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ARC Deliverables/Products Presentation and Workshop
University of Nevada, Reno

11:05-11:30:  Pavement Engineering Software:

Pavement Response Model to Dynamic
Loads (3D-Move).

11:35 = 12:00: Rutting Performance of Asphalt Mixtures
g [

1:00 = 1:25:

1:30 = 1:55:

@ www.wrsc.unr.edu

Under Critical Conditions.

Mix Design for Cold in-Place Recycling
(CIR).

Pavement Engineering Software: Thermal

Cracking Analysis Package (TCAP).
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ARC Deliverables/Products Presentation and Workshop
Rutting Performance of Asphalt Mixtures

Under Critical Conditions

Standard Practice for

Determining Asphalt Mixture Critical Conditions for Rutting
Evaluation by Means of Dvnamic Repeated Load Triaxial
(RLT) Test

AASHTO Designation: R XX-13

1. SCOPE

1.1. This standard practice desaribes the methodology for rutting susceptibility evaluation
for hot mix asphalt (HMA) by means of dynamic Repeated Load Triaxial (RLT) test.
This practice is intended for different types of asphalt mixtures having unmodified or
modified asphalt binders.

12 This practice addresses the procedure to determine the RLT testine rr--++

regarding the loading pulse duration, rest period, and th- *
stresses. In addition. a mechanistic-based pre~- ~
susceptibility of HMA mixtures is -~
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Critically Designed Asphalt Mixtures
Introduction,

 Every asphalt mixture has:
— Critical temperature

— Critical loading rate beyond which the mix will
— Critical stress condition become highly unstable!

Mixture Rutting Susceptibility

[ Material
Properties

Critical Conditions

Environmental Traffic Loading
Characteristics

Conditions/Location

:‘ | E
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Critically Designed Asphalt Mixtures
Introduction,

o Critical conditions must be checked against expected field
conditions where the mix will be placed.

 Optimization of Asphalt Mixture components in the design,
production, and construction stage can lead to good performing
HMA mixtures for highways and intersections.

www.wrsc.unr.edu ; www.arc.unr.edu Slide No. 5
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| Asphalt Mixture | ‘

Collect Project Information b—-

Operational
Speed/
Braking

Conditions

Select Project Rut Depth Criterion,
RDgpe, = 0.25 or 0.50 inch

b

Determine
Dynamic
Modulus,

|E* |

Initial
In-Flace
Density

Asphalt
Layer
Thickness

Critically Designed Asphalt Mixtures |
— Mechanistic-Based $

Approach,

Determine ELT

l at T erechive
- . * Deviator Stress (o)
Using Mechanistic-Empirical - Confining Stress (o)
Analysis Determine the Effective « Pilea Puration (£
Pavement Temperature for . EZF*:#E‘F{_::;T ?;:J (t)
\ Selected RDgggq Terective y i
Teriica = Min temperature beyond Select Critical Flow Number, e T
which HMA becomes unstable . ) e et

1

i

{ I8 FNzerechive = FNcriicar?

!

Modify Mixture Properties
Satisfactory Muxture (such as AC content,
www.wrsc.unr.edu ; www.arc.unr.edu gradation)
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Critically Designed Asphalt Mixtures
Mechanistic-Based Approach: Five Steps,

S» » Collect project information and select rut depth failure criteria.
tep 1

N
N }
N ¥,

Compute Tepeqive €ither using MEPDG analyses or the proposed predictive models.

Determine the RLT testing conditions based on HMA mixture dynamic modulus and other
input parameters such as traffic speed, asphalt layer thickness, Tggectiver €IC-

Select FNi;., Dased on designed traffic ESALS.

o Conduct FN test and compare FN; gqocive 10 FNyieq fOr the appropriate design ESALS.

