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Chapter 1. Introduction

The Flexible Pavement System (FPS) is deflection-based pavement design software routinely used by
the Texas Department of Transportation (TxDOT) for: (1) pavement structural (thickness) design, (2)
structural overlay design, (3) stress-strain response analysis, and (4) pavement life and distress

(rutting and cracking) prediction.

FPS 23 is the most recent version of this design system developed by the Texas A&M Transportation
Institute (TTI) for TXxDOT. The program includes a new Texas Mechanistic-Empirical design package
(TXME), while it retains much of the familiarity of FPS 21. FPS 23 is intended to replace FPS 21,
which has been implemented since the 2000s. Both programs incorporate the same design principle
and have substantially identical inputs. FPS 23 produces identical thickness designs to FPS 21, in
addition incorporating the TXxME as a design check and the recommendations from TxDOT Pavement

Manual.

The FPS design approach is based on a linear-elastic analysis system, and the key material inputs
are the backcalculated modulus values of the pavement layers. For in-place materials, these are
obtained from testing with the Falling Weight Deflectometer (FWD) and processing the data with the
backcalculation software MODULUS 7. For newly placed materials, realistic average moduli values
for the main structural layers in typical Texas pavements are supplied based on user experience, with
recommended values available in TxDOT Pavement Manual. Districts are encouraged to test existing
pavements and generate design moduli values for their local materials. The FPS design process is

comprised of the following two steps:

(1) generate a trial pavement structure with proposed design thicknesses, and
(2) check the proposed design with modified Texas triaxial, mechanistic, and TxME checks.

The FPS system has an embedded design equation relating the computed surface curvature index
(difference of the W; and W, deflections) of the pavement to the loss in serviceability. As described
below the design checks are principally based on either mechanistic design concepts, which compute
fatigue life and subgrade rutting potential, or the Modified Texas Triaxial criteria, which evaluates the
impact of the anticipated heaviest load on the proposed pavement structure. The recent addition is

the advanced TxME comprehensive pavement design check and performance prediction models.

1.1 Modified Texas Triaxial Check

The Modified Texas Triaxial criterion was developed to prevent a shear failure in the subgrade soil
under the heaviest wheel load anticipated for the pavement section. Results of the analysis will

recommend the total thickness of granular base, stabilized materials, and hot mix asphalt (HMA)
surface to prevent shear failures in the subgrade. Currently the Triaxial check is mandated for all

flexible pavement designs developed for TxDOT maintained highways.



1.2 Mechanistic Design Check

The mechanistic design check computes and checks the sufficiency of the mechanistic responses in
terms of maximum induced horizontal tensile strain at the bottom of the lowest HMA layer and the
maximum vertical compressive strain on top of the subgrade. Standard models are available to
convert these values into the number of standard 18-kip load applications until either cracking or
subgrade rutting criteria occurs. The mechanistic design check is recommended for all pavements
with HMA surfaces. Currently the mechanistic design check is not required for pavement design
approval (with the exception of pavements deliberately designed as “perpetual”), but it should be
run for informational purposes on all HMA designs. It is strongly recommended to run the fatigue
cracking analysis for all designs where the recommended HMA thickness is between 2 and 4 inches.
In a typical flexible pavement, the maximum tensile strains at the bottom of the asphalt layer tend
to occur in the thickness range of 2 to 4 inches. These strains cause the load associated fatigue
cracking of the asphalt layer.

1.3 Mechanistic-Empirical (TxME) Design Check

TxME is comprehensive Mechanistic-Empirical (M-E) based software to assist TxDOT engineers to

optimize design decisions. It can be used for:

e Thickness design validation, for surface treatment, conventional asphalt concrete (AC), or
perpetual pavements.

e Evaluation of the impact of recycled materials on pavement life predictions?.

e Impact of varying mix [Dense-Graded vs. Superpave vs. Stone-Matrix Asphalt (SMA)] and
binder type on pavement life predictions

e Prediction of pavement distress performance during the design life, including:
- Rutting of AC, flexible base, asphalt treated, and subgrade layers.
- AC fatigue cracking (bottom-up cracking model)
- AC thermal cracking

- Stabilized base fatigue cracking

The TXME design check empowers TxDOT designers to leverage new materials, fostering more
economical and dependable designs. Key features of TXME encompass:

e Built in material properties for all typically used pavement layers

1 Care must be exercised when evaluating the impact of reclaimed asphalt pavement (RAP) and
reclaimed asphalt shingles (RAS) on pavements with multiple HMA layers. The current version is
based on cracking starting at the bottom layer. The impact of higher RAP and RAS contents on
surface layer will generate misleading results. Future versions of this package will incorporate a top-
down cracking model.
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M-E modeling, calibrated with extensive field performance data

Performance-based material characterization

Incorporation of traffic load spectrum in addition to traditional 18-kip Equivalent Single Axle
Load (ESAL) estimates

Reliability-based pavement distress performance prediction

User-friendly interface

Seamless integration with FPS.



Chapter 2. FPS 23 System Requirements and
Loading Instructions

2.1 System Requirements
The system requirements are as follows:
e FPS 23 requires a Windows 7, or later operating system.

e At least a 1.0 GHz processor speed and a minimum of 1 GB disk space are recommended to

run FPS 23.

The software is provided in an executable set up program, which loads the software and puts the FPS
23 icon on the desktop. FPS 23 is loaded first followed by TxME. The most recent versions of the FPS

23 and TXME software can be downloaded from the Software Center? or the link.

2.2 Installation Setup for FPS 23 and TxME

The program is supplied in an executable file called FPS23SetupVx-x_mm-dd-yyyy.exe, where the
version number and effective date of the current version is included as part of the file name.

Running the setup program will cause the screen shown in Figure 1 to be displayed.

2 Available TxDOT internally only


https://pavementdesign.tamu.edu/downloading.htm

[

Welcome

Welcome to the FPS23 Install program.

Thiz program allows vou to install FPS 23 on your hard
drive.

[t iz strangly recommended that befare proceeding, you
enzure that no ather \Windows programs are running.

If you do not wizh o ingtall FPS 23, click 'Exit’ now,
athermize click Mest' to continue.

/ﬁ'lfr;m tia
rel "
-

< Back I Mest » I E xit

Figure 1. Opening Screen of FPS 23 Setup Program.

The user selects the ‘Next” button and then an information screen comes up with the latest version
information and instructions if an old version is installed. Refer to Figure 2. Use the “"Next” button
then specify the folder location where the FPS 23 program is to be stored (Figure 3). After that the
screen shown in Figure 4 is displayed. To load the program, select the “Start” button.

[

Information

Thiz FP523%1.3 Release date: 8-31-2023 =
the latest wersion Far distributing to T=DOT users.
If pou have old verzion inztalled in pour computer,
wou need uninztall the old FPS23 first, Then
inztall this thiz wersion.

/jﬁrﬂ tis
rel [}
o

E it

Figure 2. FPS 23 Setup Information Screen



Directory
FP% 23

FP523's filez will be installed in the following directan:

[cFPs23 _|

Dizk space needed : 26 b
Aevailable dizk space 238756

Click 'Mest' ta continue.

o onsportatio
A_lmﬂm.r "

¢ Back I Mest = I E xit

Figure 3. FPS 23 Setup Directory Screen

[ a

Confirmation

Thiz program will install FPS 23 into C:AFPS23.

Click 'Start’ to install FPS23.

¢ Back I Start I E uit

Figure 4. Setup Program Screen Following Selection of Drive Storage Location.

In most computers the program will display the message shown in Figure 5 asking if the user wants
to overwrite existing DLLs. In all cases reply NO as the system is trying load an older version of the
DLL.



FP523 Install Program

e Ch\Windows\system32\ADVPACK.DLL
This file exists and is a more recent version than the file to
install.

Do you want to overwrite the installed version anyway?

Yes No

Figure 5. Overwrite DLL Dialogue Box.
Install TxME

The most recent version of TXME will be identified as follows, "TxMEInstall_Vx-x_mm-dd-yyyy.msi",
where the latest version number and effective date is included as part of the file name. Double-click
the application and follow the prompts to complete the TxME installation.
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With the steps above, FPS 23 and TxME should be successfully installed. The FPS 23 icon Bl

and TxME icons should appear on your desktop.



Chapter 3 Running the FPS 23 Design Software

Click on the FPS 23 icon which was placed on the desktop screen after installation of the software, to

run the program (Figure 6).

FPS23

=

Figure 6. FPS 23 Icon

3.1 Main Menu (with Version Number Date)

In most cases, the user is interested in generating a flexible pavement design and will select the FPS
Pavement Design button from the main menu (Figure 7). The Stress Analysis Tool will be described
later, it provides a simple analysis package to calculate stress, strains or defections for any pavement

structure.

[ !
FPS23 Main Menu

TEXAS FLEXIBLE PAVEMENT DESIGN SYSTEM

lg' F P s 23 FFS Pavement Design

Ver: FP523, V1.3, Released:8-31-2023
o Y ; -

Stress Analysis Tool

Froduct Disclaimer

Exit

Figure 7. FPS 23 Main Menu.

3.2 Setting up a Design Problem in the FPS 23 System

Select the Main Menu FPS Pavement Design Option to develop pavement designs.



3.2.1 Project Administrative Data Inputs

The project administrative data input screen appears (Figure 8). By clicking on the District input box,
a map is provided where the user can select the District and County. (Figure 9). Based on County
name updated default subgrade modulus values are provided within FPS 23. Also, a database of
county soil types with average Texas Triaxial Class values is automatically uploaded for later use in
the computation of Triaxial Thickness. Make sure there are inputs in the Problem, Highway, Control,
Section, and Job boxes to describe the design work while the date is automatically added. The user
can input 5 lines of Comments about the project being run, these will appear as a header in the
design output file. There is an option to recall an existing design (.dat file) which has been stored in

an earlier run. Use the blue arrow to go to the next input page.

nm. Project Information Input Screen @
FPS 23 — FLEXIBLE PAVEMENT DESIGN

l Texas Department of Transportation

COWTROL {1234 DATE  [10/18/2024

PROBLENM (006 DISTRICT |'|4 Austin
A SECTION |2 JOB |123 -

HIGH WY IFM 1431 COUNTY |245 Wi

COMMENTS
HidA thickness design

Widening 4 lanes to b
Triaxial Class 4.8 for subgrade
DTE 120 insg|

Uze Existing
Input File

TaoMain
b enu

Figure 8. FPS 23 Project Administrative Data Input Screen.



£3.+ Select District and County

Flease Select District:
2 Fort'Worth ;i

Ple: ct County:

Return

ODESSA
2 - Fort Worth District

AMARILLO

WVEMENT DESIGN

Transportation

EDNTF\DL|1 234 DATE |1 0/14/2024

SECTION ]2 Jog ]1 23

Use Existing
Input File

To Main
Menu

Figure 9. FPS 23 District and County Selection Screen

3.2.2 Input Design Data Screen

In this version of FPS 23 all of the basic design criteria and traffic data are entered on the second

input screen (Figure 10). A HELP menu is provided; click on any field, select F1, and a description of

the variable and allowable values will be displayed. These details are not provided in this report, and

the user is advised to consult the HELP menu within the program directly. Table 1 shows the basic

design and traffic inputs required.

Table 1. Basic Design, Program Controls, and Traffic Inputs

Basic Design Criteria

Program Controls

Traffic Data

Length of analysis period (years)

Max funds per sy for
initial construction (S)

ADT, beginning (veh/day)

Minimum time to first overlay (years)

Max total thickness of
initial construction

ADT, end of 20 years (veh/day)

Minimum time between overlays

Max total thickness of

18-kip EASL, 20 yr (1 direction)

(years) all overlays (inches) millions
Design confidence level Average approach speed to Overlay
zone (mph)

Initial serviceability index

Average speed in zone
(overlay direction) (mph)

Final serviceability index

Average speed in zone
(non-overlay direction) (mph)

Serviceability index after overlaying

% of ADT/Hr of construction

District temperature constant

Percent trucks in ADT

Interest rate (percentage)
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B3 - Input Design Data @

|Basic Design Criteria [Traffic Data

LENGTH OF ANALYSIS PERIOD, [vear) 20 ADT, BEGINMING [VEH/DéY] 12500
MIM TIME TO FIRST OYERLAY, [vear) 10 ADT, END 20vR (WVEH/DAY] 16700
MIN TIME BETWEEN OVERLAYS, [Year] 8 18 kip ESAL 20%R (1 DIR] [millions] 595
DESIGM COMFIDEMCE LEVEL 35.0% C::I A6 APP. SPEED TO OV, Z0ME (mph) 70.
INITIAL SERVICEABILITY INDEX 45 A6 SPEED, 0. DIRECTION [mph) 45
FINAL SERVICEARILITY INDEX 3 AYG SPEED, NON-0. DIRECTION [mph) 0.
SERVICEAEILITY INDEX AFTER OVERLAY 4.2 PERCENT ADT/HR CONSTRUCTION (%] 6.0
DISTRICT TEMPERATURE CONSTAMT [F) 31 PERCENT TRUCKS IN ADT [%] 12
INTEREST RATE [%) 2.0

|Frogram Cantrols

M FUNDS /5. YD, INIT CONST 39.0
M THICKNESS, INIT CONST E5.0 -
M THICKNESS, ALL DVERLAYS E0 To Main Menu a4

Figure 10. FPS 23 Basic Design and Traffic Inputs.

The blue arrows are for moving between pages. Using the right-hand arrow advances you to the final

design input page that initially appears as shown in Figure 11.

B3+ Input Design Data (Pavement Structure)

|Cunstructi0n & Maintenance Data |Det0ur Design for Overlays To Main Menu |
MIN OVERLAY THICKMESS., [Inches) 15 DETOUR MODEL DURING OVERLAYS 3::’
Save to Default
OWERLAY COMST. TIME, HR/DAY 120 TOTAL MUMBER OF LAMES( for two direction) 5::’
ACP COMP. DENSITY, TONS/CY 1.40 NUM DPEN LANES, OVRLAY DIRECTION 1 Sl Al |
ACPPRODUCTION RATE, TONS/HR 200.0 MU OPEM LAMES, MOM-OY DIRECTION ?
WIDTH OF EACH L&NE. [Feet) 120 DIST. TRAFFIC SLOWED, 0% DIR 06
FIRST YE&R COST, RTN MAINT [$] 0o DIST TRAFFIC SLOWED, NON-OV DIR 05
ANMLIMC, IMCR N MaINT COST [$] 0o
COST  MODULUS  POISH bIM [l SalvaGE
PER C¥ DEPTH [%]
i Design
i Type
Draw User ’
Design L '
Pawement —_—

Figure 11. Final FPS 23 Input Screen Initial View.
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3.2.3 Input Design Data (Pavement Structure)

There are 2 sections of the input screen, the first section includes the inputs shown in Table 2.

