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92nd AAPT Annual Meeting and Technical Sessions

The 2017 Annual Meeting will be held March 19-22, 2017
The Island Hotel, Newport Beach, California USA

Association of Asphalt Paving Technologists

AAPT Office:

6776 Lake Drive, Suite 215

Lino Lakes, MN 55014

Phone: 651-293-9188

Fax: 651-293-9193 or Email: aapt@aapt.comcastbiz.net

2017 Call for Papers

The Association of Asphalt Paving Technologists is actively soliciting paper
offers for its 2017 Annual Meeting and Technical Sessions. Papers reporting
on studies concerning any aspect of asphalt paving technology or related
fields are considered. These can include research, design, construction and
maintenance issues dealing with all types of asphalt binders, asphalt
mixtures, and pavement applications — including innovative ideas and
improvements to current practice. Papers will be considered for presentation
at the Annual Meeting which is attended by specialists from academia,
research organizations, material producers, contractors, national and state
authorities, and consultants from around the world. Papers offered for the

2017 Annual Meeting must be submitted through the AAPT website.

Important dates

May 1, 2016 web site open for paper submission I—

August 15, 2016 - deadline for submitting papers Facebook
November 4, 2016 - notification of paper acceptance :
December 2016 - registration open LIﬂk@dﬁ@

March 19 to 22, 2017 - annual meeting and technical sessions

For current information please check our web site at: http://www.asphalttechnology.org



http://www.asphalttechnology.org/
mailto:aapt@aapt.comcastbiz.net

Objectives

-+ Develop a mix design and evaluation
procedure that provides acceptable =
'-'r--2-f-“i.s.._-.i-_-_performance for asphalt mlxtures contalnmg

e, '_"’;_'RAS and WI\/IA

oo — Determme RAS characterlstlcs that relate to m|x
Net performance e >
:._-ﬁ— Evaluate mlxmg efflcrency of RAS Wlth vrrgm
bmders over the range of asphalt, mlxture

productlon temperatures - |
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Existing Field Projects

S Us 237

B Fort Worth, TX
S v 973

B Austin, TX

R 1-85, IL Tollway
AP Aurora, IL

Oct. 2012

Dec. 2011
Jan. 2012

5%
15%

3%

15%

5%, 0%
3%, 15%
5%

13%

HMA

WMA (chem.)

HMA sect. 3

WMA (chem.) sect. 9
HMA sect. 4

HMA w/ PG 58-28, sect. 6

WMA (chem.),
two agg. types
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Date RAS %
Const. | RAP %
SR 96 Sept. 3% PC
Larsen, WI 2013 14%
N
% § US 84 June 5% PC
iy Enterprise AL 2014 15%
AT
W
_ -G_) & Union Valley Rd. Oct. 3% PC
_ LI__ &% Oak Ridge, TN 2014 10%
-2 BE June 5%
bl \Vilson, NC 2015 20%
="
SR 39 Oct. 2% MW
3 LaPorte, IN 2015 15%

Mix Test Sections

HMA

Rediset

Zycotherm

HMA, low Pa

HMA, adjusted Pa

WMA (foam), low Pa
WMA (foam), adjusted Pa
HMA

WMA (chem.)

HMA w/ PCRAS

WMA (chem.) w/ PCRAS
HMA w/ MWRAS

WMA (chem.) w/ MWRAS
HMA

WMA (foam)

Prod.
Temp.

324
317
321
351
350
312
304
315
267
305
277
297
276
318
303



ield Performance Eval.

F

Straight edge and wedge .

~— Rutting-

- Visual Inspection and LTPP DIM-~ -

- ASTAME965 (sand patch) -

= Raveling -

= Determine in-place density

- Laboratory test .



US 287, Fort Worth,
Field Performance @ 37 mos.

- . " oo il . ,

P

B~ N

-

transverse (reflection) crack, low sev.

21 ft. low sev.
National Center for
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FM 973, Austin, TX
Fiew FeCionmance @47 mos:

Total
Length, ft

Total Total Length,

# of Total g2
Length, ft # of Cracks ft Locations  Area, ft2 '

0 0

Severity # of # of
Cracks Cracks

Low 113 0
Moderate
High
Low

o

Moderate
High
Low

Moderate
High

Low

©O O OO O o o
©O 0O OO0 O o o o

Moderate
High

0
0
0
0
0
0
0
0
1
0
0

O ON O O O o o o o o
O O OO0 O O O w o o

O O O oo oo o
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lllinois Tollway
 Existing Project

L

National Center for
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lllinois Tollway
Fleld Pefiatmance @ 33.1ps..