S N7 N NS NS
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Critically Designed Asphalt Mixtures
Established Predictive Equations for T

Effective

» Teseciive TOr @ RD = 0.25 Inches at 90% reliability

= 20.6099 + 0.8764(MAAT) + 1.5870(cMAAT) — 2.0006(Wind) + 0.1079(Sunshine)
—0.0891(Rain) + 14.7893(log(Freq)) — 3.5748(log(ESALS)) + 0.1677 (PGyy)

> T for a RD < 0.50 inches at 90% reliability

= 25.7540 + 0.8287(MAAT) + 1.4932(6MAAT) — 2.1949(Wind) + 0.1101(Sunshine)

Effective

—0.0967(Rain) + 16.2478(log(Freq)) — 4.0479(log(ESALs)) + 0.1416 (PGyy)

@ www.wrsc.unr.edu ; www.arc.unr.edu Slide No. 8



http://www.wrsc.unr.edu/
http://www.arc.unr.edu/

Critically Designed Asphalt Mixtures
Flow Number Criteria

No Braking Condition

Design 20-year ESALS (millions) <J Jto 10 10t0 30

Critical Flow Number (Fi

Braking Condition

Critical FN criteria still need to be established

TN
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Critically Designed Asphalt Mixtures
Validation Mixes/Projects,

.
. : Const. Date / Initial in- : 20-year
Mix ID Location . Traffic Speed Rut Depth
1

<0.05in. after 4
NGRS  Bravo Ave., Reno, NV. August 2008 / 6% Stopped to 25 mph In. alter & years

of service
M Lane Ext., Reno, <0.09 in. after 6
Ry oanatane SXLREN0, -\ ovember 2006 / 6% 40 mph 6 . SHEro years
NV. of service
US95 (7622) US95, Las Vegas, NV. September 2007 / 7% 50 mph 18 No visible rutting
30 0.87 in. after 5 months
NV55 (6422) WesTrack Cell 55 June 1997 / 4% 40 mph ! .
(0.58Y) of service
30 0.52 in. after 2.5
NV19._(6422) WesTrack Cell 19 March 1996 / 8% 40 mph . alter 2.5 years
(4.8Y of service
12.0 0.46 in. after 13 years
MNO1_(5828) MnRoad, 1-94,Cell 1 September 1992 / 6.5% 65 mph ! : !
(8.5Y) of service
12.1 0.34 in. after 15 years
WA MnRoad, 194, Cell 17 July 1993 / 7% 65 mph I el 20y
(109 of service
12.1 0.48 in. after 9 years of
WN\RE2E Y MnRoad, 194, Cell 20 July 1993 / 7% 65 mph i Enerey
(5.1 service
MnRoad, Low Volume 0.4 0.65 in. after 8 years of
MN33_(5828 August 1999 / 6% 35 mph :
(5828) Closed Loop, Cell 33 Hgus ’ P (0.13Y) service
MnRoad, Low Volume 0.4 0.73 in. after 8 years of
MN35_(5840 August 1999 / 5.5% 35 mph :
(5840) Closed Loop, Cell 35 Hgus ’ mp (0.13Y) service
L 3\
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Critically Designed Asphalt Mixtures
Validation Mixes/Projects,

| MN17_(6428)

MN20_(5828)

10,495
1,296

No Flow
3,845

Mix ID Target RD90% = 0.25 inch | Target RD90% = 0.50 inch FN oo Predicted Performance Field Performance - -
Average FN 1 rective Average FN 1 cyective " aft 90% Reliability (inch)| Measured RD (inch)
B. Ave (6428) No Flow No Flow 5,000 <0.25 = 0.05 (4 yrs)
MN33_(5828) 1,695 3,645 5,000 > 0.50 0.65 (8 yrs)
MN35_(5840) 1,745 4,395 5,000 > 0.50 0.73 (8 yrs)

M. Lane_(6428) No Flow No Flow 7,000 <0.25 =< 0.09 (6 yrs)
US95_(7622) No Flow No Flow 13,000 < 0.25 0.00 (5 yrs)
NV55_(6422) 3,395 8,395 13,000 > 0.50 0.87 (0.4 yrs)
NV19_(6422) 2,595 5,895 13,000 > 0.50 0.52 (2.5 yrs)

WVING 828 1.645 6.095 '

0.48 (9 yrs)

25,000
e RD=0.25 in.
=>20,000 =20,000 =20,000 _ .
20,000 RD=0.50 in.
-_— e == FMNcritical
S
- ]
E 15,000 -
e
= B . e e —— —— — — ——
3 ~
- 10,000 - \\
I, h 1
-
5,000 - — s _
- T
o , , - N N
= b - - ¥ =
BV v SV A LV >
T?:Q:- S < c)fo ,bfo <,,5’>
<X <3~ <> <> > ]
52 < < <
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Critically Designed Asphalt Mixtures
Critical Review of Proposed Approach