Table 2. Design Data Inputs

Construction and Maintenance Data Detour Design for Overlays
Minimum overlay thickness Detour model used during overlaying
Overlay construction time (hrs/day) Total number of lanes of the facility
Asphalt compaction density (tons/cy) Number of lanes open, overlay direction
Asphalt concrete production rate (tons/hr) Number of lanes open, non-overlay direction
Width of each lane (ft) Distance traffic is slowed (overlay direction) (miles)

Distance traffic is slowed (non-overlay direction)

1st-yr cost of routine maintenance (dollars/lane mile) (miles)

Annual incremental increase in maintenance Detour distance around overlay zone (miles)
(dollars/lane mile)

The second section defines the pavement structure under consideration, with the following

information needed:

e Layer number with layer 1 being the surface material.
e Material name

e Cost per cubic yard

e Modulus (E) in ksi

e Poisson’s Ratio of each layer

e Minimum depth of each layer in inches

e Maximum depth of each layer in inches

e Salvage value of the layer in percent.

As described with the first input design data screen, A HELP menu is provided; click on any field, hit
the F1 button, and a description of the variable and allowable values will be displayed. These details
are not provided in this report, and the user is advised to consult the HELP menu within the program
directly.

Selecting a Traffic Detour Model

Detour models are the same as used in FPS 21. The designer is assisted in selecting the correct
model by means of a graphical display. Enter the detour model (anticipated for future overlays) for
this project by entering the appropriate number in the first field under “"Detour Design for Overlays.”
A graphic will appear that displays the anticipated mode of handling traffic for the future overlay
(Figure 12 and Figure 13).

12



B3+ Input Design Data (Pavement Structure)

EX5)
[Construction & Maintenance Data [Detour Design for Overlays To Main Menu
MIN OVERLAY THICKNESS, (Inches) 15 DETOUR MODEL DURING OVERLAYS 2 oo o Dot
OVERLAY CONST. TIME, HR/DAY 120 TOTAL NUMBER OF LANES( for twa direction) 2=
ACP COMP. DENSITY, TONS/CY 1.80 NUM OPEM LANES, OVRLAY DIRECTION 0 Save Input File
ACP PRODUCTION RATE, TONS/HR 200.0 NUM OPEM LANES, NON-O DIRECTION 1
WIDTH OF EACH LANE, (Feet] 120 DIST. TRAFFIC SLOWED, 0V DIR 06
FIRST YEAR COST, RTN MAINT ($) 0.0 DIST TRAFFIC SLOWED, NON-OY DIR 06
NN, INC. INCR N MAINT COST (3] 0.0

Model Il. Alternating trafficin one lane

Design
Type IIHHHHHI
1—0\ | Orwrerlay ! @/‘4—4—
Drraw User \ < & ‘/ |r
; _— _ \
Design @ ) ﬁy
Pawvemeant —

Click inside figure to close

Figure 12. Graphic Corresponding to Selected Detour Model.
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Detour Model 1 2-lane with lane-width Shoulders

B st

Crrerlay I - -

Detour Model 2 2-lane with w/o Shoulders used as lane

- joveiay HHH @ —
e, ry

_-_.¢ —

Detour Model 3 4 + lanes (1 lane closed at a time)

Figure 13. Detour Models

Click inside the model graphic to hide the graphic and return to the original screen.

3.2.4 Selecting a Pavement Design Type

Click on Design Type to view the design type options screen shown in Figure 14. By selecting any
design type option, a template will be revealed for that type of structure.
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B3+ Input Design Data (Pavement Structure)

|Construction & Maintenance Data

MIN OVERLAY THICKNESS. [Inches)
OWERLAY CONST. TIME, HR/DAY
ACP COMP. DENSITY, TOMNS/CY
ACP PRODUCTION RATE. TOMS/HR
WIDTH OF EACH LANE, [Fest)
FIRST YEAR COST. RTH MAINT ($)

ANMLINC. INCR IN MAINT COST [$)

200.0

0.0

0.0

[Detour Design for Overlays

DETOUR MODEL DURING OVERLAYS
TOTAL MUMBER OF LANES] far bwa direction)
NUM OPEM LANES, O%RLAY DIRECTION
NUM OPEM LANES, NON-0OV DIRECTION
DIST. TRAFFIC SLOWED, 0% DIR

DIST TRAFFIC SLOWED, NON-0Y DIR

2=
2=

0.6

0.6

Select Pavement Design Type

1] SURFACE TREATED + FLEX BASE OVER SUBGRADE

2] ACP +FLEX BASE OVER SUBGRADE

3] ACP +ASPH STAB BASE OVER SUBGRADE

4] ACP +45PH STAB BASE + FLEX BASE OVER SUBGRADE
i5] ACP + FLEXIBLE BASE + STAB SBGR OVER SUBGRADE:
€] OVERLAY DESIGH

7] USER DEFINED PAVEMENT [less than 7 layers)

DTS TS TS IS

T

Exit Pavement Design Type Selection

B E=b0ksi w=0.35 FLEXIBLE BASE

C E=35 ksi w=0.30 STABILIZED SUBGR

To Main Menu

Save ta Default

Save Input File

L]

Figure 14. Design Type Options.

Design option 1 is used when the final surface is a surface treatment. The same performance model

is used for option 1 and option 2 pavement types. An important feature of FPS 23 is Pavement

Design Type 7 (user defined pavement); for this example, select 7 and click on the Exit Pavement

Design Type Selection button.

This option is intended to be used for multi-layered pavement systems where four or more pavement

layers are to be designed. This option will not permit designs of less than four layers including the

subgrade. When you first enter the screen shown below a tentative pavement structure is shown

with four blank layers. There are 20 material types from which the designer can build a pavement

structure. To build the pavement structure shown in Figure 15:

Press the + button to increase the number of layers in the pavement up to 7 layers.

2. Use the drag and drop feature. Go to the material type; select the material type by clicking it

with the left mouse button. Hold the button down and drag the layer into the proposed

pavement structure. Start with the subgrade; click it and drag it to the lowest layer (layer 1 is

the surface), then add pavement layers. For this example, use Superpave Type D as the surface,

Dense Graded Type B/C, and flexible base above the subgrade to complete the pavement

structure as shown in Figure 15.

3. Press the Go back button to view the layer material parameters and modified if desired.
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B3 + User Define Pavermnent

Ho | Matenal Type 2004 Specificatic| Dezign Modulug | Poizgon' Batio Layer Tupe
_ 1 [SURFACE TREATMEMT [tern 316, 318 200 kzi 0.35 AC Layer
2 | Dense-Graded HMA Ty D ltern 340, 341 B00 ki 035 AL Laver
3 |Densze-Graded HMA Ty BAC Itern 340, 341 BA0 ki 035 AL Layer
4 |PFC ) [kem 342 300 ks 0.30 AC Layer
5 FSUPERPAVE Ty D [tem 344 E&0 ~ 950 ksi 0.35 AC Layer
B |SUPERPAVE Ty B/C [tem 344 B50 ~ 950 ksi 0.35 AC Layer
7 |STOME-MATRIX ASPHALT [tem 346 650 ~ 850 ksi 0.35 AC Laver
8 [TOM [tem 347 B00 =~ 700 ksi 0.35 AC Layer
9 [HOT-MI¥ COLD-LAID ACP [term 334 300~ 400 ksi 0.35 AC Layer
_ 10 [RICHEBOTTOM LaYER [tem 344 400 ~ 600 ksi 0.35 AC Layer
11 |ASPHALT TREATED BASE [tem 292 250~ 400 ksi 0.35 Baze Layer
12 |F&or LFA STABILIZED [tem 265 50~ 150 ksi 0.35 Baze Layer
13 |EMULS/FOAM A5PH BASE [tem 314 150~ 280 ksi 0.35 Baze Layer
14 |FLEXIBLE BASE [tem 247 40~ 70 ksi 0.35 Baze Layer
15 |LIME STABILIZED BASE ltern 260, 263 B0~ 75 ksi 030~ 0.35 Baze Layer
16 |CEMEMNT STABILIZED BASE Item 275, 276 80~ 150 ksi 0.20 ~ 0.30 Baze Layer
17 |5TAB SUBB(Granular) Itern 2B0, 275 7~ 180 ksi 0,30 SubBasze Layer
18 |5TaB SUBB[Blend) [term 260, 275 50~ 100 ksi 0.30 SubBase Layer
13 |5TaB SUBB(Soil) Item 260, 275 30~ 45ksi 0.35 SubBase Layer
20 [SUBGRADE 14 ki 040~ 0.45  Sub-Grade Layer

Figure 15. Building a Structure in the "User Defined Pavement” Option.
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Editing the Material Parameters Table

After clicking on the Go back button the screen shown in Figure 16 will appear that allows access to
the layer material parameters table. Edit the material type description, layer moduli, and thickness
ranges as desired. The default layer moduli are those currently recommended by TxDOT for design
but should be overwritten when district experience dictates. In this design example, there are 2
layers where the required thickness will be designed. The first is the Dense Graded Type B (Item
341) layer. It has a user defined thickness ranging from 3 to 12 inches. The second is the flexible
base layer which has thickness ranging from 10 to 12 inches; all other layers have fixed thicknesses.

The goal is to determine the thickness of these layers to carry the cumulative design traffic loads.

B3+ Input Design Data (Pavernent Structure)

=

|Constructi0n & Maintenance Data |Det0ur Design for Overlays To Main Menu
MIN OVERLAY THICKNESS, (Inches] 15 DETOUR MODEL DURING OVERLAYS 3= v 10 Dafaul
OVERLAY CONST. TIME, HR/DAY 12.0 TOTAL NUMBER OF LANES] for twa direction] 5=
ACP COMP. DENSITY, TONS/CY 1.0 NUM OPEN LANES, O%RLAY DIRECTION 2 S Ik (Al
ACP PRODUCTION RATE, TONS/HR 200.0 NUM OPEN LANES, NON-OY DIRECTION 3
WIDTH OF EACH LANE, (Feet] 12.0 DIST. TRAFFIC SLOWED, OV DIR 06
FIRST YEAR COST, RTN MAINT [$) 00 DIST TRAFFIC SLOWED, NON-0Y DIR 0
AMN. INC. INCR IN MAINT COST ($) 0.0

COST MODULUS POISN MM Max  SALVAGE

FER CY E [ksi] DEPTH  DEPTH [%)

750.0 2 2 0.0

Beesiag . r T 150.0 3 30.0

Tvos 3 AS 5410 10 75.0

o 4 @= GRAD 2.0 0o.0 90.0
Dirawe ser ol
Design e

Pawvement —

Figure 16. Accessing the Layer Material Parameters Table.

3.3 Running FPS 23 and Interpreting the Results

The program is run by selecting the red arrow button shown in Figure 16. For the inputs provided

the five possible designs shown in Figure 17 will be generated. These are ranked according to lowest
cost per square yard. If a "NO best design found” is displayed as shown in Figure 18, it means the
provided range of thicknesses is inadequate to achieve at a pavement design that meets the Time to

First Overlay period. Therefore, adjustments are required, and a re-run should be conducted.

17



B3+ FPS Pavement Design Result

Prablem n0g District 14 A Section 2 Highweay Confidence Level: C =~z
= P
Cortral 1234 County 246 LLIA Job 123 Date  10/18/2024  yp of Best Designs 3 o
Design Type PAYEMEMT DESIGM TPE # 7 -- USER DEFINED PAVEMENT = " Y
- J
Best Design Mo. Design: 1 Design: 2 Design: 3 Design: 4 Design: 5
I aterial Arrangemment ECH ECH ECN ECH ECH s
Taotal Cost 3256 3260 3363 3533 3615 l
Ma. of Lapers 3 3 3 3 3
Layer Depths [inches) 20 20 20 20 20
25 a0 a0 a0 45
10.0 10.5 12.0 10.0 12.0
Re-Run FPS
Mo, of Perf. Periods 2 2 2 1 1
Perd. Time [vears) 14,27 12,26 13,25 22 20 tatenal Table
Owerlay Palicy [inches) 20 2h 20 Frint /Save File
Detail Cost
Check Design Check Design Check Design Check Design | TO kain b enu |

Figure 17. Feasible Design Results Options.

o

B+« Run Information

]

Mo best design found ! You need fo change parameters and run again |

Return to Main Menu

Re-Run Thiz Design

Figure 18. No Best Design Found Display.
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The designer must select one of these feasible designs for follow-up structural checking. Design 1 is
the most cost effective and is projected to last the specified minimum time to first overlay of 14
years (which is greater than the time to first overlay of 12 years specified in Figure 10), but then
requires an overlay to reach the full 20-year design life. Designs 4 and 5 are predicted to last 20
years without requiring an overlay. For this example, it is proposed to perform a design check on
Design 1; so, click on the Check Design button under that column. The selected design shown in
Figure 19 will appear (Pavement Plotting Screen).

’Ea.- Best Pavement Design Drawing - 1 E
DESIGN - 1 PAVEMENT PLOTTING
Frint
Period- 1 Period- 2 Thick fin Mat Type

2.00 Firgt Owerlay Previous Design

3560 Dense-Graded HMA Ty BAC Hext Design

14.0 years 26.8 years

All Degign Plotz
10.00 FLEXIBLE BASE

techanistic Check

200.00 SUBGRADE TaE Check

Stress Analysis

E it

Figure 19. Design Selected for Further Evaluation by Design Checks.

To perform a check of this structure the designer is recommended to run the Modified Triaxial
Check, the Mechanistic Check and the TXxME check. Each will be described below.

3.3.1 The Modified Texas Triaxial Check

The Modified Triaxial check is mandatory for all pavement designs in Texas, although as previously
stated the results may be waived with justification by the approving engineer. Select Triaxial
Check in the pavement plotting screen (Figure 20). The screen shown in Figure 20 will appear. The
designer should input the following information:
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The Average of the Ten Heaviest Wheel Loads Daily (ATHWLD)

- From TPP traffic report or site-specific Portable Weigh-In-Motion (pWIM) study

Percentage of Tandem Axles in ATHWLD

- From TPP traffic report or site specific pWIM study

- Refer to Pavement Manual for tandem axle guidance.

Modified Cohesiometer Value (Cr)

- Use the Reference button for a table of Cr, values (Figure 21)

- Refer to district SOP or Pavement Manual to estimate Cr, values for materials not shown
in the reference table.

Subgrade Texas Triaxial Classification (TTC). Three options for supplying the TTC are

provided for in this version of FPS 23.

- Option 1 (as selected in Figure 20) requires the designer to input the value based on
laboratory tests, historic lab data, and/or experience.

- Option 2 allows the user to estimate the TTC based on the soil Plasticity Index. If this
option is selected, a field appears, and the user inputs the controlling soil PI for the
project. The TTC is automatically calculated.

