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Why is Coarse-Graded Superpave 
More Permeable?

Equal Air
Volumes
(% VTM)

Superpave Conventional

- Denser Gradation
- Smaller Sized Voids

(less chance for 
inter-connected voids)

- Coarser Gradation
- Larger Sized Voids
(more chance for 
inter-connected voids
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Figure 4.3:  Field Permeameter No. 3

Field Permeameter Device
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Factors Affecting Permeability 
in the Field

Pavement Density
NMAS
Gradation Shape
Lift Thickness
Construction Equipment?
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Relationship Between Field Permeability and In-Place Air Voids 
9.5 mm NMAS

y = 0.0054x4.9098

R2 = 0.6925
Overall Data
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Project 1
Project 2
Project 3
Project 4
Project 5
Project 6

Project 1: R2 = 0.83
Project 2: R2 = 0.24
Project 3: R2 = 0.54
Project 4: R2 = 0.80
Project 5: R2 = 0.58
Project 6: R2 = 0.67
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Relationship Between Field Permeability and In-Place Air Voids 
12.5 mm NMAS

y = 0.0047x4.8672

R2 = 0.6423
Overall Data
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Project 7
Project 8
Project 9
Project 10
Project 11
Project 12
Project 13
Project 14

Project 7: R2 = 0.14
Project 8: R2 = 0.79
Project 9: R2 = 0.59
Project 10: R2 = 0.60
Project 11: R2 = 0.67
Project 12: R2 = 0.86
Project 13: R2 = 0.95
Project 14: R2 = 0.88
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Relationship Between Field Permeability and In-Place Air Voids 
19.0 mm NMAS

y = 0.0936x4.2145

R2 = 0.4162
Overall Data
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Project 15
Project 16
Project 17
Project 18
Project 19
Project 20

Project 15: R2 = 0.65
Project 16: R2 = 0.49
Project 17: R2 = 0.76
Project 18: R2 = 0.59
Project 19: R2 = 0.77
Project 20: R2 = 0.70
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Relationship Between Field Permeability and In-Place Air Voids 
25.0 mm NMAS

y = 0.6739x3.7721

R2 = 0.4964
Overall Data
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Project 21
Project 22
Project 23

Project 21: R2 = 0.49
Project 22: R2 = 0.86
Project 23: R2 = 0.34
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Critical Density Values
9.5 and 12.5 mm NMAS ~ 7.5 – 8.0 %
19.0 mm NMAS ~ 6.0 – 6.5 %
25.0 mm NMAS ~ 5.5 – 6.0 %
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Effect of NMAS on Field Permeability
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Effect of Thickness and 
Equipment
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5:1

2:1

Effect of Thickness and Equipment
Seven Mixes at NCAT Test Track
Vary Thickness (Crank Screed Up)
Roller Type
– Steel Wheel
– Steel Wheel/Rubber Tire
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Effect of Thickness on Density - 9.5 mm NMAS
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9.5 mm Coarse-Graded

Field Perm
Steel Roller
R2 = 0.9246

Lab Perm
Steel Roller
R2 = 0.0175

Field Perm
Steel/Rubber Tire

R2 = 0.7321

Lab Perm
Steel/Rubber Tire

R2 = 0.1368
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19.0 mm Coarse-Graded

Lab Perm
Steel Roller
R2 = 0.0366

Field Perm
Steel Roller
R2 = 0.5994

Field Perm
Steel/Rubber Tire

R2 = 0.3392
Lab Perm

Steel/Rubber Tire
R2 = 0.2705
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Is There a Tool to Predict 
Permeability at Design or QC?

Water Absorption from T166?
– Defining permeable voids?

Lab Permeability during Design
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Predict Field Problems During Mix 
Design/QC?

Relationship Between Field and Lab 
Permeability Results?
Relationship Between Lab Permeability 
of Field and Lab Compacted Samples?
Relationship Between Water Absorption 
and Density?
Relationship Between Water Absorption 
and Permeability? 
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Relationship Between Water Abs. (Cores) and Core Density

y = 101.7x2.1981

R2 = 0.5409

y = 6.5444x0.3147

R2 = 0.5444
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Relationship Between Field and Lab Permeability Measurements

y = 5.7074x0.7037

R2 = 0.7062
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R2 = 0.4019

R2 = 0.7558
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Lab Compacted

12.5 mm NMAS
Lab=50mm Ht.
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R2 = 0.6555

R2 = 0.8564
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y = 0.7622x - 3.4392
R2 = 0.7632

Field y = 0.7061x - 3.3413
R2 = 0.7017

SGC
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y = 40.045x1.9624

R2 = 0.6973

y = 13.017x2.7899

R2 = 0.8161

y = 3.0224x3.854

R2 = 0.6968

0

2000

4000

6000

8000

10000

12000

0 2 4 6 8 10 12

T-166 Water Absorption, %

Pe
rm

ea
bi

lit
y,

 c
m

/s
ec

 x
 E

-5

SGC Compacted
Field Permeability
Field Samples Lab Perm.

Core Sample,
Field Permeability

Core Sample,
Lab Permeability

SGC Sample,
Lab Permeability

24

Geotechnical and Materials Consultants

Burns Cooley Dennis, Inc.

0

50

100

150

200

250

300

350

400

450

500

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
AASHTO T-166 Water Absorption, %

Pe
rm

ea
bi

lit
y,

 c
m

/s
ec

 x
 E

-5

Core Sample, Field Permeability
Core Sample, Lab Permeability
SGC Sample, Lab Permeability

SEAUPG 2003 CONFERENCE

Hilton Head Isle, Southe Carolina - November 19, 2003



5

25

Geotechnical and Materials Consultants

Burns Cooley Dennis, Inc.

Conclusions
There is a relationship between density 
and permeability.
NMAS and lift thickness affect this 
relationship.
Water absorption can be used as a 
quick check for permeability problems.
Thickness and Roller type affects 
permeability
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Conclusions
During Mix Design
– Compact samples to design lift thickness
– Vary air voids to anticipated field values
– Determine Lab Permeability and/or Water 

Absorption
– If lab permeability above 125x10-5 or 

absorption above ≈ 2.0%, may have 
potential permeability problems in the field
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