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Why do we Need a Thermal Cracking Model?

O Binder important, but does not completely control:

m Aggregate/mastic effects on mixture creep/fracture properties
m Effects of RAP, WMA, fibers, and other additives

m Final, constructed mixture volumetrics — voids, agg structure
m Plant/field aging

m Structural effects of temperature profile, fracture process
O Modeling can provide:

m True performance prediction (cracking vs. time)

m [nput for maintenance decisions

m [nsight for policy decisions

9/13/2012

Low Temperature Cracking



Old TC Model vs. IIhTC

O TC Model o lhTC
m Stress Intensity Factor m Finite element based thermal
K =5(0.45+1.99C2%%) cracking prediction model
Current crack length with cohesive zone modeling
Far-field stress at depth of crack } —

Stress Intensity Factor

m Paris ‘Law’
AC = A(AK)"

> Change in stress intensity factor

Fracture parameters
Change in crack depth

m Crack amount model
Amount of cracking is a function of L= o
the probability that the crack depth is t ’ i e
equal to or greater the thickness of o KA s
| ' SRR S e

the surface layer
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IHITC Components

Graphical User
Interface: Visual LTC

S e e e e e
[

Input:
| - Material Properties*
1 - Viscoelastic
I - Fracture
: - Location**
1 ¥ May be selected from pre-
I existing library
I ** |ibrary of *.poly files contain
: climatic information for
| Preloaded locations

| Output:

I - Critical Events for

I Thermal Cracking

- Extent of Pavement
Thickness Damaged
and Cracked

- Amount of Pavement
Cracking

Intermedlate Master : Interm_edlate
File File
|
: :
: Input File E
I Generator
I
I
: v v
I Climatic Material Data Geometric
I —>| Information File File Data File
: (*.poly) (*.mtr) (*.mesh)
|
I

!

Preanalyzer —>

Intermediate

File

Viscoelastic + Cohesive Zone Finite
Element Analysis Engine
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Required Inputs

Property Units Test
Tensile strength MPa AASHTO T-322 or
Extracted from DCT Test
Fracture energy J/m? ASTM D7313 1
Option -1 Unit weight g/cm3 AASHTO M323
Mixture VMA 2 % AASHTO M323
Aggregate coefficient of mm/mm/°C | No standardized test

thermal expansion and
contraction (CTEC) 2

Option — 2 Mixture coefficient of thermal | mm/mm/°C | No standardized test
expansion and contraction

(CTEC) 3
Creep compliance test data (100 or 1000 1/GPa AASHTO T-322
seconds for 3 temperatures)
Creep compliance test temperatures °C AASHTO T-322

! Fracture energy may be obtained with different test geometry; however the model is calibrated for the ASTM
D7313 (disk-shaped compact tension, DCT) test procedure

2 Mixture VMA and aggregate CTEC do not need to be entered if Mixture CTEC is provided

3 Mixture CTEC will be calculated if mixture VMA and aggregate CTEC are provided
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Map of US Showing Climatic Locations
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Start ]Prnjectlnf{:rmatinn lPavernent Materials & Structure

Welcome to ‘u’isuv: The low temperature cracking in asphalt pavements analysis tool

Create New Project

Dpen Existing Project...
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HE \fizual LTC

(=== )}

Start lF'rojectInformation lF'a*.rementI".-'IateriaIs & Structure l

Welcome to Visual LTC: The low temperature cracking in asphalt pavements analysis tool

Create Mew Project

Dpen Existing Project...

