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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 has members 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 District 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
approved by at least two-thirds 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
use of the Association’s AASHTOWare Backcalculation Tool (BcT) in support of the Pavement
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 Association has used it best efforts in preparing this document to supplement the use of the
AASHTOWare BcT software package. These efforts include reviewing and testing of the
approach and methodology to determine selected inputs to the Pavement ME Design software
package. All work to develop the AASHTOWare BcT 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, expressed or implied, with regard to use of this
document and BcT 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 BcT.
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Chapter 1 Introduction

The Pavement ME Deflection Data Analysis and Backcalculation Tool (BcT) is a standalone
software program that can be used to generate elastic layer modulus and layer thickness inputs to
the AASHTO Pavement ME Design® software for rehabilitation design. The BcT is capable of
analyzing raw deflection data files obtained from Falling Weight Deflectometer (FWD) testing
devices, backcalculating in-place elastic layer moduli for flexible and rigid pavements and
generating selected inputs for performing rehabilitation design using the Pavement ME Design
software package. In addition, it can be used to perform loss of support analysis and load transfer
efficiency (LTE) calculations.

Version 1.0 of the BcT was developed under the AASHTO FY 2017 program to supplement the
rehabilitation design module of Pavement ME software. Version 1.1 includes new features and
enhancements requested by users of the software and was released in FY 2021.

The backcalculation engine embedded in 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
Design software for rehabilitation design. The BcT contains an instructional Guided Process
feature that describes the process flow on the selected module. Figure 1 shows a flowchart of the
ME Backcalculation Tool procedure. The functionality of the tool can be broadly grouped into
three phases:

(1) Pre-processing deflection data (including project segmentation).

(2) Backcalculation of elastic layer moduli.

(3) Post-processing of results to generate inputs for Pavement ME rehabilitation design.

The BcT can import and pre-process raw deflection data file formats from three FWD testing
devices: Dynatest, JILS and KUAB. Segmentation of the project into analysis segments is
performed based on the cumulative area difference method as described in the 1993 AASHTO
Design Guide ®. The automatically-generated segments are compared using a t-test to check for
statistically equal mean deflections. Adjacent segments that have statistically similar means are
combined, and the final list of automatic segments is displayed to the user. The user can either
accept the computed segments or define their own segments prior to entering the pavement layer
structure simulation. Inputs for the pavement layer structure such as layer type, thickness,
Poisson’s ratio and moduli (seed, maximum and minimum values) are then entered by the user,
which are used in the backcalculation process.

Subsequent chapters of the User Manual describe the individual modules or tabs of the BcT,
including requirements, limitations and the background processes involved. The chapters are
listed below:

e Chapter 2 describes the deflection and layer thickness data.

e Chapter 3 describes the individual pre-processing modules in detail, along with the
required user inputs, module controls and information displays.

e Chapter 4 describes the backcalculation and post-processing modules.
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There are multiple appendices to the User Manual, which are listed below:

Appendix A provides a brief overview of the rehabilitation design procedures in the
Pavement ME Design software, which are discussed in detail in the Mechanistic
Empirical Pavement Design Guide (MEPDG) Manual of Practice.?®

Appendix B describes how the cumulative area difference method is used for automatic
segmentation of deflections measured along a proposed rehabilitation project or roadway
segment.

Appendix C provides the default values used by the BcT for various pavement layer
properties.

Appendix D contains a list of layer types used to define the pavement structure within the
BcT. The material type selection in the Pavement ME software corresponding to each of
the backcalculation layer types, e.g. AASHTO soil classes corresponding to coarse-
grained or fine-grained subgrades are also provided in Appendix D.

Appendix E overviews and describes the procedure to load deflection and thickness data
files, backcalculate the pavement layer moduli and generate a rehabilitation design file
for Pavement ME.
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Figure 1 Pavement ME Backcalculation Tool (BcT) Process Flowchart
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Chapter 2 Getting Started—Input FWD Data Module

Figure 2 shows the main user interface of the BCcT. The functionality of the tool can be broadly
divided into three phases: (1) pre-processing deflection data (including project segmentation); (2)
backcalculation; and (3) post-processing of results to generate inputs for Pavement ME
rehabilitation design (see figure 1). The interface is divided into several tabs or modules as
shown on the left panel in Figure 2. The BcT also contains an instructional Guided Process
feature that describes the process flow on the selected module.

The modules are executed sequentially, with some requiring user inputs or selections, while
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 name. The module that is partially completed or
being edited (Module-in-progress) is 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 module in Figure 2 is
displayed in blue text. Incomplete or pending modules are indicated by encircled gray-colored
minus signs as shown in Figure 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

Figure 2 BcT User Interface after Opening the Software
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The Input FWD Data module consists of several components as shown using labeled panels or
blocks in Figure 3: (A) input FWD data file type and file selection and thickness data file
selection; (B) general information; (C) station data; (D) sensor spacing; and (E) drop data — drop
load, deflection readings and basin characterization. The following paragraphs explain the
different panels or blocks included in the Input FWD data module.

ME Design Backealculation Tools About | Manual - & X

Input FWD Data I FWD data file type File Name 843015¥N-short FWD Serial Num 089 I
test V.20 (*FWD) -
&) I Dynatest V.20 ("FWD) A Manufacturer Dynatest Location 184-301 I
) I FWD data file locaticn FWD Model 8002 Operator Administrator I
- T =3 I
IS I Thickness data file lacation I
o Thickness File Location
" - """ e—
o TestPoint = Station Distance | Lane | TestType | AirTemp. = SurfaceTemp. = PavementTemp. = Longitude  Latitude
Kilometers F F F NA NA
I 1 5354 NA MNA 72 89 76
I 2 5355 NA NA 72 S 76
I 3 5358 NA NA 72 6 7% C
4 5.363 NA MNA 72 89 76
i s I 5368 NA | MA T3 91 76
Guided Process: T e e S T T e e S e e T T e S T el e S S ] e e e e el 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-

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

Save and Proceed

Figure 3 FWD Input Data Module Screen — Information Panels

FWD and Layer Thickness Data—Panel A

FWD Data File

The first step in using the BcT is to select a FWD data file in the requisite format. Selecting the
FWD data file is a two-step process as shown below in Figure 4 and discussed below.

1. First, the FWD data file type should be selected. The BcT allows six different file types
from three FWD testing devices:

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

The file type must be selected prior to browsing for the actual deflection data file, or the
program displays an error message — “Please select the source file type first”.
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2. After selecting the file type, the Browse button is used to locate the project deflection
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.

FWD data file type

| Dynatest V.20 (*.FWD) = |

JILS (~DAT)
KUAB (*FWD)
|:|

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

STEP 1 - Select Input FWD File Type

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

FWD data file location

STEP 2 - Select Input FWD File using Browse Button

M Choose Source Files -

\/U ‘ <« Project Data » Pavement ME Backcalc Tool » Sample FWD Input Files »

Organize v New folder

Documents library
Sample FWD Input Files

Name Date modified

184301SYN

ID Files Formatting
|#] 10-7-10 Round-Up.fwd
|| FAA Roundupl.fwd
] GRAVLABC.,FWD
] 1B4A302SYN.FWD
| 7] 184301SYN.FWD 2
| 4] STH169.fwd 2/6/2015 6:00 PM

m

Type

Arrange by:

Size

File folder

File folder

WD File

FWD File

WD File
WD File
WD File
WD File

107 KB
95 KB

6 KB
20 KB
63 KB
83KB

Folder ¥

File name:

% [(.fwd) (*fwd)

v|‘

(o 1 |

Cancel

]

Figure 4 FWD Input Data File Selection

Users can click on the target file name and then click Open, or double-click 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 screen. The Re-Parse button allows users to
reload information from the FWD file and revert any changes made to the data. Since the re-
parsing process replaces all information with that available in the original file, any additional

information entered by the user (e.g. test type) will be lost.

Thickness Data File

The layout for the Input layer thickness data module is shown in Figure 5. The thickness data
file simply consists of the thicknesses for each layer that is identified in the pavement structure
for a total of 4 layers. A layer thickness data file is not mandatory for running the BcT, but is
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suggested because the thickness dat is used to populate the layer structure simulation definition
in the Structure Definition Module. The layer thickness file can be populated 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

Figure 5 Pavement Layer Thickness Data File

Units

The BcT is designed to analyze data in both US customary and Sl units. The BcT selects the
appropriate units for all variables in different modules based on the data in the input file. No user
input is necessary to assign units for any of the variables. However, 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 execution process, so it 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 treated as numeric values but need not follow any system of units. However,
the units and type of station numbering system used in the layer thickness file must match the
units and numbering system used in the FWD deflection file. All other variables in the input file
— temperatures, FWD plate radius, sensor spacing, load and deflections should 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 FWD file.
Station number is the only variable that need not follow the unit system.
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General Information—Panel B

The general information fields are displayed in the top right position of the module (Panel B) as
shown in Figure 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 procedures. Figure 6 shows the
general information loaded from the sample FWD input file.

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

Figure 6 BcT General Information

The fields are automatically populated if the corresponding information is available in the
deflection data file. Missing information can be entered and automatically-populated entries
(except the File Name) can be changed by the user. The general information fields contain the
following information:

e File Name
FWD Manufacturer
FWD Model
FWD Serial Number
Location
Operator

Station Information Table—Panel C

The Station Information table displays the information pertaining to each station at which
deflection data is available in the input file. Figure 7 shows the station information 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 5.355 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 )

Figure 7 BcT Station Information

While parsing station information from the input file, the tool reads data for a fixed number of
variables and populates the columns in the table. Temperature values are measured in °F for US
customary and °C for Sl units, and are automatically displayed to the user in the column headers.
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e Test point — sequential test number as measured during the FWD test

e Station distance — 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.

e Lane — lane number in which the test was conducted

e Test Type — code for test type as assigned or specified by agency, e.g. wheel-path, mid-
slab, slab corner or edge

e Air temperature — atmospheric or air temperature

e Surface temperature — temperature of the pavement surface

e Pavement temperature — manually entered pavement temperature, typically
corresponding to a measurement within the pavement layer, such as AC mid-depth
temperature

e Latitude —measured in degree-minutes

e Longitude —measured in degree-minutes

e Elevation — geographical elevation of the station location

The units and display properties are defined by column and not by individual cells, hence all
cells belonging to a column have the same properties. The 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 user. Typical range of temperature values are from 20°F (-7°C) to 100°F (38°C)
for the purpose of backcalculation. The range of air temperatures recorded in the Long Term
Pavement Performance (LTPP) database () are -13°F (-25°C) to 140°F (60°C), while pavement
temperatures measured at depths of 1 to 4 inches below the pavement surface are from -13°F (-
25°C) to 200°F (93°C). 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
temperatures are generally not included. If pavement temperatures are unavailable, pavement
temperature can be calculated using the Bells relationship.®

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

Sensor Spacing and Plate Radius—Panel D

Plate radius is the radius of the FWD loading plate, which is automatically populated during
parsing if available in the input file (see Figure 8). This is a required input and cannot be left
blank, and can be changed by the user. The requirements for the units of plate radius is the same
as described below for sensor spacing values.
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Plate Radius 591 Unit

Sensor Spacing Sensor Direction Sensor 1 Sensor 2 Sensor 3 Sensor 4 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

Figure 8 BcT Sensor Spacing and Plate Radius

Sensor spacing values are automatically populated in the table shown in Figure 8. The spacing
information is a required input and must be entered by the user if not available in the input file.
The sensor spacing values populated during parsing can be 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 spacing should be in inches. Likewise, if the data in the input file
is in Sl units, sensor spacing should be in millimeters. The required units for sensor spacing are
displayed in the read-only textbox immediately above the spacing table as shown in Figure 8.

The X sensor spacing represents the distance of sensors from the loading plate. A positive X-
spacing indicates a leading sensor while a negative X-spacing indicates trailing sensor (on the
opposite side of the load plate). Y sensor spacing indicates the distance 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 configuration, Y-spacing row is set by default to NA
(information not available) or displays additional information about sensor placement in the X-
direction (e.g. Front, Center or Behind as contained in a KUAB input file).

Drop Deflection Data Table—Panel E

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

e Drop Number as recorded in the FWD data file

e Target Load Level —Ibs. (US customary units) or N (SI units).
The target load level is populated by the software as “NA,” so the user needs to populate
the target load. The target load is entered by the user for each drop in the test sequence,
but only for one station or test point. The BcT automatically populates the remainder of
the stations. As such, the same drop sequence must be used for all stations. Typical target
load levels in US customary units are 6000, 9000, 12000 or 16000 Ibs., which relate to
the drop height of the FWD load during testing. Target load level values only assist the
user to identify drops while selecting sensors for segmentation and are not used as input
for calculations.

e Drop Load — Ibs. (US customary units) or N (SI units).

e Deflections — number of columns with deflection readings is equal to the number of
active sensors. The maximum number of sensors that can be accommodated is 9. If the
input file contains deflection data at fewer number of sensors, the columns for the unused

10
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sensors are displayed as empty cells. [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 versions 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.]

e Basin Characterization — displays the basin type as Typical, Type I, Il or 11l based on
the deflections. The different basin types and characterization procedure are described

later in the filters section of the Segmentation Sensors Module.

Drop Number | Target Load Level
Ibf

NaN

=W
z
[
=z

Load
Ibf

9454
9530
9497
9519

DEF1

mils
7.22
7.22

7.22

DEF 2
mils

4.80
4.82
482
4.80

DEF 3
mils

483
4.86
4.88
4.86

DEF 4
mils

403
4.06

4,06

DEF 6
mils

219
221
220
220

DEF7
mils

1.08
i
110
111

DEF 8
mils

DEF 9

mils

Basin Characterization

Typical
Typical
Typical
Typical

Figure 9 BcT FWD Drop Data

The Deflection Data table contains one or more rows of values, with each row corresponding to
one FWD drop at a given station. The station for which deflection data is displayed is selected by

clicking on the row corresponding to the desired station.

Values displayed in the deflection data table are read by the program from
the input file and cannot be modified.

After loading data from the selected input file and providing the required inputs on the Input
FWD Data tab, click Save and Proceed to navigate to the Segmentation Sensors Module.

11
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Chapter 3 Pre-Processing and Structure Definition Modules

Pre-processing modules use raw deflection data to prepare inputs for backcalculation. The main
activities performed during the pre-processing phase are reading and parsing deflection data from
the user-supplied FWD data file and segmentation. The segmentation process is accomplished
through two steps: statistical comparison and final segmentation. The segmentation can be
completed using the deflection basin data or layer thickness data.

Segmentation Sensors Module

Deflection values measured at a specific sensor 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 thickness or subgrade properties. The plot of deflections along the
length of the pavement section can be used to identify the locations (individual stations or
segments) and magnitude of deflection variability. This allows the user to define ‘segments’ into
which the deflection data is divided and used for backcalculation. Figure 10 shows the layout of
the Segmentation Sensors Module screen for a sample FWD input file, but 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
w12
0.00 T E 1]
E 8
2
© T o
= 4
7]
&) a2
o
(S] r T T T T
5334 5454 5534 5.654 5754
Station Distance (km)
Sensor 89
]
1800 TE 67W//~V\W\//KM‘
=
L2 4
$
(=]
. [
Guided Process: : : : : .
Select up to three sensors for 5354 5454 5554 5654 5.754
segmentation. The charts show peak Station Distance (km)
deflections for the selected sensor and Sensar 2
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 5.354 5454 5.554 5.654 5.754
Test Types options. -
3. Basin characterization types filter - Station Distance (km)
Select which basins to display (Typical,
Type Il or both) on the charts. Type |
and Il inan-derreasing deflartion) Save and Proceed

Figure 10 Segmentation Sensors Module — Screen Layout; without a Layer Thickness File
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Segmentation Sensors

The BcT allows users to select up to three sensors whose deflections are used to compute
segment intervals (see Figure 10). The module displays three charts of deflections along the
length of the pavement section (deflections vs. stations), with each chart showing peak
deflections measured using the selected sensor. Sensors can be selected using the drop-down
boxes to the left of each chart. The X-axis on the charts shows the station numbers in units
defined in the input file. The Y-axis shows deflection values in the input file unit system - mils
for US customary and microns/um for SI 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 user, however, 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 charts 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 from files with a large
number of stations or closely spaced stations. To zoom-in on the charts, place the mouse over
any one of the three charts and scroll the mouse button up to zoom-in or down to zoom-out. The
zoom-in or zoom-out action is applied simultaneously to all the three charts on the screen. When
zoomed-in 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 chart. Figure 11 shows an example of the zoom feature,
where the top chart shows the original deflection plot, and the bottom chart shows the zoomed-in
deflection plot.

