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ProVAL User’s Guide / Introduction

INTRODUCTION

ProVAL (Profile Viewing and Analysis) is an engineering software application that allows you to view and
analyze longitudinal pavement profiles in many different ways. You can import profiles from vatious other
formats and view them in the Viewer window. If needed, you can edit profile information and manipulate
the profiles using the Profile Editor. Entire analysis projects can be saved, which preserves user information
and analysis inputs. After analyses have been performed, you can print a report of the original profile and
the results of any analyses.

The purpose of this document is to desctibe all software operations and hardware requirements for
ProVAL.
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PROVAL INSTALLATION

Hardware

While ProVAL should run on any system from the past several years, we recommend at least the
following for the most pleasant experience:

P 2 GHz processor,
» 2 GBRAM,
P 1440x900 display resolution (if widescreen display); 1280x960 resolution (for non-widescreen)

Software

Supported operating systems are Windows XP Professional Service Pack 3+, Windows Vista (32 or 64 bit),
and Windows 7 (32 or 64 bit). Microsoft NET Framework 4 Client Profile is required.

Installation

If the minimum version of the NET Framework is not installed, it will be downloaded (if necessaty) and
installed.

Previous versions of ProVAL 3.5 will be automatically removed. If installed, ProVAL 3.4 and any older
versions will remain.

After obtaining the ProVAL installation file (normally named as ProVAL 3.xx.xxxx.exe), launch the
executable installation kit and follow the ProVAL Installation Wizard to complete the process. If the
downloaded file is in a zipped form (*.zip), you will need to unzip the file and run the unzipped executable
file (*.exe).

Installation Wizard

Step 1. Run the installation file. A dialog box displays the progress of extracting and copying the necessary
installation files.
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Step 2. The ProVAL End-User License Agreement screen is shown. Read the Agreement and select “I
accept the terms in the License Agreement.” Click the Next button to continue the process.

End-User License Agreement

Please read the following license agreement carefully

Profile Viewing and Analysis 3.5 (ProVAL 1.5) License Agreement and it
Terms of Use |_|

License Agreement

ProVAL 3.5 (hereinafter the *SOFTWARE™) is protected by Title 17 United States

Code, Copyrightz. The Transtec Group, Inc., 6111 Balcones Drive, Austin, TX, 78731,
(hereinafter “TRANSTEC") and the Federal Highway Administration (hereinafter

“*FHWAS) grant you (hereinafter the *USER") a nonexclusive, nontransferable license

to use the program, and any accompanying documentation (collectively referred to
hereafter as the "SOFTWARE™) in accordance with the terms and conditions of this -

(@) [ accept the terms in the License Agreement

(1 1 do not accept the terms in the License Agreement

Advanced Installer

< Back [ Mext = ] [ Cancel ]

If you are installing the same version, the following “Modify, Repair or Remove installation” window will
show up instead. Select the desired action and proceed. The following steps show only for the new
installation process.

=] ProVAL 3.5 Setup

Modify, Repair or Remove installation t
Select the operation you wish to perform.

Repair
Repairs errors in the most recent installation state - fixes
missing or corrupt files, shortouts and registry entries.

Remowve
Removes ProVAL 3.5 from your computer.

Advanced Installer
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Step 3. The “Select Installation Folder” prompts for you to either use the default installation folder
(recommended) or select a different folder. If all is well, click the Install button to proceed.

Select Installation Folder g

This iz the folder where ProValL 3.5 will be installed. F'-

To install in this folder, didk “Install™. To install to a different folder, enter it below or dick
"Browse",

Folder:
IC:‘IPrograrn Files (x86)\FHWAProVAL 3.5Y Browse...

Advanced Installer

<Back || Byinstal | [ Cancel

Step 4. The installation process may take a moment while the progress bar shows the installation status.

-

ProVAL 3.5 Setup

Installing ProVAL 3.5

Please wait while the Setup Wizard installs ProVAL 3.5. This may take several
minutes.

Status: Extracting files from archive
—_—

Advanced Installer

< Back || Install | l Cancel ]
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Step 5. When the installation is complete, the final window of the ProVAL Installation Wizard will display.
Click Finish. Navigate to ProVAL 3.5 and launch the application to begin. Have fun!

Completing the ProVAL 3.5
Setup Wizard

Click the "Finish™ button to exit the Setup Wizard.

< Back Cancel
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GETTING STARTED

Welcome Wizard

If no eatlier versions of ProVAL are installed, the first time the software is started a welcome screen will ask
you some basic questions:

P Unit System — Checking the “Use SI Units” would enable SI unit system, otherwise the
application will be in USCS unit system.

P Enable Recording Log — Check this option to help with reporting bugs by saving logs of

software operations.

Preferred Language — Select a language for display. Currently only English is available.

Default File Type — Select the default file type when adding profile data.

Default Project Path — Select the default project path to speed up file lookup.

¥yYYy

Before you get started, there is some basic information we need. This will allows us to customize
ProVAL for you. You can always change these values later in the Options.

Use SI Units
Enable Recording Log

Language |Engiish -

Default File Type |Pavement Profile (ppf) - |

U

This gives you a convenient way to specify preferences. The Welcome Wizard only shows once after each
installation. You can also modify those settings later on by using the Options dialog box.

Behavior of User Interface

The following describes the behavior of the ProVAL Graphical User Interface (GUI):

P The window position is saved.

P The software complies with Section 508 accessibility requirements.

P Allows you to minimize navigation elements and analysis inputs to maximize screen real-
estate.
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Home Screen

This is the starting screen when no project is currently open. It consists of three main sections: the toolbar,
Recent Projects, and ProVAL Online (if the Internet is accessible and the “Show Online Content on the
Start Page” is selected in the program Options screen).

J t? . ’/ 4 Options

Screenshot
History || @) Help
Getting Started

MNew Open Clear

Friday, November 08, 2013
Tuesday, July 30, 2013

Friday, July 12, 2013

Thursday, April 11, 2013
Wednesday, March 27, 2013
Thursday, Movember 15, 2012
Wednesday, Movember 14, 2012
Tuesday, August 07, 2012
Friday, May 25, 2012

Wednesday, January 25, 2012
Workshops

Wednesday, October 15, 2014

ProVAL Online
News

Grand Opening of Online ProVAL HelpDesk
ProVAL 3.40.0297 Released

ProVAL 3.40.0296 Released

ProVAL 3.40.0294 Released

ProVAL 3.40.0293 Released

ProVAL 3.40 Released

ProVAL 3.30.0261 Released
ProVAL 3.30.0257 Released
ProVAL 3.30.0255 Released
ProVAL 3.30.0245 Released

ProVAL Workshop in New Mexico
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If the Internet is not available, the ProVAL Online section will be blank ot on rare occasions, the “Action

canceled” message will be displayed instead.

Under Recent Projects are listed recently analyzed and saved projects. The most recent unsaved project, if

any, will be in the lower left corner:

& Options
Screenshot
@) Help -

ProVAL Online
News

12_SAM_Sample

08 PCM with lead in_out
03_Ride Statistics
MS_CAT_C

01_Basic Sample

Friday, November 08, 2013
Tuesday, July 30, 2013

Friday, July12, 2013

Thursday, April 11, 2013
Wednesday, March 27, 2013
Thursday, November 15, 2012
Wednesday, November 14, 2012
Tuesday, August 07, 2012
Friday, May 25, 2012

Wednesday, January 25, 2012
Workshops

Wednesday, October 15, 2014

= 12_SAM_Sample

Grand Opening of Online ProVAL HelpDesk
ProVAL 3.40.0297 Released

ProVAL 3.40.0296 Released

ProVAL 3.40.0294 Released

ProVAL 3.40.0293 Released

ProVAL 3.40 Released

ProVAL 3.30.0261 Released

ProVAL 3.30.0257 Released

ProVAL 3.30.0255 Released

ProVAL 3.30.0245 Released

ProVAL Workshop in New Mexico

The Getting Started menu has the following features:

P New: Create a new project.

P Open: Open a previously saved project by specifying the path and filename.
P Clear History: Clear recent projects and unsaved projects.

'The Tools menu includes:

P Options: Allows you to customize several features
section for details.
>

Help

Save Logs: Save event logs in zip format in order

of the application. See the Options

Screenshot: Store a screenshot of the entire application to the Windows clipboard.

to report bugs or issues.

User’s Guide: This opens the PDF version of the ProVAL Uset’s manual for viewing,.

Support. Online help via the ProVAL website.

About. About window to show version number and other information.

The Recent Projects screen has the following features:

P List of recent projects and most recent unsaved project, if any.

The ProVAL Online screen has the following features:

P Shows the latest news and upcoming workshops.
Options.
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Once a project has been created or opened, the Project menu contains the following items:

Close Project: Close the current project.

Add Files: Add profile data to the current project.

Save: Save the current project or save as a different project.
Report: Create a PDF, Excel or Text report.

» 2=

Close AddFiles Save Report
Project v v

y¥Yy¥YY¥Y
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File and Project Management

The file and project management in ProVAL is detailed as follows:

>
>

ProVAL can open ProVAL project files and ProVAL-compatible profile data files.

You may have multiple instances of ProVAL on the same computer. Each instance of the
software can have only one project open. The same file or project cannot be opened in
multiple instances.

The project file (*.pvp) contains both project settings and profile data (stored in PPF formats
- ProVAL’s native data format as well as the ASTM International standard format).

Previous versions of projects (e.g., *.pv3, *.pv2, and associated *.ppf files) can be imported.
Individual profile data files can be extracted in PPF format from the project file in the Viewer
window.

The project files can be opened using standard Windows techniques, including dialog boxes
(i.e., via Open button on the home screen or Open menu from the application menu), drag-
and-drop (i.e., drag a project file from Windows explorer to the ProVAL application areas),
most recently used (MRU) files (i.e., from the Application Menu/Recent Projects or simply
clicking any recent project listed on the panel under the Getting Started of the ProVAL
starting page), and file association (i.e., double-clicking a *.pvp, *.pv3, or*.pv2 file within the
Windows explorer).

Once a project is active, profile data files can be imported using the Add Files button on the
toolbar or the drag-and-drop option (i.e., drag from Windows explorer to the ProVAL
application areas).

Profile data files can also be imported using file association (i.e., double-clicking any ProVAL-
compatible data files such as *.ppf, *.erd, etc. within the Windows explorer). An “Untitled”
project will be created automatically. Users can then use Save As to save it to another
filename or simply discard it (the latter is useful for a quick view of data without saving any
projects).

Organize « Share with = Burn New folder 5 » I

Documents library

_ Arrange by:  Folder ~
ProVAL 3.4 Samples

, Data import 1 04b_APSync-test

| Extra 103_Ride Statistics

. Template 109_PCM_vs_PB

1 01_Basic Sample 107_PCM_Mot-so-good

114_OWL_Sample 1 06_PCM_Concrete test

113_AFM_Sample 105_PCM_Asphalt test
m| 1 0da_APSync-org

112_SAM_Sample 1 08_PCM_with lead_in_out

115_Case Studies 110_PSD_Sample

1 02_Profiler Comparison 111_PSD_ID Profile Features

20 items
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Add Files

You can use the Add Files button in the toolbar to select and add proﬁle data files to the current project.

v

A dialog box will appear when you click the Add Files button. Files of the Default File Type set in the
Options are displayed. To view other file types, use the dropdown menu.

|- Open

Organize Mew folder =~ 0 @
I lvan i MName . Date modi.. Type Size
| Kargah-Ostadi
: E"gz ) ab' ] 00_Basic Sample  10/29/200.. ERD Profile
. ;?}TD?: e |+'| 00_Basic_Sample 1/31/2011 ... Pavement Profile
- . m\:rAuE;p;sr " || 01_Dipstick.ELV 2/16/2005 ... ELV File .
o R Bt S [ 02_Paveset.pust 1/13/2005 ... PVST File
= Lma::ig S [ 03_FHWAIP.BO1  9/1/20113.. BOI File
= p;osps sl el""era s (] 04_AmesLDF 8/4/2006 4.. LDF File
. p VAL ;Smp els [ 05_Ames.adf 4/2/20071.. ADF File
- ':d » s | | 06_BinaryERDBIN  12/2/2002 .. BIN File
= 5 vanes [[] |+ 06_inaryERD 12/9/2002 .. ERD Profile
. Data import
. P 7] 07_Dynatest 2/2/20078... RSP File
| Extra - [Tl
File name: + | All Files (*.
Armes Ames (*.ard, *.adf, *.|df)
Dipstick (*.elv)
e Dynatest Dynatest RSP (“rsp)
ERD ERD (*.erd)

KlLaw KlLaw (*.a*, *.p*]
Pavement Profile Pavernent Profile (*.ppf)
Texas (*.pro)

ProVAL-Compatible File Formats

ProVAL recognizes the following file types. The file extension is listed in parentheses after the description:

>
>
>

ProVAL 3.1+ Project and embedded data file (pvp)

ProVAL 3.0 Project and embedded data file (pv3)

ProVAL 2 Project (pv2) (note that the associated ppf files need to be within the same folder
as the pv2 file)

Pavement Profile File (ppf). This is based on the native file specification of ProVAL. Itis a
very efficient and secure format. The latest ppf specifications can be downloaded from the
ProVAL website. This format is the basis for the ASTM Profile Data standard.

ERD (erd): ProVAL recognizes both text formats, and the two 4-byte floating-point binary
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formats. Information about the ERD files can be found on the UMTRI website
(http:/ /www.umtri.umich.edu/erd/software/erd_file.html). The profile data and most of
the header information are also imported.

P Dipstick (elv) files: They are Dipstick data in text format without any headers.

P KJLaw Text files (a*): These files usually end with file extensions such as "a01", "a02", etc.
The profile data and most of the header information are also imported.

P KJLaw Binary files (p*): These files usually end with file extensions such as "p01", "p02", etc.
The profile data and most of the header information are also imported.

P Dpynatest RSP File (rsp): These files are generated by the field program of Dynatest Mark 11
or III (version 35.00 or above). The rsp event markers and GPS information can be also
imported.

B TxDOT (pro): ProVAL can import the newer TxDOT “pro” format. Event markers will
also be imported.

P Ames File (ard, adf, 1df)): These are file formats (adf is newer than ldf) generated by the
Ames profiler field programs. The GPS information and event markers can also be
imported. Additional event markers for the lead-in and lead-out locations may be added.

It is possible that other file types could be added to the application’s importing capability in the future, as
manufacturers and software developers make their file specifications available to the FHWA and the
ProVAL development team.

File Import Wizard

ProVAL can also import generic files in text format using a File Import Wizard. The generic text file needs
to consist of profile data in column(s) and separated by a symbol. There shall not be blank lines or other
non-data lines in the data block. The file headers are optional and will be skipped during file import. Itis
recommended to inspect the data using a text editor and find out additional information about the profile
before using the File Import Wizard.

The steps to import such files are as follows:
P Use the Add Files button to start the Open file dialog box.

9 o HY 5% % In

Close |AddFiles| Save Report {Vlewer Editor Analysis | Analysis

RQ | ~

Project

P Select “All Files” under the Files of type selection and select a generic text file.
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Open

Look in: lDData import V‘ € % s A

Y U 00_Basic_Sample.ERD

L,b |v_] 00_Basic_Sample.ppf
My Recent |01 Dipstick.ELY
Documents
— 03_FHWA-IP.B0
LS 04_aAmes.LDF
@ 05_ames. adf
|#) 06_BinaryERD.BIN
|+) 06_BinaryERD.ERD
07_Dynatest.RSP
=) 08_KaLawText.P09
09_TxDOTPra.pro
|ﬂ Copy of 02_Paveset.erd

Desktop

My Documents

s

My Computer
‘Q File name: lﬂZ_Pavesevast v ‘ [ Open ]
R ;
My Netwark | Files of type: |4l Files (%) v| [ cancel |

P A File Import Wizard will pop up with a table displaying the first 100 rows of information
from the file. Note that the File Import Wizard will also launch when the imported ProVAL-
compatible format is corrupted.

File Import Wizard
Inputs

File |02_P aveset.pvst Type Text

Unknown Location - Station=
1594.2

Sample Interval

i Unknown Location
Sample Interval Unit l:l :
Unknown Location

4

4

Elevation Unit Unknown Location

4

4

Decimal Symbol Period Unknown Location

Data Starting Row 17

Station= 1594.2

Interval= 100
Ltrim= 0
Lspan=12.7
Lvolt= 0

=

Lvspan= 0
Rtrirn= 0

1
2
3
1
5
6
7
& | Rspan=-12.7

P Fill in information including: Sample Interval, Sample Interval Unit, Elevation Unit, Decimal
Symbol, Data Starting Row. As the correct Data Starting Row is selected, several selections
of data types will be displayed depending on the number of columns in the data block.
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File Import Wizard
Inputs

File 02_Paveset.pvst -

Type Text
Unknown Location = 87330
Unknown Location - 0.00
Unknown Location - -47.74

Sample Interval 0
Sample Interval Unit
Elevation Unit

Decimal Symbol Period

E3
4 1 || =

Data Starting Row 532

50 =
51

52 |records:

53 873.30,0.00, -47.74

54 873.40,0.00,-47.74 =
55 873.51,0.00,-47.74

56 873.61,0.00, -47.74

57 873.72,000,-47.74

m

|. Mext » .| || Cancel ||

P Seclect the correct data type from the following options for each data column: Left, Center,
Right, Unknown Location, or Not a Profile.

File Import Wizard
Inputs

File 02_Paveset.pvst -

Sample Interval
Sample Interval Unit

Elevation Unit

Unknown Location
Mot a Profile

E3
=
4 1 ||~

Decimal Symbol Period

Data Starting Row 532

50 =
51

52 |records:

53 |873.30,0.00, -47.74

54 |873.40,0.00, -47.74 B
55 |873.51,0.00, -47.74

56 |873.61,0.00, -47.74

57 |873.72,0.00, -47.74

< Bac - Next » .| || Cancel
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File Import Wizard
Inputs

File 02_Paveset.pvst -

Type Text
Sample Interval 0 Mot a Profile - B73.30
Mot a Profile ~ 0.00
Left - 4774

Sample Interval Unit
Elevation Unit

Decimal Symbol Period

E3
4 1 || =

Data Starting Row 537

50 =
51

52 |records:

53 |873.30,0.00, -47.74

54 |B73.40,0.00, -47.74 =
55 |873.51, 0,00, -47.74

56 873.61,000,-4774

57 |873.72,0.00, -47.74

ac | Mext » | || Cancel ||

P Click Next> and Finished to import and save the file into the current project.

File Import Wizard
Results

All files imported!
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- Tiroiea” Pos
lj é E D d % @ " || = = = | ¥showEvents & Options
- ‘ | - . ' = Use Mileposts Screenshot
-

Close AddFiles Save Report ||Viewer Editer Analysis | Analysis v
Project - RQ - £, Units - || @) Help -

02_Paveset LT ‘ =

e .

Elewvation {in)
V=1
I

0 50 100 150 200 250 300 350 400 450 500 550 600
Distance (ft)
—— 02_Paveset_Left Full
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Basic Operation

A step-by-step process for a typical viewing and analysis is as follows:

P Step 1: Start a new ProVAL project using the New button on the ProVAL home screen and
it creates an “Untitled” project. You can elect to save is as another file name. Let’s leave it

for now.
Screenshot
New

Open Clear
Getting Started

History

EE T @ I
iewer itor nalysis
i I] Edif Analysis

Analysis -

& Options
Screenshot
@) Help

| Show Events
Use Mileposts
5 Units -

=5

Report -
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P Step 2: Use the Add Files button on the ProVAL toolbar to select profile data to be
imported.

"o A =
"(:\' . . & ProVAL 34 Samples » Dataimport - Search Data import pel

Organize = New folder = - 0 @
Mame Date mod'ifi
|#'| 00_Basic_Sample 1/31/2011 2:
] 1 | ¥
File name: - |Pavement Profile (*.EE\‘} Vi

All Files (*.%)

Ames (*.adf, *.Idf)

Dipstick (*.elv)

T — 11t st RSP (*.rsp)
ERD (*.erd)
")

Texas (*.pro)

P Step 3: After adding a file, a thumbnail of its profile will be added to the list with imported
rofiles available for selection.

R |
- |' | - ] = || [[JuseMieposts || & Screenshat

Close AddFlles Save Report || Viewer Editor Ansiysis | Analysis 2|

Project - RQ |- | B nits Cl@rep -

150-5280 i B

E = o
RElev.
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P Step 4: Sclect or de-select the desired profiles by clicking the corresponding checkboxes.
Selected profile traces will be displayed on the chart. You can then proceed with viewing and
analysis functions.

S LEHD %

Close AddFiles Save Report ||Viewer Editor Analysis| Analysis
Project - - RQ -

[¥| Show Events « Options
Use Mileposts Screenshot
52 Units - || @Hep -

150-5280 v | e Distance (ft): 45,8333 Elevation (in): -4.9887

LElev.
RElev.
AN .

