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Disclaimer

General jurisdiction over the American Association of State Highway and Transportation

Officials (referred to herein as the Association) design standards is a function of the Committee
on Materials and Pavements, which heambers representing each of the 50 states, the
Commonwealth of Puerto Rico and the Northern Mariana Islands, the District of Columbia, the
United States Department of Transportation, the New Jersey Turnpike Authority, the
Massachusetts Metropolitan Distr Commission, the Port Authority of New York, and New

Jersey, six Canadian Provinces, and two Territories. Revisions to the design standards are voted
on by the Association Member Departments prior to the publication of each new edition, and if
approvel by at least twathirds of the members, they are included in the new edition as a design
standard of the Association.

The information disseminated in this document is designed to provide helpful information on the
useoft he Associ at i oBadealcuktioisTodd BoTain sipport of tHeavement

ME Design software package in the interest of information exchange. References are provided
for informational purposes only and do not constitute endorsement of any websites or other
sources.

The Associatin has used it best efforts in preparing this document to supplement the use of the
AASHTOWareBcT software package. These efforts include reviewing and testing of the
approach and methodology to determseected inputs tthe Pavement ME Design software
package. All work talevelop theAASHTOWareBcT software package was conducted in
accordance with generally accepted pavement engineering practice. No other warranty,
expressed or implied, is made.

The Association makes no warranty of any kind, expressadplied, with regard to use of this
document an@cT software package. The Association shall not be liable in any event for
incidental or consequential damages in connection with, or arising out of, the improper use of the
document and@cT.
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Chapter 1 Introduction

The Pavement ME Deflection Data Analysis and Backcalculation (Badl) is a standalone
software program that can be used to genetdasdic layer modulus and layer thicknagsuts to
the AASHTO Pavement ME Desi@nsoftware for rehabilitation design. TBeT is capable of
analyzing raw deflection data files obtained fromliRglWeight Deflectometer (FWD) testing
devices backcalculating iplace elastic layer moduli for flexible and rigid pavements and
generatingselectednputs for performing rehabilitation design usihg Pavement MEDesign
software packagén addition,it can be used to perforlmss of support analysend load transfer
efficiency (LTE) calculations.

Version 1.0 of th&cT wasdeveloped under the AASHTO FY027 program teupplement the
rehabilitation design module of Pavement ME softweersion 1.lincludes new features and
enhancements requested by users of the software and was released in FY 2021.

The backcalculation engirembeddedhn the BcT is EVERCALC®, which is embedded into the
software program. The output from the backcalculation process is modified from that generated
by EVERCALC and is processed into a format to generate input files to the Pavement ME
Designsoftwarefor rehabilitation designTheBcT contains an instruction&luided Process
feature that describes the process flow on the selected mbdules 1 shows a flowchart of the
ME Backalculation Tool procedurd.he functionality of the tool can be broadjsoupednto
three phases:

(1) Preprocessing deflection data (including project segmentation).

(2) Backcalculation of elastic layer moduli.

(3) Postprocessing of results to generate inputs for Pavement ME rehabilitation design.

TheBcT can import and prprocess raw deflection data file formats from three FWDnigst
devicesDynatest, JILS and KUABSegmentationf the project into analysis gmentss

performed based on the culative area difference method as described in the 1993 AASHTO

Design GuidéY. The automaticalhgenerated segments a@mparedising a ttest to check for

statistically equal mean deflectiorsdjacent segments that have statistically similar means are
combined, andhe final list of automatic segments is displayed to the Ti&eruser can either

accept the computed segments or define their own segments prior to entering the pavement layer
structuresimulation Inputs for the pavement layer structure such as lgper, thickness,
Poissonds rati o and moduvaluel dretieer ehterechiog the useu, m a n d
which are used in the backcalculation process.

Subsequent chapters ofettUseManual describe the individual modules or tabs oBtiE,
including requirements, limitations and the background processes invdledhapters are
listed below:

Chapter2 describes the deflection and layer thickness data.

Chapter Iescribstheindividual pre-processig modules in detail, along with the
required user inputs, module controls and information displays.

1 Chapterd describes the backcalculation and gastcessing modules.

T
T
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There are multiple appendices to the User Manual, which are listed below:

1 Appendix Aprovides a brief overview of the rehabilitation design procedures in the
Pavement MBDesignsoftware, whichare discussed in detail in the Mechanistic
Empirical Pavement Design Guide (MEPDG) Manual of Pra&ice

1 Appendix Bdescribes how theumulative area difference methisdused for automatic
segmentatiof deflections measured along a proposed rehaiwlitgproject or roadway
segment

1 Appendix Cprovides the dfault values used by tHxT for various pavement layer
properties.

1 AppendixD contains a list ofayer types used to defitlee pavement structunithin the
BcT. The material type selection the Pavement ME softwareorresponding to each of
the backcalculation layer types, e.g. AASHTO soil classes corresponding to coarse
grained or fineggrained subgrades are also provided in Appebdix

