sites. Each RSC stores, maintains,
and operates two Dipsticks’ .

A rod and level can be used to measure pavement profilesif a profiler or aDipstick:‘;‘ are not
available, or where other specia circumstance or requirements rule out the Dipstick® or the profiler.
However, this method is very labor intensve and is not typicaly used within the LTPP program.

1.4 OVERVIEW OF THE MANUAL

This manua describes procedures to be followed when measuri ng pavement profilesusing the ICC
MDR 4086L 3 inetid profiler, Face Company Dipstick® and rod and level. The manud coversthe
following:

1. Fed Tedting;

2. Data Collection;

3. Cdibration of Equipment;

4. Equipment Maintenance, and
5. Record Keeping.

This document addresses those aspects of profile measurements that are relatively unique to the
LTPP program. Other references (1-12) should be consulted for genera informetion.
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2 PROFILE MEASUREMENTSUSING ICC PROFILER

2.1 INTRODUCTION

The ICC MDR 4086L3 profiler isamodified cargo van that is equipped with speciaized
instruments to measure and record road profile data. The MDR 4086L 3 profiler contains three laser
height sensors, an accelerometer located above each laser height sensor, alongitudinal distance
measuring transducer, acomputer system, signa conditioning electronics, and power control
equipment. The three laser height sensorsin the unit are mounted on a sensor bar that has been
ingtalled on the front of the vehicle. One sensor islocated at the center of the vehicle, while the other
two sensors are located dong each whed path. The longitudinal distance measuring transducer is
mounted on the differential of the vehicle, and messures distance traveled by the vehicle.

Laser height sensors measure vertical displacement between the vehicle and the road, and

accel erometers measure vertical acceleration. Signals from the laser height sensors, accelerometers
and distance measuring ingrument (DMI) are fed into a computer, which computes the profile of the
pavement along the path traversed by each laser height sensor. Profiles aong the paths traversed by
the three sensors are displayed on the computer monitor during profile measurement. Data recorded
by the height sensors, accelerometers and DM are stored in the hard disk of the computer. These
data can be processed to obtain the profile ong the path that was traversed by each sensor.

The profiler dso is equipped with two photocells. One photocell is mounted verticaly to sense
reflections from pre-placed marks on the road surface. The other photocell can be rotated around a
horizonta axis, and can be positioned so it can sense reflections from pre-placed cones with
reflective markings that are placed on the Sde of the road. The photocell is used to perform a
reference resst when it is triggered, and the location where it istriggered is stored in an event file.
The profile vehicle is equipped with both heater and air-conditioning unitsto provide uniform
temperature for the eectronic equipment in the vehicle. According to ICC, the profiler can measure
road profiles at peeds ranging from 10 to 112 knvh. Test speed is normaly 80 kmv/h for the LTPP

program.
Thismanua presents procedures that should be followed for collecting datawith the ICC prdfiler.
Mogt of the operating procedures that are specific for the equipment have been taken from the ICC
Profiler Operation Manua (1). This document and other ICC documents (2-5) should be consulted
for additiond details of the equipment and troubleshooting procedures.

2.2 OPERATIONAL GUIDELINES

2.2.1 General LTPP Procedures

Accidents: In the event of an accident, operator shdl inform the RSC as soon as possible after the
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mishap. Detalls of accident should be reported in writing to the RSC. The corporate policy of the
RSC should be followed in event of an accident. A police report of the accident should also be
obtained.

M aintenance of Records. Operator isresponsible for preparing and forwarding the forms and
records to the RSC as described in section 2.7, which relate to testing and maintenance of the
profiler.

Safety: Safety of the profile operators and traveling public is of great concernto LTPP, and safe
driving and roadside practices are expected from LTPP profile operators.

Problem Reports: A Profiler Problem report must be submitted whenever there are problems with
equipment that affect the quaity of data, data collection or data processing software, data collection
guidelines or any other problem related to profiling activities. The procedures described in Appendix
A must be followed when submitting a problem report.

2.2.2 Test Frequency and Priorities

Profile measurement frequency and priorities described in the latest FHWA directive should be
followed when profiling General Pavement Studies (GPS), Specific Pavement Studies (SPS),
Seasona Monitoring Program (SMP) and Weigh in Mation (WIM) stes. A copy of the latest
directiveisincluded in Appendix B; the RSC is respongible for ensuring thet this directive be
replaced with any subsequent releases.

2.2.3 General Operations

The following guidelines related to the operation of the profiler shal be followed.

2.2.3.1 Laser Height Sensors

The profiler is equipped with three laser sensors. Operator shall not let the laser beam strike his
or her eye, asit can damage the eyesight. Furthermore, becauseit isnot known if the
reflection 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 come in contact with the eye. The FHWA will keep the RSC's informed of information on
this safety issue as it becomes available. Always make sure that lasers are turned off when
ingpecting the sensor glass, cleaning the sensor or when performing maintenance on the sensors. The
switch for turning the lasers ‘On’ and * Off’ islocated on the panel adjacent to the drivers seet (see
figure 2.2.3.1).
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L

Figure2.2.3.1. Laser on/off switch.

2.2.3.2 Sensor Bar and Sensor Spacing

Sensor bar located in front of the vehicleis not designed to support the weight of the operator or
other persons. Do not sit or stand on the sensor bar at any time. Sensors located along each whed
path should be at a distance of 838 mm from the center of the vehicle. This sensor setup resultsina
gpacing of 1,676 mm between left and right sensors. Center sensor should be at the center of the
vehicle, with the distance from left and right sensors to the center sensor being 838 mm.

2.2.3.3Tire Pressure

Thetire pressure in the vehicle should be checked a regular intervasto seeif itisat the
manufacturers recommended values that are listed on the door and the fudl cover, which are 380
kPa (55 ps) for the front tires and 550 kPa (80 ps) for the rear tires. These are cold tire pressure
vaues. Thetires should be sufficiently warmed up prior to testing atest section. If the vehicle has
traveled about 8 km (5 miles) at highway speeds after being parked, the tires are consdered to
have warmed up sufficiently. Warming up of the tireswill cause adight increase in tire pressure. The
DMI is affected by the tire pressure of the rear tires. Theinflation pressure of the rear tires of the
vehiclewhen it is used for testing should be between 550 and 585 kPa (80 and 85 psi). Before
testing atest section, the operator should adjust the tire pressure of the rear tires to ensure that the
inflation pressure is between 550 and 585 kPa (80 and 85 ps).

2.2.3.4 Major Repairsto Profile System Components

LTPP Mgor Maintenance/Repair Activity Report should be filled whenever repairs are performed
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on the profile system components such as the laser sensors, accelerometer, DMI, and data
acquisition system. This report should also befilled if alaser sensor is replaced. DMI and

accel erometers should be calibrated whenever repairs are performed on these components or the
computer cards associated with these components.

After performing amgjor repair or replacing alaser sensor, data collected by the profiler should be
checked using the following procedure to ensure that accurate data are being collected. In this
procedure, atest section that has been profiled previoudy is re-profiled, and a comparison is made
between the profile data.

1. Sdect atest section that has been profiled recently, and is close to the current location of the
profiler. When sdecting the Site, review comments that were made when this Site was profiled to
make sure that profile data avalable at this site isfree of errors and that no unexplained spikes
are present in the data. It is recommended that GPS-3 and SPS-2 sites be avoided as
ggnificant variationsin profile can occur on these sections due to temperature effects.

Profile the selected Site and obtain an acceptable set of runs as described in section 2.2.8.

3. Comparethe profile data aswell asthe IRI values with the previoudy collected data for left and
right sensors. If the repaired or replaced sensor is the center sensor, only the comparison of the
profiles can be performed, as IRI values for the center sensor cannot be computed.

4. If evduation indicates that the collected datais comparable with the previoudy collected data,
the profile system components are considered to be functioning correctly. If discrepancies are
noted, the comparison should be performed at another section. If discrepancies are still noted,
|CC should be contacted to resolve the problem.

N

If amafunction is detected in a sensor located adong the whed path, it may be replaced by the
center sensor to continue data collection. The procedure to move a sensor is described in section

20 of the ICC Road Profiler Operations Manua (1). Warning: Each laser sensor is matched with a
processing unit that is located at the back of the profiler. If alaser is switched (i.e., awhed path
sensor replaced by the center sensor) without the required changes in connection made to the
processing unit, it will damage the laser. Such damages will not be covered by warranty. Therefore,
operators should be aware that they need to clearly understand the procedure for switching a laser
sensor and/or get technical assistance from ICC prior to switching a sensor.

Once the repaired or replacement sensor is available, the center sensor that is now located at an
outer position (left or right whed path) should be moved back to the center position. Repaired or
replaced sensor should be ingtalled at the location of the defective sensor (either left or right whed
path). Accelerometers should then be cdibrated, and afull caibration check (see section 2.5.4)
should be performed on the replacement sensor. Procedures that were described previoudy (i.e,
profiling of aprevioudy profiled section) should be followed to ensure that the repaired/replaced
sensor is functioning correctly.
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2.2.3.5 Sensor Covers

The three laser sensorsin the profiler are equipped with covers. Covers should be in-place when
testing is not being performed to protect the sensors. Covers should be taken off when performing
check on sensors, performing bounce test, and collecting profile data.

2.2.3.6 Data From Previous Profile Visit

After collecting profile data at a Site, profiler operator is required to compare the profile data as well
as |RI with the data collected during the previous Site visit as described in Section 2.2.8. The profile
data comparison between the vidts is made using the multi-visit plot comparison option in ProQua
(6). Prior to setting out to profile a Ste, operator must ensure that the data files that are required to
do this comparison for the previous Site vist are available. Operator should dso have the IRI values
for the dte from the previous vidts.

2.2.4 Computer System

2.2.4.1 Computer System in Profiler

The ICC profiler is equipped with two computers that are networked together. These two computer
systems are referred to as system 1 — Windows computer (Windows side), and system 2 —
DOSMDR computer (DOS Side).

Software for the operation of the profiler islocated in system 2. This software is DOS based, and
must be loaded from the DOS prompt. Data collected by the laser height sensor, accelerometer and
DMI during profiling are saved in system 2. System 1 contains Windows XP. The Windows based
WinGraph software that displays a plot of the profile data while the data are being collected is
located in system 1. The graphical plot of the profile created by WinGraph is 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 2.2.4.1). This switch isreferred to as the KVM switch
hereafter. The DOS/MDR system (system 2) aso has Windows 98 ingtaled on it to enable sharing
of the CD-ROM drive, Zip drive, and hard drive with the Windows XP system. System 2 must be
in Windows 98 if it isto be accessed from system 1. Further details on use of the KVM switch to
switch between the two systems during operation of the profiler will be presented in gppropriate
sections.

BIOS settings of the DOS/MDR system (system 2) aswell as the Windows XP system (system 1)
are described in the ICC Road Profiler Operation Manud (1).
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Figure 2.2.4.1. Keyboard, video and mouse (KVM) switch.

2.2.4.2 Temperature Range for Computer Operation

Interior vehicle environment is critica to the operation of the on-board computers. Vehicleis
equipped with a heater and an air conditioner to maintain interior temperatures within the required
range. Interior of the vehicle should be between 10 °C and 35 °C before power is gpplied to the
electronic equipment and the computer to protect them from damage.

2.2.4.3 Hardware and Software

Operator should maintain a copy of the ICC software and the ProQual softwarein thevehidein
case software problems occur in the software ingtalled in the computer. If any of these software are
re-ingaled, operator should go through the setup menus described in section 2.2.6 of this manud to
make sure that appropriate parameters have been set to the correct values.

|CC software programs that are ingtalled in the profiler computer are:

1. 90xfhwaexe: Profiler runtime data collection program. Thisis a DOS based program that is
ingdled in system 2.

2. WinGraph.exe: Runtime graph program. Thisis aWindows program that isingaled in sysem
1.

3. Winrp90l.exe: Report program and file converter. Thisis aWindows program that isingaled in
both system 1 and 2.

4. Winrp90Lini: INI control file used by Winrp90l.exe. Thisis a Windows based program that is
ingdled in both sysem 1 and 2.
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5. FHWA_Evd.exe Profile graphing, anayssand IRI evauation program. Thisis a Windows
based program that isingtdled in both systlem 1 and 2.

Do not add any hardware (extra drives or other device) to the computer system before contacting
ICC through FHWA and its Technical Support Services Contractor (TSSC) to determineif they

will interfere with the profile programs. Interference of profile programs due to additiond devices
may not be readily apparent.

Software supplied with the ICC profiler istightly integrated. Apart from ProQud (6), other software
should not be loaded onto the computer, unless specificaly approved in writing by FHWA. Such
software could serioudy degrade the performance and accuracy of the system.

Procedures for ingaling the ProQua program are described in the ProQua manua (6). The
ProQud program should be ingaled in system 2. ProQud isrun in system 2 through Windows 98,
whichisinddled in system 2.

Profiler data files may be organized into subdirectoriesin the C drive. For example, New York stes
could be stored in the directory CANY. All profile data files collected in New Y ork, which include
those data from GPS, SPS, SMP, and WIM stes can be placed in this directory. Alternatively,
separate subdirectories may be created for different types of sections (GPS, SPS etc.) under the
directory CANY.

2.2.5 Power-Up, Booting and Shutdown Procedures

2.2.5.1 Power Sources

Power to the computer and the €l ectronic equipment in the profiler can be provided through the
inverter or through an externa source (house power). Thereis a battery in the profiler that supplies
power to the inverter. This battery is charged when the vehicle engineisrunning. This baitery isadso
charged when an externd source is used to supply power. Do not leave profiler connected to an
externa power source for extended periods of time since overcharging of the battery may occur.

During data collection, power will be supplied through the inverter. When the engineis turned off
(e.g., monthly cdlibration check, troubleshooting, operating computer when parked in office) an
externa power source can be used to supply power. The uninterruptible power supply (UPS) in the
van adso makesit possble to switch from one power source to another (i.e. house power to inverter
power) without having to shutdown the computer. The UPS will supply power to the system using
itsinternd battery when making the switch. When the UPS is used without house or inverter power,
the UPS battery is not being charged and will drain down eventualy to a point where it can no
longer run the computers.
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2.2.5.2 Switch Positions

The power switch in front of the inverter must dways be left in the * Off” podition (see figure
2.25.1). A remote switch is used in the profiler to turn theinverter ‘On’ and ‘Off. If the inverter
switchisinthe‘On’ pogtion without 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 should aways be kept inthe*On’ position (see figure 2.2.5.2). Power to these
systems will beturned ‘On’ or *Off’ from switches that are located near the driver’s seat.

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 aswell as inverter power are described
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in this section.

Power-Up Using House Power

Lo

Hip the power switch located in the back of the van to house power (see figure 2.2.5.3).
2. Make surethat externd 120 V power source is grounded. Plug the power cord into port on the

passenger sde of the van.
3. Make sure laser, inverter power and computer power switches located on the computer case
areinthe‘On’ pogtion (seefigure 2.2.5.2).
4. TheUPSislocated behind the driver’s seet. Push the ‘On’ button on UPS (see figure 2.2.5.4).
5. Turn on the computer monitor (seefigure 2.2.5.5).

w House Power

Figure 2.2.5.3. Power switch postions.

UPS On/Off
Switch

Figure 2.2.5.4. UPS on/off switch.
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Monitor
On/Off
Switch

Figure 2.2.5.5. Monitor on/off switch.

Using Inverter Power

=

Hip the power switch in the back of the van to inverter power (seefigure 2.2.5.3).

Start engine of the van.

3. Makesurelaser, inverter power and computer power switches located on the computer case
areinthe'On’ postion (seefigure 2.2.5.2).

4. Turn power inverter ‘On’ using switch located on the pane below the monitor (see figure

2.25.6).

N

ter W’EI S
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5.
6.

Push the‘On’ button on UPS (seefigure 2.2.5.4).
Turn on the computer monitor (seefigure 2.2.5.5).

2.2.5.4 Computer Booting Procedure

1.

00 N O A

Supply power to the system either using house power or inverter power as described in section
2.2.5.3.

Allow the computer to come up to the Login screen for Windows XP. Login using LTPP as
user name and LTPP as password. Monitor will show that Windows XP is running.

If the computer system is powered up to collect profile data or to perform the bounce test,
double click the ICC icon for the WinGraph program, ese go to step 4. If the WinGraph icon
was double clicked, the WinGraph program will now be running on the Windows XP compuiter.
Switch the KVM to system 2 (seefigure 2.2.4.1).

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

Check date and time on system 2 and adjust to correct locd time.

At the ¢\ prompt type m and then press Enter key to run the MDR data collection program.
The main menu of the MDR program should now be shown on the computer monitor (see figure
2.2.5.7).

Figure 2.2.5.7. MDR main menu.

The MS-DOS commands ‘Date’ and ‘ Time' should be placed in the AUTOEXEC.BAT filein
system 2 (DOS/MDR computer) so that when the computer is turned on it will prompt operator for
date and time. Thiswill ensure that data files have the correct date and time stamp. Time should
correspond to that of the time zone where the section is located. When the computer prompts for
date and time, operator should check if current values are correct. If they are correct, operator can
press the Enter key at each prompt. If they areincorrect, correct vaues should be entered.
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2.2.5.5 Shutdown Procedure

1. Remove CD-ROM and Zip disks from drives, if present.

2. Turn off power to lasers by flipping the switch on the monitor stand (see figure 2.2.3.1) to down
position.

3. If monitor shows that computer is not in system 2 (DOSMDR), use KVM switch (seefigure
2.2.4.1) to go to system 2 (DOS/MDR). System 2 could be elther in Windows 98 or in the
MDR program.

4. If the MDR program is running, sdlect Quit from main menu, and then enter *Y’ to confirm the

quit request. The C:\ prompt will then be displayed on the screen. If the systemisin Windows

98, exit dl programs, select ‘ Start’ button at the bottom left hand side of the screen, select

‘ Shutdown’, and then indicate you want to Shutdown the system. Wait until the screen says‘Its

now safe to turn off your computer.’

Use KVM switch (seefigure 2.2.4.1) to get to system 1 (Windows side).

6. Exitadl programs, select ‘Start’ button at the bottom left hand side of the screen, and select
“Turn Off Computer.” Confirm request to turn off the computer. Wait until screen says‘It's
now safe to turn off computer.’

7. Turn off the UPS located behind the drivers seat (see figure 2.2.5.4). The power to the
computers has now been turned off.

8. If shutting down when being powered by house power, unplug the house power input from the
profiler. If shutting down when being powered by the vehicle (through the inverter), turn off
power inverter by flipping the switch on the monitor stand to the down position (see figure
2.2.5.6).

o

2.2.6 Softwar e Setup Parameters

The MDR software is used to collect and save profile data. Collected profile datais processed
using the ProQual software. Most settingsin the MDR program were set at appropriate vaues
when the profilers were delivered. However, these setting need to be checked and necessary
corrections mede if anew verson of softwareisingaled, or if problems are encountered with
software. There are some fields in ProQud that have to be set by the user once the software is
ingtaled. Settingsin the MDR program and ProQual program that need to be checked and/or
updated are presented in sections 2.2.6.1 and 2.2.6.2, respectively.

2.2.6.1 Settingsin MDR Software
Settings in the MDR program were et at the correct settings when profilers were delivered. These
settings should be checked if the software isre-ingdled, if anew verson of softwareisingaled, or

if problems are encountered. There are some settings that the user will have to set or update. These
settings are specific to the data collected for the L TPP program. The following steps take the
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operator through the different settings that need to be checked and/or updated.

1. Follow procedures described in section 2.2.5.4 to launch the MDR software, omitting step 3.

2. MDR main menu should now be displayed on the screen (see figure 2.2.5.7).

3. Options Menu Settings: In the MDR main menu, select *Options’, and drop down menu shown
infigure 2.2.6.1 will be displayed on the monitor. The Reference Post Display Mode should
show ‘Meter’, User should show ‘FHWA', and Output file sze should show ‘Hard Disk’. If
any of thesefidds are different, contact ICC.

lbave System & User Options to Disk
Options

Save Options

Figure 2.2.6.1. Options menu.

4. |CC Sygem Parameters Menu Settings. In the Options Menu (see figure 2.2.6.1) highlight ‘1CC
System Parameters and press Enter key. The screen shown in figure 2.2.6.2 will be displayed.
Settings shown for different parameters should match the vaues shown in figure 2.2.6.2.
However, parameter settings for Target may be different depending on the photocell that will be
used for testing.

Parameter settings that are shown in figure 2.2.6.2 are as follows, and the parameter settings
shown in the monitor should match these values (except for Target which may have a different
vaue).

Profile Sensors 123

Com2 Mode Off

1 Coml Port Setup 3F8h 9600 E3h Com1 On

2 Com2 Port Setup 2F8h 9600 E3h Com2 On

3 LCD Port Setup 3F8h 9600 83h Coml On

4 Cmd Port Setup 2F8h 115K 83h Com2 On
Target 1-NA 2-NA 3-NA 4-F5 5-F9
MDR Prog Files Dir CA\MDRSW\
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Report List C\MDRSW\MDRRPT.LST
Accderometer Flter dday (-ms) -5

uthorization Code
Options

eHter new authorization code

Figure 2.2.6.2. ICC system parameters screen.

If any of the parameters shown on the monitor are different, check with ICC. After the
parameter settings have been checked, press Escape key twice to get back to the MDR main
meru (seefigure 2.2.5.7).

5. Sensor Configuration Menu Settings: In the main menu select * Cdibration” and the drop down
menu shown in figure 2.2.6.3 will be displayed. Highlight * Sensors' in this menu, and press Enter
key. The Sensor Cdibration menu shown in figure 2.2.6.4 will be displayed on the monitor.

iew Calibration Values
Calibration

Uiew

Figure 2.2.6.3. Cdibration menu.
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Eensor Configuration — Changes invalidates SCF values

Calibration

Sensors...

sEnsor Config...

Figure 2.2.6.4. Sensor cdibration menu.

In this menu highlight * Sensor Config' and press Enter key. The sensor configurations will be
displayed on the monitor (see figure 2.2.6.5.). Parameter settings shown on the monitor should
match the values shown in figure 2.2.6.5, which are:

Height Sensor(9)...
1-Pos 1-
2—-Pos 2-
3-Pos 3-
4—Pos 4-
5-Pos 5-

30f 3
Lt Whed Path Selcom200
Rt Whed Path Selcom?200

Center Salcom200
Sensor None
Sensor None

If parameters shown on monitor are different, check with ICC and set parameters to
appropriate vaues. After checking the values of the parameters, press Escape key to get to
Sensor Cdibration menu

eight Senzor Configuration

Calibration

fengors. ..

Height Sensoris}...

Fgure 2.2.6.5. Sensor configuration menul.
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6. Key Rut Positions Menu Settings: In the Sensor Cdibration Menu (see figure 2.2.6.4), highlight
Spacing and press Enter key. Thiswill bring up the Sensor Spacing sub-menu that has three
choices: Key Rut Pogitions, Rutting Order and Spacing (see figure 2.2.6.6).

Left, Center. Right Sensor Positions
Calibration

sPacing. ..

Hey Rut Positions...

Figure 2.2.6.6. Sensor spacing sub-menu.

Highlight Key Rut Positions and press Enter key. The Key Rut Positions screen shown in figure
2.2.6.7 will be displayed on the monitor. Vaues shown on the monitor should match the values
shown 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

Key Rut Positions...

1 — Left Pos

Figure 2.2.6.7. Key rut positions screen.
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If any of the parameters are different, check with ICC and set parameters to the indicated
values. After checking the parameters, press Escape key to get back to Sensor Spacing sub-
menu (seefigure 2.2.6.6).

7. Rutting Order Menu Settings: In the Sensor Spacing sub-menu (see figure 2.2.6.6), highlight
Rutting Order and press Enter key. Monitor will show the Rutting Order screen shown in figure
2.2.6.8. Vduesfor the parameters shown on the monitor should match the vaues shown in
figure 2.2.6.8, which are:

1-Sensor Pos# 1
2—Sensor Pos# 3
3—Sensor Pos# 2
4 —-Sensor Pos# 0O
5-Sensor Pos# O

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 different, check with ICC and set parameters to the indicated
values. After checking the parameters, press Escape key to get back to Sensor Spacing sub-
menu (seefigure 2.2.6.6).

8. Sensor Spacing Settings: In the Sensor Spacing sub-menu,  highlight Spacing and press Enter
key. Monitor will show the sensor spacing screen shown in figure 2.2.6.9. The values displayed
on the monitor should be identical to the vaues shown in figure 2.2.6.9, which are:

1 - Spacing 1-10mm

2 — Spacing 1 - 3 838mm
3 — Spacing 1 - 2 1676mm
4 — Spacing
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[bensor Spacing
Calibration

Sensors...

1 — Spacing

Spacing. ..

Figure 2.2.6.9. Sensor spacing screen

If any of the parameters are different, set parameters to the indicated vaues by highlighting
parameter, pressing Enter, entering correct vaue in window that opens, and pressing Enter key
again to close window. After checking the parameters, press Escape key twice, to get back to
the Sensor Calibration Menu (see figure 2.2.6.4).

9. Sensor Seriad Numbers: In the Sensor Cdlibration Menu (see figure 2.2.6.4), highlight Sensor

SN and press Enter key. The Sensor Seria Number screen shown in figure 2.2.6.10, which
shows the serid numbers of the sensors, will be displayed.

Fensor Serial Humber
Calibration

3 — SerMum

Fgure 2.2.6.10 Sensor serid number menu (seria numbers shown will be different from values
shown on the figure).

The serid numbers shown on the monitor will be different from those shown in figure 2.2.6.10.
Check to seeif the serid numbers displayed are correct. In the profiler, postion 1 isleft whed
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10.

path, position 2 isright whed path and position 3 is the center sensor. The laser sensor serid
numbers are marked on the front of each laser’s processor unit, which islocated to theright of
the computer chassis. If digplayed serid numbers are not correct, highlight the appropriate
sensor, press Enter key, type the correct serid number in the window that opens, and press
Enter again to close window. When done, press Escape key thrice to get to the MDR main
menu (seefigure 2.2.5.7).

Run Options Menu Settings: In the MDR main menu (see figure 2.2.5.7), Sdect ‘Run’ and Run
Menu shown in figure 2.2.6.11 will be displayed on the monitor.

Bystem Date and Time

Run

Date/Time a?-/83.-2082 17:08

Figure 2.2.6.11. Run menu.

Sdect ‘Options’ in this menu and the Run Options screen shown in figure 2.2.6.12 will be
displayed on the monitor.

The vaues for parameters shown on the monitor should match the values shown in figure
2.2.6.12, which are:

DMI Smulator Off

User mode SINGLE

Profile On

Graph Profile On

LCD Display Coml On 1

Speed Collect On

Speed Limit +1.6

Target Com1 On/Com2 Off
Command Mode Com2 On

IRI On

If the value shown on monitor for Speed Limit is different, highlight speed limit and press Enter
key. Next type 1.6 in the window that opens and press Enter key to close the window. If values
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shown for any of the other parameters on the monitor are different, check with ICC and set the
parameter to appropriate value.

Distance Simulator
Run

DMI Simulator

Figure 2.2.6.12. Run options menu.

11. IRI Options Menu Settings: In the Run Options Menu (see figure 2.2.6.12), sdect ‘IRI..." and
the IRl Options screen shown in figure 2.2.6.13 will be displayed on the monitor.

[Enable IRI Operation

Figure 2.2.6.13. IRI options screen.

The vaues of the parameters shown on the monitor should match the vaues shown in figure
2.2.6.13, which are:

Mode On
HCSAvg IRI Avg
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irn Scde 1000
Negative rut On
Fiter On
Waveength 100.0
moving Average 1
section control On
interva Control On
Interva 152
interva Reset Off
speed Limit 24.1
ride Number Off

Highlight ‘Interva’, press Enter key and check if value shown in box that opensup is 152.4. If
not, edit the value so that it is set to 152.4, and press Enter key to close window, If * Speed
Limit" does not show avaue of 24.1, highlight * Speed Limit’, press Enter key, type 24.1 inthe
window that opens, and press Enter key to close window. (Vaue for Speed Limit represents
speed below which datawill not be included in file)) If any of the other parameters shown on the
monitor are different from the vaues shown on figure 2.2.6.13, check with ICC and st the
parameter to appropriate vaue. After checking the parameters, press Escape key thrice to get
back to the MDR main menu.

2.2.6.2 Settingsin ProQual Software
The ProQud software should be ingtdled in system 2. ProQua should be run in Windows 98. After
software isingdalled, there are severa parameter settings that have to be entered (or set) and others

that have to be checked. Use following procedure to set/check the parameter settings.

1. Start ProQud, then select System to bring up the System Menu shown in figure 2.2.6.14.
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Figure 2.2.6.14. ProQua system menu.

2. Highlight * Equipment’, press Enter key and the monitor will display a screen smilar to that
shown in figure 2.2.6.15. (Entries for Serid # and photocell offsets displayed on the monitor will
be different from values shown in figure 2.2.6.15).