Flewation (in)

0 500 1000 1500 2,000 2500 3000 3500 4000 4500 5000 5500
Distance ()

— 150-5280_LElev._Full

S LoHD A% i,

Close AddFiles Save Report ||Viewer| Editor Analysis | Analysis
Project - B -

Optimal WIM Locator

Autemated Faulting

Power Spectral Density

Precision and Bias

Profile Synchrenization

tQd:aRoBc i

2 Profiler Certification
2
Profilograph Simulation
E1
fo Ride Quality
ia
= Rolling Straightedge
-2
3 Smoothness Assurance
-4
-5
-6
-7
-8
0 500 1000 1500 2,000 2500 3,000 3500 4,000 4500 5000 5500

Distance [ft)

— 150-5280_LElev._Full
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Report Functions

The Report button, once clicked with a mouse, lists options for report functions. Select the location and
type of report. The export functions include: Print to PDF, Export to Excel and Save to Text.

P Print to PDF: Generate a secured PDF report.

P Export to Excel: Save report data to various Excel worksheets.
P Save to Text: Save report data in various text files.

Folder for reports

| Ci\Users\LocalAdmin'\Documents\ProVAL 3.4 Samples |

[T1Include all data (slower)

LY
x =
Excel Text

Charts in the Viewer and some analysis screens can also be exported as images to either files or the
Clipboard in the PNG format. See Viewer and Analyses sections for details.

Print to PDF

After viewing profiles or finishing an analysis, you can click the Report button and select PDF to generate a
“secured” PDF report that cannot be modified.

If the option to use the alternate chart template is selected in the Options, the alternate chart colors will be
printed.

J General Settings

Use ST Units
Enable Recording Log

Show Online Content on the Start Page

I Use Alternate Chart Template for printing and PDF reports.l

Default File Type ANl () -]
Map source |Goog|e Maps v|
Spreadsheet Program | C\Program Files (xB6)\Microsoft Office\Officel A\EXCEL.EXE | ||| Browse... |||
Default Project Path |C:\Users\LocaIAdmin\Documents\Pro‘u’AL\P rojects | |lBrowse!|
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File Edit View Decument Comments Forms Toels Advanced Window Help

; @CreatePDF' @Combmaﬁles' @B(por‘t' @StartMeeting' ﬁSecure' fsign' ::?Review&(:omment'
Damgwaljz E'S_“}'Ei '\‘j'@ 103%'EIItHEEchI -

Viewer

Elevation (in)

500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500
Distance (ft)
|—— 00_Basic_Sample_LElev._Full —— 00_Basic_Sample_RElev._Full |

The secure PDF has the following restrictions:
¢ Changing the document
e Document assembly
e DPage extraction
e Commenting
e Filling of form fields (NA)
e Signing

e Creation of template pages
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Document Properties k

Description | Security |F0nts || Initial Visw | Custom | Advanced |

Document Security

The document's Security Method restricks what can be done to the document, To remove security
reskrictions, set the Security Method to Mo Security,

Security Method: | Password Security v| l Change Settings... ]

Can be Opened by:  Acrobat 3.0 and later Show Details, .,

All contents of the document are encrypted and search engines cannot access the document's metadata,

Document Reskrictions Summary
Printing:  Allowed
Changing the Document: Mot Allowed
Document Assembly: Mot Allowed
Content Copyving:  Allowed
Content Copying for Accessibility:  Allowed
Page Extraction: Mot Allowed
Commenting: Mot Allowed
Filling of Form fields: Mot Allowed
Signing: Mot Allowed

Creation of Template Pages: Mot Allowed

o4 ] ’ Cancel

Export to Excel

Chart and table data from all profile analyses can be exported Excel files by clicking the Report button and
selecting Excel. Select Include all data if you wish to include detailed results. Each exported Excel file
contains analysis results from a specific profile trace.

-

Folder for reports
|C:\Users\LocaIAdmin\Documents\Pro‘u’AL 3.4 Samples |

[T |Include all data (slower)

p A
[ POF |
Excel Text PDF
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Users can launch the Excel application and open the ProVAL-exported Excel files. For each worksheet
within an Excel file, data will be arranged in columns with appropriate headings and units.

B3 Microsoft Excel - tmp3DC.imp

@_] File Edit ‘Wew Insert Format Tools Data  Window Help  Adobe PDF Type aquestion for help = 2 @ X
NS 3V E %GB A9 A oe s e sy, | A[E|aZ oo B
RO Wt W IR W RS | | (& By @4 | ¥ Reply with Changes... End Review. !
: drial -0 - B I U|IE=E=H[$ % E“‘GEEEE
pahen - el
A2 - & Distance (ff)
A | B | c | b | E [ F [ & [ H | [ b [ K 7

150-5280: LElev. 150-5280: RElev.

Distance (1Elevation { Distance (i Elevation (in)
0] 0.001368 0 0.012012
0.207018) 0.002736 0.207018 0.024024
0.414037 | 0.016092 0.414037 0.036036
0.621055 | 0.029448 0.621055 0.036036
0.828073 0.030792 0.828073 0.084024
1.035092| 0032148 1.035092 0.107988
1.24211) 0.045452 1.24211 0.107952
1.449128| 0046835 1.449128 0131916
1.656146| 0.04818 1.656146 0.155668
1.863165| 0.049512 1.863165 0.155608
2.070183 0.062856 2.070183 0.155748
2277201 000779 2.277201 0.0957
248422 01354 248422 -0.0363
2.691238 -0.18494 2.691235 -0.08425
2.896256 -0.19549 2.895256  -0.0722
3.106274 | -0.15203 3.105274 -0.06016
3.312293) 014459 3.312293 -0.06011
3.519311) 014315 3.519311 -0.04807
3.726329 014172 3.726329 -0.03604
3.9333458 014028 3.933345 -0.036
4.140366, -0.12685 4.140366 -0.01198
4.347384) 012544 4.347384) -0.01195
4554403 012401 4.554403) -0.01194
4761421 011058 4.761421) 0.012072
4.968439) -0.10916 4.958439 0.024072
5.175457 | 010775 5.175457 ) 0.024072
5.382476) -0.10634 5.382476 0.024072
5.589484 ) -0.10493 5.589434  0.024072
5.796513) -0.10351 5.796513 0.024072
6.003531) -0.1141 5.003531) 0.036072
6.210549 ) -0.11268 £.210549) 0.03606
6417867 011126 6.4175867 0.048048
6.624586 ) -0.09785 6.624586 0.060036

Lo e e T U U Y T Y ) R R R R R N Y Y Y Y R

~
W 4 » )\ tmp3DC /S < ¥
PDraw - Lp | Autoshapes - N w [ O 4] ﬁﬂ{:ﬁ (8] t’ﬂ|&'£'ﬁ‘ftf "] Ij!

Ready

Data in tables and charts will be saved to each worksheet for post processing (such as: plug in pay
schedule for bonus/penalty computation). Due to limitation of rows in Excel 2003 and eatlier, you
should be cautious when exporting data that exceeds 65,536 rows (including the data column
headers). Excel 2007 and later have a maximum of 1,048,576 rows. Report charts will not be
included in the exported Excel files. However, you can use the ProVAL built-in screenshot tool
button to export chart images to the Windows clipboard then insert into other documents or
spreadsheets.

Page 29



ProVAL User’s Guide / Getting Started

Save to Text

Chart and table data from all profile analyses can be exported to text files by clicking the Report button and
selecting Text. Select Include all data if you wish to include detailed results. One or more files will be
generated for the analysis results from the data sets.

Folder for reports

|C:\Users\LocaIAdmin\Documems\ProVAL 3.4 Samples |

I [T Include all data (slower) I

b4 =l
Excel Text

Select the folder to where reports will be saved.

I+ Favorites
W Links
4 | My Documents
4 | ProVAL 3.4 Samples
. Data import
\. Extra
.. Template
W My Music
= My Pictures

Make Mew Folder I
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The text file names correspond to each data set. The text files can then easily be viewed in any text editor or
for any data submission or post processing.

@ UltraEdit-32 - C:\tmp\Wiewer. txt v TaolBar

File Edit Search Project “iew Format Column Macro  Advanced ‘Window Help
O = CREN- RN

Yiewer tut ]

Custamize...

= [[echune ~| # w

r C:\imp\Wiewer. txt

| 150-5250: LElev. 150-52580: RElev.

Distance (ft] Elewation (in) Distance (ft) Elewvation (in)
0.0013658 0 0.012012

.2070183 0.002736 0.20701583 0.024024

- 41403 66 0.016092 0.4140366 0.036036

L.B210549 0.029448 0.6210549 0.036036

.BZ80732 0.030792 0.5280732 0.0540z24

L035092 0.032148 1.035092 0.107258
.24211 0.045452 1.24211 0.107952
.449123 0.046836 1.449128 0.131916
656146 0.04518 1.656146 0.155568
L363165 0,045512 1.563165 0.155808
070183 0.062856 2.070183 0.155748

L277201 -0.007788 2.277201 0.0957
L5422 -0.13538396 Z2.45422 -0.0363
L691238 -0.1545944 691238 -0.03425201
.898256 -0.15954592 898256 -0.072204
L105274 -0, 152028 105274 -0.060156
312293 -0, 1445388 312293 -0.060108
519311 -0.143145 3.519311 -0.043072
LT26329 -0.14172 3.726329 -0.036036
L933348 -0.14028 3.933348 -0.038
.140366 -0.126852 4.140366 -0.011976
L347384 -0.125436 4.347384 -0.011952
.554403 -0.124005 4.554403 -0.01194
LTE1421 -0.110558 4.761421 0.012072
.968439 -0.109164 4.9634359 0.024072

WL R

L 175457 -0.107748 5.175457 0.024072
352476 -0.106344 5.382476 0.024072
559494 -0, 104928 5.5589404 0,024072
796513 -0.103512 5.796513 0.024072

003531 -0.114096 6.003531 0.036072
210549 -0.11268 6.210549 0.03606

Dy (0 LN N f b b b b b L W LW WM NN MKNERRRRROOO OO

Far Help, press F1 Lm 1, Cal. 1, C0 DosS Mod: 3/25/2009 5:15:35PM  |File Size: 959577 INS
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Utility Functions

There are several utility functions in ProVAL for various purposes.
A Screenshot Tool

A built-in screenshot tool is included. By clicking the Screenshot button on the toolbar, a screenshot of the
entire application will be stored in the Windows clipboard. You can then open any other Windows

application (such as MS Word) and paste the screenshot there.

} ‘ . ~ ; = —r : :
9 oY %P N
Close AddFiles Save Report || Viewer | Editor Analysis | Analysis
Project v v RQ v

A Copy-Table-to-Clipboard Tool

@ Screenshot |

By clicking any table results with the mouse while using the right mouse button, the entire table will be
stored in the Windows clipboard. Selecting Copy table to Clipboard includes the column headers.
Alternatively, choose Copy table without column names. You can then open any other Windows

application (such as MS Word) and paste the table results there.

Page 32

Ride Quallty Analyze
Analysis Type Fixed Interval - ||| File Prafile | Section | Apply 250mm Filter
00_Basic_Sample [¥|LEley. Full ~
Threshold (in/mi)
Segment Length (ft) 528.00
‘UUiBaslcjample i ‘
chont [(TTa01) @ B
Start Stop Length LElev. - IRI
Distance (ft) Distance (ft) (ft) (in/mi)
0.00 528.05 52805 182,82
528.05 1,056.10 52805 18295
1,056.10 1,584.15 528.05 178.36
1,584.15 21121 528.05 203.57
e 2,640.26 52805 189.44
Copy table to Clipboard 316831 538.05 18508
Copy table without column names 3.696.36 528,05 176.03
= 4,224.41 528.05 180.15
422441 4,752.46 52805 17663
4,752.46 5,280.51 528.05 176.63
5,280.51 5,285.27 383 27287
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Options

User preferences are divided into three areas: General Settings, Analysis, and Chart Color Templates.

General Settings

Under General Settings, you can change the following to fit your needs:

P Use SI Units: If checked, SI units will be applied to the application; if not, USCS units will
be used.

P Enable Recording Log: If checked, event logs would be recorded. Enabling this option is
recommended and will enable Support to easier diagnose issues.

P Show Online Content on the Start Page: If checked, the ProVAL Online section will be
displayed on the application home screen.

B Use Alternate Chart Template for printing and PDF reports: If checked, the chart
format on the Alternate Chart Colors tab will be used when printing charts and creating
PDFs. If unchecked, the format on the Chart Style tab will be used.

P Default File Type: Used to set the default file type for the Add Files dialog box.

P Spreadsheet Program: ProVAL will automatically search for MS Excel and put the location
of it here. If Excel was not found or you prefer to use another program, you can browse for
it here.

P Default Project Path: Very useful setting to allow you to quickly access profile data in a
frequently used path.

P Bing Maps License Key: If you have your own license key for Bing Maps, you may enter it
here.

I General Settings l Chart Style | Alternate Chart Colors

Use SI Units
Enable Recording Log
Show Online Content on the Start Page

Use Alternate Chart Template for printing and PDF reports,

Default File Type A -
Spreadsheet Program |C:\P regram Files\Microseft Office 15\ root\officel SNEXC EL.EXEl || Browse... ||
Default Project Path |C:\U sersijennDecuments\ProVAL\Projects | || Browse... ||

Bing Maps License Key | |
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Analysis

General Settings Chart 5tyle | Alternate Chart Colors

Selected Analyses

[#] Profile Synchronization
[#] Profiler Certification h Add from File... ]J
[¥] Optirnal WIM Locator
[#] Precision and Bias h Add from ProVAL 3.3- ]J
Profilograph Simulation
[#] Power Spectral Density h Export to File... ]J
[¥] Ride Quality
Rolling Straightedge h Clear... ]J
[¥] Smoothness Assurance

Default Analysis

|Automated Faulting -

The following can be set using this utility:

YyYYYY¥YY

Yy

Default Analysis: Set the default analysis that is displayed on the toolbar for easy access.
Selected Analyses: Any analyses that are checked will be displayed in the Analysis menu.
Templates: Templates are saved input settings.

Add from File...: Import a saved template (*.pvat, *.pv3at, or *.pvi)

Add from ProVAL 3.4-: Import all existing templates from all ProVAL versions (3.4 and
eatlier) on the computer.

Export to File...: Export templates to a *.pvat file

Clear...: Clear existing templates. Especially useful if they become corrupt.
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An example to import a template (*.pvat) file:

"Open
f‘_-\ . | ..« My Documents » ProVAL » Samples b Search Samples pe

Organize = Mew folder = » [ @

T Favorites Mame Date modified Type

Bl Desktop
4 Downloads

Mo iterns match your search.
J

7= Recent Places |_

4 Libraries
@ Documents
&) Music [ |
[E=| Pictures

E Videos

1M Com puter
& o5

4 m

File name: -

ProVAL 3 Analysis Templates ("’ pv3at)
ProVAL 2 Input Sets (*.pvi)

An example to export a template (*.pvat) file:

Organize = Mew folder

5 Favorites Documents library
Bl Desktop Projects
& Downloads

Arrange by:  Folder ~

Mame Date modified Type
5| Recent Places

Mo items match your search.
-l Libraries
@ Documents
Jﬁ Music
[&=] Pictures

E Videos

File name: |

Save as type: ’ ProVAL Analysis Templates (*.pvat)

“ Hide Folders
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Chart Color Templates

A default color template is provided. A color template defines the chart’s background color, line styles, and
axis fonts. A line style specifies the line color, pattern, and thickness. The template defined on the Chart
Style tab is generally used. If Use Alternate Chart Template is selected in the Options, the alternate chart
colors are used when printing and generating PDF reports.

General Settings | Analysis (ESUELESNEN  Alternate Chart Colors
o Auds Font.-y
Background Color ||:| OldLace v|
1
2
3
4
5
6
7
8
9
10
> 1
3 12
13
14
15
Line Color |-Red v‘
Line Pattern |So|id v‘
Ais X Line Thickness 132
OK - Cancel -y
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Chart Controls

A common chart is used throughout the software. This feature helps you become familiar with consistent

chart layouts. Specific features include:

- D1 Basic Sample - Prol

Project =

S s A% e i

Close Add Files Save Report || Viewer Editor Analysis | Analysis

RQ =

Show Events
"] Use Mileposts
& Units

& Options

Screenshot

@) Help

-

00_Basic_Sample

LElev.
‘ | RElev.
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Elevation (in)
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0.5 0.6 0.7
Distance (mile)

0.8

0.9

[ === 00_Basic_Sample_LElev. Full === 00_Basic_Sample_RElev._Full

1.0
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P Scroll Bars: Both horizontal and vertical. Only available when zooming into a portion of a
chart.

b o ) I:l E}J E = I
FS
E Wfl
9 -4
8 T —
7
6 -
5 -
T
531 -
-l’g 4
B2
w 1 1
o X
-l e
-2 4 ¥
.3 p
-4 2 T T T T T T T T T T T T T T T T T T
1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000
Distance (ft)
——— 00_Basic_Sample_LElev. _Full 00_Basic_Sample_RElev._Full |

v
< | il | > J

P Zoom History (backward and forward arrows): Preserve the zoom history so that you can
zoom back and forth, similar to back and forward buttons in a Web browser. They will be
activated (in green) only when zooming to certain levels.

= .-0ER

P (Zoom) Scale (magnifier glass symbol): When entering this mode, the chart will set a zoom
level equal to a predefined scale. Predefined zoom scales are 0.1 miles, 0.5 miles, and 1 mile
(or 0.1 km, 0.5 km, and 1.0 km if SI unit system is specified in the Options). Zoom scales
cannot be changed at this time.

ew - O0RBS

0.5 miles

1.0 mile

4 -
B (Overview) “Full” (magnifier glass symbol with a frame): Show the full length of the chart.

o= O 0 EER

P Panning: Allows you to ‘grab’ the chart using the right mouse button (the mouse icon would
change into a “hand” symbol) and move it, instead of using the scrollbars.

Page 38



ProVAL User’s Guide / Getting Started

P- R RS Distance (ft): 1569.6130 Elevation (in): 0.2943

2
-~

3 L/WY

Elevation (in)
o

29}

1,400 1,450 1,500 1,550 1,600 1,650 1,700
Distance (ft)

00_Basic_Sample_RElev._Full |

[—— 00_Basic_Sample_LElev. _Full
4 (L] »
P Copy Image to Clipboard: Allows an image of the chart be exported to the Windows

Clipboard.
s -OnR
P Save Image to File: Allows an image of the chart be exported to a file in the PNG format.

s -0 ER

A dialog box would pop up for you to save the exported image as a PNG file.
Save As S E]

Save in: |&)Basic example V| ) ? 4 '

D

Iy Recent
Documents

Desklop

My Documents

by Camputer

File name: || V| [ Save ]

by Metwork Save a3 type: |F'NG Image [*.png) ~ | [ Cancel ]

B Print chart: Prints the chart using the standard or alternate chart template, depending on the

Options setting.
= -QBEsS
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Profile Selection

A group of functions within the Profile Selection menu bar can be used to select one or more profiles.

Select Channels

Five buttons can be used to select all left channels, all middle channels, all right channels, all channels, as well
as clear all selections. This function is available in the Viewer and applicable analyses.

Help and Event Log System

Save Logs

An event log is provided to record any errors that occur. A Recording Log is provided to record all actions
taken by you. This is very useful for debugging. You can opt to turn this off. To save logs for submitting
issues, you can use the application menu and select Help/Save Logs.

A Save As dialog box would prompt for you to save the event log file in zip format to a selected folder.
This file can then be submitted to the ProVAL support team to assist the diagnostics.

P

Save it |@ [1-Bazic Software Operation vl €] 1‘ il v

My Recent
Documents

(L

Desktop

£

My Docurments

File name: |MI hd | [ Save l

MyMetwork | Saveastype: | ZIP Files [“.zip) v| [ cancel |

bdp Computer
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User’s Guide

An electronic User’s Guide (this document) in PDF format can be viewed through the Help menu of the
Home screen.

Release Notes

The release notes in PDF format for this version of ProVAL can be viewed through the Help menu of the
Home screen. This document includes new features, changes, and known issues.

Support

Clicking the Support menu under Help will launch the default web browser on your computer and load the
ProVAL homepage.

About

Clicking the About menu under Help will display the About window that consists of the information about
the version of ProVAL running, the link to the ProVAL webpage, etc.

o 0F TR
& OF TRA .

LS. Department of
Transportation

’ THE
"TRANSTEC GROUP

n DERLE;
¥ .,
i

7
[}
=]
=

-

Federal Highway
Administration

PROVAL
ProWAL 3.40.0288 (32-bif)

viwnw.roadprofile.com

+1512-451-6233

Copyright® 2000-2012 The Transtec Group, Inc.