- Option 3 recalls a database of soils information for the applicable Texas County and
posts it to the Texas Triaxial Design Check Screen as shown in the Figure 22. When this
is selected, the Unified Soil Classification System (USCS) soil type, the percentage of the
county that is covered by each soil type, and the recommended TTC for each soil are
displayed. Select the controlling soil type to input its TTC value into the Modified Texas

Triaxial calculation.
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B3 - Texas Triaxial Design Check for Pavement - 1

The Heaviest Wheel Loads Daily [ATHWLD] 14000 [Ib) Triaxial Thickness Fequired [inches)

Percentage of Tandem Axles 45 (%] The FPS Deszign Thickness [inches)
Modified Cohesiometer Value [ Cm) 550 Raference Allowable Reduction (inches)

Modified Triawial Thickness [inches)

=

139.72

15.50
5.65
,7

14.07

Input Subgrade Texas Triasial Class  [TTC) I‘W‘i |Design OK !
* Option 1: Input TTC based on TEX-117-E

" Option 2° Enter soil Pl to estimate TTC

" Option 3- Select TTC based on predominate soil type:

Thick. [in]  Modulus(ksi) W M aterial Hame
|2.DD |?50.D |D.35 |SUF'EF|F'AVE TyD
|350 |e50.0 [035  [Dense-Graded HMA Ty B/C
FLEXIBLE BASE
[10.00 |75.0 [035  [FLEXIBLE BASE
|2un.uu |24.n |D.4D |SUBGF|ADE

SUBGRADE

Exit

it
_=

Figure 20. Modified Texas Triaxial Check Input Screen.

E3 - Texas Triaxial Design Check for Pavement - 1 £3 - Please Double Click the item to select your Modified Cohesiometer Value @
The Heaviest Wheel Loads Daily [ATHWLD) 14000. [Ib) Material Type Cohesiometer Value (Cw)
Percentage of Tandem Axles 45
NesTied Bt e (G ,550— <+ Lime Treated Base greater than 3™ thick ... 300

<+ Lime Treated Subgrade greater than 3 thock o 250
Input Subgrade Texas Triaxial Class  [TTC) <+ Cement Treated Base greater than 37 thick......................... 1000
& Qe (ERinieieed e A <+ Cold Mixed Bituminous Materials greater than 37 thick..................300
" Option 2: Enter soil Pl to estimateT TC

h <+ Hot Mized Biminous Matenale greater than 6° Thack.............. 300

" Option 3: Select TTC based on predominate soil type
<+ | Hot Mized Biminous Matenale 47 to 6 Thick..................550
<+ Hot Mized Bituminous Materials 27 to 47 Thick 300
<+ Unireated Materials 100

Thick. (i) Modulus(ksi) v Material Mame
|200 |750.0 035  [SUPERPAVE TyD
250 50,0 035  [Dense-Graded HMA Ty B/C
| | | ! FLEXIBLE BASE
[1ooo [0 035  |FLEXIBLE BASE
|00 [240 040 [SUBGRADE
SUBGRADE Erint
Exit

Figure 21. Modified Texas Triaxial Check Cohesiometer Reference Screen.
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B LLL2 ==

The Heaviest ‘Wheel Loads Daily [ATHWLD] 14000, (] Triasial Thickness Required [inches) 20,55
Percentage of Tandem Axles 4 The FPS Design Thickness  [inches) 15.50

> (%]
Modified Cohesiometer Value | Cm) 5RO, Reference Allowahle Reduction (inches) 5.92

Modified Triaxial Thickness [inches) 14.63

|Design oK!

Input Subgrade Texas Triawial Claze  [TTC) 4.90

" Option 1 Input TTC bazed on TEX-117-E

Soil type:
(" Option 2 Enter soil Pl to estimateTTC

@+ Option 3 Select TTC based on predominate soil tpe
These soil types and TTC values are in the WILLIAMSON county database

3% 1% _

Thick. fin]  Modulus(ksi] W Matenal M arme
|2.00 |750.0 [035  [SUPERPAVE TyD
|3. a0 |55|1u |u,35 |Dense-Graded Hia Ty B/C
FLEXIBLE BASE
[10.00 |75.0 [035  [FLEXIBLE BASE
[20000  [240 [040  [SUBGRADE

SUBGRADE Brint

Exit

Figure 22. Option 3 for Selecting the Soil TTC from Soils Database.

In the example, the selected soil type is the SC (Clayey Sand), which is reported to cover

2% percent of the selected county. This soil in this county corresponds to a TTC value of 4.90, which
is entered as the input to the calculation. For this particular pavement design, the total HMA
thickness of 15.5 inches was used and the modified Cohesiometer value was set at 550 based on the
Table shown in Figure 21. This pavement structure meets the Triaxial check. The FPS 23 design
consists of 15.5 inches of cover over the subgrade. For this check the total amount of cover required
was 14.6 inches. Details on using this design check are more fully described by accessing the
program HELP menu and in its development is documented in TTI's research report 4519-1 by
Fernando et al, dated June 2008 [Link].

3.3.2 The Mechanistic Check

Select the Mechanistic Check button shown in Figure 19, the screen shown in Figure 23 appears.
Ensure the small green box under the Vary Thickness heading to the layer being designed (in this
case, only the 3.5-inch SP layer). The Vary Thickness can be dragged to the layer of interest and the
analysis will be performed for the design thickness and for variations around that thickness. Also

move (click and drag) the tensile strain computation location B (6 the bottom of the lowest HMA

22


https://tti.tamu.edu/documents/0-4519-1.pdf

layer, in this case the Dense Grade Ty B/C. Note that the compressive strain indicator I cannot be

moved since the evaluation location is always at the top of the subgrade. Then select Run.

B3+ Mechanistic Design Check for Pavernent - 1 @
Thick. [in]  Moduluz(ksi] W M aterial Mame Wary Thickness
.o |750.0 035 [FUPERPAVE Ty D
|350 |650.0 035 [PenseGraded HMA Ty B/C m [o50
[10.00 |75.0 |0.:35 [FLEXIBLE BASE
FLEXIBLE BASE
|200.00 240 |0.40 [FUBGRADE
Analysis Mode SUBGRADE
fo|7IBEL2 {* Design " User Define l
i |32
_ -2 ( )—f 3
CHES N =f(&) E
1.37E-09
f4 N _ fS Run |
5| 4477 d = f4 (8 v ) Esit |

Figure 23. Mechanistic Design Check Input Screen

When selecting Design in the Analysis Mode shown in Figure 23, the user cannot change the
pavement structure. However, by selecting User Define, the thickness and layer moduli values can
be changed. This allows some flexibility in evaluating alternate materials and/or thicknesses without

re-running FPS.

The results of the mechanistic analysis are shown in Figure 24. In FPS 23, the mechanistic check is
performed on the traffic loads accumulated over the FPS-computed time to first overlay (as opposed
to the 20-year cumulative loading). For most flexible pavement designs, this time to first overlay

will be less than the standard 20-year analysis period. In the example given below the computed
time to first overlay is 14 years; for that period the estimated traffic is 3.97 million ESALs. The
mechanistic check is performed to check that this traffic level passes the fatigue and subgrade
rutting criteria built into FPS 23. 200 million ESALs is the maximum value considered by program for
both cracking and rutting. The designer evaluates the Pavement Life section and notes the

following:

e The estimated number of 18-kip repetitions to failure in HMA fatigue is 9.50M (well above
the estimated 18-kips applied by year 14 of 3.97M).

e The estimated number of 18-kip repetitions to failure in subgrade rutting is 38.35M (well
above the design traffic applied by year 14 of 3.97M)

e The computed strain for the HMA tensile cracking is 109 micro-strains and for subgrade

rutting is 212 micro-strains
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e The provided graphs show predicted rutting and cracking calculations for variations in the
Dense-Graded Type B/C base, the pavement would fail in cracking if the layer was placed at
2 inches or less

e Repetitions to failure of 18-kip ESALs in both of these modes exceed the cumulative ESALs

predicted by FPS by time to first overlay and the Check Result message validates this.

B Form1

Cracking Life vs. Changed thickne .
Cracking Life in miltion ESAL Design Parameters

=] Thick. Modulus W M aterial Mame
905

|200 |7500 .35 [SUPERPAVE Ty D

= bd b3 B3 RS RS L
a3 b3 A oh o3 oo
o oo Do o

729 |2.50 |E50.0 0.5 [Dense-Graded HMA Ty B/C

J-4 [10.00 |75.0 |0.35 [FLEXIELE BASE
6.95

4o
=)=

|200.00 |24.0 |0.40 [SUBGRADE
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E

h
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o 3571 Subgrade Compressive Strain -212.0 Rut Life [millian) 33.35
110

100 ((

50 003
ﬁg Check Result The Design iz OK for the period: Twhich iz 14.0 years

60 1230
50 E
40
2 e z Texas ) b |
O e S TEOG67) 4 Transportation .

0 e trar Al Institute i
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Figure 24. Mechanistic Design Check Results.

This structure passes all of the mechanistic design checks. Details on using this design check are
more fully described by accessing the program HELP menu. The results of the mechanistic design
check are currently for informational purposes only. However, it is strongly recommended that all
pavements where an intermediate thickness of HMA is recommended (2 to 4 inches) be checked for
fatigue cracking. In a typical flexible pavement, the maximum tensile strains at the bottom of the
asphalt layer tend to occur in the thickness range of 2 to 4 inches. These strains cause the load
associated fatigue cracking of the asphalt layer.

24



3.3.3 TXME Check

TXME is an advanced M-E check and performance analysis package that TxDOT engineers can use to
optimize design decisions. It automatically processes all pavement design information entered into and
generated from FPS23 to predict pavement field performance in terms rutting and cracking. Figure 25
illustrates this connection between FPS23 and TxME. For new materials, lab testing can be conducted
to measure rutting and fracture properties for TXME check. Details on the TXME development are
documented in TTI's research report 0-5798-2 by Zhou et al., dated August 2010 [Link], 0-6622-2 by
Hu et al., dated January 2014 [Link], 5-6622-01-R1 by Hu et al., dated February 2019 [Link].

Pavement Max.and Min.
Location Thickness

Lab
Testing
Data

'- TXME

Base Check

Subgrade

Figure 25. Connection Concept between FPS and TxME.

TxME Main Screen
Click on the TXxME Check button in Figure 19 and TxME will be launched. Figure 26 displays the

primary interface and layout of the TXME design check and performance analysis software.

Project Option @ Run Help
EFPHRAS=

&ME Explorer 2 x
:--E_-il Projects

4 Structure

..4p Climate

‘ Traffic

.4 Reliability

Figure 26. Initial Main Screen of TxME.
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Pavement design inputs are organized into four main categories: Structure, Climate, Traffic, and
Reliability. Double-clicking each tree node opens the corresponding input window on the right side.
The tree node icon's color indicates input status: red for incomplete and green for complete. Once all
four tree nodes become green, users can start the analysis by clicking the "Run" menu or button, as
detailed in the following sections. The software forecasts various outcomes such as AC fatigue
cracking, AC rutting, AC thermal cracking, flexible base/asphalt treated/subgrade rutting, and
cement/lime stabilized base fatigue cracking based on pavement type and structure.

The following details the screens in the order of structure, climate, traffic, reliability, and output of the
TxME design check and performance analysis software. Comprehensive description of the TxME
interface and variables are provided in the program’s HELP function. Access this information by
pressing F1 or clicking “Help” menu. This manual doesn’t include these details, and users are directed

to the in-program HELP menu for further information.

Structure Input

Double-clicking the tree node - 4P Structure will open the structure input screen, as shown in

Figure 27. This screen comprises various sections: the upper left window indicates the pavement type
and location; the upper right window lists available AC layer, base layer, and sub-base layer material
icons. The lower left window exhibits the pavement structure imported from FPS 23 (or users defined),
while the lower right window displays material information and properties of a layer selected and

highlighted on the pavement structure window.
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Figure 27. Pavement Structure Information Screen.
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The pavement type and location, design life, layer type, and layer thickness will be automatically
imported from FPS 23. TxME also loads the default material properties for each pavement structural
layer. If needed, users can modify the pavement type and structure imported from the FPS 23 design.
Additionally, layer material properties can be replaced if specific lab test results are available. The
steps for making these changes are outlined below.

Pavement Type and Location
Three types of flexible pavement can be analyzed in the TxME, as shown in Figure 28.

o Surface Treated: A thin protective layer, usually under 1 in., applied to a base course.

e Conventional AC: A common flexible pavement structure consisting of AC layer, with a
combination of flexible or stabilized base, and/or granular subbase or modified soil layers.

e Perpetual: A strong foundation with three or more AC layers, typically totaling over 14
inches in AC thickness.

Pavement Type

O Surface Treated
© Conventional AC

O Perpetual

Figure 28. Pavement Type Selection in TxME Design.

Since TXME automatically assigns pavement type based on the FPS 23 design output, there is no need
for users to select a pavement type. However, users can select a pavement type by clicking the
corresponding radio button. Note that changing the pavement type will generate a new default
pavement structure, which may overwrite previously entered layer data. A warning message

(Figure 29) will appear to confirm the change before proceeding.

TeME

Are you sure you want to change design type?

Figure 29. Message Box When Users Choose to Change Pavement Type.

Figure 30 shows the pavement design life and location information.

o Design/Analysis Life (years): The span of time for which the pavement is planned to be
analyzed, which is imported from FPS 23.

e Project Location: The district and county name in which the pavement section is located.
Such information is automatically loaded into TXME from FPS 23.
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Design/Analysis Life (years): |20 | | Optional Project Information
Project Location

District: |01 Paris ~| County: 60 DELTA ~

Figure 30. Pavement Design Life and Location Inputs.

Clicking the button QOptional Project Information

will open the optional project information input screen, as
shown in Figure 31. Users can change such information or accept the default values by clicking the OK

button. The information includes:

e Asphalt Layer Construction Month and Year
e Traffic Open Month and Year

e Reference Mark Format, Begin, and End

e CSI#

e Functional Class

e Analysis Date

Other Optional Information n
Construction and Traffic Open Time

gépngrﬁlc_ggﬁrMunth' July - Year: [2021 ~ Traffic Open Month: [July v Year: |2021 «

Other Information

Reference Mark Format: Feet: 00+00 i C51#: | |

Reference Mark Begin: | | Functional Class: Major Collectars w

Reference Mark End: | | Date: |1EI,"3EIJ"25 B |
oK

Figure 31. Optional Project Information Inputs.

Layer Material

Figure 32 shows the various material options for each layer in case that users need to modify the
pavement structure imported from FPS 23, including:

e AC Layer Material Options: Surface Treatment, Dense-graded, Superpave, Stone Matrix
Asphalt (SMA), Crack Attenuating Mixture (CAM), and Rich Bottom Layer (RBL).

¢ Base Material Options: Fly-Ash (FA) or Lime Fly-Ash (LFA) Stabilized, Asphalt Treated,
Emulsion Asphalt Treated, Flexible, Lime Stabilized, and Cement Stabilized.