Browse For Folder

Working Directory should contain a folder called “dimatic”
with the Lacations.dat file and dimatic data files.

| SOUrces
) swsetup

, TCModel

, Temp

. TEST

, Users

. Windows

. Waorking_dir

» . analysis modules

Make Mew Folder ] [ QK ] [
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Start Project Information lF“avernent Matenals & Structure l

General Infformation

Project Mame: Tnal Project

Project Description:  Trial Demonstration Project

-

Analyzed By: Eshan Dave Date September12,2012 [~

Working Directory:  C:\Working_dir

Project Location Analysis Period

State |
MumberofYears &

:"\.lﬁlD Plot Temperature
MNY
Wi
IL
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Zoom: left mouse & drag

Pan: middle mouse & drag

Context Menu: night mouse
r-= =

Temperature

January, Year 01 January, Year 02 January, Year 03 January, Year 04 January, Year 05 January, Year 06

Months

Project Location Analysis Period

State MN -
Number of Years 5

Zone Intermediate (e.g. St Cloud, Air=-415°C, PG =-34'C) -

Plot Temperature

l Close l Save Project l




Start ]F“r{:ject Information Pavement Matenals & Structure
Asphalt Layer ies

[ Insert Azphalt Layer l ’ Edit Azphat Layer ] ’ Clear Asphalt Layer l

Mixture Mame:  Mone selected

Description:

Thickness: i Mixture VMA: Ya

Fracture Energy: Mixture alpha: mm/mm/"C

Tensile Strength: Creep Compliance:

Base Layer Properties Subgrade Properties

Base Type: Granular Subgrade Material:
Base Material: Crushed gravel Last Layer?:
Base Thickness: 12

‘ Close ‘ ‘ Save Project |
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:.‘-= Add Asphalt Layer [EENEE——

User Type Asphalt Mixture

@ Standard User Select Asphalt Mixture:

© Advanced User Mixture Description:  Mn Road Cell 19

2 Vfisual LTC Mn Road Cell 33
Mn Road Cell 34

Start |Project | _ Mn Road Cell 35
Properties Import Existing Asphalt Mixture
Asphalt Layer ) )
Thickness: :] in Mixture Coefficient of Thermal Expansion (a)

Fracture Energy: Jfm? Mixture VMA: o

Tensile Strength

Peak DT Load: Aggregate 1fC
Tensile Strength: Mixture o mmj/mm/ C

Creep Compliance Data

Units: 1/GPa ';ic;:i'”g Low Temp ‘C Mid Temp “C  High Temp

Amount of Data:
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(8f% Add Asphalt Layer

Lser Type Asphalt Mixture

@ Standard User Select Asphalt Misxture: [l‘b‘_g

) Advanced User Mixiure Description: | Sample Mix
HE Visual LTC

Start | Project |
Asphalt Layer

Froperties
Thickness: D i Mixture Coefficient of Thermal Expansion (a)

Fracture Energy: i’ Midure VIMA: 145 e

Tensile Strength

o

13 Aggregate @ 1/°C

Tensile Strength: 2.9 6| Mixture @ | 2.435E-05 mm/mm/"C

7
a
9
]
1

Peak|DT Load:

Creep Compliance Data

Units: 1/GPa ';ic:i'”g LowTemp |30 |'C MidTemp |20 | *CHighTemp |-10

Amount of Data: 3 500E-002 4.200E-002 4.700E-002
2 3 500E-002 4.400E-002 5.000E-002
5 3 600E-002 4 GODE-D02 5 500E-002
10 3.700E-002 4.800E-002 5 900E-002
20 3 80DE-002 5.000E-002 6 400E-002
50 4.000E-D02 5 300E-002 7 200E-002

4200E-002 5 500E-002 3 00DE-002

4.400E-002 5. 800E-002 9.100E-002

A oonr nne ooanor oo 4 aanr oo
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User Type Asphalt Mixture

) Standard User
Advanced User

Mixture Description:

Properties

Thickness: in

Fracture Energy: 1914 Jfm?