E quipment

=]
Intemational Cyberneticz
<[MDRADGELS | | | Offs

PRERRNEREE
— N

Figure 2.2.6.15. Equipment screen in ProQual
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3. Check Serid Number and Photocdll Offsets: Adjust settings if needed for serid number and
photocell offsets using following procedure:

(8 Use second button from left at the bottom (i.e., prior equipment record) or third button from
left (i.e., next equipment record) to scroll through screens until the Serid # matches ladt five
digits of the VIN number of profiler. (Note: when mouse is on a button at the bottom of
screen, amessage will appear that describes the function of that button). Manufacturer field
should now show ‘ International Cybernetics” Click on sixth button from I€eft (i.e, save
equipment changes) to save the changes.

(b) Check to seeif verticd and horizontal photocell offsets shown match offset vaues for the
profiler. If not, click fifth button from left a bottom of screen (i.e., edit equipment report).
Thiswill alow vaues shown for photocell offsets to be edited. Use mouse to click on
appropriate offset field(s) and type correct offsat vaue(s). Click on sixth 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. Check Analyss Parameters. In Systers menu (see figure 2.2.6.14), highlight Setup and press
Enter key. The Andys's Parameters screen shown in figure 2.2.6.16 will be displayed on the
monitor. The vaue for each parameter should match exactly the vaue shown in figure 2.2.6.16.
It is possible to edit these values using firgt button a the bottom of screen, which will alow
valuesto be edited. However, operator should never edit any of the values shown on this
screen, as these parameters are set to correct values when ProQual isinstaled.

File View Systern Profles Manwal Help

B w b & B

=] E3

Sample Length:l 150 Em
I 5 mm.

Spike Threzhold 1:| 25 mm. Spike Threshald 2:
Talerance on Mean:l 1 Talerance on Standard Deviation:l 2/

Slope Yarance Interval | 200 mm. BMSYa Base Length: | 200 mm:
Mays Eoefficients:l 200+ | 23 = RMSYA 4 + | 58 # BMSYA 16!
AI ,-/‘I ;_"El_d-l

A

Figure 2.2.6.16. Analysis parameter screen in ProQual.
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The following parameters shown in figure 2.2.6.16 are not currently used in any computations:
Sample Length, Fault Threshold, and RMSV A Base length. Other parameters are used in
computations, and a brief description of each of these parameters follows:

Running Average: Thisistheinterva a which profile datais output in ProQual.

Spike Threshold 1: Threshold for double elevation spikes.

Spike Threshold 2: Single devation spike threshold.

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

Tolerance on sandard deviation: Tolerance on standard deviation of IRl that is used to
determine if a set of profile runsis acceptable.

Slope Variance Interva: Base length used to compute dope variance.

Mays Coefficients. Coefficients used in computing the Mays Coefficient.

2.2.7 Field Operations
2.2.7.1 Turnarounds

Applicable lawsin each gate regarding use of median turnarounds must be followed.

2.2.7.2 Strobe Bar, Flashing Signal Bar and Signs

Profiler is equipped with astrobe bar in front and aflashing Sgnal bar in the rear. Both the strobe
bar and flashing signd bar should be turned on during testing. In addition, the magnetic sign ‘ Caution
Road Test’ should be mounted at the back of the vehicle during testing. This sgn should be taken
off when traveling between Sites to dleviate any confuson that may be perceived by other road
users.

2.2.7.3 File Naming Convention

The file naming convention to be used in specifying name of datafilein FHWA Menu of the profiler
software (see section 2.3.4.1) is described in this section. For file naming conventions for WIM
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gtesrefer to the latest directive on profiling of WIM stes. Falure to adhere to the file naming
convention could produce errors when running ProQual, and will cause problemswhen archiving
files. The file name should congst of eight characters as follows:

1. Charactersone and two: State code of statein which steislocated (e.g., 27 for Minnesota).

2. Charactersthreeto six: Four-digit Ste number. For GPS and SMP stesthisis the four-digit
LTPP identification number (e.g., 1023). For SPS stes, the third character should be O, A, B,
etc., depending on project code (e.g., 0300, A300, B300, etc.). The fourth character for SPS
dtesisthe experiment number (e.g, 2 for SPS-2 projects), while the fifth and sixth characters
should aways be zero.

3. Character seven: Letter code defining section type, G for GPS, Sfor SPS, M for SMP or C for
Cdibration test sections.

4. Character eight: Sequentid vigt identifier code that indicates the vidt code for the current profile
data collection. This identifier indicates the number of times a set of profile runs has been
collected at a Ste Snce the Ste was first profiled with the K. J. Law T6600 profiler. (When the
ste wasfirg profiled with the K. J. Law T6600 profiler, the letter ‘A’ was used for the eighth
character). Use an gppropriate |etter for the current profiling. For exampleif steisbeing
profiled for second time use letter ‘B’, use ‘' C' for the third time, ‘H’ for eighth time and so on.
For rigid pavement test sectionsin the seasond monitoring program, a different character shdl
be used each time a set of profilesis obtained during the day. If asteis being profiled for the
firg time (it has not been profiled by K. J. Law profiler before, asis the case for some GPS-6B
or GPS-7B gtes), the letter ‘A’ shdl be used for the eighth character. Theresfter, this |etter
shdl be sequentialy increased (‘B’, *C’, and so on) during subsequent profile data collection
vigts. If aregion has been using the sequentid vist identifier to indicate the number of times a st
of profiles has been obtained at the Site Snce its inception into the L TPP program, that
procedure is also acceptable. In such case, the letter ‘A’ shall be used to denote the firgt time
the site was/is profiled by the RSC, whether with the DNC690, T6600 or ICC profiler.
Theresfter, thisletter shal be sequentidly increased (‘B’, *C', and so on) during subsequent
profile deta collection visits.

After the sequentid vigt identifier code has been assgned as*Z’, use the following procedure
for file naming when the site is profiled the next time.

(@ If thedteisa SMP gte, change character seven to N, and assign Site vigt identifier to be
‘A’. For subsequent profile vists, maintain character seven as N and change sequentid vist
identifier tobe‘B’, ‘C’, 'D’, etc.

(b) If the dteisa GPS dte, change character seven to H, and assign Site vigt identifier to be
‘A’. For subsequent profile vists, maintain character seven as H and change sequentid visit
identifiertobe‘B’, ‘C, ‘D’, etc.

(o) If thedteisa SPS gte, change character sevento T, and assign Site vigit identifier tobe*A’.
For subsequent profile vigits, maintain character seven as T and change sequentia vist
identifier tobe‘B’, ‘C’, 'D’, etc.
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The following are examples of vdid data file names

1. 171002GD: GPS section 1002 in Illinois (state code = 17), profiled for the fourth time.

2. 260200SB: SPS-2 dstein Michigan (state code = 26), profiled for the second time.

3. 271018MB: Seasond monitoring Site 1018 in Minnesota (state code = 27), profiled for second
time.

4. 27A300SC: SPS-3 dites having project code A in Minnesota (state code = 27), profiled for the
third time

In cases where a GPS site and aWIM dgite are profiled in the same run, the letter * X’ should be
used for seventh character ingead of a*G’ (e.g., 511023XD). When thisfile is subsectioned in
ProQuad , the data file name for the GPS site should be 511023GD while that for the WIM site
should be 511023WD.

If along SPS project is not profiled continuoudy, but profiled in groups of sections, the Sixth
character in file name should be replaced by a character for each group. For example, consider
SPS-2 project in ate 26 that is profiled as two groups of sections. The file name for the first group
could be 26020ASA, while that for the second group could be 26020BSA.

Thefirgt two digits of the file name for a section must be vaid state codes when generating file
names for demongtration purposes or comparative studies. ProQua will not operate on data files
that do not follow this convention.

2.2.7.4 Operating Speed

A congant vehicle speed of 80 km/h should be maintained during a profile measurement run. If
maximum congtant speed attainable is less than 80 kmvh due to either traffic congestion, or safety
congraints, then alower speed depending on prevailing conditions should be sdected. If speed limit
at dgteislessthan 80 knmv/h, site should be profiled at posted speed limit. If traffic traveling at high
peedsis encountered at atest Ste, it is permissible to increase the profiling speed to 88 kmvh. If
gteisrdatively flat, cruise control should be used to maintain a uniform speed. It isimportant to
avoid changes in speed during a profile run that may jerk the vehicle or causeit to pitch on its
suspension. Change in throttle pressure or use of brakes to correct vehicle speed should be gpplied
dowly and smoathly.

2.2.7.5 Event | nitiation

During profile data collection, the data collection program uses an ‘event mark’ to record a
Reference Reset in the event file. Event marks are generated by the photocell. The vertica photocell
that detects the white paint stripe or reflective tape at beginning of the test section (and then sends a
sgnd to record the event) should be used during data collection. In those instances where existing
paint mark on pavement is not able to trigger vertica photocell, the horizonta photocell should be
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used. A cone with the reflective marker or an FHWA approved device should be placed on the
shoulder a the beginning of the test section to activate the horizonta photocell.

2.2.7.6 Loading and Saving Files

Saving filesto the hard disk, zip disk or floppy disk, or loading files from the hard disk, zip disk or
floppy disk should not be done when the vehicle isin motion. At the completion of a profile run,
driver should pull over to a safe location and come to a complete stop, enter end of run comment,
and then save datafile to hard disk.

2.2.7.7 Inclement Weather and Other Interference

Inclement westher conditions (rain, snow, heavy cross winds) can interfere with the acquisition of
acceptable profile data. Profile measurements should only be performed on dry pavements. In some
cases, it may be possible to perform measurements on a damp pavement with no visble
accumulation of surface water. Under such circumstances, the data should be monitored closdly for
run to run variaions and potentia data spikes. ProQua should be used to detect spikes. This
program uses athreshold vaue of 5 mm to identify sngle eevation spikes. When reviewing data,
operator should keep in mind that spikes could occur due to pavement conditions (e.g., potholes,
transverse cracks, bumps), and eectronic interferences.

Changing reflectivity on adrying pavement due to differences in brightness of pavement (light and
dark areas) may yield results incong stent with data collected on uniformly colored (dry) pavements.
Run to run variationsin data collected under such conditions should be carefully evauated. If
problems are suspected, profile measurements should be suspended until pavement is completely

dry.

Electromagnetic radiation from radar or radio transmitters may affect data recorded by the profiler.
If this occurs, operator should attempt to identify and to contact the source to learn if atime will be
available when the source is turned off. If such atimeisnot avallable, it may be necessary to
schedule a Dipstick? survey of the test section.

2.2.7.8 End of Run and Operator Comments

The profiler software alows operator to enter comments at the end of each profile run; those
comments are hereafter referred to as “end of run’ comments. Operator can aso enter comments
about the profiled Ste after profile datais imported to ProQud; those comments are referred to as
‘operator’ comments. Both sets of comments can be up to 55 charactersin length and are uploaded
into the LTPP IMS database. In this section, examples are provided separately for end of run
comments and operator comments with suggested format for the comment.
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End of Run Comments

End of run comments entered for agroup of sections profiled in one run (e.g., SPS Site) are put into
eech individual file that is subsectioned from thet profile run. Smilarly, if a GPS section is profiled in
conjunction with a SPS ste in one run, end of run comments are common to al sections
subsectioned from that profile run. Therefore, operator should ensure end of run commentsthat are
entered when severd test sections are profiled in one run are vaid or gpplicable to dl sectionsin
that run (e.g. awesather rlated comment). An end of run comment can be up to 55 charactersin
length. End of run comments should be typed in capitd letters.

To ensure uniformity between the end of run comment that is made when a group of sections are
profiled together (e.g. SPS section) and when a section is profiled as an individua section (e.g. GPS
section), end of run comments have been grouped into the following three categories.

1. Good Profile Run
Comment used to indicate that profile run was good and that no problems were encountered.
Example comment: RUN OK.

2. Environmentad Related Comments
Profile testing should not be performed when environmental conditions are so bad that they can
affect quaity of the data. If operator believesthereis a possbility that environmenta conditions
may have affected qudity of the data, a comment should be entered. Example commert:
HEAVY WINDS.

3. Speed Related Comments
The following are examples where a comment related to speed of testing should be entered:

(8) Speed limit at gteislower than 80 kmvh specified for profile detacollection. Example
comment: SPEED LIMIT AT SITE IS60 KM/H.

(b) Heavy treffic, difficult to maintain a constant speed. Example comment: TRAFFIC
CONGESTION: SPEED VARIABLE.

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

End of run comment is made a end of the run prior to saving the data. 1CC software offers six end
of runs comment that user can sdlect at the end of arun. If none of these comments are applicable,
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user can type any desired comment. The sx end of run comment options that are available in the
|CC software are:

1. RUN OK

2. PAVEMENT SURFACE DAMP

3. TRAFFIC CONGESTION: SPEED VARIABLE

4. DIFFICULT TO MAINTAIN CONSTANT SPEED: UPGRADE
5. DIFFICULT TO MAINTAIN WHEEL PATH LOCATION

6. LATE PHOTOCELL INITIATION

There should dways be an end of run comment. If no problems were encountered during the run,
the comment *Run OK’ should be entered as an end of run comment. If there were
wegther/environmenta related comments, or peed related comments, these should be entered
following the guiddines that were presented previoudy. If alate photocdl initiation is suspected, an
additional run to replace that run should be obtained.

Operator Comments

Operator comments are entered after profile data has been imported into ProQua and reviewed.
Operator comments should be typed in capitd letters. They can fal into one of the following Sx
categories.

1. Pavement Digtress Related Comment
A comment should be made if there are pavement distresses or features within the section that
can affect the repeatability of profile data. Comment should specify the distress(es) present that
the operator believes to be causing nonrepegatability of profile data. The following are examples
where such comments may be entered:

(8) For asphdt concrete pavements distresses such as rutting, fatigue/dligator cracking,
potholes, patches, longitudina and transverse cracking.
Example comment: IN SECTION (enter distress type for blank).

(b) For concrete pavements distresses such as faulting, spaling, longituding and transverse
cracking.
Example comment: IN SECTION (enter distress type for blank).

(c) For pavements with achip sedl, acomment should be entered if chips are missing in areas

within the section.
Example comment: CHIP SEAL SECTION. CHIPS MISSING
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(d) Comment should be made if there are dips within the section.
Example comment: DIPSIN SECTION

2. Maintenance Related Comments
A comment should be made if operator isfamiliar with the test section and notes that recent
maintenance and/or rehabilitation activities (e.g., overlays, patches, crack filling or aggregate
sedls) have been performed on that section. Operator should specifically make a note if
overband type crack filling has been performed on the section.
Example comment: RECENT MAINTENANCE IN SECTION, PATCHES.

3. Whed Path Tracking Related Comments
A comment should be entered if operator encountered problemsin tracking the whed path.
Such comment should be entered if one or more of the following conditions are encountered:

(& During profile run, path followed was either to the left or to right of whed path.
Example comment: RUN RIGHT OF WHEEL PATH

(b) Difficulty in holding whed path due to pavement distress(es) such as rutting.
Example comment: DIFFICULT TO HOLD WHEEL PATH, RUTTING

(c) Difficulty in holding whed path due to truck treffic.
Example comment: DIFFICULT TO HOLD WHEEL PATH, TRAFHC.

(d) Difficulty in holding whed path due to wind.
Example comment: DIFFICULT TO HOLD WHEEL PATH, WINDY

(e) Difficulty in holding whed path because of grade, ether uphill or downhill.
Example comment: DIFFICULT TO HOLD WHEEL PATH, UPHILL

() Difficulty in holding whed path because sectionison acurve.
Example comment: DIFFICULT TO HOLD WHEEL PATH, CURVE

4. Location of Test Section Comments
A comment should be entered if the location of section has a potentia impact in obtaining
repeatable profile runs. Such conditions include:

(a) Section or approach to sectionison acurve.
Example comment: APPROACH TO SECTION ON CURVE

(b) Section or gpproach to section is on agrade (uphill or downhill).
Example comment: SECTION ON A DOWNHILL

5. Miscdlaneous Other Comments
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A comment should be entered if conditions other than those not covered previoudy are
encountered during profiling that may affect qudity of the data. Such conditions include:

(& Contaminants on road such as sand/gravel or dead animals.
Example comment: SAND ON ROAD

(b) Traffic or weigh in motion (WIM) loops within test section.
Example comment: WIM LOOPS WITHIN SECTION OR TRAFFIC LOOPSIN
SECTION

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

(d) Excessve vehicle movements just prior to test section because of pavement condition.
Example comment: CORE HOLES ON WHEEL PATH BEFORE SECTION

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

After dataiis processed using ProQual, an operator comment can be entered for each run by going
to the Run Details Tab in ProQud. ProQud offers six comments that can be sdlected by the
operator. These comments are:

1. EQUIPMENT OK

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

4. NOTICEABLE DISTRESS IN WHEEL PATH

5. MODERATE TO SEVERE RUTTING

6. FAULTING AND SPALLING OF JOINTS/ CRACKS

Operator dso has the option of typing any desired comment. The operator can aso select one of
the default comments available in ProQual, and type an additiona comment at the end of the
selected comment.

Operator comments can be up to 55 charactersin length. If spikes are observed in the profile, it is
mandatory for the operator to enter a comment regarding these spikes after running the ProQua
program indicating whether or not they are pavement related. Because of the 55 character
condraint, it may not be possibleto type in dl of the applicable factors from the list of factors that
were described previoudy. Therefore, when entering comments, it is recommended that the
following order of priority (with first factor listed being given the highest priority) be followed: Whed
Peth Tracking Related Comments, Pavement Distress Related Comments, Maintenance Related
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Comments, Miscelaneous Other Comments and Loceation of Test Section Comments. It should be
noted that comments are used to indicate factors that could affect quality of data or to indicate
factors that cause variability between profile runs. Depending on conditions encountered in the field,
the recommended priority order may be changed with the factor having grestest effect on quality or
repeatability of profile data being listed first. If there are factors that cannot be entered because of
space congraints, such factors should be entered in the LTPP Profiler Fied Activity Report (under
the field Additional Remarks Regarding Testing). (Note: if afactor has been entered as an operator
comment into ProQual, it should not be repeated in the Field Activity Report).

2.2.8 Number of Runs

This section describes procedures to be followed to obtain an acceptable set of profile dataat a
Ste.

2.2.8.1 Evaluating Acceptability of Runs

Once the operator is confidant that a minimum of five error free runs has been obtained,
acceptability of profile runs based on LTPP criteria has to be evauated using the ProQual program.
Procedures for running ProQual are described in the ProQua manua (6). ProQual uses collected
profile datato compute IRI vaues for the left and right whed paths, aswell as average IRI of the
two whed paths. ProQual aso generates areport of spikes present in the pavement profile. Profiler
runs a aste are accepted if the average IRI of the left and right whed paths satisfies the following
LTPP criteria

1. IRl of three runs are within 1% of mean IRI of the five sdected runs.
2. Standard deviation of IRI of the five sdected runs is within 2% of mean IRI of the five sdected
runs.

For an SPS site, acceptance criteria have to be met at each section within the SPS project. If
ProQual indicates that the five runs are not acceptable, procedures described in section 2.2.8.2
should be followed.

If ProQual indicates that five runs are acceptable, but spikes are present in the data, operator
should determine if spikes are pavement related or the result of equipment or operator error.
Operator should examine plots of dl profile runs for discrepancies and features that cannot be
explained by observed pavement features, and also study the spike report. Operator should use the
multi-run plot in ProQual to do this comparison. If there are spikes believed to be caused by
operator or equipment error, operator should correct cause of the anomalies and make additiona
runs until five runs free of equipment or operator errors are obtained.

Operator should perform avisua comparison of data collected by the I€ft, right and center profiles
for one profile run usng ProQud. If there isamdfunction in the center sensor, thiswill be seen from
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comparison of the three profiles. It isimportant that this comparison be made, asit isthe only quaity
control check that is performed on data collected by the center sensor.

Asafurther check on the data, operator should compare the current profile data with those
obtained during previous Ste vist. Operator should aso be familiar with the trouble-shooting guide
included in Appendix C. The materid presented in this gppendix describes common errors that
occur during profiling and is avauable tool in identifying problems when profiles are being
compared.

As specified in Section 2.2.3.6, operator must have profile data for site from previous site visit.
Comparison between current profile data and those from the previous visit should be performed
usng the multi-visit plot comparison option in ProQua software. This comparison should be
performed separatdy for the left and right whed paths. Operator should select a minimum of one
profile run from the current set of profile runs and compare it with one profile run collected during
previous Ste vigt. If differences are observed between profiles, further comparisons should be made
using remaining runs from both the current and previous wist. If there are il discrepancies
between profiles from the current visit and previous vist, operator should verify that these
differences are not caused by equipment problems or due to incorrect subsectioning in SPS test
sections. Operator should also exploreif differences are due to pavement maintenance activities on
the test section.

After profile comparison is completed, an IRI comparison of current versus previous Ste visit data
should be performed using procedures described in Section 2.2.8.3. If IRI from profiler runs meet
LTPP criteriain the ProQua software and operator finds no other indication of errors, no further
testing is needed at that Site.

2.2.8.2 Non-Acceptance of Runs by ProQual

Profiler operator isrespongble for carefully reviewing profile data to determineif a high degree of
run-to-run variability isindicative of ‘bad’ data or indicative of a pavement with a high degree of
transverse variahility. If runs do not meet L TPP criteria, operator should perform the following steps
to determine if variability is the result of equipment or operator errors, environmenta effects, or
pavement factors.

1. Review end of run comments and determine if any of the following factors could have affected
collected data: passing trucks, high winds, rapid acceleration or deceleration of vehicle.

2. Review spike report generated by ProQual to determine if spikes are result of field related
effects (e.g., potholes, transverse cracks, bumps) or due to eectronic failure or interference.
This can be determined by reviewing the ProQual reports and observing if spikes occur at the
same location in dl runs. Operator should aso examine profile plots for discrepancies and
features that cannot be explained by observed pavement features. ProQual provides user with
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the capability to compare dl repest runs collected at the Ste. This feature should be used to
compare data between runs when andyzing differences between profiler runs.

3. Compare current profile data with those collected during previous Site vigt. This comparison
can be performed using the multi-visit plot option in the ProQua software. This comparison may
indicate potential equipment problems.

If variability between runs or spikes are believed to be operator related or equipment error, identify
and correct cause(s) of anomaies and make additiond runs until aminimum of five runs free of
equipment or operator errors are obtained.

Where data anomalies are believed to be caused by pavement features rather than errors, atota of
seven runs should be obtained at that section and evauated using the ProQua software. If data
from last two runs are cong stert with those from firgt five runsin terms of variability and presence of
pavement-related anomalies, no further runs are required. If datafrom last two runs differ from
those for firgt five runs, operator should re-evauate cause of variability or apparent spike condition.
If no errors are found, obtain two additiona runs and terminate data collection at that section.

Theredfter, IRl values dong the left and the right whedl paths should be compared with IRI vaues
obtained during previous test section visit as described in Section 2.2.8.3.

2.2.5.3 Comparison of IRI with Previous Values

Operator should have IRI vaues obtained aong the left and the right whedl path for the previous
profile test dates for al test sections. Once operator obtains an acceptable set of runs at atest
section, IRI vaues dong the left and right whed paths should be compared with IRI vaues that
were obtained for the previous test date for the section. Operator should determine if current IRI
vaue dong either the left or right whed path is higher or lower than 10 percent of IRI vaue at the
test section from the previous test date. If the differencein IRI is greater than 10 percent, operator
should seeif the cause for change in IRI could be related to a pavement fegture (e.g. maintenance
activity, cracks or patches aong whed path). If the cause for change can be observed, it should be
noted in the comments fied in ProQuadl.

2.2.5.4 Graphical Outputs

Although not mandatory, the RSC may request the operator to obtain agraphica plot of data
recorded by the l€ft, right and center sensors for one profiler run for archiving and/or quality control
purposes. If aprintout is obtained, the plot should be attached to the Profiler Field Activity Report.
The graphica plot can be obtained using either the WinGraph program, or ProQua program. If
there are sgnificant differences between profile runs, it is recommended that a graphicd plot of
profile data be obtained and attached to the Profiler Fidld Activity Report. In such cases, aplot of
al profile runs for each path in one plot or a plot of questionable runs may be obtained.
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23 FIELD TESTING
2.3.1 General Background

Procedures to be followed each day prior to and during data collection with respect to daily checks
of vehicle and equipment, start-up procedures, setting up software for data collection and using
software for field data collection are described in the following sections.

These sections will describe the procedures to be followed when testing GPS or SMIP sections.
Some of the procedures for testing SPS sections are different than procedures for GPS sections.
Section 2.4 of this manua outlines procedures for SPS sections that differ from those for GPS
sections.

2.3.2 Daily Checkson Vehicle and Equipment

Operator should follow the ‘Daily Check Ligt’ form given in Appendix D and perform dl checks

outlined a the start of day. It is not necessary to fill in thisform. Thisform can be placed ingde a

plastic cover, and operator can go through items listed and make sure that everything isin proper

working condition. Operator should maintain alog book in the profiler to note problems identified
when going through the checklist. Suggested format of the logbook isincluded in Appendix D.

In order to maintain the computer and various associated equipment, care must be taken to either
cool or warm equipment to the operating temperature described in section 2.2.4.2 prior to turning
on the power. Electronic equipment in the profiler should be turned on for about 15 minutes prior to
performing daily checks aswedll as profile testing in order for the eectronics to warm-up and
dabilize,

2.3.3 Daily Equipment Checks

The following equipment checks should be performed daily before profile measurements are taken.
1. Laser sensor check.

2. Accderometer check.
3. Bouncetest.

2.3.3.1 Laser Sensor Check
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This check isatest of laser sensorsto determineif they are within tolerance. Check should be
carried out in an enclosed building or a alocation where the vehicle is protected from wind (e.g.,
vehicle can be parked on the sde of a building to protect it from wind). Vehicle should dso be
parked on alevel surface. Thistest may be conducted using an externa power source or with the
engine of the vehicle running. Laser sensor check can be performed on dl three sensors a the same
time, or each sensor can be checked separately. Procedures for both methods are described in this
section

Salection of Calibration Blocks

Handle the cdlibration blocks with care. Surfaces of the calibration blocks are measured precisely,
and if they are damaged they will not be suitable to perform calibration check.

If sensors are to be checked individualy, only one block is needed to perform the check. If al three
sensors are to be checked smultaneoudly, three blocks are needed to do thistest. The 25 mm side
of the block is placed vertically when performing this test. Use following procedure to select three
blocksto do thistest if dl three sensors are to be checked smultaneoudy.

The exact dimension of the 25 mm side of the block is engraved to three decimal places on each
block. Round dimensions of the 25 mm side of the six blocks to the second decima place. For
example say dimensions of the Six blocks arer 25.022, 25.024, 25.024, 25.025, 25.028 and
25.010. When thicknesses are rounded to the second decimal place values are: 25.02, 25.02,
25.02, 25.03, 25.03 and 25.01. Select three blocks that have the same dimension to do test, and
when prompted to enter block size when doing the test, enter the block height rounded to the
second decima place. For the example given, the block size should be entered as 25.02.

If only two blocks have the same dimensions when rounded off, select these two blocks and
another block that has the dimension closest to the two blocks for the sensor check. For example, if
block heights when rounded to second decimal place are: 25.00, 25.01, 25.02, 25.02, 25.03 and
25.03, select the two blocks with height of 25.02 and a block with a height of 25.03 to do the test.
When computer prompts for block size when doing the test, enter height that was common to two
of the blocks, rounded to second decimal place. For the above example, block height should be
entered as 25.02 (which is the size of two of the blocks).

If rounded dimensions for the blocks are dl different from each other, sdlect three blocks that are
closest to each other in height to do the test. For example, if block heights when rounded to second
decimal place are: 24.98, 24.99, 25.00, 25.01, 25.02 and 25.03, operator can select blocks with
dimensions of 25.00, 25.01 and 25.02 to do the test. When the computer prompts for block size
when doing the tet, enter height of block that is between heights of the other two blocks. For the
above example, block height should be entered as 25.01.
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Profiler Setup for Performing Displacement Sensor Check

Use following procedure to set up profiler to perform the laser sensor check:

1. Pak profiler on aleve surface.

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

3. Boot up the computer following procedure described in section 2.2.5.4. The MDR main menu
(seefigure 2.2.5.7) should be displayed on the monitor at this stage. Turn on the lasers.

Performing Laser Sensor Check

The computer and lasers should have been turned on for about 15 minutes to dlow eectronic
equipment to warm up and stabilize prior to performing this check. Do not enter, bounce or bump
vehicle, or lean on vehicle when this check is performed. Operator should adjust computer monitor
so that it can be seen from outside the vehicle, and keyboard should be placed on one of the front
seats. As described previoudy, sensor check can be performed smultaneoudly on dl three sensors,
or it can be performed individually on one sensor at atime. Recommended procedure is to perform
the check smultaneoudy on al three sensors. Procedures for both methods are described

separately.
Performing Check Simultaneously On All Sensors

1. Inthe MDR main menu sdlect Calibration option, move highlighted bar to the * Sensors option,
and press Enter key. The monitor should now display the Sensor Cdlibration screen shownin
figure 2.3.3.1.

Eensor Configuration — Changes invalidates SCF values
Calibration

Sensors...

sEnsor Config...

Figure 2.3.3.1. Sensor cdibration menu.
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2. Highlight * Sensor Cd Block Chk’ and press Enter key. Monitor will digplay the cdibration
check screen shown in figure 2.3.3.2.

Press {— To Start

Figure 2.3.3.2 Cdlibration check screen.