¢ Subbase or Treated/Untreated Subgrade Material Options: Lime or Cement Stabilized
Subgrade, Emulsion Asphalt Treated Subgrade, and Shallow Subgrade. This layer differs from
the natural subgrade layer and typically has a higher modulus.
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AC Layer Maternal

Subbase/Treated (or Untreated) Subgrade Layer Material

& Emlson AR

Figure 32. Pavement Layer Material Options.

When hovering over any layer material icon, a tooltip will appear with the message: "Drag this
material icon and drop it onto a pavement layer. The new layer will be inserted above the selected
layer." If needed, users can construct their own pavement structures by dragging layer material icons
into the pavement structure window. To remove a layer, click the right mouse button on it and select

"Remove this layer" from the pop-up menu.

Pavement Structure

Figure 33 shows an example of a conventional AC pavement structure.

Figure 33. Example of a Conventional AC Pavement Structure.

When needed, users can modify the pavement structure through the following actions:

e Adding a Layer: Drag and drop a layer material icon into the pavement structure window by
clicking and holding the icon, then releasing it at the target location. If a prohibitive icon %

appears while dragging a material icon over a layer, it indicates that the material cannot be
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placed on top of that layer. For example, a flexible base layer cannot be placed above an AC
layer.

o Deleting a Layer: To delete a layer from the pavement structure, right-click on the layer
and select "Remove this layer" from the pop-up menu. Note that the subgrade layer is
always included by default and cannot be removed.

¢ Modifying Layer information and properties: The layer information and material
properties can be modified in the material property window. Details are provided below.

Material Property

TxME allows users to modify layer type/thickness and material properties in the Material Property
window by clicking on each layer in the Pavement Structure window, even though default values are
assigned to each layer.

AC Layer Material Property

Figure 34 shows a typical AC layer property input window.

Layer 1: Type D, PG 70-22

- Layer Information

Layer Number
Layer Thickness (inches) 4
Cost ($/Cubic Yard): 169

- Material Information

Binder Type PG 70-22
Gradation Type D
RAP % 0

RAS % ]

- Matenal Properties

Dynamic Modulus Level 2 input: default value
Fracture Property @77 F: A=4 4280E-6. n=3.9391
Rutting Property @104 F: alpha=0.7521, mu=0.7792
Poisson Ratio 0.35

Thermal Coefficient of Expansion (1e-6 infin/F): 135

Figure 34. AC Layer Property Input Window.

The AC layer inputs include:

e Layer Information
- Layer Number: This is a read-only field and cannot be modified by the user. The topmost
layer is designated as Layer #1.
- Layer Thickness (in): Specifies the thickness of the layer in inches.
- Cost ($/Cubic Yard): Represents the initial construction cost of the layer, calculated per
cubic yard. Users can modify the cost based on their own District/Area construction

practices.
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e Material Information

- Binder Type: Indicates the asphalt binder PG grade, available for selection from a drop-
down list. PG 70-22 is the default binder for common mixes, while PG 76-22 and PG64-22
are for SMA mixes and rich bottom layer, respectively. Users should ensure that the binder

type matches the mix design for each specific layer and adjust the binder type input as

needed.

- Gradation: Specifies the mixture gradation type, available for selection from a drop-down

list. D mix is the default gradation for surface layers, while B is the default for

intermediate and base layers. Users should review their designs and adjust the gradation

input as needed.

- RAP % and RAS %: Specifies the percentage of RAP (and RAS) used in the mixture. The
default setting is 0% RAP/RAS. Users should ensure that the percentage of RAP and RAS

matches the mix design for each specific layer and make necessary adjustment as needed.

e Material Properties

- Dynamic Modulus: Clicking this input opens a window for entering the dynamic modulus of

the AC mixture (Figure 35). While “Level 2 (Default Value)” is the default, users can select

"Level 1 (Test Data)" and input the measured dynamic modulus values (ksi).

- Fracture and Rutting: Clicking their input open a window for entering the fracture and

rutting properties of the AC mixture. (Figure 36 and Figure 37). Default values are

provided for each mixture type.

- Poisson’s Ratio: A default Poisson's ratio of 0.35 is assigned for all AC mixtures.

- Thermal Coefficient of Expansion (1e-6 in/in/F): A default value of 13.5 in/in/F is used for

all AC mixtures.

Note that all default AC material properties in TXME are obtained from the asphalt materials used in

the state of Texas.

Layer1: Type D, PG 70-22

= Layer Information
Layer Number
Layer Thickness (inches)
Cost ($/Cubic Yard):

= Material Information
Binder Type
Gradation
RAP %
RAS %

= Matenal Properties

Modulus Input
(O Level 2 (Default value) © Level1 (Test Data)

Test Data

Dynamic Modulus (E*,ksi)
Number of Temperatures: |5 = Mumber of frequendes: |g =

Temperature (F) htemicnoiEe)
25 10 5 1 0.5 0.1
14
40
70
100

130

0K

Dynamic Modulus Level 2 input: default value

Fracture Property
Rutting Property
Poisson Ratio

Thermal Coefficient of Expansion (1e-6 infin/F):

@77 F: A=4.4280E-6, n=3.931
@104 F: alpha=0.7521, mu=0.7792
0.35

135

Figure 35. AC Layer Dynamic Modulus Input Screen.
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Layer1: Type D, PG 70-22 .

= Layer Information

Layer Mumber 1

Layer Thickness (inches) Nurmber of Temperaturessss: 1 =

Cost ($/Cubic Yard) T (E) a "

= Matenal Information
77 4.4280E-6 3.9391

Binder Type
Gradation
RAP %
RAS %

= Material Properties oK

Dynamic Modulus

Prop @77 F: A=4.4280E-6, n=3.9391 ~
Rutting Property @104 F: alpha=0.7521. mu=0.7792
Poisson Ratio 0.35
Thermal Coefficient of Expansion (1e-6 infin/F): 135

Figure 36. AC Layer Fracture Properties Input Screen.

Layer1: Type D. PG 70-22 w

= Layer Information

Layer Number 1

Layer Thickness (inches) Mumber of Temperatures: 1 -

Cost ($/Cubic Yard): Temperature (F) alpha mu

8 Lz e 104 0.7521 0.7792
Binder Type
Gradation
RAP %
RAS %

=/ Material Properties

Dynamic Modulus
0K

Fracture Property
Prop @104 F: alpha=0.7521, mu=0.7792 b

Poisson Ratio 0.35
Thermal Coefficient of Expansion (1e-6 infin/F) 135

Figure 37. AC Layer Rutting Properties Input Screen.

Base Layer Material Property

The base layers in TXME can be categorized into three types based on the materials as:
o flexible base,
e asphalt treated base including emulsion/foam, and
¢ cement stabilized base including FA, LFA, and lime.

Both flexible base and asphalt treated base materials require rutting property inputs, while the cement
stabilized base requires cracking property inputs. Note that the default material properties are

provided depending on the base type.

The material property input screens for the flexible base and the asphalt treated base are the same.

Figure 38 shows a typical material property input screen for the flexible base.
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Layer 2: Flexible Base “

= Layer Information

Layer Number 2
Layer Thickness (inches) 65
Cost($/Cubic Yard): 37
=/ Material Properties
Modulus (ksi): Typical value :50.0
Rutting Properties Typical values : alpha=0.87, mu=0.06
Poisson Ratio 035

Figure 38. Flexible Base Material Properties Input Screen.

The flexible or asphalt treated base layer inputs include:

e Layer Information
- Layer Number: This is a read-only field and cannot be modified by the user.
- Layer Thickness (in.): Specifies the thickness of the layer in inches.
- Cost ($/Cubic Yard): Represents the initial construction cost of the layer. Users can modify
the cost based on their own District/Area construction practices.
e Material Properties
- Modulus (ksi): Represents the base layer modulus, such as the FWD backcalculated
modulus. This modulus value is automatically imported from FPS 23 but can be adjusted
as needed. Clicking this input opens a flexible base modulus window, where users can
enter a typical or monthly value (Figure 39).
- Rutting Property: Defines the rutting properties of the base layer. Clicking this input opens
a window where users can input either a typical value or monthly values (Figure 40).
- Poisson Ratio: A default Poisson's ratio of 0.35 is assigned for the flexible and asphalt

treated base layers.

Base Material ® Typical value O Monthly value

Typical Modulus (ksi)

50.0
Subbase/Treated (or Unireated) Subgrade Layer Material

Layer 2: Flexible Base

= Layer Information
Layer Number
Layer Thickness (inches)

Cost($/Cubic Yard):
oK

= Material Properties

Medulus (ksi): Typical value :50.0 ~

Rutting Properties Typical values : alpha=0.87, mu=0.06

Poisson Ratio 035

Figure 39. Flexible Base Typical Modulus Input Screen.
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— O Typical value ® Monthly value
Subbase/Treated (or Untreated) Subgrade Layer Material Rutting Praperties
" Month Alpha Mu
Jan.
Feb.
Mar.
Apr.
May
Layer 2: Flexible Base June
July
= Layer Information Aug.
Sep.
Layer Number oct.
Layer Thickness (inches) Nov.
Dec.
Cost ($/Cubic Yard):
- Matenal Properties
oK
Modulus (ksi):
Rutting Properties Typical values : alpha=0.87 mu=0.06 v
Poisson Ratio 0.35

Figure 40. Flexible Base Rutting Properties Input Screen.

As shown in Figure 41, the cement stabilized base materials require fatigue cracking property inputs

as well as modulus:

e Modulus of Rupture (psi): Defines the maximum tensile stress of the cement stabilized
material just before it yields in a flexure test, also known as flexural strength (psi).
e Fatigue Cracking Parameters B1 and B2: Define the fatigue cracking properties and are used to

determine its fatigue cracking life.

Layer2: Cement Stabilized Base

= Layer Information
Layer Number 2
Layer Thickness (inches) 8
Cost($/Cubic Yard): 65

= Material Properties
Modulus (ksi): 120
Modulus of Rupture (psi): 125
Fatigue Cracking Parameter B1: 0.972
Fatigue Cracking Parameter B2: 0.0825
Poisson Ratio 02

Figure 41. Cement (or FA, FLA, lime) Stabilized Base Properties Input Screen.

Note the fatigue cracking analysis of the cement stabilized base layer is executed only under the

surface-treated or conventional AC pavement design at the following layer:

e asingle cement stabilized base layer placed directly beneath the AC layers, or

o the last layer in the multiple cement stabilized base layers.
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If a crack relief layer (e.g., flexible or asphalt treated base layer) is placed between the AC and the
cement stabilized layer, the fatigue cracking of the cement stabilized layer is assumed not to occur and
will not be analyzed.

Subbase Layer Material Property

The subbase layer types are the same as the base layer in terms of modulus, rutting, or fatigue
cracking property, depending on the material type. For example, emulsion asphalt treated subgrade
require rutting inputs, while lime (cement) stabilized subgrade require cracking inputs. Users can refer

to the description of base layer material properties for further details

Note that if a lime (cement) stabilized subgrade layer is placed beneath a flexible base or asphalt
treated base layer, fatigue cracking of this subbase layer is assumed not to occur and will not be

analyzed.

Subgrade Layer Material Property

The subgrade layer inputs share a similar input screen to that of the flexible base, except that there is
no cost input field.

Climate Input

Double-clicking the tree node -4 Climate il open the climate input screen, as shown in Figure 42.
Users can choose between two options for linking climatic information to a project location using radio
buttons: Climatic data for a specific weather station or Interpolate climatic data for a given

location based on the project's GPS coordinates.

© Climatic data for a specific weather station (O Interpolate dimatic data for a given location

Select Weather Station

Latitude (degrees.minutes
ABLLENE, TX 32.25 (deg )
QHEE'[LPS ~ 99.41 Longitude (degrees.minutes)
ANGLETON/LAKE JACKSON, TX .
ARLINGTON, TX 1789 Elevation (ft)

AUSTIN/CITY, TX
AUSTIN/BERGSTROM, TX
BEAUMONT/PORT ARTHUR, TX
BORGER, TX

BROWNSVILLE, TX

BURNET, TX

CHILDRESS, TX

COLLEGE STATION, TX
CONROE, TX

Station Location:
MUNICIPAL AIRPORT
Available Data Months: 116

OK

Figure 42. Climate Input Screen.
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TXME uses district and county information imported from FPS23 to recommend the nearest weather
station. Users only need to click 'OK' to confirm the highlighted selection. Each station is linked to an
hourly climatic data file ('.hcd"), stored in the 'hcd' directory during TxME installation. TXME applies
this hourly climatic data to determine temperature variations along the pavement depth. Additionally,
TxME provides a summary with average temperature and precipitation, offering users a quick review
of the data.

If a project location lacks a designated weather station, users can choose the "Interpolate climatic
data for a given location" option. This enables the application to recommend up to six nearby
weather stations for interpolation based on GPS coordinates. More details are available in the “Help”

file, accessible via the “Help” menu or the F1 key.

Traffic Input

Double-clicking the tree node -4 Trafic will open the traffic input screen with a message box
prompting to enter the operational speed, as shown in Figure 43. There are two levels of traffic inputs
in TXME: Level 2: ESALs and Level 1: Load Spectra. Users can select the traffic input level by
clicking the corresponding radio button.

Project Option % Run Help
EFHRS§=

TME Explarer x Projectl:Structure I/Projecﬂ:C\imate*)/Projecﬂ :Traffic ]
=&l Projects
i=| Projectl )
0 Structure Traffic Input
4 Climate @ Level 2: ESALs O Level 1: Load Spectra
Ay Traffic
.4 Reliability
Level 2: ESALs
Single Axle with Dual Tires (18 kip)
Please input the operational speed.
Pavement
Tire Pressure (psi}: 100 18 kip ESALs 20 YR (1 DIR) (milions): 5.95
ADT-Beginning (Veh/Day): 12500 Operztional Speed (mph): |:|
ADT-End 20 YR (Veh/Day): 16700

Figure 43. Traffic Input screen

Level 2: ESALs Input

Figure 44 shows the Level 2: ESALs input screen. Note that the ADT-Beginning, ADT-End, and 18-kip
ESALs are automatically populated with values from FPS 23; however, the user must input the
Operational Speed.
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Traffic Input

®) Level 2: ESALs ) Level 1: Load Spectra

Level 2: ESALs

Single fode with Dual Tires (18 kip)

HH—HH

Pavement

Tire Pressure (psi): 100 18 kip ESALs 20 ¥R (1 DIR) (milions):

5.95
ADT-Beginning (Veh/Day): 12500 Operational Speed (mph):
ADT-End 20 YR (Veh/Day): 16700

Figure 44. Traffic ESALs (Level 2) Input screen.

The Level 2 inputs include:

e Tire Pressure (psi): The hot inflation pressure. The default tire pressure value is 100 psi.

e ADT-Beginning and End 20YR (Veh/Day): Average Daily Traffic (ADT) in both directions at
the beginning and the end of the 20-year period.

e 18-kip ESALs 20 YR (1 DIR) (millions): The accumulated number of 18-kip ESALs in one
direction over 20 years, measured in millions.

