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https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/asphalt/HMA. pdf
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Recommended Lift Thickness
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FIGURE 3: Recommended Mix Types for Surface, Intermediate and Base Courses
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NMAS grading is different than older “Topsize”
Grading

Old Rule of Thumb - Minimum lift thickness = 2x Topsize

NMAS - Minimum compacted thickness
v'4 times nominal aggregate size

v'3 times nominal aggregate size for fine graded
mixtures

e Thicker lifts are easier to compact
e Cool slower providing longer compaction time

Minimum ------=---- NOT MAXIMUM !



Mixtures can vary significantly
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Table 1
Requirements Class D Class E Class G
Type1 | Type 2 | Type 1 | Type 2 | Type 1 | Type 2
Sieve Percent Passing

1 inch 100 100 100
3/4 inch 97-100 | 100 |[97-100| 100 | 97-100 100
5/8 inch
1/2 inch 75-95 | 97-100 | 75-95 | 97-100 | 75-95 | 97-100
3/8 inch
#4 45-75 | 60-80 | 45-75 | 60-80 | 45-75 | 60-80
#8 30-55 | 40-60 | 30-55 | 40-60 | 30-55 | 40-60
#16 20-45 | 25-50 | 20-45 | 25-50 | 20-45 | 25-50
#40 10-30 15-35 | 10-30 | 15-35 10-30 15-35
#200 3.0-7.0 14.0-8.0]3.0-7.014.0-80 | 3.0-7.0 | 4.0-8.0

Table F - Gyratory Controlled QC/QA

Gradation*'
Control Points (percent
passing)

Sieve Size Min. Max.

3/4 inch 100

1/2 inch 90 100

3/8 inch 85

#8 30 55

#200 2.0 7.0
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NCAT Test Track 15t Cyc

Coarse, intermediate, and fine gradations. No differences in rutting performance!

Courtesy of NCAT


Presenter
Presentation Notes
15 years ago, in the first cycle of the NCAT test track, over half of the test sections were built with coarse, intermediate, and fine gradations with a variety of aggregate types to examine the issue of which gradation type provided the best rutting resistance.  The result was … there was NO difference in rutting performance.  All gradations were rut resistant if we met the standard aggregate criteria.



Lift Thickness
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Tack Coat
Longitudinal Joints
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Tack Coat

Construction - Section 1



Load Distributed by Tire

Pavement
Behavior Shear Transfer
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Soil Subgrade

] Courtesy of Rich May



Presenter
Presentation Notes
A well bonded pavement will uniformly distribute stress through the pavement. When all of the layers are bonded and working together, the top half of the pavement will be in Compression with the bottom half of the pavement in Tension, uniformly distributing the load into the base layers. This is the condition assumed when pavements are designed to carry the designated traffic loading.  Pavements that are not bonded will not distribute the load as shown above.  

Illustration of typical load transfer through a pavement to its base and the subgrade.  A bond failure at any of the layers or at multiple layers will alter the idea stress profile, shifting the critical tensile stress from the bottom of the pavement to the bottom of one of the upper lifts.  This will dramatically reduce the fatigue life of the pavement.


©
Consequences of Debonding

| | ICO pregsion

HORIZONTAL MICfOSV{RN

-200-150-100-50 0 50 100 150 200

Courtesy of NCAT


Presenter
Presentation Notes
Debonding of the mid-layers and the bottom layers as seen in the bottom figures, leads to the strain profile in the lower right figure.  Note that the peak microstrain under the fully bonded condition is a little over 100, while for the debonded lower layers and the mid-layers it is over 150 microstrains.  Thus, about a 50% increase.
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Surface Type Residual Rate (gsy) S:S:I(ultB:;*R(Z:/) DI?IT,:;B;;B ?gt:y)
New Asphalt 0.020 - 0.045 0.030-0.065 0.060-0.130
Existing Asphalt 0.040-0.070 0.060 —-0.105 0.120-0.210
Milled Surface 0.040-0.080 0.060-0.120 0.120-0.240

Portland Cement

0.030-0.050 0.045 -0.075 0.090 -0.150
Concrete




Longitudinal Joints

Construction - Section 2
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asphalt institute

Bridenbaugh & Colella

Core #9 (Overlap 1 12™) Core #10 (Overlap 1 2")


Presenter
Presentation Notes
These photos, taken by Garth Bridenbaugh (Pa DOT) illustrate interface voids and attributes the voids in Core #2 & #7 to not overlapping the hot lane mat over the cold lane mat.
Conversely, Core #9 & #10 appear to be tight, both cores were taken from a joint constructed with the hot lane overlapping onto the cold lane.
These photos show “bottom of lift”, so the void would not be observed without taking a core. 


