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General Information

- Two workshops were held
respectively on Aug. 25 at Paris, Tx
and on Oct. 6 at Austin, Tx

More than 30 representatives from
TxDOT attended

- Introduction of TXACOL software,
key input parameters, and related
lab and field tests were presented

- Attendees practiced the software
step by step
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== Expected Learning

lided Outcomes
Be able to perform program

installation and un-installation

- Be familiar with creating, editing,
saving, and running a project file

- Know how to design an asphalt
overlay using the TXACOL program

mer . - Understand Key input parameters

’ and the requested lab or field test
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TXACOL Flowchart

Reflection Cracking
Model




TXACOL Features

- M-E program
- User-friendly interface
- Short running time

- Default values provided in
the software

- Traffic input is compatible to
the current pavement design
software FPS19W




s
%= TxACOL Features

iccs .  (Continued) |
- Pavement temperature is

automatically predicted
from EICM model

* Rutting and cracking are
analyzed simultaneously

- Output is in Excel format
and can be easily
incorporated into electronic
documents and reports

TXACOL

Worksho
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How to Install

- Double click “"Setup.exe” file

If this is the first installation, the
following screens will appear:

% TxACOL

Welcome to the TxACOL Setup Wizard Select Installation Folder
The inzstaller will guide you through the steps reguired to install TxAC0L on pour computer. The installer will inztall TACOL to the following falder.

Tainstallin thiz falder, click "Nest". Tao install to a different folder. enter it felow or click "Br

Ealder:
T “Program Files\TTI“TxACOLY

o]

WARMNING: This computer program is protected by copyright law and international treaties. Inztall TACOL for yourself, or for anyone who uses this
Unauthonized duplication or distibution of this program, or any portion of it, may result in zevere civil
or criminal penalties, and will be prozecuted to the maximum extent possible under the law.
() Everyone
) Just me
/ VA
(fra ) e ) (o]
y A /




How to Uninstall

B- Control Panel

Edit Wiew Favorites Tools  Help #

QBack -\;;) l‘m pSearch H:‘ Folders v

i Address |E} Contral Panel

. File

E’l Control Panel 2

B Switch ta Category Yisw

See dlso

Aukamatic
Tools Updates

Accessiblity  Add Hardware
Options

‘ Windows Update

Q) Help and Support
Zurrently installed programs: [] show updates Sort bt | Marme w |
Change or a
Remowe 5 Sophos AutoUpdate Size 7E3ME
Programs
g Sophos Femote Management Syskem Size 9,16MEB
% O soundmaz Size  0.15MB
Add [ew 7 5PS5 12.0.1 For Windows Sice  228,00MB
Programs
T=ACOL
@I Click here For support informakion,
Add/Remove

Windows To change
Cornponents Change

ﬁ! UsLauncher Size LEOME

@ ﬁl YesysInskall Size  165,00MB

Set Prograrn
Access and
Defaulks

@ Windows Internet Explorer 7 Size 14.80MB —

ﬁ_%! Windows %P Service Pack 3
|l




Launch the Program

Double click the icon

D.E'- = ] e Microsoft Cffice Document
| £ Open Microsoft Office Document

or

Set Program fccess and Defaults

@) Accessories
: E Internet Explorer
!
L) Documents P E windows Media Player
: [@ Microsoft Office
E’ Settings b
[@ Microsoft Wisual Studio (MET 2003

Search 3 [@ Powerword 2005
@ startup

@_J Help and Support: < T TRACOL

=

Run...

Programs

»
W

Windows XP Professional

Shut Down, .,

|
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Step 1: Create a New
Project File

Texas Asphalt Concrete Overlay Design and Analysis System

& Structure & Material Properties

Analysis Status

Analysis




Step 2: Genera

An

File  Option

General Information

& Project Identification ] | Project Mame: IPrDjectl
=) Analvsis Parameters & Criteria

Type of AC Overlay Design
O ACIAC & AC/IPCR(IRCP) " ACJCRCP

{8 structure & Material Properties . . ~ | Design Life (years) 15 =

[~ Specify Construction Information
MNote

----- @ Results

Analysis




Step 3: Project

e = poWWror rel O wla De gn m WAl 5 g m

File <ption

0| =
EI@ Project [Projectl]
-8l General Information

14 Austin

4 Austin
District: San Antonio
16 Corpus Christi
Colnty: 17 Bryan |
i 18 Dalas H
Bl Climate CsI: 19 Atlanta ]
@] structure & Material Froperties 0 Beaumont
Functional Class: D1 Fharr

Date:

16 BLANCO
27 BURNET
28 CALDWELL
87 GILLESPIE
106 HAYS

144 LEE
150 LLANO

Reference Mark Format: Feet: Q0+

Reference Mark Begin:

..... &l Rresults Reference Mark End:




Step 4: A
Criteria In

File  Cption

lysis Parameters &

=-E Project [Projectl]
-8 General Infor mation
-8l Project Identification

ramet

..... )

