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Verification off Gyration
Levels in the Superpave
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The compaction effort used in a Original SGC Compaction Effort
voelumetric mix design should
produce laboratory samples  Design |
which approximate the ultimate ESALS I
density of the pavement

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

.

SGC Compaction Effort 1999 Thoughts on INGESan
ESAL’s

<03 Laboratory compaction effort should produce
: sample density approximately equal to

03to<3 ultimate pavement density.

Ultimate pavement density believed to be

3t0<30 reached after 2-3 years of traffic

10 to <30 Typically, select laboratory density of 96% of

Theoretical maximum density or 4% air voids

>30 — Too little air voids (<2%) results in rutting

Base mix (< 100 mm) option to drop one level, unless the - g?ooblrgﬁgy 2l yolde sz ko e dureitiity

mix will be exposed to traffic during construction.
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NCHRP 9-9(1)
Field Projects

Verification of Nyeq, 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

e Goal: predict gyrations to match field
density

Pavement Densification

Cumulative Frequency, %

Experimental Plan

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

© _ Project Site

Cumulative Frequency of Construction
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Factor Affecting As-Constructed Density:

Main Effects Plot (fitted means) for Construction Density

Lift Thickness to NMAS High PG Grade
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3 4 5 6
2000 Ndesign

Mean of Construction Density, %

Agency was the only significant factor

Factors Affecting 3=Month Densification

Main Effects Plot (fitted means) for 3M Densification KY-1 Eliminated

Cunulative Frequency, %

Pavement Densification
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Significant

Ultimate Density.

4-year density less than 2-year density.
in 15 of 35 cases

Paired t-test significantly different in 8
cases, 4-year density higher in 6 of 8
cases

Population t-test significantly different in
one case, density lower

Ultimate density reached after 2-years

High Temp. Bump and
Month of Construction

Mean of 2 Year Densification

Affect ofi Month off Construction on
2-Year Density,

Main Effects Plot (fitted means) for 2 Year Densification
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Summary: ofi Perfiormance of NCHRP.

9-9(1) Projects

Average rut depth 1.7 mm, one project with
6.4 mm (high traffic unmodified)

Raveling common

Overlays over PCC evidence reflective
cracking, even when total (new) overlay 3.5
inches or more, most after 2-years

Joints vary from fair to very good
Some permeability evidenced by wet spots
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Estimation of Density at a
Given Gyration Level
|\|O|esign Density at Gyration X =
VErsus . Density at N Design x Hm_elght at NDe.3|gn
In-place Density Height at Gyration X
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2,000,000 4,000,000 6,000,000 8,000,000 10,000,000 12,000,000

10,000,000 20,000,000 30,000,000 40,000,000 50,000,000 Cumulative ESALS at Two Years

Predicted 20-Year ESALs

Dynamic Angle Verification Kii

y =1.1005x + 10.837

DAV Kit

Line of Equality
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Predicted Gyrations at Two Years for Troxler
Compactor

y =0.9752x + 2.6026
R*=0.84

I I 9 h - X . 40.0 60.0 80.0 100.0 120.0 140.0 160.0
Full-Height Predicted Gyrations at 2 Years for Pine Compactor
SeC|m_e_n i . + 116 = Raw ——Linear (1.16) — - Linear (Raw)
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y = 8.674x°14
R=0.3713

y =10.66x""
R’ =0.3043

2,000,000 4,000,000 6,000,000 8,000,000
2-Year ESALs

+ Pine = Troxler —— Power (Troxler) — - Power (Pine)

10,000,000 12,000,000

In-Place Air Voids after Three Years (%)

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

. y =0.803x + 1.9423
R®=0.3754

-
/
Field Air Voids > Lab Air Voids . .
Gyrations too High M
. B

. . . Difference 1.2%

L

Field Air Voids < Lab Air Voids
Gyrations too Low

1 2 3 4 5
SGC Air Voids at Ndesign (%)
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NCAT Test Track - Design Gyrations to Meet Pavement Density

inter 2001-2002
P
TN

PG 67—2\2‘ Lower Lift §*=0.89

PG 67-22 Upper LWR\Z=‘OH7

N

.

PG 76-22 Lower Lift R = 0.95

re

%6-22 Upper Lift R = 0.94

Note: Samples

* PG 67-22 Lower Lift
* PG 76-22 Lower Lift
* PG 67-22 Upper Lift

PG 76-22 Upper Lift

on Troxler Compactor

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

NCHRP. 9-9 (1) Field Data

Line of Equamy\

[V=243+0782X
S=143 RSq=283%

In-Place Air Voids after 2 Years, %

|analysis of variance

[Source. DF ss Ms F P
[Regression 1 87.493 87.493 42.64 0.000
[Residual Error 108 221609 2052

6 8
Air Voids at Agency Specified Ndesign, %

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

The Whole Triuth — Predicted Gyrations

Predicted Gyrations to Match Field Density
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Summary off Pavement
Densification at 2000 Track

» After initial consolidation/aggregate : .
reorientation, densification only occurred Would NCHRP 9-9(1) relationships

when temperature above 28° C (82 °F) im prove without PG 76-22?
» Mixes containing modified (PG 76-22) binders

densified significantly less than unmodified

(PG 67-22) binders (2%)
» Unmodified lower lift shows less densification

(0.8%) — future trend unclear

logten(SGC Average 1.16) = 0.5993 + 0.1729 logten(20 Year ESALS)

Predicted Gyrations to Match Ultimate Density
= "
- Bo%PI

s 0132262 Current  Predicted 80 % 80th Percentile
R-sq 57.0% 20 Year Ndesign  Ndesign Prediction
R-Sq(adj) 56.4% .

Design ESAL Interval

Low High Pine Troxler Avg.

300000 23 53 32 43 37
1000000 29 65 71 73 72
3000000 35 78 83 90 87
' ' ' ' 10000000 43 9 59 55 57
$ & & & 30000000 52 117 95

& & 100000000 64 82 92

20 Year Design Traffic, ESALS
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Proposed Ndesign Levels for an SGC DIA of 1.16 + 0.02 Degrees

2-Year Design Traffic, Ndesign
20-Year Design ESALs
Traffic, ESALs

<300,000 < 20,000
300,000 to 3,000,000 20,000 to 200,000

3,000,000 to 200,000 to 675,000
10,000,000

10,000,000 to 675,000 to 2,000,000
30,000,000

> 30,000,000 > 2,000,000

Locking Point
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Locking Point Definition of Locking Point

Concept developed by lllinois DOT (Bill Pine)
Plot of Log gyrations vs. density non-linear
beyond locking point

Point where aggregate locks together —
additional gyrations degrade aggregate
Point after which change rule 25 gyrations =
1% VMA = 0.4 AC% generally true

Pine Locking Point

y =0.6905x + 27.214

As-Constructed Desnity, %

y=0.7201x + 23.883
R’ =0.2637

88.0 89.0 90.0 91.0 92.0 93.0 94.0 95.0 96.0 97.0
Locking Point 2-1 Density, %

+ Pine = Troxler — Linear (Pine) — Linear (Troxler)

Troxler 3-2-2 Locking Point

y=0.9748x + 3.1728 y =0.743x + 25.343

R’=0.98 R°=0.77

Pine Density at 3-2-2 Locking Point

Line of Equality

20 30 40 50 60 . 95.0 96.0 97.0

Pine 3-2-2 Locking Point Troxler Desity at 3-2-2 Locking Point
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2-Year In-Place Density, %

VMA (%)
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Troxler
y=0.6561x + 32.323
R?=0.29

Pine

R?=021

©
@w
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% =0.6114x + 36.101

92.0 93.0 94.0 95.0 96.0 97.0
3-2-2 Locking Point Density, %

+ Pine = Troxler ——Linear (Pine) — = Linear (Troxler)

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

— Modified binders densify less than
unmadified 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!

VMA Comparison

© Marshall
u Superpave

Superpave Avg. = 14.9

Project No.

"
0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16

Mix Designi reguiles a balance
between Rut Resistance and
Durability,

Typically, we design for Rut Resistance

Whiat Effect Would Cower
Gyrations Have?

* Increase design asphalt content?
— Not necessarily
— Contractors tend to design mixes with
lower laboratory compaction efforts with
more of a “cushion” between design and
minimum VMA
— Could raise minimum VMA by 0.5%

 Should allow more compactable mixes
(in field) and increase AC% slightly

Other Thoughts on Increasing AC%

In-place density has a large effect on
performance
Lower design air voids

— If design VMA above minimum VMA contractor
may add more dust

Raise minimum VMA
— Increase in minimum VMA will increase AC%

— If minimum VMA increased without changing
gyration levels, then mix may be harder to
compact

It's a system
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National Center for
Asphalt Technology

CAT Questions?

AUBURN UNIVERSITY