3. Block size hasto be entered in the window that is open. Type the block size based on the vaue
decided in section ‘ Selection of Cdibration Block.’, and press Enter key to close window.

4. Cleantop of cdibration base plates, as heeded. (Base plate is plate with three feet). Place a
cdibration base plate on the ground below each sensor, such that the red laser dot is centered

on base plate (see figure 2.3.3.3).

Figure 2.3.3.3. Laser dot centered on base plate.

5. Pace acalibration surface plate on top of each cdibration base plate, with long dimenson of
cdibration surface plate parallel to long dimension of profiler sensor bar. Center each cdlibration
surface plate so that the red laser dot of each sensor is centered on calibration surface plate (see

figure 2.3.3.4).

2-38



LTPP Manual for Profile Measurements, Version 4.0, September 2002

| il

Figure 2.3.3.4. Cdibration surface plate on top of 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 stage will look smilar to figure 2.3.3.5. (Note:
vaues digplayed on monitor for count, Avg Height, Avg Count, Height 1, Height 2, Dif Ht, Dif
Blk will be different from vaues shown in figure 2.2.3.5). Allow system to take at least 500
samples and then press ‘ Backspace' key to stop sampling.

7. Remove cdibration surface plate from calibration base plate for left sensor, then place one of
the blocks selected for test on top of base plate such that the 25 mm side of the block is
vertical. Adjust block so that red laser dot is at the middle of the block. Place caibration
surface plate on top of block and adjust surface plate to ensure red laser dot is a the middle of
the calibration surface plate (see figure 2.3.3.6). Repest this procedure for center and right
Sensors.

8. PressEnter key, alow system to take at least 500 readings, and press ‘ Backspace' key to stop
sampling. Computer monitor at this stage will look similar to figure 2.3.3.7. (Note: Vaues
displayed on monitor for Count, Avg Height, Avg Count, Height 1, Height 2, Dif Ht, Dif Blk will
be different from vaues shown in figure 2.3.3.7).

2-39



LTPP Manual for Profile Measurements, Version 4.0, September 2002

Fress Eksp To Stop

Figure 2.3.3.5 Readings taken on base plate.

Figure 2.3.3.6. Block on top of base plate with cdibration plate on top of block.

9. Notations#1, #2 and #3 refer to the left, right and center sensors, respectively. Vaue shownin
‘Dif Ht' field isthe height of block as measured by data acquisition system in the profiler. Vaue
shown in ‘Dif BIK' field isthe difference between height of block as measured by data
acquisition system of the profiler and block height that was entered into the computer in step 3.

10. If vaue displayed in fidd ‘ Dif BIK’ for al three pogtions (#1, #2 and #3) is between —0.25 mm
and +0.25 mm, al three sensors are consdered to be functioning satisfactorily. If value
digolayed in ‘Dif BIK’ for any sensor is outside tolerance of + 0.25 mm, then repeat check for
sensor(s) that do not meet specified tolerance. Make sure system is warmed up, sensor glassis
cleaned, blocks are levd, van is steady, and lighting conditions are consistent prior to repesating
the test. If sensor(s) are till outside tolerance, repest test three more times. I tolerance cannot
be achieved, turn engine off, repeat check and see if the required tolerance can be achieved. If
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sensor(s) are il outside tolerance, move the vehicle to another location and repeet the tet. If
operator fedsthat sunlight may have had an effect on results move van to a shaded location and
repest test. If sensor(s) are still outside tolerance, call RSC and |CC to decide on acourse of
action.

Press BkSp To Stop

Figure 2.3.3.7. Readings being taken on 25 mm blocks

Performing Check Individually On a Sensor

1. Inthe MDR man menu sdlect Calibration option, move highlighted bar to the * Sensors option,
and press Enter key. The monitor should now display Sensor Cdlibration screen shown in figure
2.3.3.1

2. Highlight * Sensor Ca Block Chk’ and press Enter key. Monitor will display the cdibration
screen shown in figure 2.3.3.2.

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

4. Cleantop of calibration base plate, as needed. (Base plate is plate with three feet). Place
cdibration base plate on the ground below the sensor that is being checked, such that the red
laser dot is centered on the base plate (see figure 2.3.3.3).

5. Placeacdibration surface plate on top of each cdibration base plate, with long dimension of
cdibration surface plate pardle to long dimension of profiler sensor bar. Center cdibration
surface plate so that the red laser dot of each sensor is centered on calibration surface plate
(seefigure 2.3.3.4).
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6. PressEnter key to begin sampling by the system. Number of samplestaken is displayed a
bottom of the screen. Computer monitor at this stage will look similar to figure 2.3.3.8. (Note:
Vaues displayed on monitor for count, Avg Height, Avg Count, Height 1, Height 2, Dif Ht, Dif
Blk will be different from vaues shown in figure 2.3.3.8). Allow system to take at least 500
samples and then press ‘ Backspace' key to stop sampling.

Press BkSp To Stop

Figure 2.3.3.8. Reading taken on base plate for single block test.

7. Remove calibration surface plate from calibration base plate, then place block selected for test
on top of the base plate such that the 25 mm side of the block isvertica. Adjust block so red
laser dot is at the middle of block. Place cdlibration surface plate on top of block, and adjust
surface plate to ensure red laser dot is a the middle of cdlibration suface plate (seefigure
2.3.3.6).

8. PressEnter key, dlow system to take at least 500 readings, and press ‘ Backspace' key to stop
sampling. The computer monitor at this stage will look smilar to figure 2.3.3.9. (Note: The
vaues digplayed on monitor for Count, Avg Height, Avg Count, Height 1, Height 2, Dif Ht, Dif
Blk will be different from the vaues shown in figure 2.3.3.9).

9. Notations#1, #2 and #3 refer to the l€ft, right and center sensors, respectively. Vaue shownin
‘Dif Ht' fidd isthe height of block as measured by data acquisition system in the profiler. Vaue
shownin ‘Dif BIK' fied is difference between the height of block as measured by data
acquisition system of the profiler and block height that was entered into the computer.

10. If vaue displayed in ‘ Dif BIK’ for sensor being checked is between —0.25 mm and +0.25 mm,
that sensor is considered to have passed laser sensor check. Press Escape key to go back to

2-42



LTPP Manual for Profile Measurements, Version 4.0, September 2002

Sensor Calibration Screen (see figure 2.3.3.1) and repest steps 1 through 10 for the other two
Sensors.

Press EkSp To Stop

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

11. If vaue displayed in ‘ Dif BIK’ for sensor is outside tolerance of + 0.25 mm, then repeat laser
sensor check for sensor. Make sure system is warmed up, sensor glassis cleaned, block is
leve, van is steady and lighting conditions are consstent prior to repesting the test. If sensor is
il outside tolerance, repest test three more times. If tolerance cannot be achieved, turn engine
off repeat check and seeif required tolerance can be achieved. If tolerance cannot be achieved,
move vehicle to another location and repeat test. If operator fedlsthat sunlight may have had an
effect on the results move van to a shaded location and repesat test. Once sensor passes the
laser check, press Escape key to go back to Sensor Calibration Screen (see figure 2.3.3.1)
and repeat steps 1 through 10 for the other two sensors. If a sensor is ill outside tolerance, call
RSC and ICC to decide on a course of action.

2.3.3.2 Accelerometer Calibration Check

This check should be performed daily prior to data collection to check if caibration vaues of
accelerometers are within alowable limits. Operator may elect to do a daily accelerometer
cdibration following procedures listed in section 2.5.3 instead of adaily accelerometer check.
Accderometers check should be performed while vehicle is parked on aleve surface. Location
where check is made should be free of any vibrations. Do not bounce or bump vehicle during this
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check. Operator may be inside vehicle with engine running when this check is performed. Computer
should have been turned on and system warmed up at least 15 minutes prior to performing this
check. The following procedure should be used to perform this check:

1. Inthe MDR main menu, sdlect ‘ Cdibration’ to bring up Cdibration menu. Next use arrow keys
to move highlighted bar to ‘ Accelerometer’ and press Enter key. The Acceerometer
Cdlibration Menu shown in figure 2.3.3.10 will be displayed on monitor. Make sure settings
shown on monitor match the vaues shown in figure 2.3.3.10.

ficcelerometer Configuration <B. 1. 2. or 3
Calibration

Accelerometer. . .

aCcelerometer{s>

Figure 2.3.3.10. Accderometer cdibration menu.

2. Usearow keysto move highlighted bar to the ‘ Go’ option and press Enter key. The
Acceerometer Cdibration screen shown in 2.3.3.11 will be displayed on monitor. (Vaues
shown on monitor will be different from vaues shown in figure 2.3.3.11).

Perform Accelerometer Calibration
) 1 Calibration

Press {— To Start

Figure 2.3.3.11. Accelerometer cdlibration screen.

3. PressEnter key and accderometer will begin collecting data. After about 5000 samples have
been taken, pressthe ‘' Backspace' key to end cdlibration.
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4. Check vauesthat are displayed on monitor for the three accelerometers. If values are between
1710 and 1790, accelerometers are functioning properly. The system will ask if new vaues
should be accepted. Press‘n’ key to exit back to Cdibration Menu. If displayed vaues are
outside allowable range of 1710 to 1790, an accelerometer calibration should be performed
following the procedures described in section 2.5.3.

2.3.3.3 Bounce Test

The bounce test is performed to verify that height sensors and acceerometersin the profiler are
functioning properly. The bounce test should be performed every day prior to data collection. This
test can be performed immediatdy after performing the laser sensor check and accelerometer
calibration check. This bounce test conssts of two separate tests, a satic test and a dynamic
bounce test. In the Static test, sensorsin the vehicle are turned on while the vehicle is parked, and
generated profile is recorded and eva uated. In the dynamic bounce test, vehicle is bounced while it
is stationary, and generated profile is recorded and evauated. Vehicle engine may be on or off when
performing the static and dynamic bounce test. Both the static and dynamic tests can be combined
into one test. The recommended method for performing bounce test is the combined test.
Procedures for performing the combined test, as well as procedures for performing static and
dynamic bounce test are described in this section.

Setup Procedure for Bounce Test

The following procedures should be followed to set up the profiler prior to performing ether satic
test and/or dynamic bounce test:

1. Pak profiler on aleve surface.

2. Boot up computer following procedures described in section 2.2.5.4 After computer has been

booted up, the WinGraph program should be running in system 1 (Windows X P compuiter),

while monitor should show the MDR main menu (see figure 2.3.3.12). If computer has dready
been turned on, use KVM switch and go to system 1. If WinGraph program is not running in
system 1, double click on ICC icon to run the WinGraph program. Then use KVM switch to go
back to system 2 (DOS/MDR compuite).

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

4. Inthe MDR main, menu select ‘Run’ option and the Run Menu shown in figure 2.3.3.13 will be
displayed on monitor.

5. Usearow keys, move highlighted bar to ‘Options and press Enter key. Next, highlight
‘IRI..." and press Enter key. The screen shown in figure 2.3.3.14 will be displayed on the
monitor. Check to seeif Interva is set to 152.4. If not, highlight Interva, press Enter key, type
152.4 in window that opens up, and press Enter key to close window. When done, press
Escape key thrice to get back to the MDR main menu (figure 2.3.3.12).

w
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Figure 2.3.3.12. MDR main menu.

Buystem Date and Time
Run

Date/Time A7.-83-2002 17:08

Figure 2.3.3.13. Run menu.

[Enable IRI Operation

Figure 2.3.3.14. IRI options screen.
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6. Place aclipboard below each sensor. This procedure is followed because pavement surface
texture can affect the IRI values obtained from bounce test, and placing a clipboard ensures that
al three sensors take readings on a smooth and smilar surface.

7. Unplug the DMI connector from the computer and plug it to the 3001 Audio Generator (see
figure 2.3.3.15).

Audio Generat 1
plugged in to
simulate DMI

Connector for
Vehicle DMT
R

Figure 2.3.3.15. Audio generator plugged in for bounce test.

8. Set audio generator frequency to 1.2 K. This setting generates a speed of 86.8 knmvh for
smulation speed.

Combined Bounce Test Procedure

Power to the computer and lasers should have been turned on for about 15 minutesfor eectronic

equipment to warm up prior to conducting this test. Use the following procedure to perform

combined test, which consgts of the Static test and dynamic bounce test.

1. Sdect ‘Run’ optionin MDR main menu. A Run Menu smilar to that shown in figure 2.3.3.13
will be displayed on monitor.
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2. Usearow keysto move highlighted bar to ‘ Data Directory’, and press Enter key. In window
that opens up type an agppropriate directory to save bounce test file and press Enter key to
close window. Operator may elect to use adirectory such as C\BOUNCE to save bounce test
files

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

4. Inthe Run Menu (seefigure 2.3.3.13) highlight *Go’ option and press Enter key. Monitor
should now display aMDR Run screen smilar to that shown in figure 2.3.3.16 (vaues shown
on monitor 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 should now display the message
OnLineCk. This message indicates that system 2 (DOS/MDR computer) is connected to
WinGraph program in systlem 1 (Windows X P computer). If this message is not displayed, exit
program and go to system 1 and see if WinGraph is running.

SitelD BEL1558 VehiclelID 68395 Dir North (+) Lane OUTSIDE
REF POST SECTION ACCUM DIST POS 1 POS 2 POS 3
~ oon.ooa | o  0.000 | 5.0z § 6.675 f 1.095]
RUN NUM LOW HIGH
274
SEN 1 SEN 2 SEN 3

1.349 § 1.349 § 1.349

SECTION PATH FILENAME NAKS LAST

[ Civdates  __Jog N .

MESSAGE BUFFER

.
FROM RP T RP DIST  IRI L IRI R IRI € AUG IRI

H.888 OnLineCk

1¥a-5 END &-DHI LeS-RGH E-EUT 38-TAR 1Hi-NR~5 132-RST_REF [MU-EXIT

Figure 2.3.3.16. Run screen of MDR program.

5 Sysemisnow ready to perform static portion of combined test. Operator should be outside
vehicle when thistest is being performed. There should be no motionsinduced on the vehicle
during thistest. Press F3 key to start the DMI smulator. Let system show atrave of about 600
m, press F9 key to send areference reset, and then let smulator travel for 200 m.
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6 Dynamic bounce portion of the test can now be performed. Operator should stand on rear
bumper of van, and bounce profiler to induce a pitching motion. This motion should pitch vehicle
aong the longitudind direction with no Sdeways motion. Mation should correspond to a 25 mm
displacement of rear bumper for each bounce (i.e., distance from highest position to lowest
pogition is 25 mm during bouncing). For dynamic bounce test, the IRI value over a distance of
152.4 m within which bouncing motions were induced is evaluated (e.g., this distance may be
between 304.8 m and 457.2 m, or between 457.2 and 609.6 m). The operator should do some
tria runs with another person in order to get an idea about time needed in order to achieve this
requirement. Once operator is surethat bouncing motion was performed between either 304.8
m and 457.2 m, or between 457.2 and 609.6 m, stop bouncing and press F3 key to stop the
DMI.

7. Gotosysem 1 usng KVM switch to display bounce test profile in the WinGraph program.
Move mouse pointer to the down arrow beside the Y- Scale window on upper left hand side of
the WinGraph window and click on it once with left mouse button. Move mouse pointer to the
number 1 on the y-scae drop down menu and click once on it with left mouse button (see figure
2.3.3.17).

b3 win Graph - Connected

K
e
E
E
L]
H
(W}

Righl jme}

"Iy 00
Rl Peit - fim]

Fi Datn | Gpike Dsta | B vard Docs | Hesemges |
Fiom To Rioagh Dk L=t Canier Right

Figure 2.3.3.17. Adjusting scdle of graph in WinGraph.
8. A streen gdmilar to that shown in figure 2.3.3.18 will be shown at the end of test (IRl values

shown on monitor will be different from vaues shown in figure 2.3.3.18). Evauate profiles that
are displayed for the three sensors. Graph should show that bouncing motion was induced
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between the limits of 304.8 m and 457.2 m, or between 457.2 m and 609.6 m. If not, test
should be repesated.

9. Compare profile plots between three sensors for both the static part and dynamic part of the
test. Profile corresponding to dynamic bounce part will show more movement when compared
to Static portion of the test. Evauate profile for presence of spikes. Spikesin the profile may
indicate problems with sensors. If spikes are observed in the profile, repest test.

k8 Win Greph CSOUNEEHOS? 9031 E0
@ S [@oE || bl e B P My ESEIMN T TR A

Cember [mmj] Ledt [mm]

Right [mm|

Al Doty | Spicn Datn| Evark s | Mazzmgen |
From Ta Ruughbi Ll Camiar Rligh Arag

15 7 il 145017 1.0 0104 11 0 e

o 152 351 152 351 [I] [ [T (]

1527491 4.0 152411 6 00s 1106 LG

[ M 02 457150 152381 ] (] oo8| [

.'i:r.i_l'i'_. & cobw BB g vnceonceoic. By e El:_ﬂ'l'i.-ﬁﬂ

Figure 2.3.3.18. Output from combined bounce test.

10. IRI vaues between 0 and 152.4 m correspond to IRI of the static portion of the test. Verify that
IRI vaues from 0 to 152.4 for the left, center and right sensors are less than or equal to 0.08
m/km. If so, dl three sensors are within tolerance for the Setic test. If IRI for the static portion
of the test is outsde the specified limit, repest test. If after repeating the test severd times IRl
vaue of sensor(s) is outside specified limit, decide on a course of action by contacting RSC and
ICC. Also see section ‘Failure of Bounce Test Criterion’, which is located after the sections
‘Performing Static Test” and * Performing Dynamic Bounce Tedt” in this section.

11. Sdect a152.4 minterva that is shown at the bottom of the graph over which bouncing motions
have been performed. Thisinterval may be between 304.8 and 457.2 m or between 457.2 and
609.6 m. Note IRI value for each sensor for the sdlected 152.4 m intervad, which isIRI of the
dynamic bounce part of the test.
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12. For each sensor (l€ft, center and right), compute difference between dynamic bounce IRI and
datic test IRI. If differencein IRI islessthan or equd to 0.10 m/km for all three sensors, the
profiler is consdered to have successfully passed the bounce test. If not, repest test until al
three sensors are within the specified tolerance. If specified criterion is not satisfied after
repesting test severa times, decide on a course of action by contacting RSC and ICC. Also see
section ‘Failure of Bounce Test Criterion’, which islocated after the sections * Performing Static
Test” and * Performing Dynamic Bounce Test' in this section.

13. If both static and dynamic IRI criteria are satisfied for dl three sensors, obtain a printout of the
profile plot and note the static test IRl and dynamic bounce test IRI vaues for each sensor on
the graph.

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

15. Press F10 key to exit program and save data. System will ask operator to enter an End of Run
Note. Since none of the given choices are appropriate, press 7 then press Enter key and type
an end of run comment if needed, and press Enter key.

16. The path and file name to save datawill be displayed. If they are acceptable, press Enter key. If
adifferent path and/or file nameis needed use Backspace key to edit, and press Enter key.
After saving file, the system will revert back to the MDR main menul.

17. Disconnect the Audio Generator and hook DM cable back to computer chassis.

18. Turn Audio Generator to off pogtion.

Performing Static Test

The power to computer and lasers should have been turned on for about 15 minutesfor eectronic
equipment to warm up prior to conducting static test. Use the following procedure to perform the
datic test.

1. Perform steps 1 through 4 as described under Combined Bounce Test Procedure. In step 3
type an appropriate file name to save the atic test data. A suggested file name format to follow
iISYYMMMDDC, whereYY — last two digits for current year, MMM — current month (use
fird threeletters of month), DD — current day, and S— indicates the test is a Satic test.

2 The system isnow ready to perform the Static test. Operator should be outside the vehicle when
thistest is being performed. There should be no motions induced on vehicle during this test.
Press F3 key to start the DMI smulator. Let system show atravel of about 600 m, press F9
key to send areference reset, let the smulator travel for 200 m, and press F3 key to stop the
DMI.

3. Switch to system 1 using KVM switch. Move mouse pointer to the down arrow beside the Y-
Scade window on upper left hand side of the WinGraph window and click on it once with left
mouse button. Move mouse pointer to the number 1 on the y-scale drop down menu and click
once on it with left mouse button (see figure 2.3.3.17).

4. A screen smilar to figure 2.3.3.19 will be shown at the end of test (IRl values shown on
monitor will be different from vaues shown in figure 2.3.3.19). Evduate profile for presence of
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gikes. Spikes in the profile may indicate problems with sensors. If spikes are observed in the
profile, repest test.

5. Veify if IRI vauesfrom 0 to 152.4 for the left, center and right sensors are less than or equd to
0.08 m/km. If 0, al three sensors are within tolerance. Print graph and note IRI values from O
to 152.4 m for the three sensors on graph. If IRI for any sensor is greater than 0.08 m/km,
repeet tet. If after severd tedts, IRI vaueis till outside tolerance, decide on a course of action
by contacting RSC and ICC. Also, see section ‘Fallure of Bounce Test Criterion” which follows
section ‘ Dynamic Bounce Test'.

6. Switch to system 2 using KVM switch. The MDR run screen (green colored screen) will be
displayed on the computer monitor.

7. PressF10 key to exit program and save data. System will ask operator to enter an End of Run
Note. Since none of the given choices given are appropriate, press 7 then press Enter key and
type an end of run comment if needed, and press Enter key.

8. The path and file name where datawill be saved will be displayed on monitor. If they are
acceptable, press Enter key. If adifferent path and/or file name is needed use Backspace key to
edit and press Enter key.

9. After saving file, sysem will revert back to the MDR main menu.

E wen Graph £ BMMCEGOE 9 50

IRICs | Epdhs Dotn] Evond Do | Womvogrr |
Frm T Aosghll el Laft Cartm Ao A
| 1] T | Lo julr.} a|
i 155 01 [ E | | L] [ i |

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

Performing Dynamic Bounce Test
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After static test has been performed, dynamic bounce test should be performed. Use following
procedure to perform dynamic bounce test.

1. Perform steps 1 through 4 as described under Combined Bounce Test Procedure. In step 3,
type an appropriate file name to save data. A suggested file name format to follow is
YYMMMDDD, whereYY — last two digits for current year, MMM — current month (use first
three letters of month), DD — current day, and D — indicates test is a dynamic test.

2 System isnow ready to perform dynamic bounce test. Press F3 key to start the DMI smulator.
Let smulator travel for about 600 m and then press FO key to send a reference reset. Next
stand on rear bumper of the van, and bounce profiler to induce a pitching motion Thismotion
should pitch vehicle dong the longitudind direction with no sdeways motion. Motion should
correspond to a 25 mm displacement of rear bumper for each bounce (i.e., distance from
highest position to lowest position is 25 mm during bouncing). For dynamic bounce test, IRI
values between 152.4 m and 304.8 m are evauated. It will take sometime for operator to get
on the bumper and start bouncing after pressing F9 key. Operator should make sure that
bouncing motions on vehicle are induced before a distance of 152.4 m has been reached
(Operator should do sometrid runs with another person in order to get an idea about time
needed in order to achieve this requirement). If operator feels bouncing motions started after
152.4, then bounce test should be continued so that bouncing motion isinduced between
distances of 304.8 m and 457.2. m.

3. After asmulated distance of 304.8 m (or 457.2 m if operator fedls that bouncing motions
started after 152.4 m), stop bouncing and press F3 key to stop DMI. When operator is
bouncing vehicle, computer monitor cannot be seen. Therefore, operator has to estimate time
of bouncing such that smulator will travel a distance greater than 304.8 m. (Operator should do
sometrid runswith ancther person to estimate time the vehicle should be bounced in order to
achieve specified distance).

4. Goto sysem 1 usng KVM switch to display bounce test profile in the WinGraph program.
Move mouse pointer to the down arrow beside the Y- Scale window on the upper |eft hand Sde
of the WinGraph window and click on it once with left mouse button. Move mouse pointer to
the number 1 on the y-scale drop down menu and click once on it with left mouse button (see
figure 2.3.3.17).

5. A screen similar to that shown in figure 2.3.3.20 will be shown on monitor at end of the test
(IRI' vaues shown on monitor will be different from vaues shown in figure 2.3.3.20). Evduate
profiles that are displayed for the three sensors. Graph should show that bouncing motion was
induced between limits of 152.4 and 304.8 m. Figure 2.3.3.20 shows an example of agraph
that is obtained when dynamic bounce test is performed.

If bouncing motion started after 152.4 m or if bouncing motion was terminated before 304.8 m,
dynamic bounce test should be repeated. However, if bouncing motions were continued
between limits of 304.8 to 457.2 m, IRI vaues within these limits can be used as dynamic
bounce test IRI values. In graph shown in figure 2.3.3.20, bouncing motions Sarted after
152.4, but were continued to a distance greater than 750 m. |IRI vaues between 304.8 and
457.2 m can be used in this case as dynamic bounce test IRI values.
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6. Compare profiles between left, center and right sensors. Asthereisatime delay after pressing
F9 key and start of bouncing, first part of graph will show profile recorded during stetic
conditions. A comparison between static profile and dynamic bounce profile can dso be made
by observing graph. Evauate profiles for presence of spikes. If spikes are noted in profile,
repeat test. If bounce test gppears to have been performed satisfactorily, note IRI values for the
left, center and right sensors for distance between 152.4 m and 304.8 m. If bouncing motions
commenced after 152.4m and bouncing was performed between 304.8 and 457.2 m, note IRI
va ues between these limits. Print graph and write down IRI values for the three sensors on

graph.
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Figure 2.3.3.20. WinGraph screen after dynamic bounce test has been terminated.

7. For each sensor (l€ft, center and right), compute difference between the dynamic bounce test
IRI and gatic test IRI. If differencein IRI isless than or equa to 0.10 m/km for al three
sensors, the profiler is considered to have successfully passed bounce test. If not, repesat test
until dl three sensors are within the specified tolerance. If the bounce test criterion is not
satisfied after repesting test severd times, see the following section * Failure of Bounce Test
Criterion’.

8. Goto system 2 using the KVVM switch. The MDR green color screen should 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
of Run Note. Since none of the given choices are gppropriate, press 7 then press  Enter key
and type an end of run comment if needed, and press Enter key.
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10. The path and file name to save datawill be displayed. If they are acceptable press Enter key. If
adifferent path and/or file nameis needed, use Backspace key to edit and press Enter key.
After saving file, sysem will revert back to the MDR main menu.

11. Disconnect the Audio Generator and hook DM cable back to computer chassis.

12. Turn Audio Generator to off postion.

Failure of Bounce Test Criterion

If operator is unable to obtain a static bounce test IRI of less than or equa to 0.08 m/km for a
sensor, or if difference in IRl between dynamic bounce test IRI and static bounce test IRI exceeds
0.10 m/km, operator should contact RSC and ICC to decide on a course of action. If an error in
the equipment is found and fixed, operator should re-evauate profile data that were collected
during the previous day. If the problem was in asensor that islocated ether in left or the right whed
path, IRI vaues obtained during the previous day as well as the profile data should be compared
with those obtained from the last vidit to thet Ste. If data problems are suspected, such sections
should be re-profiled after equipment repairs.

2.3.4 Data Coallection
2.3.4.1 Entering Header Information

Prior to collecting profile deta a a Site, operator has to enter header information related to the Site.
This section describes procedures to be followed to enter header information for asiteinto the
computer, and aso describes procedures to be followed to get the computer system ready for data
collection. Use the following procedures to enter header informetion at a site.

1. If computer has been booted up go to step 2, otherwise boot up computer system (using steps
outlined in section 2.2.5.3 and 2.2.5.4).

2. Make sure system 2 is showing the MDR main menu (see figure 2.3.4.1). Use KVM switch to
switch to system 1 and check if WinGraph isrunning in system 1 (seefigure 2.3.4.2). If nat,
double click on ICC icon to gtart WinGraph program and use KVM switch to get back to
system 2.

3. Sdect Photocdl: In the MDR main menu (figure 2.3.4.1) select Options. The Options Menu
shown in figure 2.3.4.3 will be displayed on monitor. Select ‘1CC System Parameters and a
screen Smilar to that shown in figure 2.3.4.4 will be displayed on monitor.

Target option in the ICC Systems Parameter Menu (see figure 2.3.4.4), determines which target
will send which function key to data acquisition syssem when it is tripped. Targets 1 through 3
are not used, 4 isthe horizonta retro-reflective sensor and 5 isthe verticd line sensor. F5 refers
to an event trigger and FO refers to reference reset trigger. Use one of the following procedures
to select either the vertical photocell or the horizontal photocell to send areference rest.
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Sdecting Vertica Photocdll: In the ICC Systems Parameter menu (seefigure 2.3.4.4.) highlight
Target and press Enter key, highlight Target 5, and use Enter key to toggle through available
optionsto salect F9. If Target 4 isshowing ‘NA’ then press Escape key twice to get back to
Options Menu (seefigure 2.3.4.3). If Target 4 isnot showing ‘NA’, highlight Target 4 and use
Enter key to toggle through available options to select ‘NA’, then press Escape key twice to get
back to Options Menu. Available options when toggling for either Target 4 or 5 are: NA, F5,
F8, F9 and F2. When done, highlight Save Options and press Enter key to save parameters
that were assgned.