Low

Moderate

Low b ‘
Moderate R ey
High \ ,
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New Field Projects - Performance

B SR 96
S Larson, W
s Us 34,
B Enterprise, AL
8 Union Valley Rd.
B Oak Ridge, TN
& SR 58

B \Wilson, NC

S SR 39
8 LaPorte, IN

Control, Rediset,
Zycotherm

HMA & WMA - low Pa
HMA & WMA — adj. Pa

WMA & HMA

HMA & WMA w/ PCRAS,
HMA & WMA w/ MSRAS

WMA & HMA

Minor reflection cracking
over unrubblized PCCP

No cracking or other
distresses, last insp. pending FS.

No cracking or other =
distresses, last insp. pending s

No cracking or other
distresses

Pending 12 mo. insp. next
month

National Center for
halt Technology
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Plant IVI|x Lab Compacted

N o a d d |t i onal a gl n g e ey

- | . g L e ey - o 2 1 -
ity e o i - B P, AR iy X

4 g
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: @

Testlng |s completed on aII mlxtures

13

Dynamic Modulus

'_ Temperatures 4 20 and 35 to 45 C

Frequency range 10 to O 01 Hz

Statlstlcally assess mlxture stlffness among

mlxtu res

2l 5.

National Center for
phalt Technology
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ANOVA + Tukey-Kramer test @ 10 Hz

Average Statistical Average E*,  Statistical Average E*, Statistical
E*, ksi Grouping ksi Grouping ksi Grouping

WI - Control 1881.0 804.2 221.7
WI - Rediset 1638.7 690.2 212.9
WI - Zycoth. 1678.4 719.9 210.4
2001.3 968.1 248.9
2114.8 1132.7 355.8
2181.9 1167.6 376.9
2367.6 1265.6 408.3
Mixtures from a 'prbject TERE, St Iet.ter'tablé were
statistically grouped together (no statistical difference among
mixes at a = 0.05).

National Center for
halt Technology
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ANOVA + Tukey-Kramer test @ 10 Hz

Average Statistical  Average E*, Statistical Average E¥, Statistical
E*, ksi Grouping ksi Grouping ksi Grouping

2361.3 1249.4 330.3

2178.5 974.3 208.5
2072.7 1013.3 280.8
1762.9 729.0 166.4
1941.1 981.8 292.5
1789.2 821.1 196.5

2444.7 1423.0 494.1

> >» W > W > W™ P

A
B
A
B
A
B
A
A

2415.6 1423.9 478.5

Mixtures from a project with the same letter were
statistically grouped together (no statistical difference Aophalt Technology

among mixes at a = 0.05). CAT

at AUBURN UNIVERSITY
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Hamburg Wheel Tracklng Test

o AASHTO T324

Assess ruttlng and strlpplng potentlal of |
.%-_mlxtures D s e g et
50 AT
"'_,-AII mlxtures tested e R s
"_._"'MaX|mum O 5. in (12 5 mm) @ 20 OOO passes

o

o (NCH RP Report 673) 275 -@

National Center for
phalt Technology
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Hamburg Wheel Tracking Test

W!I - Control
WI - Rediset

WI - Zycotherm

10,000+
10,000+
10,000+
10,000+
10,000+

10,000+

10,000+

National Center for
Technology

CAT
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Hamburg Wheel Tracking Test

20,000+
18,100
20,000+
20,000+
20,000+
20,000+
IN-HMA 20,000+
IN - WMA 20,000+

A
A
A
B
A
B
A
A

There was'no statistical differences between the types of RAS used.
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halt Technology

CAT

at AUBURN UNIVERSITY




Flow Number

o

v AAS HTO 79- 09
f?}_i— T est on E * SPeC I'meh.,_ : £y o ".'ff. g
= ;;_-'.‘— Temperaturei. LTPP Bmd 3 1 50% Rellabmty Temp

20 mm from surface K ‘

L N e

o X = U ncc) nf me'd testmg "' i A K
S AII m |xtures te sted " f-‘f’f.-‘-'.f-'--f;-_:;.f;;f s et

-

."uri
T g s &-

B g3 5 .-.; 5 Cu trent Flow Number Reqy,lrements * ok ST R
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Flow Number Results

Ave.

WI - Control 163
WI - Rediset ) 120 . 10to < 30

WI - Zycotherm 117

28 : <3
123 S
106 . 10 to < 30 7

119 . S

National Center for
alt Technology
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Flow Number Results

10to <30

3to <10

3to<10
<3

3to <10

3to <10

10to <30
> 30

A
B
A
B
A
B
A
A

IN m|xtures not statlstlcally dlfferent but IN WMA @ hlgher trafflc level?