This computer program is protected by copyright law and international treaties.
Unauthorized reproduction or distribution of this program, or any portion of it, may

result in severe civil and criminal penalties, and will be prosecuted to the
maximum extent possible under the law.

e Close
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VIEWER

This module is for viewing profiles. Any number of profiles may be selected. Thumbnails of profiles are
displayed on the left of the Viewer screen. Selected profiles will be shown in the chart on the right.

Profile Selection and Display

On the left hand panel of the Viewer screen, all imported files are displayed as thumbnails and available
profiles can be selected to be displayed. Files can be added using the “Add Files” icon within the Project
category on the toolbar.

5l )

Close AddFiles Save Report
Project - M

IﬂT |

Wiewer

2% In

Editor  Analysis | Analysis

Show Events 4 Options.
Use Mileposts Screenshot
[, units ~ || @) Help -

Compare_01
R[] LEey.
RElev.

Compare_02

[#] LElev.
M ‘ [T RElev.

Compare_03

[#] LElev.
y \ ‘ [T RElev.

Compare_04

[#] LElev.
/\‘ ‘ [T RElev.
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Viewing Profile Sections

Clicking a thumbnail with the left mouse button brings up a menu to select which section to view.
Choose from the Full profile or a section that has been created in the Editor. See “Sections and
Event Markers” in this guide for more details on creating sections and selecting the default.

1-20 PEARL EB INSIDE

- &6

“i| V] Left Eleva
¥5| V] Right Elev
H 15—
1
Section * ||/ UseDefault h |
Show on map Vv | Full
Rename File Bridgel
Delete File
£-10
Export File b=t
2=15

Profile Rename/Delete/Export

The thumbnail menu also includes actions to manipulate files: Rename, Delete, and Export (to *.PPF
files). Keep in mind that all imported profile data is contained within a single project file.

Test_01

| [¥| Left Wheel Path
| 7] Centerline
i [T] Right Wheel Path

Section
Rename File
Delete File

Export File

k

| Path

=g| Path

Profile names can be changed by clicking the existing profiles with the right mouse button or the context
menu key and selecting Rename Profile.
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Show Events

Event markers can be turned on and off using the Show Events button on the menu bar. They are
displayed as Flags at the top frame of the chart area.

5 ld )

Close AddFiles Save Report
Project v

& Optior
Screel

00_Basic_Sample
LElev.
|¥|RElev.
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Use Mileposts

Viewing profiles in milepost fashion can be turned on using the Use Mileposts button on the menu bar.
Both increasing milepost and decreasing milepost can be displayed propetly as long as you defined the
Profiling Direction and Beginning Milepost on the Editor screen.

| Show Events i 4/ Options
[¥| Use Mileposts Screenshot |
“,_2 Units v |[@Hep -

||||l
litl

The following is an Editor screen to define an Eastbound profile in forward direction and its beginning
milepost.

| Editor: Basic Flle EB e navigae e
Locatonrfomaon NE ] )

Sample Interval {in}

Length (mile) 3

Lead-In Length {Ft) l:l
Lead-tut Length {FE) l:l 21
Distance OFfset (ft) I:l
Milepost-related inputs

Prafiling Direction
Eeginning Milepast {mile) ,—D|
Geography

Start Latitude l:l 17
Stark Longitude l:l
stop Lattude Lo T : 3 4 5 s
Stop Longiude l:l Milepast {raile)

Left wheel Path Centerline ——— Right Wheel Path |

(=1

Elewation (in)

The following is an Editor screen to define a Westbound profile in reverse direction and its beginning
milepost.

Editor: Basic Fie |0 e Mavigge wn
G BB S

tion Infarmation

Sample Interval {in) 5,999971
Length fmile) 6.0672 2

Lead-In Length (ft)

Lead-0Out Length (Ft)
Distance Offset (ft)
Milepost-related inputs
Profiling Direction
EBeginning Milepost (mile)

Geography

Start Latitude

6,11
Start Longitude I:I
L9

-2 T T T T T T
0 1 2 3 4 S & 7
Milepost {mile)

Centerling —— Right wheel Path |

Skop Latitude

Stop Longitude

Left Wheel Path
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The following is a Viewer screen for both Eastbound and Westbound profiles with the milepost view

turned off.

. " Milepost_Example * - ProVAL 2.
g S N | & = ¥|Show Events || 4 Options
b] 2 2 N =
l. - é E U ﬂ , .' — | Use Mileposts Screenshot

Close AddFiles Save Report |||Viewer| Editor Analysis| Analysis X
. . SAM B [ Units - || @ Help  ~

Project

V| Left Wheel Path
| Centerline
" | Right Wheel Path

Centerline
| Right Wheel Path

AL \‘n I

Elevation {in)

o

3 4
Distance (milg)

——— EB_Left Wheel Path_Full —— WB_Left Wheel Path_FuII‘
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The following is a Viewer screen for both Eastbound and Westbound profiles with milepost view turned
on.

* Milepost_Example * | 3.

l f é E ® I = [¥| Show Events || 4 Options
- - / — Use Mileposts Screenshot
Close AddFiles Save Report |||Viewer| Editor Analysis| Analysis Tl 2 Uni

Biers) B - SAM . : . Units ~ || @) Help -

EB
Left Wheel Path
| Centerline
Right Wheel Path

wB

Left Wheel Path
‘|W Centerline

Right Wheel Path

=1

Elevation {in)

3 4
Milepost (mile)

——— EB_Left Wheel Path_Full —— WB_Left Wheel Path_FuII‘

Units

The unit system can be specified in the Options by checking or un-checking the Use SI Units option.

I General Settings l Chart Style

[F] Use SI Units

Enable Recording Log

Show Online Content on the Start Page
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Both the distance and elevation units within the selected unit system (in Options) can be selected using the
Units dropdown button on the toolbar. (USCS unit system)

| Show Events
| Use Mileposts
2 Uinits -

1 Distance [ Elevation
Miles | Feet
Miles | inches
fest | Fest

.Vf feet [ inches

Both the distance and elevation units within the selected unit system (in Options) can be selected using the
Units dropdown button on the toolbar. (SI unit system)

| Show Events
| Use Mileposts
57 Units -

a Distance | Elevation |
KM | CM
KM | 1M

v mpam
M B

Map

Current map options include MapQuest Road, MapQuest Aerial, OpenStreetMap, Bing Maps Road,
and Bing Maps Aerial. Select the map type under the Map dropdown.

Export - | Location: -9
IS MapQuest Road 1
MapQuest Aerial
OpenStreetMap
Bing Maps Road

Bing Maps Aerial

b

Zoom in and out using the magnifying glass buttons or the mouse wheel.

Select the location to display using the Locations dropdown. If not automatically detected, the GPS
coordinates of the start and stop locations must be set under Editor/Basic.

Under Export maps can be exported to images, KML, or KMZ files.
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Y AR P J:""’L

Close AddFiles Save Report Viewerl Editor Ana|ysrs Analysis 3 )
Project - 52 Units

' @“’ Options

Screenshot

v

MS_CAT_C

[¥] Left Elevation
[~] Right Elevation

Chain Lake

J[Map data © O nStreétMa Tiles Courtesy of Maj
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EDITOR

You can select the file to be edited first, then use the Navigate dropdown button to view the Basic,

Events, Sections, Info, and Filtering screens.

| Show Events « Options

5 3D a

Close AddFiles Save Feport || Viewer
Project =

% W In

Editor | Analysis | Analysis | | y|
SAM - | =

52 units - || @) Help

Uze Mileposts Screenshot

v

Editor: Basic File |00_Basic_Sample -| i MNavigate
igat
T S = = o | = = - | B & e
Event
Sample Interval (in) 2483001 vents
14 Eif ‘G"? Sections
Length (mile) 1.0010 s Info
emHi Lenggin(ii 0 1 o Filtering
Ve el o el s n whe M | R
Basic

The following profile modifications are allowed in the Editor/Basic screen:

Location Information

Sample Interval: distance between stored sampling points

Length: distance for the entire trace

Lead-In Length: lead-in distance to start location

Lead-Out Length: lead-out distance from the end location

Distance Offset: offset to the start location (i.e., zero distance reference)

YyYYYYY

Click Save to save changes to the location information.
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Editor: Basic

Sample Interval (in)
Length (mile)
Lead-In Length (ft)
Lead-Out Length (ft) koo
Distance Offset (ft)

Milepost-related inputs
Profiling Direction Forward

Beginning Milepost (mile)

I

Save 1

Shaded areas will indicate the lead-in and lead-out portions of the profile if assigned as non-zero values.

Editor: Basic File [00_Basic_Sample -1} Navigate -,
T = Cvr ) vor | = = - O | @ B 5
Sample Interval (in) 2483001 E,? Ei’ =
Length (ft) 4685.2149
Lead-In Length (ft) 300.0202 104
Lead-Out Length (ft) 300.02
Distance Offset (ft) I
Milepost-related inputs _é
Profiling Direction UE_, %1
Beginning Milepost (mile) l:l
_5 4
Save

-10 J ! ! ! ! ! ! ! ! !

Start Latitude |:| 500 0 500 1,000 1,500 2,000 2500 2,000 3,500 4,000 4,500 5,000
Distance [ft)

Start Longitude :I [— LEev. —— RElev. [ Lead-In & Lead-Out|

Milepost-related Inputs

P Profiling direction: direction regarding the distance reference system (such as: milepost)
P Beginning milepost: reference milepost at the start location

Click Save to save changes to the location information.
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Geography

1t a file includes coordinates, the software attempts to find the start and stop coordinates. Because
coordinates are not always recorded for each data, it is important to verify the discovered information is
correct. If a file does not include coordinates, the user must manually set the locations. ProVAL then
attempts to synchronize the profile with a road route. The route and coordinates should not be considered
absolute, but are a guide to supplement distance locations.

y¥Yy¥YY

Start Latitude: GPS latitude coordinate of the start location in decimal degrees
Start Longitude: GPS longitude coordinate of the start location in decimal degrees
Stop Latitude: GPS latitude coordinate of the stop location in decimal degrees

Stop Longitude: GPS longitude coordinate of the stop location in decimal degrees

Start Latitude 3252939

Start Longitude -92.45396

Stop Latitude 32.52183

Stop Longitude -92.41566

Start and stop locations are marked with flags on the map in the Editor. It is also possible to set start
and stop locations by right-clicking a location on the map in the Editor. From the dropdown menu
select Set start location or Set stop location.

Lead-In Length (ft)
Lead-Out Length (ft)
Distance Offset (ft)
Milepost-related inputs
Profiling Direction

Beginning Milepost (mile)

‘Geography
Start Latitude
Start Longitude
Stop Latitude

Stop Longitude

Route

Editor: Basic File |NH451050101 1-20 EBOL 101706 -} Navigate v,
[ Chart | @ @ Locations + Map ~ Export ~ | Location: -92.455444 32.507735

Sample Interval (in) 5.999931 i Abe Bor
Length (ft) 12225.8594

Forward

Bl

32.52939

-92.45396

32.52183

-92.41566

Norris Rd

E"“"rl?g

0,
TRy

G
IsimsRd
ozier

e

Once GPS information is entered, click Create to create the route. An internet connection is
required to see a map and create a route. View the preview in the lower left window. Choose to
Accept or Reject the route. If accepted, you may be prompted to update events that currently have
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coordinates.
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Events

When switching to the Editor/Events window, the Editor button group would be activated in the toolbar
to add, remove, and change Event Markers:

” - 5] J = Show Events Options
LS l—é E U 3 % “ '.i === & €1, Add Event
F | Use Mileposts Screenshot |
Close AddFiles Save FReport || Viewer | Editor | Analysis | Analysis o ) Remove Event
Project - SAM = | E Units - || @) Help - 14
Editor: Events File |UU_Basic_SampIe v| |l Navigate v
Distance (ft) Latitude Lengitude MName
> 700.00 a 0 My Event
199.88

0 0 500

Add or remove events using the toolbar, by right clicking the table, or by right clicking the map in

Editor:Events. Events display on the map as red dots. Hover over the location to display information.
Right click the location to remove that event.

il O WiShowEvents || Options || g3 x e
S s HY %P In e | AT
e Use Mileposts Screenshot
Close AddFiles Save Fepori || Viewer Editor Analysis | Analysis - .
ep ‘ Rgs vlys 52 Units @Hep - £ Remove Event
Editor: Events File |NH451050101 1-20 EBOL 101706 v| \, Navigate A
Distance (ft) Latitude Longitude Name
> 10350.88 32.52293 -92.42137 eventl
(52| Chart | @, ® Locations ~ Map ~ Export ~ | Location: -92.421455 32.522862
E‘no,”?q
Rocky Ln ‘°%
o
~- g
‘- &
2
e———
NH451050101 I-20 EBOL 101706 W

eventl
Distance (ft): 10,350.88

Import of Event Markers: Currently, event markers in the ProVAL (ppf),

TxDOT (pro), Dynatest (rsp) and Ames (Idf, adf) profile data files can be
imported.
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Sections

When switching to the Editor/Sections window, the Editor button group would be activated in the
toolbar.

P Add, remove, and change Sections. Types of sections include Generic and Leave-out. The
default section for analyses is defined as the Full (or entire profile trace) section but can be
changed using the Default Section dropdown.

Remove Section
Export Section

Display

File |Ride Stats

Start Distance (ft) | Stop Distance (ft) | Length (ft) | Start Latitude | Start Longitude | Stop Latitude | Stop Longitude | Type
800.00 1400.00 599.99 0 0 0 0 Leave-out = Sectl
7199.99 7949.98 749.99 0 0 0 0 Leave-out = Sect2

et
= Chart]E]Map | 4= = 4~ [ ]| B2 S Distance (ft):64.5624 Elevation (in): 19.2670

20

104
0
210 4

=201

Elevation (in)

=301

40 4

-50

500 1,000 1,500 2,000 2,500 2,000 3,500 4,000 4,500 5,000 5,500 6,000 6,500 7,000 7,500 8000 8500 9,000
Distance (ft)
|— Left Elevation wem Right Elevation [ Leave-out |

After adding a section, enter the section name, start distance, and stop distance. Set the type to
Generic or Leave-out. Optionally enter the GPS coordinates.

P Export data in the selected Section. While the row of the desired section is selected, click the
“Export Section” button to export profile data within that section. Type in the desired file
name and save as a PPF file.
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. 03_Ride Statistics * - ProVAL

9 4

Close AddFiles Save FReport || Viewer

[¥| Show Events
===

" Use Mileposts

Project =
Projes
‘ Editor: Sections File |Ride Stats b Navigate v ‘
Start Distance (ft) | Stop Distance (ft) | Length (ft) | Start Latitude | Start Longitude | Stop Latitude | Stop Longitude | Type | MName | |
> 800.00 1400.00 589.99 0 0 0 0 Leave-out -~ Sectl
7139.99 7949.98 749.99 0 0 0 0 Leave-out = Sect?

et
E et B Mep | @ & G- [

[ B S Distance (ft): 64.5624 Elevation (in): 19.2670

20

104

-10

=201

Elevation (in)

-30

Q 500 1,000 1,500 2,000 2,500 3,000 3500 4,000 4,500 5,000 5,500 6,000 6,500 7,000 7,500 8,000 E,500 9,000
Distance (ft)
[=== Left Elevation === Right Elevation [0 Leave-out |

Save As

Savein: | (23 Workshop examples - PY3.3+ V_| (€) [j £ [
- (C2)Data import
E () Template
My Recent
Documents
Desktop
I
My Documents
My Computer
File name: F‘rn:-h!e |gnore] v [ Save ]
1
My Network  Save as type: | Pavement Profile (*.ppf) \{'I\> [ Cancel ]
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It is also possible to add, remove, and export sections by right-clicking the table or the map. Right click a
location on the map to set it as the start or stop position for the section selected in the table. If a route is
defined, the full route is white on the map, generic sections are blue, and leave-out sections are orange.

Close AddFiles Save Feport || Viewer

! Editor: Sections File [MS_CAT_C

15000.02 25000.00 9,999.98 0 0 0 0 Generic ~ Section_15k_to_25k

L Start Distance (ft) [ Stop Distance (ft) l Length (ft) l Start Latitude 1 Start Longitude [ Stop Latitude l Stop Longitude | Type [ Name
>

o

Chart | & ® Locations + Map ~ Export ~ | Location: -89.636936 31.748460

Leave-out sections are automatically excluded in the Automated Fault
Measurement (AFM), Ride Quality, and Smoothness Assurance Modules
(SAM) analyses and reports.
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Information

The following modifications are allowed in the Editor/Information:

— = i .
3 ) e @ === e | 2O sy
F | Use Mileposts Screenshot
Close  Add Files  Sawve Feport || Wiewer | Editor | Analysis | Analysis ) 2 Remaove Property
Project - RO - E Units - || € Help - (
Editor: Information File |Ride Stats | [
Speed Unit |kph - | Tag Mame Unit | Walue -
271 Agency Districk Mame El I
Temperature Unik |°C - |
272 Agency District Number 0
Pavernent Surface Tvpe |UndeFined v| 291 Ambisnt Temperature °c  [0.00
Climatic Conditions |Undeﬁned - | 283 Begin Station
301 Caounkry M. b
Profiler Tvpe |UndeFined v| 1 | aurery ame m | ’

Sensor Locakions

FS
Left |LeFt Elervation - |
Center |(None) - |
Right [Right Elevation -
Camments
rFY
-

Save Comments

P Change values or units of non-optional properties or tags. Tags are metadata or “data about
data”.

P Designate sensor locations.

Often the imported profile data (e.g. ERD) may not identify channels (i.e., left or right channel
correctly). These errors may be caused by incorrect channel labels in the original profile data.
Users would need to cortect that using the Editor/Info facility. Without the correct channel
designation, many analyses cannot be run propetly (e.g. Profiler Certification).

P Add and edit comments (users need to click the Save Comments button to save the
changes).

B View (profile editing) History. History includes all changes made to the profile data and
properties.
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P Add, remove, and change values or units of user-defined properties.

You can use the following steps to add a uset-defined propetty in the Editor/Information screen:

P Step 1. Select the Add Property icon from the toolbar.

V| Show Events
Use Mileposts
52 Units

Display

9 o) »Z®In

Close AddFiles Save FReport || Viewer | Editor  Analysis | Analysis
Project v RQ >

Project

Enter a numeric tag for the new property.
The tag must be between 1024 and 2047.

4 Options
Screenshat

©) Help -

@ “Add Property

¢ 2 Remove Proper by

Editol

|%|Show Events
Use Mileposts
52 unies -

P Step 3. Enter the name and value for this tag number.
]

ERFR =TSO AT

Close  AddFiles  Save Feport || Wiewer | Editor | Analysis | Analvsis
Project = RO -

# Options
Screenshot
Q) Help -

@ Add Property

& Remove Property

Editor: Information File |Ride Stats b mavigse Wy

Speed Unit |kph -| Tag Marne Unit | Yalue -
. 264 Wehicle Speed kph  0.00

Temperature Lni = - | 304 Wind Direction

Pavement Surface Type |Undefined - | 303 Wind Soeed koh | 0.00

Climatic Conditions |Undefined v| 1024 My Properties 100 =

Profiler Type |Undefined v| p | 7 | ,

Sensor Locations

Removing a user-defined propetty is easy. Simply select the tag to be removed and click the Remove

Property button from the toolbar:

[¥|shaw Events
Use Mileposts

Close AddFiles Save Report
Project b
Display

%2 Units -

4« Options
Screenshot

<4 Add Property

©) Help v

6;7 Remove Property

EHIEGE
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The tag numbers for default non-optional tags cannot be changed.

History cannot be modified.

Filtering

The following modifications are allowed in the Editor/Filtering:

P Apply filtering.
B Save filtered file. Default file names will be used, with the current name used as the base
name.
Different wavelength filters can be specified. The following filters are available:

Butterworth Band-pass
Butterworth Low-pass
Butterworth High-pass
IRI

Moving average Band-pass
Moving average Low-pass
Moving average High-pass

Editor: Filtering

YYYYYTYY

Filker Twpe < Butterworth Band-pass

Shrt Cutoff Wavelength (Fr) BN Ny o A —
%7 Butkerwarth Low-pass -
Long Cukoff Wavelength (FE) 7 Butterworth High-pass
IRI
¥ Moving Average Band-pass
LT Eil 5 Moving Average High-pass
T Mowing Average Low-pass

The Butterworth filter set is effectively a 6t order Butterworth filter. It is implemented by cascading a first-
order and second-order Butterworth filters in the forward direction, then repeating in the backward
direction. The performance of this filter was validated with numerous profile data including those from the
FHWA 2004 Profiler Roundup.

The moving average filter is based on standard two-way moving average algorithm.