Sensor

C) ‘ a0
0.00 B < i | » il Y o R
| B ~ N\ 4 J v e o
| e v a N ¥ ~ .
2 ' AA S NN N ¥
_g 5-¥ 8",
e
8 |
o
5354 5454 5.554 5.654 5.754
Station Distance (km)
Sensor 159
w
00 - E 107‘ N . - , A A =
< | — —————————— v = A v, - .
§ ‘ v v ~N % v
K 5
a ‘ Mouse over any chart and use mouse-scroll to zoom

o

5454 5.504 5.554 5.604
Station Distance (km)

Figure 11 Segmentation Sensors — 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 shown in Figure 12, 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 -

V| 1(9000)

s 14- 2 (9000)
ensor

- 12 l 3 (9000) AA <
w "3 10\‘ 4 (2000) =% Nk A~ 7\ N/ Sepr” 4
= e / NI\ [\ »—* . P 4 L *‘
F s—r T 5 (12000) o0 N ! .' ~ 2
g i'ig vy 6 (12000)
g 2‘ 7 (12000)
o 8(12000) | ; ] )
5.354 9(16000) 4 5.554 5.654 5754
10 (16000) Station Distance (km)
11 (16000)
12 (16000)
Figure 12 Segmentation Sensors Module - Filters
Drop Filter

The Drop filter can be used to select the individual FWD drops for which deflection data is
displayed on the charts. The filter’s drop-down menu contains drop numbers from the input file
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 the Input FWD Data module. If the target load levels are not entered by the user, the value
‘N/A’ 1s displayed in parentheses.

The user should review the deflections at each target load to look for inconsistencies or large
changes in deflections between the different 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 sensors for segmentation, but it is suggested the
drop selected 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. The drop number selection applies only to
segmentation — the program performs backcalculation for all drops and stations irrespective of
the selected drop number.

Test Types Filter

The Test Types filter allows users to select the drops to be used only for backcalculation. Input
FWD files can contain deflection data collected from different locations on a pavement section.
The information regarding the testing location is also recorded differently, which may or may not
be available in the input FWD file. If 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 of the Input FWD Data module. The
test types are automatically populated in the drop-down 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 pavements are shown below to illustrate this. Possible
FWD test locations for a flexible pavement section along with their corresponding codes from
the LTPP test program are as follows:

e Mid-lane (LTPP Code: F1)

e Outer wheelpath (LTPP Code: F3)

e Load transfer in outer wheelpath 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:

Outer wheel path (LTPP Code: JO)

Mid-lane at middle panel (LTPP Code: J1)

Pavement edge at corner (LTPP Code: J2)

Pavement edge at mid-slab (LTPP Code: J3)

Load transfer in outer wheel path at joint approach (LTPP Code: J4)

Load transfer in outer wheel path at joint leave (LTPP Code: J5)

Backcalculation of in-place elastic layer modulus requires deflection data measured at either
mid-lane (non-wheelpath) or wheelpath locations for flexible pavements, and mid-slab location
for rigid pavements. If test type information is not available in the input FWD file, the BcT
assumes all data is collected from wheelpath location for flexible pavements and mid-slab
locations for rigid pavements. Care should be taken to ensure that the test type information,
either available in the input FWD file or user-entered, corresponds to the pavement location at
which deflections were measured during testing.

It is suggested that test points for measuring deflections adjacent to cracks or joints for
calculating the load transfer efficiencies be identified and/or stored in a separate file.
Backcalculating elastic 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

The Basin Characterization Types filter allows users to toggle different deflection basin types
that are displayed on the chart. FWD deflection basins are separated into four types based on
deflection values measured at different sensors (Typical, Type I, Type Il, and Type Ill). The
procedure and criterion for evaluating or separating the deflection basin into four types is the
procedure recommended for use by Von Quintus et al. “ . The basin type is determined by
normalizing the deflection values to the center-load deflections. Typical and Type |1 deflection
basins are consistent or have the characteristics of deflections calculated with elastic layer
theory. Conversely, Type | and 111 deflection basins are inconsistent with elastic layer theory.
The following paragraphs describe and define each deflection basin types.
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[NOTE: Type I and 111 deflection basins occur more frequently on PCC surfaced pavements,
which may be characteristic of areas with voids, loss of support, severe thermal gradient causing
curling of the PCC slab, and/or a combination of these conditions.]

Typical Deflection Basins

Typical deflection basins follow the elastic layer theory in that the deflection at any sensor (other
than the center-load deflection) is lower than all sensors closer to the load. These basins
generally have very low root mean squared errors (RMSE); less than 2 percent error. Figure 13
shows an example of a typical deflection basin. [NOTE: RMSE is defined and calculated from
the measured and calculated 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 Il Deflection Basins

The deflections at adjacent sensors show 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 drop. Figure 14 shows an example of a Type 11 deflection
basin.

Type | Deflection Basins

These basins are characterized by deflections at some sensors being greater than the center-load
deflection. Among the different deflection basin types, Type | deflection basins generally have
the highest error, and can exceed 10 percent. Figure 15 shows an example of a Type | deflection
basin.

Type 111 Deflection Basins

Deflections measured at a sensor further away from the load is equal to or greater than that
measured at the adjacent sensor closer to the load, which is indicative of non-decreasing
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 types range 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 occurs. Figure 16 shows an example of a Type IlI
deflection basin.

The BcT displays the deflection basin types for each individual drop in the Drop Data table on
the Input FWD Data tab. However, only those drops which have Typical, or Type Il deflection
basins are used for segmentation and backcalculation. Type | and Type Il1 deflection basins are
excluded from backcalculation, because these are inconsistent with elastic layer theory.
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Figure 13 Typical Deflection Basin Example
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Figure 14 Type Il Deflection Basin Example
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Figure 15 Type | Deflection Basin Example
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Figure 16 Type 111 Deflection Basin Example
Lane Filter

The Lane filter allows users to filter the deflection data from the input FWD file by lane number
or position. If an input file contains deflection testing data from multiple lane positions such as
mid-lane or wheel path, a partial set of deflection data corresponding to selected lane positions
can be used in the backcalculation process. Unlike the test type filter, lane filter only populates
the lane number or position value from the input file and cannot be entered by the user.
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Layer Thickness Chart, if Available

If the user imported a layer thickness file (see Figure 3 in Chapter 2), the B¢T will display a
chart of layer thickness along the length of the project at the bottom of the Segmentation
Sensors Module, as shown in Figure 17.
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Figure 17 Segmentation Sensors Module — Screen Layout; with 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 module or Final Segmentation module for
use in segmenting the project.

Final Segmentation Module

Segmentation Based on Deflection Data, without Thickness Data

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

Cumulative Area Method — Preliminary Segmentation Mode

The Final Segmentation module displays the segments calculated using deflection data for the
three sensors selected by the user on the segmentation sensors tab. The purpose of this module is
only to display information and does not require any input from the user. Calculation of segment
intervals is based on cumulative area difference method as described in Appendix B.
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The module consists of three charts with deflection data for the three selected sensors plotted
along the length of the pavement section as shown in Figure 18. Locations of segments are
shown using vertical lines on the chart between two adjacent stations. The station 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 segment. The vertical dashed lines
correspond to the Preliminary Segmentation Mode, shown in Figure 18.

[NOTE: The charts on the Final Segmentation module screen also incorporate the zoom feature
as described in the Segmentation Sensors module.]

The minimum segment length is defined as seven stations. The 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 stations or fewer)
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.
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Figure 18 Deflection-Based Segmentation — Example without Thickness Data
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Statistical Comparison Method — Statistical Segmentation Mode

In this module, adjacent segments are compared to determine and merge statistically similar
segments. Each segment (except the final segment) is compared with the subsequent segment to
check for equality of deflection mean value and standard deviation. The F-test is used to check
for equal variances of the two sets of deflection data from adjacent segments, and the student’s t-
test is used for checking equality of the mean deflections. Appendix B provides details on how
the BcT statically segments the project based on deflection data.

For a pavement section which is divided into N segments during preliminary segmentation, mean
deflections for each i (i < N) segment is compared to the (i + 1) segment, i.e. next adjacent
segment. The two segments are then merged into a single segment if the mean deflections are
statistically equal. Segments whose mean deflections are statistically equal but spatially
separated (non-adjacent segments) are not merged. The procedure used for statistical comparison
can be compared to the Preliminary Segmentation Mode by checking the circles in the
designated area shown in Figure 18, and observing how the vertical lines change between the
preliminary and statistical modes.

Segmentation using Thickness Data

When layer thickness data is available, the data are graphically presented, as shown in Figure
19. The layer thickness data are graphically presented for each layer included in the thickness
file. In addition, a layer type table is included on the screen (see Figure 19).
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Figure 19 Statistical Mode, Final Segmentation — Example with Thickness Data

The BcT does not automatically define the segmentation for layer thickness. The thickness data
is included so the user can consider the layer thickness and how it changes along the roadway in
making a decision on the final segmentation to be used in the backcalculation process. As noted
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in the previous section, only the drop down boxes checked in the Segmentation Sensors Module
are displayed in the Final Segmentation Module.

Final Segmentation — User Defined

The Final Segmentation module sets the limits for the final list of segments into which the
pavement section is divided for backcalculation. The two major features of this module are that
there is no limit on the length of a segment (as compared to the minimum segment length for the
automatic procedure) and the user can retain or override the results from the cumulative area
difference and statistical methods. The layout of the final segmentation module is shown in
Figure 18 when layer thickness data is unavailable and Figure 19 shows the segmentation when
layer thickness data is available.

The charts show the peak deflections for the selected sensors along the length of the pavement
section. Dashed vertical lines represent the locations of segments calculated from the preliminary
and statistical segmentation methods. As opposed to the preliminary segmentation and statistical
comparison modules, the cursor does not snap to station points but moves smoothly over the
charts to allow users to select the segment locations to be used in the backcalculation process.

Segments are selected by clicking between two stations where the one on the left indicates the
end of previous segment and the one on the right indicates the beginning of the next segment.
Selections made on one of the three charts are automatically reflected on the other two charts.
The user can select as many segments as the total number of stations along the section length.
Segment locations selected by the user by clicking on the charts are shown by red dashed vertical
lines as shown in Figure 20. The station numbers corresponding to the two segments are updated
in the table to the right of the module screen. The reset button located above the table removes
all segment markings, following which a new set of segments can be assigned.
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Figure 20 Segmentation Limits defined by User
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After the user defines the final segmentation and a layer thickness file is included, the user must
define a layer type for each layer along the project. The number of layers included are the total
number of layers in the thickness file plus one for the last layer with an infinite thickness. The
layer type is selected by the user from a drop down arrow on the layer type table with the
standard layer types included in the BcT, as shown in Figure 21. The average thickness for each
layer within a segment are automatically populated in the Structure Definition Module, see
next section.

NOTE: The layer number assigned to a layer type must be the same for all segments within the
project. If the layer structure simulation and layer types assigned to a layer number within the
project limits differs, then the deflection and thickness files must be grouped into separate files.

bou
- Mépec po)
line
PCC (Fractured)
Da
Granular Base (Typical)
zranular Subbase (Typical)
Subgrade (Coarse Grained)
| Subgrade (Fine Grained)
N| Treated Base (AL Treated)
Treated Base (Cement Treated)

Treated Base (Lime Treated)

Bedrock

Layer 1 | AC [AC) -

4

Layer 2 | Granular Base (T

4

Layer 3 | Granular Subbas

4

Layer4  Subgrade (Fine (

Figure 21 Selection of Layer Type from Standard List of Materials included in the BcT

Structure Definition Module

The pavement layer structure and inputs necessary for backcalculation are entered in the
structure definition module, when a thickness file is unavailable. When a thickness file was
imported by the user, the pavement structure will be populated with the average layer thicknesses
for each segment.
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After the user clicks on the Structure Definition Module, the deflections measured by the sensor
under the loading plate along the project and final segments are shown, but the pavement
structure is not shown on the screen. The user must click on each individual segment for the
pavement structure to be shown on the screen, as shown in Figure 22. The user can assign
different structures for each of the segments defined in the final segmentation module. The
segments are shown on the chart by solid vertical lines.

Please click on a segment or drag on segments to view or apply layer definition changes. Progress | |

12
101 \[\/\'\/L'/\/

Deflection (mils)
T %

[} T T T T
5.354 5454 5.554 5.654 5.754

Station Distance (km)

I Mumber of Layers | 4 - Has Stiff Layer I
L--------------
Layer Layer Type Layer Poisson's Minimum Maximum Mean (Seed) Fixed
Thickness (in) Ratio Modulus (ksi) Modulus (ksi) Modulus (ksi)
Layer 1 AC (AC) - 5 035 400 6000 1000
Layer 2 AC (AC) - 5 035 400 6000 1000
Layer 3 Granular Base (Typical) A 9 0.4 20 100 50
Layer4 Subgrade (Fine Grained)  ~ | O 045 5 50

Save and Proceed

Figure 22 Structure Definition Module

Structure Definition without Thickness File

To assign a layer structure and enter backcalculation inputs, each segment must be made active
by clicking on the segment on the chart. The area on the chart corresponding to the currently
selected (active) segment is highlighted in orange. To assign layer structure and other inputs to
the active segment, the number of layers should first be selected from the Number of Layers
drop down list. The maximum number of layers is limited to five, including the last layer, in
accordance with the limitation of the backcalculation program EVERCALC®. Once the number
of layers for the segment is selected, the program generates rows for entering inputs for each
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layer. If bedrock or a rigid/stiff layer is known to exist along the project, the box for the Stiff
Layer should be checked. The BcT will calculate the depth to bedrock or the stiff layer.

Material type for each layer is selected using the options provided in the drop-down menu under
Layer Type property (see Figure 21). The layer type options available to the user are as shown
below:

e AC (AC) — Asphalt layer/mixture

e PCC (PC) — Portland cement concrete layer

e PCC (Fractured) — Fractured or rubblized PCC

Granular Base (Typical) — Granular base course

Granular Subbase (Typical) — Granular subbase course

Subgrade (Coarse Grained) — Coarse-grained subgrade layer

Subgrade (Fine Grained) — Fine-grained subgrade layer

Treated Base — Asphalt-treated, cement-treated or stabilized base course
Bedrock — Rigid bedrock layer below subgrade (always last layer)

Layer type selection contains generic options for different materials used in surface, base,
subbase and subgrade layers which are different from the material types available in the
Pavement ME software. The exact material type is not a critical input for backcalculation, but it
is a necessary input for M-E design. Therefore, selection of the specific material type is done in
the Export to ME Design module.

Unit system for the layer properties is consistent with that of the input FWD data file. The
program automatically populates the layer properties with default values in the appropriate units
when a layer type is selected. The default values are typical of the “undamaged” layer material
and are listed in Appendix B. However, these range of typical modulus values may not be
representative of “damaged” material or material defects. The following information should be
entered for each layer; it is suggested that the range of typical default modulus values not be
included but a wider range of modulus values should be included for each layer type.

e Layer thickness — represents the average layer thickness within the segment. The
thickness of the pavement layers should typically increase with depth below the surface,
and thin layers (generally less than 2 inches) should not be simulated.

e Poisson’s ratio (no units) — suggested that the default value be used, because Poisson’s
ratio does not have a significant impact on the backcalculated elastic layer modulus.

e Minimum modulus — the modulus representing a damaged condition; as an example:
stripping for asphalt mixtures, contamination of unbound base and subbase layers,
saturated materials, etc.

e Maximum modulus — the modulus representing very strong materials; as an example:
aged asphalt mixtures at cold temperatures, dry high plasticity clay soils, dry coarse
aggregate layers, etc.

e Seed modulus (initial guess) — the seed modulus does not have a significant impact on
the final backcalculated modulus results, so it is generally suggested that the default seed
modulus values be used.
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e Fixed layer (bedrock layer modulus is fixed by default) — fixed layers or layers with a
fixed modulus values close to the surface should not be used for backcalculation. The
only layer with a fixed modulus is typically bedrock.