Figure 2.3.4.1. MDR main menu (DOS/MDR compute).
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Figure 2.3.4.2. WinGraph program running in system 1 (Windows XP system).
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lbave System & User Options to Disk
Options

Save Options

Figure 2.3.4.3. Options menu.

uthorization Code
Options

eHter new anthorization code

Figure 2.3.4.4. ICC systems parameters menu.

Sdecting Horizonta Photocell: In the ICC Systems Parameter menu (see figure 2.3.4.4),
highlight Target and press Enter key, highlight Target 4, and use Enter key to toggle through
available optionsto select F9. If Target 5isshowing ‘NA’, then press Escape key twice to get
back to Options Menu (see figure 2.3.4.3) If Target 5isnot showing ‘NA’ highlight Target 5
and use Enter key to toggle through available options to select ‘NA’, then press Escape key
twice to get back to Options Menu. Available options when toggling for either Target 4 or 5
are. NA, F5, F8, F9 and F2. When done highlight Save Options and press Enter key to save
parameters that were assigned.

Note: It has been reported that athough the photocell to send a Reference Reset is selected as
described above, both photocells still remain active. For example, if Target 5 (vertical photocell)
is set to F9 to send a reference reset with Target 4 (horizontal photocell) set to ‘NA’, the
system will sill send areference reset if Target 4 detects a condition that generates an event
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mark. Until 1CC software is fixed to correct this error, operator should use a piece of tape to
cover photocell that is not being used. For example if operator is specifying the verticd
photocell to send Reference Reset, horizontal photocell should be covered with a piece of tape.

4. Inthe MDR main menu, select Run option and Run Menu similar to that shown in figure 2.3.4.5
will be displayed on the monitor.

5. Highlight ‘Options in the Run Menu to bring up the Run Options Menu (seefigure 2.3.4.6). In
this menu, select IRI and press Enter key. IRI options menu shown in figure 2.3.4.7 will be
disolayed on monitor. Check if Interva is set a 152.4. If not, highlight Interval and press Enter
key. A window will open up and operator will have to type 152.4 in the window and press
Enter key. Press Escape key twice to get back to Run Menu (see figure 2.3.4.5)

Run

Date Time 0?/83-2002 17:88

Figure 2.3.4.5. Run menu.

Distance Simulator
Run

DMI Simulator

Figure 2.3.4.6. Run options menu.
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[Enable IRI Operation

Figure 2.3.4.7. IRI options menu.

6. Sdect Data Directory: In the Run Menu (seefigure 2.3.4.5), check to seeif data directory that
is shown is gppropriate to save profile data. If directory needs to be changed, highlight  Data
Directory’ and press Enter key. Thiswill open awindow that shows the current deta directory.
Use backspace key to edit entry shown, type the path (e.g., c\data\ohio) and press Enter key
to close window. If directory that was typed does not exigt, program will automatically creste it
when it savesthefird file.

7. Fle Name Highlight ‘File Name option (see figure 2.3.4.5) and press Enter key. Type file
name to save profile data in window that opens up. File name should be specified based onfile
naming convention described in section 2.2.7.3. After entering filename, press Enter to close
window.

8. Go to Header Menu: Highlight Parameters- FHWA option in Run Menu (seefigure 2.3.4.5) and
press Enter key. The monitor will display a FHWA Parameters screen Smilar to that shownin
figure 2.3.4.8.

Date Format mm—dd-yyyy
A7-a3-2082

Figure 2.3.4.8. FHWA parameters screen.
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The arrow 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). The
required vaue can then be entered in the window and when the Enter key is pressed the
window will close. The typed vaue will be shown for that parameter. Some of the parameters
have a specified set of input vaues, and when these parameters are highlighted, Enter key can
be used to cycle through input options that are available for those items. For example, vaid
entry for Laneis ether Indde or Outsde. When Laneis highlighted and Enter key is pressed,
parameter for lane will cycle between Insde and Outside. The following sectionswill describe
parameters to be entered or selected for each of the items shown in the FHWA Parameters
Menu.

StelD: Highlight ‘Site ID’ and press Enter key. Typethe site ID in window (e.g., 451024) and
press Enter to close window. Follow procedure described in steps 1 and 2 of section 2.2.7.3 to
obtain the appropriate Sx-digit code for the Site ID.

10. Operator/Driver: Operator and driver should be identified by atwo digit character; first |etter of

11.

12.

13.

14.

15.

16.

17.

their first and last name. Operator and driver names should be separated by a backdash and
typed in capitd letters (eg., CK/RS). If profiler is used as a one person operation, operator and
driver name would be the same (e.g., CK/CK). If current entry in this field does nor correspond
to operator/driver, highlight * Operator/Driver’, press Enter key, and type the operator and
driver initids in the window, and press Enter key to close window.

VehicleID: The ladt five digits of the VIN should be shown in this field. Once this parameter has
been set to the correct value, it does not need to be changed. To set value the firgt time,
highlight *Vehicle ID’ and press Enter key. In the window that opens, type last five digits of the
VIN and press Enter key to close window.

Road Description: Highlight ‘Road Description’, press Enter key, type route number where
section islocated (e.g. 1-88), and press Enter key to close window. All letters should be capitdl.
Lane Measured: The vdid entriesfor thefield are 'INSIDE’ or ‘OUTSIDE'. Outside laneisthe
lane adjacent to shoulder at right edge of road. Highlight ‘Lane Measured’, use Enter key to
toggle between ‘INSIDE’ and ‘OUTSIDE’, and select appropriate value. For nearly dl LTPP
sections, lane measured is‘OUTSIDE' .

Travel Direction: Sdlect gppropriate lane direction (NORTH, EAST, SOUTH, or WEST);
highlight field and use Enter key to bring up Direction window. Type the first character of
direction to add the direction.

Horizonta Offset: The vadue for horizontd offset should be O (zero) for dl sections. Thisvdue
has to be set only once, as the system will retain specified vaue. Highlight field, press Enter key
and type O in window that opens, and press Enter again to close window.

Beginning Description: Thisfield should be left blank. An entry in thisfield can be edited by
highlighting ‘ Beginning Description” and pressing Enter key, which will cause awindow to open
up containing the current entry in thisfield. After editing, Enter key should be pressed again to
close the window.

Ending Description: This field should be left blank. An entry in thisfield can be edited by
highlighting * Ending Description’ and pressing Enter key, which will cause awindow to open up
containing the current entry in thisfield. After editing, Enter key should be pressed again to close
the window.
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18.

19.

20.

21.

22.

Beginning Station: Thisfied should be set to O for al sections. An entry in thisfield can be
edited by highlighting ‘Beginning Station’ and pressing Enter key, which will cause awindow to
open up containing current entry in thisfield. After editing current vaue to set vdue infidd to O,
Enter key should be pressed again to close the window.

Ending Station: Thisfield should be st to length of test section. For GPS sections ending

gtation will dways be 152.4. For SPS sections, ending station will be the total length of the SPS

project that is being profiled. An entry in thisfield can be edited by highlighting * Ending Station’
and pressing Enter key, which will cause awindow to open up containing the current entry in
thisfield. After setting entry in the field to desired vaue, Enter key should be pressed again to
close the window.

Surface Type: Vdid entries for road surface type are A-CC for asphdt surfaced pavements and

P-CC for Portland Cement Concrete surfaced pavements. When * Surface Type' is highlighted,

pressng Enter key will toggle the entry in thisfidd between P-CC and A-CC. Sdect

appropriate entry.

Surface Condition: Describes surface condition of pavement; vdid entriesare V. GOOD (Very

Good), GOOD, FAIR or POOR. The following guidelines should be used to determine road

conditions. Severity levelsthat are described correspond to the definitions given in the LTPP

Didress Identification Manud (10).

(8 V.GOOD: Pavement does not show any distress.

(b) GOOD: Pavement exhibits few visble signs of surface deterioration. Asphat surfaced
pavements may show low severity cracks, and Portland Cement Concrete (PCC)
pavements may show low severity cracks and spalling.

() FAIR: Typicd distresses on asphdt concrete surfaced sections can include the following
distressesin alow to medium severity - rutting, block or edge cracking, transverse and
longitudinal cracking, and patching. Typicd distresses on PCC pavements can include the
following distresses in alow to medium severity - spaling, transverse and longitudina
cracking, faulting, and patching.

(d) POOR: Pavements in this category have deteriorated to such an extent that they affect the
speed of free-flow traffic. Typicd distress on asphdt-surfaced sections includes the
following distresses in amedium to high severity - rutting, transverse and longitudina
cracking, potholes. Typica distress on PCC pavements can include the following distresses
in amedium to high severity - spdling, transverse and longitudind cracking, faulting and

patching.

When * Surface Condition’ is highlighted, Enter key will toggle between V.GOOD, GOOD,
FAIR and POOR. Pick appropriate entry.

Air Temperature: Air temperature (in degrees Centigrade) at time of test should be entered in
thisfield. Obtain air temperature from temperature display gauge. Highlight * Air Temperature,
press Enter key, enter air temperature value in the window, and press Enter key to close
window. If no change to thisfied is made during subsequent runs, the entered temperature vaue
is saved with profile data for subsequent runs. The profiler operator should note the air
temperature prior to the start of each profile run. If the temperature display gauge indicates a
temperature that is not within + 2°C of that measured during previous run, profiler operators
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23.

24,

25.

26.

27.

28.

29.

should enter the new vaue to the software prior to commencing the profile run.

Cloud Conditions: Vdid entries for thisfield are: CLEAR, P. CLOUDY (Partly Cloudy), or
CLOUDY . Usethefallowing guiddines. Clear - sunny sky, Cloudy - sun cannot be observed,
P. Cloudy - sunis sometimes covered by clouds. Highlight ‘Cloud Conditions', and press Enter
key to toggle between CLEAR, P. CLOUDY, CLOUDY sdlect an gppropriate entry.

Start Method: The start method for data collection should dways be Photocell. When * Start
Method is highlighted and Enter key is pressed, entries will toggle between PHOTOCELL and
PENDANT. Oncethisentry is set to PHOTOCELL, it does not need to be changed again.
Stop Method: Stop Method should aways be DISTANCE. When * Stop Method' is
highlighted, and Enter key is pressed, entries will toggle between PHOTOCELL, PENDANT,
and DISTANCE. Once thisentry is set to DISTANCE, it does not need to be changed again.
Stop Distance: Stop Distance for GPS and SMP sections should be 152.40 meters. Distance to
be entered for SPS sections is presented in section 2.4.2. Distance for WIM sections should be
obtained from latest directive on profiling WIM sections. If a GPS section is profiled with a
WIM section, distance should be set such that both sections are covered. Highlight * Stop
Digtance , press Enter key, enter value in Window, and press Enter key to close window.

Other Wesether Conditions: Vdid entries for thisfield ares CONDITIONS OK, STEADY
CROSSWIND, WIND GUSTS, HOT AND HUMID, HAZY, LOW SUN ANGLE.
Highlight * Other Wegther Cond’, press Enter key to toggle through available entries, and sdlect
an appropriate entry.

Filter wavdength: Filter wavelength should be set to 100. Oncethisvalueis set, it should
not be changed again as the system will retain this value. (Vaue can be changed by
highlighting ‘ Filter Wavelength', pressing Enter key typing avauein the window that opens, and
again pressing Enter to close window).

Spike Tolerance: Recommended vaue for spike tolerance is 5.0. To set vaue, highlight * Spike
Tolerance , press Enter key, type value in window that opens and press Enter key to close
window.

2.3.4.2 Profiling Test Section

Once header information has been entered and equipment has warmed up sufficiently (alow 15
minutes after turning power to computers and lasers for equipment to warm up), profiler isready to
begin profiling. The following procedures should be followed to get an acceptable set of runs. In
these procedures, function keys (e.g., F3, F6) have to be pressed. Keysin either the keyboard or
the handheld event pad can be used.
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1. Check if WinGrgph isrunning in system 1. If not, double click on ICC icon to run WinGraph
(If insysem 2 - DOSMDR computer, use KVM switch to go to system 1, and use this
switch again to get back to system 2 from system 1).

2. IntheMDR main menu, sdect‘Run’ to bring up the Run Menu shown in figure 2.3.4.9.

Run

Date Time 0?/83-2002 17:88

Figure 2.3.4.9. Run menu.

3. Inthe Run Menu, highlight ‘Go’ and press Enter key. Monitor will display the MDR run screen
shown infigure 2.3.4.10. The message ‘OnLineCK’ should appear on the green part of the
screen. This message indicates the MDR program has successfully 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 filename that are shown will be path and file name that were typed in steps 6 and 7 of
section 2.3.4.1.
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SitelD BEL1558 UehicleID 63395 Dir North (+) Lane OUTSIDE
REF POST SECTION ACCUM DIST POS 1 POS 2 POS 3

oed b | b

LOW HIGH

3EN 2 SEN 3

FILENAME NAKS LAST

MESSAGE BUFFER

|
FROM RP  TO RP DIST  IRI L IRI R IRI C  AUG IRI

H.888 OnLineCk

1p-5 END [&i-TMI Le--RGH -EUT 3a-TAR 1-NR-S 132 -RST REF [MU-EXIT

Figure 2.3.4.10. MDR run screen.

4. Driver should attain a constant test speed of 80 knvh at least 175 m before beginning of test
section and dign vehicle dong whed paths. (As described in section 2.2.7.4, a speed different
from 80 km/h may be used depending on site conditions). Then press F3 key to sart the DMI
about 150 m before the start of the test section. (Note: The profiler should have attained its
testing peed prior to pressing the F3 key).

5. About 40 m before gart of the section (after passing lead-in stripe of the section), press F6
key. When F6 key is pressed, asterisk beside the O in section field will disappesar. When F6 key
ispressed, the photocdl isarmed and will be looking for reflective mark on pavement surface
or cone with reflective marking (depending on photocell that was sdlected) to record an event
mark and perform a reference reset.

6. When photocell detects target, green part of screen will show the message * Reference Reset’,
and a beep will be heard. If photocell is not triggered when event mark is passed, clean
photocell and repest run and see if the photocell triggers. If the photocell il failsto trigger,
operator should adjust threshold control for photocell using procedures described in Section 19
of the ICC Road Profiler Operation Manua (1) and seeiif photocell will trigger. If thisis not
successful, operator should use horizonta photocell. Follow procedure described in step 3 of
section 2.3.4.1 to select horizonta photocell to send a Reference Reset.

7. After the end of section is passed, press F3 key to end data collection. Note: The operator
should press F3 key while profiler is il traveling & its testing speed.

8. Bring vehicleto a stop a a suitable location to enter end of run comment, evaluate collected
data, and save datato hard disk. After stopping the vehicle, use KVM switch to go to system
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1. Graphicd output of profile data collected along the left, center and right paths will be
displayed on monitor. A vertica linewill be present a locations where spikes exceeding
specified spike height (pecified in step 29 of section 2.3.4.1) are present. Evauate profile data
for the left, center and right paths to see if they are satisfactory. Also, compare profile data for
the left, center and right sensors to see if they are comparable. IRI for the left, center and right
paths of the section will aso be displayed below the graph. Evaluate IRI vaues and seeif they
are reasonable. If data appears to be reasonable switch back to system 1 using the KVM. If
profile data are unreasonable investigate and correct the problem, and re-start data collection.
9. End of Run Note: Press F10 key to enter End of Run Note, and save data. When F10 is
pressed, end of run note screen shown in figure 2.3.4.11 will appear on the computer monitor.

Figure 2.3.4.11. End of run note screen

Evauate the sx end of run comments that are displayed, which are:

1. RUN OK

2. PAVEMENT SURFACE DAMP

3. TRAFFIC CONGESTION: SPEED VARIABLE

4. DIFFICULT TO MAINTAIN CONSTANT SPEED: UPGRADE
5. DIFFICULT TO MAINTAIN WHEEL PATH LOCATION

6. LATE PHOTOCELL INITIATION

Use guiddlines presented in section 2.2.7.8 to select an gppropriate end of run comment. End of
run comment should be based on conditions during the profile run, and not based on
observations noted in profile when profile is evauated in step 8. If one of the displayed
comments is appropriate for the profile run, type the appropriate number and press Enter key.
If the none of displayed comments are gppropriate for the profile run and operator wantsto
type a different comment, type 7 and press Enter. This will open awindow where the operator
can type an end of run comment. After typing the comment, press Enter key to close the
window.
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10. Save Data: Peth and filename for saving profile datawill now be displayed on monitor. If these
are acceptable press Enter key. If any changes are needed, use backspace key to correct path
and/or file name, and press Enter key.

11. After thefileis saved, computer screen will show the MDR main menu. Repeat steps 2 through
10 to obtain five error free runs.

12. Use ProQual to evaluate collected data using procedures described in section 2.2.8. As
ProQual is a Windows based program, Windows has to be loaded to system 2 ( DOS-MDR).
Use following procedure to load windows to system 2:

(& Monitor should show the MDR main menu. If monitor is showing WinGraph, use KVM
switch to go to system 2 (DOS/MDR compuiter).

(b) Inthe MDR main menu, highlight ‘Quit’ and press Enter key.

() The MDR Program will ask ‘Do you want to Exit system? Press‘y’ to exit system. The CA
prompt will gppear on monitor.

(d) PressCitrl — Alt — Delete keys smultaneoudy to restart computer.

(e) When the Windows 98 menu comes on the screen, use arrow keys to select the Windows
option and press Enter key.

(f) When Windows finishes loading, login to system using LTPP as user name and LTPP as
password.

(9 Start ProQua 2002 and evauate collected data using procedures described in 2.2.8.

13. If five runs are acceptable go to step 14. If not, obtain additional runs as described in section
2.2.8, and review these runs using ProQua

14. Back Up Data: Use Windows Explorer to back up datato an lomegaZipa disk. ICC profile
datafilesthat should be backed up are fileswith file extensons P, V and E, which were
collected a the ste. All files generated by ProQua when the profile data were processed
should aso be backed up. See section 2.3.5 for a description of ProQua files that should be
backed up.

15. Operator should verify that the ‘LTPP Profiler Field Activity Report Form’' (see section 2.7.1)
and ‘ Status of Regions Test Section’ (see section 2.7.2) forms are filled before leaving test Site.

2.3.5 Data Backup

Profile data collected at a Ste by the profiler aswell asfiles generated by ProQua when these data
were processed should be backed up to aZipa disk usng thelomegaZipa disk driveinthe
computer immediately after testing is completed a atest Ste.

ICC profile data files that should be backed up are files with file extensons P, V and E, which were
collected at the Site.

ProQual data that should be backed up are system files and site files. The following guideines for
backup of ProQual files are generd in nature since there could be variations between directory
structure used for ProQua 2002 by the different regions. However, specific data directories that
need to be backed-up are presented. System files are contained in the SY SDB subdirectory of the
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ProQua 2002 ingdlation directory. All filesin this subdirectory should be backed up. Figure
2.3.5.1 shows the contents of the SY SDB subdirectory. For this example, ProQual has been
ingdled in the directory C:\ProQual 2002.

n Exploring - C:\ProQual 200245ysDb |_ (O] x]
File Edit “iew Tools Help
[y 5000 ol & el ke o XS 5EEE
All Folders Contents of 'C:\Prolual 200245 ys0Db'
1 lec_Apps =] [ Name [ Size | Modified [ aibutes [
-] MsPelnt %] Cades.DE KB 4/22/0212:37 PM A
+-__| OfficeScan NT 8] Codes. P 4KE  4/22/0212:37 PM A
+-L_| Mhant %] Equipment.DB 4KB B/21/02 11:52 &M A
-] Pma [+#] Equipment P 4KE  B/21/0211:52 &M &
-] Pmalll ¥ Equipment VAL KB 5/21/0210:29 8M 2
2-{_] Program Fies %] SectionDB BKE  9/16/02 245 FPM A
=L P'°usua'D2£°2 e8] Section P KB /1602 245 PM A
j T’; ;plate B Sect KB 9/8/02 218 PM A
1 Recycler il SOKE  9/20/02 8104M A
2.0 Temp [o#] Sites. P 4KE  9/20/02 753 AM &
1 TmpDb.Debug B Sites VAL 1KE  B/9/01 10.06 &M &
] TmpFuwd 5] States. DB 10KE  5/2/02 2:24 PM &
2] Usr [e#] States P KB 5/2/02 224 PM A
41 iRt %] Spstem.DE BKE  9/10/0212:58 PM A
=g Work (D:]
+- ) ladm
+-__] 'Backup -
4] | LH
14 abject(z] 101K [Disk free space: 850ME)

Figure 2.3.5.1 Filesin SY SDB directory.

Sitefilesthat are generated by ProQua should aso be backed up. Location of the site files will
depend on directory structure that is employed by the regions to store files generated by ProQual.
Figure 2.3.5.2 shows an example of the location of site files that need to be backed up. For this
example, datafor ste 370204 are stored in the directory Sites\37\0204.

B Exploring - C:\ProQual 200245ysDb [_ O] ]
File Edit “iew Tool: Help
EEED i O =1 3 Y S e o s ]
All Folders Contents of 'C:\Prolual 200245 ysDb'
)l Apps ﬂ Narme | Size | Modified | Attributes |
#-] MsPelnt 5] Codes DB KB 4/22/02 1237 PM 2
#-] OfficeSoan NT e8] Codes. P52 KB 4/22/0212:37 PM A
+-__] Diant %] Equipment.DE 4KB  6/21/0211:52 M A
#-_1 Pa e8] Equipment. P KB E/21/02 1152 AM P
#-L] Pma B Equipment VAL KB B/21/0210:29 5M P
#-L_] Program Fies ] section.DE BKE  9HE/0Z 245 FM &
=] :'”QS‘;‘::JZ‘EM e8] SectionFx KB 9/16/02 245 PM A
) Template KB 9/9/02 218 PM P
£ Recycler &) BOKB  9/20/02 810 AM A
50 Temp [e8] Sites. X KB 9/20/02 753 AM P
] TmpDb.Debug B Sites AL KB B/9/01 1006 AM P
21 TropFud 5] States.DE 10KE  5/2/02 2:24 PM A
W0 Ust o] States P KB 5/2/02 224 PM A
) Winnt %] swstem.DE BKE  9/10/02 1256 PM P
=g Work [O:]
-] Ladm
+-__] |Backup =
4] | LH
14 abject(z] 101K [Disk free space: 850ME)

Figure2.35.2 Stefilesin ProQudl.
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A recommended procedure to follow during backup of datafor aSiteisto create separate
directoriesinthe Zipa disk to back up ICC profile data, SY SDB directory, and Site files crested
by ProQud.

Operator should maintain alog for each Zipa disk to document filesthat areinthe Zipa disk.
Profiler should not leave atest Site unless dl data have been backed up. At end of each day, an
additiona backup copy of dl profiler test data collected on that day should be made on aZipa
disk. Therefore, at end of each test day, there should be two Zipa disksthat contain profile data
that were collected on that day. One of these disks should be kept in the profiler (profiler copy)
while the other copy (RSC copy) should be forwarded to RSC. Until RSC copy is forwarded,
profiler copy must be removed from the vehicle whenever testing is not in progress. No collected
profile data should be deleted from the hard disk until the RSC has informed the operator that RSC
copy has been received and processed by RSC. Profiler copy of the Zipa disk can be recycled
once the RSC informs the operator that data have been received, processed and backed up. The
RSC should backup the data following procedures outlined in the latest FHWA directive.

The WinGraph program will save graphica datathat are displayed during a profile run, aswell as
data displayed during the bounce test. These datawill be saved in systlem 1 (XP computer). The
path that is specified in system 2 for saving profile data fileswill be used in system 1 to save the
WinGraph data. The WinGraph files do not need to be backed up. They can be deleted after data
for the site have been processed by the RSC.

2ATESTING SPS SECTIONS
2.4.1 General Background

This section describes field testing procedures to be followed when testing SPS sites, which are
different than the procedures used for GPS sections. However, other than the exceptions described
in this section, al other information presented in earlier sections of this manud are vaid when SPS
stes are being tested. A SPS dte condsts of a number of test sections with atrandtion area
between adjacent sections. During a profiler run at a SPS site, profile data are collected for entire
gte, which includestest sections aswell astrangtion aress.

2.4.2 Length of Test Sections

Unlike GPS test sections that are dways 152.4 min length, total length of a SPS project that will
include test sections and trangition areas will vary from project to project. Operator may elect to
break the SPS project into two sections for profiling depending on location of test sections as well
asturn around locations. For example, if thereis alarge trangtion distance between two groups of
test sections, and turn around is located in the trangtion area, operator may elect to profile the SPS
project as two sections.

2-68



LTPP Manual for Profile Measurements, Version 4.0, September 2002

2.4.3 Oper ating Speed

Guidelines regarding operating speed described in section 2.2.7.4 should be followed when testing
SPS test sections. When SPS test sections are tested, transition area between sections may be used
to adjust vehicle speed to 80 kmvh (or appropriate speed depending on Site conditions as described
in section 2.2.7.4) before next section istested. If thereistraffic in front of the profiler, its speed can
be initidly decreased in the trangtion section to give more leeway between the vehicle in front.
Thereafter, profiler must be brought up to a constant speed of 80 km/h before entering next test
section.

2.4.4 Number of Runs

Five profiler runsin each test section within a SPS project should satisfy the acceptance criteria
described in section 2.2.8. The ProQua program is capable of computing the IRI vaue of individua
test sections within a SPS project by identifying test sections using sationing and event marks. The
procedure for subsectioning individua test sections from a profile run made a a SPS section is
described in the ProQua manud (6). Operator should study IRl computed for each run and plot
data from repeat runs to ensure that repeatable data are obtained between runs. The procedure
outlined in section 2.2.8 should be followed in order to obtain an acceptable set of runs at a SPS
project.

2.4.5 Header Generation

The procedures outlined in section 2.3.4.1 for header generation for GPS test sections should aso
be followed for SPS test sections. However, Stop Distance that is entered in step 26 for a SPS
project is different than that is entered when profiling GPS sections.

Operator should refer to Site layout plans and obtain length of SPS project that will encompass dll
test sections. To guard againgt discrepancies between layout plans and as-built sections, operator
may add a distance such as 30 m to the distance obtained from site layout plan. This distance should
be entered as the Stop Distance in step 26 of section 2.3.4.1.

If operator is not certain about the length to be entered, perform atria run to determine the length of
the SPS project. Go to MDR run screen (seefigure 2.3.4.10) and terminate data collection once
the end of the last test section is passed. The MDR Run screen will indicate the location of the
Reference Reset and the location where data collection was terminated. Use thisinformation to
obtain the length of the SPS project, and enter this length as the Stop Distance.

2.4.6. Hardcopy of Profile
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RSC may require the operator to obtain a graphica plot of the data recorded by the left, right and
center sensors for one profiler run of the entire SPS project for archiving and/or quality control
purposes. Obtain printouts using data a an gppropriate interva such as 400 m.

If aprintout is obtained, plot should be attached to the Profiler Field Activity Report. The graphical
plot can be obtained usng ether the WinGraph or ProQuad programs. If there are significant
differences between profile runs, it is recommended that a graphica plot of profile data be obtained
and attached to the Profiler Field Activity Report. In such cases, aplot of dl profile runsfor each
path in one plot or aplot of questionable runs may be obtained.

2.4.7 Data Backup

Data collected at SPS projects should be backed up using the same procedures described in
section 2.3.5.

25 CALIBRATION
2.5.1 General Background

Accelerometersin the profiler should be calibrated if the accelerometer check (see section 2.3.3.2)
indicates accelerometer calibration factors are outside the dlowable range or if the bounce test (see
section 2.3.3.3) indicates a potential problem with accelerometers. Operator may elect to calibrate
accderometers daily prior to performing the bounce test. As aminimum, the DMI should be
cdibrated monthly or whenever problems are suspected. The DMI should aso be cdibrated when
tires are replaced, suspension repairs are performed or when wheels are rotated or aligned. The
DMI and accelerometers should be calibrated when repairs are performed on these components or
to computer cards associated with these components. A cdibration check must be performed
monthly on the laser sensors and the temperature probe. Accelerometers should aso be calibrated
when this monthly cdibration check is carried out. Cdibration check must dso be performed
whenever problems are suspected on the laser sensors, or when a sensor is repaired or replaced.

Power to the eectronic equipment should be turned on for about 15 minutes prior to performing any
cdibration or cdlibration checks so that the electronic equipment is dlowed to warm up and
dabilize,

2.5.2 Calibration of Distance Measuring Instrument (DM 1)

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

Cdlibration Factor (DCF). The operator enters the actud distance traveled in the calibration menu
and the computer calculates the DCF.
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An accurately measured section of 300 m should be used to cdibrate the DMI. This section should
be located on a traight portion of roadway that is reasonably level and haslow traffic volume.
Speed limit a site should be at least 80 km/h. This section should be in an area where vehicle can
be driven at a constant speed without interruptions. Section should be measured with a stedl tape
using standard surveying procedures, or laid out using an eectronic distance measuring system. The
stedl tape shoud be corrected for temperature, and the proper tension should be applied during the
layout of the section. Reflective tape that will trigger the photocell should be placed on the pavement
at the start and end of the section, such that the distance between leave edges of the two reflective
tapes is 300 m. The reflective tape should be placed on the lane such that the vertica photocell will
traverse over the tape when profiler traverses the test section.

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

1. Power up system and boot computer using procedures outlined in section 2.2.5.3 and 2.2.5.4.

2. Sdect photocell: The vertica photocell should be sdected following the procedures described in
step 3in section 2.3.4.1.