The IRI filter is a quarter-car filter with the golden car parameters in the ASTM IRI standard. The output of
the IRI filter, unlike others, is in profile slope.
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After filtering (except IRI), both the original profile and filtered profile will be displayed on the same chart.

File: [050-5280 -] [ Havigate

Editor: Filtering

Filter Type | ' Butterworth Band-pass - |

Short Cutaff Wavelength (ft) 5.00

Long Cutoff Wavelength {ft) 100.00

- R

Elervation (in)

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000

Distance (Ft)

LElev.: After Filter  ——— RElev.: After Filter |

RElev.: Before Filker

—— LElev.: Before Fiker

After IRI filtering, only filtered profile “slope” will be displayed on the chart.

File |050-5280 - Navigate -

Editor: Filtering

Filter Type [ -
| Apply 250mm Filker

- ’.?_;-_ E

1,200
1,000 -
800 4
£00 4
400 4
200

-200

Slope {ingfmi)

-400
-500

-500 4
-1,000 4
-1,200 4
-1,400

i 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500

Distance (Ft)

RElew.: After Filker |

—— LElev.: After Filker
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Except for IRI filtered slopes, you can save the filtered profile by clicking the Save button. The filtered
profiles will then be stored in the project file with a default filename. The default filtered filenames are
original file name - tag name. Tag names are added depending on the filter type as follows:

Butterworth Band-pass - BWBP
Butterworth Low-pass - BWLP
Butterworth High-pass - BWHP
Moving Average Band-pass - MABP
Moving Average Low-pass - MALP
Moving Average High-pass — MAHP

FYYYYTYY

IRI-filtered slope results can not be saved since they are “slope” values
instead of profile elevations. They may be exported in future versions.

You can then switch to the Viewer window for further comparisons.

050-5280 - o ’:‘ % E

‘Uf | LEle.

|RElev.

050-5280 - BWEP

Elevation {in)

1,200 1,400 1,600 1,500 2,000 2,200 2,400 2,600 2,800 3,000
Distance (ft)

|— 050-5280: LElev, —— 050-5280: RElev, —— 050-5280 - BWEP: LElev. 050-5280 - BWEP: RElev. |

4 [ i »
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ANALYSES

An analysis can be selected by using the Analysis button on the menu bar. The icon of the currently selected
analysis is displayed next to the Analysis button on the left.

G E N e
| | = ‘ ' | - ™| Use Mileposts Screenshot
Close AddFiles Save Report ||Viewer| Editor Analysis | Analysis _f)l 52 Uni
Project - - SAM - £ Units - (_)) Help -
e Automated Faulting
Profile - SR | | - Distance (ft): 198.1367 Elevation (in): -0.2590
— ) Optimal WIM Locator -
RElev —
047 E Power Spectral Density
0.3 Precision and Bias
0.2 ”" Profile Synchronization
' Profiler Certification
¥
014 o
— rrf']n Profilograph Simulation
5
= 0.0+
2 @ Ride Quality
z 0.1
e ° Rolling Straightedge
-0.249 ‘ * Smoothness Assurance _
0.2
0.4 4
-0.5 T T T T T T T T T T
0 50 100 150 200 250 300 350 400 430 500
Distance [ff)
Profile_LElev_Full Prcfile_REIev_FuH|
v
4 ] 3
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Templates

A template defines a set of input values for an analysis. A default template is provided for each analysis.
You can create new templates and set which template is to be the default.

Template
Criginal
LongQffset | Apply
New... Edit I
Save
Delete

Templates can be imported, exported, renamed, and deleted using the Template dropdown button on the
menu bat.

The Analysis Template function can be illustrated in an example below.

Step 1. Use the Original (program default) analysis template

- =7 % [¥] Show Events /¥ Options
9l E@ﬂ%lalhl‘ 2 el
. || Use Milepasts. Screenshot
Close AddFiles Save Report || Viewer Editor | Analysis | Analysis | Template
Project - - - i units - || @tep - -
Original |
Power Spectral Density New.. | Navigate W
Inputs E3
|¥]Use Octave Bands File Profile Section | Filter
Curldown [#]Left Elevation Ful - MNone
EeTiskar 2z Right Elevation None
Constant Frequency Interval (cyde/m) CurleUp 7] Left Elevation None
Right Elevation hone
] | Log Scale ‘ iy B
-
1.00e-04
=
ES
-é 1.00e-05
Z
Z
A 1.00e-06
E
T
B
&
w 1.00e-07
o
=
B
1.00e-08
0.01 0.1 1 10 100 1000

Wave Length (m/cycle)

Curldown_Left Elevation|

Step 2. Now, change the “bands per octave” from the default value, 12, to a new value, 24. Then,
click the Template button in the toolbar and select “New” to save the current inputs to an analysis
template:
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&nalysisj‘ Analysis
PSD

A

Viewer  Editor

Close AddFiles Save Report
Project - -

Original
Power Spectral Density Validation New... :
|¥| Use Octave Bands File Profile Section | Filter
Curldown [¥|Left Elevation Full  ~ Mone
EerislRe ve Right Elevation MNone
Constant Frequency Interval (cydefm) 0.010000 CurleUp Left Elevation MNaone
Right Elevation MNone

Step 3. Then, supply a name for the new template as well as selecting other input settings. Because
wavelength filters can often be set on a per-profile or per-file basis, the template filter must be
specified here.

MyPSD

Make Default

Mone

IRI

' Butterworth Band-pass
%7 Butterworth Low-pass
% Butterworth High-pass
[ OK o o Cancel -y

Step 4. You can then select either the Original (to the default settings) or use the template menu to
Apply, Edit, Save, or Delete a previously created template.

5 TN 2

Close AddFiles Save Report || Viewer Editor |Analysis | Analysis emplate
Project - - PSD - -

Original
Power Spectral Density Validation | MyPSD » |

New...

File Profile Section | Filter
Curldown [#]Left Elevation Full ~ Mone

|#] Use Octave Bands

o er Ozt

Right Elevation Mone
Constant Frequency Interval {cyde/m) 0.010000 Curlelp Left Elevation Mone
Right Elevation Mone

Step 5. After selecting a desired template, simply click the Analyze button to run the analysis based on
the current input settings.
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Proje .
| Power Spectl'al Density || Validation V,| |‘ Analyze || P Mavigate q
Inputs ~
[#] Use Octave Bands File Profile Section | Filter
Curldown [ Left Elevation Ful - None
Per Octave Right Elevation Mone
Constant Frequency Interval (cyde/m) 00000 | Curlelp Left Elevation MNone
Right Elevation Maone
- = \| Log Scale |E| E
a
1.00e-03
:f 1.00e-044
z
= 1.00e-054
&
=
& 1.00e-064
=
T
:-]_ 1.00e-07
2
= 1.00e-084
@
1.00e-08 T T T T
0.01 01 1 10 100 1000
‘Wave Length (m/cycle)
[ Curldown_Left Elevatian]
v
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Automated Faulting Measurements (AFM)

The Automated Faulting analysis identifies joints and reports faults in jointed concrete pavement. Faulting
is calculated based on the AASHTO R36-12 “Standard Practice for Evaluating Faulting of Concrete

Pavements”.
Profile Selection
At least one profile data must be selected. Each profile data must consist of profiles from the right and left
wheel tracks.
5 3 ) % 8 e === e
i - ™ | Use Mileposts
Close AddFies Save Report || Viewer Editor Analys:s Analysis || (7] 2| )
Project - - AFM = E LInits -

Automated Faulting: Inputs
Nominal Joint Spading (m) File Profiles Section

Left + Right

[F101_US45_int18
Segment Length {m) 160,93 - -
02_USE1_jnts3 Left + Right
Joint Window {mm}) 51.00 03_US82_jnt16 Left + Right

Joint Detection Methad |step - || |[£]04_US78_jnt19 Left +Right
05_US51_jnt31 Left +Right

[#]06_I 55_jnt16 Left +Right Full -

Use Skewed Joints
Incude Cracks

Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template.
However, the template will set the joint and segment inputs, which affect joint and crack detection. The
inputs include:

P Joint Spacing — nominal joint spacing

P Segment Length — segment or lot length for summary reports

P Joint Window — tolerance for exact joint locations

P Joint Detection Method — method used to identify joint locations
P Use Skewed Joints — whether skewed joints present

P Include Cracks — whether to include cracks in the report
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Automated Faulting: Inputs
Joint Spacing (ft)

Segment Length (ft) 528,
Joint Window: (i) 2.00
Joint Detection Method Step -

Downwrard Spike

| Use Skewed Joints

TInclude Cracks Curled-edge

Available techniques for joint identification are:

P Downward Spike

B Step

P Curled-edge

Outputs

After analysis, results are displayed for each segment. On the left, choose which segment to view. The top
chart plots elevation versus distance. Faults are marked with points proportional to the magnitude.

Automated Faulting: Results

(=106 _1 55 - Left Elevation
-~ 0to 528
+- 528 to 10568
- 1056 ko 1564
1584 ko 2112
2112 ko 2640
+ 2640 ko 3165
3168 to 3477
[#-06_1 55 - Right Elevation
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The lower chart shows the location and height of each fault.

|Distance () | Faulting {in}

£.8337 -0.01
22,9155 0.01
38,7386 0.10
54,7772 0.0z
70,8159 0.0z
86,8546 0.01
1028070 0.06
115.8885 0.03
1347550 0.03
150.7506 0.01
1667892 0.03
183.0435 0.05
1959959 0.01
2152502 0.01
231.2026 0.04
247.1551 0.03
263.3231 0.0z
79,2755 ooz
2ac 3573 nnt

-

-

0.1

Faulting {in}
o
o

06_I 55 - Left Elevation

S0 100 150 200 250 300 350 400 450 S00
Distance (ft)

o

Select the top-level profile to show the maximum faulting and accumulated faulting for each segment.

Left
-Oto 528
- 528to0 1056

1056 to 1584
1584 to 2112
-+ 2112 ko 2640
- 2640to 3168
3168 to 3477

-06_1 55 - Right Elevation

Maximum Foaulting (in)

0.0

06_1 55 - Left Elevation

0 200 400 600 8OO 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 3,400 3,600

Distance (ft)

Start Distance (ft) | Stop Distance (ft) | Maxir

0.0000
527.9827
1,056.0086
1,583.9914
2,112.0172
2,640.0000
3,167.9827

527.9827
1,056.0086
1,563.9914
2,112,072
2,640,000
3,167.9827
3,477.0290

Lol

-
o

Accumulated Faulting (in)
o o o o %
~N - o o

(=)
o

06_I 55 - Left Elevation

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,500 3,000 3,200 3,400 3,600
Distance (ft)
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Use the Navigate button to switch to the Joints view. The top chart shows joint spacing in comparison to
the nominal joint spacing specified in the inputs.

[=)- 06_I 55 - Left Elevation | @ E
0to 528
528 to 1056 .
1056 to 1584 06_1 55 - Left Elevation
1584 to 2112 18
2112 to 2640 16 ] o o . .
2640 to 3168
3168 to 3477 14 4
[+ 06_I 55 - Right Elevation =12 4
10
D
& 81
5 6
8
4
24
0 T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500 550

Distance {ft)

Mominal Joint Spacing (16 Ft) |

The lower chart marks joints and cracks on the elevation plot.

1

Enabled | Distance {ft) Description | Spacing (ft) = v gi E
6.83 Joint Nahl
7] 22,92 Joint 16.1 0
@ 38,74 Joint 15.8 ]
] 54,78 Joint 16.0
70,82 Joint 16.0 ]
86.85 Joint 16.0|= Py
90.43 Crack 0.0
- -8
102,81 Joint 16.0 £
(=3
118.89 Joint 16.1 2101
134,76 Joint 15.9 &
2o w-12 A
) 15075 Joint 16.0] |
R 166.79 Joint 16.0 -144
175.37 Crack 0.0 164
183.04 Joint 16.3 :
199.00 Joint 16.0 #9
215,25 Joint 16.3 20 . . . v : . . . . .
s ey o 0 S0 100 150 200 250 300 350 400 450 500 550
d a Distance (ft)
247.16 Joint 16.0
263.32 Joint 16.2 [ ® Joints ¥ Cracks —— 06_1 55 - Left Elevation |
279,28 Joint 16.0
[ 295,36 Joint 16.1/ %114 ’
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In the lower-left panel enable, disable, or reclassify joints and cracks.

Enabled | Distance (ft) Description | Spacing (ft) -
i 6.83 Joint Mal
i 22,92 Jaint 16.1
i 38.74 IJoint 15.8
i 54.78 Jaint 16.0
i 70,82 Joint 16.0
i 86.85 Jaint 16.0
00,43 Crack - 0.0
i 102.81 | Jaint 16.0
7 118,89 |Crack 6.1
i 124.76 Jaint 15.9

Il 150,75 Joint 16.0 -

Select the top-level profile to show the maximum joint spacing for each segment. It is useful to identify
missing joints for given segments.

Bl 06 155 - Left Elevation | |’
0to 528 s
528 to 1056 A
1056 to 1584 06_1 55 - Left Elevation
1584 to 2112 100
2112 to 2640 e
2640 to 3168 -
3168 to 3477 a |
[+ 06_I 55 - Right Elevation “*;
,g 60 4
g . *
;3 40 4
B o @
=
20 1 g -
0 T T T T T T
0 500 1,000 1,500 2,000 2,500 3,000 3,500
Distance {ft)
[ hominal Joint Spacing (16 Ft) |

Use the Add Joint button to add missing joints if necessary. Users need to click the Analyze button to
refresh the fault results if any changes to the joints results occur.

ProVAL AFM will disable any joints and faults that fall within any exclusions defined in the
Editor/Sections.
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Automated Profile Synchronization (APS)

The Automated Profile Synchronization (APS) is a tool to synchronize profiles using the cross-correlation
technique.

The Cross-correlation (CC) is a statistical metric to measure correlation between two random signals. A CC
value of 100% (or 1.0) indicates the signal pairs are perfectly correlated; 0, no correlation; and -100% (ot -
1.0), perfect, but “negatively” correlated. This technique has been proven to be successful to compare
pavement profiles for repeatability tests and accuracy tests.

When CC is applied to pavement profile comparison, the process would require additional, special
treatments (or conditioning) of raw pavement profiles. The “conditioning’” includes: same filtering history
for both basis and compatison profiles, interpolate comparison profile to the recording interval of the basis
profile (only when the recording intervals are different). “Conversion to slope”, as a part of the
conditioning, is recommended for comparison of large wave bands to make sure the influence of the long
wavelength content does not eclipse the influence of the shorter wavelength content. Once the CC rating
for comparison pair is obtained based on the standard CC formula, the value is scaled to consider the ratio
of variance of each conditioned profile. This last process is to compensate the CC error when two profiles
have exactly the same shape but very different amplitude. The analysis is fully compliant with the AASHTO
standard, R56, “Standard Practice for Certification of Inertial Profiling Systems.”

The ProVAL Profile Synchronization analysis uses two or more profiles of the same section that have been
measured at approximately the same time (usually subsequent runs). The starting points of the data in the
measured profiles do not always match. To correct for this, the Profile Synchronization can be used to
determine the proper offset of the comparison profile(s) to match the starting point of the basis profile.
Since any two measured profiles are not exact copies of each other, the software must utilize statistical
techniques to determine the optimum offset.

Profile Selection

At least two profiles must be selected, each in a different file. One profile must be designated as the “basis”
while the others are considered as “comparison”. For informational purposes, the sampling interval is
shown for each file.

r
g : 1 5 | ] ] | 2 onti |
| * g é E ¢ Jl 74 Q% e 1 ". === v| Show Events M Options h
% 5 * ‘ ‘ 1 | " |Use Mileposts || @] Screenshot ||
Close AddFiles Save  Report Viewer Editor Analysis| Analysis || 77 ) ‘ ’ Template
Project 2 : APS = 52, Units ~||@Hep - 2
Profile Synchronization alidation Wy [y Analyze o Apply OFfsets Navigats
Maximum Offset (Ft) File Profiles Basis | Section | Sample Interval {in)
[7]RefProfile_Left +Right [@ Ful ~ 12.000000
Profile Location Left = : =
¥|Run01 eft +Right [7] Ful ~ 12.000000
Basis Filter [#]Run02  Left+Right [7] Full =~ 12.000000
IRI {with 250mm Filter) [¥|Run03  Left+Right [7] Full ~ 12,000000
Comparison Filter [¥]Run04 Left +Right [7] Full ~ 12.000000
IRI {with 250mm Filter) V|Run0S  Left+Right [7] Ful ~ 12.000000
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Inputs

Input Templates are available for this analysis. The template sets the wavelength filter for each profile but
changing the selected profiles would not affect the template.

P Maximum offset is the range of horizontal offset within the CC sweep analysis. While the
basis profile is fixed, the comparison profile would be shifted to the left or to the right side of
the basis profile at any possible sample interval increments (i.e., offsets).

Profile Synchronization

Maximum OFffset {ft) 20
Profile Location Left -

Basis Filter

IRI {with 250mm Filter)

Comparison Filter

IRI {with 250mm Filter)

P Profile Location is the channel of profiles to be used for the cross-correlation analysis.

Profile Synchronization

Maximum OFffset {ft)

Profile Location M

Basis Filter W
Center

IRI {with 250mm Filter) Right

Comparison Filter
IRI {with 250mm Filter)
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P A different wavelength filter setting can be specified for the Basis profile and the Comparison
profile(s) by clicking the hyperlinks. A Wavelength Filter dialog box would pop up for user
defined setting.

Wavelength Filter

Filker Twpe IRI -

Mone

7 Butterworth Band-pass
T Butterworth Low-pass

 Butterworth High-pass

Close

The following filters are available:
e None
e [RI
e Butterworth Band-pass
e Butterworth Low-pass

e Butterworth High-pass

The cross-correlation module will automatically pre-process/condition the
entire profile traces, crop the profile between the lead-in and lead-out (i.e.,
the Full section), and perform interpolation (if sampling intervals are
different between the basis and comparison profile) prior to computation
of coefficient of cross correlation. This process complies with the US
AASHTO R56 specification.

Users need to input lead-in/lead-out distances, left/right channels for each
profile on the Editor/Basic screen, if they are not defined.
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Outputs

The outputs of Profile Synchronization include a table of relative offsets and maximum correlation

with the basis profile.

File

Runl
Run02
Runi3
Run04
Run5
Run&
Run7
Run&
Run09
Runl0

Relative

Maxirmum
Offset (ft) | Correlation (%
0.00 100.0
-1.00 68.0
-1.00 636
-1.00 63.7
-1.00 66.8
-1.00 63.2
-1.00 841
-1.00 &0.8
0.00 925
0.00 811

The Navigate button can be used to switch among different output charts, which include:

P Correlation Chart or Correlogram - Correlation coefficient values at all tested offsets.

Profile Synchronization: Correlation

File Relative | Maximum
Offset (ft) | Correlation (%)

Run01 0.00 100.0
Run02 -1.00 68.0
Run03 -1.00 63.6
Run04 -1.00 63.7
Run05 -1.00 66.8
Run06 -1.00 63.2
Run07 -1.00 841
Run08 -1.00 80.8
Run09 0.00 92.5
Runl0 0.00 811
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P Shifted Profiles Chart (Elevation) - Basis profile compared with the shifted comparison
profile.

0.3

0.2 1

0.1

=
=]
!

Elevation {in)

\

=2

i
!

-0.24

-0.3 T T T T T T
-200 0 200 400 600 800 1,000 1,200

Distance (ft)
RefProfile_LeftElevation Run01_Left Elevation
Run03_Left Elevation Run04_Left Elevation

Run06_Left Elevation Run07_Left Elevation
Run09_Left Elevation Run10_Left Elevation

Run02_Left Elevation
Run05_Left Elevation
Run08_Left Elevation

B Shifted Filtered Profiles Chart (Slope) - Basis profile slope compared with the shifted
comparison profile slope, after filtering (if applicable).
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160
140
120
100
20
60
40
20
o]
.2{]:
401
.5{]:
_S{]:
-100-
-120
-140
-1601
-180

Slope (in/mi)

2001 |

-200 ] 200

400 600
Distance [ft)

&00 1,000

1,200

— RefProfile_LeftElevation

Run03_Left Elevation

——— Run06_Left Elevation
Run09_Left Elevation

Run01_Left Elevation
Rund4_Left Elevation
Run07_Left Elevation
Run10_Left Elevation

Run02_Left Elevation
Run05_Left Elevation
— Run08_Left Elevation

A zoom-in view between 10 and 140 ft:

1201

Slope {in/mi)

30 40

20

10

50

70 8O
Distance (ft)

60

90

100 110 120 130 140

— RefProfile_LeftElevation
Run03_Left Elevation
Run06_L eft Elevation
Run09_L eft Elevation

Run01_Left Elevation
Run04_Left Elevation
Run07_Left Elevation
Run10_Left Elevation

Run02_Left Elevation
Run05_Left Elevation
Run0&_Left Elevation
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You can apply the optimal offsets to all compatison profiles by clicking the “Apply Offsets” button. You

can then examine the synchronized profiles in the Viewer and the specific offsets applied to each profile in
the Editor.