The progress bar on the top-right corner of the module screen displays the progress of data entry
completion for the various segments. When all necessary information for an active segment has
been correctly entered and the Apply button is pressed, the color of the segment on the chart
turns to green, indicating that the information for that segment has been successfully entered and
saved. The progress bar becomes full when all segments has been completed. Users can modify
the information for a completed segment any time before proceeding to the backcalculation
module.

Thin layers — layers having a thickness less than 3 inches (7.5 cm) should be
avoided, if possible. There should be at least one layer with variable modulus, i.e.
all layers cannot be fixed simultaneously.

Structure Definition with Thickness File

When the user imports a thickness file, the simulated structure is automatically populated with
the average layer thicknesses for each segment that is defined by the user. The user still needs to
click on each segment for the structure simulation to appear on the screen and then hit the Apply
button to accept the structure for each segment. The layer thickness within each segment should
be verified by the user. It is also important to note that the BcT will populate the structure with
the default values for each layer. The minimum and maximum layer modulus values should be
revised or expanded, as discussed in the above section.

NOTE: When the thickness file for the project contains layers that are included in only some
areas of the projects, the segmentation should be assigned by the user to ensure a consistent layer
structure relative to the layer types within the same segment. This is to ensure the average
thickness for a layer that is not present throughout the project length is not biased or altered by
missing layer thicknesses. The user should remember that layer thickness is an important
variable in backcalculating elastic layer modulus.

The Save and Proceed button generates input files for the backcalculation process that is based
on the EVERCALC engine. Separate input files are generated for each segment, where the files
only contain the set of deflection data for stations within the individual segments. File formats
for the input files are the same as required for the EVERCALC program — general information
(except layer thickness) entered in the structure definition module is used to create a .GEN file
and deflection data along with station number, layer thicknesses and temperatures (air and
pavement) is used to create a .DEF file. The GEN and DEF files for each segment are used as
input to EVERCALC to backcalculate the elastic layer moduli of layers.
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Chapter 4 Backcalculation and Post-Processing Modules
Backcalculation Module

The Backcalculation module incorporates the EVERCALC engine to backcalculate elastic layer
moduli. A detailed description of the backcalculation program EVERCALC is provided in the
EVERSERIES user manual by Washington State Department of Transportation ©. Figure 23
shows the backcalculation module screen.
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Figure 23 Backcalculation Module — Initial Load Screen

The user input required in this module is the sensors whose deflection data is used for
backcalculation, and if the backcalculated elastic layer moduli are to be adjusted to a reference
temperature, both of which are discussed below.

e Sensors to be excluded from the Backcalculation Process. Sensors located behind the
loading plate (trailing sensors) should be excluded by unchecking them from the list of
sensors shown in the Sensor Selection table. In addition, any sensor that the user does
not want to include in the backcalculation process should be unchecked.

e Backcalculated Elastic Modulus Adjusted to Reference Temperature. The user can
activate the temperature correction or adjustment procedure for adjusting the elastic layer
moduli to a standard reference temperature. Clicking on the Temperature Correction bar
activates the procedure (changing from “No” to “Yes”). When activated all of the asphalt
layer moduli are adjusted to a standard temperature, but only when the temperatures are
available in the deflection file. If temperatures are unavailable, this procedure should not
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be activated. However, it is suggested that the backcalculation process be completed at
the temperatures measured along the roadway and no adjustments be made to a reference
temperature.

The backcalculation process is executed by pressing the Backcalculate button. The BcT
generates GEN-DEF file combinations for each segment, which are used as input to the
EVERCALC program. While the backcalculation process is in progress, the screen is
temporarily locked by displaying the progress message “Backcalculating, Please Wait ...” as
shown in Figure 24. Most of the runs or problems take less than a minute to run.

Backcalculating

Please wait...

Figure 24 Backcalculation Module — EVERCALC Runtime Status Message

The BcT displays the message “Success! Backcalculation run complete. All segments run
successfully” after the backcalculation process is completed as shown in Figure 25. Output files
are created for each segment in the same folder that contains the input files. The SUM output file
contains a summary of backcalculated moduli for all individual drops, as well as normalized
moduli for each station. The OUT file contains stress, strain and optimization details for each
drop and LOG file contains the moduli and RMSE values at each iteration. The input and output
files cannot be accessed from within the BcT’s interface but are stored in the project folder. The
backcalculation results for the segments can be viewed from the charts of backcalculated moduli
and RMSE.

Success

Backcalculation run complete. All segments run successfully.

Figure 25 Backcalculation Module — EVERCALC Runtime Status Message

The limitations of the EVERCALC program on GEN and DEF files restrict the total length of the
filenames to a maximum of 255 characters. If the total length of the GEN or DEF file path (e.g.
C:\Users\LocalUser\Documents\...\BackcalculationFile_S1.GEN) exceeds 255 characters, the
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execution of EVERCALC is terminated and an error message is displayed, even if all
backcalculation inputs, deflection data, segments and layer properties have been defined
correctly.

Backcalculation Results — Modulus and RMSE Charts Screen

After the backcalculation is completed, the user has various button controls in reviewing the
results, which are explained in the following paragraphs.

Segment Selection. The segment for which results are to be displayed is selected from
the Segment drop-down list as shown in Figure 26. When a segment is selected, the
charts display backcalculation results — backcalculated moduli and RMSE for the specific
segment as shown in Figure 26. The chart on the top shows the average backcalculated
modulus for each station and the chart on the bottom shows the average RMSE of all
drops at the stations within the segment. When a segment is selected, the charts initially
show the average backcalculated modulus and RMSE at all drops versus station distance
for all pavement layers. The default position for the drops used in the backcalculation
process is all drops are checked in the box in the lower left corner of Figure 26.
Logarithmic Scale. The Y-axis of the backcalculated modulus plot can be changed to a
logarithmic scale using the Logarithmic Chart switch. The switch is triggered by
clicking anywhere within the rectangular area of the logarithmic chart button. The switch
status is set to ‘Yes’ (blue-colored button) when the Y-axis is in logarithmic scale (see
Figure 26) and ‘No’ (grey-colored button) when the Y-axis is in the arithmetic scale.
Layer Selection. Modulus plots for individual layers can be turned on or off using the
checkboxes in the Layer drop down list on the top-right corner of the module screen, as
shown in Figure 27.

Drop Selection. When a segment is selected, the charts display backcalculation results —
backcalculated moduli and RMSE for the specific segment as shown in Figure 26.
Additionally, individual drops may be deselected to remove them from the average
modulus calculation by unchecking boxes in the list at the bottom-left corner of the
screen, as shown in Figure 27. For instance, selecting drops 5 through 8 (12,000 Ib.
target load) by checking the boxes corresponding to the four drops and unchecking the
boxes for all other drops will recalculate the average modulus at only the four selected
drops. The target load levels checked by the user are displayed for each drop number to
assist with the drop selection process. For the condition when highly stress sensitive soils
and aggregate base layers are included in the pavement structure, the backcalculated
modulus values can be dependent on the drop height. Under this case, it is suggested that
the backcalculated results for one target load level or drop height be used in exporting the
results to a Pavement ME Design file for rehabilitation design.
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Figure 26 Backcalculation Module — Segment Selection to Display Results; Segment 2
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Figure 27 Backcalculation Module — Layer Selection to Display Results; Segment 2

The backcalculation process starts with a set of initial (seed) modulus values for each pavement
layer that are adjusted until the error between the measured and predicted deflections is lower
than a specified tolerance limit. The tolerance criterion is expressed in terms of RMSE, which is
defined as the square root of the average of sum of squared differences between measured and
predicted deflections at all sensors. The RMSE is calculated for each FWD drop in the deflection
data. If n sensors are used in FWD testing where the measured deflection at any sensor i is

30



AASHTOWare Backcalculation Tool, BcT
User Manual Version 1.1.5

denoted by d, \...req @Nd predicted deflection is denoted by d; o, .qi.eq » RMSE is calculated using
equation 1.

RMSE(%) = \/%Z(di—Measured - dd—Predicted)2 Equation 1
i=1

The BcT also allows users to filter backcalculation results by removing drops having an RMSE
greater than a specific tolerance from the average modulus calculation. The RMSE tolerance
level is specified using the RMSE Tolerance field at the bottom of the screen, as shown in
Figure 27. Numeric values between 1 percent and 100 percent (no filtering) can be entered. It is
suggested that the results for RMSESs greater than 5 percent not be used, because the fit between
the measured and calculated deflection basins is considered poor. After entering the tolerance
value, pressing the Update button removes individual drops whose RMSE is greater than the
tolerance value and re-calculates the average layer moduli at all stations. The charts display the
updated average moduli and average RMSE values after applying the filter, which are exported
to the Pavement M-E Design software.

Backcalculation is often an iterative procedure where adjustments are made to the pavement
layer properties — layer structure, initial seed modulus and modulus limits, in order to achieve
better convergence of deflection basins and lower RMSE. If the average RMSE for the current
backcalculation run is not acceptable, the user may click on the Structure Definition button on
the modules menu on the left of the screen, re-define the pavement structure for the segment and
save it, and re-run the backcalculation module. This process can be repeated as many times as
necessary until the desired error tolerance is achieved.

Layer Compensation Screen

Layer compensating errors may arise from the iterative procedure used in backcalculation of
pavement layer moduli. The AASHTO Pavement ME Manual of Practice® defines
compensating error as a continuous increase in the modulus of one pavement layer and a
simultaneous decrease in the modulus of an adjacent layer (inversely proportional) while trying
to minimize the RMSE. Compensating errors can be identified from the presence of clearly
discernible trends (inversely proportional) in the plot of backcalculated modulus of adjacent
unbound layers; compensating errors do not apply to adjacent bound and unbound layers.

The BcT displays plots of backcalculated modulus of adjacent unbound layers (base, subbase or
subgrade layers), which can be viewed by clicking on the Layer Compensation Error at the top of
the screen. No charts are shown if the pavement has only one unbound layer, while users can
switch between charts for more than two unbound layers using the arrow button as shown in
Figure 28.

The layer compensating error chart in Figure 28 shows the backcalculated modulus for the
granular base layer in logarithmic scale on the X-axis versus the backcalculated modulus of the
subbase layer on the Y-axis. Statistics for linear regression between the two moduli (log. Egase
versus Esuscrape) are also shown below the plot. In the example shown, there is a strong linear
relationship between the two moduli (R? = 0.89) with a negative slope of -1.10, indicating the
presence of compensating error effect. A positive slope would suggest no compensating error.
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Figure 28 Layer Compensation Error Charts for Segment 1 — Granular Base versus Granular

Subbase; Compensating Error Highly Probable

Figure 29 shows the backcalculated modulus for the granular subbase in logarithmic scale on the
x-axis versus the backcalculated modulus of the subgrade on the Y-axis. Statistics for linear
regression between the two moduli (log. Egase versus Esuscrape) are also shown below the plot.
In the example shown, there is a poor linear relationship between the two moduli (R? = 0.04)
with a negative slope of -0.10, indicating compensating errors probably do not exist.
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Compensating Error Not Probable
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The user should try to eliminate any compensating errors because the results do not typically
represent reality, even when the RMSE is much less than 5 percent. The following lists a general
guideline for judging whether compensating errors are an outcome of the backcalculation
process.
e The R-square is greater than 0.4 with a negative slope exceeding a negative value of -
0.20.

Depth to Bedrock Screen

The depth to bedrock is calculated by the BcT for each segment identified with a Stiff Layer or
designated by the user by checking the Stiff Layer box (see Figure 22). The results are displayed
in the Depth to Bedrock screen, as shown in Figure 30.

Depth to Bedrock

Segment Selection

200

Backcalculation

100

Depth to Bedrock

Guided Process:

Displays a summary of backealculation
results and generates ME Design
project files for each segment. 50-{

om the list to
f results,

‘ME Design Layer Selection’ drop

down menu and select the

carrespanding layer type to expart to 0-
ME Design. Pavement ME provided T T T T T
several options for defining material 5354 5454 5.554 5654 5754
types. Station Distance (km)

3. Summary results may not be edited

by the user.

4.Select ‘Analysis Type', which i the
Figure 30 Depth to Bedrock Screen
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Physical Features Module

The Physical Features module displays the results of load transfer efficiency (LTE) calculation
and loss of support analysis.

Test Type

Sensor Numerator

Senscr Denominator No series added

Physical Features

©

Guided Process:

Displays results of load transfer
efficiency (LTE) calculations and load-
deflection intercept for loss of support
analysis, LTE is calculated as the ratio
of unloaded sensor deflection (D sub

Void Intercept (mils)

u) to loaded sensor deflection (D sub

.

1. Select the sensor correspanding ta
the unloaded deflection - Sensor

Numerator, Du. - T T T T
2. Select the sensor correspanding to 1101 1501 2101 2601 3101
the loaded deflection - Sensor . .

Denominator, DI, Station Distance (ft)

3. Toggle drops to be included/’

excluded from calculation of average

LTE. If all drops are selected, average
ITE ic raleulated ic ralrolated ac tha Save and Proceed

Figure 31 shows a screenshot of the physical features module screen. The screen shows two
charts — the first chart (top) shows average LTE for all drops, and the second chart (bottom)
shows the average intercept of the deflection-load relationship at stations along the length of the
entire pavement section. LTE and void detection features are subject to the input FWD file
containing the following information:

e L TE —The input FWD file should contain deflections measured at a trailing sensor, e.g.
deflections measured at a sensor located 8 inches or 12 inches behind the FWD loading
plate. It is possible, though not recommended, to use deflections at any two leading
sensors to calculate LTE. The data displayed on the chart is computed based on the two
sensors selected by the user from the Sensor Numerator and Sensor Denominator
drop-down boxes on the screen.

e L ossof Support — The input FWD file should contain at least one drop at multiple (two
or more) target load levels to develop a deflection-load relationship. The intercept from
this linear relationship is displayed to the user on the chart, which can be used to identify
the presence of voids in the pavement at the test location. The loss of support might also
identify some anomaly or defect (i.e.; stripping) in asphalt mixtures/layers.
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Test Type
Load transfer efficiency (LTE) plots are calculated and
Sensor Numerator 1
displayed based on the selected sensors
Sensor Denominator N series added
Physical Features
©
1.5
14
Guided Process: F 05
Displays results of load transfer E
efficiency (LTE} calculations and load- 2 0
deflection intercept for loss of support ]
analysis. LTE is calculated as the ratio % 05
of unloaded sensor deflection (D sub ;
u) to loaded sensor deflection (D sub °
. =N
1. Select the sensor correspanding to 1.3
the unloaded deflection - Sensar
Numerater, Du. - T T T T
2. Select the sensor corresponding to 1101 1601 2101 2601 3101
the loaded deflection - Sensor . -
Denominstor, D, Station Distance (ft)
3. Toggle drops to be included/
excluded from caleulation of average
LTE. I# all drops are selected, average

Figure 31 Charts Showing Physical Features — LTE and Loss of Support

Load Transfer Efficiency Calculation

The numerator and denominator sensors correspond to the sensors at the unloaded (dy) and
loaded (di) locations on the pavement as described in the LTE calculation within this section.

In a jointed concrete pavement, traffic loading causes both the approach and leave slabs to
deflect due to load transfer from one slab to the other. The magnitude of stresses and deflections
in a slab are typically much lower in the presence of a joint, as compared to a slab with a free
edge. Load transfer efficiency is defined as a ratio of the maximum deflection of the loaded slab
to the maximum deflection of the unloaded slab, as shown in equation 2.

d
LTE(%)= d—”xlOO Equation 2

Where:
LTE is the load transfer efficiency
du is the deflection measured at the unloaded (leave) slab
di is the deflection measured at the loaded (approach) slab

Figure 32 shows the sensor configuration for an FWD test to calculate load transfer efficiency.