Tensile Strength
) Compute tensile strength from peak load

nput tensile strength directly

Compute
Peak|DT Load: 35 B

Select Asphalt Mixture: [lA—Q

kN | Tensile Strength

Sample Mix

Mixture Coeflicient of Thermal Expansion (o)

Midure VIMA: 145 %a

) Compute mixture afrom VMA and
aggregatea
nput mix a directhy

Aggregate o 117G

Tensile Strength: 2.9

Creep Compliance Data

Midure a; 2435E-05  mm/mm/*C

Loading

Time

Amount of Data: ]
) 100 Second

@ 1000 Second

Units: 1/GPa Low Temp -30

3.500E-002
2 3.500E-D02
5 3.600E-002
10 3.700E-D02
20 3.800E-002
50 4.000E-002
4 200E-002
4.400E-002

4 oo nnn

‘C Mid Temp -20 ‘CHighTemp -10

4.200E-002
4. 400E-002
4.600E-002
4 800E-002
5.000E-002
5.300E-002
5.500E-002
5.800E-002

ooonnr oo

4.700E-002
5.000E-DO2
5.500E-002
5.800E-002
6.400E-002
7.200E-002
3.000E-002
9.100E-002
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Sitart lP‘rDjec:t Information Pavement Matenials & Structure

Asphalt Layer Properties

[ Insert Aszphalt Layer l I Edit Azphat Layer l I Clear Asphalt Layer ]

Mixture Mame: 149

Description:  Sample Mix

Thickness: i Mixture WMA: 145 S
Fracture Energy: Mixture alpha: 2 435E-05 mm/mmj/C

Tensile Strength: 2. Creep Compliance:

Base Layer Properties Subgrade Properties
Base Type: Granular Subgrade Material:
Base Material: Crushed gravel LastLayer?:

Base Thickness: 12

‘ Close ‘ | Save Project ‘
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Start ]F"rnject Information lF"al.remerlt Matenials & Structure

Preprocessing user inputs. .. i

Master exe executed properly

TCModel exe executed properly
Input File Generator executed properly (see INPUT WARMNING.LOG for warnings)

Running Preanalyzer... I This may take several minutes...
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Plot Preanalyzer Resu

Preanalysis Results: Temperature

Surface temperatures |

Temperature [°C)

Hours {10~3)

Preanalysis Results: Stress

[—5— Surface stresszss —=— E0% of max strangth]

Zoom: left mouss & drag
Pan: middle mouse & drag
ContextMenu: right mouse

Hours (1043}

Ocritjcal events will be analyzed. Continue? (Analysis will automatically continue in 60 seconds.)
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HE Visual LTC (=[G 53

Start ]F“r{:j-ac:t Information Pavement Matenals & Structure Analysis

Preprocessing user inputs... E e

Master exe executed properly

TCModel exe executed properly

Input File Generator executed properly (see INPFUT WARMING.LOG for warnings)

Running Preanalyzer... E |

Running Finite Element Analysis. .. | —

Step dt 20480000, time = 314_.8B80B0A. itrs 3, err = 8.330836e-0084
Step dt 20.48000A,. time = L(5.280808. itrs ?.274646e—-004
Step : dt 10.96000A,. time = 96.240808. itrs ?.62250%:-A04
Step dt 81.920080, time = 178.16808H8, itrs err = 7.099428e-804
Step dt 163 .840000, time 342 .000000, itrs 1.813551e—-AA3
Step dt 327.680008,. time 667.68000A, itrs 2.988575e-004
Step dt LA0.A0AAAA, time 1169 .68000A, itrs ?.164862e—-A04
Step dt 580.800808,. time 16697.6800AA, itrs 7.955882e-AA4
Step dt LA0.A0AAAA, time 2169680000, itrs - 8.522595%—-AR4
Step dt 580.800808,. time 2667.68008A, itrs - 8.19357%e-AA4
Step dt LA0.A0AAAA, time 3169.68000A, itrs - 8.3186%1e—-A04

dt
dt
dt
dt
dt
dt
dt
dt
dt

580.00000A, time
LA0.A0AAAA, time
580.00000A, time
LA0.A0AAAA, time
580.00000A, time
LA0.A0AAAA, time
580.00000A, time
LA0.A0AAAA, time

J66?.680AAA, itrs
4167680008, itrs
4667 .680A0A, itrs
5167 .680088, itrs
5667 .680AAA, itrs
6167680088, itrs
6667 .680AAA, itrs
7167680008, ites
L00.90000A,. time 7667 .680008, itrs 4.129134e—A04

Step dt 125._.A00AAA,. time 7794 _ 680008, ites £.511387=—-A04

Step dt 31.2580008, time = Y825.73880HA. itrs = 3B8. err = 7.073512e—084
Did not converge at time 7P833.742588, decreasing step size to 1.953125

Step 36: dt = 1.953125,. time = 7833.742588, itrs = 15, err = 1.753681e—HA3

1.8830838—-AA3
7.839956e—-A04
7.14464%e—-004
3.4568261 —A04
3.748767e—-004
3.673258:-A04
3.680340:-0A04
3.857676e—A04

b Step
Step
Step
Step
Step
Step
Step
Step
Step

L]

WO WD D WD LA ] O g = s T = N
"

L B B

G o L Gl G G D B [0 B2 D I3 DD ol D3 B2
P o o I b= (5 %0 00 =] P CF i G B = 3D
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Start ]P'rnjec:t Information Pavemnent Matenals & Structure Analysis

Preprocessing user inputs... i = |

Master exe executed properly

TCModel exe executed properly

Input File Generator executed properly (see INPUT WARMNING.LOG for warnings)

Running Preanalyzer... i 4

Running Finite Element Analysis... | — |

F | FEanalysis completed.

Analysis time = 24031903179 seconds
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3 \fisual LTC

o|@] = |

Start ]F“rnjec:t Information Pavement Matenals & Structure

Preprocessing user inputs... i

Analysis

Master.exe executed properl

Running Fi

Reading O

Close

Project summany

Projectlame: Demo?2

Project Location:  Intermediate climate in MM

Mix Mame: 1A-9
Tensile Strength: 23
Analysis results

Months simulated in preanalyzer:

Hours attempted in FE Engine:

Thickness: 6

Fracture Energy: 1914

60 Crtical events detected: 1
18 Hours completed:  17.99396

Motes: Analysis completed.

Select crack tip location threshold:

Depth of softening:
Depth of cracking:

Amount of cracking:

-~

' 4

Select threshold -

Saveresults|| Close |

Low Temperature Cracking




HE Visual LTC == = |

Start ]Projec:tlnformation ]Pavement Matenials & Structure Analysis

Preprocessing user inputs... E

Master exe executed properl

TCModd W‘EE

Input Fil Project summary

ProjectMame: Demo2
Project Location:  Intermediate climate in MM
Running F Mix Name:  1A-3 Thickness: 6

259

Reading O Tensile Strength: Fracture Energy: 1914

Analysis results
Months simulated in preanalyzer. 60 Critical events detected: 1

Hours attempted in FE Engine: 18 Hours completed:  17.99896

Motes: Analysis completed. -

Close

Compute amount

Selectcracktip location threshold: |75 (calibrated) ~| % of cracking

Select threshold

. 50
Depth of softening: 1524 75 (calibrated el ety
100 ’

Depth of cracking: 1524 T 200m or more
of cracking reached.

Amount of cracking: 200 m/500m

Save results H Close |

Low Temperature Cracking



rlf Visual LTC EEIREE)

Start ]Projec:t Information Pavement Matenals & Structure Analysis

Preprocessing user inputs... i

Master.exe executed properl

TCModd =

Input Fil Project summary

Project Mame:
Project Location:  Intermediate climate in MM
Running Fi MixName:  IA-3 Thickness: 6

29

Reading O Tensile Strength: Fracture Energy: 1914

Analysis results
Months simulated in preanalyzer. 60 Critical events detected: 1

Hours attempted in FE Engine: 18 Hours completed: 17.998%6

Motes: Analysis completed. -

Compute amount

Selectcrack tip location threshold: | 75 (calibrated) v] % of cracking

Depth of softening: 152.4 High Level Cracking:

Depth of cracking:  152.4 200m or more
of cracking reached.
Amount of cracking: 200

| Save results ‘ | Close

Low Temperature Cracking



Thank you for your attention

O Questions?

O Acknowledgements
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