3. Adjust Tire Pressure: Adjust tire pressure of the rear tires so that the tire pressure is between
551 and 586 kPa (80 and 85 psi). Note tire pressure.

4. Enter Parameters. Inthe MDR main menu, select ‘ Parameters and pressthe Enter key. The
Parameters Menu shown in figure 2.5.2.1 will be displayed on monitor. Highlight ‘ Operator’,
press Enter key and type operator initials in window that opens, and press Enter again to close
window. Repest procedure highlighting Driver, Vehicle, and Equipment, respectively, and
entering appropriate entries for each of these parameters. These entries will be saved in DMI
cdibration report that is generated after DMI calibration procedure is completed.

Eustem Operator Identification
Parameters

Operator JC

Figure 2.5.2.1. Parameters screen.
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5. Bring Up Cdibration Menu: In the MDR man menu, choose ‘Cdibration’ to bring up the
Cdibration menu shown in figure 2.5.2.2..

iew Calibration Ualues
Calibration

Uiew

Figure 2.5.2.2. Cdlibration menu.

6. Enter Digtance and Tire Pressure: In the Cdlibration Menu highlight ‘ Distance’ and press Enter
key. Screen will display the current DCF and the ‘Go’ option. Highlight *Go' and press Enter
key. The system will then prompt operator for the Cadibration Distance. Enter the length of the
cdibration section, which should be 300, and press Enter key. The system will prompt user for
tire pressure. Enter tire pressure of rear tiresin ps and press Enter key. (Thetire pressure
should be between 80 and 85 ps). The distance cdibration screen shown in figure 2.5.2.3 will
now be displayed on the monitor.

Perform Dizstance Calibration
T Calibrat ion

Figure 2.5.2.3. Distance cdibration screen.

7. Bring vehicle up to a speed of 80 km/h about 150 m prior to start of the section. Then press F3
key (to start DMI) followed by F6 key (to activate the photocell).
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8. Asprofiler crosses the gart of the section, abeep will be heard when photocdll istriggered by
the reflective tape, which is located at the start of the section. When the profiler crosses the end
of section, distance cdibration screen will display the new DCF vaue.

If the photocdll fails to trigger, clean photocell and repesat the run and seeif the photocell
triggers. If photocdl| ill failsto trigger, operator should adjust the threshold control for
photocell using procedures described in Section 19 of the ICC Road Profiler Operation Manua
(1) and seeif photocdl will trigger.

If thisis not successful, operator should use horizontal photocell. To use horizonta photocell in
step 2, select horizontal photocell as active photocell. Place two cones on side of road at
beginning and end of section. Cones placed at the beginning and end of section should be
aigned such that the leave edge of the reflective mark on the cone is adligned with the leave edge
of the mark that is on the pavement surface.

9. Repest the cdibration procedure five more times S0 that Six cdlibration runs are obtained. At
gtart of each run adjust tire pressure to value noted in step 3. If operator feds that a cdibration
run was not done properly, move the highlighted bar with the arrow keys to the results and
press F8 to ddlete the run. When six cdibration runs have been obtained, monitor will display a
screen Smilar to that shown in figure 2.5.2.4 (actua vaues shown on monitor will be different
from those shown in figure 2.5.2.4).

Perform Distance cCalibration
Zalibration

15318 4211 19.58

- A" CERPT -TARGET [@E-REFPORT [FE-DEL [@E-RESET [@H-E-XIT

Figure 2.5.2.4. Cdibration screen after obtaining S runs.

10. Under column * Digtance New DCF *, evauate the Average Digtance (that is shown in the first
lineas AV) and standard deviation (that is shown at the bottom as SD). If average distance is

2-73



LTPP Manual for Profile Measurements, Version 4.0, September 2002

within + 0.15 m of actud distance of the site (300 m), and standard deviation is less than 0.075
m, the DMI cdibration has been performed successfully. If the values are outside specified
tolerances, obtain additiond runs until Six runs that meet specified criteria have been obtained. If
sx runs that meet specified criteria cannot be obtained, contact RSC and ICC to decideon a
course of action.

11. The new DCF vaue that was computed during DMI calibration has to be saved. Use arrow
keys to highlight the average that is shown at the top and press F2 key to accept the new DCF
vaue. System will ask ‘ Set DCF to Accepted Vaue? Press 'y’ key to save cdibration
factor. Program will also save areport for distance cdibration. Location of the report (path and
file name) will be displayed on the top of the screen when file is saved.

12. Press F10 to exit Distance Cdibration. System will ask ‘Do You Want to Exit? Press‘y’ key
to do s0, and the MDR main menu will now be displayed on the screen.

13. Print the Distance Cdlibration Report that was saved.

2.5.3 Calibration of Accderometers

Cdlibration of acceerometers should be performed while the vehicleis parked on aleve surface.
Location where cdibration is being performed should be free of any vibrations Cdibration of
accelerometers should not be performed when the engine of the van is running. Operator should be
outside of vehicle when cdibration is performed. Operator should adjust computer monitor so thet it
can be seen from outside vehicle and keyboard should be placed on seat of van. Do not enter
vehicle, bounce or bump vehicle, or lean on vehicle during cdibration. The power to the system
should have been turned on for about 15 minutes for the system to warm up prior to caibrating the
accelerometers. The following procedure should be used to cdibrate accelerometers:

1. Boot up computer following procedures described in section 2.2.5.4. The MDR main menu
should now be displayed on the monitor.

2. Inthe MDR main menu, select ‘ Cdibration’ to display the cdibration menu (see figure 2.5.3.1).
In the Cdibration Menu, highlight ‘ Accelerometer’ and press Enter key, and the Accelerometer
Cdibration Menu shown in figure 2.5.3.2 will be displayed on the monitor. The settings for
parameters displayed on monitor should match vaues shown in figure 2.5.3.2.

3. Inthe Acceerometer Cdibration Menu (seefigure 2.5.3.2), highlight ‘Go’ and press Enter key.
Monitor will display an Accelerometer Cdibration Screen smilar to that shown in figure 2.5.3.3.
(values displayed on monitor will be different from those shown in figure 2.5.3.3).

4. PressEnter key and accelerometer will begin collecting data. After about 5000 samples have
been taken, press Backspace key to end calibration.

5. Sysemwill ask operator if new vaues should be accepted. If test appears to be vaid and
calibration factors are between 1710 and 1790, press 'y’ to accept values. If test was not valid,
press‘n’ key to repeat cdibration procedure. Whenthe 'y’ key is pressed, calibration vaues
are saved and these values will be recorded in thelog file. Thislog fileiscdled cd_log.txt, and it
islocated in the directory CAmdrsmimdr_cdl.
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iew Calibration Values
Calibration

Uiew

Figure 2.5.3.1. Cdibration menu.

ficcelerometer Configuration <@, 1, 2. or 3
Calibration

Acce lerometer. ..

aCcelerometer<s?

Figure 2.5.3.2. Accelerometer calibration menu.
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Perform Accelerometer Calibration
Calibration

Press {— To Start

Figure 2.5.3.3. Accelerometer calibration screen.
254 Full Calibration Check of Laser Sensors

The laser sensors have been cdlibrated in the factory and operator cannot calibrate these sensors. A
calibration check of the laser sensorsis performed prior to data collection (see section 2.3.3.1). In
this procedure, laser sensors are checked to seeif they can accurately measure the height within a
specified tolerance by using a 25 mm gauge block. However, this procedure only checks the
accuracy of the laser sensor over a 25 mm distance within its measuring range. A more
comprehensve check of laser sensors should be performed monthly, that will check the accuracy of
the laser sensors over a 100 mm measuring range. This check isreferred to as the Full Calibration
Check of laser sensors to digtinguish it from the Cdibration Check of laser sensorsthat is performed
prior to data collection in the field. The laser sensor is attached to the sensor bar such that the mid
point of the measuring range of the laser sensor is at the ground surface. During full cdibration
check, vehicleis devated so that the accuracy of the laser sensor over a distance from below the
mid point of measuring range to above the mid point of measuring range can be checked.

2.5.4.1 Suppliesfor Calibration Check

Van Support Blocks: As described previoudy, the van is devated when the full calibration check is
performed. Thisis accomplished by driving the tires of the van over four wooden support blocks, so
that dl four tires on the van will rest on support blocks. A van support block is made by using two
stacked 38-mm by 254-mm by 915-mm boards screwed together on the 254-mm by 915-mm
face. One 254-mm end should be beveled to dlow the profiler to be driven up onto the blocks.
Figure 2.5.4.1 shows an example of avan support block.
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Figure 2.5.4.1. Support blocks.

Cdlibration Base Plates. Polished sted 100-mm by 100-mm by 9-mm sted plates, with feet
ingtalled on the bottom of the plates for stability. Three base plates are provided for each profiler.

Cdlibration Surface Plates: Polished gray polymer 5-mm by 25-mm by 75-mm plates used asthe
top reflective surface for caibration check. Three plates are provided for each profiler.

Cdlibration Blocks: Polished black polymer blocks having nomina dimensions of 25-mm by 50-mm
by 75-mm. Each profiler is provided with sx cdibration blocks. Each block is engraved with its
exact dimension on each face to three decimd places in millimeters.

2.5.4.2 Setup Profiler

Idedlly, the full cdibration check of laser sensors should be performed in an enclosed building with a
level concrete floor, with an externa power source (house power) used to power the profiler
system. If cdibration check is performed in the field, location where the check is performed should
protect profiler from wind and other vibrations. The pavement surface should be asleve as
possible, and lighting conditions should be consistent from sensor to sensor (i.e., face van away
from the sun). An external power source should be used, if possible. The following procedures
should be used to set up the profiler to perform the full sensor cdibration check.

1. Check Sensor Height: Make sure power to laser sensors has been turned off. Remove sensor
covers. With tires of the profiler resting on floor, measure distance from floor to glass face of the
laser sensor. This distance should within + 5 mm of 325 mm. The distance from ground to face
of the sensor should not change between calibration checks that are performed monthly, unless
sensors have been moved or replaced since previous cdibration check. Adjust sensor if required
s0 that height from glass face of sensor to ground is 325+ 5 mm.

2. Clean Sensor Glass: Clean glass on the bottom of each sensor using a soft cloth and water.
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3. Elevate Vehicle: Place avan support block in front of each tire, and then drive vehicle on to the
blocks such that al four tires rest on the van support blocks. Figure 2.5.4.2 showsthe van in the
elevated pogtion.

4. Warm Up Electronics. After connecting to house power, turn on the computer (see sections
2.25.3 and 2.2.5.4) and lasers. The monitor should show the MDR main menu. Let equipment
warm up for at least 15 minutes.

2.5.4.3 Performing Full Calibration Check

There are two methods that can be used to perform full sensor cdibration check. In the first
method, calibration check on al three sensorsis performed smultaneously. In the second method,
cdibration check is performed separately on each sensor. Performing afull sensor cdibration check
smultaneoudy on dl three sensors will reduce the time required to do this check. Both these
procedures are described in this section.

Figure 2.5.4.2. Profiler on top of support blocks.

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

1. Operator should be outsde vehicle when calibration check is performed. Operator should
adjust computer monitor o thet it can be seen from outside the vehicle, and keyboard should
be placed on the seat of the van. Do not enter vehicle, bounce or bump vehicle, or lean on
vehicle during cdibration check.
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2. Clean thetop of the calibration base plates, as needed, and place a calibration base plate on the
ground under each laser sensor, o that red laser dot on each plate is centered within the plates
(seefigure 2.5.4.3).

Figure 2.5.4.3. Laser dot centered on base plate.

3. Place acdlibration surface plate on top of each cdibration base plate, with the long dimension of
cdibration surface plate parale to long dimension of the profiler sensor bar. Center eech
cdibration surface plate so that red laser dot of each sensor is centered on the cdibration
surface plate (seefigure 2.5.4.4).

4. Inthe MDR main menu, sdect ‘ Cdibration’ to digplay the Cdibration Menu. In this menu
highlight * Sensors' and press Enter key to display the Cdibration Sensor Menu that is shown in
figure 25.4.5

Figure 2.5.4.4. Cdlibration surface plate on top of base plate.
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Eensor Configuration — Changes invalidates SCF values
Calibration

Sensors...

sEnsor Config...

Figure 2.5.4.5. Cdibration sensor menu.

5. Inthe Cdibration Sensor Menu, highlight * Sensor Ca Block Chk’ and press Enter key.
Monitor will display sensor cdibration screen shown in figure 2.5.4.6.

Press {— To Start

Figure 2.5.4.6. Sensor cdlibration screen.

o

In the window that opens, enter the height of block as 25.0 and press Enter to close window.
Press Enter key so that system will begin sampling (i.e., taking measurements on cdibration
surface plates that are below each sensor). Number of samplestaken is displayed at the bottom
of the screen. Computer monitor at this stage will look similar to screen shown in figure 2.5.4.7.
(Note: Vaues displayed on the monitor for Count, Avg Height, Avg Count, Height 1, Height 2,
Dif Ht, Dif BIk will be different from those shown in figure 2.5.4.7). Allow system to take at
least 500 samples and then press Backspace key to stop sampling.

~
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Press BkSp To Stop

Figure 2.5.4.7. Readings taken on base plate.

8. Remove cdibration surface plate from calibration base plate, place block on top of cdibration
base plate such that the 25 mm side of block is verticd, and red laser dot is at the center of
block. Place cdibration surface plate on top of the block and adjust calibration surface plate
such that red laser dot will be centered on the cdibration surface plate. Repeat procedure for
the other two sensors. Figure 2.5.4.8 shows the 25 mm block on cdlibration base plate with
cdibration surface plate on top of the 25 mm block.

9. Press Enter key, dlow system to take at least 500 readings, and press backspace key to stop
sampling. Computer monitor at this stage will look similar to screen shown in figure 2.5.4.9.
(Note: Vaues displayed on monitor for Count, Avg Height, Avg Count, Height 1, Height 2, Dif
Ht, Dif Blk will be different from those shown in figure 2.5.4.9).

Figure 2.5.4.8. Block on top of base plate with cdibration plate on top of block.
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Press EkSp To Stop

Figure 2.5.4.9. Readings being taken on 25 mm blocks.

10. Fdds#1, #2 and #3 refer to the left, right and center sensor, respectively. Field * Dif Ht'
indicates height of the block as measured by data acquisition system in the profiler. The fied
‘Dif BIK' indicates difference between the height of block as measured by data acquisition
system of the profiler and block height that was entered into the computer. Asthe actud heights
of the blocks that were placed below the three sensors are not exactly 25 mm, values shown in
‘Dif Ht' and ‘Dif BIK' fidds have to be adjusted to get correct vaues. Enter value shown in field
‘Dif BIK' in computer to field ‘ Dif Blk From Computer’ in form PROF-5 thet isincluded in
Appendix D (enter for 25 mm block position).

11. Enter height of blocks that were placed below the left, right and center sensorsin field *Actud
Block Height' in form PROF-5 (vaues should be entered in columns corresponding to 25 mm
block position with height of block entered to three decimal places). Perform computations
shown on form to get vaues in row numbers (3) and (5).

12. If vaues computed in From PROF-5 for ‘Adjusted Dif BIk™ for dl three sensors are between —
0.25 mm and +0.25 mm, al three sensors are considered to have passed the full calibration
check at the 25 mm position, and operator should proceed to step 13. If vaue for ‘ Adjusted
Dif BIk’ is outside specified tolerance of + 0.25 mm, sensor is out of tolerance. If asensor is out
of tolerance, make sure system iswarmed up, sensor glassis clean, blocks areleve, van is
steady, and lighting conditions are consstent. Repeat test until specified tolerance levd is
achieved for dl sensors. If after five attempts sensor(s) is il out of tolerance, contact ICC to
resolve the problem.
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13. Repesat steps 3 through 12 for block heights of 50, 75 and 100 mm. For the 50 mm block

check, place blocks under each sensor such that the 50 mm side of the block is verticd. For the
75 mm block check, place blocks under each sensor such that the 75 mm side of the block is
verticd. For the 100 mm block check, place two 50 mm blocks one on top of the other. In step
6, enter block heights as 50, 75 and 100 for the 50 mm, 75 mm and 100 mm block positions,
repectively. When computing ‘ Adjusted Dif BIK' vaue in form PROF-5, use appropriate
columns for each block pogtion. If ‘Adjusted Dif BIK' at any of these height poditions on any
sensor is outside adlowable tolerance of + 0.25 mm, resolve the issue following procedures
described in the previous step.

Procedure to Perform Calibration Check: One Sensor at a Time

1.

Operator should be outside vehicle when caibration check is performed. Operator should
adjust computer monitor so thet it can be seen from outside the vehicle and keyboard should be
placed on the seat of the van. Do not enter vehicle, bounce or bump vehicle, or lean on vehicle
during calibration check.

Clean top of cdlibration base plate, as needed, and place calibration base plate on the ground
under laser sensor being checked, so that red laser dot on the plate is centered within the plate
(seefigure 2.5.4.3).

Place cdibration surface plate on top of the calibration base plate, with long dimension of
cdibration surface plate pardld to long dimension of the profiler sensor bar. Center cdibration
surface plate so that red laser dot of sensor is centered on the calibration surface plate (see
figure 2.5.4.4).

Inthe MDR main menu, select ‘Cdibration’ to display the Cdibration Menu. In this menu
highlight * Sensors' and press Enter key to display the Cdibration Sensor Menu shown in figure
2545,

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

In the window that opens, type the shortest dimension of the block that will be used for thistest
(the value will be close to 25 mm). Dimengon of the block is engraved on the block. Block
height must be typed to three decimd places. After typing the value, press Enter to close the
window.

Press Enter key, to trigger the system to begin sampling (i.e., to obtain measurements on the
cdibration surface plate). The number of samples taken is displayed at the bottom of the screen.
The computer monitor a this stage will look similar to screen shown in figure 2.5.4.10. (Note:
Vaues displayed on the 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 at least 500
samples and then press Backspace key to stop sampling.
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8.

10.

Press BkSp To Stop

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

Remove calibration surface plate from cdibration base plate, place block on top of cdibration
surface plate such that the 25 mm side of the block is vertical, and red laser dot is centered on
the block. Place cdlibration surface plate on top of the block and adjust cdibration surface plate
such that red laser dot will be centered on the cdibration surface plate.

Press Enter key alow system to take at least 500 readings, and press backspace key to stop
sampling. Computer monitor at this stage will look smilar to that shown in figure 2.5.4.11.
(Note: Vdues displayed on monitor for Count, Avg Height, Avg Count, Height 1, Height 2, Dif
Ht, Dif BIk will be different from those shown in figure 2.5.4.11).

Thefidd ‘Dif Ht' indicates height of the block as measured by data acquisition system in the
profiler. Thefield ‘Dif BIk’ indicates difference between height of block as measured by data
acquistion system of the profiler and block height that was entered into the computer. Vaues
displayed for #1, #2 and #3 correspond to | eft, right and center sensors, respectively. (As
actua block height was entered when doing this test, vaues for ‘Dif Ht' and ‘ Dif Block’ do not
need to be adjusted).
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Press BkSp To Stop

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

11. If vaue displayed in fidld ‘ Dif BIK’ for the sensor being checked is between —0.25 mm and
+0.25 mm, the sensor is considered to have passed the full calibration check for the 25 mm
block position. If sensor iswithin tolerance, go to step 12. If vaue shown in field ‘ Dif BIK is
outside specified +0.25 mm tolerance, make sure system is warmed up, Sensor covers are
clean, blocks are levd, van is steady, and lighting conditions are consistent, and repest test.
Repest test until the specified tolerance leve is achieved. If after five attempts the specified
tolerance cannot be achieved, contact ICC to resolve the issue.

12. Record vaue displayed in field ‘ Dif Bk’ in the gppropriate fiddld of Form PROF-6, which is
included in Appendix D.

13. Repesat steps 3 through 12 using block heights of 50, 75 and 100 mm for the same sensor. For
the 50 mm block check place the block under the sensor such that the 50 mm side of the block
isvertical. For the 75 mm block check place the block under the sensor such that the 75 mm
sde of the block is vertical. For the 100 mm block check, place two 50 mm blocks one on top
of the other. At step 6, for each block position, enter the appropriate block height that is
engraved on the block (enter vaue to three decimal places). For the 100 mm position, add the
heights for the two blocks that are being used for the check and enter the value. If vaue shown
in the ‘ Dif BIK' window at any of these height pogitionsis out of the alowable tolerance of +
0.25 mm, resolve the issue following procedures described in step 11.

14. Repest calibration check for other two sensors following procedures described in steps 1
through 13.
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2.5.5 Calibration Check of Temperature Probe

A monthly check on the air temperature probe should be carried out. This can be performed at the
time when the full cdibration check on the profiler sensorsis performed. The procedures outlined
for the temperature probe cdibration check should be followed whenever operator observes
?sugpicious? temperature readings. A NIST (Nationd Ingtitute of Standards and Technology)
traceable mercury thermometer is required to perform thistest. This test should be performed in the
shade, using the following procedure.

1. Pak the profiler in the shade, and dlow some time for the vehicle to cool off if the profiler was
exposed to the sun.

2. Place athermometer close to the temperature probe and observe the reading of the

thermometer.

Record reading of the temperature displayed by the temperature display gauge.

4. If the difference between the two temperature readings are less than or equa to 2 °C, the
temperature probe is considered to be acceptable.

5. If the difference between the two temperatures is grester than 2 °C, repeat steps 2 through 4. If
the difference is dtill greater than 2 °C, repeat steps 2 through 4 again. If the difference between
the temperaturesis il greater than 2 °C consider the air temperature probe to be
unacceptable, and contact | CC/manufacturer of probe to resolve the problem.

w

2.6 EQUIPMENT MAINTENANCE AND REPAIR
2.6.1 General Background

Responsibility for equipment maintenance and repair rests with each RSC. Decisons required for
proper maintenance and repair should be based on testing schedule and expedited as necessary to
prevent disruption of testing. Maintenance activities on the profiler should be performed prior to
mohbilization for testing. During a testing period there will be little time to do more than the required
daily checks prior to testing. Specific, detailed maintenance procedures are contained in the manuas
provided with each piece of equipment (see References). Operator must become familiar with
maintenance recommendations contained in al equipment manuas. Maintenance/repair work to be
performed can be classfied as: routine maintenance, preventive maintenance and unscheduled
maintenance.

2.6.2 Routine Maintenance

Routine maintenance includes work that can be performed by operator. The Daily Check List (see
Appendix D) includes alist of maintenance activities to be performed every day. These procedures
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include checking vehide lights, checking under vehide for fluid lesks, checking fluid levelsin vehicle
and cleaning glass covers of the sensors and photocell. These items are the most basic and easily
performed maintenance measures and should dways be done prior to using equipment every day.
If any problems are noted, they should be entered in the Profiler Log (section 2.7.4), which should
be maintained in the vehicle, and appropriate action should be taken to correct noted problems.

Laser height sensors are sedled units and they will not function correctly if sedl is broken. Cracked
or chipped glass windows may cause moisture damage to occur and this can lead to failure of
sensor. If any sign of physica damage is noted on the sensor glass, ICC should be contacted to
decide on arepair procedure.

2.6.3 Scheduled Major Preventive Maintenance

Scheduled mgjor preventive maintenance services are services that are performed at scheduled
intervals. Scheduled preventive maintenance activities on the vehicle should be performed following
manufacturer’ s heavy use guiddines. These include activities such as oil changesthat are performed
every 3,000 miles. Checking of drive belts, hoses, battery cable connections, etc. should be
performed when the ail is changed in the vehidle.

The LTPP Mgor Maintenance/Repair Report Form (see Appendix D) should be used by operator
to report necessary services performed and will dso serve to inform RSC of the condition of
profiler on aregular basis.

2.6.4 Unscheduled M aintenance

These are unscheduled repairs. These repairs must be reported on the LTPP Magjor
Maintenance/Repair Report form as an unscheduled maintenance activity. The LTPP Mgor
Maintenance/Repair Activity Report should be completed whenever a sensor is replaced or
repaired. The procedures described in section 2.2.3.4 should be followed after a sensor is replaced
or repaired.

2.7 RECORD KEEPING

There are seven types of records that should be forwarded to the RSC by the profiler operator.
They ae

LTPP Profiler Fidd Activity Report.
Status of the Regions Test Sections.
ProQual Reports and Profile Plots.
Profiler Log.

AowbdpE
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5. LTPP Mgor Maintenance/Repair Activity Report.
6. Profiler Cdlibration Reports.
7. Laser Sensor Cdlibration Check Log.

A description of each of these forms/reports is presented in the following sections. If items
described for the Profiler Log or the LTPP Mgor Maintenance/Repair Activity Report are being
recorded by operator following standard operating procedures of RSC, the completion of these
forms may be omitted. It is acceptable for aregion to use formsthat have a different format as long
as the modified form contains dl itemsindicated in the forms presented in this manud.

27.1LTPP Profiler Field Activity Report

The Feld Activity Report (form PROF-1 in Appendix D) records al activities to and from asite, as
well as activities a the test dte. This report should be filled out for dl travel and testing days. For
travel-only days the section for which traveling is being done should be noted. Entering IRI readings
requested on this form is optiond. If aregion kegpsthisform in vehicle and uses IRl valuesasa
check when section is profiled subsequently, IRI values should be entered.

2.7.2 Status of the Regions Test Sections

The Status of the Regions Test Sections form (form PROF-2 in Appendix D) should befilled out at
every test section. Recent maintenance or rehabilitation activities, condition of paint marks, missng
LTPP sgns and ddlineators as well as any other comments regarding the test section should be
recorded on thisform.

2.7.3 ProQual Reportsand Profile Plots

Two reports are generated for each test section by ProQua. The Summary Report contains a
datistica summary of IRI'sfor different runs a atest Ste. The Spike Report contains arecord of
Spikes detected in the pavement profile. If no spikes are detected at a section, this report is not
produced. Both reports must be attached to the associated Field Activity Report. If agraphica
output of profile datais obtained at a Site, the printout should be attached to the associated Field
Activity Report.

2.7.4 Profiler Log
Operator should maintain a Prafiler Log in vehicle. Format of log is shown in form PROF-3 that is

included in Appendix D. When operator performs daily checks on equipment, items needing
attention should be noted on the Profiler Log.
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275LTPP Major Maintenance/Repair Activity Report

This form (see form PROF-4 in Appendix D) should be filled when scheduled or unscheduled
maintenance or repairs are performed on the profiler. Vehicle and equipment operating costs are
monitored with this form. This form should be submitted adong with dl receipts for maintenance
activities.

2.7.6 Profiler Calibration Reports

After acdibration is performed on the DMI, a printout of the calibration report should be obtained.
Operator should regularly back up the calibration log file as past accelerometer cdibration values
aredored inthisfile Logfileiscdled ca_log.txt, and it islocated in the directory
C\mdrsm\mdr_c4l.

2.7.7 Laser Sensor Calibration Check Log
Each time afull cdibration check is performed on the laser sensors, either form PROF-5 (if dll
sensors are checked smultaneoudly) or PROF-6 (if sensors are checked individudly) should be

filled. Both forms are included in Appendix D. The cdlibration log should be maintained in athree-
ring binder.
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3 PROFILE MEASUREMENTSUSING THE FACE DIPSTICK?

3.1INTRODUCTION

The Face Company Dipstick?® isamanually operated device for collection of precision profile
measurements at rates greater than traditional rod and level survey procedures. However, the profile
obtained from Dipstick® measurements may have a shift from the true profile because of systematic
cumulative errorsin the Dipstick® readings. The body of the Dipstick®  houses an indlinometer
(pendulum), LCD pandls, and a battery for power supply. The Dipstick® sensor is mounted in such
away that its axis and line passing through footpad contact points are co-planar. The sensor
becomes unbaanced as the Dipstick® is pivoted from one leg to the other asit is moved down the
pavement, causing the display to become blank. After the sensor achieves equilibrium, the difference
in eevation between the two points is displayed. Swived footpads having adiameter of 32 mm
should be used for al measurements.

Each LTPP Regiona Support Contractor (RSC) has two Face Dipsticks” ; amanua Dipstick’
(Model 1500) and an automated Dipstick® (Model 2000). Both these Dipsticks® display datain
millimeters. The spacing between the two feet of the Dipstick®  is 305 mm for both models. When
the automated Dipstick® is used for data collection, it should be used in manua mode, with data
recorded manually.

Profile measurements on GPS apd SPS stesthat cannot be obtained using the LTPP profiler should
be completed using the Dipstick® . Decisions with respect to the need for Dipstick® measurements
at these test sections should be made on a case-by-case basis by responsible RSC personndl.

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 collection using the Dipstick? is
atwo-person operation, with one person operating the Dipstick® and the other person recording
the data. However, a single person can collect the dataif that person uses a voice activated tape
recorder to record the readings.

Detailed scheduling and traffic control at test Stes must be coordinated by the RSC. Traffic control
at test steswill be provided by either the state highway agency (in United States) or provincid
highway agency (in Canada). Layout of Ste should not be undertaken until al gpplicable traffic
control equipmernt isin-place.

3.22 LTPP Procedures
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Maintenance of Records. Operator isresponsible for forwarding al data collected during testing
(see forrps in Appendix E). In addition, operator is also required to forward other records related to
Dipstick® operation, which are described in section 3.6, to RSC.

