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-Important Notice-

You have been provided with a software security dongle, which enables you to
use the TSAR™, TSAR Plus™ or TSAR Plus™ software on your computer. The
dongle should be considered as a very valuable device that is not easily
replaced. This ensures copy protection of the software and restricts use to

authorized users. It protects our software against software theft.

A high replacement fee is charged if this device is lost and/or stolen. We advise

that you insure the dongle for the value of the software.

Please make sure that you connect the dongle to your parallel port before

running the software.
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Introduction
Thank you for obtaining a copy of the TSAR™ software. The TSAR™ software is a rapid user-friendly

method to determine the SHRP binder grade. TSAR™ determines the critical temperature that
corresponds to thermal cracking based upon Bending Beam Rheometer (BBR) and Direct Tension Testing

(DTT) for the proposed new AASHTO binder specification.

The BBR and DTT methods were developed as part of SHRP. Recently, the low temperature requirements
have been refined to predict at which temperature a binder fails in single event thermal cracking. This

temperature will replace the stiffness, m-value and failure strain.

[DTT]
=~

Pavement ]
Resomsiodel” SHRP PG Binder Grade

For asphalt producers, agencies and test laboratories this software provides a vital tool to classify binder

systems.

The data from the BBR and DTT tests are entered into a form. The BBR data is used to compute the
thermal stress in the pavement using the specified cooling rate and other material parameters such as the
coefficient of linear expansion. Next, a plot of stress versus temperature is then developed. The DTT test
data is compared to the induced stress and the critical cracking temperature determined. Alternatively, a
pass/fail criterion is applied to certify if a binder meets a specific SHRP binder grade at the temperatures

evaluated.

This manual provides a functional explanation of the programs working and does not explain the
background research. References to background information may be found on the web site

www.abatech.com.
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Agreement

The software is sold subject to the stipulations as indicated below.

THAR (Thermal Stress Analysis Routine)
COPYRICHT 1999, & Abatech Computer Services, ALL RIGHTS RESERVED

Copytight Hotiee

The software is protected by copyright law. The copyright owner has the exclusive right to reproduce the work; to prepare detivative works;
and to distribute the copyrighted work to the public by sale, rental lease or lending. The owner of the copyright in this computer program
prechades others from compiling or assembling it in another form, from translating it to a different program language, or from copying stractures,
sequencing, organization, meras, of veet intetfaces. WA infringement of thiz copyright may result in stabutony damages.

Disclaimer

The licensed software is sold "as is" and without any warranties, either expressed or implied, as to performance, accuracy, reliability or
suitahility for any purpose. The developers of this software may have made statements about this software, either in person or in print. Any
such statements do not constitute warranties and shall not be relied on by the uzer in deciding whether to aeoquite or uge this program. Becauge
of the diversity of conditions and hatdware under which this program may be used, no warranty of fitness for a particular parpose is offered.
The user is advised to become familiar with the undetlying concepts, assumptions and imitations of this calewlation procedure, and to test the
program thoroughly to determine the extent to which it can be relied upon. The entire risk as to the applicability, results and performance of this
softwrare iz assumed by the user. Any Labhdity of the developers will be limited exclusirely to product replacement or refund of the purchasze
price, exchuding shipping and handling. The developers of this software shall not be lishle for any direct, indirect, conzequential, or incidental

dathages (inchuding damages for loss of business information, and the like) arising out of any claim regarding the use of or inabdity to use the
licensed software.

T3AR License Agreement

The owner of the copyright in TEAR grants the registered owner of the program a non-exclusive, non-transferable worldwide right and license
to use and display the licensed software. The software is hardware protected and this license allows only a single user on a single machine. In
addition, this does not allow the registered owner to sell or otherwise release the software to third parties. The TSAR software system and
marnaal are copyrighted and proprietary materials. The use of TSAR shall e acknowledged in all resulting publications, including bt not
litmited to technical papers and consulting reports. Mo subroutine(s) shall be extracted from the progran, in total or in part, for wse in another
program. The registered owner shall not adapt, translate, reverse engineer, decompile, disassemble, or create detivative works based on the
licensed software. The program will not be used, in total or in part, in the development of a new program, to be distributed under a different
natne, except with the explicit and written permission of the owner of the copyright.

(]9
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Setup

The setup operation is similar for TSAR™ and TSAR Plus™ with the exception of the disks. Both
versions of the software are protected to avoid unauthorized distribution, to protect against software theft,
and to licensed to a single machine and single user, with a hardware protection device (dongle) which
enables only one user to work with the software at any one time. The set procedure is described in detail

below.

Installing the Software
Run setup.exe from disk 1 of the supplied disks. The setup program then ask a few simple questions

relating to the location on the computer that you wish to install the files to. TSAR™ and TSAR Plus™

must be installed on a local drive rather than on a network drive.

TSAR Setup

<3 TSAR Setup

% ‘Weloome to the TSAR installation program
=

Setup canot install system fles or update shared files i they are in use.
Before proceeding. we recommend that pou close any applications pou may
be unning.

