Update on the MNnROAD-NCAT Project
to Validate Mix Cracking Tests
and other one-off studies on
Simple Mixture Cracking Tests

Randy West

Mix ETG Meeting
Fall River, MA
September 14, 2016

4@ National Center for
R\ W Asphalt Technology
w\u -
R\
1 SNCAT
at AUBURN UNIVERSITY



b

. Base e 5y

= - L S pr T sy - e ol e T .. - e - il - r R L ¥ . 3 i . - .l'1-..l .



« oF TR“W@

& o

COLLABORATIVE ? gﬂ
AGGREGATES LLC u
S

STarps of ¥

- uv_—_ llinois Department
- - == of Transportation

Georgia Department of Transportation

SHA @avipoT

StatBI.ﬁghvva Michigan Department of Transportation
Administeation y

Maryland Department of Transportation

NEWYORK | Department of
OPPORTUNITY. Transpo rtation

TDOT \VDDT

Department of
. virginis Department af Transpartation
South Carolina Departmentof Transportation . | "ANS PO tation

at AUBURN UNIVERSITY

Oklahoma Department
of Transportation



http://images.google.com/imgres?imgurl=http://dotlibrary.dot.gov/Historian/images/DOT%20SEAL-BLUE%20286.jpg&imgrefurl=http://dotlibrary.dot.gov/Historian/chronology.htm&usg=__Q7kORg7oqnc429Wfgxs6bz_grsE=&h=1864&w=1864&sz=496&hl=en&start=1&um=1&tbnid=4yFF6LSQNNUnjM:&tbnh=150&tbnw=150&prev=/images?q=oklahoma+dot+logo&um=1&hl=en&rlz=1T4SUNA_enUS287US288&sa=N
http://www.brandsoftheworld.com/download/brand/129739.html

‘Objective

Objective: to validate laboratory eracking tests by

establishing correlations between the test results

and measured cracking in real pavements using
“~real loading conditions- - |
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NCAT Test Track  ~ NS
s Top-down cracking. . =~ '+ low-temperature cracking
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20% RAP (0.20 binder ratio) PG 67-22 N Ity i v
 cracking.expectation

Same as N1 with 96% in-place density
low

Same as N1 except 0.5% low AC, low density & 1
20% RAP & 5% RAS with PG 67-22 _‘

35% RAP with PG 58-28 g
Same as N1 with HiMA PG76-28E 5

med.

high

[
[

Arizona style asphalt-rubber mix
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CG Performance to Date
April-25, 2016
- 2.3 MESALs

Section | Description (mm) (in/mi.) (mm) Cracking
20% RAP (Control)

Control w/ High Density

Low AC, Low Density
20% RAP 5% RAS
35% RAP PG 58-28
Control w HIMA

AZ Rubber Mix

! based on. ALDOT gauge
2 IRl data from Aug. 22 2016
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Tests for TOp Down Crackmg Resrstance

NCAT erl conduct these tests on both LMLC and PMLC}samples that are aged and unaged.,

Energy Ratio s 7 Nflex Factor ; Cantabro 7.

-

Materrals Were sampled for complementary studres funded by. -
sponsormg agencres 89! buckets of mix. sampled per test section.

at AUBURN UNIVERSITY
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N1-20%
RAP Ctrl

Dens Ctrl

& Dens Ctrl

5% RAS

Energy Ratio

N2-High N5-LowAC N8-Ctrl+ S5-35%RAP S6-Ctrlw/ S13-

w/ 58-28

HIMA

15%
RAP AZ GTR
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C'r'eep Compliance
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N1-20% N2 -High N5-LowAC N8-Ctrl+ S5-35%RAP S6 - Ctrl w/ S13-15%
RAP Ctrl Dens Ctrl & Dens Ctrl 5% RAS w/ 58-28 HIMA RAP AZ GTR
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DCSE

N1-20%  N2-High N5-LowAC N8-Ctrl+ S5-35%RAP S6-Ctrlw/ S13-15%
RAP Ctrl Dens Ctrl & Dens Ctrl 5% RAS w/ 58-28 HiIMA RAP AZ GTR
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TX-OT Nf