¢ Operation Speed (mph): The average speed of traffic, measured in miles per hour (mph).

Level 1: Load Spectra Input

When load spectra input data is available, users can select Level 1 to perform load spectra analysis.
The load spectra data can be obtained from the traffic data collected by portable or permanent WIM
system. As show in Figure 45, the traffic load spectra (Level 1) input screen, the upper left panel
presents General Traffic Information and Axle Configuration details. The upper right panel
displays vehicle class distribution and growth rate information. The lower right panel contains buttons
for:

e View/Edit Axle Load Distribution
e View/Edit Monthly Adjustment Factors
o View/Edit Axles Per Truck

In Figure 45, the “Annual Average Daily Truck Traffic (Two-way AADTT)"” is calculated by multiplying
'ADT, BEGINNING (VEH/DAY)' by 'PERCENT TRUCKS IN ADT (%)' entered in FPS 23. Additionally, TXxME
provides default load spectrum inputs for various Texas road traffic scenarios, grouped under Traffic

Characteristics in the lower left panel. The system automatically loads default values for vehicle
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class distribution, axle load distribution, monthly adjustment factors, and axles per truck based on the

following characteristics:

e Highway type: Energy sector, IH, SH, or FM
e Volume of 18-wheeler (Class 9): high, medium, or low

e Axle weight of 18-wheeler (Class 9): heavy, medium, or light

More details about “Level 1: Load Spectra” inputs are available in the “Help” file, accessible via the

“Help” menu or the F1 key.

" pi_FPS:Stucture” } prj FPS:Traffic” | 7 &3

Vefide Cass Distrbution and Growth (US/5H, Medurm Volume of 18-Wheelers)
Trafic bput VehicleClass  Pictorial View  Distribution (%)  Growth Rale (%) Growth Funcion
O Level 2 ESALs @ Level 1: Load Spectra == 12 3 Compound ¥
Class 5 SEEmE 264 3 Compound
1:
Level 1: Load Spectra - P T B P—— v
General Traffic Information Axde Configuration Class 7 [ — ‘D 1 3 Compound bt
fode Tre Class 8 Bl - |5’J 3 Compound ¥
Annual Average Dally Truck Traffic (Two-Way ETn Sngle Tre Pressure (ps): Class 9 Bl Lo |60 a Compound
AADTT): Dual Trre Pressure (psi): [0 | cem 1o P —— s B 3 e
ass oo ampoun:
Percent in Design Drection (%): 50 Dual Tie Spacing (in): — e
Class 11 B |12 3 Compound ¥
Percent in Design Lane (%}: 95.0 A
. ¢ XN @ spacng Class 12 Pluy |03 3 Compound
Operational Speed (moh): no ] Tandem Axe (in): 51.6 Class 13 [V — P 3 Compound ¥
Triderm Axle (in): 402
Quad Axle (in): 02
Sum of Distribution (9%): [o0 ]
Traffic Characteristics
Highway Type WVehicle Class Dstribution Axle Load Dstribution Monthly Adjustment Factor Axdes Per Truck View/Edit Axle Load Distribution
Volume of 18-Wheelers Weight of 18-Wheelers (MAF) (#PT)
US/5H, Medium Weight of 18-Wheekers
us/sH v Medum Medium v WAF-US/SH APT-US/SH 7
View/Edit Monthly Adjustment Factors
US/SH
View/Edit Axles Per Truck
US/SH

Figure 45. Traffic Load Spectra (Level 1) Input Screen.

Reliability Related Input

Double-clicking the tree node 4 Reliability will open the reliability-related input screen, as shown in
Figure 46. The figure displays the input screen for a three-layer conventional AC pavement (flexible
base) within TxME. The reliability level is consistent with FPS 23, and users can edit it. While TxME
provides default analysis failure criteria (performance limits), users can adjust these limits to align

with project-specific requirements based on engineering judgment.

Performance Criteria

Performance Limit Reliability (%)
Themal cracking fft/mile) 1500 55
Fatigue cracking of AC layer (percent) 50 55

Figure 46. Reliability Related Input Screen for a Three-Layer Conventional AC Pavement with Flexible
Base.

The performance criteria are linked to both the pavement structure and pavement type. When either

the pavement structure or type changes, these parameters are updated accordingly. Figure 47 shows
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an example of the performance criteria of the cement stabilized base layer, indicating the "Fatigue

cracking of stabilized layer" entry.

Performance Criteria

Performance Limit Reliability (%)
g finc} 05 95
Themal cracking ft./mile) 1500 55
Fatigue cracking of AC layer (percent) 50 55
Fatigue cracking of stabilized layer (percent) 50 55

Figure 47. Reliability Related Input Screen for a Pavement with CTB Layer.

The default performance limits are provided in Table 3.

Table 3. Default Performance limits by Pavement Type

Performance .f:_:;i:s Convir;:tional Perpetual
Rutting (in.) 0.75 0.5 0.35
Thermal Cracking (ft./mile) - 1,500 500
Fatigue Cracking of AC Layer (%) - 50 15
Fatigue Cracking of Stabilized Layer (%) 50 50 -

Output

After entering or verifying the pavement design data, users can run the TXxME analysis by clicking the
"Run" button (Figure 48). The analysis typically completes in under two minutes, though duration may
vary based on factors like pavement design or analysis life. The program generates a summary of
project inputs, distress, and performance predictions in both tabular and graphical formats, with

graphs created in Microsoft Excel® for easy incorporation into reports.

%Prnject H{Jw’nn (% Ru:} Help
EPHRS=

TME Explores B X | p FPSStructure” | pr_FPS:Climate” | pr FPS:Traffic™ ) pei_FPS:Reliabiity” | - X
=i Projects
5-i5 pri_FPS Performance Criteria
& Stucture
4 Climate Pedomance Limé Flebability (%)
< Traffic Futting inch) 0s %
& ety [0 L0 R
Fatsque eracking of AC Lapar [pancant) 50 a5
Fatigue cracking of stablized Layer [percent) 50 %

Figure 48. Running TxME Analysis
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The Excel spreadsheets consist of three main sections: user input summary, analysis result table, and
distress plots (Figure 49). Predicted distresses differ depending on the pavement structure and type as
listed in Table 4.

4 g LR Rutting 1

.ﬂﬁro]ect

General Information

3 Input Summay

Climate

AC Fatigue Cracking

©6)

January (deg F)
February deq F)
archdeg F]
Apiil (dag F)
Uy [deq F)
June (deg F)
Ty (eg )
hugust(deq F|
September (deg F)
October deg F)

Fatigue Cracking Area

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
Distress Plots |
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Figure 49. Output of TxME in Excel File Format.

Table 4. TxME Distress Prediction by Pavement and Material Types

Fatigue Thermal

Pavement Type/Layer Rutting Cracking Cracking

Surface Treatment v

AC Layer Conventional

Flexible base,

v
Perpetual v

v
natural subgrade

Base/Subbase/ Asphalt treated v
Subgrade base/subbase

Cement v*
stabilized base/subbase

* Fatigue cracking of stabilized base/subbase layer is not analyzed for the perpetual pavement.

Figure 50 presents an example of the standard output from an analysis of conventional AC pavement
with a flexible base over subgrade, including rutting, AC fatigue cracking, and AC thermal cracking

predictions.
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Rutting

064

[ER

Rut Depth (in}
=
g

# Analysis Lt

WTotal Rut Degth

ACRut Depth

Granuler Base /Subbase (Layer 2) Rut Degth

Subgrade Rut Depth

Fatigue Cracking Area (%)
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4 Analysis Limit
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Thermal Cracking

50
i
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.
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E
£
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-
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F
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Figure 50. Output From the Analysis of a Conventional AC Pavement.

If the output does not meet the threshold or expectations, users can modify the pavement structure—

such as increasing the pavement layer thickness, changing the asphalt mix design (e.g., switching the

binder from PG 64-22 to PG 70-28), or reducing the RAP percentage—to rerun the TxME analysis and

identify the optimal design.
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3.4 Stress Analysis Tool (Post FPS Design Analysis)

Another user option in FPS 23 is Stress and Strain Analysis, that can be accessed by Stress Analysis
button in the Pavement Plotting screen (Figure 19). The stress analysis tool can also be run separately
from the main menu shown in Figure 7. Regardless of how it is executed, the simulated FWD
deflection bowl for the proposed pavement design can be generated as shown in Figure 51. The
analysis may be utilized as post-construction check to verify design requirements were achieved, or
during design to identify structures that might exhibit a deflection deemed suitable for project

requirements.

7= Stress and Strain Analysis for Pavement - 1 @

Load Type Pavement Stress Analysis Result

" Single Tire

Radius (inch) LEEriEne = Sy Gy (o2
Load (i) Unit [miicro strain] [psi]

¢ Dual Tire

@& FwD Loading
Pressure [psi)

Name Thiin) Efksil  Poisson's

SUPERPAVE Ty D ' :

STAE SUBB(Saill

o  Deflection (mils)

20

40 T 2.62

SUBGAADE ; ; zonoo 140 || oan| °° =

/T;.Arc

Analysis Mode

o Design

" User Define [

100 200 30.0 400 500 60.0 70.0 800

Sensor Location(inches)

Figure 51. Stress Analysis Tool as Accessed from the Pavement Plotting Screen.

The FWD deflection bowl presented in Figure 51 should be measured in the field when the pavement
structure was built as designed thickness and modulus of each layer in FPS 23. Thus, field FWD

deflections significantly higher than this would be a cause for concern.

When accessed from the Main Menu, this is a stand-alone tool that does not require a previous run of
FPS 23 for pavement structural information. In this analysis routine, user can predict stresses, strains,
and deflections for a pavement structure with up to seven layers. These predictions can be used to

simulate different loading weights or configurations including single or dual tiers or FWD plate. Details

on using this analysis tool are more fully described by accessing the program HELP menu.
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Appendix A. FPS 23 Typical Default Inputs

Table A1l offers typical modulus values based on pavement materials. Table A2 offers the recommended design moduli and cohesiometer values for

Flex base and Recycled layers. Districts are encouraged to generate their own values based on their construction histories (for example Initial SI

values) and layer moduli values with their materials (based on FWD testing).

Table A1. Recommended Design Modulus Values for FPS 23

2024 Material Type Design Modulus Poisson’s Comment
Specification Ratio

Item 316 Seal Coat 200 - 250 ksi 0.35 Considered in the structural design only when placed on the

surface. Not considered when used as an underseal.

Item 330 Limestone Rock Asphalt 200 - 350 ksi 0.35 Material typically placed as asphalt stabilized base or surface

Pavement for low volume roads.
Item 334 Hot-Mix Cold-Laid ACP 300 - 400 ksi 0.35
Item 341 Dense-Graded Hot-Mix Combined HMA thickness: 0.35
Asphalt (DG) < 4 in. use 500 ksi
4in. < T < 8in. use 650 ksi
> 8 in. use 850 ksi
Item 342 Permeable Friction 300 ksi 0.35 Thinness of the lift and high air voids do not allow significant
Course (PFC) contribution to the overall structural capacity.
Item 344, 346, Superpave (SP) Combined HMA thickness: 0.35
347 Stone-Matrix Asphalt < 4.0 in. use 650 ksi
(SMA) 4in. < T < 6in. use 750 ksi
Thin Overlay Mixes > 6.0 in. use 850 ksi
(TOM)

Item 247 Flexible Base If historic data not available, 0.35 In general, a finer graded base will have lower moduli than
modulus shall be no greater one that is a coarser gradation. As angularity and soundness
than 3-4 times the subgrade of particles decrease, modulus will decrease to the lower
modulus or use FPS default, end of the scale. Limiting the minus 200 clay fraction will

whichever is lower. Typical improve resistance to moisture damage.
range 40-70 ksi.
Item 260 Lime Treated Base 60 - 75 ksi 0.30 - 0.35 | Use Tex-121-E, “Lime Treated Materials” to establish
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to undergo permanent chemical bonding.



2024 Material Type Design Modulus Poisson’s Comment
Specification Ratio

Item 275, 276 Cement Treated Base 80 - 150 ksi 0.25 - 0.30 | Use Tex-120-E, “"Cement Treated Materials” to establish
optimum cement content. For Item 276, a minimum 7-day
unconfined compressive strength of 300 psi is established
for Class L stabilized base. TTI research indicates that higher
strengths can lead to detrimental shrinkage cracking. Micro
cracking is encouraged for higher strengths. Also, very stiff,
stabilized bases are not modeled effectively in FPS 23.
Higher design moduli shall not be used.

Item 291 Foamed Asphalt 200 ksi 0.35 Contact MTD -Soils & Aggregates section for assistance in
Treatment (Base) establishing optimum asphalt content and recommendations
for adding cement or other filler material.

Item 292 Asphalt Treatment 250 - 400 ksi 0.35 Use Tex-126-E, “"Molding, Testing, and Evaluating Bituminous
(base) Black Base Materials,” asphalt content.

Item 290 Emulsified Asphalt 200 Kksi 0.35 Contact MTD -Soils & Aggregates section for assistance in
Treatment (Base) establishing optimum emulsion concentration and
recommendations for adding cement or other filler material.
Humid/wet regions require special considerations to ensure
proper curing.

Item 265 Fly Ash or Lime-Fly Ash 60 - 75 ksi 0.30 Use Tex-127-E, “Lime Fly-Ash Compressive Strength Test
(Removed from Treated Base Methods,” to establish optimum fly ash or lime fly ash
Spec. 2024) content.
Item 260, 275 | Lime or Cement Treated 30 - 45 ksi 0.30 Use Tex-121-E or Tex-120-E, Parts 1, to establish optimum
Subgrade lime or cement content for permanent stabilization. Long-
term stiffness improvement will depend on concentration
used and affinity of subgrade material to undergo
permanent chemical bonding. For cases when a subgrade
will be treated using lower lime content (e.g., 2-3% lime) to
provide a working platform for construction equipment and
a platform to improve compaction effort of the overlying
layers, this layer shall not be accounted for in the structural
design.
Item 314, Emulsified Asphalt 15 - 25 ksi 0.35 Contact MNT - Pavement Asset Management Section for
Item 290 Treatment (Subgrade) assistance in establishing optimum emulsion concentration.
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2024 Material Type Design Modulus Poisson’s Comment

Specification Ratio
(Existing) Subgrade Priority should be to use the |0.35-0.45 |Use of a backcalculated modulus is preferred. FPS 23
project-specific defaults to the average county subgrade modulus taken
backcalculated subgrade from a limited number of tests. For new highway
modulus. Defaults by county construction on a new right-of-way, deflection testing on an
are available in the FPS adjacent highway, or intersecting highways can provide data
design program. Typical for backcalculation. Alternatively, elastic modulus
range is 6-20 ksi. correlations to field or laboratory derived CBR or the
program default may be used. Wetter or more highly plastic
materials warrant higher Poisson ratios.