Ski Best for Smoothness
(reference is average over length of ski)

: Note: If underlying
Versus Joint Matcher, __ pavement already smooth,

which is best for joint "~/ some contractors feel they

(reference is exact location  FEENeEIa N (=i <{oJo)o NTo) ]k \V/jd g <)
just in front of auger) -+ but must finish 1/10” high


Presenter
Presentation Notes
This photo shows a ski setup with stringline.  A ski is typically preferred when the focus is on smoothness, versus a joint matcher when the focus is on the joint .  The ski averages the thickness of HMA required over the length of the ski (30-40 ft) and may not always provide the optimum amount of HMA for the joint.  On the other hand, the joint matcher placed several feet ahead of the auger does the best job of getting the correct height of material at the joint because it measures the HMA thickness required at that precise location.  Those choosing the ski typically do so because the project has a ride spec whose bonus/penalty outweigh that of the joint spec (if there is one).  Projects with multiple lifts offer the opportunity to use a ski on the intermediate lift(s) to get smoothness and a joint matcher on the surface lift to get a good joint. 

Some contractors feel they can get a good joint with the ski assuming the underlying pavement that the ski is riding on is already smooth and they are placing 1/10” high so joint is never starved.       



Destined for
Failure

Likely that the hot side
of joint was starved of
material at these
locations and bridging
occurred.


Presenter
Presentation Notes
You saw this photo earlier.  Could this be the result of a ski rather than a joint matcher?  Random retained moisture along the longitudinal joint may be result of the ski averaging adjacent joint thickness.  Some places just right; some places too low, and some places too high.
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Density

Construction - Section 3
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% of Maximum In-Place
Theoretical Density Air Voids
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Reference MS-22, Fig. 7.09
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Density vs. Loss of Pavement Service Life '\
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Washington State DOT Study
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In-Place Voids vs Fatigue Life ' N
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Effect of Percentage of Air Voids on Fatigue Life UK-AI Study
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Density vs. Lift Thickness
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Tensile Strength & Moisture Susceptibility vs. Air Voids

AASHTO T 283
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59 Asphalt Institute Research



FHWA Performance Based Mix De5| n&
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Fatigue Cracking Rutting

Design Air Voids

04 | 0
For every 1% increase 40% increase | 22% decrease

Design VMA

: 0 04 |
For every 1% increase /3% decrease | 32% increase

Compaction Density

For every 1% lower
In-place Air Voids
(Increasing Density
Improved Both!)

19% decrease |10% decrease

Courtesy of Nelson Gibson
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Maintenance

Crack Sealing & Surface Treatments



Photo: Wes McNett

Think permeabillity .....



Presenter
Presentation Notes
The other area of concern from a durability, long term performance standpoint, is permeability.  

Not sure of the intent for this water truck to be dumping water across the entire new road here, but note the permeability at the longitudinal joint in this photo.   
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Crack Sealing
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Crack Sealing
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Surface Treatments /N
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Minnesota Research YN
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Minnesota
Department of
Transportation

o Opfim:;Timing . RESEARCH
of Preventive Maintenance for SER‘"CES

Addressing Environmental Aging 8
in Hot-Mix Asphalt Pavements | grARY

Office of
Transportation
System
Management

R. Michael Anderson, Principal Investigator
Asphalt Institute, Inc.
Lexington, KY /

December 2014 "“m

Research Project
Final Report 2014-45
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The TH 56 test section confirmed the hypothesis, with
mixture testing indicating that the subsections with
chip seals applied more than two years after
construction had essentially the same fracture energy
properties as the unsealed control subsection. The
findings from this test section imply that to mitigate
damage from environmental aging, the initial treatment
from a preservation standpoint should occur within the
first two years of the pavement’s life. After that, while
some benefits may still be obtained from treatment, it
appears that the damage from environmental aging
may have already substantially occurred.



New 2-day Workshop in 2019 '\
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Maximizing Pavement Life

Home / Training / Seminars / Maximizing Pavement Life
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