1725
61
13
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[ [ I I [
N1-20% N2-High N5-LlowAC N8-Ctrl+ S5-35%RAP S6-Ctrlw/ S13-15%
RAP Ctrl Dens Ctrl ~ & Dens Ctrl 5% RAS w/ 58-28 HIMA  RAP AZGTR
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NCAT-OT

I i 1 i ‘ I
N1-20% N2 - ngh N5 - Low AC N8-Ctrl + S5-35% RAP 56 -Ctrlw/ S13-15%
RAP Ctrl Dens Ctrl & Dens Ctrl 5% RAS w/ 58-28 HIMA RAP AZ GTR
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SCB

N1 - 20% N2 - High -Low AC NB-Ctrl+ 55-35%RAP S6-Ctrlw/ 513-15%
RAP Ctrl Dens Ctrl E‘: Dens Ctrl 5% RAS w/ 58-28 HinA RAP AZ GTR
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IFIT

Flexibility Index

2.7
0.4

M1-20% M2 - High N5- Low AC - Ctrl + RAP 56 - Ctrlw/ 513-15%
RAP Ctrl Dens Ctrl & Dens Ctrl 5-'.!-5 RAS . -:,' HilA RAP .15...-. 'I;TR
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' NCAT‘,' CG Experiment Status

e Reh'eated‘-PMLC._’gesting com-'plet'ed'

20

e Sample prépa_ration.un'derway,for unaged ?

LMLC

. Agmg protocol yet e be estabhshed for aged
LMLC:and aged PIVILC o8




MnROAD Test Section Update
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Site Location

MnROAD Mainline
Cracking Group Cells 16-23
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Asphalt Mixtures

Ccuno |amowawor| x| ws
| esa | ms | we
s | esa | ms | we
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All mixes are 12.5 mm NMAS

All mixes are Ndes = 80 and target air voids = 4.0% except cell 19 which has
Ndes = 100 and target air voids = 3.0%

1 Cell 22 limestone

2 Highly modified asphalt binder
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Cracking Modes and Testing

e Types of cracking to be investigated
— Low temperature a given
— Top-down likely
— Fatigue also possible
e PMLC testing
— Low temp: DCT-MN and IDT Creep or SCB-MN
— Intermediate temp: SCB-IL, OT, BBF
— E*, TSR, Hamburg, loose mix, cores

e Sampling for other research studies

- 2 A = e =




e .
IDT Nflex factor

= 50 mm thick specimens
= Ram rate = 50 mm/min.
= Temp.=25°C

= Area under o vs. € to post peak inflection
point divided by slope at that point

1200
y = 0.0003x° - 0.0268x> + 0.8303x* - 11.238x> + 49.595x? + 122.61x - 8.435
R?=0.9988

. B - > 1
A . o R E 4

e /""\ inspired by IL-SCB method
800 . \ inflection point from

/ 2nd derivative of fit

polynomial

600

Stress (kPa)

Toughness at inflection pt.

400 -alculated by ]

200 /
0 National Center for

0 %) 10 15 20 25 30 sphalt Technology

Est. Horizontal Strain (%) 26 CAT

at AUBURN UNIVERSITY

Nflex factor = : :
slope at inflection pt.




Refining Nflex Factor

Draft test method, AASHTO format
Phase 1 Experiment

PMLC Mixes from TT
* Effect of temperature - completed | . £75_ virgin mix, hybrid binder

e E8B-RAP & RAS, PG 76-22

o Effect of loading rate

Phase 2 Experiment
e Effect of asphalt content

LMLC Mixes
* virgin mixes
e Short & Long Term Aged

e Effect of air voids
o Effect of PG grade

@ National Center for
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2,000
1,500
1,000

500

Tensile Stress (kPa)

Poisson’s ratio

Toughness

Test Temp.

