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Enhanced Durability 
Through Increased Density



Overall Objective

Ultimately,
achieving the in-place 
asphalt pavement density 
that results in the highest 
asphalt pavement 
performance.



Compaction is Important



“A 1% decrease in air voids 
was estimated to:
• improve fatigue 

performance by 8.2 and 
43.8%

• improve the rutting 
resistance by 7.3 to 
66.3%

• extend the service life by 
conservatively 10%.”

NCAT Report 16-02 (2016)

http://eng.auburn.edu/research/centers/ncat/files/technical-reports/rep16-02.pdf



Cracking
• To improve fatigue cracking resistance
• To improve thermal cracking resistance

Rutting
• To minimize prevent further consolidation
• To provide shear strength and resistance to rutting

Moisture Damage
• To ensure the mixture is waterproof (impermeable)

Aging
• To minimize oxidation of the asphalt binder

Compaction is important, but not a cure-all remedy

Reasons for Compaction



Compaction Workshop
FHWA & Asphalt Institute (AI)

• Feedback Very Positive
– Formal training
– Comprehensive: 

• Mix design to
• Finish roller to
• Measurement and 

Acceptance
– Back to the basics focus
– Learned new topics 

and reinforced others

• Workshops to Date
– 10 locations
– > 450 participants



Field Demonstration Projects
FHWA & National Center for Asphalt Technology (NCAT)

NCAT Provided
• Pre-paving meeting 

attendance and advice
• On-site technical advice
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Achieving Increased In-place Density

1
• % Density Requirement

2
• Optimum Asphalt Content

3
• Consistency

4
• Best Practices



State #1
Location Mode Passes Equipment

Delivery MTV Roadtec SB-2500

Control Breakdown
Static 10 CAT CB54
Static 10 CAT CB54



State #1
Experiment Contractor’s Compactive Effort

Test Section 1 Added 1 to 2 vibratory passes
Test Section 2 Added pneumatic - CAT CW34



State #1

Experiment Density
Results (%)

Change

Control 93.5 ---
Test Section 1 93.2 Not significant
Test Section 2 95.4 + 1.9

Average of 10 core densities each / Reference is Gmm

• 2 static rollers achieved full incentive
• Using vibratory mode resulted in no change in % density
• Adding pneumatic increased % density



State #2
Location Mode Passes Equipment

Delivery End Dumps

Control
Breakdown Vibratory 8 BW 161 AD-5 (10 ton)

Finish Static 7 BW 138 AD-5 (4 ton)
Test Section Breakdown Vibratory 10 Same



State #2
Experiment Density

Results (%)
Change

Control 91.7 ---
Test Section 92.5 ≈ + 1

Average of 6 cores each / Reference is Gmm

• Only 1 compaction roller needed to meet specification
• Adding 2 passes increased % density



How Is Acceptance Determined
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PennDOT Case Study
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NYSDOT Case Study

Percent within 
Limits

2015 Avg. = 94.1
Std.Dev. = 0.83

Lot Size = 4 Sublots



Achieving Increased In-place Density

1
• % Density Requirement

2
• Optimum Asphalt Content

3
• Consistency

4
• Best Practices



State #3
Location Mode Passes Equipment

Delivery Bottom 
Dumps Cedar Rapids MS2

Control
Breakdown

Vibratory 7 Dynapac CC 624
Vibratory 7 Dynapac CC 624

Intermediate
Pneumatic 7 CAT CW35
Pneumatic 7 Hamm GRW18



State #3
Experiment Contractor’s Compactive Effort

Test Section 1 Added 1 vibratory roller – Hamm HD130
(5 total rollers)

Test Section 2 Added 0.3% asphalt (5 total rollers)



State #3

Experiment Density
Results (%)

Change

Control 92.9 ---
Test Section 1 92.9 No change
Test Section 2 94.1 + 1.2

Average of 8 core densities each / Reference is Gmm

• 4 compaction rollers needed to meet specification
• 1 additional roller did not change % density
• Mix design adjustment resulted in % density increase
• Added new technology: IC, IR, and RDM



State #4
Location Mode Passes Equipment

Delivery MTV Weiler E2850

Control
Breakdown

Vibratory 5 Dynapac CC 624 HF
Vibratory 5 Volvo DV 140B

Intermediate Pneumatic 11 Hamm GRW280



State #4
Experiment Contractor’s Compactive Effort

Test Section 1 Added 1 vibratory roller – Dynapac CC 524  HF
(4 rollers)

Test Section 2 Added 0.3% asphalt (4 rollers)



State #4

Experiment Density
Results (%)

Change

Control 93.5 ---
Test Section 1 95.0 + 1.5
Test Section 2 95.4 + 1.9

Average of 12 nuclear gauge readings each / Reference is Gmm

• Control achieved maximum incentive
• Additional roller and mix design adjustment resulted in % 

density increase



Selecting Optimum with Superpave

What Changes Were Made to AASHTO 
Standards?

• Gyrations
• Air Voids
• Voids in the Mineral Aggregate (VMA)
• Is There Additional Criteria?