EECTT R - 5

braking/non-braking conditions? Yes / Requires further validation for braking condition
Yes (MEPDG Predictions using calibrated rutting models)
Yes (Tenecive fUNCtion of MAAT, Wind, Sunshine, Rain, etc.)
Yes (Predictive equations)

fes

Consider pavement structure? Yes (Affect deviator and confining stress)

Yes (0.25 or 0.50” at 90% reliability level)

No (Traditional analysis of FN data)

Can be implemented in AMPT? Not yet / Requires equipment modification to be able
to handle the proposed stress levels and pulse
durations. Work on equivalent testing conditions.
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Critically Designed Asphalt Mixtures
Draft AASHTO Standard

(http://lwww.arc.unr.edu/Outreach.html#TechDevelopmentProducts)

. DETERp
Standard Practice for NING EFFECTIVE PAVENGENT
litions for RUMNE | spmcisenszevemen e, TEMPERATORE ———
icture Critical Conditions 101 - *Phalt payem gy PEaTe (Tetecsun)is obta
Determining Asphalt Mixture C nt;: A torl Load Triasial nd nitff : gg'eafde:f;f;i;i ﬁrif;ﬁi?’af“iﬁsrzﬁﬁfﬁ el
; . . 114 ea L - . S0in), “ereliability, e level of
Evaluation by Means of Dynamic Repe: Detemine 1 ¥ Tt depth.of 6.4 rym ;tit:ff:rtthe
R e'—-fr&a'm. ;
(RLT) Test o Equation . o he testing temperature ¢4 beusedin the pp
¢ RLT using g
For Tt depth cpi s 'S Equation j
AASHTO Designation: R XX-13 o of6 4t 0554,
| “reezive = 20,6099 4 g g
1079(Sunshing) _ B4(MA4T) 4 1 5599
I SCOPE on | e oggroemy 20080n
; i ibility evaluation. 1, THEHON 6.4 iy (0 25 3 “BEIALS) +
: ' ibes the methodology for rutting suscepriol. Ut depth criteg; i (025 1in)
1.1. This 5“@”d$;ng§%\- means of dynamic Rep s:aFed Load Tnama] (ROJQ?EJSS;_I o =N 0f 12. 7 mm g 59 in): )
forl B e tended for different types of asphalt mixtures < 101 E;unshi;ze?f y B37(MAAT) 4 14932,
e I?fmén(;;l:;lmbmdﬂs 16(PG. 4 0..096 "(Rain) 4+ 162470/ oMAL
modifieda t -
, i practice \ddsesses the procedure 1o determinet 12. DETERMINING THE RLT TESTING CONDITIONS

regarding the loading pulse dmméfan= rest period, an| 1
stresses. In addition. a mechanistic-based pro~

susceptibility of HMA mixtures 154

The zelected testing conditions shall ensure that the testing state of stresses andloading
pulse charactenstics are appropriate and best simulate the stress andloading pulze
conditions encountered in the pavement under trafficloads.

122, Complite the deviator stress pulse duration (£,) using Equation 3:
log(ty) = —0.00353 (Tefuctive) — 0.0236(5) + 0.00015(5)% — 0.665¢ (3

where:

.= deviatorstress pulse duration, seconds;
JTemen. = effective pavement temperature, °C;
5 = vehicle operational speed, mph.

123, Compute the deviator stressrest period (£,) using Equation 4:

www.wrsc.unr.edu ; www.arc.unr.edu
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Critically Designed Asphalt Mixtures
Impact of Mixture Characteristics

Mixture Characteristics |

Air voids and

Asphalt PG,;;

(

\_

Lockwood Mixes
> PG64-22
> PG58-22
> PG52-22

~

J

RLT Testing
e Flow Number
e Airvoids =2, 4
and 7%

.

Aggregate Asphalt binder non- HMA Internal
morphology recoverable properties structure
4 )
Nine Mixtures (ETG FN Task Force)
\. J
a AIMS h a N ( 2D-Imaging h
. MSCR
* Particle Shape  Aggregate contact
:  Non-recoverable .
« Coarse Angularity . points
. . creep compliance
* Fine Angularity « Percent recovery » Aggregate
\.° CAAT Y, \_ gradation Y,
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Thank You!

“Visit our websites at: 2 o A

University of Nevad ' rsc.unr.edu ” '
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