Refining Nflex Factor

E7%E

E8B

0.0 0.2

e 10C
e175C

0:2 0.4
Horizontal Strain

E7B (ductile)

e10C
e175C
e25C

0.6 0.8 1.0

Brittleness slope

Nflex Factor

g55 27,434 10,%

17.5

0.30

954
83 4,099
73.8 235.9

25
0.28

720
2,273 @ tiona) conter vor

316.5 CAT
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Effect of Temperature

E7B ESB
3,500 3,500
= 3,000 e10C — 3,000 ° e10C
S-{ g 2’500 e175C
i 2 2,000 ©25¢C
§ ﬁ 1,500
2 2 1,000
e 500
0 oo
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Horizontal Strain Horizontal Strain
Mix | E7B (ductile £8B (brittle)

Test Temp. 10 17.5 25 10 17.5 25

Poisson’s ratio 021 030 024 022 023 032

Toughness 1,214 999 776 760 853 856

Brittleness slope .17 564 -4,459 -2,618 -100,878 -42,375 -12,448 Asphalt Technology
Nflex Factor 0.08 0.22 0.30 0.01 0.02 0.08 CAT

at AUBURN UNIVERSITY
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Effect of Loading Rate

2,000 2,000
1,800 1,800
1,600 1,600
1,400 1,400
& 1,200 & 1,200
= =3
2 1,000 # 1,000
£ 800 £ 800
Wl v
600 600
400 400
200 200
0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Horizontal Strain (%) Horizontal Strain (%)

|+E7-1B 0.5 mm/min < E7-1B 5 mm/min ~E7-1B 50 mm/min| |+ E8-1B 0.5 mm/min -+ E8-1B 5 mm/min -+ E8-1B 50 mm/min|

Mix | 7B (ductie £8B (brittle)

Rate (mm/min) 0.5 5 50 0.5 5 50
Poisson’s ratio 038 030 025 028 029 0.27
Toughness 194 323 578 252 403 702
Brittleness slope 698  -1,152 -1,991 -2,371 -3,518 -6,124 Asphart Technology
Nflex Factor 028 028 030 011 011 0.12 CAT

at AUBURN UNIVERSITY
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Effect of Air Voids

8,000 . _ 8,000
Caveat: 7% Va tested in MTS while

gyration target specimens tested in

7,000 standard screw-drive load frame 7,000 .
)
6,000 6,000 "
.

__5,000 __5,000 .
- e AP I Y =) L]
= . f. =
< 4,000 . At < 4,000 3
] . Pd ]
3 .y - . 3 £ -

3,000 - . 3,000 { . Caveal: 7% Va tested in MTS while

okt .* N ,.' . gyration target specimens tested in
2 000 > ot o . 2.000 K o + | standard screw-drive load frame
- L . ! h o
“" - - E*
1,000 <3 "" ‘ 1,000 o .
e . . =_o‘
0 /'/‘ \o".‘h_ 0 ’o :'"--
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Horizontal Strain (%) Horizontal Strain (%)
| « E7-1B50gyr « E7-1B75gyr « E7-1B100gyr E7-1B 7% Air l | * E8-1BS50gyr « E8-1B75gyr - ES-1B100gyr E8-1B 7% Air

*=Limited Post-Peak Data in Brittle Mix — Higher Variability

‘Mix E7B (ductile) E8B (brittle)

Avg. Air Voids (%) 2.5 1.6 1.0 7.0 3.7 3.0 2.6 7.2

Gyration Level 50 75 100 Ht. 50 75 100 Ht.

Toughness 1,114 1,120 1,102 578 1,347 1,243 1,265 702
Brittleness slope -6,276  -6,837 -5,809 -1,991 -14,769 -7,902 -9,905 -6,124

Nflex Factor 0.18 0.17 0.20 0.30 0.09 0.20* 0.14* 0.12



Summary (to date)

Nflex Factor ranks mixture ductile v. brittle behavior
Nflex Factor increases with temperature

Poisson’s Ratio from instrumented specimens fell in
expected range at 25° (0.24 to 0.38)

* Assume Poisson’s Ratio of typical HMA is 0.35

Nflex Factor did not change with loading rate, though the
slope and toughness change

Load-Displacement curves significantly different for
specimens compacted to a height versus to a gyration level

‘ ional Center for
A\ halt Technology
R\ alt Technology
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Additional
SCB (Jc) and IDT (Nflex Factor)
Experiments

Primary objectives were to examine the effects of reheating
of mix for specimen compaction and the effect of loading
rate (0.5 mm/min. and 50 mm/min.)