Asphalt Mixture Adjustments
State Adjustments Additional

Asphalt

3 Gyrations (Regression) 0.3%

4 Air Voids (Regression)          VMA 0.3%

9 Gyrations             Air Voids           VMA ≈ 0.3%



Combination of Changes
54% (14 of 26) Made 2 or More Changes
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FHWA Tech Brief

Title: Superpave 
Mix Design and 
Gyratory 
Compaction Levels

Purpose: Evaluate 
Effects of Changes 
to Gyratory Levels



Achieving Increased In-place Density

1
• % Density Requirement

2
• Optimum Asphalt Content

3
• Consistency

4
• Best Practices



State #5
Construction Information

Delivery MTV: Roadtec SB-1500 
Control Current minimum sublot specification
Test Section New PWL specification



State #5
Location Mode Passes Equipment

Test
Section

Breakdown
Vibratory 5 CAT CB 54B
Vibratory 5 Sakai WS800
Vibratory 5 CAT CB 54B

Joints Vibratory 5 ??



State #5
Experiment Density

Results 
(%)

Change Pay 
Factor

Std. 
Dev.

(* Statewide)

Statewide Avg. 93.6 --- --- ---
Control 94.4 --- 0.97 1.55*
Test Section 1 96.1 +1.7 1.04 0.95*

Average of 5 cores each / Reference is Gmm

• Implementing PWL specification



State #6
Location Mode Passes Equipment

Delivery MTV Weiler E2850 

Control
Breakdown Vibratory 9 CAT CB 68B 

Intermediate Pneumatic 17 Dynapac CP30 
Test Section Decrease roller spacing Same



State #6
Experiment Density

Results 
(%)

n LSL PWL

Control 93.1 77 91.0 90.3
Test Section 93.0 11 92.0 93.3

Standard deviation changes from 1.58 to 0.67 from individual tests
Reference is Gmm

• Additional effort by contractor was minimal
• Uniformity improvements showed LSL could be 1% higher



Percent Within Limits



Consistency is Important
Standard Deviation

• State #6 
– Nuclear from individual tests

– Control: S.D. = 1.58
– Test Section: S.D. = 0.67

• PennDOT Statewide 
– Cores with lot size = 5 sublots

– Old Spec: S.D. = 1.58
– New Spec: S.D. = 0.98

• NYSDOT PWL Statewide 
– Cores with lot size = 4 sublots

– 2007: S.D. = 0.92
– 2015: S.D. = 0.83



Achieving Increased In-place Density

1
• % Density Requirement

2
• Optimum Asphalt Content

3
• Consistency

4
• Best Practices



State #7
Location Mode Passes Equipment

Delivery MTV IR MC 330 

Control
Breakdown

Vibratory
Static

2
3 CAT CB 64B 

Intermediate Static 5 Hamm HD+ 90



State #7
Location Mode Passes Equipment

Test Section 
#1

Breakdown Vibratory
Static

2
1 CAT CB 64B  

Intermediate Static
Oscillatory

1
2 Hamm HD+ 90

Test Section 
#2

Breakdown Vibratory 3 CAT CB 64B

Intermediate Static
Oscillatory

1
2 Hamm HD+ 90



State #7
Experiment Density

Results (%)
Change

Control 92.2 ---
Test Section 1 92.0 Not significant
Test Section 2 92.0 Not significant

Average of 10 cores each / Reference is Gmm

• % density increase was not significant
• % density results exceeded current specification



Field Compactive Effort
Control Sections

State 
ID

Total Vibratory Pneumatic Echelon Focus
AreaRollers Passes Rollers Passes Rollers Passes Brkdn. Inter.

2 1 8 1 8 0 0 No No More passes

7 2 10 1 2 0 0 No No Oscillation

9 2 14 2 10 0 0 Yes No More AC

8 2 18 2 18 0* 0 No No New 
Technology

1 2 20 0 0 0* 0 Yes No Pneumatic

5 4 20 4 20 0* 0 Yes No Std. Dev.

4 3 21 2 10 1 11 Yes No More AC

3 4 24 2 12 2 12 Yes Yes
More AC and 

New 
Technology

6 2 26 1 9 1 14 No No Std. Dev.
* Polymer Modified Asphalt



% Density
Test Sections

State 
ID

Total
Specification Require-

ment
Incentive / 

Disincentive

Field 
Density 
(% Gmm)

Breakdown
RollerRollers Passes

7 2 6 % Control Strip 98.0 D 92.1 No echelon

2 1 10 Min. Sublot 92.0 D 92.5 No echelon

9 2 14 PWL 91.0 I / D 95.4 Echelon

8 2 18 PWL 92.0 I / D 95.6 No echelon

5 4 20 PWL 92.0 I / D 96.1 Echelon

4 3 23 Min. Lot Avg. 91.5 D 95.3 Echelon

3 4 24 Min. Lot Avg. 92.0 I / D 94.1 Echelon

6 2 26 PWL 91.0 I / D 93.0 No echelon

1 2 30 PWL 91.8 I / D 93.2 Echelon /
No vibratory

PWL = Percent within Limits



Achieving Increased In-place Density

1
• % Density Requirement

2
• Optimum Asphalt Content

3
• Consistency

4
• Best Practices



Next Steps

• SHAs’ summary reports on 10 projects
– Potential follow-up on field performance

• FHWA’s best practices communication
– Summary document
– Tech Brief
– Additional workshops (funding dependent)

• Extend field experiment
– Dependent of funding
– Dependent on state interest



Thank you
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O F F I C E  O F  A S S E T  M A N A G E M E N T ,  P A V E M E N T S  A N D  
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L A K E W O O D ,  C O L O R A D O
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