1 AppendixE overviews and describdset proceduréo load deflectiorand thicknesslata
files, backcalculate the pavement layer moduli and generate a rehabilitation design file
for Pavement ME.
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Chapter 2 Getting Startedd Input FWD Data Module

Figure 2 shows the main user interface of B&l. The functionality of the tool can be broadly
divided into three phases: (1) geocessing deflection data (including project segmentation); (2)
backcalculation; and (3) peptocessing of results to generate inputs for Pavement ME
rehabilitation desigiisee figure 1).The interface is divided into several tabs or modules as
shown on the left panel iAgure 2. The BcT also contains an instructionalided Process

feature that describes the process flow on the selected module.

The modules are executeelsientially, with some requiring user inputs or selectiohde

others just display information such as charts or results from internally performed calculations.
Users can return to any of the previously completed modules to make changes, but can only
proceed to the next incomplete module.

Completed modules for which all required information has been entered by the user are indicated
by a green tick mark to the left of the module nafiee module that is partialigompleted or

being edited (Modulin-progress)s indicated by an orange circle. The module that is currently
being viewed by the user is highlighted in blue, e.g. the Input FWD Data moduteiir 2 is

displayed in blue text. Incomplete or pending modules are indicated by encirclezbiyray

minus signs as shown kfigure 2.

ME Design Backcalculation Tools About | Manual = B X
Input FWD Data FWD data file type File Name 1843015¥N-short FWD Serial Num 089
test V.20 (*FWD -
O Bynstest V20 (-FWD) Manufacturer  Dynatest Lacation 184-301
o] FWD datz file locatien FWD Model 8002 Cperator Administrator
E) C:\Users\IgopisettiDesktop\BcT\B4301SYN-sF X |:|
e Thickness data file location
o Thickness File Location x Browse
e) Test Point  Station Distance | Lane = TestType | AirTemp. | SurfaceTemp. = PavementTemp. = Llongitude | Latitude | Elevation
Kilometers F F F NA NA
TN 7 N7 I N I I A R
2 5355 NA NA 72 -1 76
3 5358 NA NA 72 - 76
4 5363 NA NA 72 89 76
5 5368 NA NA 73 91 76
6 5372 NA NA 73 90 76

Guided Process:

Select the input defiection data file for Plate Radius Unit SN Sore

analysis. Sensor Spacing Sensor Direction | Sensor1 Sensor 2 Sensor 3 Sensor4 | Sensor5  Sensor& = Senser7 | Sensor8 | Sensor9
1. Select the FWD data file type from SensorSpacingX 000 -12.00 1200 18.00 2400 3600 60.00

the drop down list. .

2. Click the Browse button to select s ey A A NA A NA NA

the input FWD file. This opens a file

browser window. Select the input FWD Drop Number | TargetLoad level = load @ DEF1 DEF2 DEF3 | DEF4 DEF5 | DEF6 | DEF7 DEF8 | DEF9 | Basin Characterization
file and click OK, or double-click the Ibf Ibf mils mils mils mils mils mils mils mils mils

filename to load data.

3. The Re-Parse button reloads data 1 MaN 0434 722 420 483 403 in 219 .08 Typical
from the selected file and reverts all 2 NaN 9530 | 7.2z 482 486 406 332 221 101 Typical
changes made by the user,

4. General information and plate 3 Nah 0497 723 482 488 4.06 3133 220 110 Typical
radius values can be edited. Sensor " Nal oean 5 on | aee | are " i

spacing can be changed by double-

clicking the value in Sensor Spacing X
o Nimbar of zancnr cnacinn valiias Save and Proceed

Figure2 BcT User Interfacafter Opening the Software
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Thelnput FWD Datamodule consists of several components as shown using labeledgranels
blocksin Figure 3: (A) input FWD data file type and file selectiand thicknes data file
selectiony(B) general information(C) station data(D) sensor spacingnd (E) drop data drop
load, deflection readings and basin characterizaliba.following paragraphs explain the
different panels or blocks included in the Input F\Wdadmodule.

ME Design Backealculation Tools About | Manual - & X

Input FWD Data I FWD data file type File Name 184301S¥N-short FWD Serial Num 089

|
&) I Dynatest V.20 ("FWD) ' A Manufacturer Dynatest Location 184-301 I
) I FWD data file locaticn FWD Model 8002 Operator Administrator I
o I CAUsers\hvonguintus\Documents\7_Projects\AASHT X |:|
|
o I Thickness data file location I
Thickness File Location
e - - - - - - - - - -
o TestPoint | Station Distance | Lane | TestType | ArTemp. | SufaceTemp. PavementTemp. Longitude  Latitude  Elevation
Kilometers F F F NA NA
I 1 5354 NA NA 72 89 76
I 2 5355 NA NA 72 86 76
I 3 5358 NA NA 72 2 76 C
4 5.363 NA NA 72 89 76
Guided Process: I T e e e e e e e e e e e L e e e e e e e e e e e e e e e
Select the input deflection data file for Plate Radius 591 Unit  Inch

analysis.

