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INTRODUCTION

This student handbook is to provide basic and advanced training about the use of the Texas M-E
Flexible Pavement Design and Analysis System (TXME). It can be used as 1) a TXME user
manual and 2) a standalone resource of Mechanistic-Empirical (M-E) flexible pavement design
training material. The purposes of the TXME training are to:

= Provide students advanced, in-depth knowledge about the flexible pavement design.

= Help students understand the importance of M-E models in pavement performance
prediction.

= Allow students to examine the influence of key input parameters such as climate, traffic,
pavement structure, and material property.

= Let students explore different combinations of material design and thickness design and
choose the best option.

= Help students to identify the issues that some kind of materials or pavement structures
may cause.

At the end of this course, participants will be able to:

= Gain in-depth understanding of performance models and material properties.

= Be familiar with the TXME interfaces, functions, and features.

= Examine the influence of climate, traffic, pavement structure, and material property.

= Use the TXME to conduct flexible performance analysis and design for three types of
flexible pavements: thin surface, conventional, and perpetual pavement.

= Connect the TXME with the current Texas Department of Transportation (TXxDOT)
flexible pavement design system (FPS 21) and select best design option.

TXME OVERVIEW

TXME is comprehensive M-E based software to assist TXDOT engineers to make design
decisions. It can be used for:

= Asphalt concrete (AC) mixture design.

= Thickness design, for surface treatment, conventional or thin hot mix asphalt (HMA), or
perpetual pavement.

= AC thermal cracking analysis or prediction.

= AC fatigue cracking analysis or prediction.

= Rutting analysis or prediction, including AC rutting, flexible base/subgrade rutting.

= Stabilized base fatigue cracking analysis for surface treatment or thin HMA pavement
with stabilized base layer.

= Endurance limit analysis for perpetual pavement.
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TXME FEATURES

TXME design system enables TXDOT designers to take full advantage of new materials and to
make more economical and reliable designs. The main features of TXME include:

= Mechanistic-empirical modeling.

= Performance based material characterization.

= Traffic load spectrum incorporation.

= Design input variability based reliability methodology.
= Incremental distress prediction.

= Fast running speed.

= Friendly user interface.

= Convenient connection with FPS.

SYSTEM REQUIREMENT AND INSTALLATION

TXME is a Windows-based application, which was developed using C# language and within the
visual studio integrated development environment. The system requirements are:

= Running TXME requires Windows XP, or Windows 7®.

= For Windows XP®, .Net framework 4.0 is required before installing the software.

= At least 1.0 GHz processor speed and minimum of 1GB disk space are recommended.
= Microsoft Excel 2003® or later version is required.

The software is provided in an executable setup program which extracts all the needed files into
the “C:\Users\Public” folder.

The installation of .Net framework can be done by click the following link and follow the
instruction: http://www.microsoft.com/en-us/download/confirmation.aspx?id=24872.
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TXME MAIN SCREEN

Figure 1 shows the main screen and the layout of TXME design and analysis software. User
inputs the data in four main categories: Structure, Climate, Traffic, and Reliability. After all
inputs are provided for the design and analysis program, the user clicks the “run” menu or button
to run the analysis. The software predicts AC fatigue cracking, AC rutting, AC thermal cracking,
flexible base/subgrade rutting, stabilized base fatigue cracking, endurance limit, etc., based the
pavement type and pavement structure. The normal running time is generally less than two
minutes for one deterministic analysis. The reliability analysis time depend on the number of
variables that have uncertainty. The program automatically creates a summary of all inputs of the
design project. It also provides a summary of the distress and performance prediction in both
tabular and graphical formats. All charts are plotted in Microsoft Excel® and can be incorporated
into documents and reports.

&) Project -/ Option & Run

EFPHARS§=
TxME Explorer a x
=&l Projects
—.[i= Projectl

4 Stucture

& Climate

& Traffic

< Reliability

] Help

Figure 1. Main Screen of TXME Design and Analysis System.

The following details the screens in the order of structure, traffic, climate, reliability, and output
of the TXME design software. After that, the connection with FPS 21 is illustrated.
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STRUCTURE INPUT

The structure information includes pavement structure information and material property
information for each layer.

PAVEMENT STRUCTURE

Figure 2 presents the pavement structure input screen. On this screen, the upper left window
shows the pavement type and location; the upper right window lists available AC layer material,
base layer material, and sub-base layer material icons; the lower left window shows the
pavement structure; and the lower right window shows the layer material property.

Users can build their own pavement structures by dragging the layer material icons into the
pavement structure window. To remove a layer from the pavement structure window, users just
need to click the layer and choose “Remove this layer” from the pop-up menu.

@Poiec [Opion GRun [ Hep
B 3
EFHHS=
(DMEEglorer X ProjectiStructure” | Progectl:Comate” | ProjectiTrofc | Project Reiabiy” | =
= B Pojees e e e e e B o e e Y e e e e e e
= Project! Favement Type
4 Stuctue
@ Climate
& Trafic
4 Reliabiity

*

”

“"locati®

Frovect information
60 DELTA -

Layer Information

Layer Thickness [inches)
Material Information

PGELZ

. Materialprolt;eftv

L - Material Propemies

e e e e e e e e e e e e e e e e et o | e

Figure 2. Pavement Structure Information Screen.

MATERIAL PROPERTY

As in Figure 2, by clicking each layer in the pavement structure window, users can browse or
edit this layer thickness and layer material property in the material property window. For some
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property inputs such as Thickness, Poisson Ratio, etc., the user only needs to input some
numbers. For more complicated inputs such as dynamic modulus and fracture/rutting property,
the user needs to click the item and the corresponding input screen will pop up. Several material
property input screens are illustrated below, including:

= Figure 3, presenting the dynamic modulus inputs for AC layers.

= Figures 4 and 5, presenting AC layers fracture property and rutting property inputs,
respectively.

= Figure 6, presenting the stabilized base material property inputs.

= Figure 7 and 8, presenting flexible base or subgrade modulus inputs, including typical
modulus and modulus considering moisture impact, respectively.

= Figure 9, presenting the flexible base or subgrade material rutting property inputs, with
monthly values.

Subbase Layer Matenal

_ Modulus Input

) Level 2 (Default Value) ©® Level1 (Test Data)
B Test 036 | B
Dynamic Modulus (E*,ksi)

o e T—— Number of Temperatures: |5 = Number of frequencies: |6 & N
Layer Number Temperature (F) | 2 10 Fresquencv EHZ) 0s 01
Layer Thickness (inches) 14

= Material Information 40
Binder Type 1?0 =
Gradation 130
RAP %
RAS % [ Import ] [ Export

=/ Material Properties

Dynamic Modulus Complete [L

Fracture Property Complete

Ruttina Property Comolete v

Figure 3. AC Layer Dynamic Modulus Input Screen.

Material Properties
Dynamic Modulus Complete
Rutting Property Number of Temperatures: R S

Poisson Ratio

Temperature (F) A n
Thermal Coefficient of Expansion (1e-6 in/in/F): !

77

Figure 4. AC Layer Fracture Properties Input Screen.
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Layer 1: SurfaceTreat, PG 64-22

' Layer Information

Layer Number Number of Temperatures: l2

Layer Thickness (inches)
= Material Information
Binder Type
RAP %
RAS %
=/ Material Properties
Dynamic Modulus
Fracture Property

Temperature (F) alpha

104

| E— .._tlh

Rutting Property Complete

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

Figure 5. AC Layer Rutting Properties Input Screen.

Layer 2 Cement Stabilized Base

Ell.zrnrlnhlmﬁon

Layer Number 2
Layer Thickness (inches) 8
a ial P 5

Modulus (ksi): 200
Modulus of Rupture (psi): 125
Fatigue Cracking Parameter B1: 1.0645
Fatigue Cracking Parameter B2: 0.5003
Poisson Ratio 035
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! Layer Information
Layer Number
Layer Thickness (inches)
= Material Properties
F

Rutting Properties

@ - .
Poisson Ratio @ Typical value =) Monthly value

Modulus Input

Typical Modulus (ksi)
50

[] considering moisture impact

Modulus (ksi)

Figure 7. Flexible Base/Subgrade Typical Modulus Input Screen (without Considering
Moisture Impact).

=/ Layer Information
Layer Number 2
Layer Thickness (inches) 8
=/ Material Properties
,

Rutting Properties

- > @ Typical value © Monthly value
Poisson Ratio - ) d

Modulus Input

Modulus at optimum moisture content (Mopt), ksi
50

[¥] Considering moisture impact

Specific Gravity (Gs): 2.6
Maximum Dry Density (ydmax), |b/cft: 121.9
Optimum Gravimetric Moisture Content (Wopt),%: 10.0

Modulus (ksi)

Figure 8. Flexible Base/Subgrade Modulus Input Screen (Considering Moisture Impact).
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' Material Properties

Modulus Complete
Poisson Ratio > Typical vakie ® Monthly value
Rutting Properties
Month Alpha Mu

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sep.
Oct.
Nov.
Dec.

Figure 9. Flexible Base/Subgrade Rutting Properties Input Screen.
TRAFFIC INPUT

There are two levels of traffic inputs in TXME, one is equivalent standard axle loads (ESALS)
input and the other is load spectrum input. The following illustrates the difference between these
inputs.

TRAFFIC ESALS (LEVEL 2) INPUT

Figure 10 shows the traffic ESALs (Level 2) input screen. The most important input is the total
ESAL number during 20 years (one lane and one direction). The ADT-Beginning and ADT-End
represent average daily traffic in the beginning and in the end, respectively. These values are
used to determine the vehicle growth rate. The tire pressure is used to determine the tire contact
area. The operation speed impacts the AC layer modulus since it relates to loading time.

11
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" Projectl:Structure™ | Projectl:Climate™ > Project1:Traffic ] " Projectl:Reliability™

Traffic Input
@ Level 2: ESALs Level 1. Load Specia
[ Level 2: EsaLs
Single Axlewith Dual Tires (18 kip)
Pavement
Tire Pressure (psi): 100 18 kip ESALS 20 YR (1 DIR) (milions): 3.0
ADT-Beginning (Veh/Day): 2000 Operation Speed (mph): 60
ADT-End 20 YR (Veh/Day): 3500

Figure 10. Traffic ESALs (Level 2) Input Screen.
TRAFFIC LOAD SPECTRUM (LEVEL 1) INPUT

Figure 11 is the traffic load spectrum (Level 1) input screen. In this screen, the left windows
show the general information and axle configuration information such as average annual daily
total truck (AADTT) number, operation speed, tire pressure, axle spacing, etc.; the upper right
window shows the vehicle class distribution and growth rate information; and the lower right
window shows the axle numbers for each vehicle class. By clicking the “Monthly Adjustment”
or “Axle Load Distribution” button in Figure 11, screens such as Figure 12 or Figure 13 pop up.
These screens let users define the axle load distributions for each vehicle class and their monthly
variations.

12
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Teafic gt
© Level 2 ESALs

Level 1: Load Spectra
'-------L‘“m““m“-‘._r-m“““‘m“"r

General Traffic Information

Traffic Two-way AADTT:

Number of Lanes in Design Direction:

Percent of Trucks n Design Lane (%):

Operation Speed (moh

S 4

e

50

95.]

60

0

0

! i
i |
E ~General ¢nfformamon E
= i
i |

At Configuration
Aode Tre

Sngle Tre Pressure (ps):
Dual Trra Pressure (psi)

1

1

1

1

1

1

1

1 Dual Tirg Spacing (in):
! Axle G
1

1

1

1

1

1

1

1

1

100
100

onfiguration
Axﬂwi( ng
Tandem Ade (in): 51.6
Trdem Axde (in): 492
Quad Axde (n): 49.2
—— o o

Compound |7

|compound
; |
; —
E'A”Vehnﬁle Class Dustrlbutuomi

ass O B e - G Compound
L I'OWth |—}mm,

{Ia;;“ By v 08 |[‘ampnund
{um-z G v v 33 4 |Gompnund a
{um-a B—wi— 153 4 }
[ 1
Suam of Distribution (%): 1000 1
L_ e e e

Aodes Per Truck

!:M,e Cosy | Swening Ade CherSige Tooden e G i :
162 039 0 0 !
joss 5 0 2 0 0 0 1
| S 0 102 09 0 0 !
|- 0 1 026 fos o 1
{Ia“ 1] 0 238 067 0 0 :
f=o o AxlesperTruck o |
{I!”': ] 119 109 08s 0 :
{I!” n 0 429 026 0.06 0 :
{Iasa 12 0 1] 114 008 0 :
{Iasa 12 0 215 213 035 0 :
1 1
1 1
Rote: Steering Axde - Single axde, single tire; Other Single Axle -- Single &xe, dual tires. :

Figure 11. Traffic Load Spectrum (Level 1) Input Screen.

Monthly Adjustment

Monthly Adjustment Factors

[ Load MAF From File

Export to MAF File J

Month |Class 4 |Class_5 |Class_6 |Class_7 |Class_8 |Class 9 |Class_10 |Class_11 |Class_12 |Class_13 |

. January 1
February 1
March 1
April i
May 1
June 1
July 1
August 1
|September 1
October 1
November 1
| |December 1

NP FSRG IRY [P NEP [FE TP T ER N

1

e e

1

B e e e e e e e e e

1

e R R e e R S =

1

e e R R

1 1 1

[ R e R e e R
et R R
L e
B e e e

l

]

Cancel I

——

Figure 12. Traffic Monthly Adjustment Input Screen.
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View Axles
© Cumulative Distribution () Steering Axle @ Other Single Axle © Tandem Axle
@ Distribution © Tridem Axle © Quad Axle

Axle Factors by Axle Type

>|Season | Veh. Class|Total |3000 |4000 5000 |6000 |7000/8000 9000 |10000|11000 12000) 1300014000 150(
| January 4 100.00 1.8 0.9 2.91 3.99 6.8 11.4711.3 10.97 9.88 854 7.33 555 4.23 ]

January 5 100.00 10.05 13.21 16.42 10.61 9.22 8.27 7.12 5.85 4.53 346 256 1.92 1.54
_Januarv 6 100.00 2.47 1.78 3.45 3.95 6.7 8.45 11.8513.57 12.13 948 6.83 5.05 3.74
| January 7 100.00 2.14 0.55 2.42 2.7 3.21 581 5.26 7.39 6.85 7.42 8.99 8.15 7.77
| January 8 100.00 11.65 5.37 7.84 6.99 7.99 9.63 9.93 8.51 6.47 5.19 3.99 3.38 273
_.Ianuary 9 100.00 1.74 1.37 2.84 3.53 4.93 8.43 13.67 17.68 16.71 11.57 6.09 3.52 1.91
_January 10 100.00 3.64 1.24 2.36 3.38 5.18 8.35 13.8517.35 16.21 10.27 6.52 3.94 2.33
_Januanf 11 100.00 3.55 2.91 5.19 5.27 6.32 6.98 8.08 9.68 8.55 7.29 7.16 5.65 4.77
Tllanuaw 12 I"mn.nn 6.68 2.29 |4_a7 S.Rh 597 RRA 958 994 859 7.11 587 A.A1 4.5’5'

Open Axle Fie
I oK ] [ Cancel l

Figure 13. Traffic Axle Load Distribution Input Screen.
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CLIMATE INPUT

There are two ways to attach the climatic information to a given project location: users can either
assign a specific weather station or use interpolated climatic data based on the coordinates of the
location.

Figure 14 presents the climate input screen when users choose a specific weather station.
Generally, the left part of screen lets the user select a weather station, and the right part shows
the summary of the weather data, such as average temperature or precipitation. The user can look
into more detailed information like hourly data by clicking the “Hourly data” tab on the upper
right.

Semmary | Hourly data
@ Climatic data for a specific weather station Interpolate climatic data for a given location
Annual Summary
|

Select Weather Station Saamonal A

 Mean annual tempersture id !_
Latrtude (d i tes) Depth Of Water Table (ft)

o | 322 AATIE degreesmee:) nnual Average 10 Mesn snnual preciptation i ) a7

Qkﬁ:\l?—kh[é T 89,41 Longitude (degrees.minutes) Number of wet days 1027

ANGLETON/LAKE JAf J P

ARJfr\FFGT%IiLTiE JACKSON, TX e Elevation (ft) Freezing index {deg F-days) 2099

AUSTIN_J’BERIG STROM, TX Average annusl number of freezethaw cycles 332

AUSTIN/CITY, TX

BEAUMONT/PORT ARTHUR, TX

BORGER, TX

BROWNSVILLE, TX

BURNET, TX

CHILDRESS, TX

COLLEGE STATION, TX

CONROE, TX Monthly Temperatures

CORSICANA, TX

comus oS, T T T ¢

Station Location: February (dea F) j458

MUNICIPAL AIRPORT March (deg ) 554

Avaiable Data Months: 116 Ao beg ) sl
May (deg F) 735
June (deg F) 787
July (deg F) 833
August (deg F) g2.1
Septempber (deg F) 758
October (deg F) 653
November (deg F) 540
December (deg F) 455

Figure 14. Climate for a Specific Weather Station Input Screen.

For a project location without a dedicated weather station, users can choose the radio button
“Interpolate climatic data for a given location,” and the application will provide six weather
stations nearby for the user to select for interpolation. Figure 15 presents the user input screen for
climate data interpolation. The lines and numbers such as “#1, #2...” in the graph show the
relative positions and distances from the location defined by the coordinates. The interpolated
hourly data information is listed in the right part of the screen.
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Smmary | Hourty data
Climatic data for a spacific weather station @ Interpobte cimatic data for a given location Wed
Temperature ¢ Sunshine  Preciptation  Humidty
. Seasonal deg F) freh) (%) i) =)
Select Weather Station
] . 3235 Latitude (degrees.minutes) Depth OF Water Table (ft) 761 0 1000 00 5.0
Tx - Annual Average 10 1781 70 100.0 00 6.0
AMARILLO, TX _l s9.41 Longitude (degrees.minutes) 75 80 1000 00 800
A 1 -

:ESL,QEGT%}:!‘A&E JAGKSON, TX 1789 Elevation (fr) {75.0 7.0 100.0 00 620
AUSTIN/BERGSTROM, TX |78.9 80 100.0 00 600
AUSTIN/CITY, TX
BEAUMONT/PORT ARTHUR, TX |77.0 70 1000 00 5.0
BORGER, TX 7] #1 0.0 mies, ABILENE, T, MUNICIPAL AIRPORT, Lat. 32.25, Lon. 3341, Ble. 1785, |781 60 100.0 0.0 580
BROWNSVILLE, TX Months. 116
BURNET, TX {820 50 100.0 00 510
CHILDRESS, TX ] #2 £7.3 mies, SAN ANGELO, T MATHIS FIELD: Lat. 3121, Lon, -100.25, . 1691, I " "
COLLEGE STATION, T Morihs. 116 “9 0 o0 |00 0
gg:gl?:i',“;x ™ ] ™ 574 miles, MINERAL WELLS, TX, MINERAL WELLS AIRPORT, Lat. 32.47, Lon. 5804, |81 &0 100 oo 470
CORPUS, CHRISTL, T i Ele. 633, Moot 63 l310 10 1000 20 20

) | #4 126.5 miss, WICHITA FALLS, T, SHEPPARD AIR FORCE BASE, Lat. 3359, Lon. -36.35, |99 30 750 LLJ 408
Station Location: Ele. 1010, Months. 116 la19 20 1000 00 %0
MUNICIPAL AIRPORT ] #5 1313 mides. JUNCTION, TX, KIMELE COUNTY AIRPORT, Lat. 30,31, Lon, -99.96, Ele. 1950 60 100.0 0.0 360

) 1704, Months. 106

Avaiable Data Months: 116 |939 00 1000 0.0 50

#6 137.6 mies, FORT WORTH, TX, MEACHAM INTL AIRPORT, Lat, 32,49, Lon. -97.22, Ele.

) o e ot {335 30 500 00 330
{850 100 500 00 320
{850 70 500 00 40
1930 90 500 0.0 M0
1891 60 750 0.0 390
(845 70 100.0 00 430
{829 7.0 1000 00 510 o

Figure 15. Climatic Data Interpolation Input Screen.
RELIABILITY RELATED INPUT

Figure 16 presents the reliability related input screen for a three-layer conventional pavement.
Two input categories are displayed in this screen. On the left side are the performance criteria
inputs, and on the right side are the variability inputs. For the performance criteria inputs, the
user supplies the analysis stop criteria (performance limit) and reliability level in terms of
percentage. For variability inputs, the user checks the applicable checkboxes and modifies the
coefficient of variation value.

Projectl:Structure” | Projectl:Climate™ | Projectl:Traffic* )} Project]:Reliability” | - X
Performance Criteria Variability of Input Parameters
Peformance Limit Rekability (%) Use Parameter  Coefficient of Variation (%)
50 i) Layer 1(AC: DenseGraded) - Thickness 10
Themal cracking ft/mie) 2112 50 [} Layer 1 (AC: DenseGraded) - Modulus
Fatigue cracking of AC layer (percent) 50 50 |} Layer 1 (AC: DenseGraded) - Fracture Property A

Layer 1 (AC: DenseGraded) - Fracture Property n
Layer 1 (AC: DenseGraded) - Rutting Propery Alpha
Layer 1 (AC: DenseGraded) - Rutting Property Mu
Layer 2 (Base: FlexibleBase) - Thickness

Layer 2 (Base: FlexibleBase) - Modulus

Layer 2 (Base: FexibleBase) - Rutting Property Alpha
Layer 2 (Base: FexibleBase) - Rutting Property Mu
Layer 3 (Subgrade) - Modulus

B Layer 3 (Subgrade) - Rutting Property Alpha

[} Layer 3 (Subgrade) - Rutting Property Mu

Traffic - ESALS or AADTT 10

Figure 16. Reliability Related Input Screen for a Three-Layer Conventional Pavement.

Both performance criteria and variability parameters are related to pavement structure and
pavement type. Whenever the pavement structure or pavement type changes, these parameters
are changed accordingly. For example, Figure 17 shows the reliability related input screen for a
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four-layer perpetual pavement. As can be seen in this figure, the endurance limit entry appears
on the left side and more parameters are listed on the right side.

" ProjectliStructure” | Projectl:Climate” |~ Projectl:Traffic®  Projectl:Reliability” | - X |
Performance Criteria Variability of Input Parameters
Peformance Lima Relizbilty (%) Use Parameter Coefficient of Variation (%)
Rutting finch) 05 50 ] Layer 1 (AC: SMA) - Thickness 10
Themmal cracking ft/mie) mnz 50 Layer 1 (AC: SMA) - Modulus
Fatigue cracking (percant) 50 50 Layer 1 (AC: SMA) - Fracture Propsrty A
Endurance mit Strain curve 50 Layer 1 (AC: SMA) - Fracture Property n

Layer 1 (AC: SMA) - Rutting Property Alpha
Layer 1 (AC: SMA) - Rutting Property Mu
Layer 2 (AC: Supempave) - Thickness
Layer 2 (AC: Superpave) - Modulus |
Layer 2 (AC: Supemave) - Fracture Property A

Layer 2 (AC: Superpave) - Fracture Property n

Layer 2 (AC: Superpave)] - Rutting Property Alpha

Layer 2 (AC: Supempave) - Rutting Propesty Mu

Layer 3 (Subbase: LSS) - Thickness

Layer 3 (Subbase: L 5S) - Modulus

Layer 3 (Subbase: LSS) - Modulus of Rupture

Layer 3 (Subbase: LS5) - Fatigue Cracking Parameter B1
Layer 3 (Subbase: LS5) - Fatigue Cracking Parameter B2
Layer 4 (Subgrade) - Modulus

Layer 4 (Subgrade) - Rutting Property Alpha

Layer 4 (Subgrade) - Rutting Property Mu

Traffic - ESALs or AADTT 10

Figure 17. Reliability Related Input Screen for a Four-Layer Perpetual Pavement.
OUTPUT

The output of TXME is organized into an Excel file that is mainly composed of three parts: the
summary of user’s inputs, the analysis result table, and the distress plots. See Figure 18. The
predicted distresses are different depending on pavement structure and pavement type. The
following discusses and illustrates the output for each pavement type.
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o

-

Distress Plots

" Input Summay Result Table

AC Fatigue Cracking

Fatigue Cracking Area (%)

TN riths
———— i

Figure 18. Output of TXME in Excel File Format.
OUTPUT OF SURFACE TREATED PAVEMENT

For surface treated pavement with flexible base, only rutting result is predicted and plotted. See
Figure 19.

Rutting

# Analysis Limit

M Total Rut Depth

Rut Depth (in)

A Surface Treated Layer Rut Depth

X Granular Base /Subbase (Layer 2) Rut Depth

i Subgrade Rut Depth

0 50 100 150 200 250 300
Months

Figure 19. Output of Surface Treated Pavement with Flexible Base.
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For surface treated pavement with stabilized base, both rutting and stabilized fatigue cracking are
predicted and plotted. See Figure 20; note that the rut depth of stabilized base is ignored.

Stabilized Base Fatigue Cracking

@
o

Rutting

E 50 S
E 0.5 -SSRSO
a0
3 _o¢
v ) £
§a0 # Analysis Limit = # Anglyss Lt
v 203
F & BTotalRut Depth
20 W Stabilized Base Fatigue i Suroce Treated Layer At Depth
-] Cracking Area (%) 02
2 Subgrade Rut Depth
2
510 014 e a2

0 04 -

0 50 100 150 200 250 300 0 50 100 150 200 250 300

Months Months

Figure 20. Output of Surface Treated Pavement with Stabilized Base.

If there are more than two base or subbase layers, of which some are flexible and the others are
stabilized, TXME will predict the stabilized fatigue cracking only if the stabilized base layer is
just under the AC layer. The rut depth of flexible base layer is always predicted no matter where
the layer is.

OUTPUT OF CONVENTIONAL OR THIN HMA PAVEMENT

Figure 21 shows the typical output of conventional or thin HMA pavement with flexible base.
Rutting, AC fatigue cracking, and AC thermal cracking are predicted in the analysis.

Rutting ACFatigue Cracking ,
Thermal Cracking
0 120 4
1500 4
05 -SONOOIRRNRNRINNOR N #Anakyss Limt 100 - .
] 4
% -Euom m
044 Tt Rut Depth E 80 £
g 4 i
= . i (] 9 1500 4 Anaks i
gna ACRut Depth E s L E # Analysss Limt
M Iy M
2 v WFatigue Cracking Area %) £ 0 |
2 Gy Saefuthae (e tDsgth B ¢ gheal] 310
E 5 W Thermal Cracking Amount
H (ffmie]
01 1 Subgrade Rut Depth 0 0
. £
i -
oomamm———— 0 I
0 -
0 100 b1} 30 - -
¢ W M W W 0 B W m W KN W

Figure 21. Output of Conventional or Thin HMA with Flexible Base.
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Similar to surface treated pavement, if the first base layer (counted from top to bottom) is
stabilized layer, the stabilized base fatigue cracking is also predicted and plotted.
OUTPUT OF PERPETUAL PAVEMENT

For perpetual pavement analysis, endurance limit is determined according to the traffic input
level. For ESALs input (Level 2), the endurance limit is actually the maximum bottom strain of
the AC layer under the standard 18 kip single axle dual tire load. For load spectrum input (Level
1), the endurance limit is the frequency of AC layer bottom strain distribution under different
axle load levels. Figure 22 shows the endurance limit output under the traffic load spectrum.

AC Bottom Strain Distribution

=4 Predicted Strain Distribution

Percentile (36)

=@~ Strain Distribution Limit

100 150 200 250 300 350 400 450
Microstrain

Figure 22. Output of Endurance Limit of Perpetual Pavement under Load Spectrum.

Other typical outputs of perpetual pavement are similar to conventional pavement, which
includes rutting, AC fatigue cracking, and AC thermal cracking. There is no stabilized fatigue
cracking analysis for perpetual pavement since normally the AC layers are thick enough to
prevent fatigue cracking in the stabilized base layer.

CONNECTION WITH FPS 21

FPS 21 is the flexible pavement design system currently used by TxDOT. Figure 23 shows the
program start screen.
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TEXAS FLEXIBLE PAVEMENT DESIGN SYSTEM

7 FPS 21 e

Release 2011-3-10

Stress Analysis Tool

Product Disclaimer

Exit

Figure 23. Start Screen of FPS 21.

The users input of FPS 21 includes pavement location, traffic ESALS, Falling Weight
Deflectometer (FWD) modulus of each layer, maximum and minimum thickness of each layer,
etc. The output of FPS 21 is available layer thickness combinations. Note that FPS 21 only uses
FWD modulus to represent each layer’s property; it does not use any lab testing data, so it is
impossible to determine benefits from improved base materials or superior asphalt mixes. To
determine these benefits, TXME is designed to import the input and output information from
FPS21, plus some specific test results such as rutting property or fracture property, to conduct
the performance check. Figure 24 shows the connection concept.

Pavement Max.and Min.
Location Thickness

Testing

Subgrade

Figure 24. Connection Concept between FPS 21 and TXME.
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Figure 25 shows an example of TXME pavement structure imported from FPS 21. By clicking
the button “TxME Check” in the FPS 21 screen, the TXME will be launched and automatically
import the related information, such as pavement location, layer type, layer thickness, ESALS,
and so on. The left part of Figure 25 is the FPS 21 recommended design option, and the right part
is the TXME pavement structure after importation. TXME also searches the embedded database
and provides default values for lab testing data. Users can edit these values if specific lab test
results are available.

DESIGN - 1 PAVEMENT PL

. i ilomaton
Period- 1 o i Tpe ;/ . Layer
2
] ASPH STAB BASE - PG
TypeD
/ 0
FLEXIBLE BASE Mechic D 0
% -]
4] LevalZnpdl: O :
- Lab Testing Data« i
S1a e Spe apal
2104 F- alphae( 7465 livh]

03
Themal Coeicientof Expansion (le§inF) 135

FPS 21| TXME |

Figure 25. An Example of TXME Pavement Structure Imported from FPS 21.
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EXAMPLE 1

Project Input
» Pavement Structure: Conventional Pavement; AC/Flexible base/Subgrade

» Design or Analysis Life: 20 years
» District: Austin; County: Bastrop
* Analysis Parameters & Criteria:
— Fatigue Cracking Limit: 50%
— Total Rutting Limit: 0.5 inch
» Traffic:
— ADT-Beginning: 20000; ADT-End: 35000; ESALSs: 3.0 million; Speed: 60 mph
* Weather Station: Austin/City, Tx
» Layer thickness
— AC layer: 4 inches
— Flexible base layer: 8 inches
» AC layer material property
— Mix type: Type D; Binder type: PG 64-22
— Modulus Input Level: Level 3-default values
— Fracture properties and Rutting properties: default values
* Flexible base layer property
— Modulus: 50 ksi
— Rultting properties: default values
* Subgrade
— Modulus: 4 ksi
— Rutting properties: default values
* Reliability
— Deterministic

Analysis Result

After 92 months, Fatigue Cracking Area reaches 50%.

Rut depth reaches 0.316 inches after 20 years (240 months).
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EXAMPLE 2

Project Input
» Pavement Structure: Conventional Pavement; AC/Flexible base/Subgrade

» Design or Analysis Life: 20 years
» District: Austin; County: Bastrop
* Analysis Parameters & Criteria:
— Fatigue Cracking Limit: 50%
— Total Rutting Limit: 0.5 inch
» Traffic:
— Level 1 Input (Load Spectrum)
— AADTT: 500
— Other traffic input parameters: default values
* Weather Station: Austin/City, Tx
» Layer thickness
— AC layer: 4 inches
— Flexible base layer: 8 inches
» AC layer material property
— Mix type: Type D; Binder type: PG 64-22
— Modulus Input Level: Level 3-default values
— Fracture properties and Rutting properties: default values
* Flexible base layer property
— Modulus: 50 ksi
— Rultting properties: default values
* Subgrade
— Modulus: 4 ksi
— Rutting properties: default values
Reliability
— Deterministic

Note that the difference between Example 1 and Example 2 is traffic input.

Analysis Result

After 111 months, Fatigue Cracking Area reaches 50%.

Rut depth reaches 0.337 inches after 20 years (240 months).
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EXAMPLE 3

Project Input
» Pavement Structure: Conventional Pavement; AC/Flexible base/Subgrade

» Design or Analysis Life: 20 years
» District: Austin; County: Bastrop
* Analysis Parameters & Criteria:
— Fatigue Cracking Limit: 50%
— Total Rutting Limit: 0.5 inch
» Traffic:
— ADT-Beginning: 20000; ADT-End: 35000; ESALSs: 3.0 million; Speed: 60 mph
* Weather Station: Austin/City, Tx
» Layer thickness
— AC layer: 4 inches
— Flexible base layer: 8 inches
» AC layer material property
— Mix type: Type D; Binder type: PG 64-22
— Modulus Input Level: Level 3-default values
— Fracture properties and Rutting properties: default values
* Flexible base layer property
— Modulus: 50 ksi
— Rultting properties: default values

* Subgrade

— Modulus: 4 ksi

— Rutting properties: default values
* Reliability

— AC Thickness CV: 15%
— Flexible base modulus CV: 20%
— Reliability Level: 95%
Note that the difference between Example 1 and Example 2 is reliability input.

Analysis Result

After 46 months, Fatigue Cracking Area reaches 50% at 95% reliability.

Rut depth reaches 0.321 inches after 20 years (240 months) at 95% reliability.
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EXERCISE 1

Project Input
» Pavement Structure: Conventional Pavement; AC/Flexible base/Subgrade

» Design or Analysis Life: 20 years
» District: Austin; County: Bastrop
* Analysis Parameters & Criteria:
— Fatigue Cracking Limit: 50%
— Total Rutting Limit: 0.5 inch
» Traffic:
— Level 1 Input (Load Spectrum)
— AADTT: 500
— Other traffic input parameters: default values
* Weather Station: Austin/City, Tx
» Layer thickness
— AC layer: 4 inches
— Flexible base layer: 8 inches
» AC layer material property
— Mix type: Type D; Binder type: PG 64-22
— Modulus Input Level: Level 3-default values
— Fracture properties and Rutting properties: default values
* Flexible base layer property
— Modulus: 50 ksi
— Rultting properties: default values

* Subgrade

— Modulus: 4 ksi

— Rutting properties: default values
* Reliability

— AC Thickness CV: 15%
— Flexible base modulus CV: 20%
— Reliability Level: 95%

The purposes of this exercise are to practice the load spectrum plus reliability inputs and to
compare the result with that of Example 3.

Analysis Result

After ? months, Fatigue Cracking Area reaches 50% at 95% reliability.

Rut depth reaches ? inches after 20 years (240 months) at 95% reliability.
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EXERCISE 2

Project Input
» Pavement Structure: Conventional Pavement; AC/Flexible base/Subgrade

» Design or Analysis Life: 20 years
» District: Austin; County: Bastrop
* Analysis Parameters & Criteria:
— Fatigue Cracking Limit: 50%
— Total Rutting Limit: 0.5 inch
» Traffic:
— Level 1 Input (Load Spectrum)
— AADTT: 500
— Other traffic input parameters: default values
* Weather Station: Austin/City, Tx
» Layer thickness
— AC layer: 4 inches
— Flexible base layer: 8 inches
» AC layer material property
— Mix type: SMA D; Binder type: PG 76-22
— Modulus Input Level: Level 3-default values
— Fracture properties and Rutting properties: default values
* Flexible base layer property
— Modulus: 50 ksi
— Rultting properties: default values

* Subgrade

— Modulus: 4 ksi

— Rutting properties: default values
* Reliability

— AC Thickness CV: 15%
— Flexible base modulus CV: 20%
— Reliability Level: 95%

The purpose of this exercise is to change the AC layer material (SMA, PG 76-22) and to
compare the result with that of Exercise 1.

Analysis Result

After ? months, Fatigue Cracking Area reaches 50% at 95% reliability.

Rut depth reaches ? inches after 20 years (240 months) at 95% reliability.
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EXAMPLE 4

FPS 21 Input
» Design type: Surface Treatment

Pavement Structure: Surface Treatment/Flexible base/Subgrade
Design Life: 15 years
District: Austin; County: Bastrop
Traffic:
— ADT-Beginning: 1500; ADT-End: 3000; ESALs: 0.3 million

FPS 21 Qutput
» Design Option 1: Surface Treatment + 9.5 inches flexible base+Subgrade

» Design Option 2: Surface Treatment +13.5 inches flexible base

TXME Check
* Analysis Parameters & Criteria:
— Total Rutting Limit: 0.5 inch
* Design 1: 0.4188 inches
» Design 2: 0.4752 inches
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EXAMPLE 5

FPS 21 Input
» Design type: Conventional Pavement

Pavement Structure: AC Layer/Asphalt Stabilized Base/Flexible Base/Subgrade
Design Life: 15 years
District: Austin; County: Bastrop
Traffic:
— ADT-Beginning: 1500; ADT-End: 3000; ESALSs: 3 million

FPS 21 Output

Pavement Thickness (inches)
Structure Design 1 Design 2 Design 3 Design 4
AC Layer 2 2 2 2
Asphalt
Stabilized 55 7.0 5.0 6.5
Base
Flexible 5 6.0 9.5 95
Base
TXME Check

Since the pavement type is conventional, TXME performs fatigue cracking, thermal cracking,
and rutting analysis. The fatigue cracking and thermal cracking area are very small for all the

design options. Figure 26 illustrates the rutting comparison result among these design options.
Rutting

02

M Design 1

=] 20 40 60 80 100 120 140 160 180 200
Months

Figure 26. Rut Depth Comparison among FPS 21 Design Options.
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