Profile Synchronization: Correlation

File

Run0l
Runf2
Run03
Run04
Run05
Rund6
Run07
Run0&
Run0g
Runl0

|Apply Offsets | |: MNavigate

BRS

Relative | Maximum .
Offset (ft) | Correlation (%)
0.00 100.0
100 68.0 100
-1.00 635 EhE
-1.00 637
-1.00 66.3 501
-1.00 63.2 704
-1.00 841 604
-1.00 808
0.00 925 501
0.00 811

401

304

Correlation (34)

204

-101

-201

-30 .

-20-1

§-16-14-12-10 -8 -6 4 -2 0 2 4 6 & 10 12 14 16 18 20
Offset (1)

Run01_Left Elevation
Runi04_Left Elevation
Run07_Left Elevation
Run10_Left Elevation

Run02_Left Elevation
Run05_Left Elevation
Run08_Left Elevation

Run03_Left Elevation
Run06_Left Elevation
Run09_Left Elevation
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The following is an example of profiles before and after the automated profile synchronization.

Before automated profile synchronization:

% -0 B8
0.2
=
c 0.1 4
=
]
B
w
0.04
-0.1 4
0 20 40 60 80 100 120 140 160 180 200
Distance (ft)

Run02_Left Elevation_Full Run03_Left Elevation_Full
Run06_Left Elevation_Full Run07_Left Elevation_Full
Run10_Left Elevation_Full

RefProfile_Left Elevation_Full Run01_Left Elevation_Full
- Run04_Left Elevation_Full Run0S_Left Elevation_Full
Run08_Left Elevation_Full Run09_Left Elevation_Full

After automated profile synchronization:

L x E] @] E\
0.2 4
<
c 0.1 4
K]
]
F
o
w
0.0 4
-0.1 4
-20 0 20 40 60 80 100 120 140 160 180 200
Distance {ft)

Run02_Left Elevation_Full Run03_Left Elevation_Full
Run06_Left Elevation_Full Run07_Left Elevation_Full
Run10_Left Elevation_Full

RefProfile_Left Elevation_Full Run01_Left Elevation_Full
- Run04_Left Elevation_Full Run0S_Left Elevation_Full
Run0&_Left Elevation_Full Run09_Left Elevation_Full
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Power Spectral Density (PSD)

The Power Spectral Density (PSD) function of road profiles is a statistical representation of the importance
of various wave numbers (or wave lengths). Pavement profiles can be decomposed into series of sinusoids
using techniques (such as Fast Fourier Transform or FFT) to show how the variance is distributed over
wave numbers. The PSD implementation in ProVAL is similar to the method used by University of
Michigan — Transportation Research Institute (UMTRI) researchers with a drift removal technique.

Close AddFiles Save Report || Viewer Editor |Analysis | Analysis
Project - - PSD -

Shaw Events &” Options .
Use Mieposts Screenshot
Template
B unite - || @Hep - -

I Validation W Analyze MNavigate h 4
WeEr ra Ns| r 1
Inputs F
[#|Use Octave Bands File Profile Section | Filter
Curldown [7] Left Elevation  Ful Naone
Gk sias Right Elevation None
Constant Freguency Interval {cyde/m) Curlelp  [#]Left Elevation Ful —~ MNone
Right Elevation None
: | Log Scale | E
-
1.00e-04
=
:>' 1.00e-054
E
E
=
A 1.00e-06
E
=
a
a
o 1.00e-074
o
=)
@
1.00e-08
0.01 0.1 1 10 100 1000

Wave Length (m/cycle)

CurleUp_LeftElevation

Profile Selection

Any number of profiles may be selected.

Power Spectral Density

Use Octave Bands rFile Profile Section | Filter
Curlellp (¥ Left Elevation Ful  ~ Mone

BB Rer @ Right Elevation Mone
Constant Frequency Interval (owele/fr) Curldown [7] Left Elevation Mane
Right Elevation Mone
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A different filter can be specified for each profile by clicking the hyperlink in each input field. A dialog box
would prompt for you to select a filter.

Wavelength Filter

Filker Tvpe IRI -

Mone

- Butterworth Band-pass
T Butterworth Low-pass

 Butterwaorth High-pass

- Close 1

The following filters are available:

P» None

b IRI

P Butterworth Band-pass

P Butterworth Low-pass

P Butterworth High-pass
Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template.
However, the template will set the wavelength filter for each profile.

P Octave Bands - Enabling Octave Bands will enable Bands Per Octave and disable Constant
Frequency Interval.

P Bands Per Octave - Number of reported data points when a frequency or wavelength is
doubled or halved.

P Constant Frequency Interval - The frequency interval when the narrow band report is

desired.

Power Spectral Density

=
Use Octave Bands File: Profile Section | Filker
Curlelp Left Elevation  Full = Mone

As TErDeare [T] Right Elevation Mone
Constant Frequency Inkerval (cyclefft) 00| | Cordown [T sft Elewation Mane

[T Right; Elevation home
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Outputs

Two output charts are available via the Navigate button: Slope PSD against Wave Length and Slope PSD
against Wave Number. The Slope PSD vs. wavelength is recommended as the default view.

Power Spectral Density Navigate
| Use Octave Bands File Profile Section | Filter | v SlopePSD (Wave Length)
Curldown [] Left Elevation  Full MNone Slope PSD (Wave Number)
Bands Per Octave "I Right Elevation None
Constant Frequency Interval (cycle/ft) l:l CurleUp  [¥] Left Elevation  Full = None
" | Right Elevation None
1. Slope PSD vs. Wavelength chart
|L0g Scale | Eil B
1.00e-03
T 1.008-04 5
&
1.00e-05 4
2
T
=
£ 1.002-06
i}
(=8
A
o
E1.00e-07
o
1.00e-05 T T T
0.1 1 10 100 1000

wave Length (Frfoycle)

CurleUp - Left Elevation |

2. Slope PSD vs. Wave number chart

|Log Scale | EQ E

1.00e-03

wave Mumber {cyclefft): 2,1076 Slope Spectral Density (Ftfoycle): 0,0009

1.00e-04

+'1,00e-03

1.00e-06 4

1.00e-07

Slope Spectral Density (Ftfcvcle)

1.00e-08

0.001 0.01

0.1
wiave Mumber {cvcle)ft)

CurleUp - Left Elevation |
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A Log Scale button in the chart control toolbar can be used to toggle the chart y-axis between log scale and
linear scale. This is useful to make peaks easier to see.

Power Spectral Density Bnalyzs

[¥]Use Octave Bands [File FProfile Section | Filter
CurleUn W] Left Elevation  Ful - Mone

Bands Per Octave FlRigh levation Hone

Constant Frequency Interval (oyelefft) [ 0| | Corldewn [T Left Elevation None
Right Elexation MNone

Log Scale @ E

4.00e-04

3.00e-04

. 00e-04

1.00e-04

Slope Spectral Density (Fticycle)
[

0,00e00 T T T
0.1 1 10 1000

10
Wave Length (ftfoycle)

Curlelp: Left Elevation
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Precision and Bias (ASTM E 950)

The precision and bias analysis based on the ASTM E 950-98 “Standard test Method for Measuring the
Longitudinal Profile of Traveled Surfaces with an Accelerometer Established Inertial Profiling Reference”
requires 11 profiles (including one reference profile measured with a reference profiler such as rod-and-level)
along the same pavement section. This ASTM specification also requires that the pavement section be
321.8 m (1056 ft) long, with the profile measured at increments of 0.3048 m (1 ft). Beginning at 0, and
taking 1056 additional measurements, each of the profiles must have 1057 data points.

L Y

Use Mileposts Screenshot
Close AddFies Save Report || Viewer Editor |Analysis| Analysis || |f | )
Project - - PB P E Units - || @) Help -

Precision and Bias

File Profile Basis | Sample Interval {mm) <
RefProfile 7] Left Elevation 304.800000
Right Elevation
Run01 Left Elevation 304.800000
Right Elevation
Run02 Left Elevation 304800000
Right Elevation 1}
Run03 Left Elevation 304,2300000
Right Elevation
Run04 71 eft Flevation 7] 304,800000 -

The ASTM E17 Vehicle-Surface Interaction committee is currently
revising the ASTM E950. This module may be deprecated soon.
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Profile Selection

Eleven profiles must be selected, one reference profile and ten comparison profiles. The section length
must be 1056 ft and the sample interval must be 1 ft, for a total of 1057 data points.

Precision and Bias
File Profile Basis | Section | Sample Interval (in) 1:
RefProfile V] Left Elevation - 12.0
" |Right Elevation  [Z]  Full
Run01 V| Left Elevation ] Ful - 1z.0
" | Right: Elevation
Runoz V| Left Elesation o Rl - 1z.0
| Right Elewation =
Rund: V| Left Elesation o Fdl - 12.0
" | Right: Elewvation
Runi4 | Left Eleyvation r Ful = 1z.0
| Right: Elewation
Runds V| Left Elewation o Fdl - 12.0
" | Right Elewvation [T L
RunOG V| Left Elevation ] Ful - 1z.0
" | Right: Elevation
Runa? V| Left Elesation o Rl - 1z.0
" | Right Elewation
Run(d W11 eft Flewakinn T Full - 1z2.0 b

Inputs

N/A

Outputs

The outputs of the precision and bias analysis are:

» Bias
® Precision
# Bias Classification
B Precision Classification
Marne Yalue 1
Bias {mm} 0,233
Precision {rmm) 0.265
Bias Classification 1
Precision Classification 1
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Profiler Certification Module (PCM)

The Profiler Certification analysis includes the ability to compare multiple runs of a profiler (i.e., repeatability
test) and compare those repeats with a basis profile (i.e., accuracy test). The Profiler Certification analysis is

based on the guidelines in the AASHTO R56 “Standard Practice for Certification of Inertial Profiling
Systems””.

Profile Selection

Comparison profiles and one basis (in a two-channel format) or two basis (in a one-channel format) profiles
may be selected. Selection of a basis profile is only required for the accuracy test. Selection is on a file basis;
all profiles in a selected file will be used, if possible. Only profiles marked as Left or Right will be analyzed.
Left profiles will only be compared against other Left profiles and the same for the Right profiles. All user-
selected files will be assigned a run number by the program — starting at number 1 or whatever lowest,
missed consecutive number for the current selection. The users, however, can edit the numbers as needed.
The run numbers will disappear if a selected profile is assigned as “basis” or reference profile. For
informational purposes, the profiles available in each file will be listed, as will the sample interval.

§ |¥ Show Events
|| Use Mileposts
Close AddFiles Save Report || Viewer Editor |Analysis | Analysis
Project - - PCM -

5 Units -

Profiler Certification validaton W [ analyze o
Inputs -
Maximum Offset (ft) l:l File Profiles Basis | Run | Sample Interval ...
Compare_01 Left +Right 1 0:
Minimum Repeatability (%) Compare_02 Left +Right 2 0.999950
Mirimum Accuracy (%) Compare_03 Left +Right 3 0.999960
Compare_04 Left + Right 4 0.9999560
Basis Filter IRI fwith 250mm Filter) Compare_05  Left +Right 5 0.999950
Comparison Filber IRI {with 250mm Filter) Ref LWP_01 Left 0.993936
[#]Ref RWP_01 Right 0.999938

Two wavelength filters can be specified, one for the basis profile(s) and one for the compatison profiles.
You can click on the hyperlink for either Basis Filter or Comparison Filter to access a pop-up window and
change the filter settings.

‘avelength Filtel

Filter Type IRI

MNone

% Butterworth Band-pass
% Butterworth Low-pass

% Butterworth High-pass

p Close oy

Page 86



ProVAL User’'s Guide / Analyses

The following filters are available:

None

IRI

Butterworth Band-pass
Butterworth Low-pass
Butterworth High-pass

YyYYYYY

Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template.
However the template will set the wavelength filter for each profile. The inputs include:

P Maximum Offset (see Cross Correlation for detailed description)
P Minimum Repeatability or Passing Score for average coefficient of cross correlation
P Minimum Accuracy or Passing Score for average coefficient of cross correlation

Profiler Certification

IMaximum Offset (Ft)
Tinimum Repeatability ()
Tinimum Accuracy ()

Basis Filker IRI {with 250mm Filker)
Comnparison Filker IR {with 250mm Filker}

If a basis profile is selected, the sample interval should be less than 2.75 in. If not, a
warning would be issued along with the analysis results.

Similar to the Profile Synchronization module, the Profiler Certification Module will
automatically pre-process (condition) the entire profile traces, crop the profile
between the lead-in and lead-out (i.c., the Full section), and perform interpolation (if
sampling intervals are different between the basis and compatrison profile) prior to
computation of coefficient of cross correlation.

Users need to define lead-in/lead-out distances on the Editor/Basic screen, and
left/right channels for each profile on the Editor/Info screen.
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Outputs

Under Navigate, choose from the Summary Results or Detailed Results.

Profiler Certification: Summary Results j Analyze ff

Navigate M|
Inputs

| v Summary Results |

Statistic Repeatability - Left | Repeatability - Right | Accuracy - Left | Accuracy - Right -
Comparisen Count 10 10 5 5 PRl
% Passing 100.00 100.00 100.00 100.00

The summary results include the following:

Repeatability - Separate results will be listed for each profile type (left and right). The distance and
correlation value at the point of maximum correlation will also be shown for each combination of profiles.

Accuracy - Separate results will be listed for each channel type.

Statistics - Summary of statistics (including: comparison count, %o passing, mean, minimum, maximum,
standard deviation, and grade.).

Profiler Certification: Summary Results

Statistic Repeatability - Left | Repeatability - Right | Accuracy - Left | Accuracy - Right
Comparison Count 10 10 5 5
% Passing 100.00 100.00 100.00 10000
Mean 97.42 99.10 93.54 95.20
Minimum 96.39 98.90 9207 9474
Maximum 98.38 99.53 9553 9574
Standard Deviation 07 0.2 14 04
Grade Passed Passed Passed Passed

Run | Left |Right | (Run | 2 | 3 [ 4 | 5 Run| 2 (3 |4 (|5 Run | 2 Run| 2 |3 [ 4 |5

3 (4|5
1 85 95 198 9 97 97 1-01 01 0002 15 9asoge s ogEiog 1-01 01 00 02
2 9% 95 2 98 9% 9% 2 02 01 03 2 99 99 99 2 02 01 02
3 9« 95 3 98 97 3 -01 |01 3 100 99 3 -01 02
4 03 95 4 a7 4 03 4 99 4 02
5 82 96
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The detailed results contain additional information about each repeatability and accuracy comparison.

Statistics include correlation, shape coefficient, roughness coefficient, offset, basis IRI, comparison
IRI, and IRI difference.

Profiler Certification: Detailed Results Navigate

concreted concreted 96.44 0.985 97.88 0.3 1117 7847 169 -
concrete3 concreted 97.91 0.991 98.78 -01 T1.84 78.23 0.50
concrete3 concreted 97.37 0.994 97.92 01 77.54 7847 0.81
concreted concreted 97.37 0.997 97.68 0.3 78.23 7847 031

Repeatability - Right
Basis Comparison | Correlation (%) | Shape Coefficient | Roughness Coefficient | Offset (ft) | Basis IRI (in/mi) | Comparisen IRI (in/mi) | IRI Difference (%5)

concretel concrete? 99.43 0.999 99.52 -01 76.89 76.75 -0.19
concretel concreted 99.00 0.995 99,53 01 76.89 7752 081
concretel concreted 98.95 0.994 99.52 0.0 76.89 77132 055
concretel concreteb 9912 0.997 9941 02 76.89 7714 032
concrete? concreted 98.90 0.996 99.33 02 716.75 71.52 1.00
concrete? concreted 98.96 0.995 99.44 01 76.75 7732 0.35
concrete? concreted 99.07 0.998 99.27 02 76.75 7714 051
concrete3 concreted 99,53 1.000 99.58 01 7752 7132 -0.26
concrete3 concreted 99.09 0.998 99.32 01 71.52 7714 049 |=
concreted concreteS 98.98 0.997 99.25 0.2 7732 7714 -0.24

Accuracy - Left
Comparison | Correlation (%) | Shape Coefficient | Roughness Coefficient | Offset (ft) | Basis IRI (in/mi) | Comparison IRI (in/mi) | IRI Difference (%)

concretel 9468 0.929 9576 -1.0 7594 76.83 117
concrete? 95.53 0.993 96.20 -1.0 7554 7117 162
concrete3 9433 0.934 9586 -1.0 7594 7784 2.50
concreted 93.08 0.975 9543 -1.0 7554 78.23 3.02
concreted 92,07 0.979 9410 -1.0 7594 7847 334

Accuracy - Right
Comparison | Correlation (%) | Shape Coefficient | Roughness Coefficient | Offset (ft) | Basis IRI (in/mi) | Comparison IRI (in/mi) | IRI Difference (%)
concretel 95.46 0.997 95.73 18 75.94 76.89 1.26 ¥
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Profilograph Simulation

The Profilograph simulation emulates Profilograph traces (such as California Profilograph) from true
profiles collected using inertial profilers or other devices that are capable doing so. Profilograph indexes are
computed and scallops can be identified and viewed graphically.

Profile Selection

Any number of profiles may be selected. The section to be analyzed can be specified for each file. A basis

rofile must be selected. When profiles from different files are selected, the basis profile will be used to
determine the locations of segments.

r l . Use Milzposts Screenshot
Close AddFiles Save Report || Viewer Editor |Analysis|| Analysis }
Project - - PG g Units - || @) Help

Profilograph Simulation Vaidation W Navigate W
Blanking Band (in) File | Profile | Basis | Section | Filter

B i Profile |[#] LElev Ful = Butterworth Low-pass {1.97 ft)
Minimum Scallop Width (ft) 2,000 RElev .
Minimum Scallop Height (in)
Scallop Rounding Increment {in)
semeneiengts (7

| ) Raw Profile Index (2 Rounded Profile Index |

A different wavelength filter can be specified for each file by clicking the hyperlink for each input field. A
pop-up dialog box would appear to allow you to select filter settings.

Filter Type 7 Butterworth Low-pass -

2 Butterwo oW-D35s
Short Cutoff Wavelength ({ Bl A s
*?’ Maving Average Low-pass

The following filters are available:

P Butterworth Low-pass
P Moving Average Low-pass
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Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template.
However, the template will set the wavelength filter for each file. The inputs include:

Blanking Band

Minimum Scallop Width

Minimum Scallop Height

Scallop Rounding Increment

Segment length

Selection for reporting Raw or Rounded Profilograph Index
Wheel Offsets

FYYYYYTYY

Profilograph Simulation

Blanking Band {in) 0.20

Minimum Scallop width {Ft) 2.000
Minimum Scallop Height {in) 0.000
Scallop Rounding Increment (in)

Seqment Length {ft) 52a

| ) Raw Profile Index. 3 Rounded Profile Tndes |

| whesl offsets... |

Segments can be defined and the analysis will report statistics for each segment, rather than the entire
section. You can specify the length of the segment, and multiple segments will be added at that interval.
For example, if the segment length is 528 feet, segments would be added every 528 feet. A length of 0
means no segments would be added. Segments at the end of a profile may be less than the specified length.

Rounded Profilograph index is computed by rounding to the scallop rounding increment.

Usets can click the Wheel Offsets button to pop up a dialog box to define number of wheel offsets and
wheel offset values.

Wwheel Offsets

Wheel Count

12-wiheel Model

Mame Walue (ft)
Offset 1 8,75

Offset 2 11.25 . /T offsetd X
Offset 3 13.75 w’
i , ) | offsetd
A ffse
K 2 E fluffsetQ

affset1

v

Offset 4 16.25
Offset 5 11.25
Offset & 13.75

| Ok | | Cancel |
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Simulated Profilograph traces and computed Profilograph indexes- A chart will display the
Profilograph response (in, mm) for the selected profiles. The segment markers would be shown. A table
will display the Raw or Rounded Profilograph index for each segment. The start and stop positions for each
segment would be listed. For files that have a left and right profile selected, the Average index would also be
displayed. An index value of N/A will be displayed for segments that do not fall within the section of a

profile.

16

528,
1,056,
1,584,
2,112,
2,640,
3,168,
3,696,
4,224,
4,752,
5,280,

528.00
1,056.00
1,584.00
2,112.00
2,640.00
3,168.00
3,696.00
4,224.00
4,752.00
5,280.00
5,483.60

Skark Distance (Ft) | Stop Distance (Ft) | Profile: LEl&w {in/i
.30

al

1

- o o o o o

~dTa

N

Profilograph Response {in)

=2
wn

e

=2
&

=
w

=
[

=

500

1,000 1,500 2,000 2,500 3,000 3500 4,000 4,500 5,000 5,500
Distance (ft)

Profile: LElev

Scallops - A chart will display the Profilograph response (in, mm) for the selected profiles. Scallops will be
highlighted on the chart. You can select to show Up, Down, or All scallops. A table will show a tabular

version of the chart.