Sensor Spacing
1. Select the FWD data file type from
the drop down list.
2. Click the Browse button to select Sensor Spacing Y
the input FWD file. This opens a file
browser window. Select the input FWD
file and click OK, or double-click the
filename to load data.
3. The Re-Parse button reloads data
from the selected file and reverts all
changes made by the user.
4. General information and plate
radius values can be edited. Sensor -------------------------------l
spacing can be changed by double- e —

Sensor Spacing X

Drop Number | Target Load Level | Load | DEF1  DEF2 | DEF3 DEF4 DEF5 | DEF6  DEF7 DEF8 DEF9 | Basin Characterization
Ibf Ibf mils mils mils mils mils mils mils mils mils

m

Figure3 FWD Input Data Module Screéninformation Panels

FWD and Layer Thickness Data& Panel A

FWD Data File

The first step in using thBCT is to select & WD data file in the requisite forma&electing the
FWD data file is a tw«step process as shown below-igure 4 and discussed below

1. First, the FWD data file type should be selected. BtiE allowssix different file types
from three FWD testindevices

JILS - .DAT file format

KUAB - .FWD file format
Dynatest V20 .FWD file format
Dynatest V20_Si .F20 file format
Dynatest V25 .F25 file format
Dynatest .mbd file format

= =4 =4 -8 -8 -9

The file type must be selected prior to browsing for the actual deflection data fite,
program displays an error messag# lease select the source file type fiGt.
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2. After selecting the file type, thigrowsebutton is used tocatethe projectdeflection
data file. The file browser dialog displays only those files in the current folder whose
extension is the same as the selected file type, e.g. FWD, DAT, F20 or F25.

STEP 1 - Select Input FWD File Type

FWD data file type

| Dynatest V.20 (*.FWD) v |
JILS (~DAT)
KUAB (*.FWD)

Dynatest F20_SI (*.F20)
Dynatest V.25 (*.F25)

STEP 2 - Select Input FWD File using Browse Button

FWD data file type
Dynatest V.20 (*.FWD) -

FWD data file location

Documents library
Sample FWD Input Files

Name Date modified Type Size

184301SYN

File folder

-

M Choose Source Files - - — — @

acensd) ‘ <« Project Data » Pavement ME Backcalc Tool » Sample FWD Input Files » v ‘ €y| ‘ Search Sample FWD Input Files 0 |
Organize v New folder = » [ 1@‘

Arrange by:  Folder v

= ID Files Formatting File folder
|#] 10-7-10 Round-Up.fwd FWD File 107 KB
|| FAA Roundupl.fwd FWD File 95 KB
] GRAVLABC.,FWD FWD File 6 KB
] 1B4A302SYN.FWD FWD File 20KB
| 7] 184301SYN.FWD 2 FWD File 63 KB
| 4] STH169.fwd 2/6/2015 6:00 PM FWD File 83KB
File name: | [(fwd) fw) -

(o 1 |

Cancel

]

Figure4 FWD Input Data File Selection

Users can click on the target file name and then ¢ligkn, or doubleclick the target file name

to open the input file. The data from the input file is automatically parsed and is used to populate
the appropriate fields and tables on the module scidmRe-Parsebutton allows users to

reload information from the FWD file and revert any changes made to the data. Sinee the re
parsing process replaces all information with that available in the originarij@dditional

information entered by the uggr.g. test typeyvill be lost.
Thickness DatéFile

The layout for the Input layer thickness data module is showigine 5. The thickness data
file simply consists of the thicknesses for each layer that is identified in the pavement structure
for a totl of 4 layers. A layer thickness data file is not mandatory for running theld8¢Ts
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suggested because the thickness dat is used to populate the layer structure simulation definition
in the Structure Definition ModuleThe layer thickness file can begulated using results from

borings and cores or ground penetrating radar (GPR). If GPR data are available, the GPR raw
data must be processed externally to generate layer thicknesses; the BcT does not interpret GPR
data to determine layer thickness.