Table A2. Recommended Design Moduli and Cohesiometer values for Flex base and Recycled layers

FPS Design Input Screen Modulus Value Poisson’s | Cohesiometer Value (Cm) for Modified Texas Triaxial
Ratio
Existing Thin Hot Mix *500 ksi or Backcalculated 0.35 Add existing HMA thickness to new HMA overlay
from FWD data thickness; use Cm value for total HMA thickness

Existing Pavement — Scarified, Reshaped and ~3 times the subgrade 0.35 Use 100 for untreated materials, or select another
Compacted modulus layer with higher credit
Stabilize Exist Pav/Subgrade:

a) Mostly granular base (75% or more base) a) 100 ksi a) 0.30 a) 800

b) Blend subgrade & base (50% to 75% base) b) 65 ksi b) 0.30 b) 650

c) Mostly subgrade (<50% base) c) 35ksi c) 0.35 c) 300
New Flexible Base Gr 1-2: 70 ksi 0.35 Use 100 for untreated materials, or select another
(on top of existing structure/base) Gr 5: 50 ksi layer with higher credit
1st 8” lift of new flexible base ~3 times the subgrade 0.35 Use 100 for untreated materials, or select another
(when multiple lifts are required) modulus layer with higher credit
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Appendix B. Example Design: Conventional
Pavement Case

This appendix provides a comprehensive example of using FPS 23 to develop a conventional pavement

design for TxDOT. The four phases of the Pavement Design process used by TxDOT are as follows:

e Phase 1. The initial pavement design thicknesses are generated using the FPS 23. Thisis a
deflection-based approach which models the loss of pavement serviceability with time. The
initial design is then checked and revised based on the following 3 design checks.

e Phase 2. The mandatory check is the use of the Texas Triaxial Design Check which ensures
that there is adequate pavement thickness to accommodate the heaviest loads that are
anticipated, without inducing shear failure of the subgrade.

e Phase 3. The optional Mechanistic check is then performed to estimate the life until either
HMA cracking or subgrade rutting failure occurs based on computations of stresses and strains
within the structure.

e Phase 4. The TXME package provides an advanced Mechanistic-Empirical check to evaluate
the impact of changes of the materials properties on predicted performance. For the HMA

layer this includes mix type, binder type and impact of RAP and RAS content.

Summary outputs from each phase of the design must be captured by the designer and incorporated

into the mandatory pavement design report.

PHASE 1 FPS 23 Initial Designs

This example is an FM Road in the Fort Worth District, Wise County. The design type selected uses the
Type 7 structure (ACP surface, flex base, stabilized subgrade on natural subgrade). For this design, the

following FPS inputs are used to generate an initial set of feasible designs:

e Length of Analysis Period 20 years

e  Minimum Time to First Overlay 10 years

e Initial and Terminal SI 4.5 and 3.0

e Serviceability Index after Overlay 4.2

e Confidence Level 95.0% (C)

e Current ADT and 20-year ADT 2,040 and 3,640

e Cumulative ESALs 1.2 M

e Percent Trucks 11%

e ATHWLDs and % Tandems 11,000 Ib. and 40%

e HMA modulus 500 ksi (allowable Range 2 to 4 inches)
e HMA Type Dense Graded Ty D with a PG64-22 (For TxME check)
e Flex Base modulus 50 ksi (allowable range 6 to 12 inches)
e Stab. Subgrade modulus 35 ksi (fixed thickness of 8 inches)

e Subgrade modulus 12 ksi at 200-in Depth to Bedrock

46



As described in Chapter 3 of this manual, the designer will first run FPS 23 to generate a selection of

feasible designs. Using the above inputs, Figure B.1 shows the passing thickness design options.

-

B =
Prablem 00g District 2 Highway FMI1234 rorfidence Level s L
1 i
Contral 1234 County SE 123 Date 1142042024y oipest Designs N
Design Type PAYVEMENT DESIGN TYPE # 7 - USER DEFIMED PAVEMENT e b
- |
Best Design Mo, Design: 1 Design: 2 Design: 3
M aterial Arrangement BNS BMS BMS g
Tatal Cost 2293 2297 23.07 l
Mo, of Layers 3 3 3
Layer Depths [inches) 20 20 258
] 75 ED0
8.0 8.0 g0
Re-FRun FPS
Mo, of Perf. Petiods 2 2 2
Perd. Time [vearz) 10, 22 11,21 11,20 Material T able
Owerlay Policy (inches) 25 20 20 Print /5 ave File
Detail Cost
Check Design Check Design Check Design ‘ TO Main Menu

Figure B.1. Feasible Design Results.

Based on these design options, the designer would like to investigate and check Design 2. Clicking on
the Check Design button under the Design 2 column generates the pavement plot with design check

options, as shown in Figure B.2 is generated.
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B3+ Best Pavement Design Drawing - 2 E

DESIGN - 2 PAVEMENT PLOTTING

Errint
Period- 1 Period- 2 Thick finl Mat Type
2.00 First Overlay Previous Design
] S DereReRdniE e -
Mext Design
A0 FLE<IBLE BASE
All Design Plots
a.00 STAB SUBE[Sail) .
Mechariztic Check,

Triaxial Check.
200.00 SUBGRADE TaME Check
Shess Analpsis

10.8 years 20.5 years

Exit

Figure B.2. Design 2 selected for Further Evaluation by Texas Triaxial, Mechanistic, and TxME Checks.

PHASE 2 Texas Triaxial Design Check

The Texas Triaxial Design check is currently mandatory for all flexible pavement designs in Texas.
Once the initial screen opens, the designer enters 11,000 Ib. for the ATHWLD (as provided by the TPP
Division or specific-specific pWIM study) and the % of Tandem axles in the traffic stream. The
computation in this design check predicts the total thickness of surface, base, and subbase layers
needed to protect the subgrade from shear failures under the heaviest design load. It assumes that
the initial pavement materials are surface treatment with untreated (flexible) base. This check was
intended to ensure the low volume roadways will have sufficient thickness for the anticipated heaviest
wheel load. The system was expanded to give thickness benefit for alternate materials combinations.
This was implemented using a Modified Cohesiometer value to provide a thickness reduction for stiffer
materials. Hitting the Reference Button in the initial screen the drop-down table shown below in
Figure B.3 is displayed. As the initial design from Phase 1 recommended a treated subbase and 2
inches of HMA, the table is reviewed and the largest Cohesiometer value should be selected, in this

case the value of 300 was input.
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B3 . Texas Triaxial Design Check for Pavement - 2

The Heaviest Wheel Loads Daily [ATHWLD]
Percentage of Tandem Axles

Modified Cohesiometer “alue [ Cm)

Input Subgrade Texas Traxial Class (TTC)

[11000 (1)
[ (%)

|3uu.

—

o+ ption 1: Input TTC based on TEX-117-E

¢  Option 2: Enter soil P1 to estimateTTC

— ption 3. Select TTC based on predominate soil type
Thick. [in) Modulus(ksi] W Material Name
|2.00 |500.0 [035  [Dense-Graded HMA Ty D
|7.50 [s0.0 [0.35  |FLEXIBLE BASE
|s.00 |35.0 [0.35  [STAB SUBB(So)
|200.00 [1z0 [0.40  [SUBGRADE

i Reference | |

e
L}
13 Plaase Double Click the itam to select your Modified Cohesiometer Value ==
Material Type Cohaesiometer Value ()
<+ Lime Treared Ease greater than I thck 300
< Lime Treate 250
< Cement Treated 1000
< Cold M:xed Bitum daterizls greater than 3° thick 300
++ Hot Muixed Bumin stenals gre 200
< Hot Mixzd Bitumin zterials 47 550
<+ Hot Mixzd Bturaur Mztenals 2” to 4" Thick 300
& Untrearsd Marenals 100

STAB SUBE(Soil]

SUBGRADE Brink

'

E xit

Figure B.3. Input screen for the Texas Triaxial Check Routine.

The next step is to specify the pavement subgrade strength, which is entered as a Texas Triaxial Class

(TTC). This system was developed largely in the 1950 and 60’s when TxDOT did Triaxial strength

testing on most of the soils found around Texas using test method Tex-117-E. Full details of the

development of the TTC and thickness curves is well summarized in TTI report 0-4519-1 by Fernando

E. et al, from June 2008. The TTC values range from 3.0 to 6.5, which are the low values found only in

the rocky areas of West Texas, whereas the values of 6 and above are in the highly plastic clay areas

of East Texas.

To assist the designer to select the best TTC for any projects, FPS 23 provides three options as:

e Option 1 assumes that the designer knows the TTC for the project based on the laboratory

testing result with Tex-117-E (this option is rarely used).

e Option 2 is to enter the Plasticity Index (PI) for the project soils (the worst selected in the drill

logs for the top of the raw subgrade is used).

e Option 3 is to use the provided default values which are stored for each county in Texas. It

shows the different soil types found in a county with their associated TTC values. For this

project, the CL (clay) soils was selected with a TTC of 4.0 for Wise County as shown in Figure

B.4.
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In the boxes in the upper right of Figure B.4, the program estimates that the total thickness of upper

layers required to protect the subgrade for the heaviest loads. In this case, 12.01 inches is required

above the subgrade. With the use of 2-inch HMA layer (Cohesiometer value 300), a 1.86-inch

thickness reduction is allowed, resulting in a Modified Triaxial Thickness of 10.16 inches. Therefore,

the FPS Design Thickness of 17.50 inches is sufficient, as displaying Design OK in the window.

B LLLO

The Heaviest Wheel Loads Daily [ATHWLD] 11000, (6]

Percentage of Tandem Axles A0. (%1
Modified Cohesiometer  Yalue [ Crn) 300. Reference

Input Subgrade Texas Triaxial Class  [TTC) 4.00
" Option 1- Input TTC based on TEX-117-E
™ Option 2: Enter zoil Pl to estimateTTC

¢ Opfion 3. Select TTC bazed on predaminate sail type

40% 23% 7%

11% 12%
soast W33 | SWsC3s| TMLaB| WLcl3s)

Triaxial Thickness Required [inches)
The FPS Design Thickness [inches]

Allowable Reduction (inches)

Modified Triazial Thickness [inches)

[l

120
17.50

1.86

1016

‘Design oK !

Soil type:

These soil types and TTC values are in the WISE county database

7%

Thick, in]  Modulus(ksi] W Material Mame
|2.00 |500.0 [035  |Dense-Graded HMA Ty D
|7.50 |s0.0 [035  [FLEXIBLE BASE

|8.00 |35.0 035  |STAB SUBBI(Sol
20000 [120 040 |SUBGRADE

STAE SUBE(Sail)

SUBGRADE

Frint

Euit

Figure B.4. The Texas Triaxial Results Screen Showing a Passing Design.

The Triaxial Check is often the controlling check especially for lower volume roadways which are

carrying seasonal heavy loads. If the Phase 1 design fails in the TTC check, it should be upgraded

based on the modified triaxial thickness required to get a passing TTC design.

PHASE 3 Mechanistic Design Check

By selecting the Mechanistic Check button in Figure B.2, the Mechanistic Design Check screen will

appear as shown in Figure B.5.
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3+ Mechanistic Design Check for Pavement - 2 @

Thick. in]  Modulusksi] W W aterial Mame Wary Thickness
200 |500.0 |0.35 Dense-Graded HMA Ty D m 025
|?.5u |5u_u |n.35 |FLE><IBLE BASE
|5.00 T |0.35 5TAB SUBB(Soi)
|2un.un |12_u |n.4n |SUBGF|ADE
STAB SUBE(Sai]
Analyziz Mode SUBGRADE
po|r3eEz * Design = User Define .

2 IW
i [-854 Nf:fl(gf )_fz (El)_f3

u 1o li Bun |
w4477 Nd = f4 (cc,'v)_f5 ' '

Exit |

Figure B.5. Mechanistic Design Check Input Screen.

The upper left of the screen displays the structural layer material parameters generated in the Phase 1
design. The designer wishes to evaluate the sensitivity of the HMA layer thickness; so, the green box
beneath the Vary Thickness heading is dragged to this HMA layer and the thickness increment is set
to 0.25 inches. The designer then verifies that the tensile strain indicator B is ocated at the
bottom of the HMA layer. The allowable number of load repetitions to limit the AC fatigue cracking and
subgrade rutting will be computed using the default Asphalt Institute (AI) models.

The AI models used in FPS 23 date back to the early 1980s. In the case of the fatigue cracking
performance equation, the parameters apply to a typical dense-graded HMA mixture with 5 percent air
voids, using an unmodified binder at 11 percent by mixture volume (roughly 4.8 to 5.0 percent
asphalt content by weight). The Al failure criteria is 20 percent of the total lane area, which is
equivalent to about 45 percent in wheel path cracking. In the case of subgrade rutting, the Al
performance equations are for subgrade rutting only, it does not evaluate the susceptibility of the
flexible base or HMA layers to rutting and failure is defined as 0.5 inches rutting as evaluated at the

surface of the pavement.

The fatigue and rutting performance equation fields have active links to several other fatigue or rutting
performance equations that the designer can select for alternate evaluations. Also, the designer can
directly input alternate coefficient values (f; through f5) to any of these performance equations by
overwriting the defaults. For example, Craus et al. (1984) concluded that for HMA surfaces thinner
than 4.0 inches, f; = 0.0636? for the Al fatigue performance model, which effectively reduces the
number of repetitions to failure for thinner HMA surfaces. Nevertheless, revising the coefficient values

in all equations is not recommended.
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Once the designer has made all desired inputs, the Run button is selected, and the mechanistic

analysis output is displayed as in Figure B.6

Rutting Life vs. Changed thickness

080 1.00 1.20 140 1.60 1830 2.00 220 240 2.60 2.30 3.00 320
Change Thickness(in)

B - Ferm1
Cracking Life vs. Changed thickne .
5 gp _ Cracking Life in million ESAL Dexign RermEEn
:g LME Thick. Maduluz M aterial Hame
2 A |2.00 |500.0 [0.35 [Dense-Graded HMA Ty D
5 5
4 \ |7.50 |s0.0 |03 [FLEXIBLE BASE
3 % i
:é 5 |a.00 |25.0 |03 [5TAB SUBB(Sil)
! i
3 k-5 BN o |200.00 [1z0 |40 |SUBGRADE
s B e RO 7%%]
5 thte o =
:4_ Uo% ) i
4
1
i1,
080 1.00 120 140 160 180 200 2320 240 260 280 300 320
Change Thicknass(in) Pavement Life

Bazed on design period: 10.8 pears the traffic to first overlay is [milion)

5,00 _ Fostting Life in million ESAL HMa Tensile Strain 2710 Crack. Life (million)
2.30 ] o
2 60 2l a1 Subgrade Compressive Strain -431.0 Rut Life [million)
240 =
220 2:42
2.00
180 o o _ o
1.60 1.54. Check Rezult The Design iz OK. for the period: Twhich iz 10.8 pears
140 B0
1.20 A 140
1.24
080 | oo 10 _ .
0.60 = FFO{560") < Texas
040 -
e 4= Transportation
000 Al Institute

Figure B.6. Mechanistic Design Check Results.