Equipment Repairs. RSC's are responsible for ensuring that L TPP owned equipment is properly
maintained. Decisions required for proper maintenance and repair should be made based on testing
schedule and expedited as necessary to prevent disruption of testing.

Accidents: In event of an accident, operator will inform RSC of incident as soon as practical after
mishap. Details of event shal subsequently be reported in writing to RSC.

3.3FIELD TESTING
3.3.1 General Background

The following sequence of field work tasks and requirements provides an overal perspective of the
typica work day at atest section.

Task 1: Personnel Coordination

a Dipstick® crew (operator and recorder)

b:  Traffic control crew supplied by state highway agency, or traffic control
contractor working for the state agency (as recommended by state highway
agency or provincid highway agency)

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

Task 2: Site Ingpection
a Generd pavement condition (within test section limits)
b: Identify whed paths

Task 3: Dipstick’ Measurements
a Mak whed paths
b: Operationa checks on Dipstick?
c: Obtain Dipstick® measurements
d: Quadlity control

Tak 4: Forms DS- 1 through DS-7 should be completed for longitudind profile
measurements. Form DS-8 should be completed for transverse profile measurements.
These forms are contained in Appendix E.

On ariva at adte, operator will carefully plan activities to be conducted to insure most efficient
utilization of time. While many activities can only be accomplished by operator and/or recorder, it
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may be necessary to enlist the assistance of other personnel at the Site to mark whed paths. In
generd, arrangements for this assi stance should be made in advance by the RSC.

Assuming that amanua distress survey is dso to be performed a the Site, traffic control typicaly
should be available for six to eight hours. This should provide adequate time for Dipstick?
measurements in both whedl paths as well as for the manua distress survey to be completed.
Experienced Dipstick® operators can obtain approximately 500 readings/hour.

Collecting profile data is the primary responsibility of operator. In order to ensure that data
collected in the four LTPP regions are identicd in format, certain guiddines and standards have
been established for data acquigtion and handling.

3.3.2 Site Inspection and Layout - Longitudinal Profile M easurements

The pavement must be clear of ice, snow, and puddles of water before profile measurements can be
taken with the Dipstick® , as such conditions can affect profile measurements. Pools of water can
possibly damage dectronicsin the Dipstick® and must be avoided either through adjusting schedule
of profiling trips, or by delaying actua measurements until acceptable conditions exit.

The longjtudinal Dipstick® measurement procedure consists of performing an devation survey in
each whed path, and using transverse measurements at the section ends to form a closed loop. As
illugtrated in figure 3.1, measurements start at Station 0+00 in the right whedl path and proceed in
the direction of traffic toward end of section. At end of section, transverse measurements are made
to the end point of survey linein left whed path. A 0.61 m diameter closure circle around this point
is used to close transverse measurements on this start location for measurements in the left wheedl
path. Longitudind measurements are then performed in the left whed path back to Station 0+00.
Transverse measurements and closure circle are used to close the survey on the starting point. This
procedure is designed for a 152.4 m test section; however, the concept can be applied to test
sections of any length.

If acceptable conditions are present to perform the Dipstick® measurements, clean both whedl paths
of loose stones and debris to prevent dippage of the Dipstick® footpads during messurements. The
fird sep in the Site layout is to locate the whed paths, where each whedl path islocated at a
distance of 0.826 m from the center of trave lane. Use following procedure to locate center of

trave lane

Case |: Where whed paths are eadly identified, midway point between two whed paths
should be used as center of lane.

Ca= |l If whed paths are not clearly identifiable, but two lane edges are well defined,
center of travel lane is consdered to be midway between two lane edges.
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Case l11: Where whed paths are not gpparent and only one lane edge can be clearly
digtinguished, center of lane should be established a 1.83 m from that edge.

Once center of travel lane has been identified, use following procedure to layout Ste:

1

2.

Identify location of two longitudina eevation survey lines 0.826 mfrom center of lane. Mark
these locations a intervas equd to length of chak line used for marking. Use chak line to mark
agraight line between previoudy established points. Start location should be located so that
back edge of the Dipstick® footpad is located immediately adjacent to leave edge of white
dripe at beginning of monitoring portion of test section. If this location is not marked with a
sripe, the start location should be established at Station 0+00. Using atape measure
(measuring whedls are not acceptable), carefully measure length of each longitudina eevation
survey lineto establish end points at 152.4 m, or at specified length for test sections that are
not 152.4 m long, from the previoudy established start location. An accurate measurement of
thislength isrequired since it is used as a qudity control check on the measurement process.
At Station 0+00 use achak line to mark atransverse line connecting the endpoints of the two
longitudind devation survey lines. In right wheel path, mark a 0.61 m diameter circle centered
on the first measurement point. This closure circle will be used for completion of eevetion
survey loop.
At end point marks placed a Station 152.4 m, or end of test section, use achak lineto mark a
transverse line connecting the endpoints of the longitudina eevation survey lines. Mark 20.61 m
diameter circle centered on the measurement point located in the left whed path at this location.
This closure circle will be used for completion of eevation survey loop.
Note on data collection sheet or field notebook, method used to establish location of lane center
and any discrepancies between painted and measured section end locations. This information
will help to collect consistent data in future profile measurements at that section.

3.3.3 Dipstick® Operation for Longitudinal Profile M easurements

3.3.3.1 Pre-operational Checks on Dipstick®

Checks to be performed on the Dipstick® prior to testing are described in this section.

1.

Check condition of footpads and replace if necessary with extra set in the Dipgtick® case.
Clean and lubricate bal and socket joints on the footpads to insure smooth pivoting of
ingrument. When joint is dirty, pivoting becomes difficult and dippage of footpad can occur. A
cleaning agent such as WD-40 or alight oil for lubrication will work for the ball and socket
joint.

If using Modd 1500 Dipstick?® , install a fresh set of rechargesble batteries in the instrument and
securely close battery compartment. The batteriesin this unit have to be taken out in order to
recharge them. The Model 2000 Dipstick® is equipped with rechargesble batteries that can be
charged while the batteries are till within the unit. If the batteries have not been charged
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overnight, indal afresh set of rechargeable batteries in the instrument and securely close
battery compartment. Batteriesin either of these units should be changed after 4 hours of usage
to insure continuity of measurements. The Mode 1500 Dipstick?® is powered with9 volt
batteries, while the Model 2000 Dipstick®  is powered with AA size batteries An extraset of
rechargeabl e batteries should be kept on hand for each of these units.

Check and if necessary, re-tighten handle on the instrument.

Perform Zero Check and Calibration Check, which are described next. According to
manufacturer, calibration check is needed only if adjustments were required during the zero
check. However, for LTPP related measurements, both the zero and calibration checks are
required at the beginning of data collection. The Dipstick® should be fully assembled, turned
on, and dlowed to warm up for several minutes prior to performing these two checks.

> w

Manual Dipstick® (Model 1500)

Zero Check (Model 1500)

Form DS-7 included in Appendix E should befilled when thistest is carried out. A zero verification
is performed by this test. Test should be performed on a smooth, clean location where instrument
can be properly positioned (carrying case for the Dipstick?® , or aflat board will suffice). After
positioning the Dipstick® draw two circles around footpads and note reading on display a switch
end (reading = R1). The instrument should then be rotated 180 degrees and the footpads placed on
the two circles that were drawn earlier; note reading obtained at switch end (reading = R2). If
readings from the two placements (R1 and R2) add up to within +0.1 mm, the Dipstick® has passed
the zero check. If they do not fal within these limits, zero adjustment is necessary. The zero
adjustment should be performed using the following procedure:

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

2. Subtract average value from R2 reading to obtain R20; R20=R2- e

3. With Dipstick® till in R2 reading position, loosen the set screw and adjust start/end pin up or
down so that display reads R20.

4. Tighten set screw, rotate the Dipstick® back to R1 reading position and read display a switch
end (reading = R10).

5. Addition of R10 and R20 readings should be within tolerance; if not, repeat adjustment
procedure until two readings are within tolerance.

Thisisthe only adjustment operator is alowed to make on the Dipstick? .

Cdlibration Check (Model 1500)

Cadlibration of the Dipstick® is fixed during manufacturing and cannot be dtered by the user. User
can verify cdibration against a standard calibration block that is provided with the Dipstick® . After
zero check and adjustments are performed, calibration of device must be checked. Form DS-7 (see
Appendix E) should be completed when thistest is carried out. To check cdlibration, note the
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Dipstick® reading and place the 3.2 mm cdibration block under one of the Dipstick® foot pads. The
reading displayed minus 3.2 should be within +0.1 mm of previous reading. If this tolerance is not
obtained, aLTPP Mgor Maintenance/Repair Activity Report (Form DS-10 in Appendix E) should
be completed and the Face Company should be contacted through RSC office to repair Dipstick?.

Automated Dipstick® (Model 2000)

Zero Check (Model 2000)

This check should be performed on a smooth, clean and stable location (carrying case for the
Dipstick® or aflat board will suffice) where the instrument can be properly positioned. Circles shall
be drawn around the two footpads and the CAL button depressed once. The instrument should
then be rotated 180 degrees and the two footpads placed in the circles drawn earlier. The CAL
button should again be depressed once. The display will flash ‘ CAL’ three times after which the
error is automatically stripped out of the readings. Note the reading a switch end of Dipstick?.
Rotate Dipstick® and place two footpads in the circles, and note reading at switch end. If the two
readings that were noted add up to within +0.1 mm, the Dipstick® has passed the zero check. The
zero check can only be performed once. If check is not successful, the Dipstick® must be turned
off, turned back on, and the zero check repeated. A check mark should be placed on Form DS-7
(see Appendix E) at the gppropriate location to indicate that the zero check was performed.

Cdlibration Check (Model 2000) )
Follow procedure described for the manua Dipstick® (Model 1500) to perform this check. Form
DS-7 (see Appendix E) should be completed when this test is carried ouit.

3.3.3.2 Longitudinal Profile Measurement

Complete header information on form DS-1 (See Appendix E) The following procedures should be
followed to collect longitudind profile data using the Dipstick® .

1. To start profile measurement, Dipstick® should be placed on marked survey linein RWP (right
whed path) at Station 0+00, with start arrow pointed forward in direction of traffic.

2. After reading stabilizes, it should be recorded under the right wheel path column on Form DS-2
(indluded in Appendix E) on the row corresponding to Reading Number 1. The Dipstick?
should then be rotated to the next measuring point using a clockwise rotation. After reading has
dtabilized, it should be recorded on the next row of Form DS-2 |abeled Reading Number 2.
This procedure should be repeated for entire length of test section. During measurements, the
following precautions and procedures should be followed:

(@ Alwaysuse aclockwise rotation.

(b) Handleof Dipstick® should be hdld in avertical position when taking messurements.
(o) Laterd pressure should not be gpplied to handle during a measurement.
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(d)

(€

()

If at aparticular placement, afootpad will fal into awide crack or a pothole in the
pavement, avoid placing the footpad into such afeature. If such acondition is
encountered, offset the placement of the footpad so it will rest on the pavement that is
adjacent to the feature.

If for any reason measurements must be stopped, circles should be drawn around both
foot pads with the start arrow in the direction of traffic at 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 soppage.

If it is not possible to mark the footpad positions prior to stoppage or to successfully
reposition the Dipstick? in the same position, then data must be discarded and the
measurement procedure restarted from the beginning.

3. After last measurement in right whed path at Station 152.4 m, the location of the front Dipstick®
foot should be compared to the pre-measured end point location. If front foot iswithin 152 mm
of marked end point location, proceed with transverse closure measurements as indicated in
gep 4. If front foot is not within thisintervd, perform the following:

@
(b)
(©

Draw circles around each foot and note direction of start arrow.

Check data sheets for skipped or missing measurements.

If no gpparent anomdlies are present in data, remeasure length of longitudina survey line
to verify position of end point. If re-measured location of end point iswithin 152 mm of
front foot of the Dipstick? , remark transverse line a this location and proceed. If end-
point is not within 152 mm of the Dipstick® front foot, discard data as suspect and restart
survey from Station 0+00.

4. After location of last measurement in right wheel path has been verified, transverse closure
measurements should be initiated by rotating rear foot of the Dipstick® toward |eft whed path
and placing it on pre-marked transverse closure line. Measurements along transverse closure
line should be recorded in the table labeled * Transverse Closure Measurements from Right
Whed Path to Left Whed Path at Station 152.4 m’ located at the bottom of form DS-6
(included in Appendix E). When the Dipstick® reaches point in which next measurement aong
transverse survey line passes location of |eft whed path, it should be rotated so that the foot pad
resgs at any point on the closure circle (CC). After recording this measurement in the column
labeled 5-CC, rotate device so that foot pad rests on top of intersection between the
longitudind survey line in the left whed path and the transverse closure line. Record this
measurement under CC-LWP. This procedure isillusrated in figure 3.1.

5. Begin measurements down longitudind 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 lagt measurement in left whed path is made at Station 0+00, verify that podition of front
Dipstick? foot iswithin 152 mm of end point. If not, follow procedures for end point verification
previoudy discussed for the measurements in right whed path. If a problem isfound with a
missing or skipped measurement or fina location of Dipstick® in left whedl path, measurements
in left whed path should be discarded as suspect and survey restarted at beginning point in the
left whed path.

7. After location of last measurement in left whed path has been verified, transverse closure
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measurements should be initiated by rotating rear foot of Dipstick® toward right whed path and
placing it on pre-marked transverse closure line. Measurements dong transverse closure line
should be recorded in the table labeled * Transverse Closure M easurements from Left Whed
Path to Right Whed Peth at Station 0+00' located at the bottom of form DS-2 (included in
Appendix E). When the Dipstick® reaches point in which next measurement along transverse
survey line passes location of right whed path, it should be rotated so that the foot pad rests at
any point on the closure cirdle (CC). After recording this measurement in the column labeled 5
CC, rotate device s0 that foot pad rests on top of intersection between the longitudina survey
linein the right whed path and the transverse closure line. Record this measurement under CC-
RWP. This procedure isillustrated in figure 3.1.

3.3.3.3. Post Data Collection Check

After completing survey, operator must conduct the zero and calibration checks. For manua
Dipstick’ (Model 1500), obtain readings R1 and R2 as described in zero check in section 3.3.3.1.
Readings from the two placements (R1 and R2) should add up to within + 0.1 mm in order to pass
the zero check. If the addition of the two readings is outside these limits, the device hes failed the
zero check.

For automated Dipstick® (Model 2000), place Dipstick?® on asmooth, clean and stable location
(carrying case for the Dipstick® or aflat board will suffice) where the instrument can be properly
positioned. Draw circles around the two footpads, and note reading at the switch-end of the
insrument (R1). Then rotate instrument 180 degrees and place the two footpadsin the circles that
were drawn earlier. Note the reading at the switch-end of the Dipstick® (R2).

The two readings (R1 and R2) should add up to within + 0.1 mm in order to passthe zero check. If
the addition of the two readings is outsde these limits, the device has failed the zero check.

For both manual Dipstick® (Model 1500) and automated Dipstick® (Model 2000), the calibration
check should be performed as described in section 3.3.3.1 for the manual Dipstick®.

Results from zero check aswell as cdibration check should be entered on Form DS-7 (see
Appendix E). Based on results from these checks, follow one of the applicable procedures
presented below:

1. If Dipgtick® fails zero check, data should be discarded as suspect and another survey should be
performed.

2. If Dipstick® passes zero check, but fails calibration check, data should be discarded as suspect
and the Face Company should be contacted for repair, as discussed under calibration check in
section 3.3.3.1 of thismanud.

3. If Dipstick® passes both tests, the closure error compuitations that are described in section
3.3.3.4 should be performed.
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If Dipstick® failed zero check, but can successfully be adjusted to pass zero cheek and aso passes
the calibration check, another survey should be performed.

3.3.3.4 Closure Error Computations
The following procedures should be followed when performing closure error computations.

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

2. Readingsin each column on forms DS-2 through 6 (see Appendix E) should be summed and
recorded in last row of each column. Measurements in transverse closure measurement tables
on forms DS-2 and DS-6 (see Appendix E) should be summed across row and entered in last
column.

3. Column summations should be entered onto form DS-1 (see Appendix E) in locations
corresponding to labels shown in each summation cell.

4. Onform DS-1 (see Appendix E), eevation sumsin the RWP and LWP should be added
together and recorded in indicated cdlls.

5. Transverse sums should then be added to each of these sums and the result recorded in the total
row at bottom of closure caculation table.

6. Two totas should then be added together and the result entered into cell labeled closure error.

7. If closure error is not within £76 mm, data should be discarded as suspect and test section re-
surveyed until closure error iswithin dlowable limits.

3.3.4 Site Inspection and Layout - Transver se Profile M easurements

Pavement must be clear of ice, snow, and puddies of water before profile measurements can be
taken with the Dipstick?, as such conditions can affect profile measurements. Pools of water can
possibly damage dectronicsin the Dipstick® and must be avoided either through adjusting schedule
of profiling trips, or by delaying actua measurements until acceptable conditions exist. Layout and
mark sraight lines for transverse profile measurements. Lines shall be perpendicular to edge of
pavement and located at 15.24 m intervals, Sarting at sation 0 and ending at station 152.4 m (or
end of section if length of test sections is different from 152.4 m). For each test section (GPS or
SPS), deven transverse lines will be present. Location of these lines should be adjusted to avoid
pavement markings and other anomdies such as patches and potholes. The need for and magnitude
of such adjustments isto be recorded on appropriate data sheets. Transverse profile measurements
shdl be performed when manua surveys are conducted on asphdt surfaced pavements. Transverse
profile measurements are not required for rigid pavements.

3.3.5 Dipstick® Operation for Transverse Profile Measurements

3.3.5.1 Pre-operational Checks on Dipstick®
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Operator should check equipment using procedures described in section 3.3.3.1. Checks will )
include both the zero check and the cdibration checks. Operator should fill out the LTPP Dipstick®
Data Collection Form DS-7 (see Appendix E).

3.3.5.2 Entering Header Information in Transverse Profile Form

After performing the pre-operationd checks on the equipment, the operator should fill the header
information in the Transverse Profile Data Collection Form (Form DS-8 in Appendix E). The
header fidlds in the form that should befilled, as well as guideines for filling these fields are provided
inthis section. Asthisinformation is used in ProQud,, it isimportant that the operator follow these
guiddines when filling the header information.

State Code: State code of state in which the siteis located.

LTPP Section ID: Four digit LTPP Section ID of ste.

Date: Current date.

Time: Current time, use military format (e.g., 09:30, 15:30 €tc).

Dipstick® Serid #: Five digit serid number on base or side of Dipgtick® (e.g., 30021).

Dipstick’* Modd #: 1500 for manua mode and 2000 for automated mode (new unit).

Operator: Firgt and last initia of operator in capita |etters (e.g., D).

Recorder: First and last initid of recorder in capitd |etters (e.g., AM)

Site Type: GPS or SPS.

Vigt: Sequentid vigt identifier. (e.g., A for firgt vigt to site, B for second vist, C for third vist etc).
Surface Type: A-CC for asphalt surfaced pavements and P-CC for portland cement concrete
surfaced pavements. Transverse profile measurements are not usudly performed on portland
cement concrete pavements.

Condition: Enter condition of pavement as either V.GOOD, GOOD, FAIR or POOR (use capita
letters). Use following guidelines to select condition.

V. GOOD — Pavement does not show any distress.

GOOD - Pavement exhibits few visible Sgns of surface deterioration. Pavement may show low
severity cracks.
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FAIR — Typicd digtresses can indude the following in alow to medium severity: rutting, transverse
and longitudind cracking, block cracking, fatigue, edge cracking, and patching.

POOR — Typica distresses can include the following in amedium to high severity: rutting, transverse
and longitudind cracking, block cracking, fatigue cracking, patching and potholes.

Road Name: Highway or route designation in capital letters (e.g., INTERSTATE 57, US 395, SR.
31).

Lane Circleeither ‘Outsde or ‘Insgde’ . Outsde lane is the outermogt traffic lane. Nearly dl LTPP
sections are located in the outside lane. Insde lane is any lane that is not an outside lane.

Direction: Direction should be NORTH, EAST, WEST or SOUTH (use capitd |etters).

Clouds. Vaid entriesfor thisfield are CLEAR, P. CLOUDY, or CLOUDY (use capitd |etters).
Usefollowing guidelines to sdlect an gppropriate entry to thisfidd. CLEAR — Sunny sky, P.
CLOUDY - Sunis sometimes covered by clouds, CLOUDY — Sun cannot be observed.

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

Wesather Comment: Any additiona comments about the weather conditions at the time of testing.
ProQual contains the following predetermined comments, but the crew is not limited to the use of
these comments exclusively: CONDITIONS OK, STEADY CROSSWIND, WIND GUSTS,
HOT AND HUMID, HAZY, LOW SUN ANGLE. Use capital |etters for weather comment.

3.3.5.3 Transverse Profile Measurement

Dipstick® transverse profile measurements shall be collected at 15.24 m intervals Starting at tation
0+00. Elevations for each transverse profile location will be measured from outside edge of
pavement and should extend over full lane width, with actua distance depending on lane width and
pavement striping. Starting point should be junction of transverse measurement line and ingde edge
of white paint stripe along outside edge of the lane. If no outside edge stripeis present, or if outside
edge dripe is on the shoulder, then beginning point shal be ether shoulder-lanejoint or a point
gpproximately 0.91 m from center of ouside whed path. A comment should be entered in the data
sheet commenting on how gtarting point was determined. The starting point on subsequent surveys
should be the same. Theinitid eevation is arbitrarily established as ‘zero’ and subsequent readings
are recorded relative to this benchmark. The combination of these measurements provide a measure
of pavement cross dope.

To begin transverse profile measurements, Dipstick® is placed at outside edge of pavement starting

at Station 0+00 with start arrow pointed towards pavement center line. Measurements should be
recorded on the Transverse Profile Data Collection Form DS-8 (see Appendix E). Operator should
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complete two runs per transverse profile of each LTPP section; one run up the transverse line and a
return dong same line to complete a closed loop survey.

After the lagt transverse profile measurement is completed, enter any additional comments on the
lat line of the form. The comment should be entered in capitd letters (e.g., ELEVEN DATA
POINTS DUE TOHEAVY TRAFFIC).

3.3.5.4 Post Data Collection Check

After completing survey, operator must conduct zero and caibration checks. For manua Dipstick®
(Model 1500) obtain readings R1 and R2 as described in zero check in section 3.3.3.1. Readings
from two placements (R1 and R2) should add up to within + 0.1 mm. to pass the zero check. If the
addition of the two readings is outsde this limit, the device has failed the zero check.

For automated Dipstick® (Model 2000), place Dipstick® on asmooth, clean and stable location
(carrying case for the Dipstick® or aflat board will suffice) where the instrument can be properly
positioned. Draw circles around the two footpads, and note reading at the switch-end of the
ingrument (R1). The rotate instrument 180 degrees and place the two footpads in the circles that
were drawn earlier. Note the reading at the switch-end of the Dipstick® (R2). The two readings (R1
and R2) should add up to within + 0.1 mm in order to pass the zero check. If the addition of the
two readings is outsde these limits, the device has failed the zero check.

Results of these checks should be entered on Form DS-7 (see Appendix E). Based on results from
these checks, follow one of the applicable procedures presented below:

1. If Dipstick® fails zero check then data should be discarded as suspect.

2. If Dipstick® passes zero check, but fails calibration check, data should be discarded as suspect
and Face Company should be contacted for repair, as discussed under calibration check in
section 3.3.3.1 of thismanud.

3. If Dipstick® passes both tests, the closure error computations that are described in section
3.3.5.4 should be performed.

If Dipstick® failed zero check, but can successfully be adjusted to pass zero check and also passes
cdibration check, another survey should be performed.

3.3.5.5 Closure Error Computation

The total accumulated error in atransverse profile is established by a closed loop survey. The
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forward and return run dong atransverse lineis utilized to compute this error. At each station, sum
the readings for the forward and return runs separately, and record the valuesin * Sum’ column of
Form DS-8. Then a each sation, add the valuesin ‘Sum’ column for the forward and return run,
and record the result in the * Closure column. At each station, for each Dipstick® reading, add the
reading for the forward and return run, and record the value in the field ‘ Difference’.

To compute the alowable closure error for atransverse profile run, multiply total number of
Dipstick® readings (sum of number of readings for forward and return run) by 0.076 (0.076 mm is
dlowable average error per one Dipstick® reading). The alowable dosure error for typical lane
widths that are encountered are given in table 3.1

If the closure error for atransverse profile is outside the alowable range, those data should be
discarded and measurement of the transverse profile repeated. The vaue in the ‘ Difference fidd at
aspecific pogtion gives the difference in readings between the forward and return runs at that
pogition. Thisinformation can be used by the operator to identify locations where problem readings
may be occurring.

Table 3.1. Allowable closure errors 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 repest runs at a tation(s), a closure error within alowable vaue is not obtained, and
Dipstick® is able to pass post data collection checks, enter a comment on why closure error is
outsde the alowable vdue (e.g., ROUGH SURFACE TEXTURE MADE CLOSURE
DIFFICULT).

3.3.6 Data Backup

The importance of safeguarding Dipstick® data cannot be overstated. Back-up copies of the
Dipstick® datamust be made without exception after completion of data collection at the earliest
time possble. A minimum of two complete copies shall be made of al Dipstick® data. One copy
will  be trangmitted by mail to the RSC office while the second copy will be retained by operator in
casefirgt copy islogt in mall.

34 CALIBRATION
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3.4.1 General Background

To ensure that the Dipstick® is operating properly, the zero and cdibration checks described in
section 3.3.3.1 are performed. If Dipstick® fails cdibration check it should be returned to
manufacturer for repair.

The RSC should ensure that the gauge block used for calibration check is cdibrated annudly to an
accuracy of 3.18 + 0.03 mm using alocd cdlibration laboratory or a cdibration micrometer.
Cdlibration of gauge block may need to be performed more frequently, depending on (1) presence
of oxidation, (2) evidence of eroson, and (3) possible damage caused by accidentad mishandling in
field. If the cdibration block is not within an accuracy of 3.18 + 0.03 mm, anew block that satisfies
the criteria should be obtained.

If calibration block (gauge block) thicknessis not within 3.18 + 0.03 mm, &l data collected since
last check of block are suspect and may have to be disregarded.

3.4.2 Calibration Frequency

The zero and calibration checks should be conducted by operator prior to and after any Dipstick?
measurements. Procedures for performing pre-operationa zero check and calibration check are
described in section 3.3.3.1. Procedures for performing post-operational zero check and
cdibration check are described in section 3.3.3.3. If Dipstick? fails cdlibration check, approva
from an RSC engineer is required before shipping equipment to manufacturer.

35EQUIPMENT MAINTENANCE AND REPAIR
3.5.1. General Background

Scheduled preventive maintenance will serve as ameans of ensuring proper operation of equipment,
aswdl as, identifying potentid problems. Timely identification of problemswill help to avoid costly
delays or incomplete data that could result from on Site equipment mafunction. Time congraints on
the profile testing program require that maintenance activities be performed prior to mobilization for
testing. During testing, it is necessary that operator be congtantly aware of proper functioning of
equipment. There will belittle time to accomplish more than the required initid checks a Stein
preparation for test day. Therefore, thereis a paramount need for preventive maintenance to be
performed as aroutine function at the end of each test day.

Minimizing rate of equipment deterioration is the responghility of the RSC and individua operators.

Specific, detailed maintenance procedures are contained in the manuals provided with each
individua piece of equipment, and operator must become intimately familiar with the maintenance
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recommendations contained in these manuas. This section isintended to reinforce the concept of
maximum equipment dependability, which is critica to the effectiveness of the LTPP program.

It is not the intention of this guide to supersede manufacturers minimum services and service
intervals, but to provide supplementary service requirements. Where there is a conflict between this
guide and the manufacturers indructions, the more stringent requirements should be followed.

3.5.2 Routine M aintenance

Routine maintenance includes those functions that can be easly performed by operator with minimdl
disassembly of the device. Routine maintenance for the Dipstick? includes deaning and |ubrication
of ball and socket joints on footpads, replacement of batteries and cleaning of battery contacts.
Theseitems are basic and eadly performed preventive measures and should aways be completed
prior to and after operation of equipment.

Thefollowing list of pre and post operation preventive maintenance itemsis not complete, but is
intended to show the extent and detail required before operation checks are performed. Thislist of
itemsis not to supersede manufacturers minimum requirements for warranty compliance.

1. Exterior: Check generd appearance, glass display (should be clean), ball and socket joint for
footpads (should be properly ubricated).
2. Accessories: Be sure adequate supplies of consumables are on hand (e.g., Batteries, WD-40).

3.5.3 Scheduled Major Maintenance

Scheduled mgjor preventive services shdl include much more than routine checks and will require
some disassembly of equipment by personnel with technica capabilities beyond skill of operators or
RSC saff. The LTPP Mg or Maintenance/Repair Report DS-10 (see Appendix E) should be used
by operator to report performance of necessary services. Thisform will also serve to inform RSC of
condiition of Dipgtick® on aregular basis. Items such as battery connector replacement would fall
into the mgor maintenance category. Appropriate service intervas are outlined in the equipment
manufacturer’s manudl.