National Center for
alt Technology
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at AUBURN UNIVERSITY
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IDT Creep Compllance & Strength

3‘ . AASHTO T 322

— Creep comphance at three temperatures

e TenS|Ie strength at one temperature

— Predlct the temperature at WhICh the m|x Wlll

crack due to thermal contractlon

'-— AII mlxtures tested o

National Center for
phalt Technology

CAT
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Critical Pavement Temperatures

Critical Pavement Temperature, °C

Blue = HMA, Green = WMA

National Center for
phalt Technology

No statistical difference between HMA and WMA mixtures CAT

at AUBURN UNIVERSITY



Energy Ratio

'}""-Assessn t0

a. LR

pé

National Center for
Technology

2 CAT
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Energy Ratio Results

JPCIICIIRS
QQV QQ*V \2\®$®

Blue = HMA, Green = WMA

No statistical difference between HMA and WMA mixtures

National Center for
phalt Technology
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Bending Beam Fatigue

. AAS HTO T3 24

k ,'-*-f'—Frequency 10 Hz

% — Quantlfy number of cycles unt|I fallure at dlfferent

traln Ievels

»-'-:\—Temperature 20 C R O Suhen
b Determlne fatlgue endurance I|m|t for mlxtures

_-_,-._AII testlng completed ey S
2 CAT

at AUBURN UNIVERSITY



8 Wi HVA*

— Redi*

WI — Zyco*

§ AL-Low Pa WMA

8 AL Low Pa HMA

| AL - Adj. Pa WMA
Adj Pa HMA

= ‘.. 2

i *Old AASHTO Farlure Cycles (50%) iy

27

Beam Fatigue

New AASHTO Failure (Peak ModxCy)

287,530
258,840
339,997
107,263
53,803
76,497
91,153

250
250
250
300
300
300

300

126,510,069
81,180,843
92,643,767

7,841,577
4,074,857
4,453,407
1,451,193

National Center for
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B TN - HVA
& TN - WMA
B NC - Mw HvA
_'.i-?_;, NC — MW WMA

B \NC - PC HMA
NC — PC WMA
IN-HMA
B IN-WMA

Beam Fatigue

New AASHTO Failure (Peak ModxCy)

2,842,008
1,105,585
1,830,803
861,843
954,994
820,699
2,245,642

2,473,384

National Center for
halt Technology
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Overlay Tester

5‘ = TxDOT 248 F

— Temperature speafled 25 C A RN |
T, Should temperature be based on m|xture Iocatlon
— llsplacement O 025 mches (32% straln) =i

| Texas currently requrres mlxes > 300 cycles
~ while New Jersey requires > 150 cycles

National Center for
phalt Technology
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WI - Control
S WI - Rediset

WI - Zycotherm

— Control
WI — Rediset
g \W|— Zycotherm
&% AL—Low Pa WMA
S AL - Low Pa HMA
B AL - Adj. Pa WMA
— Adj. Pa HMA

30

OT Results

Average

792
1,320
1,903

241

285

436

214

19
44
24

_mww>>>>>>>

National Center for
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TN-HMA
TN-WMA
NC- MW HMA
NC- MW WMA
NC-PCHMA
NC-PCWMA
IN-HMA
IN-WMA

OT Results

Average

226
807
125
619
215
333
109
158

National Center for
alt Technology

ICAT
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lllinois Flexibility Index Test

. SCB :
VLN G by
\_'_'-'3‘-"'--‘Loadmg 50 mm/mln | TP
. FleXIbI|Ity Index A*(Fracture Energy/SIope at mflectlon)
. -_ ‘°'j?-'PreI|mmary ILDOT crlterlon m|n|mum 8 O A

N90 lab mix design (30%ABR)

Fracture Energy = 1780 Jim?
Slope = -2.87 kN/mm
, Critical displacement = 2.19 mm

NS0 lab mix design (control)

Fracture Energy = 1790 Jim?
Slope = -1.59 kKN/mm
Critical displacement = 2.84 mm

—
z
X
~ 5
o<
©
(o]
-

—>

National Center for
phalt Technology

CAT

at AUBURN UNIVERSITY

32

Displacement (mm)




I-FIT Test Results

WI Control
P \WI Rediset
E% " WI Zycotherm

A
B
A
A
BC
B
C
A
B
A
B
C
C
A
B

at AUBURN UNIVERSITY



Correlation R- Index Number
value ure (°C)

Correlations

£+ £ £+ Critical

Flex Flow Pavement HWT
Temperat Rutting

Low (@ 4 Int (@ 20 High (@
°C) °C)  40°C)

8IFlex Index

£ B Flow Number

SR | ow (@ 4 °C)
M * Int (@ 20 °C)