Exit Satup

TSAR Manual.doc Page 3 May 9, 2000



Thermal Stress Analysis Routine TSAR™

43 TSAR Setup

B egin the installation by clicking the button below.

Click thiz button ta install TSAR software to the specified destination directon.

Diirectory:
’V C:%Program FileshTSARY Change Directary

Exit Setup

After setup is complete you will need to install software security to enable use of the program.

Software Security
The TSAR™ and TSAR Plus™ Software is copy protected using Rainbow Technologies protection

systems. Both programs are protected with the use of a dongle. The dongle must be fixed to the parallel
printer port of the machine before the software is started and must remain in place during software use. If
you have downloaded this manual and software from our web location you can request the dongle from the

technical support team when placing your order for the software.

Windows NT Users

The software has been prepared to operate on Windows 95, Windows 98 and Windows NT. However,
users TSAR Plus with Windows NT will require a special file not located on the install disk to avoid

receiving an "Error 12" message.

This file " NTDongleFix.zip" may be downloaded from www.abatech.com or can be obtained from our

technical support team (see above for contact information).

To install NT drivers for Rainbow SuperPro Dongle.

1) Login as Administrator

2) Extract files from zip to a floppy

3) Run the program setupx86.exe from floppy

4) Choose Install from menu.

5) When the program asks for path to driver type in A:\
6) Click OK.
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If successfully installed, 'Error 12' message will not be displayed.

The same setup program can be used to remove the drivers if desired.
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Getting Started with TSAR™

Running the Software

Launch TSAR Software. A screen will appear as illustrated. This screen acknowledges technical and
industry support of various individuals and groups who have made a significant contribution to the
development work of this software. The license agreement may be viewed or the program started by

implementing the Run Program command.

TSAR Version 3.1.7

Thermal Stress Analysis Routine

ABATECH GROUP

This software was developed by Abatech with technical input from the models sub-task group of the FHWA
low temperature task group for hinders.

The development of this software was sponsored in part by the following companies:
Citgo Asphalt Refining Company
EniChern Elastorners Americas, Inc.
ERGOM Inc.
Fina Qil and Chemical Campany
Koch Materials Cormpany
MTE Serices

Shell Chemical Company
UltraPave

Abatech acknowledges technical contributions from Dr. D. Anderson, Dr. M. Bouldin, Dr. R. Dongre, Dr. B
Radovskly, Dr. G. Rowe and Mr. M. Sharrock.

Copyright Abatech, Inc. All rights reserved. This software is protected by US and international copyright
laws. Software may not be used without a valid li Forali pl tact Abatech, Inc. at
www.abhatech.com or call 267 880-1295.

Eead License

Agreement e R

Entering Test Data

From file data select "Tsar Data" which brings up 3 "Tab" forms and enter the test data.
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Tsar binder-data - c:\program filesitsarvimcidatalsship++\ltibdrisd\Y our_Name tsa

Eile
BBrR | oir )
Find Files I
Sample 1D: ABC
Date Recorded: |3/17/39 Dperator Geoff Rowe
Base Azphalt
Grade:  |PGE4-28 Mass Loss %
T Asphalt Yis. (211350 7 e
ypE: sphal is. a
Source: iAnywhere plant ﬂl
Save |
MB. Sample |0 is a required entry; any alphanumeric characters may be used.
Remaining items are optional. MI
Ext |

The test data is needed from both the BBR and the DT test. The user in this instance is evaluating a binder
as a PGXX-28, which requires DT test data at -18°C. The input of Mass Loss and Viscosity is optional.

Two BBR isotherms are used which bracket S=300 MPa at T=60 seconds.

Tsar binder-data - C:\Program Files\TSARA\Imch\datal\SHRP++\LTABdi\Sd\SweetPG7022_AB....

Eile

[ Decoon | mem | o)

Find Files |

BER &ging. Test Temperature [C), Average Apparent Stiffness (MPa)

Aging Temp.C] S8 515 530 SE0 | 5120 | 5240

P -8 E7E 533 5 4E 340 280

P& 12 356 300 248 2m 1589 125
*

Hew |
[ Do |

Open

Save |

ME. 2 entries per Aging Condition are required. SE0 for lower temperature must be >= 300MPa
and SEO for higher temperature must be <= 300 MPa. Temperatures must be 2 adjacent values MI
from the Superpave Temperatures sequence, ie from sequence -BC, -12C, -18C ete. Exit |

The user will generally run a BBR test at a temperature that is expected to yield a result of S60 close to
300MPa. If the measured value is < 300MPa then the subsequent test(s) will be at lower temperatures. If

the measured result is > 300MPa then the subsequent test(s) will be at higher temperatures.

The temperatures used for the DTT test are shifted by 10°C from the specification temperature. For
example when considering a -28 grade the DTT test is performed at -28+10 = -18°C. Generally, the failure
stress in the DTT ranges between 1 and 5 MPa.
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Save file as your_name.tsa

File

D ezcription T BER T

DTT Aging, Test Temperature [C], Average Failure Stress [MPa]

Aging Temp. C| Stess
PAY - -18 2000

.4
#*

ME. Results for 3% per minute test rate (ie. 1 mm per minute] are required.
DTT resultz should only be entered if corezponding BER data exists.

Find Files I

New |
Qpen |
Save |
ﬁaveAsl

Ext |

Save Tzar Data As

Savejn:lﬂ 5d

= & @ g e

Kl E3

SweetPG7022_AB tsa
SwestPG 7022 Meattsa
VenPG7022_S0F tsa
YenPG7E22_SOF tsa

Lamant_z#_1.tza
Lamont_zx_2.tza
Lamont_sw_3.tza
Lamont_zx_4 tza
Lamont_zx_5.tza
Lamont_sw B.tza

Lamont_zx_7 tza
Llowdrmirster] 50_200.tsa

Fil name: |Your_Name Save I
Save as wpe: ITsarData [* tza] =] Cancel |/
4
Running the Analysis
Select file from the list of files. Note at this stage you may need to use the "browse menu" depending
where you saved the file on the hard disk.
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[} TSAR Thermal Stress Anal
Fle Edi Yiew Help Folders

=

HEE

Tresviow of tsa Fies [Graphs or Listings of data o results

{3 C:\Program Files\TSARMmc\datal\SHRP+ALT| | 2 PAY BER isotherms, 2 in-spec

7 Lamont_sx_2tsa

7 Lamont_sx_3tsa

T ] Lamont_sx_d.ts3

T Lamont_sx_Stsa

T Lamont_sx_G.tsa

T Lamont_sx_7 tsa

T ] Lloydminster 50_200.tsa
T ] SweetPG7022_AB.tsa
T ] SweetPG7022_Meattsa
T venPG7022_SOF.tsa
T VerPG7622_SOF.tsa

il

& Description
B BER SpeclPAV]
B DTT

4 I

i~ Selected Fil

Sample 1D ABC

Base Asphalt
Grade PGE422
Type Asphalt
Source Anywhere plant

Aging
Tret e

F Y Lamont_sy_1 tsa TPAY DTT peints, 1 matching in-spec BER

| C:\Pragram Files\TSARYmchdata1\SHRP++ALT\BdMS d

(84738

The test data may be viewed by clicking on the "+" sign in the tree. As the data is viewed the Run will

become active at the bottom of the screen.

EY T5AR Thermal Stress Anal,
Fie Edt Yiew Help Folders

- Your_Name.tsa

[_[O]x]

PlENEE

Treeview of .tsa Filss Graphs ar Listings of data of results

(=4 \progiam fileshtsarimetdatal bship++\thbdrsd
¥ Lamont_sx_1.tsa 24

Sample 10 ABC

7 Lamont_sx_2tsa
7 Lamont_sx_3tsa
T ] Lamont_sx_4.ts3
T Lamont_sx_Stsa
T Lamont_sx_G.tsa
T Lamont_sx_7.tsa 20
-7 Lloydminster150_200 tsa
T ] SweetPG7022_AB.tsa
T ] SweetPG7022_Meattsa
T ] VenPGT022_50F.tsa
T ] VenPGTE22_S0F.tsa
7 Your_Name.tsa

[ Description
B BBR Spec(PAY)
=

- PAv-18

i

)

Thermal Stress or Strength, MPa

4 1]

i~ Selected Fil

Sample 1D ABC

Base Asphalt
Grade PGE428
Tope Asphalt
Soure Anywhere plant

o AV SRcte Sranglh MER

Tref

Aging 00 =] L7

| c:\program files\tsariime datal \ship+-+\ltbdrisd

EGEES] [10:128M 7
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Click the "Run" to execute the analysis. Note: the graphing icons at the top of the screen will become

active. Clicking on these gives the results, as follows:

EY TSAR Thermal Stess Analysis - Your_Name.tsa M= B3
Fie Edt Yiew Help Folders

gl

Treeview of .tsa Filss Graphs ar Listings of data of results
=3 cprogram fleshtsartimetdatalyship++\Ithbdrsd N
Y Lamoni_s+_1 tsa 20 Sample 1D AZC
] Lamont_sx_Z1sa PV FrRcne Stengh and Thenns/ Strass, Mg
] Lamont_sx_3tsa -
T ] Lamont_sx_4.ts3
T Lamont_sx_5.tsa
T Lamont_sx_B.tsa
T Lamont_sx_7 tsa
T Lloydminster150_200 tsa 6 i
T ] SweetPG7022_AB.tsa
T ] SweetPG7022_Meattsa
T ] VenPGT022_50F.tsa
T ] VenPGTE22_S0F.tsa
7 Your_Name.tsa
----- B Description
-+ BBR Spec(PAY)
BBR-18
BBR-12

o
w
=l
=
=
Thermal Stress or Strength, MPa

| (I3
- Selected Fil
Sample ID #BC
Base Asphalt
Grade FGE4-28 o
Type Asphalt

Source Angwhere plant \N‘e&a(

Aging Pay = ] LA ES £ H = = TE Bl e
Tref 12

| c:\program files\tsariime datal \ship+-+\ltbdrisd EREEE] [10:13 M A

Thermal Stress Graph
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[} TSAR Thermal Stress Anal
Fle Edi Yiew Help Folders

A E] [

Treeview of fiiew isotherm araph|

[Graphs or Listings of data o results

[23 C\Program Files\TSARNmehdatal \SHRP++LT

F Y Lamont_sy_1 tsa

7 Lamont_sx_2tsa

7 Lamont_sx_3tsa

T ] Lamont_sx_d.ts3

T Lamont_sx_Stsa

T Lamont_sx_G.tsa

T Lamont_sx_7 tsa

T ] Lloydminster 50_200.tsa

T ] SweetPG7022_AB.tsa

T ] SweetPG7022_Meattsa

T venPG7022_SOF.tsa

T venPG7622_SOF.tsa

T Your_Nametsa

B Description

=B BER SpeclPAY)
BER-12
BBR-12

4 I

i~ Selected Fil

Sample 1D ABC

Base Asphalt
Grade PGE422
Type Asphalt
Source Anywhere plant

. Aging P
Tref 12

Sample (0 ABC

A |\ Aepeed Samies

S T), MPa

J

t, sec

Te3

Ted

| C:\Program Files\TSARYmchdata1\SHRP++ALT\BdMS d

8/4/93

Isotherm Graph
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[EY TSAR Thermal Stiess Analysis - Your_Name.tsa [_IO[x]
File Edt Wiew Help Folders
glEl=lk]
Treeview of tsa Files Graphs or Listings of data or iesults
23 c\proaram fileshtsartime\datal\ship++\bbdrsd |c: \program files\tsar)imcidatalishrp++\ltibdr)sdi¥our Neme. tsa B
------- T Lamont_sx_1.tsa
7 Lamont_sx_21sa PAV Fracture Strength and Thermal Stress, MPa
------- T Lamont_sx_3tsa
T Lamont_sx_d.tsa
] Lamoni_sx_5sa AEC PGE4-28 Asphalt Anyvhere plant
¥ 7 Lamont_sx_6.tsa
£ Lameni_ss_ 7152 Initial Temperature C = 0
7] Llopeminetor! 50, 200 152 Cooling rate deg.C per hour = 1.0
= Temperature step, deg C = 0.1
T SwestPGI022 4B tss Final Temperature, C = -50
7] SweetPG7022_Neattsa Meimm stress, fPa - 1
T ] VenPG7022_SOF tsa Pavement Constant = 24.0
T VerPG7622 SOF.tsa
E--F ] Your_Name.tsa Glass Transition Ty, C = -20.0
B Description Linear Exp. Coeff. (T>Tg) = 0.00017
=5 BER SpeciPAY) Linear Exp. Coeff.(T<Tg) = 0.00017
BER-12
EBER-12 Mastercurve T Ref., C, Tr = -12.0
=@ DTT Arrhenius gradient al = 29049.69, in Shift relation _
- PEVE Ln(aT) = al.{1/T - 1/Tr), T Kelwin.
Arrhenius r squared = 1.0000
C-A Glassy modulus MPa = 3000.0
C-& Critical time sec = 240.86
C-& Exponent = 0.160006
C-1 asyuptote log-log slope = 0.738424
C-A rms error % = 1.69

EVALUATIONS of FRACTURE STRENGTH ws THEFRMAL STRESS
Test Evaluation Hix Hix

4] I+l Teuperature — Temperature Fracture Thermal
~ Selected Fil c C Strength MPa  Stzess MPa Pass / Fail
gam":'i " e -18.0 -28.0 z.00 10.58 Fail
a3e Aspha Note: Evaluation temperature = |test _temperature - 10) ©
Grade PGEL20 tenp {rest._tenp !
Type (il SPECIFICATION GRADE
Source Anywhere plant Binder Grade
o o TEm}gerature Pass / Fail
Tref 12 10 n
[ \program files\tsarime\datal ship++itibdiisd -18 A =l

Report Listing

The report can be printed out or "cut-and-pasted" into other applications.

Report Listing
The output in the report listing can be cut and pasted into any application. It is advisable to use a constant

width font such as Courier.

In this example the report identifies that this binder has "failed" the specification at -18°C. If additional

DTT data points are used then the exact grading can be determined.

C.\Program Fi | es\ TSAR\ | nt\ dat al\ SHRP++\ LT\ Bdr\ Sd\ Your _Nane. t sa
PAV Fracture Strength and Thermal Stress, MPa

ABC PG64-28 Asphalt Anywhere pl ant

0
1.0
0.1
-50
16
24.0

Initial Tenperature C
Cooling rate deg.C per hour
Tenperature step, deg C

Fi nal Tenperature, C

Maxi mum stress, MPa
Pavenent Const ant
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d ass Transition Tg, C
Li near Exp. Coeff.(T>Tg)
Li near Exp. Coeff.(T<Tg)

Mastercurve T Ref., C, Tr
Arrhenius gradient al
Ln(aT)

Arrhenius r squared

C- A d assy nodul us MPa
CACitical tinme sec

C- A Exponent

C- A asynptote | og-1og sl ope
CArns error %

-20.0

0. 00017

0. 00017

-12.0

29049.69, in Shift relation
al.(1/T - 1/Tr), T Kelvin.

1. 0000

3000.0

240. 86 For further explanation of these
0. 160006 parameters see section -

0. 738424

1.69 TSAR Plus™, Master Curves

EVALUATI ONS of FRACTURE STRENGTH vs THERVAL STRESS

Test Eval uati on M x M x
Tenper at ure Tenper at ure Fracture Ther mal
C C Strength MPa Stress MPa Pass / Fail
-18.0 -28.0 2.00 10. 58 Fai |
Not e: Eval uation_tenperature = (test_tenperature - 10) C
SPECI FI CATI ON GRADE
Bi nder G ade
Tenper at ure Pass / Fail
C
-10 NA
-16 NA
-22 NA
-28 Fai |
-34 NA
- 40 NA
- 46 NA
Predicted Critical Cracking Tenperature = NA
THERVAL STRESS LI STI NG
Bi nder Paverent
Tenper ature Ther mal Ther mal
C Stress MPa Stress MPa
0.0 0. 00 0.01
-1.0 0. 00 0.02
-2.0 0. 00 0. 04
-3.0 0. 00 0. 05
-4.0 0. 00 0.07
-5.0 0. 00 0. 09
-6.0 0.01 0.12
-7.0 0.01 0.16
-8.0 0.01 0. 20
-9.0 0.01 0. 26
-10.0 0.01 0. 32
-11.0 0. 02 0.41
-12.0 0. 02 0.51
-13.0 0. 03 0. 64
-14.0 0.03 0.79
-15.0 0. 04 0.98
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-16.0 0. 05 1.20
-17.0 0. 06 1. 47
-18.0 0.08 1.80
-19.0 0. 09 2.19
-20.0 0.11 2.65
-21.0 0.13 3.20
-22.0 0.16 3.85
-23.0 0.19 4. 60
-24.0 0.23 5. 48
-25.0 0.27 6.51
-26.0 0.32 7.68
-27.0 0. 38 9.03
-28.0 0.44 10. 58
-29.0 0.51 12. 33
-30.0 0. 60 14. 30
-31.0 0. 69 16. 52
Graphical Output

Using the copy button the graphs can be extracted from the program and then pasted in any other

application using a graphical format of a 16-color bitmap.

1ed

Sample 10 ABC

led

B | g Sammsies

Sit, T, MPa

1e2

B Rl
T

18C

v

12C

1el o

Isotherm Graph

1el

t, sec

Te2

1ed

Ted
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0 Sample 10 ABC
P\ Frgotere Strangih s Thanns! Shess, MPs
18 i
Pl
E_
E 12 \
g
£ s
4 ¢
a \&hﬁa‘i‘m
g 5 2 % 0 H B 7z B[ B
T.C
Thermal Stress Graph
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TSAR Plus™

TSAR Plus™ offers the user many advanced functions that are not available with TSAR™. These
advanced features are described in the various sections below.

O Isotherms

Q Master curves

O General Settings
a

Thermal stress calculation

Isotherms
In TSAR Plus™ the user is able to investigate the effect of including more isotherms in the analysis. All

isotherms must be measured at unique temperatures and if more than one measurement exists at a single
temperature the arithmetic mean should be used. The user is able to exclude isotherms from the analysis by
using the Add/Remove facility provided on the tree. This does not effect the data stored in the "tsa" data

file but allows the user to look at the impact of different isotherms on the analysis.

In addition, a single isotherm can be used for analysis with - E Tour_Mamez.tza
) . i B Description
TSAR Plus™, which may be considered useful for some aspects - BER SpeciPay]
of QA/QC or for research needs. If a single isothermisused | i BEBR-30
then default parameters are used for the shift factors. | wﬂw
"""" dald
"""" BBH': Remove |
Should the user wish - these shift factors can be changedby | 77 2221 g
editing the data set and then changing the properties inthe | i EER-17.9

"Stress Calc" Tab. This Tab also contains the default entries for
the thermal stress calculations which TSAR Plus™ users can change. The significance of these parameters

are discussed later in this document.

Tsar binder-data - c:\program files\tsar\imchdatal\shrp++\lt\bdr\sd\Your_Name.tsa
Eile

Description ‘{ Froperties T BEFR T oTT

Find Files |
Cooling rate, deg. C £ hr |1

Temperature stepsize, deg C 0. Feset
Initial Temperature, C |0 Diefaults
Pavement Constant | 2.

Interpolation and plot interval, C |1

=]
(]

>y

New

Default Arhenius - type shift when only one isotherm available Open |
In(a;)=d + a (- 2) |
T/~ 0 1NF T 7 Save
R
Intercept a0 [0 Gradient 1 [11743.837 Saveds |

Exit |
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Master curves

The user can choose to display the master curve using one of four models by selecting the model using the

view-mastercurve selection.

E] TSARplus Thermal Stress Analysis - Your_Name2.tsa - ABC PGG4-22

time. =
2. The output presented in the report | |
depends on the model selected. »
3. The default model used inthe | | -
software is the CAM. | |

The models are as follows:

Christensen-Anderson (CA):
S(é) = Sglassy [1 + (g//’l)ﬂ]_l/ﬂ

Sglassy 18 @ constant (3* 10° MPa) and A and [ are fitted.

Christensen-Anderson-Marasteanu (CAM)
S() =S g 1S/ AT

Selassy 18 @ constant (3*103 MPa) and A, B and « are fitted.

Christensen-Anderson-Sharrock (CAS):
S(é:) = Sglassy [1 + (é://l)ﬂ]il/ﬁ

Setassy» A and P are fitted.

Discrete spectrum (DS):

S(é:) = SglassyZSi ’ e_aj/l’.
i=l

Notes: 0 ||é v Toaolbar
1. All the models use & as the reduced [Tresviw of
chpron

File Edit | %iew Settings Help FEolders

v Status Bar

i

Tsar Data
La |satherms Graph

 aztercurve Graph

La M astercurve Listing

La Artheniuz Shift Factors Graph
La LB Shith Eactore Eraph

La Themmal Shess Graph

La Thermal Stress Listing

phsz or Listings of data or results

Dizcrete Spectium
Ca

CamM

CAS

[0 o B
S e

(1)

2)

€)

“4)
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In this method "»" is numerically optimized and the relaxation strengths, g;, relaxation times, A;, estimated.

NOTE: THE DISCRETE SPECTRUM IS PROVIDED TO ALLOW USERS TO GET A MASTER
CURVE WITH RELAXATION STRENGTHS AND TIMES. THE SOFTWARE DOES NOT ALLOW
COMPUTATIONS OF THERMAL STRESS IF THIS TYPE OF MASTER CURVE IS SELECTED.

The selection of the master curve analysis method is made using the options provided under preferences.
The options set here only apply to the TSAR Plus™ mode. The two other options on this window effect

the graphical scaling as described below.

El Pieferences !

— Thermmnal Strezz Plot
# awiz Final Temperature, C |-45

Y awiz Maximum strezs, MPa I'I B

- M aztercurye Fit

802 )=8 g, [ 1+ (£ NE] 1B

CA AB: Syp,= 3000, k=1
v CcAaM M ok 8gtasy= 3000

"/ CAS Sg!ﬂssy:)\.ﬁ; =1 ok |

Cancel |

Thermal Stress Calculation
The thermal stress calculation is dependent upon a number of factors that can be varied in the TSAR Plus™

version of the software. Some of these factors can significantly effect the results of the calculation,

whereas, others have only a minor influence on the results.

All the default factors are listed in the data set for TSAR Plus™ on the two additional tabs. The user can

at any time reset these to the AASHTO default parameters by pressing the Reset button.
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File

BBR | DTT | StessCak

Find Files

— Propertie

Feset
Linear expansion [000017 | coefficient ahove Tg, /deg.C DefaultS[

Linear expansion |0.00017  cosfficient below Tg, /deg.C
Dengity {1.02 Madmeu & |25 deaC

T Glass I‘IB— deg. C _Iﬂew
T Ref |-2D deg. C Open |

Save |
Save As |

Ext |

Linear Expansion
The user can set a linear expansion coefficient above and below a glass transition temperature. This value

does vary with mixture and binder type and has a significant effect on the calculated results. However,

measurement is complex and time consuming. The default value is 0.00017/°C.

Glass Transition Temperature
Glass Transition Temperature (T Glass) can be used to define the point at which the linear expansion

coefficient changes. If the same value of linear expansion is used either side of T Glass then this parameter

has no effect on the calculation.

Reference Temperature
While this does not effect the calculated thermal stresses significantly users may wish to have output of

master curves at a particular reference temperature for a variety of reasons. The reference temperature

must lie within the range of temperatures for which isotherms are available.

Cooling Rate
The cooling rate significantly effects the calculated result. In the AASHTO procedure a rate of 1°C/hr was

considered appropriate. However, users may wish to investigate the effect of different rates upon the

expected cracking temperature.

Temperature Step Size
A value of 0.2°C was chosen as default.

Initial Temperature
The initial temperature used in the calculation process should be high enough to ensure that the starting

value does not have a significant effect on the computed result. A value of 0°C was selected as default.
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Final Temperature to allow
Effects the graphical output, x-axis. Has no effect on the calculated numbers.

Maximum Stress to allow
Effects the graphical output, y-axis. Has no effect on the calculated numbers.

Interval for storing results
We suggest that this be set at 1°C. Changing this number has a very minor effect on the results.

Pavement Constant
A calibration constant (24) used to adjust binder results to field conditions. This has a significant effect on

the calculated results.

Report Options

TSAR Plus™ contains additional report options that allow the user to obtain raw data and calculated master
curves. The data can be cut and pasted into applications such as Word. Again it is recommended that a
font such as Courier be used. If the data is saved as a text file then the data can be imported into

spreadsheet applications such as Excel for further analysis.

TSAR Data

This report outputs the data used in the calculations. The first and second lines contain the file details and

the constants used in the analysis. Below is the data set for a calculation that included 7 isotherms.

Your _Nanme2.tsa ABC PG64-22 Bl own Canada PAV Aged Sanpl es
N7 -23.1-201 1 0.00017 0.00017 1.02 O

-17.9 6
8 242 1
15 204 1
30 166 1
60 134 1
120 106 1
240 83 1
-18 6
8 245 1
15 206 1
30 169 1
60 137 1
120 108 1
240 85 1
-21 6
8 336 1
15 288 1
30 239 1
60 196 1
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120 158 1

240 125 1
-23.9 6
8 458 1
15 394 1
30 333 1
60 276 1
120 226 1
240 182 1
-24.1 6
8 459 1
15 397 1
30 333 1
60 277 1
120 226 1
240 183 1
-27 6
8 616 1
15 539 1
30 461 1
60 391 1
120 323 1
240 264 1
-30 6
8 757 1
15 675 1
30 583 1
60 498 1
120 424 1
240 351 1

Apparent Stiffness Mastercurve Listing
This report gives the shifted master curve data. The results are given in Log Time and Log Transient

Modulus.

c:\programfiles\tsar\inc\datal\shrp++\|t\bdr\sd\ Your_Nane2.tsa

Ti me- Tenper at ure Super posi tion

ABC PG64-22 Bl own Canada

d ass Tenperature = 253.2 K -20.0 C
Ref erence Tenperature = 250.1 K -23.1 C

Resul ts using Transi ent Modul us
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243.2 ( -30.0)

246.2 ( -27.0)

249.1 ( -24.1)

249.3 ( -23.9)

252.2 ( -21.0)

255.2 ( -18.0)

Log Shift

1.20 +/- 0.03

0.73 +/- 0.02

0.15 +/- 0.01

0.15 +/- 0.00

-0.39 +/- 0.01

-0.92 +/- 0.02

NP PR o NP PR R o PP OoOoOo I

NN R e

wNDdD e

295
022
279
580
881
182

175
448
749
050
351
652

751
024
325
626
927
228

757
030
331
632
933
234

298
571
872
173
474
775

826
099
400
701
002

Log Transi ent
Modul us

891
841
77
709
639
557

NN DN

796
738
670
599
516
428

NN DN

663
600
524
444
356
264

NN D NN

662
597
524
442
355
261

NN NN

523
456
375
289
195
093

NN DN

381
305
219
128
025

AN
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3. 303 1.

255.3 ( -17.9) -0.95 +/- 0.03
. 851
124
425
726
027
328

Ww NN e

Variable units identical to those of data.

Estimate of Arrhenius Constants
a0 = 0.0000 al = 11148.9 R*2 = 0.9987

Thermal Stress Results Listing

PNDdDNDND

921

375
301
212
119
017
911

The information presented here is similar to that produced in TSAR™. However, the report includes a

warning that the data has been run with TSAR Plus™ and may not conform to the standards of the

AASHTO specification. In addition, the report contains parameters associated with the analysis.

Graphical Reporting

Apparent Stiffness Isotherms

This graph displays the stiffness isotherms for those selected. This graph like others can be cut and pasted

into other applications.
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1ot Sample I ABC
A\ g Sameies
Te3
-
h\
@ h\
o
E R\N‘Q"-SD“E
o M\\‘\-N“E
\ 241°C
1o 1\;21 :c
A8t
e Tel T2 TeZ Te3 Ted

L, zec

Apparent Stiffness Mastercurve

The stiffness master curve illustrates the master curve for the selected method. The example shown
illustrates a Discrete Spectrum fit using the above five isotherms. This method generally gives the best fit
in terms of percent root mean square error. However, this method is not used to produce thermal stress

curves in the TSAR Plus™ software.
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1ot Sample I ABC
=

LFES Mogtilis Exponaniial Ft Ams S 0.50%
Fref=-257

Te3

S T), MPa

e
e Tell Tal Tez Te3 Ted
L, zec
Arrhenius Fitting
Shift factors are based upon the Arrhenius method.
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12 Sample I ABC
fraf=-587C
=
1ed
Arrhenius Fit, R"Z = 0.9986
In(sT) = + 25535 7 (1T - 1/Tr)
B P ek 0 5o h Ted 2e-d

1T (K11 - 1A(Tref [K)), K741

Thermal Stress Results
The thermal stress plot illustrates a case were 5 isotherms have been used along with 4 DTT results. The

user in this case can determine the exact grade (T.;) since sufficient DTT data points have been used to

determine the intercept with the calculated thermal stress curve.
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Sample I ABC
FA N AFoR e STengit & Thermal Siress. MP3

20

Thermal Stress or Strenath, MPa

13 0 B 8 =z 6 0 7 T 5
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Other General Features

Tool bar
TSAR™ and TSAR Plus™ have a series of buttons on the top of the screen. These buttons have been

provided with tool tips. The graphing buttons become active after various part of the analysis has been run.
The thermal stress reporting button becomes active after the thermal stress graph has been viewed. This
sequence exists since the Run button enables the calculation of the master curve while hitting the thermal
stress graphing button completes the run with the selected master curve method. The number of buttons
shown on the tool bar depends on which software is being run. The TSAR Plus™ has additional user

options compared to the standard version of TSAR™ as illustrated below.

E] TS5ARplus Thermal Stress Analyszis - Your_Name?2_tza - ABC

File  Edit “iew Settings Help Folders

Des[ Sl 2|Bm| e =0 E [k
{Treeview of tsa Files |Graphs ar Listing

File Edit “iew Help Fol

an— R E|=|lc

|Treeview aof .tza Files

The tool bars can be turned on and =3 c\program files\tzariime’d
off by using the View area of the
menu and selecting the Tool Bar.

: c:hprogram fileshtzartimchdatal dshrp+h
- ﬂ Lamont_sx_1.tza

Status Bar

This bar illustrates the current status of the software. In addition, with the TSAR Plus™ the user can

switch between TSAR™ and TSAR Plus™ by using the Tab as illustrated.

 Aging =
Tref ;-23.1

i Tsar 3 TsarPlus /|
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Advance Graphing

TSAR Plus™ users can make use of advance graphing features to develop sophisticated graphic plots.
This utility can be activated from an additional button provided on the menu bar as illustrated below. The

graphic utility contains its own help menu and pop-up features for various part of the graph.

Advanced Graphic Button

T4+ T5ARplus Thermal Stress Analysis - Lamont_.:x_1_tsa - Test Section #1 80/1
Fil= Edit Wiew Preferences Help Folders

W ERE R RN

ITleeview of tza Files |Gla|3hs or Ligtings of data or results

dATWE00E - tear softwane developmenI;|
‘ |
|
|

S @ Larnont_sw_1.tsa
: B Description

Sl DOD CemanfDTEM

1ed

When this button is activated the program sends the contents of the active graph to the graphing application
without interfering with the calculation in TSAR Plus™. The user can then save the data -or- data and
graph format. Once multiple data sets have been saved the user can then superimpose data sets of the same

kind using the superimpose item on the Edit menu

ETSAH Custom Graphs

File | Edit Help

B &= RTFO Fracture Strength & T
Copy a3 Enhieta Critical Temperatu
Save Az brp
Sawe Az emf

Supenmpoze ML
Superimpo 5

Stress or Strength,

Each feature of the graph can be changed by activating the "2D Chart Control Properties" dialog with a
right mouse click. The general box is illustrated below. However, if you activate this dialog box when the
mouse is located over a graphic feature - a limited box relating only to that item or feature will be

displayed.
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2D Chart Control Properties
Control I ChartGroups | ChartStyles I Titles
Legend I Platdrea I ChartLabels | Markers

Eenerall Location I B order I Interior I Imagel

[ IsHorizontal

v 155 howingQutlines

Angleldnit: I Degress Yl

Ok I Cancel Sepl Help

After several data sets have been superimposed it is possible to change styles and edit the default text that

has been posted to the various dialog boxes to develop complex graphs as illustrated below. Detailed

information is provided in the HELP file.

Note: The order that you superimpose data sets controls the automatic order that the items are saved in
the legend. In the example below we ran the Lamont 1 data set and superimposed onto it already saved
data files in the order Lamont 2, Lamont 3, etc. to ensure that the items followed each other in the legend.

We then edited the data legends to make them more descriptive and changed the title information.

In addition, to the graphics capabilities of TSAR Plus™ it is possible to copy the graphics into other
applications as either enhanced meta files or bitmap formats. The meta file format can be converted into

other formats by the user if other installed software supports this format (for example Power Point)
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RTFO Fracture Strength & Thermal Stress, MFa

—=—— Thermal Stress. Lamont 1 —=— Fracture Strength, Lamont 1 o Thermal Stress. Lamont 2

——&— Fracture Strength, Lamont 2 ——=— Thermal Stress, Lamont 3 —+&— Fracture Strength, Lamont 3
o Thermal Stress. Lamont 5 —=— Fracture Strength. Lamont 5 —&— Thermal Stress. Lamont 6

—+—— Fracture Strength, Lamont & & Thermal Stress. Lamont 7 —&— Fracture Strength, Lamont 7
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-46 -40 -34 -28 -22 -16 -10 -4
Temperature (degrees C)

Comparision of Lammont RTFO Resilts

Getting Help

Abatech is dedicated to providing you with sufficient support for your software problems. All problems
experienced may not be resolved immediately. However, we will endeavor to respond to user needs in a

timely manner. Our web page, www.abatech.com, will contain necessary fixes and updates to programs

and associated documentation as development of the product progresses. Also, you can contact us by e-

mail, phone and fax at the following:

E-mail growe@abetech.com
Fax (561) 679-2464
Phone (267) 880-1295

We ask that you adequately document any problem that you experience so that our development team has a

complete understanding of the nature of the problem to assist with a quick resolution.
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