3.5.4 Equipment Problems/Repairs

Regardless of the quality of the preventive program, there will probably be equipment failures during
the L TPP program. When these occur, it is extremely important that repairs or replacement of items
be accomplished in atimely fashion. During periods when there is no scheduled testing, these
problems are easily handled. However, if they occur during mohilization or while on-Ste, sgnificant
problemsin scheduling and coordination could develop. To help minimize impact of equipment
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problems, it is essentid that operator immediately notify RSC and any other agencies or individuds
as necessay.

Respongbility for equipment maintenance/repair activity rests with each RSC. However, RSC
should keep LTPP gaff informed of any mgor problems concerning equipment. When repairs are
necessary and must be performed by an outside agency, operator will report this information on the
LTPP Mgor Mantenance Report form as an unscheduled maintenance activity. Details of
circumstances during field testing related to this maintenance activity should be noted on gppropriate
data shests.

3.6 RECORD KEEPING
Dipstick® operator will be responsible for maintaining the following Forms/Records.

1. For Longitudind Profile Measurements. Longitudina Profile Forms DS-1 through DS-
6.

2. For Transverse Profile Measurements: Dipstick® Data Collection Form - Transverse
Profile, Form DS-8.

3. Zero and Cdibration Check Records (form DS-7) for both longitudind and transverse
profile measurements

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

All these forms are included in Appendix E. Each of these records shal be kept in up-to-datefiles
by each RSC with one complete set kept on file at the regiond office. A description of each of these
formsfollows.

3.6.1 Longitudinal Profile M easur ements (Forms DS-1 through DS-6)

Forms DS- 1 through DS-6 should befilled a every section/project where longitudind profile
measurements are performed with a Dipstick® . Comments section in this form should include any
downtime and any factors that might affect collected test data. Names and organizations of other
personnel present at site should be included in this form. Names of these personnd will be
invauable if an accident occurs at test Ste. Origina of these forms should be kept by operator with
acopy forwarded to RSC.

3.6.2 Transver se Profile M easur ements
The form DS-8 should befilled a every section where transverse profile measurements are

performed with a Dipstick? . Follow guiddlines presented in section 3.3.5.2 to fill the header fiddsin
thisform. Origind of thisform should be kept by operator with a copy forwarded to RSC.
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3.6.3Zero and Calibration Check Form

Thisform DS-7 should be completed whenever the zero and cdlibration checks are carried out.
3.6.4LTPP Major Maintenance/Repair Report

When any mgor maintenance or repair must be performed by an outside agency, the LTPP Magjor
Maintenance/Repair Activity Report (Form DS-10) must be completed.
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4 PROFILE MEASUREMENTSUSING THE ROD AND LEVEL

4.1 INTRODUCTION

Therod and level can be used to accurately measure profile of a pavement. This data can be used
to evaluate roughness of pavement by computing a roughnessindex such asthe Internationd
Roughness Index (IRI). In computing roughness indices, only relaive eevations and not absolute
elevations are needed. The guiddinesin this section can be applied to conventiona survey
equipment such as an opticd level and graduated staff which requires readings to be manudly
recorded as well as automated equipment that are capable of automaticaly storing measured data.

42 OPERATIONAL GUIDELINES
4.2.1 General Procedures

Detailed scheduling and traffic control at test Stes must be coordinated by RSC. However, dl traffic
control activities at test Steswill be performed by personne from either the Sate or provincia
highway agency. Layout of test Site should not be undertaken until al gpplicable traffic control
devicesarein-place.

4.2.2 Equipment Requirements

Therod and level used in routine surveying and road congtruction will generaly not have resolution
needed for pavement profile measurements. For pavement profile measurements, precision leveling
instruments are required. Instrument used for profile measurement should satisfy resolution criterion
given in table 4.1, which was obtained from the ASTM Standard on Measuring Road Roughness by
Stetic Leve (12).

Table 4.1. Resolution requirement for rod and level measurements.

IRI Range Resolution

(mvkm) (mm)
0<=1RI <05 0.125
05<=IRI<1.0 0.25
10<=IRI <30 0.5
3.0<=1RI <5.0 10
50<=IRI <70 1.5
IRI>=7.0 2.0
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Rod used should be equipped with abubble level so that it can be accurately held verticaly. A
suitable base may be sdlected for rod in order to reduce sengtivity to small variaionsin rod
placement. For smooth textured pavements, any type of base is suitable. For textured surfacesa
circular pad with adiameter of at least 20 mm is recommended (12). Asonly reldive eevations are
required for computing roughness indices, no correction isrequired if a pad is attached to bottom
of rod.

423 LTPP Procedures

Maintenance of Records. Operator is responsgble for forwarding al data collected during testing to
the RSC.

Accidents: In event of an accident, operator will inform RSC of incident as soon as practical after
mishap. Details of event shal subsequently be reported in writing to RSC to assist in any insurance
claim procedures.

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

Task 1: Personnel Coordination

a Personnd for rod and leve survey.

b:  Traffic control crew supplied by state or provincid highway agency or traffic
control contractor working for state agency (as recommended by state or
provincid highway agency).

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

Task 2: Site Ingpection
a Generd pavement condition (within test section limits).
b: Identify whed paths.

Task 3: Rod and Level measurements.
a Mark whed paths.
b:  Obtainrod and level readings.

To measure pavement profile using rod and level, two persons are needed. One person is needed to
hold rod (rod- person) and another to operate level and take readings (instrument operator). If level
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is not capable of automaticaly recording readings, having an additiond person (record keeper) to
record readings will make the process quicker.

According to ASTM Standard on Measuring Road Roughness by Static Leve (12), an experienced
crew of three would require less than 10 seconds to obtain one reading. This involves positioning of
rod by rod- person, reading level by instrument operator and recording of measurements by record

keeper.

4.3.2 Site I nspection and Preparation
The two whed pathsin the outside travel lane should be marked using the following procedure.

1. Clean areaof both whed paths of loose stones and debris to prevent dippage of rod during
measurements.
2  ldentify location of two longitudind eevation survey lines 0.826 m from center of lane.

Case |: Where whed paths are eadily identified, midway point between two whed paths
should be used as center of lane.

Ca= |l If whed paths are not clearly identifiable, but two lane edges are well defined,
center of travel lane is consdered to be midway between two lane edges.

Ca=e I1l: Where whed paths are not gpparent and only one lane edge can be clearly
digtinguished, center of lane should be established a 1.83 m from that edge.

3. Mark theselocations a intervals equd to length of chalk line used for marking. Use chak line
to mark a straight line between previoudy established points.

The method by which whed paths were located should be noted in the comments field of the Field
Form for Rod and Levd (see Appendix F). Thiswill hep in locating whed paths used for profile
messurements a a future date.

Measurements have to be taken dong whed paths a 0.3 m intervas. Locations a which readings
are to be taken can be determined by either of the following methods:

1. Lay surveyor'stagpe dong chak line, with the zero mark of tape at station 0+00. Station 0+00
isat the at the leave edge of the white stripe at the beginning of the section. Mark distances on
pavement at 0.3 m intervals usng a suitable marker. Markings have to be made dong entire
length of section on both whed paths.

2. Pace surveyor'stape a adight offset from the whed path so it will not interfere with rod
placement. The zero mark of tape should be at station 0+00. Station 0+00 is at the leave edge
of the white stripe at the beginning of the test section. Secure both ends of tape, aswell as
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severd intermediate points on tape with adhesive tape. Distances along section can be
referenced from the tape. After distance corresponding to length of tape is leveled, tape will
have to be repositioned.

4.3.3 Longitudinal Profile M easurements

Thefirg reading taken after leve is set-up isreferred to as a backsight, while last reading taken a
that setup before level is moved is referred to as aforesight. Other readings taken in-between a
backsight and aforesight are referred to as intermediate sights. The procedure to be followed for
measuring longituding profile is described next.

1. Complete required header information in the Rod and Level Data Collection Form (forms are
included in Appendix F).

2. Setuplevd a asuitable location taking into account range of level. With some instruments, it
might be possible to cover entire test length from one instrument set up, located near center of
test section. Level should be setup at a position where it will not be disturbed due to passing
traffic. In addition, it should be setup at a stable location that will not settle. When setting tripod,
St it aslow as practicd to reduce error caused by rod not being held exactly vertical.
Theresfter, leve ingrument using leveling screws.

3. Rod-person should place rod at zero position of section and using bubble leve attached to rod
asareference, hold rod verticaly. Oncerod is held verticaly rod- person should signd to
instrument operator to take areading. If readings are recorded manudly by athird crew
member, ingrument operator should cal out reading to record-keeper. Readings should be
recorded in the form shown in Appendix F. If an automated system is being used, instrument
operator should make sure that reading is saved.

4 Next, rod-person should place rod 0.3 m away from initia reading, and a new reading should
be recorded. This process should be continued until either entire test section is surveyed or
horizontal range or vertical range of leve is exceeded. Horizontd range of level is exceeded if
distance between level and rod is too short or too long to focus properly. Vertical range of level
is exceeded if rod cannot be read due to dope of the road. When range of the levd is
exceeded, level hasto be relocated.

5. If range of leve is exceeded during measurements, instrument has to be relocated. Mark
location at which rod isto be held for last reading. This pogition is caled a pivot point.
Thereefter, place rod at location where first reading was taken with current setup of levd, and
take areading. Compare this reading with first reading that was taken at this location. If they do
not agree within resolution of instrument, al readings taken from the current level postion have
to be repeated. If readings agree, place rod on pivot point and take last reading from current set
up of ingrument (foresght). Then set up instrument at new location. Place rod at pivot point and
take reading (backsight). Continue leveling process as before, taking readings at 0.3 mintervals.
If instrument has to be repositioned again, the procedure has to be repeated.

6. When the end of the test section is reached, follow one of the following procedures depending
on how the measurements were performed.

(& Entire survey performed from one instrument set up: Place rod at zero position (point from
which survey was initidly started) and take areading. This reading should agree with first
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reading taken a thislocation a start of the survey within resolution of instrument. If
readings do not agree, profile measurement has to be repested.

(b) Ingtrument Repostioned During Survey: Placerod at last pivot point and take a reading.
This reading has to agree with earlier reading taken at this position within resolution of
ingrument. If they do not agree, profile has to be measured again from last pivot point to
end of section.

Measurement of pavement profiles using rod and leve islabor intensive, and time consuming.
Therefore, it is advisable to check accuracy of measured data at regular intervas. This can be
performed by establishing a set of control points along whed peth, for example at 30 m intervals
garting from beginning of section. After leveling a distance of 30 m, rod has to be placed a
previous control point and another reading taken. This reading has to agree with previous reading
taken a this control point within resolution of instrument. If readings do not agree, the distance
between control points has to be measured again. This procedure can be used if instrument set up is
not changed between two control points being consdered. If instrument set up is changed between
two control points, above procedure can gill be applied by treating pivot point as a control point.

4.3.4 Factorsto be Considered During Survey

The following factors have to be consdered when conducting profile measurements with rod and
levd.

1. If levd is sengtive to temperature variations, it might need to be covered with an umbrelato
protect it from direct sunlight.

2. During windy conditions profile measurements should be avoided, as movement of level could
occur.

3. If level hasto be st up at more than one position during profile measurements, make length to
backsghts and foresghts equd. Thiswill diminate errors due to curvature and refraction at
turning points.

4. Setupleve aslow as possible to reduce error caused by the rod not being exactly vertica.

4.3.5 Profile Computation

In thefield, during profile measurements, the crew is only expected to record readings of level usng
procedures described in section 4.3.3. Compuitation of eevation profile from these datawill be
donein the office. This section briefly describes how datarecorded in field is used to obtain
longitudind profile of pavement.

For profile computations, eevation of location where first reading (first backsight) was measured is
needed. However, as only relative elevations are needed to compute roughness indices (such as
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IRI), an arbitrary vaue can be selected for the evation of this point. Relative devation of any point
measured from initid instrument set up can be obtained from the following equations:

Ingtrument Heaght (1S) = BM + RR1.....(4.1)
Rdative Elevaionof a Point= 1S- RR .....(4.2)

where,
IS= Initid instrument height,
BM =  Elevation of point where first backsight was taken (assume any vaue eg. 30 m),
RR1= Rod reading at first backsight, and
RR = Rodreading a any point from initia ingrument setup.

Once position of levd is changed, insrument height will aso change. New ingrument height can be
obtained from the following equation.

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

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

Rdative devation of points measured from this new instrument location can be determined by using
equation 4.2 and usng new instrument height.

4.3.6 Quality Control

Feld Quality Control: This check ensures that no movement of level took place during current setup
of level. This hasto be verified every time before insrument is moved and when end of test section
isreached. This check is performed by keeping rod at location at which first reading was taken with
current instrument setup and again taking a reading. Both readings have to agree within resolution of
instrument. This check can dso be performed at regular intervals by establishing a set of control
points as described in section 4.3.3.

44 CALIBRATION AND ADJUSTMENTS
The user manud of the level shoud be consulted on how to perform adjustments to instrument.

Different makes'mode s of levelswill require different adjustments to be performed. The following
are some common adjustments that are required in levels in order to obtain accurate measurements.
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The user manud should be consulted to determine if the following adjustments are needed for leve
being used and, if so, how to perform the specific adjustment.

1. MakeAxisof Leve Bubble Perpendicular to Verticd Axis. After setting up level, center
bubble. Move telescope 180 degrees about vertica axis. If bubble moves, instrument needs
adjustment.

2. Adjugt Horizonta Cross Hairs: This adjustment will ensure that horizontal cross hairs are truly
horizonta when instrument is leveled.

3. Adjust Lineof Sight: This adjustment will make axis of 9ght perpendicular to verticd axis and
adso makeit pardld to axis of level. The method of adjustment for this error is commonly
referred to as the two- peg method.

Rod has to be checked to verify accuracy of markings. A standardized tape should be used for this.

4.5 EQUIPMENT MAINTENANCE

Shock proof packaging should be used when transporting instrument. After completing a profile
measurement, aways clean insrument. Before cleaning lenses, blow dugt off lenses, then clean
lenses using a soft cloth. Lenses should not be touched with fingers. If instrument becomes wet in
fidd, make sure that it is completely dry before packing. Tripod should be inspected regularly to
ensure that connections are not |oose.

4.6 RECORD KEEPING

The Rod and Leved Data Collection Form (see Appendix F) should be used to record readings
when profile measurements are performed using rod and leve. In addition, acomment should be
made on this form asto how whed paths were located. All itemsin this form should be completed
by record- keeper. Even when an automated instrument that is cgpable of saving data is used,
location information in this form should be completed.
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APPENDIX A- PROFILER PROBLEM REPORT FORM

In an effort to provide for amore uniform way of reporting, handling and tracking problems associated
with the LTPP pavement profile monitoring activities, the FHWA LTPP team has designed a“Profiler
Problem Report (PROFPR)” form that isincluded in next page for use by the regiona contractors.

The PROFPR form provides severd mgor benefits including: a standard format for submitting problems
associated with the profiler monitoring activities, thus making everone sjob easier; amuch easer means
of tracking when a problem was submitted, who is responsible for resolving it, whether or not it has
been resolved, and how and when it was resolved; and reduced probability of problems being forgotten
or faling through the cracks.

A profiler problem report must be submitted whenever there are equipment problems in the profiler,
problems with data collection or data processing software, problems with data collection guiddines, or
other problems related to profiling activities or profile data. If a problem was encountered, and it was
resolved, and the profiler operator/coordinator feds that this information would be useful to the other
RSC's, aninformationa problem report should be submitted. When submitting an informationd
problem report, indicate that the problem reports is being submitted for informationa purposesin the
description part of the form.

The Profiler Problem Report form is sdf explanatory except for the PROFPR number. The number
consgts of two parts asfollows:

A |etter code representing the agency submitting the problem — F for FHWA LTPP Divison, NA
for North Atlantic RSC, NC for North Central RSC, S for Southern RSC, W for Western RSC,
and TSSC for Technical Support Services Contractor and “O” for others.

A number code representing the PROFPR number for the submitting agency, in sequentid fashion
darting from 1.

For example, F-07 represents the seventh problem reported by the FHWA LTPP Team; and NA-23
represents the 23 problem reported by the North Atlantic RSC.

Completed PROFPR forms must be submitted to the FHWA LTPP Team, with copies to the Technical
Support Services Contractor (TSSC) and to the profiler coordinator at each RSC office. Forms may be
faxed or tranamitted eectronicaly viae-mail message, but the latter option is much preferred. A
complete set of the PROFPR submittals will be maintained by the FHWA LTPP Team and LTPP
TSSC. A copy of the report should be submitted to the RSC’ s for their information and action, as

appropriate.
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Agency.

PROFPR #__

LONG-TERM PAVEMENT PERFORMANCE (LTPP)
PROFILE PROBLEM REPORT (PROFPR)

Attention:
Type of Problem Reported by:
Guiddines Agency:
Equipment
Software Date:
Name Urgent (Y/N)
Verson
Other Page _of
Description:
THISSECTION FOR USE BY FHWA AND TSSC
Received by: Date Recelved:
Referred to: Approved by:
Date Referred: Date Approved:

Resolution:
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Notes:
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APPENDIX B
FREQUENCY OF PROFILE MEASUREMENTSAT TEST SECTIONS






e MEMORANDUM

FEDERAL HiGHWAY ADMINISTRATION SAOD GEORGETOWN FikE

OFFICE OF INFRASTRUCTURE RAD MclLieay, Viemcikia 22 10| -22965

SUBJECT: ACTION: LTPP Directive GO-21 September 10, 1999
LTPP Pavement Performance Monitoring Adjustments

FrOM: Monte G. Symons REPLY TO
Long-Term Pavement Performance Team armi. oF: HRDI-13

Yo Dr. Frunk Meyers - LTPP North Atlantic Regional Contract

Mr, Mark Gardner - LTPP Southern Regional Contract
Mr. Tom Wilson - LTPP North Central Regional Contract
Dr. Sirous Alavi - L'TPP Western Regional Contract

Attached is the Long- T'erm Pavement Performance Program Directive GO-21: LTPP Pavement
Performance Monitoring Adjustments. This directive contains instructions for making pavement
performance monitoring adjustments based upon assessment of 1est seetion compliance with the
minimum data completeness requirements contained in LTPP Directive GO-19: LTPP Data
Completeness and Monitoring Adjustment Process. Implementation of this directive shall commence
no later than October 1, 1999, which corresponds with the completion of the “Data Completeness
Report,” but an carlier start date 15 encouraged.

Please contact me if you require clarification or have any guestions.

Ipleity jw

Monte Symo

Altachment
ee:

LAW PCS
SAIC

LTPP Staff
Directive File
Chron



LONG TERM PAVEMENT PERFORMANCE
PROGRAM DIRECTIVE

P‘ For the Technical Direction of the LTPP Program @

Program Area:  General Operations Directive Number: GO-21
Date: October 1, 1999 Supersedes: D-5,FWD-10,P-2
Subject: LTPP Pavement Performance Monitoring Adjustments
Background

This directive presents pavement performance monitoring adjustments intended to achieve a
halance in the data available for a test section refarive to their use in development. verificaton,
evaluation and validation of pavement performance prediction procedures while preserving the
ability to support other types of pavement related investigations and analyses.

Monitoring Guideline Summary

Table | summarizes the revised pavement performance monitoring guidelings for Long-Term
Pavement Performance (LTPP) projects by experiment type. The measurements covered by
these guidelines include profile, distress, and deflection data collection. These guidelines relate
to frequency and intensity of data collection, not data quality. High data quality standards must
be maintained for measurements performed regardiess of test section or monitorng category.

The “Monitoring Category”™ shown in Table 1 is the key to the monitoring adjustmient
sequenice. The recommended monitoring category is based upon assessment of test section
compliance with the minimum data completeness requirements contained in LTPP Directive
GO-19: LTPP Data Completeness and Monitoring Adjustment Process. For est sections that
do not meet the data collection requirements or that have critical unresolvable deficiencies,
monitoring adjustments shall be made in the following sequence:

Sl w §2 &« G & C
For example, if a test section in the 82 monitoring category has pavement performance

monioring less than S2, but greater than the C monitoring requirements, the recommended
monitoring category would be G.




Directive GO-21: LTPP Test Section Monitoring Adjustmemts October 1, 1999

Every effort must be made to maintain test sections at their highest potential category in order
to reap the benefits of the investment in LTPP. The monitoring categories were tailored around
the level of highway agency investment in the test site and relative utility of the data. The
following is a description of the nature of the various monitoring categories.
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These are high value flexible and rigid pavement experiments (SPS-1 and -2) which
hegan with a new construction or reconstruction event, It is on these rest sections that
we have the opportunity to best measure the effects of pavement features such as
drainable bases, widened lane, base type, etc. starting from construction within the
context of a nationally coordinated experiment. Some agencies have estimated that they
have invested up to $500,000 to construct, test and monitor these test sections. In
keeping with this level of investment, these test sections have been assigned the highest
level and intensity of monitoring. These test sections will be the primary candidates for
future special monitoring studies.

This category includes the SPS-8 experiment on environmental effects and the SPS-5
and 6 rehabilitation experiments, The SPS-8 experiment is an adjunct to the SPS-1 and
2 studies: two test sections from the SPS 1 and 2 studies were constructed on lower
volume roadways where environmental effects are most likely to cause deterioration.
The SPS-5 and -6 are the high value flexible and rigid rehabilitation experiments that
start with construction of a specified series of treatments on Conliguous €SI seCHONS.
These test sections are valuable since they are also based on a nationally coordinated
experiment with similar test sections constructed in other parts of the country.

The G category of pavements is mostly comprised of test sections in the General
Pavement Study. These test sections are of vital importance to the program since they
provide the greatest extent of coverage of environmental factors, paving materials and
paving practices. Some of the monitoring requirements are less intensive than the S
categories with provisions for performing measurements in response to changes in the
pavement condition or other events.

The C or close-out category of monitoring is still an ective meonitoring status category.
Close-out monitoring means that one more round of pavement performance
measurements will be performed on existing test sections, preferably at the end of their
current life cycle when a rehabilitation treatmen is applied. The objective is to preserve
the previous investment in these test sections by obtaining a minimum level of
performance information over the current pavement life cycle. Test sections are
assigned to this category due o either an uncorrectable or minimum data requirement
deficiency which will not be corrected, or because they are part of an experiment with
limited national impact, limited product potential or whose study time period has
expired. -

T
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Pavement Performance Monitoring

Pavement performance monitoring addressed in this directive includes profile, distress and
deflection measurements performed by LTPP contractors.

Definitions

In order (o describe when pavement performance monitoring should be performed. the
following definitions are used.

Rehabilitation
Construction Event

Maintenance
Construction Event

Cut-of-Study

Routine Monitoring

Performance of rehabilitation activities on a test section,
Rehabilitation activities include overlays and associated
pretreatments (patching, milling, joint repair, etc.), inlays (mill
and M), pressure relief joints in PCC pavements. subsealing and
undersealing, retrofitted subdrainage, joint load transfer
restoration, and shoulder restoration,

Performance of maintenance activities on a lest section,
Maintenance activities include seal coats, crack sealing, patching,
crack and joint sealing, grinding, milling less than 25-mm deep,
and grooving.

Monitoring is discontinued because a test section is either
unsuitable for continued monitoring due 1o reconstruction, non-
gualifying rehabilitation construction event, major deficiency or
the respective highway agency is no longer willing to support the
required monitoring activities. (Previously collected data will be
retained by the LTPP program.)

Pavement performance measurements (profile, distress, and
deflection) taken at rezularly established intervals, where the
interval length is defined by the measuremem type and test
section monitoring category (S1, 82 or G), Routine measurements
are repeated until one of the three following conditions are
reached:

Test section goes out-of-study,
Application of rehabilitation activity.
End of LTPP program

el Pod =

Routine monitoring after performance of rehabilitation activity
will be continued if the test section does not go out-of-study .
Such monitoring will be performed in accordance with the

4
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Responsive Monitoring

requirements for the post-rehabilitation LTPP experiment
designation monitoring category,

Routine measurements do not apply o test sections classified in
the C monitoring category.

Non-routine monitoring measurements performed on test sections
that are trigeered by changes in pavement condition, construction
events, or status change.

Responsive monitoring based on change in pavement condition
applies primarily tw those test sections in the G monitoring
category which have longer routine monitoring intervals than
those in the S categories. The primary (rigger for pavement
related response monitoring are measurements and observations
by the profiler operator who visits the site on a br-annual basis.
One ar more of the following conditions may trigger the need for
responsive monitoring:

. A change in average [RI over a two year period in excess
(.40 mikm.
. A significant change in pavement distress condition; e.g.

appearance of fatigue cracking, increased rutting, or
increase or decrcase in severity or extent of other distress
[¥ypes.

" Report by highway agency persomnel that rate of pavement
deterioration appears to be accelerating

Responsive measurements triggered by a construction event
include:

. Maintenance construction event — Profile and distress
surveys shall be performed within six months prior o
maintenance activities such as seal coats which cover the
entire surface of the test section; no responsive post-
treatment monitoring measurements are required. Routine
monitoring measurements should continue in accordance
with pre-maintenance routine monitoring schedule.

¢ Rehabilitation construction event — Profile, distress and
deflection measurements are required within six months
prior to rehabilitation activity. If monitoring
measurements are to be continued on a test section atier
rehabilitation, i.e. the test section does not go out-of-
study . then a full suite of pavement performance
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measurements are also required within six months
following completion of rehabilitation construction.

A full suite of pavement monitoring measurements shall be

performed either:
. When it i« determined that a test section will be taken out-
of-study.
. At the end of the field monitoring portion of the LTPP
program.
Close-Out Monitoring: For test sections in the close-out momitoring category, only one

more suite of pavement monitoring measurements (profile,
distress and deflection) will be performed either:

. When it 15 determined that a test section will be taken out-
of-study. This could bhe due to a construction event or ai
the option of the highway agency.

. Al the end of the field monitoring portion of LTPP
program.

Profile Measurements

Profile measurements on LTPP test sections shall be performed in accordance with established
data collection guidelings, protocols and directives. The three general categonies of protile
measurement frequency specified in Table 1 include:

Annual profile measurements
Profile measurements every 2 years
Close-out profile measurements

Lad Hod =

The frequency of profile surveys on supplemental SPS test sections shall be performed in
accordance with that for the associated core seclions.

Annual Profile Measurements

Routine protile measurements on test sections within this monitoring category shall be
performed once per yvear. It is highly desirable that these measurements be performed at
approximately the same time each vear (+ 1 month). These measurements shall be repeated
until one of the following conditions is reached: test section goes out-of-study, application of
rehabilitation construction event, or end of field monitoring portion of LTPP program,
Responsive profile measurements are required within six months prior to reaching any one of
these conditions or within six months prior to application of maintenance construction event
Responsive profile measurements are also required within six months after application of a
rehabilitation (not maintenance) construction event if that test section will continue to be
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monitored. Routine profile measurements after application of a rehabilitation construction
event will be done in accordance with requirements for the post-rehabilitation LTPP
experiment designation monitoring category.

Prafile Measurements Every 2 Years

Test sections in this monitoring category shall be surveyed once every Lwo Years; 1.e., every
other year. It is highly desirable that these measurements be performed at approximately the
same time each test year (+ 1 month). These surveys shall be repeated until one of the
following conditions is reached: test section goes out-of-study, application of rehabilitation
construction event, or end of field monitoring portion of LTPP program. Responsive profile
measurements are required within six months prior o reaching anyone of these conditions or
within six months prior to application of maintenance construction event. Responsive profile
measurements are also required within six months after application of a rehabilitation (not
maintenance) construction event if that test seetion will continue to be momtored. Routine
profile measurements after application of a rehabilitation construction event will be done in
accordance with requirements for the post-rehabilitation LTPP experiment designation
monitoring calegory.

Close-Out Measuremenits

For test sections within this monitoring category, one last round of profile measurements will
be performed either when it is determined that the test section will be taken out-of-study (due
to a construction event or at the option of the highway agency) or at the end of the field
maonitoring portion of the LTPP program, whichever comes first.

Distress Surveys

Two methods are used to document surface distresses on LTPP sections: photographic and
manual surveys, Regardless of method, distress data shall be collected in accordance with current
LTPP data collection guidelines, protocals and directives. Table | provides the survey
frequency that shall be followed for the collection of distress data according to LTPP expeniment
Three general distress monitoring categories are provided in this table:

Photographic surveys every 2 years and annual manual distress surveys
Photographic surveys every 2 vears and manual distress surveys every 3 years
Close-out manual distress surveys

Lad Bud s

A more detailed description of these monitoring categories is provided next
Photographic Surveys Every 2 Years and Annual Manual Distress Surveys
LTPP test seclions classified in this monitoring category shall be surveyed once every two vears

{1.¢.. every other vear) using the photographic method and once per year (i.e., annually) using
the manual method. It is highly desirable that these measurements be performed at
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approximately the same tme each year (+ 1 month). When possible, photographic surveys
shall be performed within one month of the manual survey for that year. Both photographic
and manual surveys shall be repeated until one of the following conditions is reached: test
section goes out-of-study, application of rehabilitation construction event, or end of field
monitoring portion of LTPP program. Responsive manual distress surveys are required within
six months prior to reaching any one of these conditions or within six months prior (o
application of maintenance construction event which hides the existing pavement surface, such
as a seal coat. Responsive manual distress surveys are also required within six months after
application of a rehabilitation (not maintenance) construction event if that test section will
continue to be monitored, Routine photographic and manual distress surveys after application
of a rehabilitation construction event will be done in accordance with requirements for the
post-rehabilitation LTPP experiment designation monitoring category.