-8 climate
B structure & Material Properties

AC Rutting (ind

Cancel




Step 5: Traffic Input

File  Option

Texas Asphalt Concrete Overlay Design and Analysis System

0] | &

=8l Project [Projectl]

-8 Gereral Information

&l Project Identification

@ Analysis Parameters & Criteria

Traffic Load ESALs) Iput

=&l Inputs

-8

& Climate
-8l structure & Material Properties

----- @ Results

ingle Axlz with Dual Tires (18 kip, 100psi

AC Crverlay

Existing Paverment

3 kip ESALs 20 YR

-Beginring (Veh/Day): |2OOO (1 DIR) (milions):

ADT-End 20 R (Veh/Day): (3500 Operaton Speed (rmph):

Analysis




Step 6: Climate Input

Texas Asphalt Concrete Overlay Design and Analysis System
File  Cption

|| &

EI@ Project [Projectl]

& Gereral Infor mation

E Froject Identification

E Analvsis Parameters & Criteria

Climatic Data Input

Current Climatic Data Fike: CAT=ACOL projects\austin.icm

Load Existing Climatic Data File Create New Climatic Data File |

8] structure & Material Properties

' Clirmatic data for & specific weather skaton ! Interpolate cimatic datyl for a gven lacaton
—Select Weather Station ———————— N
2
20,19 Latitude (degrees. minutes) 6pen -
Lookin: | projects o cmsEr

97 45 Longitude {degrees. minutes) Lé & _ACoverAC

R [E_ACover PCP
yrecert 15 120_s1-LTE-50%
EE Elevation (ft) BERTENS 5 10 st TE-0%

l' @ = _frial

Desktop (ESersitivity

EAl Aallice
@ R Its ) astin
..... e A Carlebad
- MyBocuments | 2)eroderick
My Computer
. My Netwark
- Places
==
Filz name: [euein -] Open
Files oftype: [Cimate Datag* icm) =]

Cancel J

Stafion Location:

Avalable Data Months:

Analysis




Step 7: Climate Input

lex, A&srh Y0 i 2 dv lay e: in

=&l Project [Prajectl]
-8 General Information

Analyms Farameters & Criteria Current Climatic Data File: CATxACOL projects\austn.icm

Load Existing Climatic Data File Create New Climatic Data File

 Climatic data for a specific weather station & Interpolate cimatic data for a given location w

Select Weather Station

- Inputs
& Traffic
&

8] structure & Material Properties

FEILEE Tx — 30.19 Latitude (degrees.minutes)
ALICE, TX ;
AMARILLO, T 97 46 Longitude {(degrees. minutes)
ANGLETOMN/LAKE JACKSOMN, TX
ARLINGTOM, TX 648 Elevation (ft)
AUSTIN/CITY, TX
ALSTIN/BERGSTROM, T V
BEAUMONT /PORT ARTHUR, T \ 4
BORGER, T [ #1 00 miles, AUSTIN/CITY, T, CAMP MABRY ARMY NATL GROB, Lat.
& results BROWNSVILLE, TX 30.19, Lan, 0748, Ele, 648, Months. 116
BURIET, 1% #2 10.5 miles, AUSTIN/BERGSTROM, TX, AUSTIN-BERGSTROM INTL
.2 miles, L "y i
EBILLL[E)EES;;%ON T % 4PT, Lat 30.11, Lon, -97.41, Eie. 658, Months. 100
COMROE, TX [ #3 400 niles, BURNET, T, BURNET MUNI CRADDOCK FIELD, Lat
CORSICANA, TX 3044, Lon. 9814, Ele. 1275, Months. 114 a2
CORPUS CHRISTI, TX .
#4 44.8 miles, NEW ERAUNFELS, TX, NEW BRAUNFELS MUNICIPAL 4F,

COTULLA, T M I Lat. 29.43, Lon, -98.03, Ele. 632, Moriths. 116

[~ #5_68.4 miles, SAN ANTONIO, TX, INTERNATIONAL AIRFORT, Lat #4
Station Location: 29,32, Lon, -98.26, Ele, 818, Months, 116 gl

[~ #5_79.8 miles, SAN ANTOMIO, T, STINSON MINICIPAL AIRPORT, Lat.
CAMP MABRY ARMY NATL GROB 20.2, Lon. -98.28, Ele, 579, Manths, 04 &R
Available Data Months: 116

Generats Cancel

Analysis




Step 8: Structure Input

Texas Asphalt Concrete Overlay Design and Analysis System
File  Option
0@
E--E Project [Projectl]
& General Information

&l Project Identification
@ Analysis Parameters & Criteria

Structure & Material Properties

El--@ Inputs e s
& Traffic e Py e —AC Owverlay ———————— Existing JPCP(IRCE)
&l climata - & 1 ( &1 (i