Prafile |Pr0file: LElev v| - R

'Scallops |AII - | . .

Scallop | Start Distance (ft) | Stop Distance (Ft) | Height (in) 4

Up 214,52 223,53 0.05 561

Down 281.77 296,82 0.05 0.5

Up 308,44 310,99 0.05 0

Dawn 3,195.61 3,209.55 0.05 E

Up 3,478,07 3,492,95 0.05 E 037

Up 3,643,37 3,646,035 0.05 7024

Up 3,794,22 3,500,61 0.05 A %;D.l j

Up 4,035,44 4,045,14 0.05 _E.. oo ]

Up 4,199,79 4,206,39 0.10 5

Down 4,219,14 4,224,00 0.10 .01 A

Down 4,224.10 4,229,39 0.10 0.z 4

Up 4,232,71 4,243,49 0.20 0]

Down 4,247.98 4,2585.72 0.05

Daown 4,310,31 4,324,25 0.10 0.4 T T T T T T T T T T T

| & 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000

Up 4,328.01 4,342.63 0.30 Distance (Ft)
Down 4,340,606 4,358.09 0,10
| Dy 4. 765,76 4,776,009 0,05 *
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Ride Quality

The Ride Quality module includes three types of ride statistics analyses: Overall (for the entire trace),
Continuous (reporting at every sample location), and Fixed Interval (reporting at a fixed interval or a lot

length).

Ride Quallty v || Analyze ||

Analysis Type Fixed Intenval - | IFile Profile Section | Apply 250mm Filter
Ride Stats ¥ Left Elevation Full  ~

Qverall
B Continuous [T] Right Elevation
Threshold (in/mi) Fixed Interval

Segment Length (ft) 25

Profile Selection

number of profiles may be selected. The section to be analyzed can be specified for each file. You nee
Any ber of profil y be selected. Thy i be analyzed can be specified f h file. Y d
to determine whether the Apply 250mm Filter should be applied depending on whether the profile has been
previous smoothed or filtered with a low-pass filtering. If in doubt, contact your profiler manufacturers.

Ride Quallty v || Analyze ||
Analysis Type Continuous -

Ride Quality Index IRI -

Section | Apply 250mm Filter
PFull -
[7| Right Elevation

Threshold {in/mi} 90.00

Segment Length (ft) 25.00

Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template.
The inputs include:

P Analysis Type: Selection from Overall, Fixed Interval, Continuous

P Ride Quality Index: Select from: IRI, HRI, MRI, and RN. Overall and Fixed Interval
analyses also include options for simultaneously determining HRI and IRI as well as MRI and
IRI.

P Threshold: Available if the Analysis Type is Fixed Interval or Continuous. Note that you
need to input proper input value depending on the Baselength input due to averaging effects.

P Segment Length: Used for Continuous and Fixed Interval analyses. The input value should
be less than the entire length of the profile. Otherwise, the Analysis button will be grayed

out.
Ride Quality | ST
Analysis Type Overall .| || File | Profile | Section | Apply 250mm Filter
ofile ¥ LElev Full -
Ride Quality Index [FIRElev ]
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Display of profile selection is determined by the ride indexes that are selected by you. If IRI is
selected, both left and right profiles are available for profile selection (i.e., check boxes would appear
next to each profile.) If either HRI, MRI, or RN is selected, only entire files can be selected (i.e. check
boxes appear only next to files).

If the Overall analysis is selected, no additional inputs are needed.

Ride Quallty v Analyze

Analysis Type Overall - ||| File Profile Section  Apply 250mm Filter
Ride Stats

Ride Quality Index IRI -

" | Right Elevation

1f the Continuous analysis is selected, a sliding baselength can be defined to apply a moving average to
produce continuous reports.

Ride Quallty v | Analyze |
Threshold {in/mi} 90.00

If the Fixed Interval analysis is selected, segments can be defined and the analysis reports statistics
for each segment, rather than the entire profile. The length of the segment can be specified, and
multiple segments will be added at that interval. For example, if the segment length is 528 feet,
segments will be added every 528 feet. The exception is when exclusions are defined in the
Editor/Sections. In this case, segments will be added until one hits the beginning location of an
exclusion area. Therefore, the length of the last segment before an exclusion area may be less than
the fixed length. Segments will then be added again starting at the end of an exclusion area and repeat
the above process if any additional exclusion areas occur.

Ride Quallty | Analyze |

Analysis Type
Ride Quality Index

Threshold (in/mi}

Segment Length (ft)

Outputs

P Opverall: The Ride Quality statistic for each profile or file is displayed.

P Continuous: Table listing the locations and maximum value of the out-of-threshold or “hot
spots” statistic. A chart shows continuous roughness results for the selected profiles.

P Fixed Interval: The Ride Quality statistic for each profile or file is displayed for each segment.
A chart shows a graphical representation of the stats.
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Overall analysis results.
Ride Quality v
Analysis Type File | Profile | Section | Apply 250mm Filter
. _ Profile [¥|LElev Full - [

File Profile | IRI (in/mi)
¥ |Profile LElev 39.02
Profile RElev 58.55

Continuous analysis results. You can select each profile or file (for two-channel indexes) to display the
analysis results. Select which profile to view using the dropdown box above the output window. Toggle
between the chart, table, and map data (if a route is defined). On the chart the threshold is shown as a
horizontal red line. Locations above the threshold are displayed as red-coded segments on the map,
indicating hot spots or failed areas. Mouse over each hot spot to show information including the start/stop
distance and the ride index value.

Ride Quality
Analysis Type File | Profile | Section | Apply 250mm Filter
Profile [¥|LElev Full - i
Threshold (in/mi) 90.00
Segment Length (ft) 25,00
|Prnfi|e_LEIev - |
(52 Chart | = Table | .~ | B S Distance (ft): 493.2735 IRI (in/mi): 187 6777
200
150
£
£1001_ 10 .
Z |
50
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Distance (ft)
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Fixed Interval analysis results. You can select each file to display the analysis results. Toggle between the
chart, table, and map data (if a route is defined). Color-coded segments on the map indicate pass (blue) or
fail (red). Mouse over each segment to show information including the start/stop distance and the ride index
value.

:| Table Map | @ E =

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000
Distance (ft)
[==—— Left Wheel Path === Right Wheel Path]

Chart Map |
Start Stop Length Left Wheel Path - IRI Right Wheel Path - IRI
Distance (ft) Distance (ft) (ft) (in/mi) (in/mi)
0.00 52799 52799 55.08 60.86
527.99 1,055.99 52799 65.42 54,37
1,055.99 1,583.98 52799 58.88 49.61
1,583.98 211198 52799 59.80 42.44
211198 2,639.97 52799 55.03 4514
2,639.97 3167.96 52799 60.86 51.65
3,167.96 3,605.96 52799 49,58 44.36
3,605.96 4,223,095 52799 42,54 44,45
4,223.95 4,460.45 236.50 89.40 76.94
4,799.45 5,326.44 52699 58.97 63.83
5,680.44 6,208.43 52799 51.75 62.90
6,208.43 6,512.43 304.00 80.89 68.86
(%] Chart [ Table I @, ® Locations + Map ~ Export ~ | Location:
Il Segment passed
B Segment faed

Start Distance (ft): 4,223.95

Stop Distance (ft): 4,460.45

Left Wheel Path - IRI (in/mi): 89.40
Right Wheel Path - IRI (in/mi): 76.94
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Analysis by Excluding Leave-outs

The exclusion analysis excludes the results with the leave-out sections. Leave-out sections can be

defined using the Editor/Section screen. An example with two leave-out sections is shown below:

Editor: Sections File |Per\Ie v| | MNavigate '|
Start Distance (ft) | Stop Distance (ft) | Length (ft) | Type MName
400.00 600.00 20000 Leave-out ~ Ignorel
3450.00 417.00 Leave-out ~ Ignore2
Gl BRBRS
0.4
0.2 | | \ |
= /1 ) L
= I i i .[‘u il
= M LU ey f . Il
5 00 I{ | .\’.I l ' ! [\ A "1'||’“ "r it \ ,b'... _I,j.
ERRR LR ) N WY YV
0.2 . 1 [ ;
I
0.4 I
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000
Distance (ft)
|— LElev — RLEv — Lea\.'efout|
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Overall analysis results are computed by including only the results within non-leave-out sections.

Continuous analysis results excluding leave-outs. You can select each profile or file (for two-channel
indexes) to display the analysis results. The “hot spots” table will exclude any such hot spots falling within
the leave-outs, and the continuous roughness plots within the leave-out will not be displayed.

Ride Quality

Ride Quality Index IRI

Threshold (in/mi) 90,00
Segment Length (ft) 25.00

Profile: LElev -
Start Stop IRI
Distance (ft) Distance (ft) (in/mi}
17240 17810 100.68
224 80 230,90 96.63
25310 283.50 14317
31210 320,20 94 98
419590 4,205.30 94.02
4 208,80 4,210.00 90.85
4,215.00 4,256.90 173.99
432420 4,371.00 192.69
4.776.20 4,801.50 127.43
481060 4 818,70 104.70

Profil

IRI {in/mi)

Profile | Section | Apply 250mm Filter

e [¥|LElev Full - V|
" | RElev r

Gl RBR s

200

1801
160 4
1404
1204

=

= =
o o o

e
=]

=]
(=T =1

[=1

500 1,000 1,500

2,000 2500 3,000 3,500 4,000 4500 5000 5500 6,000
Distance (ft)

== Profile_LEley
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Fixed Interval analysis results excluding leave-outs. You can select each profile or file (for two-channel

indexes) to display the analysis results. The Length column in the table shows the actual length used for ride

index computation by excluding the leave-out sections. The segments would advance until one reaches the
start of a leave-out location and this specific segment may contain less than a full interval. After passing the
end of a leave-out, the segments would re-start advancing with the fixed interval again. It would repeat the

above process once encountering other leave-outs. Roughness indexes will be reported within each segment

(full fixed interval or partial interval) and the actual lengths for all segments are also reported. Leave-out

areas are not plotted in the bar chart.

Ride Quality

Analysis Type Fixed Interval .| || File | Profile | Section | Apply 250mm Filter
Profile [¥LElev Full - ¥

Ride Quality Index IRI - | RElev

Threshold (in/mi)

Ln
g =
=1
=

Segment Length (ft) 528.00

|Profile -

[ECrat) @ Table | B S

63
60
55
50
45
40
£35
= - | ——
EBD
=25
20
15
10
5
0 500 1.000 1,500 2.000 2,500 3.000 3,500 4,000 4500 5.000
Distance (ft)
[Profile -
5 Chart (T Table | [ B S
Start Stop Length LElev - IRI
Distance (ft) Distance (ft) ft. (in/rni)
R R NN RN E R R EEEEEEEEEEEEEEEEEEEEEEEEEENEEESEEESEEEEEEEEEEEEE
S sssssssssssEEssSEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEEEEEsEEEEEe”
600.10 1,128.10 528.00
1,128.10 1,656.10 528.00
1,656.10 218410 528,00
2,184.10 271210 528,00
S SN NN RN NS NSNS NSNS EEEEENEENEAEENEESEEEEEEEEEEEEEEEEEEEE
n %?12.10 3, ! .
RN R AR N AR NS NN E NS NN EEEE NN EEERNE NN RSN EEEENEENEEEENEREEEEE
3,450.10 3,978.10 528.00
3,978.10 450610 528.00
4.506.10 503410 528.00
503410 5,499.90 465,00
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Rolling Straightedge (RSE)

This analysis simulates the rolling straightedge (RSE) measurement from profiles collected using inertial
profilers. It can determine the vertical deviation between the center of the straightedge and the profile for

every increment in the profile data.

Profile Selection

Any number of profiles may be selected. The section for each profile may be selected.

. - % = || Show Events # Options
S s AR PN === -
. Use Mileposts Screenshot
cl Add Fil 5 Report || Vi Editor A is | Analysi L T lat:
0s€ Hnes ave epor lewer nor nafysls nalysis I:_____- Jl I;‘[;z Units . @) Help em'p ate

Project v RSE v

Rolling Straightedge | Analyze

Straightedge Length (ft) 10,00/ || File | Profile | Section | Filter
iFull  ~ Butterworth Low-pass (1.97 ft)

Profile

Deviation Threshold (in) 0.100

A different wavelength filter can be specified for each file by clicking the hyperlink for each input field. A
pop-up dialog box would appear to allow you to select filter settings.

Mone

[FIRElev

Filter Type ‘¥ Butterworth Low-pass

MNone
% Butterworth Low-pass
¥ Moving Average Low-pass

Short Cutoff Wavelength (ft

The following filters are available:

B None
P Butterworth Low-pass
P Moving Average Low-pass

Page 100




ProVAL User’'s Guide / Analyses

Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template,
however the template would set the wavelength filter for each profile.

Straightedge Length: This is the baselength of the simulated straightedge.

Deviation Threshold: This is the threshold values to determine out of spec areas.

Outputs

The outputs include:

Rolling Straightedge

Straightedge Length {ft) 10,00

Deviation Threshold {in)

P Surface Deviation Chart (the ranges within the thresholds are shaded)
P Defective Segments Table (i.e., hot-spots or out-of-spec areas and maximum surface

deviations)

An example of a surface deviation chart:

Prafile

|Pr0FiIe: LEle -|

-StartDistance (Ft) StopDistance (ft) Surface Deviation (in) ]
3,643.10 3,645.40 0.10

4,201.60 4,203.90 0.1z

4,234.50 4,235.70 0.14

4,334, 10 4,338,920 0,14

4,773.70 4,775,290 -0,10

0.2

|| B

Surface Deviation (in)
o o
[l p

i
o
-

So0

1,000 1,500 2,000 2,500 3000 3,500 4,000 4,500 5,000 5,500
Distance (ft)

Profile: LEle
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A zoomed-in view of the above example:

Profile |Pr0FiIe: LEley

StartDistance (ft) | StopDistanca (FE) | Surface Deviation (in) ]
3,645.10 3,645.40 0.10
4,201.60 4,203, 90 0.1z
4,234.50 4,238.70 0.14
4,334.10 4,338.90 0.14
4,773,770 4,775.90 -0.10

Surface Deviation {in)

-] = o-0 K

=

=1
o
|
|
i
i
|
H
!
i
i
|
i
i
I
i
|
i
i
i
|
i
i
|
|

4,000 4,050 4,100 4,150 4,200 4,250 4,300 4,350 4,400 4,450 4,500
Distance (ft)

Profile: LElev

| —T—
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Smoothness Assurance Module (SAM)

The Smoothness Assurance Module can be used to produce ride quality reports and optimize grinding
strategies by analyzing measurements from profiles collected using inertial profilers. It can determine the
out-of-spec locations and recommend must-grind locations. It also provides very flexible user-defined
grinding strategies. A comprehensive report can then be generated to include ride quality reports before and
after grinding.

Three types of ride quality (RQ) analyses can be performed: Short Continuous, Long Continuous, and
Fixed-interval. This module is divided into four sections: Inputs, Ride Quality Analysis, Grinding, and
Grinding Analysis. The comparison analysis shows a chart side-by-side with the other analyses. The
comparison chart can be synchronized with the continuous charts, so that zooming and scrolling take place
simultaneously in both charts.

Smoothness Assurance | Analyze Grind Mavigate v
Ride Quality File | Profile | Section | Apply 250mm Filter
Ride Quality Index S | Preft -
Analysis Segment Length Threshold Histogram
(ft) (in/mi)
Short Continuous 25 90 Histogram
Long Continuous 528 50 Histogram
Fixed Interval 528 50

Comparison

Type |Profi|e - |
Straightedge Length (ft) | 10.00]
Filter Butterworth High-pass (100.00 ft

Profile Selection

The number of profiles required varies depending on the Ride Quality Index selected. IRI requires one
profile. Other indices (HRI, MRI, and RN) requite selection of a file that has both the Left and Right
profiles marked. The section must be specified for the file or profile. You may also select whether or not to
apply a 250mm Filter to the profile.

Smoothness Assurance - Analyze | | Grind
Fle

Section | Apply 250rmm Filter
M
RElev

Ride Quality Index |IRI 'l Profile
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You need to determine whether the Apply 250mm Filter should be applied depending on whether the
profile has been previously smoothed or filtered using the 250mm moving average filter. 1f in doubt,
contact your profiler manufacturers.

Input Templates are available for this analysis. Changing the selected profiles would not affect the template.
The inputs include: Inputs (for ride quality analyses) and Grinding (for grinding simulation). The latter is
optional, and the “after-grinding”” results would be included in all result screens for comparison if
performed.

Ride Quality Inputs and Analysis

The Ride Quality inputs include:

P Ride Quality Index: Select from: IRI, HRI, MRI, and RN. This input determines if you
need to select a file and profile, or just a file. See the above Profile Selection section for

details.
Smoothness Assurance I Anshyze -
Ride Quality File Profile | Section | Apply 250mm Filter

Profile [¥|LElev Full -

Ride Quality Index
[C] RElev

Analysis Segment Length
(ft)
Short Continuous

Leng Continuous

Fixed Interval

Type |Pr0fi|e - |
Straightedge Length (ft)
Filter Butterworth High-pass (100.00 ft)

P Segment length: Different values can be specified for the three Ride Quality analyses.
Normally, a shorter segment or baselength would be used for the Short Continuous analysis
(e.g., 25-ft for finding localized roughness) while a longer one would be used for the Long
Continuous analysis (e.g. 528-ft for ride quality report).

P Threshold: Different values can be specified for the three Ride Quality analyses. A good
example of combination of baselengths and threshold is as follows:

Smoothness Assurance P —
Ride Quality File | Profile | Section | Apply 250mm Filter
Ride Quality Index [1r1 .| Profile @ LElev Ful -~
RElev
Analysis Segment Length Threshold Histegram
(ft) (in/mi)
Shart Continuous 25 90 Histogram
Leng Continuous 528 50 Histogram
Fixed Interval 528 50

P Histogram: A default histogram would be provided for the continuous analyses. A dialog
box would pop up when clicking the Histogram hyperlink input.
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Histogram

Lower Bound {infmi)
IUpper Bound {infmi) 120,00

Class Inkerwval (infmi)

—_
g E
=
[==]

[o]4 | Cancel |

The Comparison inputs include:

» Comparison Analysis: Select from: None, Profilograph (a California type of Profilograph is
assumed), Profile, and Rolling Straightedge

Smoothness Assurance | Analyze Grind Navigate v
Ride Quality File | Profile | Section | Apply 250mm Filter
Ride Quality Index |IRI v| Profile [¥] LElev Full -
RElev
Analysis Segment Length Threshold Histogram
(ft) (in/mi)
Short Centinuous 25 90 Histogram
Long Continuous 528 50 Histogram
Fixed Interval 528 50

Comnparison

Type Profile -

Straightedge Length (ft) None

Profilograph Simulation
Filter Profile
Rolling Straightedge

Straightedge baselengths: If Rolling Straightedge is selected, straightedge baselengths
need to be an input.

Type |'Ru:|lling Straightedge |- |
Straightedae Length (ft) | 10,00 |
Filter Mong

Filter: If the comparison selection is other than None, you can click the filter hyperlink
to access the Wavelength Filter dialog box.

YWavelength Fiter

Filter Tyvpe Mone -

Mone

' Butterworth Low-pass

Butterworth High-pass k
" Butterworth Band-pass

? Moving Average Low-pass
\?’ Maoving Average High-pass
\? Maoving Average Band-pass
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Filter can be selected from:

None

Butterworth Low-pass
Butterworth High-pass
Butterworth Band-pass
Moving Average Low-pass
Moving Average High-pass
Moving Average Band-pass

FYYYYYTYY

When Profilograph is selected as Comparison, California
Profilograph simulation is used.

To perform ride quality analysis, simply click the Analyze button on the analysis menu bar. Use the
Navigate button to view all results or proceed to Grinding to perform the grinding simulation.

Smoothness Assurance Analyze Grind {3 MNavigate M| |I
Ride Quality File | Profile | Section | Apply 250mm Filter il Input=
Ride Quality Index |IRI ,| Profile ] LElev Full - Grinding
RElev ;

Analysis Segment Length Threshold Histogram EbsEnahoinu:

(ft) (in/mi} Leng Continuous
Short Centinuous 25 90 Histogram Fixed Interval
Long Continuous 528 50 Histogram - -
Fixed Interval 528 50 Shert Continuous Histogram

Leng Continuous Histogram

Comparison

Type |Profi|e - |
Straightedge Length (ft) | 10.00]
Filter Butterworth High-pass (100.00 ft)

Grinding Screen

The Grinding Screen of SAM provides options for grinder selection and grinding strategy
management. The toolbar also includes a group of speed buttons for grinding simulation, managing
strategy, and selecting grinding locations.
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|| Show Events | 4 Options J ‘ 3 }
| Use Mileposts Screenshol -

Template Auto Grind Strategy  Locations

” %

Viewer  Editor

- =1l
5 e

Close AddFiles Save  Report
Project - -

. I

Analysis | Analysis
S4M

%7 Units || @Help -

v Analyze |, Grind .] [¢ Navigate v

Smoothness Assurance: Grinding

I \ Enabled | Start Distance {ft) | Stop Distance (Ft) | Direction | Head Height {in) | Warning | Length (ft) s |
Grinder Type y @ 2,201.50 2,243.08 Forward 0.00 nfa 41.58 E

| ; B i ;!
I i = @ 2,269.83 2,278.42 Forward 0.00 nfa 8.58

] 2,279.33 2,294.00 Forward 0.00 nja 14.67
Fead Foslton @ 2,352.00 2,362.17 Forward 0.00 nja 10.17
Wheelbase (ft) @ 2,374.92 2,384.00 Forward 0.00 nfa 9.08
Tandem Spread (ft) @ 2,384.75 2,389.92 Farward 0.00 nfa 5.17 o
Short Cutoff Wavelength (Ft) 0.820] Total Ground (ft)

= B¢ % E
a
0.3

Elevation {in)
(=]

-0.1 4
-0.2 T T T T T T T T ——— T T T —— — T T
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 3,400 3,600 3,800 4,000 4,200 4,400
Distance (ft)
Profile_LEley
v
4 »

Grinder Selection and Settings
A simulated grinder can be selected from: 18-foot Wheelbase, 25-foot Wheelbase, and Custom.

Smoothness Assurance: Grinding Voldation W |y Analyze - Grind o g Navigate 5
i Enabled | Start Distance (I’;t) Stop Distance (ft) | Direction | Head Height {in} . Warning Le &
Grinder Type > M 2,201.50 2,243.08 Forward 0.00 nfa E
Maximum Grinding Depth (in) | 131 2,269.83 2,278.42 Forward 0.00 nfa
18-foot Wheelbase @ 2,279.33 2,294.00 Forward 0.00 nja
Head Position 25-foot Wheelbase & 2,352.00 2,362.17 Forward 0.00 nja

Wheelbase (ft) 18.00 @] 2,374.92 2,384.00 Forward 0.00 nfa
Tandem Spread (ft) KA Il i »
Short Cutoff Wavelength (ft) 0.820|  Total Ground (ft) 418

If you select to create a custom grinder, you are able to edit all of the grinder inputs. Otherwise, you can
only edit the maximum grinding depth for warning reporting.

Max Grinding Depth (a threshold value for warning report only)

Head Position

Wheelbase

Tandem Spread

Short Wavelength Cutoff (used to simulate the tire filtering of the grinder)

YYY¥YYY
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| 7

Tandem Spread Tandem Spread

Lr Lf
Wheel Base

Head Position = Lf / Wheel Base

The above diagram does not include an additional support
wheel to reflect grinder dimensions during grinding
operation.

Grinding Strategy

Management of the grinding locations can be performed using the Auto Grind and Strategy buttons in the
toolbar.

S SHY A SHm

Close Add Files Save Report || Viewer Editor Analysis

SAM ||~

The Auto Grind would allow ProVAL to recommend locations for grinding based on the grinder settings
and assumed basic grinding pattern.

2@

Close AddFiles Save Report || Viewer Editor aist Analysis l
j SAM

trategy Locations
One Grind
Smoothness Assurance: Grinding | vaidaton wr] ([l Automatic
‘ | Enabled | Start Distance (ft) | Stop Distance (ft) | Direction | Head Height (in) | Warni

The basic grinding pattern is one pass in the forward direction with zero head height (i.e., flushing
grinding head with the pavement surface) at the start. The grinding location information is tabulated
and in a chart where shaded areas indicate grinding locations. The lengths for all grinding locations as
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well as the Total Ground length are displayed. If a route is defined, grinding locations are shaded
orange on the map. Mouse over a location to show the start/stop distance.

The resulting strategy would be saved as Automatic under the Strategy selection.

i~ ~ =5 » | i [y T =
(Lo LI eS8 ey | = = 2o e b
; * [ | I | Use Mileposts Screenshot :
Close AddFiles Save  Report Viewer Editor Analysis | Analysis ’ . Template 7~ i Strategy  Locations
Project - X SaM - 52, units v ||@Hep - & =
Smoothness Assurance: Grinding v booaind | [ ¥
I_‘ Enabled | Start Distance {ft) | Stop Distance (ft) | Direction | Head Height (in) | Warning | Length {ft) e |
Grinder Type > @ 10.25 45.17 Forward 0.00 nfa 34,92 El
Maximum Grinding Depth (in) :11 73.92 112,67 Forward 0.00 nfa 38,75
] 125.33 139.25 Forward 0.00 nfa 13.92
EacResor ] 156,67 166,58 Forward 0.00 nja 9.92
Wheelbase (ft) 18.00 &) 174.25 191.25 Forward 0.00 nfa 17.00
Tandem Spread (ft) @ 196.58 209.08 Forward 0.00 nfa 12.50 <]
I = i
Short Cutoff Wavelength (ft) 0.820] | Total Ground (ft) 777
Sl of -
A
0.4
034 ‘ h
0.24 I |
£ ‘
£ 3 | '
2 0.0
Y |
w S|
0.1 : (
0.2 {8 B8
-0.3 —— T T T T T T T T T — —- — —— T T
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 3,400 3,600 3,800 4,000 4,200 4,400 4,600
Distance (ft)
Profile_LEley
-
4 »

You can click the Locations dropdown and select the Enable All Locations or Disable All Locations to
quickly select and de-select all grinding locations.

e L Y s o T S8
' Yl ] ] Use Micposts I |
Close AddFiles Save Report || Viewer Editor |Analysis || Analysis ) A nd Strategy Locations
Project o = SAM = & units v || @Hep - - - -
Enable All Locations |
Smoothness Assurance: Grinding W | analyze I LDEbICEl tocon:

_ Enabled | Start Distance (ft) | Stop Distance (ft) | Direction | Head Height (in) | Warning | Length (ft)
Grinder Type » 88,70 97.80 Forward 0.00 nfa 9.10

106.50 135.30 Forward 0.00 nfa 23.80

Maximum Grinding Depth () 150.60 167.10 Forward 0.00 nfa 16.50

Head Position 188.00 200.10 Forward 0.00 nfa 12.10

Wheelbase () 209,40 228,20 Forward 0.00 nfa 18.80

237.30 251,30 Forward 0.00 nfa 14.00

Tandem Spread (ft) 272.60 278.10 Forward 0.00 nfa 5.50

Short Cutoff Wavelength (ft) 0.820 4,075.10 4,087.00 Forward 0.00 nfa 10.90

e T—_

Spot grinding locations can be displayed as orange-coded segments on the map. Mouse over each
grinding spot to show information include the start and stop distances.
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If grinding occurs at the beginning or end of a profile, there may be a sharp change in the raw profile.
Because of the grinder's wheelbase, grinding cannot occur at the very beginning or end of the profile, so
those segments should be ignored.

It is recommended to provide profile that extends beyond the project range, with extra lengths at the
beginning and end in order to propetly “sit” the grinder.

Grinding location tables include the following information that can be edited:

» Enabled (Yes/No)
B Start Distance
P Stop Distance
# Direction; Selection from:
Forward
Forward, Forward
Forward, Reverse
Reverse
Reverse, Forward
-~ ‘gReverse, llikeverse o o i
Smoothness Assurance: Grinding alidstion | | ianalyze | e Grind o fpee Navigate
or Enabled | Start Distance {ft) Head Height {in} | Warning ' Length (ft)
et e g @ 10.25 ; 0.00 nja 34.92
= Forward
Maximum Grinding Depth {in} 0.30 : 1;232 : Forward, Forward EEE :::: ?z;;
Head Position 0.50 @ 156.67 0.00 nfa 0.92
Wheelbase (ft) [« 174.25 0.00 nfa 17.00
Tandem Spread (ft) 53 196.58 0.00 nja 12,50
Short Cutoff Wavelength (ft} Tatal Ground (ft) 777

P Head Height (distance between the grinding head and the pavement surface at the starting
location)

P Warning (e.g. deep grinding or when the grinding depth exceeds the user-defined maximum
grinding depth)

P Length
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Head Height

The above diagram does not include an additional support
wheel to reflect grinder dimensions during grinding
operation.
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You can use the Strategy dropdown button to select One Grind (i.e. grind the entire length), Automatic
(if the Auto Grind has been performed), or a New strategy. Changes to the grinder type and grinder
settings would lead to changes in the Auto Grind strategy.

9 sl

Close AddFiles Save Report

Project =
Project

Smoothness Assurance: Grinding i validation W | analyze | [ Grind | e Navigate
Enabled | Start Distance (ft) | Stop Distance (ft) | Direction | Head Height (jn) | Warning | Length (ft) |

Grinder Type i =] 12,50 5,486.60 Forward 0.00 nfa 5474.10

Mo i o )

Head Position

T—

T s )

Shart Cutoff Wavelength (ft) 0.820

Total Ground (ft) 5474
e=o-0mR

1

Elevation {in)

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500
Distance (ft)

Profile_LEle

You can select New to start a new strategy based on current displayed grinding information. A dialog box
would allow the user to name this new strategy.

A new strateqy wil be created using the cumrent

inputs. Enter the name of the new strateay.
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New and existing strategies can be Applied to the current display, Renamed, and Deleted.

BN " SR T NE | YIS (S vioi o [ I S

Close AddFies Save Report || Viewer Editor |Analysis|| Analysis Template Strategy | Locations
Project = = SAM = i Units - || @) Help - = = =
One Grind
Smoothness Assurance: Grinding - Automatic |4 | [ Naviga= w
e ———————————————— MyGrind  »
Enabled | StartDistance (ft) | Stop Distance (ft) | Direction | Head Height {in) | Warnin" L I Apply -
Grinder Type 18-foot Wheelbase -|[1* 88.70 97.80 Forward 0.00 n/a New.. Eenane
106.50 135.30 Forward 0.00 nfa 28.80 Delete
Maximum Grinding Depth {in)
150.60 167.10 Forward 0.00 nfa 16.50
Head Position 188.00 200.10 Forward 0.00 nfa 12.10
209.40 228.20 Forward 0.00 nfa 18.80
Wheebase (1) :
237.30 251,30 Forward 0.00 nfa 14,00
Tandem Spread (ft) 272.60 278.10 Forward 0.00 nfa 5.50
303.00 353.70 Forward 0.00 nfa 50.70

Short Cutoff Wavelength (ft) 0.820

T e ()

To perform grinding simulation, simply click the Grind button on the analysis menu bar. Deep
Grinding Warning may be issued in the grinding information table if any of the grinding locations
has exceeded the user-defined Maximum Grinding Depth. Use the Navigate button to view all
results, including Before Grinding and After Grinding results.

Smoothness Assurance: Grinding -
Inputs
Enabled | Start Distance (Ft) | Stop Distance (ft] | Direction | Head Height | \warning Length (Ft)
Grinder Type 18-Foot Wheebss miF 11.00 53.40 Forward 0.00 rfa 2.4 R <rinding
88.70 97.80 Forward 0.00 nfa 9.099995 | Short Continuous
Maxi Grinding Depth (i 0,30
B S T EEE ) 108.50 135.30 Forward 0.00 rfa 5.8 Long Continuous
Head Pasition 0.50 150,60 167,10 Forward 0.00 nfa 16.5 Fixed Interval
185.00 200.10 Forward 0.00 nfa 12.10001
Wheelbase (ft 18.00 Shart Conti Hist:
4 209.40 226,20 Forward 0.00 nfa 1579999 ]
Tandem Spread (Ft) 2,49 237.30 251,30 Forward 0.00 nfa 14 Lang Cantinuaus Histo
272,60 275,10 Forward 0,00 nfa 5.5
Short Cutoff Wavelength (Ft) 0,520 — p
Total Grinded ift) 525
L nBe Distance (Ft): 4119,5570 Elevation {in}: 0,473
05
0.4
0.3
0.z

Elevation gin)
o © o o o
D oM oe O B

=
=

=
in

o

200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 3,400 3,600 3,800 4,000 4,200 4,400 4,600 4,800 5,000 5,200 5,400 5,600
Distance ()

Profile - LElev
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Short Continuous Report

The Short Continuous roughness report (normally indicates localized roughness) includes the following for
before and after grinding:

P Defective segments table

P Continuous ride index chart and comparison chart

P Map showing locations above the threshold, indicating hot spots or failed areas. Mouse over
each hot spot to show information including the start/stop distance and the ride index value.

An example of a continuous report without a comparison chart:

Smoothness Assurance: Short Continuous hd
o Grinding I v E‘g E
Skark Distance (ft)  Stop Distance {ft) | IRI {in/mi}
> 172,50 178.10 100,35 200
224,90 230,90 96,41 190 |
253.20 283.40 142,17
180
311.90 320,30 95.37
170 4
4,193,290 4,203,350 94,03
160 4
4,208.80 4,210.00 Q0,91
150
4,215.00 4,256,90 173,82
4,324.20 4,371,00 192,27 140
4,776.20 4,501.50 127.45 1304
4,510,860 481890 105.08 1201
=110 4
£
E 100
= an .||
=] i)
Start Distance (ft) | Stop Distance (ft) | IRI {in/mi) 704 '
> 255.10 27820 11951 el |
4,230,00 4,241,50 97,03 s 1l ||
4,323.70 4,339.10 111.65 40 4 i
4,783.60 4,768,80 94,89 - |
20
104
1) T T T T T T T T T T T
0 500 1,000 1,500 2,000 2,500 3,000 3500 4,000 4,500 5,000 5,500 6,000
Distance {ft)
Mo Grinding ~ ——— After Grinding |

Long Continuous Report

The Long Continuous roughness report (normally indicates general ride quality) includes the following for
before and after grinding:

P Defective segments table

P Continuous ride index chart and comparison chart

B Map showing locations above the threshold, indicating hot spots or failed areas. Mouse over
each hot spot to show information including the start/stop distance and the ride index value.
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An example without a comparison chart:

Smoothness Assurance: Long Continuous validation Wy | Analyze Grind
| « - .- & B
Stark Distance () | Stop Distance (fE) | IRI {infmi})
> 264,00 571.80 52.05 8
373.00 373.80 50,01 6
3770 389.60 50.26 4
3,674,680 3,905,580 50,52 6z
3,942.20 4,501,850 66,67 &0
4,545.50 4,603.40 53.60 e
56
54
52
=y -
T v
:2’46
- 44
[ aiteramdng (|-
Start Distance (ft) | Stop Distance {ft) | IRI {in/mi) 40
36
36
34
32
30
26
26 T T T T T T T T T T T
0 s00 1,000 1,500 Z,000 2,500 3,000 3500 4,000 4,500 5,000 5,500 6,000
Distance (Ft)
Mo Grinding  —— After Grinding |

Fixed Interval Report

The Fixed Interval roughness report (normally for most agencies’ lot report) includes the following for
before and after grinding:

P Fixed interval ride index report table
P Fixed interval ride index chart and comparison chart
P Fixed interval ride index map

Toggle between the Chart, Table, and Map views using the buttons.
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Smoothness Assurance: Fixed Interval Analyze Grind | | Navigate M
5 ST P

80
70
60

£50

=

£40
230
20
10

0

o] 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 3,400 3,600 3,800 4,000 4,200 4,400 4,600
Distance (ft)
[ =3 No Grinding [ After Grinding|

The table data includes the following for each interval: location, length, IRI, and number of defective
segments in the interval (based on Short Continuous specifications).

Chart BS
Start Stop Length No Grinding Mo Grinding After Grinding After Grinding
Distance (ft) Distance (ft) (ft) IRI (in/mi} Defect Count IRI (in/mi} Defect Count
0.00 528.00 528.00 54.00 6 4197 2
528.00 1,056.00 52800 3116 0 3116 0
1,056.00 1,584.00 52800 2.5 0 225 0
1,584.00 2,112.00 52800 3254 0 3254 0
211200 2,640.00 528.00 36.23 a 3157 1]
2,640.00 3,168.00 52800 5480 6 4182 2
3,168.00 3,696.00 52800 7104 5 3903 2
3,696.00 4,224.00 528.00 4568 1 3382 1]
4,224.00 4,583.25 358.42 3187 0 3187 0
The map includes information for each interval, displayed when hovering over a section.
Smoothness Assurance: Fixed Interval Analyze Grind || jp= Navigate v,

Chart [ Table [E]Map]| @ @® Locations » Map ~ Export ~ | Location: -92.446700 32.528642

Start Start Distance (ft): 2,111.98
Stop Stop Distance (ft): 2,639.97
No Grinding IRI (in/mi): 42.29
After Grinding IRI (in/mi): 24.79

0.05 ml

Map data © OpenStreetMap, Tiles Courtesy of MapQuest

Short Continuous Histogram Results

The results for the histogram of the Short Continuous roughness reports include:

P Percent of Pavement Out-of-Spec
P Histogram tables
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P Histogram charts

A view of the histograms of short continuous reports for before and after grinding:

Smoothness Assurance: Short Continuous Histogram ualidation W | Analyze Grind
Total % Out of Spec (Mo Grinding))
Total % Out of Spec (Grinded)
Max IRI {infmi) | Min IRI {infmi} | Mo Grinding (%) | Grinded (%)
@ 120.00 143 0.00 120
120,00 110,00 042 0.26
110,00 100,00 0,49 022 1o
100,00 50.00 1.01 053 =g
90.00 50.00 192 09z &£
&0.00 70.00 254 1.77 @ 80
70,00 60.00 3,91 3,75 a0
60,00 50.00 565 4,87 |
50,00 40.00 11,75 12,63 20 |
40.00 30.00 31.40 30.28
30.00 20.00 34.28 37.86 0
0 10 20 30 40 50 &0 70 30 90 100
20,00 10.00 522 6,58 Mo Grinding (%)
10,00 0.00 0,00 0,32
ER
140
120
100
E 80
£
&£ 60
40
20
i
0 10 20 30 40 50 &0 70 30 90 100
After Grinding {%)

Long Continuous Histogram Results

The results for the histogram of the Long Continuous roughness reports include:

B Percent of Pavement Out-of-Spec
P Histogram tables
P Histogram charts
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A view of the histograms of long continuous reports for before and after grinding:

Smoothness Assurance: Long Continuous Histogram =~
Tatal % Out of Spec (No Grinding) Eij =
Total % Out of Spec (Grinded)
140
Max IRI {infmi) | Min IRI {injmi) | Mo Grinding (%) | Grinded (%)
@ 120,00 0,00 0,00 120
120.00 110,00 0,00 0,00
110,00 100,00 0,00 0,00 1o
100.00 90.00 0,00 0.00 T @
90.00 0.00 0.00 0.00 z
80.00 70,00 0,00 0,00 = 80 :l—‘
70.00 60,00 577 0,00 w [
£0.00 50.00 9.74 0.00
50.00 40.00 24.90 25.43 20 |
40.00 30,00 35.96 49,92
i - : - . - : - . -
=0.00 20.00 25.63 24.65 ] 10 z0 30 40 50 60 70 a0 90 100
20.00 10.00 0.00 0.00 No Grinding (%)
10.00 0.00 0.00 0.00
mR
140
120
100
T a0
£
60
40
20
i
0 10 20 30 40 50 &0 70 30 90 100
After Grinding {%)
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Analysis with a Comparison Chart

The above illustrated SAM analysis results are without any compatison charts. We show an analysis
example with the comparison chart below:

Step 1. In the Inputs screen, select a desired compatison type and associated input settings. (E.g. select
Profile and Moving Average High-Pass filter with a cutoff wavelength at 150 ft. This way you can view and
compare the roughness plot with the filtered profile plot side-by-side.)

Smoothness Assurance: Inputs i Analyze | | Grind
Ride Quality File | Profile | Section | Apply 250mm Filter
T Qe |IRI v‘ Profile [¥|LElev Full =
RElev
Analysis Segment Length Threshold Histogram
(ft) (in/mi)
Short Continuous 25 90 Histogram
Long Continuous 528 50 Histegram
Fixed Interval 528 50

Comparison

Type |Profi|e - |
Straightedge Length (ft) | 10.00]
Filter Moving Average High-pass (150,00 ft)

Step 2. Click the Analyze button and Navigate to the Grinding screen. Rerun the Auto Grind by clicking
the Auto Grind in the toolbar. Then, click the Grind button to perform grinding simulation.