Photographic Survevs Every 2-Years and Manual Distress Surveys Every 3-Years

Photographic distress surveys on test sections within this category shall be performed once
every two years (1.e., every other vear), and manual distress surveys on these same test
sections shall be performead on a nominal three (3) year interval. It is highly desirable that
these measurements be performed at approximately the same time each year (+ | month)
These surveys shall be repeated until one of the following conditions is reached: test section
goes out-of-study, application of rehabilitation construction event, or end of field monitoring
portion of LTPP program. Responsive manual disiress surveys are required within six months
prior to reaching any one of these conditions or within six months prior to application of
maintenance construction event. Responsive manual distress surveys are also required within
six months after application of a rehabilitation (not maintenance) construction event if that test
section will continue 10 be monitored. Routine photographic and manual distress surveys after
application of a rehabilitation construction event will be done in accordance with requirements
for the post-rehabilitation LTPP experiment designation monitoring category.

Responsive manual distress surveys shall also be performed on test sections within this
monttoring category based on changes in pavement condition as defined in the “Definitions”
section of this directive.

Close-Out Manual Distress Surveys

For test sections within this monitoring category, one last manual distress survey will be
performed either when it is determined that the test section will be taken out-of-study (due 10 a
construction event or at the option of the highway agency) or at the end of the field monitoring
portion of the LTPP program, whichever comes first,

Deflection Testing
Deflection testing on LTPP test sections shall be performed using Falling Weight

Deflectometers (FWDs) in compliance with LTPP specifications following all applicable
guidelines, protocols and directives. The revised deflection testing frequency guidelines are
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provided in Table 1 according to LTPP experiment. Three general FWD monitoring categories
are provided in this table:

1. Deflection testing every 2 years
2. Deflection testing every 5 years
3 Close-out deflection testing

A more expanded description of each of these three monitoring categories is provided next.
Deflection Testing Every 2 Years

Deflection testing on test sections in this monitoring category shall be performed on a nominal
two (2) vear interval. This testing shall be repeated every 2 years until one of the following
conditions 1s reached: test section goes out-of-study, application of rehabilitation construcrion
event, or end of field monitoring portion of LTPP program. Responsive deflection testing 1s
required within six months prior to reaching any one of these conditions. Responsive deflection
testing is also required within six months afier application of a rehabilitation (not maintenance)
construction event if that test section will continie to be monitored. Routine deflection resting
after application of a rehabilitation construction cvent will be done in accordance with
requirements for the post-rehabilitation LTPP experiment designation monitoring category,

Responsive deflection resting shall alse be performed on test sections within this monitoring
category based on changes in pavement condition as defined in the “Definitions™ section of this
directive,

Deflecrion Testing Every 5 Years

Dieflection testing on test sections within this monitoring category shall be performed on a
nominal five (5) year interval. These surveys shall be repeated every 5 vears until one of the
following conditions is reached: lest section goes out-of-study, application of rehabilitation
construction event, or end of field monitoring portion of LTPP program. Responsive deflection
testing, is required within six months prior to reaching any one of these conditions. Responsive
deflection testing is also required within six months after application of a rehabilitation (not
maintenance) construction event if that 1est section will continue to be monitored, Routine
deflection tesung after application of a rehabilitation construction event will be done in
aceordance with requirements for the post-rehabilitation LTPP experiment designation
monitoring category.

Responsive deflection testing shall also be performed on test sections within this monitoring
category based on changes in pavement condition as defined in the “Definitions™ section of this
directive.
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Close-Out Deflection Testing

For test sections within this monitoring category, one last round of deflection testing will be
performed either when it 15 determined that the test section will be taken out-of-study (due to a
construction cvent or at the option of the highway agency) or at the end of the field monitoring
portion of the L.TPP program, whichever comes first.

Other Monitoring

Pavement performance monitoring by the RCOCs at times other than those specified in this
directive (1.e.. any standardized plan deviations) must birst be approved by the appropriate
FHWA COTR.

Questions concerning this directive should be addressed to the FHWA LTPP Team Leader,

Prepared by: TSSO Team Approved by:

!

Monte Symo ;
LTPP Team Leader
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APPENDIX C

PROFILE TROUBLE SHOOTING GUIDE
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PROFILE TROUBLE SHOOTING GUIDE

This agppendix contains a cataog of problems commonly encountered by L TPP operators when
collecting and reviewing profile data. Knowledge of these problems will help operators to collect more
accurate and vaid profile data for the L TPP program. These commonly encountered problems can be
grouped into the following four categories:

1. Spikesin Profile due to Equipment Problems,

2. Miscdibrated DMI;

3. Early Start of Data Collection; and

4. Different Profiles.

A brief description of each of these problem groups is provided next dong with typica plotsillustrating
such conditions.

To detect most of these problems, the profile data in question must be compared to those collected
during the previous Ste vist (see section 2.2.8). This requires that profile data from the previous Ste visit
be available. Furthermore, in order to perform an accurate and valid comparison, profile data from the
previous Ste vist must be error free. Descriptions and references made later in this appendix to the
profile data comparisons assume that data from the previous Site vigit are error free.

1. Spikesin Profile Dueto Equipment Problems

Spikes can beintroduced in the profile data as aresult of equipment problems. These spikes can be
identified by comparing multiple profile runs at a section. Accordingly, once aset of profile runs has
been collected, the operator should compare the data from the repeat runs using the multi-run plot
option in ProQua (see ProQua User Manud). This comparison should be performed separately for the
left, right and center path profile data. Figure C-1 illustrates the presence of a spike in the profile data.
This figure shows five profile runs collected on the left whed path. The profile datafor run 4 indicates a
gpike that is not present in the other four runs. Profile data for run 4 has been offset in figure for clarity;
inthe ProQua multi-run plot option, these repeet profile runs are color-coded (i.e., different color for
each run). Since the spike only occursin one run of the data s, it is highly unlikely that it is caused by a
pavement feature. When such condition is encountered, the operator should determine if the spikeis due
to an equipment problem or if it is a pavement feature.

2. Miscalibrated Distance Measuring I nstrument (DM1)

A miscaibrated DMI cannot be detected by comparing the five repeet profile runs obtained during a
gte visit. However, when those runs are compared with the profile runs collected during the previous
dgtevigt, the profile (€levation versus station) plot for the more recently collected data will appear
sgueezed or gretched in the x (tation) direction if the vehicle has amiscdibrated DMI. The comparison
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of the current and the previous profile data should be carried out using the multi-visit plot optionin
ProQua (see ProQua User Manuad). An example of profile data associated with amiscalibrated DMI

isshown in Figure C-2; datafor May 2, 1990 was collected using a miscaibrated DMI.
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When this problem is encountered, operator should check tire pressure of vehicleto ensureitis at the
vaues given in section 2.2.3.3 of thismanud. If the tire pressure is outside those limits, operator should
adjust tire pressure and obtain anew set of measurements at the section. If the difference in the distance
between the current data and previous data at the end of the section islessthan or equal to 0.5 m for a
GPS section, the current data set is considered to be acceptable. If the differencesin the distances
between the current visit and the previous visit is greater than 0.5 m, the operator should determine if the
difference is occurring because the DMI isincorrect during the current visit or if it wasincorrect during
the previous visit. The following procedures can be used by the operator to make this determination.

1. The operaor can determineif the DMI is cdibrated correctly by running the section and then noting
the distance between the event mark at the start of the section and end of the section that will be
displayed in the green color MDR Run Screen. The event mark at the start of the section will
generate a Reference Reset, and an event mark will be generated when the profiler passes the end
of the section. If the length of the section obtained when the section is profiled using this procedure
iswithin + 0.3 m of 152.4 m, the DMI can be assumed to be working properly. However, there
may be cases where the actud length of the Siteisnot 152.4 m. So if the distance obtained using the
described procedure is outside the specified limit, it cannot be concluded that the DMI isworking
incorrectly. If such acase is encountered the operator should follow the procedure described in the
next step.

2. Currently it is expected that dl test sections would have at least two previous profile data sets. The
operator can check on the accuracy of the DM for the previous visit by cdling the office and asking
the office personnel to compare the previous year data with other data that is available for the Ste.
The purpose of this comparison isto determine if there is any error in DMI associated with the data
from the previous vigt. The office personnel should compare the relative position of the profile a the
end of the section for previous visits to the section by the profiler, and convey that information to the
operator. The office personnel together with operator can then use the available information to judge
the accuracy of the DMI for the current data. If dl the available dataindicates that the DMI for the
previous vigt is accurate, the indications are that the DMI in the unit is out of cdibration. The
operator should proceed to another site, and compare the profile plots following the procedures
described previoudy. If the data at that Ste dso indicates the DMI isout of cdibration, the DMI
should be calibrated before further profile data are collected.

For SPS sites differences between runs can occur because of whed path wander. This effect will usudly
be more pronounced in the sections that are located towards the end of the SPS section. When
comparing profile data between two Site vidts a a SPS section, close attention should be paid to the
firgt two sectionsin a SPS gte. If the profile for the current data and the previous Site vist data satisfies
the criteria that were described previoudy at the first two sites, it can be concluded that the DM is
functioning correctly for the current visit. In such a case, a difference in distance of up to 1 m can be
considered to be acceptable for the other sectionsin the SPS site,

3. Early Start of Data Collection
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An early profile start can occur when the photocell triggers areference rest prior to the sart of the test
section. It ispossible for al repeat profile runs during a Ste vist to have the same starting location, but
dl are early darts. This problem can occur if thereisamark on the pavement that triggers data
collection to Sart a the same location, but this location is before the beginning of the test section. When
the current profile data are compared with those collected during the previous Site vist, the early Sart
problem can be eadily identified by a clear shift in the two profile data sets. This profile comparison
should be carried out using the multi-visit plot option of ProQua (see ProQud user manud). The early
dart problem isillustrated in Figure C-3, which shows the profile plot for asingle run dong the left
whed path conducted on three different dates-- April 8, 1990; October 18, 1990; and August 10,
1994. The profile plot for the last two dates have smilar start locations, but thet for the earlier date
(April 8, 1990) is shifted to the left because of an early sart. If the early Start problemis caused by a
mark on the pavement that is located prior to the pavement section, the operator can use the horizonta
photocdll to initiate data collection.
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Figure C-3. Example of early profile Sart.

The early art problem can aso occur in one or more runs within a profile data set collected during a
sngle gtevigt. This problem can be easly identified by comparing the repesat profiler runs using the
multi-run plot option in ProQud; one or more of runswill be shifted to left of the othersif thereisan
early sart. Although aplot illugrating the early start problem within a set of repeet runsis not included in
this gppendix, thet plot is very smilar to that shown in figure C-3. If an early start is detected in one or
more profile runs, the operator should perform additiona profile runs until a set of error free data
(meeting the criteria described in section 2.2.8 of thismanud) is obtained. If the early start problem is
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caused by amark on the pavement that is located prior to the pavement section, the operator can use
the horizonta photocdll to initiate data collection.

4. Different Profiles

The term “different profiles’ is used to describe the occurrence of the following condition: (1) When
operator compares repeat profile runs collected during single site visit, no problems are observed in the
data (i.e., error free) and (2) when operator compares current data with that from previous ste vist
(also error free), the two sets of profiles gppear to be different.

Such condition can be caused by rehabilitation or maintenance activities to the section between profiler
gtevigts. It can dso occur when the location of test section isincorrectly sdected during one of the Site
vigts,

Figure C-4 illudtrates the case where rehabilitation has been performed on a test section between site
vigts. Thisfigure shows aplot of the left whed path profile obtained on two separate Ste vigts --
September 10, 1991 and October 4, 1994. As can be observed, the two profiles are completely
different. In this particular example, the profile differences were caused by placement of an overlay on
the section some time between the two Ste vidts. Figure C-4 can dso be used to illudtrate the case
where the location of the test section has been incorrectly sdected during one of the Site vigts, smilar
differences are seen in such aplot.
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If acase such asthat shown in Figure C-4 is encountered, the operator should first verify that the test
section location is correct. If such condition is encountered at a SPS section or at a GPS section that
was profiled in conjunction with a SPS section, the operator should verify that the stationing used for
subsectioning is correct. If evidence of rehabilitation is noted at the section, it should be entered as an
Operator Comment and also noted in the form Status of Regions Test Sections.

An example of the case where maintenance has occurred at atest section between Stevidtsis
illugrated in Figure C-5. This figure shows aplot of the left whed path profile obtained on two separate
gtevidts-- August 8, 1991 and August 5, 1992. As can be observed, the beginning of the profile for
the two Ste vigts are different indicating possible maintenance at the test section.

If acase such asthat shown in Figure C-5 is encountered, the operator should look to seeif thereis
evidence of maintenance activities such as patching within the test section. If evidence isfound, the
operator should indicate that maintenance has been performed on the test section in the Operator
Comment Fidd (eg., Possble maintenance in section) and aso note it in the Status of Regions Test
Sections Form.
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APPENDIX D

STANDARD FORMS FOR PROFILER OPERATIONS
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DAILY CHECK LIST

I TEM

Under Hood

Huids

Engine Oil

Brake

Windshield Washer Fuid

Radiator Coolant

Trangmisson

Exterior

Lights

Front

Rear

Emergency

Turning Sgnds

Strobe Bar

Hashing Signd Bar

Glass Cleaning

Windshied

Laser Sensor

Photocell

Under body

Tires Properly Inflated

Fluid Lesks

Interior

Temperature Range
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LTPP Profiler Operations State Code [ ]
LTPP Profiler Field Activity Report LTPP Section ID [ ]
Form PROF-1 Date (dd/mmmlyy) L/ 1]
File Name: Testing:
L TPP Experiment Code: Route/Highway Number:
Testing Date: Sheet Number:
Profiler Vehicle Before Operation Checks: (initid)
Time Odometer
Start Trave
Begin Test
End Test
End Traved
Down Time: Hours Reasons:
Number of Test: IRl Reading
1
2
3
4
5
6
7
8
9

Additional Remarks Regarding Testing:
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Profile Crew: Driver: Operator:

Others Present (List names and agencies)
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LTPP Profiler Operations
Profiler Log
Form PROF-3

Date Noted Problem Action Taken and Date
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LTPP Profiler Operations
LTPP Major Maintenance/Repair

Activity Report
Form PROF-4
Region: Date:
Equipment ID
Make: Model: S/N:
Odometer: (where applicable)

Reason for Maintenance Work (Choose only one)

Scheduled: Not Scheduled:

Description Of Maintenance And Reason:

Agency Performing Maintenance: Cost:
Name:
Street:
City: State: Zip:
Phone Number:

Contact Name:

Dateln:
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Date Out:
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LTPP Profiler Operations
Sensor Calibration Check Form
All Sensors Checked Simultaneously

PROF-5
Date:
Time:
Location:
Operator:
Block Parameter Row Sensor
Position No. Left Right Center
#1 #2 #3
Actual Block Height (1)
Value Entered to Computer (2) | 25.000 25.000 25.000
25 Adjustment Value (1)-(2) (3)
Dif BIk from Computer (4)
Adjusted Dif BIKk (4)-(3) (5)
Actual Block Height (6)
Value Entered to Computer (7) | 50.000 50.000 50.000
50 [Adjustment Value (6)-(7) (8)
Dif Blk from Computer 9)
Adjusted Dif Blk (9)-(8) (10)
Actual Block Height (11)
Value Entered to Computer (12)| 75.000 75.000 75.000
75  |Adjustment Value (11)-(12) (13)
Dif BIk from Computer (14)
Adjusted Dif Blk (14)-(13) (15)
Actual Height, Block 1 (16)
Actual Height, Block 1 17)
Value Entered to Computer (18)| 100.000 | 100.000 | 100.000
100 |Adjustment Value (18)-(17)-(16) |(19)
Dif Blk from Computer (20)
Adjusted Dif Blk (20)-(19) (21)
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LTPP Profiler Operations

Sensor Calibration Check Log
Sensors Checked Individually

PROF -6

Date | Time| Operator/Location |Sensor Field 'Dif BIk' in ICC Screen Comments
25mm [ 50 mm | 75 mm {100 mm
Block Block Block Block
Left (#1)
Right (#2)

Center (#3)

Left (#1)

Right (#2)

Center (#3)

Left (#1)

Right (#2)

Center (#3)

Left (#1)

Right (#2)

Center (#3)

Left (#1)

Right (#2)

Center (#3)

Left (#1)

Right (#2)

Center (#3)

Left (#1)

Right (#2)

Center (#3)

Left (#1)

Right (#2)

Center (#3)
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APPENDIX E

STANDARD FORMS FOR DIPSTICK?* MEASUREMENTS
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LTPP Dipstick Data Collection Form State Code [ 1
Longitudinal Profile Form DS-1 LTPP Section [ 1]
Measurement Information and Closure Computation Date (dd/mmm/yy) N Y
Operator: Employer:
Recorder: Employer:
Dipstick Serial Number:
Start Time (military): _ @ Stop Time (military): __ @
Weather:
Closure Error Computation
Right Wheel Path Left Wheel Path
No Elevation Sum No Elevation Sum
o1 11
02 12
03 13 Traffic Control
4 14 crew.
05 15
06 16
o7 17
08 18
09 19
010 110
o1 111
012 112
013 113 Other Personnel
014 114 At Site:
015 115
016 116
017 117
018 118
019 119
020 120
Total O1to O20 Ml Total 110120 A
Transverse Sum T2 %]l Transverse Sum T1 '8 ClosureError
Total OA+OB °°l Tota IA+1B 1 ocHe
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LTPP Dipstick Data Collection Form State Code [ 1]

Longitudina Profile Form DS-2 LTPP Section ID [ 1]

Reading 1 to 100 Date (dd/mmmvyy) Y Y

Reading Reading (mm) Reading Reading (mm) Reading Reading (mm) Reading Reading (mm.)

No. No. No. No.

RWPR LWPY RWPR LWPY RWPR | LWPY RWPR LWPY
1 26 51 76
2 27 52 77
3 28 53 78
4 29 4 79
5 30 55 80
6 31 56 81
7 32 57 82
8 33 58 83
9 A4 59 84
10 35 60 85
11 36 61 86
12 37 62 87
13 38 63 88
14 39 64 89
15 40 65 0
16 41 66 91
17 12 67 92
18 43 68 93
19 44 69 A
20 45 70 95
21 46 71 96
22 47 72 97
23 48 73 98
24 49 74 0
25 50 75 100

Sum o1 11 02 12 O3 13 o4
Transverse Closure M easurements from L eft Wheel Path to Right Wheel Path at Station 0+00
Transverse Position Sum
LWP-1 1-2 2-3 34 4-5 5-CC CC- RWP
Reading (mm)

LTPP Dipstick Data Collection Form State Code [ ]
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Longitudinal Profile Form DS-3 LTPP Section ID [ 1]
Reading 101 to 200 Date (dd/mmm/yy) N Y
Reading Reading (mm) Reading Reading (mm) Reading Reading (mm) Reading Reading (mm)
No No No No
RWPR | LWPY RWPR | LWPY RWPR LWPY RWPR LWPY

101 126 151 176

102 127 152 177

103 128 153 178

104 129 154 179

105 130 155 180

106 131 156 181

107 132 157 182

108 133 158 183

109 134 159 184

110 135 160 185

111 136 161 186

112 137 162 187

113 138 163 188

114 139 164 189

115 140 165 190

116 141 166 191

117 142 167 192

118 143 168 193

119 144 169 14

120 145 170 195

121 146 171 196

122 147 172 197

123 148 173 198

124 149 174 199

125 150 175 200
SU m 05 15 06 16 o7 17 08 18
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LTPP Dipstick Data Collection Form State Code [ 1]

Longitudinal Profile Form DS-4 LTPP Section ID [ 1

Readings 201 to 300 Date (dd/mmm/yy) | A S

Reading Reading (mm) Reading Reading (mm) Reading Reading (mm) Reading Reading (mm)
No. No. No. No.
RWP 3 LWPY RWP 3 LWPY RWP 3 LWPY RWP 3 LWPY
201 226 251 276
202 27 252 277
203 228 253 278
204 229 254 279
205 230 255 280
206 231 256 281
207 232 257 282
208 233 258 283
209 234 259 284
210 235 260 285
211 236 261 286
212 237 262 287
213 238 263 288
214 239 264 289
215 240 265 290
216 241 266 291
217 242 267 292
218 243 268 293
219 244 269 294
220 245 270 295
221 246 271 296
222 247 272 297
223 248 273 298
224 249 274 299
225 250 275 300
SUm 09 19 010 110 011 111 012 119
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LTPP Dipstick Data Collection Form State Code [ 1]
Longitudinal Profile Form DS-5 LTPP Section ID [ ]
Readings 301 to 400 Date (dd/mmm/yy) N Y
Reading Reading (mm) Reading Reading (mm) Reading Reading (mm) Reading Reading (mm)
No No No No.
RWP 3 LWPY RWP 3 LWPY RWPR LWPY RWP 3 LWPY

301 326 351 376

302 327 352 377

303 328 353 378

304 329 3 379

305 330 355 330

306 331 356 381

307 332 357 382

308 333 358 333

309 334 359 334

310 335 360 385

311 336 361 386

312 337 362 387

313 338 363 388

314 339 364 339

315 340 365 390

316 34l 366 391

317 342 367 392

318 343 368 393

319 344 369 3H

320 345 370 395

321 346 371 3%

322 347 372 397

323 348 373 398

324 349 374 39

325 350 375 400
Sum 013 113 014 114 015 115 016
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LTPP Manual Dipstick Data Collection Form State Code [ 1]
Longitudinal Profile Form DS-6 LTPP Section ID [ 1

Station 401 to 500 Date (dd/mmm/yy) | A S

Reading Reading (mm) Reading Reading (mm) Reading Reading (mm) Reading Reading (mm)
No No No No

RWPR LWPY RWPR LWPY RWPR | LWPY RWPR | LWPY
401 426 451 476
402 427 452 477
403 428 453 478
404 429 454 479
405 430 455 480
406 431 456 481
407 432 457 482
408 433 458 483
409 434 459 484
410 435 460 485
111 436 461 486
412 437 462 487
413 438 463 488
414 439 464 489
415 440 465 490
416 441 466 4901
417 442 467 492
418 443 468 493
419 444 469 49
420 445 470 495
121 446 471 496
422 447 472 497
423 448 473 498
24 449 474 499
425 450 475 500
Sum 017] 117 018 118 019 119 020 124
Transverse Closure Measurements from Right Wheel Path to Left Wheel Path at Station (152.40 m)
Transverse Position Sum
RWP-1 1-2 2-3 34 4-5 5-CC CC-LWP
Reading T2
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LTPP Dipstick Data Collection Form State Code [ ]
Longitudina Profile Form DS-7 LTPP Section ID [ ]
Pre/Post Measurement Zero and Calibration Checks | Date (dd/mmm/yy) Y P
Operator: Employer:
Dipstick Serial Number: Diameter of Dipstick FootPad: .~ mm
Pre Measurement Checks
Time (military): Automated Dipstick - Zero Check Performed:
Zero Check - Manual Dipstick Calibration Check
M easurement Reading (mm) M easurement Reading (mm)
First Reading First Reading
Second Reading after 180° Rotation Second Reading on Calibration Block
First + Second Reading Second Reading - 3.2 - First Reading
Notes:
A. First + Second Reading must be lessthan £ 0.1. If not, adjust the start pin as suggested in the L TPP Profile M easurement
Manual and repeat zero check.
B. Second Reading - 3.2 - First Reading must be less than + 0.1. If not, notify the RSC office and contact Face Company for repair.
Post M easurement Checks
Time (military): @
Zero Check Calibration Check
M easurement Reading (mm) M easurement Reading (mm)
First Reading First Reading
Second Reading after 180° Rotation Second Reading on Calibration Block
First + Second Reading Second Reading - 3.2 - First Reading
Notes:
A. First + Second Reading must be lessthan + 0.1. If not, discard data as suspect, adjust the start pin as suggested in the LTPP
Profile Measurement Manual, repeat zero check until it passes, perform calibration check and if it passes, resurvey section.
B. Second Reading - 3.2 - First Reading must be lessthan £ 0.1. If not, notify the RSC office and contact Face Company for repair.

Comments:
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LTPP Dipstick Operations
LTPP Mgor Maintenance/Repair Activity
Report
Form DS-10
Region: Date:
Make: Face Company Model:
Serial Number:

Reason for Maintenance Work (Choose only one)

Scheduled: Not Scheduled:

Description Of Maintenance And Reason:

Agency Performing Maintenance: Cost:
Name:
Street:
City: State: Zip:
Phone Number:

Contact Name:

Dateln:
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Date Out:
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APPENDIX F

DATA COLLECTION FORM FOR ROD AND LEVEL PROFILE MEASUREMENTS
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LTPP Rod and Level Data Collection Form LTPP Code [_ 1]
Longitudinal Profile Measurements LTPP Section 1
Form RL-1 Date (dd/mmm/yy) / /

Reading I.S. B.S. F.S. | Reading] I.S. B.S. F.S. | Reading| I.S. B.S. | F.S.
Number Number Number
Stn 0+00 34 68

1 35 69

2 36 70

3 37 71

4 38 72

5 39 73

6 40 74

7 41 75

8 42 76

9 43 77

10 44 78

11 45 79

12 46 80

13 47 81

14 48 82

15 49 83

16 50 84

17 51 85

18 52 86

19 53 87

20 54 88

21 55 89

22 56 90

23 57 91

24 58 92

25 59 93

26 60 94

27 61 95

28 62 96

29 63 97

30 64 98

31 65 99

32 66 100

33 67

B.S. = Back Sight, F.S. = Foresight

Comments:
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LTPP Rod and Level Data Collection Form LTPP Code [_ 1]
Longitudinal Profile Measurements LTPP Section 1
Form RL-2 Date (dd/mmm/yy) / /

Reading I.S B.S F.S. | Reading] I.S. B.S. F.S. | Reading| I.S. B.S. | F.S.
Number Number Number

101 135 169

102 136 170

103 137 171

104 138 172

105 139 173

106 140 174

107 141 175

108 142 176

109 143 177

110 144 178

111 145 179

112 146 180

113 147 181

114 148 182

115 149 183

116 150 184

117 151 185

118 152 186

119 153 187

120 154 188

121 155 189

122 156 190

123 157 191

124 158 192

125 159 193

126 160 194

127 161 195

128 162 196

129 163 197

130 164 198

131 165 199

132 166 200

133 167

134 168

B.S. = Back Sight, F.S. = Foresight

Comments:
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LTPP Rod and Level Data Collection Form LTPP Code [_ 1]
Longitudinal Profile Measurements LTPP Section 1
Form RL-3 Date (dd/mmm/yy) / /

Reading I.S B.S F.S. | Reading] I.S. B.S. F.S. | Reading| I.S. B.S. | F.S.
Number Number Number

201 235 269

202 236 270

203 237 271

204 238 272

205 239 273

206 240 274

207 241 275

208 242 276

209 243 277

210 244 278

211 245 279

212 246 280

213 247 281

214 248 282

215 249 283

216 250 284

217 251 285

218 252 286

219 253 287

220 254 288

221 255 289

222 256 290

223 257 291

224 258 292

225 259 293

226 260 294

227 261 295

228 262 296

229 263 297

230 264 298

231 265 299

232 266 300

233 267

234 268

B.S. = Back Sight, F.S. = Foresight

Comments:
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LTPP Rod and Level Data Collection Form LTPP Code [_ 1]
Longitudinal Profile Measurements LTPP Section 1
Form RL-4 Date (dd/mmm/yy) / /

Reading I.S B.S F.S. | Reading] I.S. B.S. F.S. | Reading| I.S. B.S. | F.S.
Number Number Number

301 335 369

302 336 370

303 337 371

304 338 372

305 339 373

306 340 374

307 341 375

308 342 376

309 343 377

310 344 378

311 345 379

312 346 380

313 347 381

314 348 382

315 349 383

316 350 384

317 351 385

318 352 386

319 353 387

320 354 388

321 355 389

322 356 390

323 357 391

324 358 392

325 359 393

326 360 394

327 361 395

328 362 396

329 363 397

330 364 398

331 365 399

332 366 400

333 367

334 368

B.S. = Back Sight, F.S. = Foresight

Comments:
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LTPP Rod and Level Data Collection Form
Longitudinal Profile Measurements

LTPP Code
LTPP Section

[__]
r 1

Form RL-5 Date (dd/mmm/yy) / /
Reading I.S B.S F.S. |Reading| I.S. B.S. F.S. | Reading| IS. B.S. F.S.
Number Number Number
401 437 473
402 438 474
403 439 475
404 440 476
405 441 477
406 442 478
407 443 479
408 444 480
409 445 481
410 446 482
411 447 483
412 448 484
413 449 485
414 450 486
415 451 487
416 452 488
417 453 489
418 454 490
419 455 491
420 456 492
421 457 493
422 458 494
423 459 495
424 460 496
425 461 497
426 462 498
427 463 499
428 464 500
429 465 501
430 466 502
431 467 503
432 468 504
433 469 505
434 470 506
435 471 507
436 472 508

B.S. = Back Sight, F.S. = Foresight

Comments:




