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Overview.

Background of Nyegign

NCAT Test Track

NCHRP 9-9(1) Field Test Sections
Affect of Internal Angle of Gyration
Virginia’s Experience

Conclusions

National Efforts tor Address MNopzsign

* Asphalt Institute - Nyesign!l EXperiment
— Examined field densification of SPS-9 pavements
— Looked at mixture stiffness (G*) with SST

* NCAT - NCHRP 9-9 Evaluation of the SGC

Procedure
— Looked at sensitivity of mix volumetrics to changes

in Ndeswgn
* A new Ng.qg, Table was developed from each

effort

The compaction effort used in a
volumetric mix design should
produce laboeratory samples
which approximate the ultimate
density of the pavement

The goal of this project is to verify the
laboratory compaction efforts
established in 1999 for the Superpave
gyratory compactor

Original SGC Compaction Effort

; Design |
| ESALs |

SGC Compaction
ESAL’s
<0.3
03to<3
3t0<30
10to <30
>30

Base mix (< 100 mm) option to drop one level, unless the
mix will be exposed to traffic during construction.
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Thoughts on Ngesign

» |aboratory compaction effort should produce

e pmanan ey NCAT Test Track
» Ultimate pavement density believed to be

reached after 2-3 years of traffic
» Typically, select laboratory density of 96% of

Theoretical maximum density or 4% air voids

— Too little air voids (<2%) results in rutting

— Too many air voids tend to cause durability
problems

NCAT Test Track near Auburn, Alabama U.S.A.

Lee County Road 151
Asphalt Plant

el

Laboratory

Pavement Densification

2.74 km Oval Test Track on 309 acres

46 Cooperatively Sponsored 61 m Test Sections
437 sq m Testing Laboratory

242 sq m Truck Maintenance Facility

NCAT Test Track Average Densification S u m m ary Of Pav e m e n t
PG 67-22 Upper Lift R> = 0.98 PGQZZ szj_uﬁ/' De n S | fl C at | O n

N 2

= After initial consolidation/aggregate

%’i——‘——/‘ reorientation, densification only occurred
/% ) \ when temperature above 28° C (82 °F)

PG 76,22 Upper it R*= 08 = Mixes containing modified (PG 76-22) binders
densified significantly less than unmaodified
Winter 2001-2002 [+ pG 67-22 Lower Lift (PG 67-22) binders (2%)

o TR onet » Unmodified lower lift shows less densification
- pper Lift

% PG 76-22 Upper Lift (0.8%) — future trend unclear
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Pavement Density, % Gmm
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ES tl m ati O n Of De n S I ty at a NCAT Test Track - Design Gyrations to Meet Pavement Density
Given Gyration Level yier 2001200

PG 67-22 Upper Lift R® = 0.97 B )y

DenSIty at Gyratlon X = \ P667-2\2‘Lower Lift §* = 0.89
Height at NDesign
Height at Gyration X

t /

Density at NDesign x

PG 76-22 Lower Lift R* = 0.95

/ PG 76-22 Upper Lift R? = 0.94 * PG 67-22 Lower Lift

= PG 76-22 Lower Lift
4 PG 67-22 Upper Lift

Design Gyrations

Note: Samples on Troxler Compactor PG 76-22 Upper Lift

0.E+00 1.E+06 2.E+06 3.E+06 4.E+06 5.E+06 6.E+06 7.E+06 8.E+06 9.E+06 1.E+07
ESALs

180 Line of Equali
PG 76-22 Eg\ty

160 y = 0.2893x + 4.1335 T~

140

R®=06114

o B

= oo
= ngm emplems o [dp m
o (ammmnm | w e meleded m o
ovefin mo Ya me

120

.
. PG 67-22

100

- %13 percent Air Voids

PG67-22 ———
y =0.9537x + 0.6303
R’ = 0.3552

80

60

40

In-Place Air Voids after 10 million ESALs
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Linear (PG 76-22 Lower Lift) Linear (PG 67-22 Lower Lift

North Tangent Slag/Limestone

R’=0.1821

Wire Line Rut Depth after 10 million ESALs
Rutting, mm

: . 04 -
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Predicted Rutting Based on Densification
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Madified mixes (PG-76) rutted
66% less than unmodified (PG-67)
mixes

Mix Designi reguiles a balance
between Rut Resistance and
Durability,

Typically, we design for Rut Resistance

In-Place Monitering of Hot Mix
Asphalt Pavements

Colorado Department of Transportation
Research
Aschenbrener and Harmelink
2002

Effect ofl 0.5% Increase in
Asphalt Content

» 549% increase in rutting when mix uses
non-modified asphalt

» No significant increase when mix uses
modified asphalt

Note: The Superpave rule of thumbs states 1% air
voids = 0.4% AC and a change in 25 gyrations
results in a 1% change in air voids

What Does This Mean for
Mix Design?
» Tiest Track Data Indicates:

— Madified binders densify less than
unmodified binders

— This may mean that mixes containing
madified binders maybe designed at lower
gyrations or higher asphalt contents to
enhance durability

This may be a way to balance rut
resistance and durability!

In-Place Air Voids after Three Years (%)

SGC vs. Field Air Voids (Aschenbrener and Harmelink, 2002)

y =0.803x + 1.9423 *
T
R?=0.3754 *
Field Air Voids > Lab Air Voids . 0
Gyrations too High ¢
.

Difference 1.2%

ot
.
. .
3
/
2 3

Field Air Voids < Lab Air Voids
Gyrations too Low

0 1 2 3 4 5
SGC Air Voids at Ndesign (%)
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CO Density Study Conclusions
Aschenbrener and Harmelink, 2002

Mixes have not reached their design
level of compaction after six years

Six-year trend indicates they never will

Majority of the densification occurred in
the first three years

Based on data from these 25 sections,
the optimal number of gyrations is too
high — mixes too stiff for climate and
traffic

Experimental Plan

o Sample 40 pavements at the time of
construction with' a range of:
— Lift Thickness to NMAS (2-4)
— Design Gyration Level (50-125)
— Binder Grade (Normal to +2 bumps)
— Gradation (Fine or Coarse)

NCHRP 9-9 (1): Field Project Locations

Legend

© . Project Site

NCHRP 9-9(1)
Field Projects

Verification of Ny, Table

Experimental Plan

» Roadway cores taken at construction, 3
months, 6 months, 1 year and 2'years
after construction from right wheel path

 Project extended to monitor projects 4
years after construction

» Goal: predict gyrations to match field
density

100
90
80
70

Cumulative Frequency, %

Cumulative Frequency of Construction
Densities

84 85 86 87 88 89 90 91 92 93 94 95 96
Percent Maximum Density, %
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Comparison of SGC and Eield Airr Voids

¥=08319x + 1.899T

Summary of Projects with Two e
Years of Traffic
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2-Year Field Air Voids
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Design Vs Predicted Gyrations Design Life Predictions
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Predicted Gyrations to Match Field Density
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Comparison oft Number of Gyrations to
Match Field Density: for Twoer Compactors

veromac Performance Overview
’ NCHRP 9-9(1)
Two-Year Sections

Brand 2 SGC

Line of Equality

Brand 1 angle =1.24
Brand 2 angle = 1.15

60.0 80.0 100.0
Brand 1 SGC
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Ndesign in the Southeast

Traffic Level
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Summary Comments Questions?

Need to balance rut resistance, durability and

constructability E?t:loa?tal_rc‘aﬁmte{ for
Pavements studied have been rut resistant a1 sl

General indication that gyrations could be CAI
lowered

AUBURN UNIVERSITY

States in southeast already taking action!

Gyratory type or internal angle effect
recommendations
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