The unloaded deflection is measured by using a trailing sensor located on the unloaded (leave)
slab.
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Deflection Load Transfer Efficiency

Load
dl du
Loaded slab Unloaded slab
FWD Load
! 1 !
| Y |
| 12in 12in. |
| ! |
I ' |
D12 DO D-12

Figure 32 LTE Testing Configuration and Deflection Measurement

Depending on the location of the FWD load, the loaded deflection Do is the center-load
deflection and the unloaded deflection is either D12 or D-12. Equation 2 can therefore be written in
terms of the measured deflections Do and D.12 as shown below in equation 3.

LTE(%)=%X100 Equation 3

0

The sensor configuration varies from one project to another, thereby requiring the user to define
the sensors at which loaded and unloaded deflections are measured. The LTE calculations are
always performed using equation 3, for which the user selects the unloaded and loaded
deflections from the drop-down menus. For the example shown in Figure 32, the unloaded
deflection (du) is measured at the -12 inches sensor while the loaded deflections (di) are
measured under the FWD load or 0-inch sensor.

The charts initially display the calculated LTE and deflection-load intercepts for all drops at each
station (see Figure 33). The Drop list on the top left of the module screen can be used to change
which drops are displayed on the charts. It is also important to note that while the Drop list
allows control of the charts, the selected drops are also used to calculate the average LTE and
intercept at a station. If the selection of drops is changed by selecting the first four drops while
unchecking all the other drops, the average LTE is calculated using only the data for drops 1, 2, 3
and 4.
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Figure 33 Charts Showing Physical Features — Drop Selection for Average LTE

Loss of Support Calculation Procedure

FWD testing to evaluate loss of support under rigid or flexible pavements is conducted by
measuring deflections at different target load levels — typically 9000, 12000 and 16000 Ibs. The
measured deflections are plotted against the load using a linear relationship. The intercept of
linear regression fit between the load and deflections is used to estimate the presence of a void.
The load-deflection intercept represents the deflection under zero load. Depending on the
magnitude of the intercept, the potential for voids is estimated by comparing the intercept to a
tolerance limit such as 2 mils or 3 mils, indicating the possibility of voids when intercept >
tolerance limit. The BcT calculates the void intercept for each station and plots the results as
shown in the bottom plot in Figure 33.

Table 1 shows an example set of deflection data measured at a slab corner of a JPC pavement.
The data shows deflections measured at three different load levels — 9,000 Ibs., 12,000 Ibs. and
15,000 Ibs. Intercept of the deflection-load curve is obtained through linear regression, which is
equal to 2.08 mils for the data shown in Table 1. Comparing the calculated intercept with a
tolerance of 2 mils for the intercept, it is estimated that there is a potential for a void at the JPCP
test location.

Figure 34 shows the results of linear regression between FWD drop loads on the X-axis and the
center-load deflections on the Y-axis.

Table 1 Void Detection Example — Deflection Data
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Drop | Load DO D1 D2 D3 D4 D5 D6 D7 D8
No. | (Ib) | (mil) | (mil) | (mil) | (mil) | (mil) | (mil) | (mil) | (mil) | (mil)
1 8810 | 10.3 9.01 8.34 7.36 6.43 5.05 3.87 2.97 8.4
2 12160 | 13.19 | 11.54 | 10.66 | 9.54 8.32 6.46 5 3.79 | 10.98
3 14720 | 15.79 | 13.8 | 12.82 | 11.38 | 9.98 7.75 5.97 453 | 13.29

Deflection-Load Plot for Void Detection
16 —»

Deflection (mils)

-

y =0.0009x +2.0817

_—

3000

6000

9000

Load (Ibf)

12000

15000

Figure 34 Void Detection — Deflection-Load Plot for Example Dataset

Export to ME Design Module

The Export to ME Design module displays a summary of the backcalculation results for
exporting to an ME rehabilitation design file. A separate ME design file is generated for each
segment with the pavement layer structure as defined in the structure definition module. Figure
35 shows the export module screen, where users can select a segment from the list to view a
summary of backcalculation results.

Selecting the first segment displays the summary for that segment as shown in Figure 36. The
average LTE and pavement temperature are also displayed for the selected segment in the fields
visible in Figure 36, while the loading frequency is required as an input from the user for
estimating the damaged modulus of the existing asphalt concrete layer. A default value of 30 Hz
is assumed, which can be changed depending on agency practice or specification. The summary
table on the export screen displays the following information for the selected segment:
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Segment  Status Layer = Layer Name = MEDesign Layer Selection | Average Modulus | Standard Deviation | COV (%) = Thickness = Poisson
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Figure 35 Export to ME Design Module Screen — Default Layout

@ Gonment Statue Layer | Layer Name MEDesign Layer Selection Average Modulus | Standard Deviation | COV (%) | Thickness Paisson
@ 5354-3303 O 1 AC (AC) Default asphalt concrete fexisting)  ~ 286 556 19.4% 9.94545454545455  0.35
5493-5603 ©
© 2 Granular Base (Typica) | Crushed stone - 287 . 388% 106363636363636 0.4
5705-579 (&)
© 3 Granular Subbase (Typical) A-1-b - 259 68 26.4% 53 04
= 1
q »
© Export to MEDesign Anslysis Type | AC aver AC -]

Average LTE (%) 65.2
Temperature 84
Frequency (Hz) 30

Guided Process:

Displays a summary of backcalculation =
results and generates ME Design
project files for each segment.

1. Click on a segment from the list to

display a summary of results,
3. For each layer i the segment, lick
'ME Design Layer Selection' drop

down menu and select the

corresponding layer type to export to

ME Design. Pavement ME provided

several options for defining material

types.

3. Summary results may not be edited

by the user.

4, Select ‘Analvsic Type', which s the

Figure 36 Export to ME Design Module Screen — Segment 3 Summary

e ME Design Name, which is a drop-down list of layers corresponding to the
backcalculation layer type. This is the actual material type which is exported to the ME
design file. The ME design layer type is a user input, which should be selected by the
user prior to exporting.
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e Average Modulus, which is the average backcalculated modulus across all stations for
the pavement layer over the entire length of the segment. This field contains a single
representative modulus for the existing layer as obtained from backcalculation. The
average backcalculated modulus is exported to the ME design file as the layer modulus.

e Standard Deviation, which is calculated as the average value over the entire segment
length. This is an information variable which is not exported to the ME design file.

e COV (%) is the average coefficient of variation, calculated as the ratio of the standard
deviation to the average modulus. A high coefficient of variation indicates a high degree
of variability of the backcalculated layer modulus along the length of the segment. The
user should consider making revisions to the final segmentation and/or structure when the
COV gets significantly greater than 50 percent. This is also an information variable
which is not exported to the ME design file.

e Thickness is the pavement layer thickness as entered by the user in the structure
definition module for the selected segment. The backcalculation tool displays a thickness
value of zero for the last subgrade or bedrock layer, which is assumed to be a semi-
infinite layer in the ME design file.

e Poisson’s ratio, as entered by the user in the structure definition module for the selected
segment. The Poisson’s ratio is a read-only field whose value is exported to the ME
design file.

For an overlay design (AC or PCC overlay) of a flexible pavement, the design may include
milling of a specified thickness of the existing asphalt layer resulting in a reduced layer thickness
when setting up the ME rehabilitation design file. The backcalculation tool does not provide this
functionality, therefore, milled thickness should be entered as a regular input in each individual
ME Design file.

An important requirement for setting up the ME design file is the selection of the rehabilitation
strategy for the existing pavement. Depending on the existing pavement type — flexible, semi-
rigid or rigid, different design alternatives exist in Pavement ME. Table 2 shows the
rehabilitation design types for both flexible (semi-rigid is included in the flexible column) and
rigid pavements available in Pavement ME design guide software. The overlay design type is
selected from the Rehabilitation Design Type drop-down list. The options allowed for each
segment depend on the layer structure for the segment. For example, for a segment whose layer
structure is defined as a flexible pavement (layer 1 = AC), the tool allows users to only select the
options in the column labeled Overlays of AC Pavements shown in Table 2.

Creating and Running Pavement ME Design Files

After all the necessary inputs — analysis type, ME Design layer types and frequency (for overlay
of existing flexible pavement) are entered for all segments, clicking the

button will generate separate ME Design files for each segment. The files are saved to a folder
titled MEDesign Project Files within the backcalculation project folder. E.g.: If the input FWD
file selected is 184301.FWD, the tool creates a folder with the same name as the filename to save
the backcalculation files. The MEDesign Project Files folder is created within the project folder,
where the ME Design files are saved. The tool displays a message to the user with the directory
name when the ME Design files are successfully generated and saved as shown in Figure 37.
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Table 2 ME Design Rehabilitation Design Types

Overlays of AC Pavements

Overlays of PCC Pavements

AC over AC

Bonded PCC/JPCP

AC over AC with Seal Coat

Bonded PCC/CRCP

AC over AC with Interlayer

JPCP over CRCP (unbonded)

AC over Semi-Rigid

JPCP over JPCP (unbonded)

JPCP over AC CRCP over CRCP (unbonded)
CRCP over AC CRCP over JPCP (unbonded)
SJPCP over AC AC over JPCP

AC over CRCP

AC over JPCP (fractured)

Export to ME Design project file successful

The project files is in folder: C:\Users\LocalUser\Project Data\Backcalculation Tool\
184301\MEDesign Project Files

Figure 37 Export to ME Design Module — ME Design Files Save Location

Normalize Deflection Data to User Defined Target Load Level

In the Export step, an input is available to allow the user to specify the target load level to
normalize the deflection values to. After specifying the target load level, the user can click the
Normalize Deflection Data button to calculate and export the normalized deflection data to the
export folder which is highlighted in blue in Figure 38. User can then click the Open Export
Folder to locate all the exported data which is highlighted in orange in Figure 38.
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|

Figure 38 Normalize deflection data to a user defined target load level and open the export
folder.

The normalized deflection data file is in a .csv format that contains all stations from the FWD
import file. A sample export file is presented in Figure 39 below.

A B C D E F G H | 1 K L
1 |Station lLoad Deflection Deflection Deflection Deflection Deflection Deflection Deflection Deflection Deflection9
2 | 0 9000 4.075272 2.902045 2.449132 2.017164 1.622833 1.219684 1.034409 0.846771 0.688188
3 50.6 9000 3.739994 2.843824 2.479624 2.076985 1.712339 1.260593 1.1355 0.827285 0.709962
4 0 9000 3.98151 2.878746 2.435777 1.985075 1.619611 1.218228 1.063445 0.835486 0.727527
5 52.3 9000 4.946427 2.902142 2.423213 2.124428 1.805249 1.156321 1.057643 0.827785 0.678071
6 101.2 9000 4.658716 3.62933 3.255321 2.77097 2.356448 1.79535 1.439629 1.16408 0.997504
7 151.5 9000 4.246947 3.197124 2.842796 2.489136 2.033807 1.499646 1.24315 1.036653 0.918822
8 202.1 9000 4.350977 3.460785 3.085956 2.582197 2.188973 1.656641 1.371455 1.095021 0.917518
9 253.1 9000 3.74723 2.838368 2.534029 2.099872 1.764802 1.31101 1.135575 0.927401 0.799409
10 3021 9000 4.588627 3.451689 3.016878 2.633498 2.389403 1.845308 1.710855 1.302286 1.105328
11 352.3 9000 5.122494 3.931668 3.515941 2.990466 2.683733 2.068886 1.901902 1.614793 1.30605
12 4021 9000 5.097944 4.06499 3.519174 3.173027 2.815999 2.281064 1.962165 1.666238 1.39822
13 450.2 9000 4.804333 3.805963 3.372584 2958488 2.573498 2.021729 1.71656 1.480139 1.20157
14 501.7 9000 5.806966 4.609283 4.023775 3.660006 3.154498 2.531598 2.197829 1.810148 1.563481
15 551.5 9000 4.937192 4.244462 3.878028 3.552692 3.176807 2.47339 2.098191 1.781483 1.535186
16 601.7 9000 5.301269 4.221974 3.777615 3.243402 2.79832 2.146131 1.740327 1.423943 1.227125
17 651.5 9000 6.158266 4.839949 4.325392 3.711897 3.167473 2.415173 1.980351 1.614334 1.336989
18 701.3 9000 5.569506 4.389848 3.764593 3.338852 2.933841 2.228829 1.952479 1.565278 1.298198
19 751.5 9000 4.720612 3.659549 3.19341 2.886499 2.549037 2.003671 1.835767 1.547312 1.339739
20 800 9000 5.000768 3.675048 3.25658 2.898271 2.66012 2.051705 1.883079 1.55403 1.345086
21 852.7 9000 5.904897 4.53468 4.079005 3.533021 3.086625 2.441465 2.074451 1.747231 1.508776
22 901.2 9000 4.92429 3.712258 3.345603 2.808948 2.412293 1.925736 1.699376 1.349867 1.19095
23 950.2 9000 5.738537 4.834545 4.317795 3.90203 3.455772 2.700697 2.29375 1.906212 1.618182
| NormalizedDeflection | o) A

Figure 39 Example of a exported normalized deflection data file.
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Appendix A MEPDG Rehabilitation Design Procedure and Inputs

The AASHTO Pavement ME Design software is capable of performing rehabilitation designs for
flexible, rigid and composite pavements, which requires information on the overall condition of
the existing pavement. Structural condition of the pavement can be assessed through the use of
non-destructive testing (NDT) devices such as the Falling Weight Deflectometer (FWD), Ground
Penetrating Radar (GPR) and profile testing, or estimated from distress surveys. NDT using the
FWD allows in place structural characterization of the existing pavement condition in the form
of layer modulus backcalculation, load transfer efficiencies and detection of voids beneath PCC
pavements. Cores extracted from the existing pavement (destructive testing) can also be used to
measure layer thicknesses and strength.

NDT is recommended for evaluating pavement structural condition and selecting test locations
for destructive testing. Deflection basin data measured at various intervals along the length of a
project can be used for backcalculating layer moduli, and selecting design sections and
rehabilitation strategies. In-place layer moduli backcalculated from deflection data should be
adjusted to laboratory conditions, in accordance with the Pavement ME Design procedure.

The AASHTO Pavement ME Design Manual of Practice ® provides guidance on the use of

deflection data and backcalculated layer moduli as ME design inputs, as shown below in Table
3.

Table 3 Use of Deflection Data and Backcalculation Results as ME Design Inputs

Measured/Calculated Data
from Deflection Testing

Layer Type (Existing) ME Design Input

All existing pavement
types

Deflections or deflection-based
indices along project length

Used for selection of design
segments and rehabilitation
strategies

modulus

Asphalt Backcalculated asphalt layer Dynamic modulus, Exma
modulus
PCC Backcalculated PCC-layer Elastic modulus, Epcc

Joint load transfer efficiency
(LTE)

Determining need for dowel
bar retro-fit and potential
for reflection cracking

Los of support under slab corner
(e.g. void detection)

Selection of rehabilitation
and repair strategies

Stabilized base/subbase

Backcalculated elastic modulus
of stabilized layer

Elastic modulus, Ects

Unbound materials —
base/subbase/subgrade

Backcalculated elastic modulus
of unbound layer

Resilient modulus, Mg
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Pavement ME provides several options for overlay design of both flexible and rigid pavements
as shown below in Figure 37. The first step to performing an overlay design in Pavement ME is
to select an overlay design strategy that is applicable to the existing pavement. Figure 40 shows
a list of overlay design types in Pavement ME software.