Smoothness Assurance: Grinding Analyze | g Grind oy Navigate v
_ Enabled | Start Stop Direction | Head Height | Warning | Length -
_ - : Distance (ft) Distance (ft) (i} (ft) %
Grinder Type 18:foot Wheelbase Rl r 10.25 4517 Forward 000 n/a 3492
Maximum Grinding Depth (in) 7392 112,67 Forward 000 n/a 3875
v 12533 139.25 Forward 0.00 1392
Head Position orver e
156,67 166,58 Forward 0.00 n/a 992
Wheelbase (ft) 18.00 174.25 191.25 Forward 0.00 n/a 17.00
Tandem Spread (f) 5 196.58 209.08 Forward 0.00 n/a 12.50
=0l b a1 WANTY F e, -1 a0 T T AN e
Short Cutoff Wavelength (ft) Tatal Ground (ft) 7
GO mB S
0.6
0.4+
0.2+

Elevation (in)
o
=)

s o o
o R

0 200 400 600 800 1,0001,200 1,4001,600 1,8002,000 2,200 2,400 2,600 2,500 3,000 3,200 3,400 3,600 3,500 4,000 4,2004,400 4,600 4,800 5,000
Distance [ft)
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Step 3. Navigate to Short Continuous to view the short continuous roughness report vs. filtered profile plot.
You may zoom in to examine detailed comparison.

Smoothness Assurance: Short Continuous Analyze Grin

S L

Start Stop IRI
Distance (ft) Distance (ft) (in/mi)
14235 15042 10274 230
186.25 19533 97.98 5001
205.50 23567 1470
2883 w315 1me| S0 E‘
268242 2683.58 9025 1004 k ,
290142 293333 1785
3,36042 3,368.67 101.84 501
349292 351942 18232 0 ! ! I ! ! ! ! I !
360017 364525 S 0 500 1,000 1500 2,000 2500 3000 3500 4000 4500 5000
307542 403342 151.44 Distance (ft)

[=== Mo Grinding === after Grinding|

AR RRS

Start Stop IRI
Distance (ft) Distance (ft) (in/mi)
216.08 236.50 103.15
23692 2742 90.33 031
25525 268.33 0455 E
351392 3,537.00 11548 5 g
3,597.67 3623.83 12121 g
3,626.83 362792 90,24 =
397383 397517 91.26 -0.54
397675 3,978.50 91.81
3,982.00 390417 10719 0 500 1,000 1,500 2,000 2500 3,000 3,500 4,000 4,500 5,000
Distance [ft)
|— Profile_LElev m— Profile_LElev: GTULIHI‘.‘

The chart control for the comparison charts includes a button with two-way arrows to turn on and off of
the synchronized viewing for both charts.

« = O- A

)

|6 B
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Step 4. Navigate to Long Continuous to view the long continuous roughness report vs. filtered profile plot.

You may zoom in to examine detailed comparison.

Smoothness Assurance: Long Continuous Analyze Grin Navigate
[ NoGrinding | cERBS
Start Stop IRI
Distance (ft) Distance (ft) (in/mi)
264.00 385.58 54.18 704
2,801.58 388383 7480
B0
E
S50 Dy
=
404
30
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Distance (ft)
|— Mo Grinding = After Grinding|
After Grinding 4 E” E: =
Start Stop IRI
Distance (ft) Distance (ft) (in/mi}
0.5
2 004
g
o
054
0 500 1,000 1500 2,000 2500 3000 3500 4000 4500 5000
Distance (ft)
|— Profile_LElev = Profile_LElev: Grounc‘
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Step 5. Navigate to Fixed Interval to view the fixed interval roughness report vs. filtered profile plot. You
can not zoom in for this case due to the nature of the plots. Use the buttons to toggle between the chart
and the table data.

Smoothness Assurance: Fixed Interval Anatyze ! Navigate
Er)@nb. | R S
80
70
60
P — —
z 50
Za0
230
20
10
0
0 200 400 600 800 1,000 1,200 1400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 3,400 3,600 3,800 4,000 4,200 4,400 4,600
Distance (ft)
[ =3 No Grinding [ After Grinding]
GRS
0.5
£ oo
&
-0.5
0 200 400 600 E0O 1,0001,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 2,400 3,600 2,800 4,000 4,200 4,400 4,600 4,800 5,000
Distance (ft)
[===Profile_LElev = Profile_LElev: Ground
Smoothness Assurance: Fixed Interval Analyze
[ Chart [ Table | BS
Start Stop Length Ne Grinding Ne Grinding After Grinding After Grinding
Distance (ft) Distance (ft) (ft) IRI (in/rni) Defect Count IRI {in/mi) Defect Count
0.00 528.00 528.00 54,00 4 4537 3
528.00 1,056.00 528.00 3116 0 3116 0
1,056.00 1,584.00 528.00 3225 0 3225 0
1,584.00 211200 528.00 3254 0 3254 0
2,112.00 2,640,000 528.00 36.23 0 3417 0
2,640.00 3,168.00 528.00 54.80 2 43.85 0
3,168.00 3,696.00 528.00 71.04 3 44.75 3
3,696.00 422400 528.00 45,68 1 37.30 3
4,224,00 4,583.25 358.42 3187 0 31.87 0

0.5

0.0

s
2
g
k|
=

-0.5

0 200 400 600 800 1,0001,200 1,4001,600 1,800 2,0002,200 2,400 2,600 2,800 2,000 3,200 3,400 2,600 3,800 4,000 4,200 4,400 4,600 4,800 5,000
Distance (ft)
\— Profile_LElev m— Profile_LElev: Groun:‘
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Step 6. Navigate to Short Continuous Histogram to view the histogram of the short continuous roughness
report.

Smoothness Assurance: Short Continuous Histogram
Total % Out of Spec (Mo Grinding) E
Total % Out of Spec (After Grinding)
140
MaxIRI | MinIRI | Mo Grinding After Grinding
(inf/mi) | (in/mi) | (% (%6) 120
o 120.00 1497 0.03 100
12000 110.00 091 045
11000 10000 166 068 £ 80
10000  90.00 143 103 = 60
90.00 80.00 229 107, 40 ]
80.00 70.00 4.01 1.89
7000 60.00 377 381 201
60.00 50.00 611 6.04 0 ! ! ! ! ! ! ! ! !
50,00 40,00 1611 1419 ] 10 20 30 40 50 60 70 B0 a0 100
40,00 30,00 3283 3441 Cccurrences - Ne Grinding (32)
30.00 20.00 2641 3018 =
20.00 10.00 251 617
10.00 0.00 0.00 0.07
140
120
100
“,E 20
= 60
40
20
o4 . . . . . . . . .
10 20 30 40 50 60 70 80 a0 100
Cccurrences - After Grinding (32)
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Step 7. Navigate to Long Continuous Histogram to view the histogram of the long continuous roughness

report.

(in/mi)

=]
120.00
110.00
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
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(in/mi) | (%)
120.00
110.00
100.00

90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

Total % Out of Spec (Mo Grinding)
Total % Out of Spec (After Grinding)

MaxIRI | MinIRI | Mo Grinding

0.00
0.00
0.00
0.00
0.00
233
10.83
16.54
16.13
51.29
289
0.00
0.00

After Grinding
(%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3115
65.80
3.05
0.00
0.00

1

=
=
=

IRI {in/mi)

o m
=T =]

-
=
=

Smoothness Assurance: Long Continuous Histogram
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Analysis by Excluding Leave-outs

If Leave-out sections are defined, the SAM analysis will exclude results within the leave-outs sections.

The behaviors are similar to that for the Ride Quality analysis module.

The grinding locations and profile plots within leave-outs will also be excluded.
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| Validation w | fnalyze | i\ Grind |

Smoothness Assurance: Grinding

71;&@}_;&?03&7(;6) TSEP Eistainceaﬂ &ection ?geaﬂeah@) J a'ar7r1in79 7iizenigth gft_) — 7:‘
Grinder Type 18-foot Wheelbase <l )J 5] 10.25 45.17 Forward 0.00 nfa 34.92 @
|
Maximum Grinding Depth () || 5] 73.92 112.67 Forward 0.00 nfa 38.75
| 2] 125.33 139.25 Forward 0.00 nfa 13.92
HizadPastion | 156.67 166,58 Forward 0.00 nfa 9.92
wheelbase (ft) | @ 174.25 191.25 Forward 0.00 nfa 17.00
Tandem Spread (ft) | = 196.58 209.08 Forward 0.00 nfa 12.50 gz
Short Cutoff Wavelength (ft) 0.820| Total Ground (ft) 648
= Q-A BB
a
0.5
" ﬁ ﬂ i‘
[ 0
0.2 i
2 I il
=01
[ =
S
F00
]

0.4 —
600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 3,400 3,600 3,800 4,000 4,200 4,400 4,600
Distance {ft)
Profile_LElev
v
4 b

The roughness plots and profiles within the leave-outs will be excluded in the short continuous
report.

Smoothness Assurance: Short Continuous fjo validation W |y Analyze o o Grind
i3 i 5 & wp Q-
Start | Stop | IRI A
[Distance (fty [ Distance (ft) | infmi) 20
142,25 15042 102,74
186.25 195.33  97.98 200
205.50 23567  114.70
2150
248.83 273,75 12294 | £
2,682.42 268358 9025 | 5o &
2,901.42 2,933.33  117.85
3,493.92 3,549.42  183.32 50
3,600.17 3,645.25 216,33
3,975.42 4,033.42 151,44 0 T g T y T y T T T
[ 0 500 1,000 1,500 2,000 2,500 3,000 2500 4,000 4,500 5,000
Distance {ft)
No Grinding  —— After Griflling |
-
|4 »
EE - > C.- [ B Distance (ft): 1144.7560 Elevation (in}: 0.3584
| Start | stop | R1 a
Distance (ft) ‘pistance ) | (njmi) 05
216,08 236,50 10315 0.4
236.92 237.42 90.33 0.3
255.25 26833 9455  £02
3,513.83 3,537.00 11604 50!
3,597.67 362383 12130 | 2 0.0
3,626.83 3e27.92 9nzs | w01
3,973.83 3,975.17  91.26 0.2
3,976.75 3,978.50  91.81 0.3
0.4
328200 sl o 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Distance (ft)
[ Profile_LElev Profile_LElev: After Grinding |
v
4 »
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The roughness plots and profiles within the leave-outs will be excluded in the long continuous report.

Smoothness Assurance: Long Continuous

A R

Start Stop IRI
Distance (ft) Distance (ft) (infmi) 70

264.00 385.58 54.18 65 4
2,801.58 3,033.00 56.19 60
3,450.08 3,883.83 £9.89 55 ./\/\.

K

o
3

0 500 1,000 1,500 2,000 2,500 3,000 3(s500 4,000 4,500 5,000
Distance {ft)

Mo Grinding ~ —— After Grifding ]

RSP GTa = | [
Start Stop IRI [
Distance {ft) Distance (ft) (infmi} 0.5
3,450.08 3,631.50 54.52 0.4 4

0.34

= 0.2

c 0.1 4

0.0 4
w-0,1 4 I
-0.2 4
.0‘3 4
0.4

{in;

levatior

a 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Distance (ft)

Profile_LEley

Profile_LElev: After Grinding ]

The profiles within the leave-outs will be excluded in the fixed interval report. The Length column in
the table shows the actual length used for ride index computation by excluding the leave-out sections.
The segments would advance until one reaches the start of a leave-out location and this specific
segment may contain less than a full interval. After passing the end of a leave-out, the segments would
re-start advancing with the fixed interval again. It would repeat the above process once encountering
other leave-outs. Roughness indexes will be reported within each segment (full fixed interval or
partial interval) and the actual lengths for all segments are also reported. Leave-out areas are not
plotted in the bar chart.

Smoothness Assurance: Fixed Inte

Start Stop Length | No After ‘[
Distance | Distance | {ft) Grinding | Grinding

A am sk annnn e V0 o WY e

0.00 40000 400.00 62,98 51591

NS NN NS SN EEEESNEEENEENEEEEEEEEN
600.08 1,128.08 528.00 3255 32,55
1,128.08 1,656.08 S28.00 3221  32.21
1,656.08 2,184.08 528.00 3212 3212

2 24808 » 2471200 P800 u u £2E3 n 0 2 TP

L

2,712.08 3,033.00 320.92  51.94  41.05s

N EE S EEE NS SN EEEEEEEEEEEEEEN

3,450.08 3,978.08 528.00  60.11 4207
3,978.08 4,506.08 528.00 4263 36,93
4,506.08 4,583.25 76.33  38.22  38.22
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Optimal WIM Site Locator (OWL)

The Optimal Weigh-In-Motion Site Locator (OWL) module can be used to determine qualified locations
for Weight-In-Motion (WIM) sites from profiles collected using inertial profilers per the AASHTO MP 14
“Standard Specification for Smoothness of Pavement in Weigh-in-Motion (WIM) Systems”. It also
provides optional but very flexible user-defined grinding strategies. A comprehensive report can then be
generated to include WIM index reports before and after grinding,

The WIM error index thresholds are adopted from the AASHTO MP14-
11 Standard Specification for Smoothness of Pavement in Weigh-in-
Motion (WIM) Systems:

Type I: lower threshold is 1.339 m/km, upper threshold is 2.700 m/km.
Type II lower threshold is 1.861 m/km, upper threshold is 3.752 m/km.

This module is divided into three sections: Inputs, Grinding, and Results.
Profile Selection

The OWL analysis requires one profile of a file. The section must be specified for the file or profile.

S %t o = = 1 mmt Rt

—_ = = v
I [ | Use Mileposts & Screenshot

Close AddFiles Sawve Report || Viewer Editor Analyys Analysis || |77 < _ Templahe Auto Grind Strategy Locations

Project - - owL - || == 52 units @Help - - -

Optimal WIM Locator: Inputs validation | wr b Navigate W

Site Type File Profile Section

- {02M03700 i[] Left Elevation

B Type I

i i|”| Right Elevation

©OTypell G203 700 - BWHP [#]Left Elevation Ful

Use Bridging Filter [CIRight Elevation

Show Comparison

Comparison Filter
None

Input Templates are available for this analysis. Changing the selected profiles would not affect the template.
The Grinding simulation is optional, and the “after-grinding” results would be included in all result screens
for compatrison if performed.
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WIM Index Inputs and Analysis

Optimal WIM Locator: Inputs Validation W | Analyze
Site Type File Profile Section
. 02M03700 |7 Left Elevation
© Typel =
3 ["Right Elevation
©Tyecll 02M03700 - BWHP (7] Left Elevation Ful +

FIRi :
[¥| Use Bridging Filter [”] Right Elevation

[¥] sShow Comparison

Comparison Filter
Mone

The inputs include:

P Site Type: Select from: Type I and Type II. This input would determine what WIM index
threshold values be used as per the AASHTO MP14 specification.

#» Tire Bridging Filter: User can choose whether to apply tire-bridging filter to the profile
prior to WIM index analysis. If the Tire-bridging filter option is not selected, a default
moving average filter will be applied with a cutoff baselength of 250 mm.

P Show Comparison chart: User can choose whether to show comparison profile chart. If
so, user can select a filter type and associated cutoff wavelength inputs to apply on the
comparison profile.

Comparison Filter can be selected from:

None

Butterworth Low-pass
Butterworth High-pass
Butterworth Band-pass
Moving Average Low-pass
Moving Average High-pass
Moving Average Band-pass

Wavelength Filter

Filter Type MNone -

YYYYYTYY

MNone
7 Butterworth Low-pass
. Butterworth High-pass
¥ Moving Average Low-pass
¥ Moving Average High-pass |
¥ Moving Average Band-pass

Grinding Inputs

The Grinding Inputs work in the same manner as the one in the Smoothness Assurance Module
(SAM). Please refer to the SAM Grinding Screen for further details.
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WIM Locator Report

The WIM Index report includes the following items:

P A table for qualified WIM site locations
» A WIM index chart

If grinding simulation is performed, the WIM Index report would include reports for before and after

grinding.

Analysis without a Comparison Chart
An example of WIM index report without a comparison chart and grinding results:

Optimal WIM Locator: Results

foginng |

Start Distance (ft)

>

Stop Distance (ft)
21,951.43 22,126.00
22,167.51 22,214.59
22,218.18 22,257.41
22,276.70 22,337.17
22,372.80 22,482.31
22,512.39 22,531.68
22,548.67 22,560.44
22,594.11 22,677.80
22,678.78 22,896.16
22,906.95 22,942.58

validation — wr Analyze Grind I Mavigate
B
. | h
22,000 22,200 22,400 22,600 22,500 23,000
Distance (ft)
Mo Grinding

An example of WIM index report without a comparison chart but with grinding results:
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Optimal WIM Locator: Results
Mogwarg ]
Start Distance (ft) Stop Distance (ft) -~ .
> 21,951.43 22,126.00
22,167.51 22,214.59
22,218.18 22,257.41
22,276.70 22,337.17 |=
22,372.80 22,482.31
22,512.39 22,531.68
22,548.67 22,560.44
22,594.11 22,677.80
22,678.78 22,896.16 «
| Start Distance (ft) Stop Distance (ft) )
)' 21,951.43 22,126.00
‘ 22,167.84 22,257.41
22,276.70 22,332.92|=
22,333.58 22,339.79
22,372.48 22,484.28
22,511.08 22,560.44
22,578.42 22,636.94
22,637.26 22,649.03
22,651.32 22,677.80 v

validation W Arialyze Grind L Navigate v
R

T

22,000 22,200 22,400 22,600 22,800 23,000
Distance (ft)

No Grinding  —— After Grinding |

Al
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Analysis with a Comparison Chart
An example of WIM index report with a comparison chart but without grinding results:

Optimal WIM Locator: Results W | analyze Grind | [ Navigate W
[foGrinding ———[[§ B
Start Distance {ft) Stop Distance {ft) %, -
> 21,951.43 22,126.00
=250
22,167.51 22,2145 | E
200
22,218.18 225741 | %
5150 ]
22,276.70 27| E A A A
S 100
E- N1 ] Ry W W WA WAL A YU NPTOUN A
22,512.39 22,531.68 o
22,548.67 22,560.44 21,900 22,000 22,100 22,200 22,300 22,400 22,500 22,600 22,700 22,800 22,900 23,000
22,594.11 22,677.80 Distance (ft)
22,678.78 22,896.16 I
22,906.95 22,942.58 | 4 »
o« o-0: a8
0.4 -
~ 02
E
c
S 0,01
4
£ -
W.0.2 =
0.4
21,900 22,000 22,100 22,200 22,300 22,400 22,500 22,600 22,700 22,800 22,900 23,000
Distance (ft)
[—— 02103700 - Left Elevation (No Grinding) | -
=
4| Il ]»
An example of WIM index report with a comparison chart and (auto-grind) grinding results: This is a
powerful combination of charts to examine grinding effects on the WIM index report. Therefore, an
adequate grinding strategy can be selected to obtain a desired location for a WIM site.
Optimal WIM Locator: Results ¥ | anslyze Grind | fp Navigate Wiy
' No Grinding l v B
Start Distance (ft) Stop Distance {ft) =
> 21,951.43 22,126.00 900,
22,167.51 22,214.59 | 20
22,218.18 22,5741 | S200
22,276.70 22,337.17 ‘E 150 ] ,f\ f\
22,372.80 z23 | 2] . f
22,512.39 ase | = \QJ\«/N W \\
22,548.67 22,560.44
22,5941 22,677,80 21,900 22,000 22,100 22,200 22,300 22,400 22,500 22,600 22,700 22,800 22,900 23,000
22,678.78 22,896.16 Distance (ft)
22,906.95 22,942.58 No Grinding  —— After Grinding |
¥
< »
CEC R « - .1 & B
Start Distance (ft) Stop Distance (ft) B bud o A
> 21,951.43 22,126.00 ' ]
22,167.84 22,257.41 _o02]
22,276.70 22,332.92 Z
22,333.58 22,339.79 ,% 0.0
22,372.48 22484.28|=|| & g
22,511.08 22,560.44 02
22,578.42 22,636.94 i
22,637.26 22,649.03 21,000 22,000 22,100 22,200 22,300 22,400 22,500 22,600 22,700 22,800 22,900 23,000
22,651.32 22,677.80_| Distance (ft)
22,678.45 22,760.18 [—— 02M03700 - Left Elevation (Mo Grinding) —— 02M03700 - Left Elevation (After Grinding) | L
=
22,769.00 289649 | (| = 1>
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OTHER INFORMATION

Web Sites

The Official ProVAL website is: http:/ /www.RoadProfile.com.
The Smoothness Specification website is: http:/ /www.SmoothPavements.com.
The Road Profile Users’ Group: http:/ /www.tpug.org

The University of Michigan Transportation Research Institute (UMTRI) Road Roughness Home Page:
http:/ /www.umtti.umich.edu/erd/roughness/index.html
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An extensive bibliography can be found at the UMTRI website:
http:/ /www.umtri.umich.edu/divisionPage.php?pageID=64
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