In the Pavement Life section, the designer notes the following:

e The estimated cumulative 18-kip ESALs at 10.8 years of the first overlay is 0.56M.

0.560

053

160

Frint

e The estimated cumulative 18-kip ESALs to failure in fatigue is 0.59M (~105 percent of the

projected ESALs at the first overlay period).

e The estimated cumulative 18-kip ESALs to failure in subgrade rutting is 1.60M (~285 percent

of the projected ESALs at the first overlay period).

e Neither of these failure modes are likely to occur before the first overlay (10.8 years) and the

Check Result message notes the design is “"OK”. (However, the design pavement is very close

to the fatigue cracking limit so that is anticipated to be the eventual failure mode)

In the left side of the screen, the designer can evaluate the effect on rutting and cracking performance

by adjusting the HMA layer thickness in 0.25 inches increments. Projected ESAL to failure is plotted on

y-axis and the HMA layer thickness variation is plotted on x-axis. Also, the horizontal line in each plot

shows the estimated ESALs to failure at the end of the Time to First Overlay (TFO) period (10.8 years

in the initial design). In the case of fatigue cracking, the 2-inch HMA thickness has the lowest fatigue

life, just above the minimum required. Either reducing or increasing the HMA thickness will generate

longer life until cracking failure. While increasing the surface thickness has also some benefit on

predicted rutting life, the fatigue cracking is the main concern with this design.
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The structural parameters given in the table at the upper right are for reference purposes only and
cannot be edited from this location. The designer now wishes to evaluate the mechanistic performance
of a design using slightly thicker HMA and thinner base layers, without having to re-run FPS (a final
run of FPS is required after any follow-on mechanistic evaluation if the designer alters the layer
thicknesses, moduli, etc.). Select the Exit button to return to the Mechanistic Checks input screen.
Now the designer decides to select the User Define option in the Analysis Mode section at the
center of the screen (Figure B.7). The designer overwrites the FPS-generated design thicknesses for
the HMA surface by entering 3.0 inches and the Flexible Base thickness by entering 6.0 inches. Also,
the designer would now like to evaluate the sensitivity of increasing the HMA thickness in 0.25 inches

increments, so the green box under the Vary Thickness heading is dragged to the surface layer.

3+ Mechanistic Design Check for Pavernent - 2 \EI
Thick. [in]  Modulus{ksi) W td aterial Mame Warg Thickness
E |500.0 035 Dense-Graded HMA Ty D W0
E |50.0 |0.35 FLEXIBLE BASE
|&.00 |35.0 |0.35 5TAB SUBB(Soi)
|200.00 [120 |0.40 SUBGRADE
S5TAB SUBE[Soil)
Analysiz Mode SUBGRADE
po|7-3BEDE ™ Design + zer Define .

2 ’W iy iy
iz |85 Nf:fl(gr) 2 (El) 3

(4 [137E0S - | e |
5 | 4477 Nd = f4 (Sv ) I3

Exit |

Figure B.7. Mechanistic Design Checks in the User Define Mode.

Once all desired changes are made, the designer again selects Run and the mechanistic analysis
output is re-displayed as shown in Figure B.8. Again, the designer evaluates the Pavement Life

section and notes the following:

e The estimated cumulative 18-kip ESALs 10.8 years of the first overlay is 0.56M.

e The estimated cumulative 18-kip ESALs to failure in fatigue is 0.84M (~150 percent of the
projected ESALs at the first overlay period).

e The estimated cumulative 18-kip ESALs to failure in subgrade rutting is 1.69M (~302 percent
of the projected ESALs at the first overlay period).

e The cumulative 18-kip ESALs in both failure modes exceed the cumulative ESALs to the first
overlay and the Check Result message validates this. This adjusted FPS option is in better

balance with these checks.
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By looking at the left-hand side of the screen, the designer can evaluate the effect on the performance
for these two failure criteria by adjusting the HMA layer thickness in 0.25 inches increments. The
increase of the HMA thickness from 2 to 3 inches substantial raises the predicted fatigue and rutting
life above the TFO minimum required.

B+ Form1 @

Cracking Life vs. Changed thickne
Cracking Life in million ESAL

Design Parameters
1.60
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Change Thickness(in)

Figure B.8. Mechanistic Analysis Following User Define Inputs.

The user is advised that the mechanistic models used in this program are less sophisticated than
current state-of-the-art practice. The models do not consider material-specific behavior, the effects of
the environment, variable axle loading, traffic wander, and other factors. Therefore, the user should
not rely solely on the outcome of this check. However, it is prudent to carefully consider any large
difference between the projected cumulated ESALs to the first overlay and those for failure in the two
mechanistic models. The use of this check is strongly recommended when the proposed surface
thickness is in 2 to 4 inches range which is where the higher tensile strains are computed, and the

lowest fatigue life is anticipated.
PHASE 4 TxME Design Checks and Sensitivity Analysis

Clicking the “TxME Check” button (Figure B.2) opens the main input screen in TxME (Figure B.9). By
default, the TXME project is named “prj_FPS” and saved in the “projects” folder where TXME is
installed. Users can rename the project and change the save location by clicking the “"Save As” menu
or button (Figure B.10) to save all files related to the design project.
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Project :E Option e Run Help
E?HE%M

TxME Explorer
=-El Projects
=5 pi_FPS
----- .4 Structure
----- ‘ Climate

Figure B.9. TxME Main Screen Opened By Clicking the “"TxME Check” Button.

Project ;E Option

[ New

= Open..
Save
Save As

Recent Projects  »

Exit

B [EE

Figure B.10. TXxME “"Save As” Menu.

Double-clicking the tree node - 4P Structure will open the structure input screen. The icon color
changes to green, and the pavement type, project location, structure details (layer type, thickness,

modulus, etc.) are transferred from FPS 23 to TXME, as shown in Figure B.11.
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Pavement Type

(O Surface Treated
© Conventional AC

) Perpetual

Design/Analysis Life (years): |_20 21| Optional Project Information

Project Location

District: 02 Fort Worth ~ County: 249 WISE ~

Figure B.11. Pavement Structure Information Transferred from FPS 23 to TxME.

Figure B.12 shows the TxME AC layer material property input screen. Note that in FPS 23, the binder
type and gradation are not specified. However, in TXME, users can either accept the default binder and
gradation type or select a different one if specific information is available. Additionally, users can enter
fracture properties, rutting properties, or dynamic modulus values if test data are available. This
enables designers to leverage state-of-the-art mechanistic-empirical (ME) models to more precisely
evaluate the impact of AC binder/gradation type and material properties on predicted rutting and
cracking performance.

Similarly, for base, subbase, and subgrade layers, the modulus value is automatically transferred from
FPS 23 to TXME. However, users can input more detailed information, such as rutting properties, if
they prefer to use their local materials properties. This allows designers to make more accurate
performance predictions.
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Layer1: Type D, PG 70-22 w

= Layer Information

Layer Number 1
Layer Thickness (inches) 2
Cost ($/Cubic Yard): 169

= Matenal Information

Binder Type PG 70-22
Gradation Type D
RAP % 1]

RAS % 1]

= Matenal Properties

Dynamic Modulus Level 2 input : default value
Fracture Property @77 F: A=4.4280E-6. n=3.9391
Rutting Property @104 F: alpha=0.7521, mu=07792
Poisson Ratio 0.35

Thermal Coefficient of Expansion (1e-6 in/in/F): 135

Figure B.12. TXME AC Layer Material Property Input Screen.

Double-clicking the tree node -4 Climate jl| open the climate input screen, as shown in Figure B.13.
TxME automatically selects and highlights the nearest weather station based on the project location in
FPS 23. Users only need to click the “"OK"” button to confirm the selection. Then, the icon turns green,

indicating the climate input is complete.
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© Climatic data for a specific weather station

Select Weather Station

COLLEGE STATION, TX
CONROE, TX
CORSICANA, TX
CORPUS CHRISTI, TX
COTULLA, TX

DALLAS, TX
DALLAS-FORT WORTH, TX
DALLAS, TX

DALHART, TX

DEL RIO, TX

DENTON, TX

EL PASO, TX

FORT STOCKTON, TX

Station Location:
MEACHAM INTL AIRPORT
Available Data Months: 103

oK

Double-clicking the tree node -4 Traffic will open the traffic input screen, as shown in Figure B.14.
The ADT-Beginning, ADT-End, and 18-kip ESALs are automatically populated with values from FPS 23
however, the user must input the Operational Speed. In this example, the assumed speed is 70 mph.

Traffic Input

O Level 2 ESALs

Level 2: ESALs

32.49 Latitude (degrees.minutes)
97.22 Longitude (degrees.minutes)
702 Elevation (ft)

Figure B.13. TxME Climate Input Screen.

(O Level 1: Load Spectra

Single Axle with Dual Tires (18 kip)

. —a

Tire Pressure (psi):

ADT-Beginning (Veh/Day):

ADT-End 20 YR (Veh/Day):

Pavement
100 18 kip ESALs 20 YR (1 DIR) (millions):
2040 Operational Speed (mph):

3640

Figure B.14. TxME Traffic Input Screen.
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Double-clicking the tree node -4 Reliability || open the reliability-related input screen, as shown in
Figure B.15.

TxME Explorer ¥ X | 7 pi_FPSStructure” | pr FPS:Climate™ | prj_FPS:Traffic ) prj_FPS:Reliability” |
=&l Projects
'5"-.5; pri_FPS Performance Criteria
€ Stucture
0 Climate Peformance Limit Reliability (%)
-4 Traffic P
. 0 Reliability Themal cracking ft/mile) 1500 95
Fatigue cracking of AC layer (percent) 50 95

Figure B.15. TxME Reliability Input Screen.

When all four tree nodes turn green, it indicates that the input is complete, and the program is ready
to run the analysis. Click the "Run" menu or button, and TxME will begin the analysis, outputting the
results in Excel format. Figure B.16 displays the predicted rutting and cracking life for the selected FPS
23 pavement design option. The horizontal lines in both plots represent the cracking and rutting

failure limits provided in the reliability input screen.

AC Fatigue Cracking @ 95% Reliability Rutting @ 95% Reliability

Rut Depth tin)

 Analysis Limit

W Fatigue Cracking Ares (%)

Fatigue Cracking Aroa (%)

it (Layss 2 Fut Depth
Depth

Figure B.16. TxME Predicted Cracking and Rutting Life.

From Figure B.16, the estimated cracking failure is approximately 125 months, with no concerns

raised regarding the rutting life, as the total rut depth reaches around 0.25 inches after 20-year.

The TXME check enables the designer to assess the impact of incorporating RAP and RAS into the AC
layer. Figure B.17 illustrates the changes to the material properties when 25% RAP is added to the
surface AC mix. Note that both the fracture and rutting material properties are automatically updated
accordingly.
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Layer 1: Type D. PG 70-22

= Layer Information
Layer Number
Layer Thickness (inches)
Cost ($/Cubic Yard):

= Material Information
Binder Type
Gradation
RAP %
RAS %

= Matenal Properties
Dynamic Modulus
Fracture Property
Rutting Property
Poisson Ratio

Thermal Coefficient of Expansion (Te-6 infin/F)

1472

PG 70-22
TypeD
25

Level 2 input: default value

@77 F: A=4.3739E-5. n=3.4609
@104 F: alpha=0.7842. mu=0.7792
035

135

Figure B.17. Updated Material Properties for AC Layer with the Incorporation of 25% RAP.

When the AC layer incorporate 25% RAP, as shown in Figure B.18, the cracking life decreases from

125 months to 84 months while the total rut depth is reduced to approximately 0.16 inches, compared

to 0.25 inches with no RAP.

AC Fatigue Cracking @ 95% Reliability

Fatigue Cracking Area (%)

Rutting @ 95% Reliability

# Analysis Limit
9 Tosal Rt Degth
A AG Rt Desth

Rut Depth (in)
=
H

 Granutar BasarSubbase (Layer 2 ut Depth
# Subgrade Rt Depth

Figure B.18. Predicted Cracking and Rutting Life for the AC Mix with 25% RAP.

TXME also offers the option to consider a premium mix instead of the Dense Grade mix. An additional

run was conducted to evaluate the benefits of switching to SMA, one of premium mixes. The results,

shown in Figure B.19, indicate that the cracking life exceeds the 20-year design period and the total

rut depth is about 0.17 inches.
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AC Fatigue Cracking @ 95% Reliability

Fatigue Cracking Area )
g

08 4

05

Rutting @ 95% Reliability

# Analysis Limit

Rut Depth (in)
e

W Fotigue Cracking Aves (%)

Figure B.19. Predicted Cracking and Rutting Life with SMA Mix with PG 76-22.

A sensitivity analysis was conducted on several mix design options available to engineers to assess

their impact on the critical predicted cracking life of the proposed pavement structure. These options

included variations in mixture type, PG binder, layer thickness, and the use of RAP. The results are

shown in Table B.1 below.

Table B.1 Sensitivity Analysis of Changing Surface AC Properties on the Predicted Cracking Life

Thickness Months until
i i [+)
Mix Type Binder (in.) %o RAP cracking failure
0 125
2.0
PG 70-22 25 84
Dense-Graded Type D

3.0 0 191

PG 64-22 2.0 0 131
SMA PG 76-22 2.0 0 240+
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Appendix C. Example Design: Perpetual Pavement
Case

Appendix C shows a comprehensive example of using FPS 23 to develop a perpetual pavement design.
Perpetual pavements are designed to meet a limiting strain criteria. The estimated strain can be found
through the mechanistic design check. If these mechanistic benchmarks are not exceeded, then there
is a very high likelihood that the pavement will not suffer traditional bottom-up fatiguing or full-depth
(subgrade failure) rutting. Thinner structures are generally subjected to similar maximum axle loads
but offer insufficient stiffness or thickness to stay below the limiting criteria. As with other design
criteria, these limiting strain criteria presuppose that quality materials are used and that proper
construction procedures are followed. The limiting strain criteria reported by experts in the field (such

as Nunn and Monismith) are:

e tensile strain at the bottom of the composite HMA layers: < 70 p-strain,

e compressive strain at the top of the subgrade: < 200 p-strain.
Use the following steps in FPS 23 to design a perpetual pavement:

Pavement design Type 7 (User Defined) is recommended for this type of structure.
Select a 30-yr. length of analysis period.

Use a confidence level of ‘C’ (95%).

e

Use lane distribution reduction factors when three or more lanes are planned in one direction
to adjust the 20-yr. cumulative 18-kip ESALs.

Enter the 20-yr. cumulative ESALs (or adjusted ESALs) in the 18-kip ESAL field.