Structr

Pavement

Material Propertes

Status
AC OverLayl Ok
Existing JPCP{JRCF) Ok,
Existing Base1 (08
Gk

Subgrade Layer

----- &l Results

Analysis -




AC OverLay1 52
Material Type: ‘Tvns- n Thicknesstinch): |2
Thermal Cosfficient of Cxpansion (16 infnMy [13.5 Poisson Ratio:  [0.35
[ Superpave PG Binder Grading Modulus Input
e T . # Lovel 3 (Detault Value) ¢ Lovel 2 (Witezak Model) ¢ Lovel 1 (Test Data)
| High Temp (©) R Default Vaie |
&1
70
] ™
~Material Pertormance Properties
ran
Rutting Propertics |
OK | Carwel
Structure & Material Properties Ed Existing JPCP (JRCP) X
; Material Type: ‘Existing JPCP
AC QverLay Existing JPCP(IRCP) Existng Base —— |
’7 o 12 ’7 o ’7 o] o 12 Thickness(inch): B Peisson Ratio: 0.15
T p———— T Thermal Coefficient of Expansion (1e-6 infin/F): 5.5
Status ) Material Propert:
Layer Thickness Material Type
O AC Overlay1l [ Fap Type D ~ oK ~General Properiti
O Existng JPCPORCP) 8 Existing JPCP -~ oK > Joint/Crack Spacing (ft) 15
] Existing Basel Granular Base - OK
0 Subgrade Layer Subgrade bt oK Modulus (ksi) 4000]
Load Transfer Efficiency (%) 70
oK | Cancel |
Existing Base1 ﬁ
Material Type |Granu|ar Base
Thickness(inch): |8 Poisson Ratio: 035
OK Cancel
> © Level 2; Typical design value * Level 1: Morhly design value
\% e
Subgrade Layer Ed Morth
Jn. [ ]
Feb.
Material Type |Subgrade e
Ay
Thickness(inch): Polsson Ratio: 0.4 MF:v
June
July
& Level 2: Typical design value © Level 1: Morthily design vaiue Aug
S
- Moduis Tnput %,
Nov
Typical Modulus (ksi) B
—
0K Cancel

(%3

Cancel




Step 10: AC Material

Properties Input
Level 3 Input Level 1 Input

AC OverlLay1

ﬁ AC OverLay1

Materil Type: ‘Tvpe D Thickness(nch): |2 Materidl Type: ‘Tvpe D Thickness(inch): |2
Thermal Coefficient of Expansion (le-6 infin/F) [13.5 Poisson Ratio: (035 Thermal Coefficent of Expansion (le-6 infin/F) |13.5 Poisson Ratio:  [0.35
~Superpave PG Binder Grading \ ~Modulus Input ~Superpave PG Binder Grading ~Modius Input
@ Level 3 (Default Value) ¢ fevel 2 (Witczalk Modsl) ¢ Level 1 (Test Data)  level3 (Defautvale) ¢ Level 2 (Witczak Mbdel) & Level 1 (Test Data)
Test Data |
~Dynarmic Modulus (E* ksi)
Nurmber of Temperatres: E 3 Mumber of frequencies: E 3
Terrperature (F) ‘ = 0 Fresquency EHZ) 05 01 |
No [npLit Needed. m ’ :
40
70
100
130
~Materid Performance Properties ——————— ~Materia Performance Properties
Fracture Properties ‘ Fractire Properties |
Import: Export:
Ruting Properties ‘ Rutting Properties |

oK

oK | Cancel ‘

Careel ‘

LYY

\"4
You can import or export
dynamic modulus here




Step 11: Fracture and
Rutting Properties Input

Fracture Properties Rutting Properties

"z Fracture Property Data m sz Rutting Property Data m
Murmber of Temperatires |1 3: Murmber of Temperatires |1 3:
Temperature (F) A n Temperature (F) alpha
77 2.0865e-38 4.3475 104 0.7609 0.7265

o' Cancel o' Cancel




Step 12: Existing Layer
Properties Input
Existing AC Existing PCC

- -
Existing AC X _—
= | Existing JPCP(JRCP)
Material Type:  |Existing AC Thickness{inchy: |g
Material Type: Existing JPCP
Thermal Coefficient of Bxpansion (1e-6 infin/F): 135 Poissan Ratio:  |g.as
Mab Cracking Pattm Thickness(inch]: Ig Poisson Ratio: I[j, 15
Cracking Type Transverse Cracking Options Severity Level
- . . . . .
Aligator Cracking & Severty Level  Low Thermal Coefficient of Expansion (1e-6 in/fin/F); |5.5
~ ity ‘
Longitudinal Cracking £ LTE Valde (%) & Wedium
5 i ~General Properities
Transverse Cracking Crack Spachg () B C Hh P
{" Block Cracking oint/Crack Spacing (ft) |15
FIWD Backzalculated Moduls Modulus (ksi) |40':“:'|
Mo, of Temperatures 1 E|;
Terrperature(°F) Modulus ksi) __ I Load Transfer Efficiency (%) I?’U
77 500
oK | Cancel |
ok ‘ Cancel ‘