[0 AASHTOWare Pavement ME Design 2.6.0 (US) J

Menu

RecentFiles - * v = ;‘aai:‘uc_lo‘ 4 858 - ey by @

New Open Saweps se Exit Run Batch Import Expot Undo Redo  Help

Explorer b x Project1:Project” | hd
= .I._IJ Pfjepc;jecﬂ General Information
” . Traffic Design type: Overay
) Single Axle Distribution Pavement type:
) Tandem Axle Distribution o AC over AC
) Tridem Ade Distribution Design life (years): |AC oyer AC with Seal Coat
) Quad Axle Distribution Existing constructior G 0ver AC with Interlayer
I Cimate icc over SPGE\HRIQId
; i AC over J
(4 Pavement Structure Pavement constructi AG over CRCP
L Maintenance Strategy Traffic opening: AC over JPCP fractured)
[=1+[_4 Project Specffiic Calibration Factors Bonded PCC/IPCP
2 New Flexible Bonded PCC/CRCP
JPCP over CRCP (unbonded)
i :eha:lntatmn Flexible i Add Layer $§ é;%PPover Jg&g P[unbnnded:
ew Rigid over {unbonded)
Restore Rigid CRCP over JPCP {unbonded)
i Bonded Rigid s over A
SJ. Unbended Rigid SJUPCP aver AC
ensitivity
g Optimization Ne Pavement Material Layers selected

) POF Qutput Report
(8] Excel Output Report
) Muttiple: Project Summary

Figure 40 List of overlay design types in Pavement ME Design software

The Pavement ME Backcalculation Tool is designed to analyze deflection data obtained from
FWD testing, select design segments, backcalculate layer moduli and generate the necessary
inputs required to perform an overlay design using Pavement ME Design software. The type of
overlay design is selected within the backcalculation tool and is used as the initial input to
generate a Pavement ME Design input (.DGPX) file.

Overlay Design of Existing Asphalt and Semi-Rigid Pavements

Pavement ME Design provides the following overlay types for existing asphalt and semi-rigid
pavements:
e ACover AC
AC over AC with Seal Coat
AC over AC with Interlayer
AC over Semi-Rigid
JPCP over AC
CRCP over AC
SJPCP over AC

[NOTE: The Pavement ME software uses abbreviations for the different design scenarios, as
shown in Figure 40. AC refers to asphalt concrete as the existing surface or an overlay. The
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term asphalt concrete, however, is no longer being used by industry. Asphalt pavements, asphalt
layers, and/or asphalt overlays are terms now being used. As such, AC refers to the software
term and asphalt layers or pavements is the term used in the text within this manual.]

The input requirements for underlying layers — base, subbase, subgrade and bedrock layers are
consistent for all overlays. The input level for existing asphalt surface layer is determined by the
designer from available information. Rehabilitation level 1 inputs can be selected when the
existing asphalt layer is characterized using deflection basins and backcalculated layer modulus
through FWD testing and thickness from field cores and GPR surveys. The input requirements
for Level 1 rehabilitation design of existing asphalt or semi-rigid pavements are shown in Figure

4 Rehabilitation
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Identifiers
* A o Rehabilitation input level 1 -

Approver

Date aprroved Milled thickness (in) 0

Author

Date created Amount Severity

C y - P
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Direction of travel
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District Layer Name Layer Type Rut Depth (in)
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Highway Default asphalt concrete Flexible (1) 0

Revision Number Soil cement Chemically Stabilized (2) 0
Condition of existing flexible pavement
Rehabilitation inputs for the existing flexible pavement.
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Select HMA Estar predictive model : ,
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ASt: ;Dpro Modulus of existing AC layer obtained from NDT testing

NDT Modulus {psi Frequency (Hz] Temperature (de:
Dynamic modulus ! ulus fpsi) quency (Hz) P (deg F)
.

Figure 41 AASHTO Pavement ME Asphalt Rehabilitation Level 1 Inputs

Rehabilitation level 2 inputs require a detailed condition survey to measure the percentage of
total pavement area exhibiting fatigue cracking. Input requirements for Level 2 rehabilitation
design are shown in Figure 42. The Pavements for which only an initial condition assessment is
available are characterized using Rehabilitation level 3 inputs. Figure 43 shows the Pavement
ME input requirements for Level 3 rehabilitation design.
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Figure 42 AASHTO Pavement ME Asphalt Rehabilitation Level 2 Inputs
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Figure 43 AASHTO Pavement ME — Asphalt Rehabilitation Level 3 Inputs

The backcalculation tool provides inputs for performing a Level 1 rehabilitation design of
asphalt pavements. The results from the tool’s backcalculation module are used to populate NDT
modulus, temperature and frequency values shown in Figure 41. These inputs are used in
Pavement ME to calculate a damaged modulus value for the existing asphalt layer by adjusting
the undamaged dynamic modulus master curve as shown below in Figure 44.

Undamaged
Mastercurve

-
-

Damaged —#~_
Mastercurve

~

NDT Modulus, ENpT

log Modulus, E

-

_____

ty for NDT

log Reduced Time, t,

Figure 44 AASHTO Pavement ME — Calculation of Damaged Asphalt Layer Modulus
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Dynamic modulus of the existing asphalt layer always requires Level 3 inputs, irrespective of the
rehabilitation input level as shown in Figure 41. Other asphalt layer properties such as Poisson’s
ratio and thickness within the ME design file are obtained from backcalculation inputs. Pavement
ME also allows users to specify a milled thickness, which is used to calculate a reduced
thickness of the existing asphalt layer in the overlay design process.

Overlay Design of Existing PCC (JPC/ Fractured JPC/CRC) Pavements

Design of flexible or rigid overlays of existing JPC or CRC pavements requires existing layer
properties of the PCC layer and other rehabilitation inputs such as transverse joint load transfer
efficiency (LTE). Inputs for characterizing the PCC layer are similar to those necessary for a new
rigid pavement design as shown for a JPC layer in Figure 45. Strength input in Pavement ME is
identical for both JPC and CRC layers. Output from the backcalculation tool generates Level 3
inputs for PCC strength, i.e. in-place elastic modulus of the PCC layer. The backcalculated layer
modulus is used to define the 28-day PCC elastic modulus, while the modulus of rupture is
assigned a default value of 690 psi (US customary units) which can be changed by the user in the
design (.DGPX) file.

Layer 2 PCC:JPCP Defautlt v
B4t |
a Mix -
Aggregate type Dolomite (2)
Cementitious material content (Iblyd"3) 600
Cement type Type 1 (1)
\Water to cement ratio 042
Curing method Curing Compound
Reversible shrinkage (%) 50
B | PCC zero-stress temperature (deg F) [1] Calculated
Time to develop 50% of ultimate shrinkage (days) 35
| Ultimate shrinkage (microstrain) [ 632.3 (calculated) -
4 Strength r
Level:3 Rupture(690) Modulus(4200000) =

4 |dentifiers
Approver
Date approved
Author
Date created
County
Description of object
Direction of travel
Display name/identifier =
PCC strength and modulus
This entry is used to determine PCC strength and modulus.

PCC strength input level
©) 28-Day PCC modulus of rupture (psi) 690

28-Day PCC compressive strength (psi)

V| 28-Day PCC elastic modulus (psi) 4200000

Figure 45 AASHTO Pavement ME — Level 3 JPCP Compressive Strength

Rehabilitation inputs for overlay of existing JPCP requires percentage of slabs distressed,
replaced or repaired before restoration and LTE, whereas overlay design of CRCP requires the
number of punchouts in the existing pavement. Figure 46 shows the rehabilitation inputs
required for overlay design of JPCP and CRCP. The transverse joint LTE can be computed using
the backcalculation tool if the input FWD file contains test data pertaining to LTE
measurements. A default value of 50 percent is used when LTE is not calculated from the tool.
Punchouts in existing CRCP are not part of the backcalculation tool output and should be entered
by the user. The default value of punchouts is set to zero in the ME design file.
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Figure 46 AASHTO Pavement ME — JPCP and CRCP Rehabilitation Inputs
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Appendix B Segmentation Procedure

As noted in Chapter 3, two methods are used for the segmentation of the project based on
deflection data: the cumulative area difference method and the statistical comparison method.
Both are discussed in this appendix.

Cumulative Area Difference Method

The cumulative area difference method is an area-based procedure used to divide a pavement
section into statistically homogeneous segments. The cumulative difference approach is
recommended by the 1993 AASHTO Pavement Design Guide, Appendix J . Other variables
such as the backcalculated modulus can also be used as the response in the cumulative difference
approach.

The response variable (deflection) is plotted along the station distance over the entire length of
the pavement section, and the cumulative area under the deflection-distance curve is calculated at
each station. An average response or deflection is also calculated and the cumulative area from
the average deflection is plotted on the same curve. The difference between the two cumulative
area curves — measured deflection and average deflection curves is calculated and plotted against
the station distance on a separate curve. Segmentation locations are identified as stations at
which the algebraic sign of the cumulative area difference curve changes. The overall procedure
is explained using an example in this section. Input data for this example is the same as used in
the example in Appendix E.

Step 1

Select the response variable, r. The backcalculation tool uses deflections at the selected drop
number and sensor as the response. E.g.: If the sensors at the load center, 18 inches and 60 inches
and drop #1 corresponding to a 9000 Ib. target load level are selected, the tool performs
segmentation using three response variables — Do, D1g and Deo at drop #1.

This section provides a detailed explanation of the procedure using the center-load sensor — Do at

drop #1 as the response variable. Table 4 shows a truncated set of deflection data used in the
segmentation example.

Table 4 Deflection Data (Truncated) for Segmentation Example

Station No. | Distance (km) | Drop No. | Load (Ibf) Do (mils) Deo (mils)
1 5.354 1 9454 7.22 1.08
2 5.355 1 9366 7.85 1.1
3 5.358 1 9322 5.07 0.98
4 5.363 1 9322 7.34 1.08
5 5.368 1 9289 5.75 0.91
6 5.372 1 9180 7.07 0.91
44 5.744 1 8939 10.05 1.15
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45 5.745 1 8972 9.57 1.23
46 5.751 1 9015 9.61 1.21
47 5.764 1 8983 11.24 1.6
48 5.781 1 8972 9.54 1.65
49 5.79 1 8906 11.37 1.43

Step 2

Calculate the average response I at each station. The value of T at station i is calculated as the
average of the deflections at station i and station i — 1. The station interval between two

consecutive stations is also calculated as AX; = x; — xi.1, where x is the station distance.

E.g.. TatStation 4= (D, (Station 4) + D, (Station 3)) /2 = (7.34 + 5.07) / 2 = 6.205

AX At Station 4, Ax, =Xa—X3=5.363 —5.358 = 0.005

Average deflection at the first station (i = 1) is assumed to be equal to the deflection measured at
station i. Similarly, the station interval for the first station is also assumed to be equal to zero.

Table 5 shows the calculated ' or [_)0 for the example deflection dataset.

Table 5 Calculation of Average Deflection and Station Interval Distance

Station No. | Distance (km) | Load (Ibf) Do (mils) D, AX
1 5.354 9454 7.22 7.22 0

2 5.355 9366 7.85 7.535 0.001

3 5.358 9322 5.07 6.46 0.003

4 5.363 9322 7.34 6.205 0.005

5 5.368 9289 5.75 6.545 0.005

6 5.372 9180 7.07 6.41 0.004

44 5.744 8939 10.05 9.415 0.007

45 5.745 8972 9.57 0.81 0.001

46 5.751 9015 9.61 9.59 0.006

47 5.764 8983 11.24 10.425 0.013

48 5.781 8972 9.54 10.39 0.017

49 5.79 8906 11.37 10.455 0.009

Step 3

Calculate the area under the deflection curve at each station — this area is equal to the actual
interval area. The area at each station i is calculated as & = D;; X A;, i.e. multiplying the
average deflection and station interval as calculated in Step 2. The cumulative area at each
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station, 2a; is also calculated as the sum of all interval areas from station 1 to station i. Table 6
shows the interval areas and cumulative areas for the truncated dataset.

E.g.: Interval area at Station 4, &, = D;,, x AX, =6.205x0.005 = 0.031025

4
Cumulative area at Station 4, Xa, = Zai —artax+taztas
i=1

=0+ 0.007535 + 0.01938 + 0.031025 = 0.05794

Table 6 Calculation of Interval Area and Cumulative Area

Station No. | Do (mils) D, AX aj Taj

1 7.22 7.22 0 0 0

2 7.85 7.535 0.001 0.007535 0.007535
3 5.07 6.46 0.003 0.01938 0.026915
4 7.34 6.205 0.005 0.031025 0.05794
5 5.75 6.545 0.005 0.032725 0.090665
6 7.07 6.41 0.004 0.02564 0.116305
44 10.05 9.415 0.007 0.065905 3.453905
45 9.57 0.81 0.001 0.00981 3.463715
46 9.61 9.59 0.006 0.05754 3.521255
a7 11.24 10.425 0.013 0.135525 3.65678
48 9.54 10.39 0.017 0.17663 3.83341
49 11.37 10.455 0.009 0.094095 3.927505

Step 4

Calculate the average project response, D* using the cumulative area Xa; calculated for the final
station in the project. Assuming that D* represents an average response over the entire length of
the project L, the area under the D*-station curve should be equal to the overall cumulative area
Yax=L Or Zasg. The concept of the average cumulative area curve is shown schematically in
Figure 47.

The average response, D* is calculated as the ratio of the overall cumulative area Zax=( to the
length of the project L.

D*= ZaXZL

L

Equation 4

E.g.: The overall project length, L = Xi=49 — Xi=1 = 5.790 — 5.354 = 0.436
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The value of D* for the example dataset is equal to D* = Zay=. / L = 3.9275/0.436 = 9.008
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Figure 47 Illustration — Average Cumulative Area

Step 5

Calculate the difference Z; between the actual cumulative area Za;and the average cumulative
area, ¥ @, at each station i. The actual cumulative area Za; is calculated as explained in Step 3.

The average cumulative area = @; is calculated as the product of the station interval Axwith the
average response or deflection D*.

23, =AxxD* Equation 5

Table 7 shows the cumulative area difference for the truncated dataset.

Figure 48 shows the plot of cumulative area difference along the length of the pavement section.
From this plot, stations at which the curve changes direction are identified as shown by orange
circles on the plot. The selection of stations is also subjected to the constraint for minimum
segment length — there should be a minimum of seven stations within a segment. If a direction
change occurs at a station that is less than 7 stations from the beginning of the segment, the
change is ignored, and the process continues to evaluate the next station at which the curve
changes sign. In mathematical terms, the station at which the slope of the cumulative area
difference curve changes sign (negative to positive) is identified as the end of the previous
segment and the subsequent station is identified as the beginning of a new segment.
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Table 7 Calculation of Cumulative Area Difference

St. No. | Do (mils) D, AX ai ai > d; Z
1 1.08 1.22 0 0 0 0 0
2 11 7.535 0.001 | 0.007535 | 0.007535 | 0.001371 | -0.00028
3 0.98 6.46 0.003 | 0.01938 | 0.026915 | 0.005485 | -0.00128
4 1.08 6.205 0.005 ]0.031025 | 0.05794 | 0.012341 | -0.00298
5 0.91 6.545 0.005 |0.032725 | 0.090665 | 0.019198 | -0.00486
6 0.91 6.41 0.004 | 0.02564 | 0.116305 | 0.024683 | -0.00671
44 1.15 9.415 0.007 | 0.065905 | 3.453905 | 0.534796 | -0.00518
45 1.23 9.81 0.001 | 0.00981 | 3.463715 | 0.536168 | -0.00536
46 1.21 9.59 0.006 | 0.05754 | 3.521255 | 0.544395 | -0.00627
47 1.6 10.425 0.013 ] 0.135525 | 3.65678 | 0.562222 | -0.00583
48 1.65 10.39 0.017 | 0.17663 | 3.83341 | 0.585534 | -0.00152
49 1.43 10.455 | 0.009 | 0.094095 | 3.927505 | 0.597875 0
Z; vs. Station
05.3 54 5.5 5.6 5.7 5.8 5.9
% -0.05
£
':: -0.1
% 015 =N
g -0.2 ;0.'*"
-0.25
Station (km)

Figure 48 Plot of Cumulative Area Difference

Four segments are identified from the cumulative area difference approach for the example
dataset as shown below in Table 8. The length of the segment as shown in Table 8 is the number
of stations within the segment, subject to a minimum of 7 stations.

Table 8 Segments Calculated from Cumulative Area Difference Approach

Segment | Start Station # | End Station # Length | Start Station | End Station
1 1 11 11 5.354 5.493
2 12 18 7 5.5 5.546
3 19 27 9 5.549 5.585
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Step 6

The segments defined by the cumulative area method are compared sequentially to identify

segments that have statistically similar mean and standard deviations. The first step in the
statistical comparison process is to calculate the mean and standard deviation of deflections at

the selected sensor (Do in this example). The calculated mean and standard deviation of center-
load deflection DO for the example dataset is shown below in Table 9.

Table 9 Mean Deflection and Standard Deviation for Segments

Segment Start End Size Mean Std. Dev | Variance
1 5.354 5.493 11 6.985455 | 1.262326 | 1.593467
2 5.5 5.546 7 8.218571 | 1.297053 | 1.682348
3 5.549 5.585 9 9.013333 | 1.599633 | 2.558825
4 5.598 5.79 22 10.36273 | 1.361977 | 1.854983

The segment variances are compared to each other using an F-test to test for equality of variance.
The procedure is explained in detail in Statistical Comparison Module section of this manual.
Results of the F-test for the example dataset are shown below in Table 10. Segment variances

are statistically not different if the calculated F-value is less than the critical F-value. From the
results shown in Table 10, the variances of all segment combinations are found to be statistically

not different.

Table 10 F-test Results for Example Dataset Segments

Segmenti | Segment j F-value F-critical p-value Variances
1 2 1.055778 3.01233 0.893423 Equal
1 3 1.605822 2.896223 0.47479 Equal
1 4 1.164117 2.626127 0.83561 Equal
2 3 1.520985 3.676675 0.627092 Equal
2 4 1.102616 3.426042 0.982471 Equal
3 4 1.379433 2.341937 0.52348 Equal

After comparing equality of variances for all segment combinations, a t-test is performed to
check for equality of mean deflections. The procedure for calculating the pooled degrees of
freedom, student’s t-test value and critical t-value is explained in the Statistical Comparison

Module section. Table 11 shows the results of the t-test for comparing segment means of the
example datasets.
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Table 11 F-test Results for Example Dataset Segments

Seg. 1| Seg.j | Equal Pooled | Mean Mean | |Di-Dj| | t-value | t-critical
Variance | DOF Do,i Do,
1 2 Equal 16 6.9855 | 8.2186 | 1.2331 | 1.9996 | 2.1199
1 3 Equal 18 6.9855 | 9.0133 | 2.0279 | 3.1725 | 2.1009
1 4 Equal 31 6.9855 | 10.3627 | 3.3773 | 6.8731 | 2.0395
2 3 Equal 14 8.2186 | 9.0133 | 0.7948 | 1.0673 | 2.1448
2 4 Equal 27 8.2186 | 10.3627 | 2.1442 | 3.666 2.0518
3 4 Equal 29 9.0133 | 10.3627 | 1.3494 | 2.382 2.0452

Segment means are tested for equality in a sequential manner, i.e., Segment 1 is compared to
Segment 2, Segment 2 is compared to Segment 3, and so on. This is shown using shaded rows in
Table 11. The mean deflections of any i — j segment combination is considered to be statistically
different if the t-value is greater than t-critical. The statistical comparison results can be
explained as follows:

e Segment 1 is equal to Segment 2 (t = 1.9996 < t-critical = 2.1199)

e Segment 2 is equal to Segment 3 (t = 1.0673 < t-critical = 2.0395)

e Segment 3 is not equal to Segment 4 (t = 2.382 > t-critical = 2.0452)

The statistical comparison procedure merges segments whose mean deflections are statistically
equal into one segment. For the example dataset, Segments 1, 2 and 3 are combined into a single
segment, whereas Segment 4 is considered as a separate segment. The combined segments and
their start and end locations are shown below in Table 12,

Table 12 Combined Segments from Statistical Comparison

Preliminary Segments Combined Segments
No. Start End Size No. Start End Size
1 5.354 5.493 11
2 5.5 5.546 7 1 5.354 5.585 27
3 5.549 5.585 9
4 5.598 5.79 22 2 5.598 5.790 22

Figure 49 shows the charts displayed on the preliminary segmentation and statistical comparison
module screens for the sensor under the FWD load (Do). Results are displayed to the users in
graphical form as shown in Figure 49.

Statistical Comparison Method

In this module, adjacent segments are compared to determine and merge statistically similar
segments. Each segment (except the final segment) is compared with the subsequent segment to
check for equality of deflection mean value and standard deviation. The F-test is used to check
for equal variances of the two sets of deflection data from adjacent segments, and the student’s t-
test is used for checking equality of the mean deflections.
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Figure 49 BcT Segmentation Results for Center-Load Sensor

For a pavement section which is divided into N segments from the cumulative area method or
preliminary segmentation, mean deflections for each i (i < N) segment is compared to the (i +
1) segment, i.e. next adjacent segment. The two segments are then merged into a single segment
if the mean deflections are statistically equal. Segments whose mean deflections are statistically
equal but spatially separated (non-adjacent segments) are not merged. The procedure used for
statistical comparison, which occurs after the preliminary segments have been identified in the
previous module, is described below.

Step 1

Calculate the mean deflection and variance for each of the N segments using equation 6.
Consider the i segment, which consists of n; stations. The deflections at each of the stations is
denoted by dik, where the subscript i refers to the segment number and subscript k refers to the
station of the segment.

- 1 .
d==> d, Equation 6
r-]| k=1

Where:

d; is the mean deflection for segment i, which has a length of n; stations

ni is the number of stations in segment i
dik is the deflection at the k™ station of the i segment
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The variance of deflection values Si? for the i segment is calculated as shown in equation 7.
’ 1 & =2 .
St=—->(d, —d;) Equation 7
n-La

Step 2

Conduct an F-test for equal variance for each i — j combination of the N segment variances. The
module first calculates the variances for all segments identified from preliminary segmentation.
An F-test is conducted to check for equal variances of each i — j segment pair, where the test
statistic is calculated using equation 8.

s2 §? .

F =S—'20rs—‘zsuch thatF >1 Equation 8
j i

Where Si? is the variance of the i segment and Si?is the variance of the j™ segment (i # j). The
ratio of variances is calculated such that the value of the F-test statistic is always greater than 1.
The critical F-value is calculated from F-test tables at a 95% (o = 0.05) confidence level as:

e  Fuitical = F(at, Nj, nj) when S > sz

o Feritical = F(OL, nj, ni) when sz > Si2

The program internally computes the critical F-value and compares it with the calculated F-value
to check for equality of variance. The variances of the two segments are treated as equal if F is
less than the Feritical, and different if F is greater than Feritical.

o F < Fritica — Variances of segment i and j are equal

o F > Feritical — Variances of segment i and j are not equal

The results of the F-test can be best visualized as shown in Table 13. Since each segment is
compared to other segments, the cells from only the diagonal and upper triangle, shown in grey
represent whether the variances are equal or unequal. The example in Table 13 shows the
variances of each segment in comparison to all other segments. The information presented in
Table 13 is only for illustrating the comparison process and is based on hypothetical data.

Table 13 F-Test Results — lllustrative Example

Segment # j=2 j=3 J=N-1 j=N
i=1 v x x x v v
i=2 v v x v v
3 x v v v

v x v
v v
i=N-1 x

v" - Variances are equal, x - Variances are not equal
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Step 3

Conduct a student’s t-test to check for equality of deflection means for each i — j combination of
N segments. The pooled degrees of freedom (DOF) and pooled variance for the t-test are
calculated based on results from the F-test for equal variances.

Equal Variance: When the two segments i and j have equal variances, the pooled DOF is
calculated as shown in equation 9.

DOFsggeq =y +0; —2 Equation 9

The pooled variance for two samples having variances Sj and Sj, where the variances are equal
(as determined from the F-test) is given by equation 10.

S2 (1, 1) = s (n 1)+S (-~ Equation 10
DOFPooIed

The pooled standard deviation S (i, ) is calculated as the square-root of the variance, i.e.

Sp (i, J) =57

The t-statistic for two samples i and j of size nj and nj, having mean deflections of d; and dj,
respectively, and a pooled standard deviation of Sp, (i, j) is calculated using equation 11.

d-d)
SNJM1+1
non

Unequal Variance: When the two segments, i.e. segment i and segment j have unequal
variances, the pooled DOF is calculated as shown in equation 12.

t= Equation 11

(S*/nm +Si/n;)?

DOF,yoeq = Equation 12
oo (Sizlni)2+(8j2/nj)2
n -1 n,-1
The value of the student’s t-statistic is calculated using equation 13.
_Ja-d} |
> Equation 13
SI SJ
7+7
n.n;
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The critical t-value is calculated as a two-sided t-test value at a 95% (o = 0.05) confidence level
as:

® teritical = t(l —o/2, DOFPooled)

®  feritical = t(1 —o/2, DOFPooled)

Similar to the F-test, the t-statistics are calculated for all i — j segment pairs. Comparison of
segments is performed in a sequential manner, i.e. hypothesis testing for equality of segment
means uses the t-statistics computed for the i — (i + 1) segment pairs. The means of the two
segments are treated as equal if the calculated value of t is less than the teritical, and different if t is
greater than tcritical.

o t <teitica — Means of segment i and j are equal

e t> tuiica — Means of segment i and j are not equal

The results of the t-test can be best visualized as shown in Table 14. Since each segment is
compared to only the next adjacent segment, the cells in grey represent the t values used for
combining the segments. The information presented in Table 14 is only for illustrating the

comparison process and is based on hypothetical data.

Table 14 t-Test Results — Illustrative Example

Segment # j=2 j=3 j=4 j=N-1 j=N
i=1 v
i=2 v
3 x
v
v
i=N-1 x

v' - Means are equal, * - Means are not equal

In the example above, the equality of mean deflections of the first four segments can be
described as follows:

e Segment 1 is equal to Segment 2

e Segment 2 is equal to Segment 3

e Segment 3 is not equal to Segment 4

Segments 1, 2 and 3 are combined into a single segment as the mean deflections are statistically
equal. It should be noted that the process of combining segments follows a sequential procedure
where equality of means for Segments 1 and 3 is not considered, as it is not possible to combine
spatially separated segments. The process is extended to all segments and the final segments are
calculated and displayed to the user on the Final Segmentation screen.
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Appendix C Pavement Layer Default Property Values

Table 15 Default Pavement Layer Properties — US Customary Units

Layer Type Poisson’s | Minimum Maximum Seed
Ratio Modulus Modulus Modulus
(Ksi) (Ksi) (ksi)
AC (AC) 0.35 400 6000 1000
PCC (PC) 0.2 1000 10000 4000
PCC (fractured) 0.3 500 10000 1500
Granular base (typical) 0.4 20 100 50
Granular subbase (typical) 0.4 15 100 25
Subgrade (coarse-grained) 0.35 10 80 25
Subgrade (fine-grained) 0.35 5 50 15
Treated base (AC treated) 0.35 400 6000 1000
Treated base (cement-treated) 0.45 20 500 100
Treated base (other) 0.45 15 1000 50
Bedrock* 0.2 500
Table 16 Default Pavement Layer Properties — SI Units
Layer Type Poisson’s | Minimum Maximum Seed
Ratio Modulus Modulus Modulus
(MPa) (MPa) (MPa)
AC (AC) 0.35 2750 42000 7000
PCC (PC) 0.2 7000 70000 28000
PCC (fractured) 0.3 3500 70000 10000
Granular base (typical) 0.4 135 700 350
Granular subbase (typical) 0.4 100 700 175
Subgrade (coarse-grained) 0.35 65 600 175
Subgrade (fine-grained) 0.35 35 350 100
Treated base (AC treated) 0.35 2750 1000 150
Treated base (cement-treated) 0.45 135 3500 700
Treated base (other) 0.45 100 7000 350
Bedrock* 0.2 3500

* Bedrock is always considered a fixed layer in the backcalculation process, which has a fixed
modulus. The default modulus of 500 ksi or 3500 MPa can be changed by the user in the
Structure Definition module of the backcalculation tool.

60




AASHTOWare Backcalculation Tool, BcT
User Manual Version 1.1.5

Appendix D Backcalculation and ME Design Layer Type Correspondence

Table 17 Layer Type Correspondence from BcT and Pavement ME

Backcalculation Material Pavement ME Materials
AC (AC) Default asphalt concrete (existing)
PC (PCC) Bonded PCC default

CRCP default
Default PCC mix 1
Default PCC mix 2
Default PCC mix 3
Default JPCP 1
Default JPCP 2
Default JPCP 3
Default PCC

JPCP default
SJPCP default

PCC (Fractured) Fractured JPCP

Granular Base (Typical) A-1-a
or A-1-b
Granular Subbase (Typical) A-2-4
A-2-5
A-2-6
A-2-7
A-3
Cold recycled asphalt — RAP (includes millings)
Cold recycled asphalt — RAP pulverized in place
Crushed gravel
Crushed stone
Permeable aggregate
River-run gravel

Subgrade (coarse grained) A-1-a
A-1-b
A-2-4

Subgrade (fine grained) A-2-5
A-2-6
A-2-7
A-3
A-4
A-5
A-6
A-7-5
A-7-6
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Backcalculation Material

Pavement ME Materials

Treated base (AC treated)

Default asphalt concrete (existing)

Treated base (cement treated)

Cement stabilized

Lime cement fly ash

Soil cement

Treated base (other)

Lime cement fly ash

Lime fly ash

Bedrock

Highly fractured and weathered

Massive continuous
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Appendix E Example — Use of BcT to Establish Inputs to the Rehabilitation
Design

This section provides a detailed walkthrough of the process of using the BcT to develop
rehabilitation design files for the AASHTO Pavement ME software. The input FWD file used in
this example is obtained from testing conducted on a flexible pavement section on Interstate 84
west of Boise, Idaho. The input FWD file is a Dynatest V20 file in US customary units. An
excerpt of the example input file is provided below in Figure 50 to illustrate the layout of a
typical Dynatest FWD file. The layout differs for files from different FWD providers (Dynatest,
JILS and KUAB) and also between different versions of the FWD device from the same
manufacturer (Dynatest FWD and F20/F25 formats).

R80 67 990609X84301036F20
711021008002-08952339.7902111 8
150 0-305 305 457 610 9141524 5.91 0.00 -12.00 12.00 18.00 24.00 36.00 60.00
C:\Program Files (x86)\Dynat.FWD
I84-301
S
S
402063 86231-50 5.354 15.751
10.418.0 3.510.0 3.020.0 3.010.0

Ld 982 0.989 63.9

D1 1251 1.023 1.023

D2 3310 1.016 0.965

D3 1253 1.027 1.005

D4 1256 1.013 1.007

D5 3611 1.014 1.017

D6 1258 1.018 1.021

D7 1257 1.017 1.012

D* NO 1.000 1.000

D* NO 1.000 1.000

D* NO 1.000 1.000
Administrator

11020300 .t e e e ettt e e eeeeeann
0 0 0 0 e
*0000 +00.0

DtCty PxNnnnS
Cty P Nnnn

*0000 +00.0
11060 -11060 0 OPeak 32 .0 ......
G

Testing,

*3

S 5.354 24.7 31 22 71039 76 89 72
595 183 122 123 102 84 56 27 9454 7.22 4.80 4.83 4.03 3.31 2.19 1.08
600 183 122 123 103 84 56 28 9530 7.22 4.82 4.80 4.06 3.32 2.21 1.11
598 184 122 124 103 85 56 28 9497 7.23 4.82 4.88 4.06 3.33 2.20 1.10
599 183 122 123 103 85 56 28 9519 7.22 4.80 4.86 4.06 3.33 2.20 1.11

Figure 50 1-84 Flexible Pavement Dynatest F20 (.FWD) Example File Contents
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The flexible pavement section used in this example is a three-layered structure consisting of 10
inches of asphalt concrete, 9 inches of unbound (granular) base course on top of a fine-grained
subgrade. The procedure is demonstrated using two approaches: (1) backcalculation of layer
moduli of a three-layered pavement structure with a 10 in. AC layer and default property inputs,
and (2) backcalculation of layer inputs for a four-layered pavement structure with two 5 in. AC
layers and modified values of seed moduli to achieve a lower RMSE.

The individual steps performed to load the input file, verify inputs, develop segments, assign the
pavement layer structure and their properties, backcalculation, reviewing results and exporting to
ME design (.DGPX) files are described in detail using screenshots.

Step 1: Start an instance of the Backcalculation Tool software

The default screen of the Backcalculation Tool is loaded as shown in Figure 51.

ME Design Backcalculation Tools About | Manual

Input FWD Data FWD data file type File Name FWD Serial Num
Manufacturer Location
FWD data file location FWD Maodel Operator

Thickness data file lacation

Thickness File Location X Browse

(OJNO OO ONO;

Test Point | Station Distance | Lane | TestType = AirTemp. = Surface Temp. | PavementTemp. | longitude Latitude | Elevation

Guided Process:

——
Select the input defiection data file for Plate Radius Unit =t

analysis.

Sensor Spacing Sensor Direction ~ Sensor 1 Sensor 2 Sensor 3 Sensor4  Sensor3 | Sensor6 | Sensor7 | Sensor8 | Sensor9

1. Select the PWD data file type from
the drop down list.

2. Click the Browse button to select
the input FWD file. This opens a file
browser window. Select the input PWD Drop Number | Targetloadlevel = Load ~DEF1 DEF2 DEF3 | DEF4 | DEF5 DEF6 | DEF7 DEF8 @ DEF9 | Basin Characterization
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

spacing can be changed by double-

clicking the value in Sensor Spacing X
e Niimber af sensar cnacing waliiss Save and Proceed

Figure 51 Backcalculation Tool — Default Load Screen

Step 2: Select the FWD data file type

The input FWD file type is selected using the FWD data file type drop-down menu. The example
uses a Dynatest V20 file in .FWD format, so the option ‘Dynatest V.20 (*.FWD)’ option is
selected from the list as shown in Figure 52.
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ME Design Backcalculation Tools About | Manual
Input FWD Data FWD data file type File Name FWD Serial Num
test V.20 (% FWD) < ‘
© ‘ Dynatest V.20 (.FWD) Manufacturer Location
JILS (*.DAT)
@ KUAE [*FWD) FWD Model Operator
o Dyt 2D | orovee | GRS
Dynatest F20_SI (*.F20)
©) Dynatest V.25 (*F25)
MDB (*.mdb) Browse
e BeT Project (“betproj)
O Test Point | Station Distance | Lane | TestType | AirTemp. | Surface Temp. = PavementTemp. = Llongitude | latitude | Elevation
Guided Process:
p—
Select the input deflection data file for Plate Radius Unit ]
analysis. Sensor Spacing Sensor Direction | Sensor1 | Sensor2 = Sensor3 | Sensor4 | Sensor5 | Sensor6 | Sensor7 | Sensor8 | Sensor9
1. Select the FWD data file type from
the drop down list.
2. Click the Browse button to select
the input FWD file. This opens a file
browser window. Select the input FWD Drop Number | Target Load Llevel = Load = DEF1 DEF2 DEF3  DEF4 DEF5 DEF6 | DEF7 DEF8 DEF9 | Basin Characterization
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
spacing can be changed by double-
clicking the value in Sensor Spacing X
rowr. Nimbar of sanenr enacinn valise Save and Proceed

Figure 52 Backcalculation Tool — Select FWD Data File Type

Step 3: Select the input FWD data file using Browse button

Click the Browse button to select the input FWD data file. The data file used in this example is
‘I84301Reduced. FWD’. Selecting the input file as described in the Input FWD Data Module
section of the user manual will automatically load the contents of the file into the respective
fields on the Input FWD Data screen as shown in Figure 53.

The contents of the file are displayed in the appropriate fields as shown in Figure 53. The
general information data displayed on the screen is available in the input file. The values may be
changed by the user if necessary. Plate radius and sensor spacing values are also populated
automatically. These values should be verified by the user to ensure their accuracy and may be
changed if any errors are observed. The sensor spacing values show that there are a total of 7
sensors, with Sensor 2 located 12 inches behind the loading plate (trailing sensor) as shown by
the -12.00 value.

The input file is in US customary units, which is used to set the units for all variables except
station numbers. Units for station numbers are populated as recorded during the FWD test, which
is in units of kilometers for the selected file. Temperatures (°F), plate radius (inches), sensor
spacing (inches) and deflections (mils or milli-inches) are assigned US customary units.
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About | Manual

Input FWD Data FWD dats file type File Name 1843015 ¥N-short FWD Serial Num | 089
natest V.20 (".FWD, -
S} o (-FAD) Manufacturer Dynatest Lacation 134-301
© FWD data file location FWD Model 8002 Operator Administrator
. et el oo | erace |
@ Thickness data file location
o Thickness File Location x Browse
e Test Point  Station Distance | Lane = TestType | AirTemp. Surface Temp. | PavementTemp. | longitude  Latitude | Elevation
Kilometers F F F NA NA
1 5354 MA NA 72 89 76
2 5355 MNA NA 72 26 76
3 5358 NA NA 72 26 76
4 5363 NA NA T2 89 76
5 5.368 NA NA 73 o1 76
[ 5372 NA NA 73 90 76
Guided Process: = . = - - -
Select the input deflection data file for Plate Radius Unit | In LR ]
analysis. Sensor Spacing Sensor Direction | Sensor1 | Sensor2 | Sensor3 | Sensor4 | Sensor3 | Sensor6 = Sensor7 | Sensor8 = Sensor 9
1. Select the FWD data file type from Sensor Spacing X 0.00 -12.00 12.00 18.00 24,00 36.00 60.00
the drop down list. .
2. Click the Browse button to select Sensor Spacing ¥ NA NA NA NA NA NA
the input FWD file. This opens a file
browser window. Select the input FWD Drop Number | Target Load Level Load DEF1 DEF2 | DEF3 DEF4 DEFS DEF6 | DEF7 DEF8 | DEF9  Basin Characterization
file and click OK, or double-click the Ibf Ibf mils mils mils mils mils mils mils mils
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

spacing <an be changed by double-
clicking the value in Sensor Spacing X
walies

e Nuimbar of cancnr enacina

Save and Proceed

Figure 53 Display of Input FWD Data File Contents on Main Screen

Step 4: Click on a station row to view deflection data measured at that station

Click on the row corresponding to the first station, i.e. Test Point 1 or Station Distance 5.354.
This populates the deflections measured at Station 5.354 in the drop data table at the bottom of

the screen, as shown in Figure 54.

The drop data table contains a total of 12 rows, equal to the number of FWD drops at the selected
station. Each row contains the measured FWD load and deflections for the drop, as well as the
basin characterization (Typical, Type I, Type Il or Type III).

Step 5 (OPTIONAL): Assign target FWD drop load values to drops

The user may choose to assign target FWD drop load values to each of the 12 individual drops.
The values need to be entered for each drop at only one station as shown in Figure 55, which are
automatically applied to corresponding drop numbers at all other stations.

a) Click on the Target Load Level cell for Drop 1 and enter a value of 9000. The target load
level is selected by the user, and is typically based on the actual load value. In this
example, Drop 1 has a measured FWD load of 9454 Ibs. which corresponds to a 9000 Ibs.

target load level.

b) Repeat the process (enter a value of 9000) for Drops 2, 3 and 4.
c) Enter atarget load level of 12,000 Ibs. for Drops 5 to 8, and 16,000 Ibs. for Drops 9 to 12.
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d) Clicking on any other stations shows that the target values are applied to drops at all
stations. For instance, click on Station 36 as shown in Figure 56. The drop data table
shows that the target load values are assigned to all the 12 drops as entered by the user for
Station 1.

(= 4

ME Design Backcalculation Tools About | Manual =

Input FWD Data FWD data file type File Name 184201SYN-short FWD Serial Num 089
test V.20 (*.FWD! -
@ Bynatest V20 (-FWD) Manufscturer Dynatest Location 134-301
© FWD data file location FWD Model 8002 Operator Administrater
@ Thickness data file location
o Thickness File Location X Browse
o TestPoint | Station Distance | Lane  TestType | AirTemp. | Surface Temp. = PavementTemp. = Llongitude = Latitude | Elevation
Kilometers F F F NA NA
T I S O N S I I A D
2 5333 NA NA 72 86 76
3 5.358 NA NA 72 86 76
4 5363 NA NA 72 89 76
5 5368 NA NA 73 Eal 76
6 5372 NA NA 73 90 76
|

Guided Process:

Select the input deflection data file for | F1ate Radius i Unit - Ineh

analysis. Sensor Spacing Sensor Direction | Sensor1 | Sensor2  Sensor3 | Sensor4 | Sensor5 | Sensor6 | Sensor7 | Sensor8 | Sensor9d

1. Select the FWD data file type from Sensor Spacing X 0.00 -12.00 12.00 18.00 24.00 36.00 0.00
the drop down list.

2. Click the Browse button to select Sensor Spacing ¥ NA NA NA NA NA NA NA

the input FWD file, This opens a file

browser windew. Select the input FWD Drop Number | TargetLload Level | Load = DEF1 DEF2 =DEF3 | DEF4  DEFS | DEF6 | DEF7 DEFB | DEF9 | Basin Characterization

file and click OK, or double-click the I Ibf | mils | mils | mils | mils | mils | mils | mils | mils | mils

filename to load data.

3. The Re-Parce button reloads data 1 NaN 0454 T2z 480 483 403 331 218 108 Typical -
from the selected file and reverts all 2 NaN 9530 | 722 | 482 486 406 332 | 221 1 Typical

changes made by the user,

4. General information and plate 2 NaN 0497 723 482 488 406 233 220 110 Typical

radius values can be edited. Sensor e NalN as1a N Aon 08 A& n 111 - L hdl

spacing can be changed by double-

clicking the value in Sensor Spacing X
rour Mumher of <ancor snacinn valies Save and Proceed

Figure 54 Display of Input FWD Data File Contents for Specific Test point Main Screen

This step is completely optional if the user is unsure of the target load levels for the drops. Target
load levels are not used for calculation and are purely informational. The information entered is
useful to identify drops based on the target load level on the segmentation, backcalculation and
physical feature screens.

Step 6: Click Save and Proceed to progress to Segmentation Sensors screen

Verify that all the inputs on the Input FWD Data screen are valid and accurate. Click on the Save
and Proceed button to proceed to the Segmentation Sensors screen.

Step 7: Select sensors on the Segmentation Sensors screen

The default view of the Segmentation Sensors screen shows three pre-selected sensors: first,
middle and last sensors in the sensor spacing table on the Input FWD Data screen. Figure 57
shows the default Segmentation Sensors screen for the example, with sensors at 0.00 inches

(first), 18.00 (middle) and 60.00 (last) sensors selected in the three options.
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Input FWD Data

OO0 0000

Guided Process:

Select the input deflection data file for =

analysis.

1. Select the PWD data file type from
the drop down list.

2. Click the Browse button to select
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 butten 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
spacing can be changed by double-
clicking the value in Sensor Spacing X
rrunr Numhar of sencnr enacing valise

FWD data file type File Name 1843015VN-shart FWD Serial Num 080
natest .20 (*.FWD) -
By o ) Manufacturer Dynatest Lacation 184-301
FWD data file location FWD Model 8002 Operator Administrator
csersigopisermpesopectissnisst X [
Thickness data file location
Thickness File Location X Browse
TestPoint | Station Distance = lane | TestType | Air Temp Surfane Temp. Pavement Temp. Lungnude la|itude Elevation
Kilometers
2 5.355
B2 5.358 NA NA 72 86 76
4 5.363 NA NA 72 8g 76
5 5.368 NA NA 73 91 76
6 5.372 NA NA 73 [0 76
-
Sensor Spacing Sensor Direction | Sensor1 | Sensor2 | Sensor3 | Sensor4  Sensor3 | Sensor§ | Sensor7 | Sensor8 | Sensor @
Sensor Spacing X 0.00 -12.00 1200 18.00 2400 3600 60.00
Sensor Spacing Y NA MNA MNA NA NA NA NA
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
1 9000 0454 722 480 483 403 3 219 1.08 Typical =
2 9000 9530 722 482 4.86 406 332 221 m Typical
o ECEEENETERTEECN ETN RN N T .
4 o510
Save and Proceed

Figure 55 Assigning Target Load Level Values

Input FWD Data

OO0 0000

Guided Process:

Select the input deflection data file for -

analysis,

1. Select the FWD data file type from
the drop down list.

2. Click the Browse button to select
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
spacing can be changed by double-
clicking the value in Sensor Spacing X
rowr. Number Af canenr cnacinn valiee

-

FWD data file type File Neme 1843015YN-short FWD Serial Num | 089
itest V.20 (*FWD) -
Dynatest .20 ("FWD) Manufacturer Dynatest Location 184-301
FWD data file lacation FWD Model 8002 Operator Administrator
e oppetdDeskip BTV ST X
Thickness data file location
Thickness File Location X Browse
Test Point | Station Distance | Lane | TestType | AirTemp. = Surface Temp. | PavementTemp. = Longitude Latitude Elevation
Kilometers F F F NA NA
34 5678 NA NA 81 9% 84 -
5.679
---——“---—
5.690 102
38 5.693 NA NA 83 105 84
39 5705 NA NA 83 102 84
-
Sensar Spacing Sensor Direction | Sensor1 | Sensor2 | Sensor3 | Sensor4 | Sensor5 | Sensor6 | Sensor7 = Sensor8 | 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
Drop Number | Targetload level —Load | DEF1 | DEF2 DEF3 | DEF4 DEF5 DEF6 DEF7 | DEF8 DEF9 | Basin Characterization
Ibf Ibf | mils | mils | mils | mils | mis | mils | mis | mis | mils
7 12000 11491 1333 937 951 775 623 402 205 Typical -
8 12000 11458 | 1328 | 932 948 771 621 400 200 Typical
9 16000 15621 17.56 | 1245 1256 1028 834 542 278 Typical
1n 16000 15610 | 1781 | 1940 1361 | nan A san 2 Tumizal -
Save and Proceed

Figure 56 Assigning Target Load Level Values
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ME Design Backcalculation Tools About | Manual
@ Filter for charts Drop (Load Level) v | TestTypes ~ | Basin Characterization Types ~  lane -
Segmentation Sensors
© Sensor 147
3 12
o 0.00 TE w0
5 Y
o £ o
i
]
© 8 =
ol
(©)] T T T T T
5354 5454 5554 5654 5.754

Station Distance (km)

Sensor

=
eTE W/WWW

=

-

§ 2

o

- [
Guided Process: ; : . : .
Select up to three sensors for - 3334 5434 3534 3634 5734
segmentation. The charts show peak Station Distance (km)
deflections for the selected sensor and 5 2
ensor

drop height along the length of the -
project. 60.00 - E 1,54

=
1. Drop number filter - Taggle drap 5 1
numbers to show peak deflections on E
chart. T 054
2. Test types filter - Toggle test types o
to filter data for backcalculation. Select o~
analysis methods such as load transfer T T T T T
efficiency or void detection from the 5354 5454 5554 5654 5754

Test Types options.
3. Basin characterization types filter —
Select which basins to display (Typical,

Type Il or both) on the charts. Type |
and 1l Inan-Aarrascing daflartion) - Save and Proceed

Figure 57 Segmentation Sensors Default Screen — Selected Sensors

Station Distance (km)

Step 8: Select 0, 12 and 60 inch sensors for segmentation

Users may change the sensors whose deflection data along the length of the pavement section is
used to perform automatic segmentation. For the example FWD file, change sensor 2 using the
drop-down to the left of the second (middle) chart from 18.00 to 12.00 inches. The chart is
updated to display the deflections measured at the 12 inch sensor along the length of the
pavement section as shown in Figure 58.

Step 9: Drop (Load Level) Filter — View deflections at multiple drops on chart

The default view of the charts displays the deflections measured at the first drop at each station.
The Drop filter can be used to view the deflections at multiple drops. The selection is applied
simultaneously to all charts, where the deflections at selected drops are displayed for the three
sensors as shown in Figure 59.

a) Click on the Drop (Load Level) drop down list.

b) Check the boxes corresponding to Drops 1 (already checked), 2, 3 and 4.
c) All three charts are updated to show four line-plots for each of the selected drop numbers.
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ME Design Backcalculation Tools About | Manual - O X

@ Filter for charts Drop (Load Level) v | TestTypes « | Basin Characterization Types * | Lane v
Segmentation Sensors
e Sensor 149
B 124
0.00 A
© E 1o
£ 8
2
S] g9
e 2
]
S a 2
o
(S] r T T T T
5334 5454 5534 5.634 5734
Station Distance (km)
Sensor 107
z 5
1200 -
5
c 6
2
g Y
. [}
Guided Process: . : : .
Select up to three sensors for 2334 3434 2334 3634 3734
segmentation. The charts show peak Station Distance (km)
deflections for the selected sensor and Sensor 24
drop height along the length of the =
project. 6000 v 15
1. Drop number filter - Toggle drop 5 1
numbers to show peak deflections on g
chart. E 0.5
2. Test types filter - Toggle test types o
to filter data for backcalculation, Select o~
analysis methods such as load transfer T T T T T
efficiency or void detection from the 5.354 5.454 5.554 5.654 5754
Test Types options. L
3. Basin characterization types filter — Station Distance (km)
Select which basins to display (Typical,
Type Il or both) on the charts. Type |
and 1l fnen-Aerreacinn deflartinnl Save and Proceed

Figure 58 Segmentation Sensors — Selecting 12-inch Sensor for Segmentation

Figure 59 shows deflections at drops 1, 2, 3 and 4, which have the same target load level. The
deflections at the center-load and 12-inch sensors are similar in magnitude, whereas those
measured at 60 inches show some variability. Figure 60 shows deflections at drops 1, 5 and 9,
which have target load levels of 9,000 Ibs., 12,000 Ibs., and 16,000 Ibs., respectively. This
selection can be used to evaluate the variability of measured deflections at drops having different
target load levels.

Selecting different drops using the drop-down list is for the purpose of display only. The user
should finally select exactly one drop to proceed with segmentation.

Step 10: Basin Characterization Types Filter

The Basin Characterization Types filter allows users to toggle points on the chart to display
drops that have the selected basin types. The entries in the drop-down list are populated from the
basin types identified for all drops in the input FWD file. If the input file contains only Typical
and Type Il basins, the drop-down list only shows two options — Typical and Type Il. Figure 61
shows the deflection charts for drop number 1 with typical basins only. It is observed that a
majority of the drops have typical basins, indicating good data. A large number of Type | or
Type Il basins in the input file is an indicator of bad quality data.

Backcalculation can be performed using only Typical or Type Il deflection basins. Type I and
Type 11 deflection basins should be deselected from the filter options.
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Figure 60 Segmentation Sensors — Deflections at Different Target Load Level Drops
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Figure 61 Charts with Typical Deflection Basins Only

Step 11: Test Type and Lane filters

The selected input file does not have any test type and lane information associated with the
stations. The drop-down options for the two filters therefore do not contain any entries. If the
input file contains deflection data at multiple test locations (test types) or lane positions, the
filters can be used to select data to be used in backcalculation.

Select Drop 1 and both basin types and click on Save and Proceed to continue with Preliminary
Segmentation.

Step 12: Preliminary Segmentation

Results of preliminary segmentation are displayed on the Preliminary Segmentation screen. This
is a view-only module and does not require any user inputs. Segments are calculated using
deflection data at each of the three sensors and the segment locations are displayed using gray,
dashed vertical lines on all three charts as shown in Figure 62.

From the charts shown in Figure 62, the cumulative area difference method results in four
segments using deflection data at Sensor 0.00 (center-load sensor), five segments using
deflection data at Sensor 12.00 (12-inch sensor) and five segments using deflection data at
Sensor 60.00 (last sensor).
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Figure 62 Preliminary Segmentation Results
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Step 13: Statistical comparison of preliminary segments

The segments calculated during preliminary segmentation are compared for statistical equality of
mean deflections. Adjacent segments which have statistically similar means are merged into a
single segment as described in the Statistical Comparison section of the manual. Figure 63
shows the results of statistical comparison.

The chart for center-load sensor in Figure 63 shows two segments. The first segment is a

combination of the first two segments in Figure 62, while the second segment is a combination
of the latter two segments shown in Figure 62.
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Figure 63 Statistical Comparison Results
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Step 14: Final segmentation

Final segmentation screen displays the results of statistical comparison, which can be used as
guidance to select final segments for the pavement section. To create a new segment, click on
any one of the three charts between two stations. A red, dashed line is added to all three charts at
the click location, denoting the creation of a segment. The starting and ending stations of the two
segments are shown in the table to the right of the charts. Figure 64 shows four segments added
by clicking at three locations on different charts — first gray dashed line on Chart 2 (Sensor
12.00), only gray dashed line on Chart 1 (Sensor 0.00) and third gray dashed line on Chart 3
(Sensor 60.00). The solid gray line on all three charts in Figure 64 indicates the location of the
cursor.

Users may use statistical comparison results as guidance to determine final segments or select
segments independently. Since the flexible pavement in this example has a uniform layer
structure throughout the length of the section, the entire section is treated as a single segment.
Click the Reset button to remove the segment markings created in the previous step and revert to
a single segment as shown in Figure 65. Click on Save and Proceed to define the pavement layer
structure, layer properties and backcalculation inputs.
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Step 15: Pavement layer structure definition

The pavement layer structure, layer properties and backcalculation inputs are entered on the
Structure Definition screen. The individual steps to be taken on this screen for the current
example are as follows:

a) Click on the deflection chart. Since there is only segment, the structure and other inputs
are assigned to the selected segment. The selected segment is highlighted in orange.

b) Click on the Number of Layers drop-down list to select the number of layers in the
pavement structure. Select the number of layers as 3 from the list.

c) Three rows are added to the screen where the layer type and properties can be entered.

d) Click on the drop-down box to the right of Layer 1. A list of various pavement layer
types are shown as shown in Figure 66. Select AC (AC) for Layer 1.

e) Select Granular Base (Typical) as the material type for Layer 2 and Subgrade (Fine-
Grained) for Layer 3.

f) The default thickness of each layer is set to zero inches. Change the thickness of AC
layer (Layer 1) to 10 inches and base layer to 9 inches (Layer 2). The thickness of the last
layer (subgrade) is fixed at 0 inches, which denotes the last layer as semi-infinite. Use the
default values of Poisson’s ratio and seed moduli for the initial backcalculation trial. The
final screen with the layer types, thickness and other inputs are shown in Figure 67.
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Figure 66 Structure Definition — Selecting Layer Type for Layer 1
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Figure 67 Structure Definition and Backcalculation Inputs

Click the Apply button to assign the layer structure to the selected segment. Segments for which
inputs have been entered and applied are highlighted in green. The progress bar at the top right
corner of the screen is filled completely when the inputs for all segments are entered. If the
section is divided into multiple segments, the layer structure and inputs should be entered and
applied for each segment individually.

Click on Save and Proceed to continue with the backcalculation process.

Step 16: Running the backcalculation program

The default screen of the Backcalculation module shows a list of all sensors in the input FWD
file. Backcalculation is performed using deflection data at only the center-load and leading
sensors, hence trailing sensors should be de-selected from the list by the user manually. Click on
the option corresponding to the -12-inch sensor to deselect it as shown in Figure 68.

Click the Backcalculate button located below the sensor list table to run backcalculation. The

tool displays an error message if the trailing sensor is not deselected prior to running
backcalculation.
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Figure 68 Backcalculation — Deselecting Trailing Sensor

Step 17: Review backcalculation results

The backcalculation results for each segment are displayed on two charts on the module screen.
The first chart (top) shows the average backcalculated modulus and second chart (bottom) shows
the average RMSE of all drops at the stations in the selected segment. Since the pavement
section in the example contains only one segment, select the segment from the Segment drop-
down list.

a) Click on the Segment drop-down list to select the only segment. If the pavement is
divided into multiple segments, results for each segment can be viewed by selecting
individual segments from the drop-down list.

b) The average backcalculated modulus for all drops at each station is shown for the three
layers as shown in Figure 69. The average RMSE is also shown in the bottom chart. The
legend for the layers is shown in the right corner on the top chart.

c) Toggle the Logarithmic Scale button on the top of the screen to convert the Y-axis of the
top chart to a logarithmic scale. This allows the user to better view the backcalculated
moduli on the chart. The logarithmic chart is shown in Figure 70.

d) To view results for individual layers, the layers can be toggled on or off using the Layer
drop-down menu. The backcalculated subgrade modulus is displayed on the chart by
unchecking AC and base layers from the list as shown in Figure 71.
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Figure 69 Backcalculation Results for Segment 1
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Figure 70 Backcalculation Results — Backcalculation Modulus in Log Scale
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Figure 71 Backcalculated Layer Modulus Chart for Subgrade Layer

e) Since the pavement consists of two unbound layers (granular base and subgrade), the
moduli of the two layers plotted against each other can be used to identify the presence of
a compensating error effect. Click on the Show button next to Layer Compensating Error
to view the plot. The chart for layer compensating error is as shown in Figure 72,

The plot of subgrade modulus versus base modulus does not show any discernible trend,
which does not support the presence of compensating errors. Click the Close button on
the chart window to close it and return to the backcalculation screen.

f) The backcalculated modulus and RMSE charts show the average of all drops at a station,
as shown in the drop selection checklist on the left of the screen. Drops can be unchecked
to remove them from the average modulus and RMSE calculation. The average
backcalculated modulus and RMSE for drops at the 9,000 Ib. load level only is displayed
when drops 5 through 12 are unchecked, as shown in Figure 73.

The RMSE chart shows higher errors for a majority of the stations, as observed from
comparison of the charts on Figure 69 and Figure 73.
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Figure 72 Chart for Layer Compensating Error Effect
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Figure 73 Average Backcalculated Moduli and RMSE for 9,000 Ib. Load Level Drops
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g) Drop tolerance value (range 0 to 100) can be entered by the user to remove individual
drops whose RMSE is greater than the tolerance from the average. Drops whose RMSE is
greater than the tolerance are removed from average backcalculated modulus and RMSE
calculation. Enter a value of 5 in the RMSE Tolerance box and click Update, which
recalculates the chart data as shown in Figure 74.

h) The RMSE chart in Figure 69 shows high errors (greater than 5 percent) for the second
half of the segment. It is recommended in such cases to make adjustments to the
pavement layer structure such as dividing the AC layer into two separate layers, adding a
weathered subgrade layer on top of the natural subgrade or introducing a rigid layer
below the subgrade to reduce backcalculation error.

ME Design Backcalculation Tools About | Manual
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Figure 74 Average Backcalculated Moduli and RMSE with Drop Tolerance of 5 Percent

Step 18: Modify structure definition and re-run backcalculation

Navigate to the Structure Definition module by clicking on the option in the list of program tabs.

a) Select the segment by clicking on the chart and change the number of layers to 4.

b) Set the layer type for layers 1 and 2 to AC each having a thickness of 5 inches.

c) Select layer 3 as granular base (typical) having a thickness of 9 inches and layer 4 as
subgrade (fine-grained).

d) Change minimum modulus for the AC layers to 100 ksi, base and subgrade layers to 1
ksi.

e) Click on the Apply button to save the entered values.
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The modified structure definition is as shown in Figure 75.

Re-run the backcalculation procedure and review backcalculation results as described in Steps 16
and 17.

ME Design Backcalculation Tools

About | Manual
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Figure 75 Modified Structure Definition — Four-Layered Pavement Structure

The backcalculated moduli and RMSE charts for the four-layered pavement structure are shown
in Figure 76. The average RMSE as shown on the chart in Figure 76 is much lower (less than 3
percent at all stations) than that for the three-layered structure. The RMSE should be acceptable
to the user to consider the backcalculation process as complete.

Click on Save and Proceed to navigate to the Physical Features screen.

Step 19: LTE calculation and view loss of support analysis results

The Physical Features screen displays results of LTE calculation and loss of support analysis.
Results are displayed on this screen only for input files whose data satisfies the requirements as
described in the Physical Features section of the manual. The data used in this example satisfied
both the criteria:
a) Deflections should be measured at a trailing sensor (-12 inch sensor)
b) Deflections should be measured at least at two different load levels — the deflection data
contains drops at three different load levels.
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Figure 76 Backcalculation Results for Four-Layered Structure

Select -12 inches as the numerator sensor and 0 inches as the denominator sensor using the drop-
down menus. The LTE and load-deflection curve intercepts for void detection are displayed in
the charts as shown in Figure 77.

The average LTE for all drops at the stations in the segment varies between 60 and 80 percent.
The load-deflection intercept exceeds 2 mils at the end of the segment, indicating loss of support.

Step 20: View backcalculation results summary

The Export to ME Design screen displays a summary of backcalculation results for each
segment. Click on the segment name in the Segment box to view a summary of results for that
segment. The backcalculation results summary for the selected segment is shown in Figure 78.

The average backcalculated moduli for the pavement layers are:
Layer 1 (AC) = 335.8 ksi

Layer 2 (AC) = 752.8 ksi

Layer 3 (Granular base) = 18.2 ksi

Layer 4 (Subgrade) = 31.2 ksi

The moduli exhibit a high coefficient of variation, i.e., variability of the individual station moduli
as compared to the mean value.
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Figure 77 Physical Features Results
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by the user.
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Figure 78 Backcalculation Results Summary for Selected Segment
Step 21: Export to ME Design file options and generating DGPX files

The user inputs required on this screen are the ME Design layer types for all layers in the
pavement structure, analysis (rehabilitation design) type and FWD loading frequency.

a) Select the analysis type as AC over AC. This will generate an ME Design input (.DGPX)
file with a design type of AC overlay of an existing flexible pavement.

b) Using the ME Design Layer Selection drop-down menus, select default asphalt concrete
as the material type for both AC layers.

c) Select crushed stone as the material type for the base layer and A-4 as the material type
for subgrade.

d) Use the default value of 30 Hz for FWD loading frequency.

The selected options on the Export to ME Design screen are shown in Figure 79. Click on the
Export to ME Design button to generate the ME Design input (.DGPX) files. If the pavement
section is divided into multiple segments, the tool creates a separate DGPX file for each
segment. Users can also vary the analysis type for different segments.
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Figure 80 shows the setup of the generated ME Design project file for AC overlay design. The
layer structure in the ME Design file consists of an AC overlay on top of the existing pavement

Figure 79 Selection of Export to ME Design Options

structure. Backcalculated modulus of the AC layer is also shown in Figure 80, with the NDT

86




AASHTOWare Backcalculation Tool, BcT
User Manual Version 1.1.5

modulus equal to 335,800 psi. The backcalculated moduli are assigned to resilient modulus of
base and subgrade layers.

184301Reduced_S1:Project | - X
General i Performance Criteria Limt  Reliabilty
Design type: [overiay - /mile) 63
Pavementtype:  [ACoverAC ¥ | Terminal IR! fn/imile) 72 |90
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Existing construction: [May ] (2018 ] [ACbottomup fatigue cracking (% lane area) % |50
Pavement construction{June ) (2013 ~] |ACthemal cracking f/mile) 1000 |50
e Goarits [September ~) [2018_~] |Pemanent defomation -total pavement in) 075 |9
Special traffic loading for flexible pavements Pemanent deformation - AC only (in) 025 90

- AC total fatigue cracking: bottom up + reflective (% lane area) 25 30
g Add Layer 9§ Remove Layer | AC totaltransverse cracking: themal + reflective ft/mie) 200 %0
Layer 2 Asphalt Concrete:Default asphalt concrete -
B9 |
-
Thickness (in) 5 T
Air voids (%) 417
Effective binder content (%) 7] 116
Poisson's ratio 0.35
Unit weight (pcf) ] 150 |

Asphalt binder

m

Creep compliance (1/psi)

Select HMA Estar predictive model

Reference temperature (deg F)

Indirect tensile strength at 14 deg F (psi)

Heat capacity (BTU/Ib-deg F)

Thermal conductivity (BTU/hr-ft-deg F) 3/8inch sieve 77
Thermal contraction
No.4 sieve 60
Approver No.200 sieve 6
2::;DWW°¢ Modulus of existing AC layer obtained from NDT testing o
NDT Modulus (psi H m

e (psi) Frequency (Hz) (deg F)
Input the properties necessary to calculate asphalt dynamic modulus. Level 1 requires 30
require aggregate gradation of a given mixture.

Figure 80 Pavement ME Design File for AC Overlay Design
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