A B C D E F
1 |Stati0nDis_|Layer1 Layer2 Layerd  Layerd
2 5.354 10 12 10
3 5.355 10 12 11
4 5.358 10 12 12
5 5.363 10 12 13
4] 5.368 10 12 14
T 5.372 10 12 15
8 5.377 10 12 16
9 5.383 10 12 17
10 5.384 10 12 18
11 5.395 10 12 15
12 5.493 10 12 20
13 5.5 10 12 21
14 5.506 10 12 22
15 5.515 10 12 23
16 5.325 10 12 24
17 5.534 10 12 25
12 5.54 10 12 26
19 5.546 10 12 27
20 5.549 10 12 28
1843015YN_short_thickness - Cop Ii}i{il

Figure5 Pavement Layer Thickness Data File

Units

TheBcT is designed to analyze data in both US customary and Sl unit8cllreelects the
appropriate units for all variables in different modules based on the data in thilénNo user

input is necessary to assign units for any of the variaHlasever, the units for the thickness

data file must match the units for the FWD deflection file (US customary or Sl units). The BcT
follows one system of units throughout the exeruprocesssoit is not possible to use an input

file that has data with mixed units, e.g. sensor spacing in inches and deflection values in microns.

Station numbers are treatedmasneric values buteed not follow any system of unitdowever,

the unts and type of station numbering system used in the layer thickness file must match the
unitsand numbering systeosed in the FWD deflection fil&ll other variables in the input file

T temperatures, FWD plate radius, sensor spacing, load and defiesttiould follow the same

unit system.

Station numbers should always be numeric values to allow segmentation.
Non-numeric station numbers should be corrected by user in the raw input FWL
Station number is the only variable that needfotow the unit system.
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General Informationd Panel B

The general information fieldse displayedn the top righpositionof the modulgPanel B)as

shown inFigure 3. These values exist only to provide guidance to the user regarding the details
of the file or FWD test and are not used in any computational proceéiiges: 6 shows the

general informatiomoaded from thesample FWD input file.

File Name 184301SYN FWD Serial Num 089
Manufacture Dynatest Location 184-301
FWD Model 8002 Operator Administrator

Figure6 BcT General Information

The fidds are automatically populatédhe corresponding information is available in the
deflection data fileMissing information can be entered and automatigadigulaed entries
(except the File Namean be changed by the usEne general information fields contain the
following information:

File Name

FWD Manufacturer

FWD Model

FWD Serial Number

Location

Operator

= =4 =4 -8 -4 -9

Station Information Tabled Panel C

The Station Informatiortable displays the information pertaining to each station at which
deflection data is available in the input filegure 7 shows the station informatn table for a
sample input file using US customary units.

Test Point | Station Distance | Lane @ TestType = Air Temp. Surface Temp. = Pavement Temp. | Longitude | Latitude | Elevation
Kilometers F F F NA NA

. o B v ) [
2 5355 NA NA 72 86 76
3 5.358 NA NA 72 86 76
4 5363 NA NA 72 89 76
5 5.368 NA NA 73 91 76
6 5.372 NA NA 73 90 76
7 5.377 NA NA 73 89 76
2 5283 NA NA 73 a1 76 )

Figure7 BcT Station Information

While parsing station information from the input file, the tool reads data for a fixed number of
variables and populates the colunmghe table. Temperature values are measurée fior US
customary anéC for Sl units, and are automatically displayed to the user in the column headers.
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Test pointi sequential test number as measured during the FWD test

Station distancei also referred to as station number, no units required. The units for
station distance, if available in the input file, are displayed in the column heading. Units
for station distance may be different from those used for analysis variables such as sensor
spacing, layer properties, loads and deflections.

LaneT lane number in which the test was conducted

TestTypei code for test type as assigned or specified by agency, e.g-pateemid

slab, slab corner or edge

Air temperature T atmospheric or air teperature

Surface temperaturei temperature of the pavement surface

Pavement temperaturei manually entered pavement temperature, typically
corresponding to a measurement within the pavement layer, such as Atepttid
temperature

1 Latitude 7 measured in dgeeminutes

1 Longitude i measured in degreminutes

1 Elevationi geographical elevation of the station location

= =4

= =4

= =4 =

The units and display properties are defined by column and not by individual cells, hence all
cells belonging to a column have the same praggeriihe variables Station Number, Latitude,
Longitude and Elevation are attributes by which a station is identified and hence, cannot be
edited by the user. Values in the other columns such as Lane, Test Type and Temperatures can
be edited by the user.

Air, surface and pavement temperatures are either measured during the FWD test or can be
entered by the us€eFypical range of temperature values are frorfF2g7°C) to 100F (38C)

for the purpose of backcalculation. The range of air temperatureseddorihe Long Term
Pavement Performance (LTPP) datad4dse-13°F (-25°C) to 140F (6(°C), while pavement
temperatures measured at depths tf 4 inches below the pavement surface are HE3F (-

25°C) to 200F (93C). Temperatures are not required, but provide valuable information for
evaluating the elastic layer moduli and entering the Pavement ME Design software inputs. Air
and surface temperatures are routinely included in the FWD deflection file, but pavement
tempeatures are generally not included. If pavement temperatures are unavailable, pavement
temperature can be calculated using the Bells relatiofhip.