A%

The default values are different
between JPCP and CRCP




Step 13: Base Layer

Properties Input
Granular Base Stabilized Base

Existing Base'1 X| rExisting Base1 E

Material Type: |Granu|ar Base
Thickness(inch): [B Poisson Ratio;  [0.35 Material Type Stabilized Base
Thickness(inch): g Poiszon Ratio; IF
& Level 2: Typical design value  Lewel 1: Monthly design walue

—Maodulus Input

Typical Modkitss (kei) ~Mechanical Strength Properties

= Modulus {ksi) 700

Ok ‘ Cancel ‘

Ok Cancel




Step 14: Subgrade

Properties Input
Level 2 Level 1

Subgrade Layer ﬁ Subgrade Layer ﬁ

Material Type: |Subgrade Material Type: ‘Subgrade

Thickness(inch): I Foisson Ratio: |0-4 Thickness(inch: I Poisson Patio: IO-4

& Level 2: Typical design value © Level 1; Monthly design value = Level 2: Typical design value & Level 1; Monthly design value

—Modulus Tnput —Modulus Tnput

Ivlorth | Modulus (ksi)
Typical Modulus (ksi) Jan.

I4— Feb.

Mar .
Apr.
[ay
June
Jilly
Aug.
Sep.,
Oct,
Mo,
Cec.

O N N N O N N N Y S N N

Ok Cancel oK Cancel




Step 15: Save the Project File

Save As

\exas Asphalt Concrete Overlay Design and Analysis System : e =l « e B~
=== @_ACoverAC
@ [=)_ACoverIpcp

My Recert PRT BCoverd . apj
Documents | a7 coverPCP. apj

Nrojectl]
for mation
ification
elers & Criteria

&

Desktop

My Documents

a Traffic
-8 Climate
& Structure & Mat®

&

My Computer

&

My MNetwark File name: Projectl \_~I> Save I
Places
Sawve as type: S Project [*.apj) hd Cancel |
- S

- R

v
If it is the first time to save the project,
| this window will pop up and users can

- input project name here |




Step 16: Run Analysis

Texas Asphalt Concrete Overlay Design and Analysis System

File  Option

0| |

El--@ Project [Projectl]

E General Information

& Project Identification
a Analysis Parameters & Criteria

=8 Inputs

a Traffic
-8l climate
E Structure & Material Properties




Example 1 (Paris

Workshog)
- AC over A

- Design life: 10 years
+ District: Paris, Lamar

- Traffic: 5 million ESALs for 20
years

- Location: latitude 33°39’,

longitude -95°33’, and elevation
600 ft




Example 1 (Paris Workshop)

(Continued)

Layer thickness

- AC overlay: 2 inches; Existing AC: 3 inches; Base: 6
inches

- AC overlay property
- Mix type: Type D; Binder type: PG 76-22
- Modulus Input Level: Level 3-default values

- Fracture properties and Rutting properties: default
values

Existing AC layer property
- Transverse cracking, medium severity, cracking
space: 15 ft

- FWD modulus @ 77 °F: 500 ksi

Base
- Type: CTB, Modulus: 200 ksi

Ciiharadae




Reflactive Cracking Rate (34)

60 4

504

Example 1 (Paris
Workshop) Result

Cracking

ACOverlay Reflective Cracking

L ]
4 Reflective Cracking Rate
+
*
L ]
+
+
+
*
L]

s . . ‘
0 4 6 8 10 12 14 16 18

Months

Rut Depth (in)

0.025

0.0z

0015

=)
=
=

0.005

Rutting

Months

ACOverlay Rutting
$ L
+
+
L
Py
M
+
e
+
0 bii] 60 80 100 120

#Total AC overlay Rut Depth



Example 1 (Austin

Workshop)

- Overlay Type: AC over JPCP

- Design or Analysis Life: 15 years
District: Austin; County: Travis

- Analysis Parameters & Criteria:
Reflective Cracking Rate Limit: 50%
AC Rutting: 0.5 inch

- Traffic: ADT-Beginning: 20000; ADT-End:
35000; ESALs: 5.0 million; Speed: 60 mph

- Weather Station: Austin/City, Tx




Example 1 (Austin
Workshop ) (Continued)

Layer thickness

- AC overlay: 2.5 inches; Existing JPCP: 9 inches; Base:
4 inches

- AC overlay property
- Mix type: Type D; Binder type: PG 76-22
- Modulus Input Level: Level 3-default values

- Fracture properties and Rutting properties: default
values

Existing JPCP property
- Modulus: 4000 ksi, cracking space: 15 ft, LTE: 70%

Base
- Type: Granular base, Modulus: 50 ksi

Subgrade

- Modulus: By default



Exercise 1

- Use "New” function

- Change the previous example
to 2-lift overlays

- The top overlay is the same
Type D mix, but its thickness
reduces to 1.5 inches