Select a “time to first overlay” of 15 yr.

(6,1

Follow general guidelines for all other inputs. Note elevated moduli values are permitted for all

HMA layers based on total thickness. Select the red arrow button to run the design.

This example is a US Highway in the Dallas District, Kaufman County. The design type selected was a
Type 7 structure. For purposes of this design, the following FPS inputs were used to generate an initial

set of feasible designs (Figure C.1):

e  Minimum Time to First Overlay 15 years

e Initial SI 4.8

e Terminal SI 3.0

e Serviceability Index after Overlay 4.2

e Confidence Level 95.0% (C)

e Current ADT 28,000

e 20 Year ADT 57,000

e Cumulative ESALs 75.0 M (adjust for a 6-lane facility with a factor of 0.7)
e Percent Trucks 32.0%

e Layer moduli Use Defaults
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B3 Input Design Data @

|Basic Design Criteria [Traffic Data

LEMGTH OF &MALYSIS PERIOD, [rear) a0 ADT, BEGINMING [WVEH/DAY) 28000
MIN TIME TO FIRST OVERLAY, [Year] 15 ADT,EMND 20%R [WVEH/D&Y] 7000
MIN TIME BETWEEN OWVERLAYS, [ear] 10 18 kip ESAL 20%R [1 DIR] [millions) 52600
DESIGM COMFIDEMCE LEVEL 35.0% Cj AVGE APP.SPEED TO OV, Z0OME [mph) 70.
INITIAL SERVICEABILITY INDES 48 AVG SPEED. 0%, DIRECTION [mph) 45,
FINAL SERVICEABILITY INDEX 3 AVG SPEED, MOM-OV. DIRECTION [mph) 50.
SERVICEABILITY INDE= AFTER OVERLAY 42 PERCENT ADT/HR COMSTRUCTION (%) 6.0
DISTRICT TEMPERATURE CONSTANT ['F) 31 PERCENT TRUCKS IM ADT [3) 320
INTEREST RATE (%] 70

|Prograrm Controls

Méx FUNDS /50, ¥D, INIT CONST 99 0
M@ THICKNESS, IMIT CONST £9.0 { ﬂ
M@ THICKMESS, ALL OVERLAYS B lalishbisn -

Figure C.1. Input Design Data.

Use the following layers for the pavement structure (Figure C.2 and C.3):

e SMA surface fix at 2 inches

e Dense-Graded Ty B/C variable thickness

e Rich Bottom Layer (RBL) fix at 2 inches

e Flexible Base variable thickness

e Lime Treated Subgrade fix at 8 inches

e Subgrade use County default value in FPS 23

Based on the recommendation provided in Appendix A of this report, a modulus value of 850ksi was
used for all HMA layers. However, the RBL layer modulus value is fixed at 500 ksi as recommended in

the Pavement Design Manual.
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B3+ User Define Pavement

Go Back
Mo | Material Type 2004 Specificatic] Design Maodulus | Paizson' Ratio Laver Type
1 |SURFACE TREATMEMT Itern 316, 318 200 ksi 0.35 AL Layer
2 | Dense-Graded HMA Ty D Item 340, 341 B00 ksi 0.35 AL Layer
3 | DenseGraded HMA Ty B/C Itern 240, 341 EA0 ksi 0.35 AL Layer
4 |FFC Item 342 300 ksi 0.30 AL Layer
5 |SUPERP&VE TyD ltem 344 E50 ~ 950 ksi 0.35 AL Layer
E |SUPERPAVE TyB/C Item 344 EB0 ™ 980 ksi 0.35 AC Layer
Modulus: 5000 ksi 7 |STOME-MATREXASPHALT Item 346 E50 ~ 850 ksi 0.35 AL Layer
Thickness from:2.0 to: 2.0 inches :
g |TOM Item 347 600~ 700 ksi 0.35 AL Layer
9 |HOT-MI COLD-LAID ACP Item 334 300~ 400 ksi 0.35 AC Layer
10 |RICH BOTTOM LAYER Item 344 400~ 600 ksi 0.35 AL Layer
11_|ASPHALT TREATED BASE Item 232 250~ 400 ksi 0.35 Base Laper _
12 | FA or LFA STABILIZED Item 265 50~ 150 ksi 0.35 Baze Layer
13 |EMULS/FOAM ASPH BASE Item 314 150~ 260 ksi 0.35 Base Layer
14 |FLEXIBLE BASE Item 247 40~ 70ksi 0.35 Base Layer
15 |LIME STABILIZED BASE Itern 260, 263 B0~ Thksi 030~0.35 Base Layer
16 |CEMENT STABILIZED BASE Item 275, 276 80~ 150 ksi 020~ 0.30 Baze Layer
17 | STAB SUBB[Granular] Item 260, 275 75~ 150 ksi 0.30 SubBasze Layer
18 |5TAB SUEE(Blend) Item 260, 275 50~ 100 ksi 0.30 SubBaze Layer
19 |STAB SUBB(Sol) ltem 260, 275 30~ 45ksi 0.35 SubBase Layer
20 |SUBGRADE G ksi 0.40~0.45  Sub-Grade Layer
Figure C.2. Pavement Layers selected in Design Type 7.
B3 Input Design Data (Pavement Structure) E
|Cunstruc1i0n & Maintenance Data |Det0ur Design for Owerlays To Main Menu |
MIN OVERLAY THICKMESS. (Inches) 15 DETOUR MODEL DURING OVERLAYS 3::’
Save to Default
OVERLAY COMST. TIME, HR/DAY 12.0 TOTAL NUMBER OF LANES( for bwo direction) 5::’
ACP COMP. DENSITY, TONS/CY 1.90 NUM OPEN LANES, OVRLAY DIRECTION 1 Save Input File |
ACP PRODUCTION RATE, TOMS/HR 200.0 MUK OPEN LAMES, MON-0V DIRECTIOMN 2
WIDTH OF EACH LANE, [Feet) 120 DIST. TRAFFIC SLOWED, 0% DIR 06
FIRST YEAR COST, RTH MAINT [$) 0.0 DIST TRAFFIC SLOWED, NON-OV DIR 06
ANMLINC. INCR N MAINT COST ($) 0.0
COST  MODULUS  POISM MIN bl SALVAGE
MATERIAL MAME DEPTH (%)
S LT
Design
Twpe
Draw User
Design
Favement

Figure C.3. Input Design Data (Pavement Structure).

Use the Red arrow button to run the program and evaluate the design options. In this case 24 design

options were generated (Figure C.4). The next page button and previous page button are used to

page through all the designs. For this example, it was decided to select a pavement structure where
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all 5 layers are proposed, therefore Design 10 (Figure C.5) was selected for evaluation through the

limiting strain criteria by running the mechanistic check.

Froblem 006 District 18 Dallas Section 2 Highwway us 281 Confidence Level: C
Contral 1234 County 130 KAUFMAN Job 123 Date 112002024 o of Beot Designs 24
Design Type PAVEMEMT DESIGM TYPE # 7 -- USER DEFINED PAVEMEMT
Best Design No. Design: 7 Design: 8 Design: 9 Design: 10 Design: 11 Design: 12
I aterial Arangement GCIMS GCIM GCIM GCIMS GCIM GLIMS
Total Cost 7m 7714 736 7745 TTE T7EL
Mo. of Layers 5 4 4 5 4 5
Layer Depths [inches) 20 20 20 20 20 20
105 125 12.0 105 11.0 11.5
20 20 2.0 2.0 20 20
E.0 (=1 E.0 7.0 a0 E.0
a.n 8.0 a.n
Mo, of Perf. Periods 2 2 2 2 2 2
Perf. Time [vears) 1€, 32 19,30 18,32 16, 30 1E, 30 18,30
Owerlay Policy [inches) 4.0 20 30 EAs] 85 28
Check Dezign Check Design Check Deszign Check Design Check Deszign Check Dezign | TO Main Menu |
Figure C.4. FPS Pavement Design Results.
DESIGN - 10 PAVEMENT PLOTTING
Erint
Period- 1 Period- 2 Thick fir Mat Type
/ 350 Firzt Overlay Previous Design
o 2.00 STOME-MATRI= ASPHALT —_—
1060 Dense-Graded HMA Ty B/C Mest Desigh
2.00 RICH BOTTOM LAYER
All Design Platz
7.00 FLEXIBLE BASE
800 5TAB SUBB(Soi) Mechanistic Check
Triarial Check
200,00 SUBGRADE T+ME Check.
Stress Analysis
15.9 years 30.3 years
Exit

Figure C.5 The selected design to be used in Mechanistic and TxME checks
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Mechanistic Design Check

Figure C.6 shows the input screen for the Mechanistic Design Check. In this case, the Dense-Graded

Ty B/C layer will have the “Vary Thickness” button in one-inch increments, and the tensile strain

indicator ™= should be moved to the bottom of the Rich Bottom Layer.

B3 - Mechanistic Design Check for Pavernent - 10 @

Thick. [in]  Modulusiksi) W M aterial Name Warp Thickness

|2.00 |es0.0 |0.35 STONE MATRIX ASPHALT

[10.50 |es0.0 035 Dense-Graded HMa Ty B/C =N

|2.un |500.u |D.35 |FHCH BOTTOM L&YER

|?.uu |5u_n |u_35 |FLE><IBLE BASE RICH EOTTO
FLE®IBLE BASE

|00 |35.0 |0.35 STAB SUBB(Sal]

|200.00 |60 |0.40 SUBGRADE STAB SUIBE(Soi]

Analysis Mode SUBGRADE
o |736E02 {+ Design ™ User Define .

e = a3

i [-854 Nf:‘fl(gf) (El)

i4 IW un

5 [4477 Nd = f4(8v)_f5 i |

Exit |

Figure C.6. Mechanistic Design Check Input Screen.

The results of the mechanistic analysis are shown in Figure C.7. In FPS 23, the mechanistic check is
performed on the traffic loads accumulated over the FPS-computed time to first overlay (as opposed
to the 30-year cumulative loading). For most flexible pavement designs, this period will be less than
the standard 15-year analysis period. In the example given below the computed time to first overlay is
15.9 years; for that period the estimated traffic is 38.5 million ESALs. The mechanistic check is
performed to check that this traffic level passes the fatigue and subgrade rutting criteria built into FPS
23. In both cases with the proposed pavement structure the cracking and fatigue lives are close to

200 million ESALs, which is the maximum value considered by program.

For this case, the designer must also verify that the perpetual pavement limiting strain criteria are not

exceeded. These criteria are:

e Tensile strain at the bottom of the HMA less than 70 micro strain (computed value 42).
e Vertical compressive strain at the top of the subgrade less than 200 micro strain (computed
value 114).
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B+ Ferm1
Cracking Life vs. Changed thickness B
200 _ Cracking Life in million ESAL CEEFERIEER
— P00 2000 2000 2000 200, ThiEk ot Material Name
160 ' |200 |ason .35 [STONE-MATRIX ASPHALT
ki | [10.50 |ason |n.35 [Derse-Graded HMA Ty BAC
2 L
10 = |200 |s00.0 |n.35 [RICH BOTTOM LAYER
100
80 /:: s |7.00 |50.0 |n.35 [FLEXIBLE BASE
£ 8.00 "0 0.35 STAE SUBB(Sol]
50 58.04 TFO({38.573 | | | |
- |200.00 |50 |0.40 [SUBGRADE
0
60 70 80 90 100 110 120 130 140 150 160
Change Thiclness(in) Pavement Life
Based on design period: 15.9 years the traffic to first overlay iz [million] 38575
Rutting Life ws. Changed thickness
Jpg _ Futting Life in million ESAL HMA Tensile Strain 420 Crack Life [milion) 200.00
180 /{GG_ 20002000 2000 2000 2000 200. Subgrade Compressive Strain - -114.0 Rut Life [million) 200.00
160
140 ./
120 P
- Check Result The Design iz OK for the period: Twhich iz 15.9 pears
80 ./
60| 8178 )
20 TFO(38.575 o Texas FBrint
20 Transportation
0 Al Institute Exi
60 70 80 90 100 110 120 130 140 150 160
Change Thickness(in)

Figure C.7. Mechanistic Design Check Results.
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TxME Check

Clicking the “"TxME Check” button, the following screen is generated for the FPS 23 proposed perpetual
pavement structure.

Ehproiect [5Z]option &y [ Hep

M 0
EFHR&=
Eaﬁuu - priFPSStructure” | =
=@ Projects
&I pi_FPS Pavement Type |A(‘ Layer Material
& Chmate ) Surface Treated L
ey | Qe ___
© Pempetual
Base Malerial
Desgn/Analysss Life (vears): 30 2] Ooucnal Proect iomatn
Project Location

District: | 18 Dakes v | County: | 130 KAUFMAF -

Layer Number

Layer Thickness (inches) 2

Cost (8/Cubic Yard): 200

- Malerial Information

Binder Type PG 622
Gradation SMAD
RAP % 0

Dynamic Modulus Level 2 input: default value
Fractura Property @77F: A=8 1315E-8, n=5.0358
Ruting Property @104 F: alpha=0 7106, mu=0.7856
Poisson Ratio 035

Flgure C 8. Perpetual Pavement Design screen in TxME.

In this design, the SMA surfacing utilizes a PG 76-22 binder, while the 10.5 inches of Dense-Graded
Type B incorporates as default a PG 70-22 binder, the binder type can be changed within TXxME. The
predicted rutting and cracking life for this pavement structure is shown in Figures C.9 and C.10. As

shown, the proposed pavement structure meets TxME's rutting and cracking criteria.
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Figure C.9. TxME Predicted Rutting Life for the Proposed Perpetual Pavement Structure.

AC Fat

igue Cracking @ 95% Reliability
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100
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Figure C.10. TxME Predicted Cracking Life for the Proposed Perpetual Pavement Structure.
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One of the many capabilities that the TXME allows designers to evaluate is the impact of incorporating
RAP and RAS into the pavement structure. In this case, recycled materials were added to the Type B
base and RBL layers, which is an acceptable approach since the fatigue model initiates cracking at the
lowest AC layer. Figure C.11 shows the predicted impact of only using 15% RAP, while Figure C.12
demonstrates the impact of adding 15% RAP and 3% RAS. In both cases, the incorporation of
recycled materials significantly reduces the life, causing fatigue cracking to exceed the allowable 15%

limit.

AC Fatigue Cracking @ 95%o Reliability

30
25' L]

20 - ,

15

+ Analysis Limit

= Fatigue Cracking Area (%)

Fatigue Cracking Area (%)

0 - T T 1
0 100 200 300 400

Months

Figure C.11. TxME Predicted Cracking Life for the Proposed Perpetual Pavement Structure with 15%
RAP Introduced to the Type B and RBL Layer.
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Figure C.12 TxME Predicted Cracking Life for the Proposed Perpetual Pavement Structure with 15%
RAP and 3% RAS Introduced to the Type B and RBL Layer.
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