NOTE: The automatic calculation of pavement temperature within the BcT was not included in
version 1.1put is likely to be included in future versions.

Sensor Spacing and Plate Radids Panel D

Plate radius is the radius of the FWD loading plate, which is automatically populated during
parsing if available in the input filseeFigure 8). This is arequired inputand cannot be left

blank, and can be changed by the user. The requirements for the units of plate radius is the same
as describebelowfor sensor spacing values.
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Plate Radius 591 Unit

Sensor Spacing Sensor Direction Sensor 1 Sensor 2 Sensor 3 Sensor4 | Sensor 5 Sensor 6 Sensor 7 Sensor 8 Sensor 9 ‘
Sensor Spacing X 0.00 -12.00 12.00 18.00 24.00 36.00 60.00
Sensor Spacing Y NA NA NA NA NA NA NA

Figure8 BcT Sensor Spacing and Pl&adius

Sensor spacing values are automatically populated in the table shBgnria 8. The spacing
information isarequired inputand must be entered by the user if not available in the input file.
Thesensor spacingalues populated during parsingnbe changed by the user.

Units for sensor spacing should follow the input data units system. If the data in the input file is
in US customary units, sensor spacsimguld be in inches. Likewisd,the data in the input file

is in Sl units, sensor spacing should be in millimet&he required units for sensor spacing are
displayed in the readnly textbox immediately above the spacing taseshown irFigure 8.

The X sensor spacingepresents the distance of sensors from the loading plate. A positive X
spacing indicates a leading sensor while a negatigpaXing indicatesailing sensor (othe
opposite side of the load plat& sensor spacing indicates the dista of sensors from the

loading plate in a direction perpendicular to the testing configuration. If the input FWD file has
no sensors perpendicular to the test configuratiegpacing row iset by default tolA

(information not available) atisplays addtional information about sensor placement in the X
direction(e.g.Front, Center or Behind as contained in a KUAB input file)

Drop Deflection Data Tabled Panel E

The deflection values for individual drops are displayed in the table at the bottonsofabg.
This table will be initially blank, as illustrated igure 3. This table is populated automatically
as soon as the user clicks on any station or test point Bader C. Figure 9 shows the
deflections for all sensors from the input file for a sample FWD Tésttable displays the
following information for each drogt a test point or station

1 Drop Number as recorde in the FWD data file

1 Target Load Leveli Ibs. (US customary units) or N (Sl units).

The targetload levelgopul ated by the software as ANA,
the target load. The target loackistered by the user feach drop in the test sequence

but only for one statioor test pointThe BcT automatically populates the remainder of

the stations. As such, the same drop sequence must be used for all Stgpmas target

load levels in USustomary units are 6000, 9000, 12000 or 16000 Ibs., which relate to
the drop height of the FWD load during testifigrget load level values only assist the

user to identify drops while selecting sensors for segmentation and are not used as input
for calalations.

Drop Load 1 Ibs. (US customary units) or N (Sl units).

Deflectionsi number of columns with deflection readings is equal to the number of
activesensorsThe maximum number of sensors that can be accommodated is 9. If the
input file contains dééction data at fewer number of sensors, the columns for the unused

= =

10
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sensors are displayed as empty c@NOTE: Recent versions of raw FWD deflection
data allow for more than 9 sensors, but version 1.1 is limited to 9 sensors. It is likely that
future vesions of the BcT will increase the limit on the number of sensors. When more
than 9 sensors are available, the user needs to decide which 9 sensors will be used for
backcalculation and generate a FWD deflection file with 9 sensors.]

1 BasinCharacterization i displays the basin type agpical, Type I, Il or lll based on
the deflections. The different basin types and characterization procedure are described
later in the filters section dhe Segmentation Senss Module.

Drop Number | Targetload Level = load | DEF1 | DEF2 | DEF3 | DEF4 | DEF5 | DEF6 | DEF7 | DEF8 | DEF9 | Basin Characterization
Ibf Ibf mils mils mils mils mils mils mils mils mils

1 NaN 9454 | 722 4.80 483 403 331 219 1.08 Typical -
2 NaN 9530 722 482 486 | 406 332 221 111 Typical
3 NaN 9497 723 482 488 406 333 220 110 Typical
4 NaN 9519 722 | 480 @ 486 406 333 220 111 Typical

Figure9 BcT FWD Drop Data

TheDeflectionData table contains one or more rows of vglweth each rowcorresponding to
one FWDdrop at agivenstation.The station for which deflection data is displayesgakected by
clicking on the row corresponding to the desired station

Valuesdisplayed in the deflection data table are read by the program fr
the input file and cannot be modified.

After loading data from the selected input file and providirgrédguired inputs on tHaput
FWD Data tab, clicksave and Proceedo navigate to th&egmentation Sensordodule.