- The bottom overlay is 1 inch
CAM mix with a PG76-22 binder

- All the other inputs are kept the
same as Example 1




Exercise 2

- Use “"Save as” function

+ Change the previous exercise
back to one lift overlay

- Select overlay mix: SMA-D with
a PG76-22 binder

- Keep all the other inputs the
same as Example 1




Exercise 2 Hint

- Use “save as” function

- Click radio button "1” to remove
an overlay (Remem
choose/highlight
first)

—AC Crverl. Existing JPCP(IRCP) Existing Base
i1 = 2 ’7 1 |7 o =1 i 2
ctat Pavemen t Structure Material
Layer ‘ Thickness | Material Type Properties
1 AC OverLayl Pas i E ey 1.5 Type D [ oK
- erLay e s S T - -
[ Existing JPCP{IRCR) : = Existing JPCP [= o3
[1  Existing Basel e Grarular Base d Ok
[1 Subgrade Layer Subgrad - Ok

Ok Cancel




Summary for Different

Overlay Mixes
2.5 inches Type D

After 52 months, Reflective Cracking Rate reaches 50%.

Rut depth reaches 0.084 inches after 15 years (180 months).

1.5 inches Type D +1 inch CAM

After 129 months, Reflective Cracking Rate reaches 50%.

Rut depth reaches 0.3 inches after 15 years (180 months).

2.5 inches SMA

After 129 months, Reflective Cracking Rate reaches 50%.

Rut depth reaches 0.08 inches after 15 years (180 months).




Example 2 - Overlay
Thickness Design

Overlay Type: AC over JPCP
Design Life: 10 years

District: Wichita Falls; County: Cooke
Analysis Parameters & Criteria:
Reflective Cracking Rate Limit: 50%

AC Rutting: 0.5 inch

Traffic: ADT-Beginning: 19350; ADT-End:
28800; ESALs: 4.5 million; Speed: 60 mph

Weather Station: Wichita Falls, Tx




Example 2 - Overlay Thickness
Design (Continued)

Layer thickness

- AC overlay: Unknown; Existing JPCP: 8 inches; Base: 4
inches

- AC overlay property
- Mix type: Type D; Binder type: PG 76-22
- Modulus Input Level: Level 3-default values

- Fracture properties and Rutting properties: default
values

Existing JPCP property
- Modulus: 4000 ksi, joint space: 15 ft, LTE: 70%

Base
- Type: Granular base, Modulus: 30 ksi

Subgrade

- Modulus: By default




Trial Thicknesses During
Design

- Overlay thickness trial 1: 2 inches

After 15 months, Reflective Cracking Rate reaches 50%.

Rut depth reaches 0.05 inches after 15 years (180 months).

Overlay thickness trial 2: 4 inches

After 162 months, Reflective Cracking Rate reaches 50%.

Rut depth reaches 0.077 inches after 15 years (180 months).
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TXACOL

Worksho

Trial Thicknesses During
Desigh (Continued)

- Overlay thickness trial 3: 3.5 inc

After 100 months, Reflective Cracking Rate reaches 50%.

NE€S

Rut depth reaches 0.07 inches after 15 years (180 months).

- Obviously for all these cases, the
rutting problem is not significant.
To meet the 10 years design life

requirement, a 4 inches overlay is

recommended



Exercise 3

- Change the existing JPCP’s LTE
to 50%

- Keep the other inputs the
same as Example 2

- The recommended overlay
thickness="7




Answer to Exercise 3

5 inches

- Trial 1: 4 inches, 69 months
- Trial 2: 5 inches, 148 months
- Trial 3: 4.5 inches, 105 months




Tips and Reminders

- Accept default values if you don’t have
specific test results

Use climatic interpolation function when
there is no existing weather station
available in this area

Use “save as” to reduce some input
work

-+ Save the project file before clicking
“Analysis” button

Do not move or rename the project file
manually




Presentation Outline

Introduction

Program training and exercises

Key inputs for existing

pavement and field testing

Key inputs for overlays and lab



Key Input Parameters
for Existing Pavements

-+ Existing pavements
- 1) Layer modulus and 2) Joints/cracks LTE

Existing JPCP(JRCP) %]
. . Material Type: Exzisting JPCP
) FI e I d te Stl n g Thickness{inch): |97 Poisson Ratio: 0.15
_ FWD Thermal Coefficient of Expansion {(1e-6 infinfF: |557
Geneta | Properities

- RD D JointfCrack Spacing (ft) |15

Modulus (ksi) 4000

Load Transfer Efficiency (4] |T-"III

Ok Cance |




JPCP Pavement

Evaluation
- For Layer modulus backcalculation

- center slab
- 30 drops per section (max spacing: 0.1
mile)
- For LTE

- joint measurements

- FWD

- RDD



FWD Backcalculated

Modulus
- In Texas, "MODULUS 6.0" is

commonly used for modulus
backcalculation

TTI MODULUS ANALYSIS SYSTEM (SUMMARY REPORT) (version 6.0)
pDistrict:20 (seaumont) MODULL RANGE(psi)
county :122 (JASPER) Thickness({in} M nimum Maximum Poisson Ratio values
Highway/Road: USDO96 Pavement: 10.00 240,000 5,500,000 Hl: v = 0.20

Base: 10.00 10,000 550,000 HZ: v = 0.35

subbase: 0.00 = 0.

Subgrade: 97 .98(by DB) 5,000 =

"""""""" Load  Measured Deflection (mils): ___ calculated Moduli_wvalues (ksi): Absolute Dpth to
station {1bs) R1 R2 R3 R4 RS RE RT SURF({EL) Base(eE2) suBs(E3) sSuBG(E4) ERR/sens Bedrock




FWD Based LTE at
Joints/Cracks

FWD FWD
Load Load

¢ !

Wlc W2c W1 | W2

LTE = (W2j/W1j)/
(W2c/Wlc)

EXEMPT

A
|

Near the slab center Near the joint/crack




2 V4 RDD Based LTE Evaluation

1400 1450 1500 1550 1600 1650 - 1750 1800 1830 1800

, b A
o | H L
it f'b;:*!a'f;.7

=

g



/== RDD Raw Data

20 1
18
16
14
12
¢ 10

o N B~ O
I

Base

| (Qua lit
9700 9750 9800

<

9850 9900 9950 10000 10050
Distance (ft)




Flexible Pavement

Evaluation
- For layer modulus backcalculation

- 30 drops per section (max spacing 0.1 mile)

For LTE evaluation
- FWD based, similar to JPCP

Crack Width Crack Width
C | N
@
. raffic
S, S
7 7 50ULEEr 7
Stripe




FWD Based LTE
entoad Measured  Deflection (mils):

Station (lbs) R1 R2 R1/R2  LTE (%)
Center 0 10,359 9.45 415  0.439153
Crack 21 10,284 10.03 3.79  0.377866 86
Center 67 10,355 7.31 3.55  0.485636
Crack 84 10,312 10.31 3.68  0.356935 73
Center 99 10,244 6.56 3.34  0.509146
Crack 112 10,189 10.49 434 0.413727 81
Center 136 9,795 9.04 5.14  0.568584
Crack 153 10,288 11.52 4.41  0.382813 67
Center 169 10,300 8.48 4.07  0.479953
Crack 182 10,395 6.36 3.77 0.592767 124
Center 196 10,153 10.19 5.63  0.552502
Crack 207 10,343 8.87 4.35 0.490417 89
Center 222 10,228 9.73 5.33 0.54779
Crack 231 10,113 11.72 42  0.358362 65
Center 248 10,077 11.04 57  0.516304
Crack 262 10,153 10.57 4.39 0.415326 80
Center 290 10,145 7.09 3.41  0.480959
Crack 304 10,161 8.3 3.78 0.455422 95

Center 325 10,252 6.8 3.82 0.561765

o —~ o~ A~ o~~~ A~ A~ P P~ A A~ -



FWD Based LTE
Measurement

100

80

[ ==Y

60 ® o

40

20

0 T T T T T T
0 1000 2000 3000 4000 5000 6000

Test Stations

7000



Flexible Pavement-#=
LTE

Low severity crack: LTE=85%
- Crack width<1/8"

Medium severity crack: LTE=70% |

- 1/8"<Crack width<1/4" or any crack
(<1/4") with adjacent random low |
severity cracking

High severity crack: LTE=55%

- Crack width>1/4" or any crack
(<1/4") with adjacent random
medium to high severity cracking




Presentation Outline

Introduction

Program training and exercises

Key inputs for existing

pavement and field testing

Key inputs for asphalt overlays



Key Inputs for Asphalt
Overlays
Level 1

.. Dynamic modulus | E*|

.. Fracture properties (A and n)

. Rutting properties (a and u)




Dynamic Modulus |E*|

+ Test equipment

Sample size:
4" diameter by 6"
high

Replicates: 3




Dynamic Modulus |E*|

(Gontinued) ..
14, 40, 70, 100, and 130°F

-+ 6 loading frequencies:
25,10, 5,1, 0.5, and 0.1Hz

Sample |E*| values (ksi)

25Hz 10Hz S5Hz 1Hz 0.5Hz | 0.1Hz
14°F | 2346.7 | 2307.4 | 2175 1810 1682 1378
40°F 1843 1687 1498 1080 916 619
70°F 820 597 467 280 223 139




Dynamic Modulus |E*|

- Input interface in the program

AC Overlay1

Material Type: |T'|'IJB D

Thickness(inch): |2.5

Thermal Coefficient of Expansion (1e-5 infin/F) |13.5 Poisson Ratio;  [0.35

—Superpave PG Binder Grading

—Modulus Tnput

High Ternp (C)

Lowe Ternp (C)

-22

64

70

76

28 Test Data |

© Level 3 (Default value) © Level 2 (witczak Modelh @ Level 1 (Test Data)

—Dvynamnic Modalls (B ksi)

Mumber of Temperatures: H

Murmnber of frequendies: F ﬂ\

Frequency (Hz) |

Temperature (F)

23 10
14 2346.7 2307 .4
40 1843 16587
70 g20 397

—Material Performance Properties

Fracture Froperties

161
61

118
S0

Rutting Properties

Import |

3 1 0.5 0.1
2175 1810 1882 1378
1493 1080 916 619
467 280 223 139
96 & 54 40
43 32 29 23

Export

(04 | Cancel |




Fracture Properties: A &
n

- Fracture model

Model Calibration %]
AC Rutting  AC Crack Propagation IReﬂective Cracking I

v AT A4 AT A4 r7H A i
AC = kl AN i A bend + kz AN i A shear + kj"{l thermal
AC =crack length increment
AN = dailvy load repetitions, ESATLs
Kpend = stress intensitv factor caused bv bending traffic load
Kohear = stress intensity factor caused bv shearing traffic load
o ormal = stress intensity factor caused bv daily temperature variation
A, n = cracking properties, determined bv overlav tester
ki1, k2, k3 = calibration factors

—Calibration Factors

" Special Analysis k1: IED
f+ State Calibration k2 |4|:|
k3: IlEEIEI

Ok Cancel |




Fracture Properties A &
n (Continued)

- Test equipment: Overlay Tester

Step 1: Modulus
Test

Step 2: Cracking
test to obtain A,
n

Three replicates
required




Fracture Properties A &
n (Continued)

- Modulus test —preparing samples




Fracture Properties A &
n (Continued)

+ Modulus test - installing new base plates

Regular
OoT
Machine




Fracture Properties A &
n (Continued)

Modulus test — mounting

. No glue on the

bottom.




Fracture Properties A &
n (Continued)

Cracking test
Same as regular OT test except with a

smaller opening displacement: 0.017"




Fracture Properties A &

n (Continued)
- Excel macro to determine A & n

Modu

Sample Modulus (ksi) I 00

Input

Ik
O = = o = FO395.54 300ksixls [Compatibility Mode] - Micrasoft Excel
e
Home Insert Page Layout Formulas Data Reviews Wiewr Add-Ins
= '—'I:I = Ruler Formula Bar = y E 3:| =1 split v
'IE‘ | ! 41" Lﬁ | Gridlines | Headings Lg Art—‘ ~— Hide ars
Mormal| Page Page Break | Custom  Full Zoom Mew  Arrange Freeze
Layout Preview wiews Screen Message Bar Window 1 Panes -~ (] Unhide = E R
Workbook Views Show/Hide Wi
A B c D E F <} H 1
Craking CracKking Openning Test
Property |Property |Modulus |Analysis Load/Unload | Displacement ( Temperature
1 A pi (Ksi) cycles Time (s) (inch)
2 2 319E-09| 413724109 300 19 =] 0.025353444 76.98339133
3
: dc Output
s 7
8 - A K
7
: dN
)
12 dC/dN and SIF
12 10
= ¥ = 2.3100E-00x*1372E:00
= R*=0.7147E-01
is
16 =
17 = B
=
18 10 1 1000
19
20
21
o1
22 SIF (MPa*mm~0.5)
23
24q

i

)
i



Fracture Properties: A &
n

- Input interface in the program

=z Fracture m
MNumber of Temperatures Ii 3:
Temperature (F) i}

i 2.0865e-8 4.3475

4 Cance




Rutting Properties o &

- Rutting model

Model Calibration X
AC Rutting |AC Crack Propagation | Reflective Cracking |

Ae (N)

r _ 7- ko
= N
Y

Agp(N) =permanent strain at the N load repetition

& =resilient strain

N =number of load repetitions

ua =rutting properties, determined by repeated load test

kg, k2 = calibration factors

—(Calibration Factars

" Spacial Analysis
k1

(¥ State Cdibration

|1—
k2: |1—

0K, | Cancel |




Rutting property a & p
(Continued)

- Test equipment: same as |E*|
test
- 1esbcrAditRASons

0.1s loading+0.9s rest
2 replicates required

Permanent microstrain

0 2000 4000 5000 2000 10000 12000

Mo. of load repetitions




Permanent microstrain

Rutting Properties: o &
u (Continued)

a & p determination method

3000
y = 530 877407
5500 R?=04718
cab
2000 AL =
g.i“‘
1500 1 £=101 —
1000 18 a=1-0.1779=0.8221 — cr = 1— 5
500 p=1530.9*0.1779/101=0.9339 _
0 . - . . .
0 2000 4000 6000 8000 10000 12000

No. of load repetitions



Rutting Properties: o &
u (Continued)

- Input interface in the program

Wperty Data \m
Mumber of Temperature Iﬁ

Temperature (F) alphia L

104 07609 0.7 205

CCCCC




Lab Test Summary

Dynamic modulus |E*|
test 3 replicates

Rutting properties (o & p)
test 2 replicates

+ Cracking properties (A &
n) test 3 replicates




Questions?



Assistance needed?