B E* High (@ 40 °C)
S Critical Pavement

S 7 nperature (°C) -0.47 024 -020 1
S8 HWT Rutting -0.09 010 028 -0.24

B R
Cycles to
. Failure

=7 Moderate correlation %"~ “Strong eokrelation.— -

34

-0.02 -0.24 -0.28 0.16

-0.38 -0.41 -0.55 016

Failure B&

National Center for
phalt Technology

CAT

at AUBURN UNIVERSITY



Correlations

iy 2 ~ Moderate to strong inversely proportional

35

correlatlon between FIeXIblllty Index and E*
values i Sl X e S I S,

. Strong proportlonal correIatlon between

FIeX|b|I|ty Index and OT cycles to fallure

- ;f__ . Moderate to strong proportlonal correlatlon \

between FN and E* values

National Center for
phalt Technology

CAT

at AUBURN UNIVERSITY




Correlations

| ;;.-,, * Moderate: |nversely proportlonalcorrelatlon

: any other test results o

36

between QT cycles to fallure and E* vaIues

. Moderate proportlonal correIatlon between

OT cycles to fallure and HWT ruttlng

ik . Cr|t|cal Pavement Temperature( C) and

Energy Ratlo vaIues dld not correlate WIth |

National Center for
phalt Technology

CAT

at AUBURN UNIVERSITY
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Performance Tests Conclusions

| ‘-‘f___if,__f_‘_fAt Iow temperatu res, WMA has I|ttIe effect ‘
on) mix: st|ffness '_ SR A T % R
'At mtermedlate and hlgh temperatures

f‘:’*WMA had Iower E* vaIues for 3 of 5 |
~evaluated prOJects 52 ,

'-'No effect on E* due to type of RAS used

at AUBURN UNIVERSITY
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Performance Tests Conclusions

No statistical difference in Hamburg ruttmg was - -
‘ '-;.,_,'j_-found for WI\/IA Vs HI\/IA for Wi, TN.and IN |

-' 3-‘-'?-".".'m|xtures TN mlxtures were statlstlcally dlfferent
'--f-i_'_?'for the FN test R B e IR T el

'For the AL mlxtures the Iow v0|d WI\/IA had __
| ”statlstlcally hlgher HWT ruttmg and Iower FN The
-.adJusted vond HIVIA had the Ieast ruttmg |

_The two NC WMA mixtutes had higher HWT

rutting and lower FN than the HMA mixtures.

Nat eeeeeeeeeee




Performance Tests Conclusions

24 No effect on ruttmg due to type of RAS used.

:- AII 15 mlxtures passed the O 5 in HWT crlter|on
. For the FN testmg R Sl
e 20f15had FN <3 I\/IESAL crlterta A
% - 4 of 15 mlxtures met the 3 te <10 MESALs crlterla <
-__— 8 of 15 mlxtures met the 10 t@ < 30 IVIESALs crlterla
: 2 1 of 15 met the > 30 MESALS crlterta

National Center for
phalt Technology
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Performance Tests Conclusions

“_‘_‘—'AII of tne Wisconsm and Tennessee mlxtures 5
- haveE R values greater than 195 35

e in tota 11 6f'15 mixtures have ER vaIues

Bl 1 95 (hlghest trafflc Ievel) et S

~« The AL adj. Pa HMA and the NC |v|w HI\/IA had

. -low ER results (below 1.0, lowest traffic level), -

| 1--"_'_'-"--suggestlng susceptibility-to top- -down cracklng g

HMA vs. WMA was not a sign. factor for ER

Nat eeeeeeeeeee




Performance tests Conclusions

. ‘?'f . None of the tested mlxtures meet the current
preI|m|nary I FIT crlterlon of 8 0. S

. A strong correlatlon was found between
FIeX|b|I|ty Index and OT cycles to failure

fff . Based on TxlOT speC|f|cat|ons onIy 4 out of 15
mlxtures passed the m|n|mum 300 cycles Ny e

~ CAT

at AUBURN UNIVERSITY




Field Performance

% . AII sectlons are performmg well WhICh makes
|t chaIIengmg to set some performance >
. C”te”a -' N e ']' 25 'f'

*_ — Pass Hamburg no ruttlng problems (not sure

: about the opp05|te) e e

2 — I\/Iany mlxes fa|I ex1st|ng/prel|m|nary crlterla for T

e crackmg tests but fleld crackmg performance is”
- ‘good for first 2-3 years S S

National Center for
phalt Technology
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Currently working on

e Task 7 Assess res’ponse parameters and
L predlct mlxture performance %
f . Task9 Cost Beneﬂt AnaIyS|s

DY Task 10 Best Practlces
. CAT

at AUBURN UNIVERSITY
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