11
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Chapter 3 Pre-Processing and Structure Definition Modules

Preprocessing modules use raw deflection data to prepare inputs for backcalculation. The main
activities performed during the ppeocessing phase are reading and parsing deflection data from
the usesrsupplied FWD data file and segmentation. The segmentptocess is accomplished
through twostepsstatistical comparison and final segmentation. The segmentation can be
completed using the deflection basin data or layer thickness data.

Segmentation SensorModule

Deflection values measuratla specific ensor vary along the length of a pavement section. This
variability may arise due to differences in the layer structure (change in pavement layer types,
materials or properties), layer thicknesswobgrade propertie¥he plot of deflections along the

length of the pavement sectican be used twlentify the locationgindividual stations or
segmentsandmagnitude of deflection variabilitft hi s al |l ows t he user to
which the deflection data is divided and used for backcalculdtigare 10 shows the layout of

the Segmentation Sensord odule screen for a sample FWD input fileut without a thickness

file.

ME Design Backcalculation Tools About | Manual = B X

@ Filter for charts Drop (Load Level) :| Test Types ~ | Basin Characterization Types ~ | Lane -
® Segmentation Sensors
@ Sensor 149
= 12
000 TIE 10
:
S} g 6
= 4
o
&) a 2
o
@ r T T T T
5334 5454 5534 5.654 5754

Station Distance (km)

P
& W‘
2

[

Sensor

18.00 -

Deflection (mils)

Guided Process:

T T T T T
Select up to three sensors for 5354 5454 5.554 5.654 5.754

segmentation. The charts show peak Station Distance (km)
deflections for the selected sensor and 5 2
ensor
drop height along the length of the a
project. 60.00 - E 1.5
1. Drop number filter — Toggle drop _E 1
numbers to show peak deflections on E
chart. T 0.5
2. Test types filter — Toggle test types a
to filter data for backcalculation. Select o
analysis methods such as load transfer r T T T T
efficiency or void detection from the 5354 5454 5.554 5.654 5.754
Test Types options. - .
H Bas)i’:’ char’::tenzat\an types filter — Station Distance (km)
Select which basins to display (Typical,
Type Il or both) on the charts. Type |

Figure10 Segmentation Sensors Modiil&creen Layoutwithout a Layer Thickness File
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Segmentation Sensors

TheBcT allows users to select up to three sensors whose defleat®musedo compute
segment intervaléseeFigure 10). The malule displays three charts of deflections along the
length of the pavement section (deflections vs. stations), with eacltsbhbaihgpeak
deflections measured using the selected sensor. Sensors can be selected usingloendrop
boxes to the left of ehcchart. The X-axis on the charts shows thtatson numbers in units
defined in the input fileThe Y-axis showgleflection values in the input file unit systemmils
for US customary and micromsh for S| system.

The three sensors recommended for segmentation are the sensors at the load plate, the one
further from the loading plate, and the one located at a distance from the loading plate that is
slightly greater than the thickness of the bound layers. The usesybn should review the
deflections measured at each sensor and make a selection based on how the deflections vary
along the roadway relative to the deflections under the loading plate.

Deflection Charts Display Scaling Zoom Feature

The deflection chas displayed on various module screens of the backcalculation tool are
enabled with a horizontal scaling feature that allows users to zoom in and out of the charts using
the mouse. The zoom feature is particularly useful to view deflection data fromvittes large
number of stations arlosely spacedtations.To zoontin on the charts, place the mouse over

any one of the three charts and scroll the mouse button up teimamrdown to zoorout. The

zoontin or zoomout action is applied simultaneoustydll the three charts on the screen. When
zoomedin on any of the charts, the user can scroll to stations to the left or right using the
horizontal scrollbar at the bottom of the chargure 11 shows an example of the zoom feature,
where the top chart shows the original deflecptot, and the bottom chart shows the zoorred
deflection plot.

Sensor

0.00 v

Deflection (mils)
-

5354 5454 5.554 5.654 5.754
Station Distance (km)
Sensor 159

0.00 =

=
o
T

|
|
|
|
|
|
-
»
°
L

Deflection (mils)

Mouse over any chart and use mouse-scroll to zoom

o

44‘44
o
| {
L
“
o

5454 5.504 5.554 5.604
Station Distance (km)

Figurell Segmentation Senssi’ Zoom Feature in Deflection Charts
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The module has multiple filters that can be selected to modify the data displayed on the charts.
These filters are located at the top of the screen on this module as shieéguréanl?2, and are
applied simultaneously to all three charts. A brief description of the filters, along with options
and functions is provided in the subsequent sections.

Filter for charts Drop (Load Level) :l Test Types v Basin Characterization Types v Lane

Sensor

0.00

Deflection (mils)

5354 9(16000) 555 5.654 5754
10 (16000) Station Distance (km)
11 (16000)
12 (16000)

Figure12 Segmentation Sensors ModulEilters

Drop Filter

TheDrop filter can be used to select the individual FWD drops for which deflection data is

di spl ayed on t he -downanertiu sontains drep nimberd frem témsirfilel r o p
from which users can select multiple drops at the same time. The numbers in parentheses next to
the drop number represent the target load level as entered by the user in the deflection data table
on thelnput FWD Data module. If the target load levels are not entered by the user, the value
ON/ A6 is displayed in parentheses.

The user should review the deflections at each target load to look for inconsistencies or large
changes in deflections between thdadi#nt drops or target loads throughout the project length.
To proceed with segmentation, however, users must select only one drop only at the desired
target load level. The user can select any of the sens@sdorentatiorut it is suggested the
dropselected by the user for segmentation be based on deflections measured for the middle to
higher drops.

When the Segmentation Sensors screen is loaded initially, the first drop in the list is selected by
default which can be changed by the user. Deflections corresponding to the selected drop number
are used for segmentation in the subsequent modules. Thauhrber selection applies only to
segmentatioii the program performs backcalculation for all drops and stations irrespective of

the selected drop number.

Test Types-ilter

TheTest Typesfilter allows users to select the drops to be used only for blacikaton. Input

FWD files can contain deflection data collected from different locations on a pavement section.
The information regarding the testing location is also recorded differaritlgh may or may not

be available in the input FWD filé#. test type information is not available in the input file, users

14
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can manually enter the information in the station data table dfiphe F\WD Data module. The
test types are automatically populated in the dfopwn menu from the codes in the input FWD
file.

Test locations within the pavement lane are assigned codes by agencies. The codes used by the
LTPP program for both flexible and rigid pavemeauts shown below to illustrate thi3ossible
FWD test locations for a flexible pavement section along with their corresponding codes from
the LTPP test program are as follows:
1 Mid-lane (LTPP Code: F1)
1 Outer whegdath (LTPP Code: F3)
1 Load transfer in outawheepath crack (LTPP Code: F4 and F5)

Possible FWD test locations for a JPC pavement section along with their corresponding codes
from the LTPP test program are as follows:
1 Outer wheel path (LTPP Code: JO)
Mid-lane at middle panel (LTPP Code: J1)
Pavenent edge at corner (LTPP Code: J2)
Pavement edge at mglab (LTPP Code: J3)
Load transfer in outer wheel path at joint approach (LTPP Code: J4)
1 Load transfer in outer wheel path at joint leave (LTPP Code: J5)

1
1
1
1

Backcalculation of irplace elastic layer madus requires deflection data measured at either
mid-lane (norwheelpath) or wheelpath locations for flexible pavements, anehaidlocation
for rigid pavementdf test type information is not available in the input FWD file, Bod
assumes all data @llected from wheelpath location for flexible pavements andstad
locations for rigid pavement€are should be taken to ensure that the test type information,
either available in the input FWD file or usartered, corresponds to the pavement looadio
which deflections were measured during testing.

It is suggested thaest points for measuring deflections adjacent to cracks or jomts
calculating the load transfer efficiencies be identified and/or stored in a separate file.
Backcalculating estic layer moduli over a crack or joint should not be used to determine the
average elastic layer modulus to be entered into the Pavement ME Design software.

Basin Characterization Types Filter

TheBasin Characterization Typesfilter allows users tooggle different deflection basin types
that are displayed on the chart. FWD deflection basinsegraratedhto four typesased on
deflection values measured at different senébypical, Type I, Type Il, and Type IlIThe
procedure and criterion for evaluating or separating the deflection basin into four types is the
procedure recommended for use by Von Quintus & &l.The basin type is determined by
normalizing the deflection values to the certexd deflections.Typical and Type Il deéiction
basins are consistent or have the characteristics of deflections calculated with elastic layer
theory. ConverselyType | and Ill deflection basirareinconsistent with elastic layer theory.

The following paragraphs describe and define each diefeloasin types.

15
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[NOTE: Type | and Il deflection basireccur more frequentlgn PCC surfaced pavements,
which may be characteristic of areas with voids, loss of support, severe thermal gradient causing
curling of the PCC slgland/or a combination of these conditigns

Typical DeflectionBasins

Typical deflection basin$ollow the dastic layer theoryn that the deflection at any sensor (other
than the centeload deflection) is lower thaall sensors closer to the loakhese basis

generally have very lowoot mean squared erroRNISE); less than 2 percent erréiigure 13
shows an example of a typical deflection bagMOTE: RMSE is defined and calculated from
the measured and calated deflection basins and a product from the backcalculation process,
which is explained in the next chapter of the User Manual for interpreting the results from the
backcalculated moduli.]