- Contact TTI research team:

- by emall
+ Sheng Hu: S-hu@ttimail.tamu.edu
* Fujie Zhou: F-zhou@ttimail.tamu.edu
* Tom Scullion: T-scullion@tamu.edu

- by phone
- Sheng Hu: 979-845-9767
 Fujie Zhou: 979-458-3965
* Tom Scullion: 979-845-9913


mailto:S-hu@ttimail.tamu.edu
mailto:F-zhou@ttimail.tamu.edu
mailto:T-scullion@tamu.edu

Thank you!



APPENDIX

Handouts for Austin Workshop



Example 1

* Qverlay Type: ACover JPCP
» Design or Analysis Life: 15 years
* District: Austin; County: Travis
* Analysis Parameters & Criteria:
— Reflective Cracking Rate Limit: 50%
—  ACRutting: 0.5 inch
* Traffic:
— ADT-Beginning: 20000; ADT-End:35000; ESALs: 5.0 million; Speed: 80 mph
* Weather Station: Austin/City, Tx
» layer thickness
— ACoverlay: 2.5 inches
—  ExistingJPCP:9 inches
— Base:4 inches
+  ACoverlay property
—  Mixtype:Type D; Binder type: PG 76-22
—  ModulusInput Level: Level 3-default values
— Fracture properties and Rutting properties: default values
* Existing JPCP property
—  Modulus: 4000 ksi, cracking space:15 ft, LTE: 70%
* Base
—  Type:Granular base, Modulus: 50 ksi
*+ Subgrade
—  Modulus: By default

Analysis Result:

2.5 inches Type D

| After 52 months, Reflective Cracking Rate reaches 50%.

| Rut depth reaches 0.084 inches after 15 years (180 months).




Exercise 1

« Overlay Type: ACover JPCP
+ Design or Analysis Life: 15 years
+  District: Austin; County: Travis
* Analysis Parameters & Criteria:
— Reflective Cracking Rate Limit: 50%
— ACRutting: 0.5 inch
*  Traffic:
— ADT-Beginning: 20000; ADT-End: 35000; ESALs: 5.0 million; Speed: 60 mph
* Weather Station: Austin/City, Tx
+ Layer thickness
— ACoverlayl: 1.5 inches
—  ACoverlay2: 1 inches
—  ExistingJPCP: 9 inches
— Base:4inches
* ACoverlay 1 property
— Mixtype:Type D; Bindertype: PG 76-22
—  Modulus Input Level: Level 3-default values
— Fracture properties and Rutting properties: default values
* ACaverlay 2 property
—  Mixtype: CAM; Bindertype: PG 76-22
—  Modulus Input Level: Level 3-default values
— Fracture properties and Rutting properties: default values
* Existing JIPCP property
—  Modulus: 4000 ksi, cracking space:15 ft, LTE: 70%
* Base
—  Type:Granularbase, Modulus: 50 ksi
+ Subgrade
—  Modulus: By default

Analysis Result: (Please fill in the blanks):

1.5 inches Type D +1 inch CAM

| After months, Reflective Cracking Rate reaches 50%.

| Rut depth reaches I:I inches after 15 years (180 months).




Exercise 2

o Use “Save as” function

* Changethe previous exercise back to
one lift overlay

o Select overlay mix: SMA-D with a PG76-
22 binder

¢ Keep all the other inputs the same as
Example 1

Analysis Result: (Please fill in the blanks):

2.5 inches SMA

‘ Aﬂ;er| |mnnths. Reflective Cracking Rate reaches 50%. |

‘ Rut depth reaches inches after 15 years (180 months). I




Example 2: US82 Overlay Thickness Design

Overlay Type: ACover JPCP

Design Life: 10 years

District: Wichita Falls; County: Cooke
Analysis Parameters & Criteria:

— Reflective Cracking Rate Limit: 50%
— AC Rutting: 0.5 inch
Traffic
—  ADT-Beginning:19350; ADT-End:28800; ESALs:4.5 million; Speed: 60 mph
Weather Station: Wichita Falls, TX
Layer thickness
— Acoverlay: Using trial thickness
— Existing JPCP: 8 inches
— Base:4 inches
AC overlay property
—  Mixtype: Type D; Bindertype: PG 76-22
—  Modulus input Level: Level 3-default values
— Fracture properties and Rutting properties: default values
Existing JPCP property
—  Modulus: 4000 ksi, joint space:15 ft, LTE: 70%
Base
—  Type:Granularbase, Modulus: 30 ksi
Subgrade
—  Modulus: By default

The recommended overlay thickness=?

Answer :

4 inches

* Trial 1: inches,months
e Trial 2: inches,months

e Trial 3 :inch es, months



Exercise 3

» Changethe existing JPCP’s LTE to 50%

* Keep the other inputs the same as
Example 2

e The recommended overlay thickness=?

Answer (Please fill in the blanks):

inches

e Trial1: 4 inches,| |months

* Trial 2: 5inches, months

e Trial 3: 4.5 inches, months
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