Mixes were obtained from three field projects with test
sections to evaluate rejuvenators or WMA

Plant mix samples compacted to N

34




e

Nflex Factor

Loading Rate = 0.5 mm/min. Loading Rate = 50 mm/min.
B UNRH ERH E UNRH O RH

AL1 Control = AL1 Control
AL1 Evoflex E AL1 Evoflex

AL1 Hydrogreen F ALl Hydrogreen
- 00 TN HMA

TN WMA = TN WMA

0.0 0.5 1.0 15 2.0 0.0 0.5 1.0 15 2.0
Nflex Factor Nflex Factor

* Reheating significantly reduces Nflex Factor.

* Loading rate did not have consistent or a statistically significant effect on
Nflex Factor.

National Center for
phalt Technology

s CAT

at AUBURN UNIVERSITY




SCB J-integral

Loading Rate = 0.5 mm/min. Loading Rate = 50 mm/min.
B UNRH = RH B UNRH = RH
AL2 HMA 5 AL2 HMA %—'
ALz wma FEEEEREE e
AL1 Control 5 AL1 Control _I:I—'
AL1 Evoflex ﬁ AL1 Evoflex EI—'_—|
AL1 Hydrogreen g_'_' AL1 Hydrogreen Il——|
TNHMA S TNHMp [
NWMA B TNwva SO
0.0 1.0 2.0 30 0.0 1.0 2.0 3.0
J-integral (KJ/mm?) J-integral (KJ/mm?)

* Reheating did not have consistent or a statistically significant effect on J-
integral.

* The higher loading rate statistically increased J-integral values and its

National Center for

Va I’I a bl I |ty. sphalt Technology

36 CAT

at AUBURN UNIVERSITY
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Effect of Reheating on Rejuvenator

IDT Nflex Factor SCB J-Integral
W AL1 Control mAL1 Evoflex @ALL Hydrogreen W AL1 Control @ AL1 Evoflex EALL Hydrogreen
I [
UNRH —m UNRH o —
0.5mm/min . 0.5mm/min =1,
UNRH R e
. == UNRH =
50mm/min = 50mm/min E—
0.5mm/min =g 0.5mm/min = -
RH I RH D
. e
50mm/min 50mm/min =
0.0 0.2 04 0.6 0.8 1.0 0.0 1.0 2.0 3.0
Nflex Factor J-integral (KJ/mm?2)

AL1 Mix IDT Test IDT Test SCB Test SCB Test

UNRH Specimen RH Specimen 0.5 mm/min 50 mm/min
A A A A
| EvoflexMix | A B A A
Hydrogreen Mix A C A A :
National Center for
sphalt Technology

37 CAT

at AUBURN UNIVERSITY
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Effect of WMA (Nflex Factor)

mAL2 HMA mAL2 WMA BTN HMA ETN WMA
UNRH -
T g 0.5mm /min [
osmm/min UNRH e —
50mm/min - [
RH O -
NS — 0.5mm/min [
somm/min | W =
50mm/min [
0.0 0.1 0.2 0.3 0.4 0.0 0.5 1.0 1.5 2.0
Nflex Factor Nflex Factor

* WMA improved Nflex Factor results regardless of mix, loading rate, and
reheating.

National Center for
phalt Technology

s CAT

at AUBURN UNIVERSITY




Effect of WMA (J-Integral)

mAL2 HMA EAL2 WMA

UNRH IR

0.5mm/min - EEE

UNRH
50mm/min

RH I
0.5mm/min [

RH -
50mm/min  EE

0.0

1.0 2.0
J-integral (KJ/mm?)

3.0

ETN HMA BTN WMA
UNRH [
0.5mm/min [

UNRH
50mm/min  EEEE

RH -
0.5mm/min T ———

RH
50mm/min  EE

0.0 1.0 2.0
J-integral (KJ/mm?)

3.0

* WMA did not have a consistent effect on J-Integral results except for
reheated samples tested at 50 mm/min.

39
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Cracking Tests

* Different tests provide very different results for mixes

* Agreement with field performance will have to be the key
factor in deciding which test(s) should be used.

National Center for
sphalt Technology

0 CA

at AUBURN UNIVERSITY




'Relationship to Performance
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