Type lIDeflectionBasins

The deflections at adjacent sensdrevg a significant decrease in magnitude, which result in a
drop or break in the deflection basin. Elastic theory is applicable to Type Il deflection basins, but
the error terms vary from a low value (about 2 percent) to a large value of 5 percent depending
on the magnitude of the deflection drépgure 14 shows an example of a Type Il deflection

basin.

Type IDeflectionBasins

These basins amharacterized by deflections at some sensors being greater than thdéoaehter
deflection. Among the different deflection basin types, Type | deflection basins generally have
the highest errgorand can exceed 10 percengure 15 shows an example of a Type | deflection
basin.

Type lll DeflectionBasins

Deflections measured at a sensor further away from the load is equal to or greater than that
measued at the adjacent sensor closer to the load, which is indicative -ofecogasing
deflections at adjacent sensors. Similar to Type | deflection basins, elastic layer theory is not
applicable to Type Il deflection basins. The RMSE for these basin tgpge from values as

low as 2 percent to greater than 10 percent, depending on where in the deflection basin the
inconsistency with elastic layer theory occuirigiure 16 shows an example of a Type lli
deflection basin.

The BcT displays the deflection basin types for each individual drop inrtiie Data table on
thelnput FWD Data tab. However, only those drops which hdwgical, or Type Il deflection

basins are used for segmentation and backcalculation. Type | and Type Il deflection basins are
excluded from backcalculation, because these are inconsistent with elastic layer theor
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Deflectin (mils)

Typical Deflection Basin

-10

-12

0 12 24 36 48 60 72
Sensor Spacing (inches)

Figure13 Typical Deflection Basin Example

Deflectin (mils)

-10

-12

Type Il Deflection Basin

0 12 24 36 48 60 72
Sensor Spacing (inches)

Figurel4 Type Il Deflection Basin Example
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Type | Deflection Basin
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Figurel5 Type | Deflection Basin Example
Type Il Deflection Basin
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Figure16 Type lll Deflection Basin Example

Lane Filter

TheLane filter allows users to filter the deflection data from the input FWD file by trameber

or position If an input file contains deflection testing data from multiple lars@tjpms such as
mid-lane or wheepath, a partial set of deflection data corresponding to selected lane positions
can be used in the backcalculatiorocess. Unlike the test tyfiker, lane filter only populates

the lane number or position value from thput file and cannot be entered by the user.

18
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Layer Thicknes<Chart, if Available

If the user imported a layer thickness file (§&gure 3in Chapter 2), the BcT will display a
chart of layer thickness along the length of the project at the bottora 8&thmentation
Sensos Module, as shown ifigure 17.

ME Design Backcalculation Tools

Filter for charts Drop (Load Levell | w 9(1600 -~ TestTypes o NA +  Basin Chanacterization Types o Typicl =  lane o NA
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Sehect which basing to display (Typical, _

Figurel7 Segmentation Sensovodulei Screen Layoutwith a Layer Thickness File

A user can review the layer thicknesses along the project by simply checking the individual
layers in the drop box. One to all of the layers can be displayed in the chart. The layers that are
checked by the user will be transferred to the next modutéar Segmentationmodule for

use in segmenting the project.

Final Segmentation Module

SegmentatiorBased on Deflection Datawithout Thickness Data

The segmentation of the project using deflection data uses two methods: the cumulative area
methodor preliminary segmentaticand a statistical comparison methBoth can be
considered by the user for segmenting the project and are defined in the following paragraphs.

Cumulative Area Method Preliminary SegmentatioMode

The Final Segmentationmodule displays theegments calculated using deflection datahe
three sensors selected by the user on the segmentation sensbing talrpose of thiswodule is
only to display information and does not require eaputfrom theuser.Calculation ofsegment
intervals is based on cumulaiarea difference method as describeflgpendix B.
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The module consists of three charts with deflection data for the three selected sensors plotted
along the length ohie pavement section as showrrigure 18. Locations of segments are

shown using vertical lines on the chart between two adjacent stationstafiba to the left of

the vertical line represents the end location of the previous segment, and the station to the right
of the vertical line represents the start location of the next seghient.ertical dashed lines
correspond to thereliminary Segmentation Mode, shown inFigure 18.

[NOTE: The charts on thEinal Segmentationmodule screen also incorporate the zoom feature
as described in theegmentation Sensormodule]

The minimum segment length defined as seven statiod$ie definition in terms of the number

of stations as opposed to distance accounts for pavements sections with irregular station spacing.
If the input FWD project file has a reasonably small number of stations (20 statiewgeoy f

where multiple segments having a minimum of seven stations is not possible, the tool does not
perform segmentation for the file. In such cases, the entire pavement section is considered as one
segment.

Figure18 DeflectionBasedSegmentatioii Examplewithout Thickness Data
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