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Perpetual 
Pavements

• “an asphalt pavement 
designed and built to last 
longer than 50 years 
without requiring major 
structural rehabilitation 
or reconstruction, and 
needing only periodic 
surface renewal in 
response to distresses 
confined to the top of 
the pavement”

• APA, 2002



The Misconception

• More = better
• Just keep adding 

thickness
• Truth vs. Practicality
• 1993 AASHTO Design 

Guide



 Long-lasting pavements thinner than many other 
pavements built
 Fatigue resistance
 Right materials in the right places

Washington State



Changing Times



M-E Design



Vertical Compression

• Critical Location: Top 
of Subgrade

• Distress: Subgrade or 
structural rutting

• Thicker or stiffer 
pavements disperse 
stress



Horizontal Strain
• Critical Location: Bottom of 

Asphalt Pavement
• Distress: Fatigue Cracking
• Pulling pavement apart



Can We Build Better, Thinner Pavements?



A Word of Warning



Perpetual Pavement Structure



Are both trucks?



Abraham Maslow

• I suppose it is tempting, 
if the only tool you have is 
a hammer, to treat 
everything as if it were a 
nail.



Let’s Start at the Top!

What do we need from our surface layers?
 Designed to protect the other pavement layers
 Without this, other layers can’t do their job
 How do I design this?



Surface Mixtures

• Good dense-
graded mix

• Stone-matrix 
asphalt



Surface Mixtures

• Choose appropriate 
binder grade

• Balancing rutting 
and cracking

• Too stiff vs. too 
soft



Change Our 
State of Mind

• Sometimes called a 
“sacrificial layer”

• In 15-20 years, milled and 
replaced

• This must be a high-
quality mixture

• Performance test based?
• APA, Hamburg, Flow 

Number



Binder Course

 What can we do with the middle of our pavement 
structures? Is there any advantage that can be gained 
here?



Binder Course

• High modulus = stiff
• The Good

• Reduce overall necessary thickness or 
• Reduce tensile strains of equivalent thickness



Binder Course

• The Bad:
• Cracking?
• Hamstring pull
• Know where to 

place them
• Minimal strains near 

center of pavement 
structure



Binder Course



Binder Course



Binder Course

• SBS ≈ 7.5%
• Effects

• Stiff when hot
• Maintains flexibility
• Reduce pavement thickness by 30%?



Base 
Course

•



Base Course

• Fatigue resistant base layer to prevent fatigue cracking
• High strain tolerance
• Need will depend on structure
• Stiffer structure = reduced strain
• If stiff enough or thick enough, FRBL not necessary

• Can I leverage material properties?



Base Course

“The horizontal asymptote of the 
relationship between the applied 
stress or strain and the number of 
load repetitions, such that a lower 
stress or strain will result in an infinite 
number of load repetitions” (Von 
Quintus, 2001)
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Base Course



Base Course



Increased Fatigue Life

• Use a modified binder
• Allows mix to stretch without cracking
• Softer binder
• Modified binder (polymer)

• Use more binder
• Most common method
• Rich-bottom layer
• Bump AC or design for lower air voids (2-3%)



More Asphalt?

• Allows greater 
compaction

• Improves fatigue 
resistance

• Does not affect 
rutting at bottom of 
pavement

• Reduces moisture 
susceptibility



Too Much of a 
Good Thing
• Use about 0.5% 

additional asphalt
• Economical reasons

• Keep rich bottom layer 2-
3 inches thick

• Keep at least 6 inches 
below surface of 
pavement



Base Course

• Numerous technologies can be 
used for mixtures

• Must appropriately select 
materials for structure

• Can use recycled materials; 
however, must understand 
structure of pavement



Base Course • High Modulus Base Courses 
(EME mixtures)

• Very Stiff Mixtures
• High binder, low voids
• Performance based mix 

design
• Richness modulus

• NCAT Report 17-04



Fatigue 
Endurance 
Limits

Mixture Description Fatigue Endurance 
Limit (FEL), 
microstrain

S9-3 Control 92
N10-3 50% RAP -

HMA
100

N11-3 50% RAP -
WMA

134

S10-3 WMA – Foam 99
S11-3 WMA –

Additive
84

N5-4 Thiopave 109
N7-3 Kraton 241
S12-3 TLA 137



Design

• Question: Do I have to keep 
all my strains below FEL 
prevent fatigue cracking?

• Answer: NO!

• Pavements can handle 
strains 2-3x greater than 
this, but they should be 
minimized
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Asphalt Pavement Layers: 
Roles? Characteristics?

Asphalt

Granular Base

Subgrade Soil

Ride quality
Rut resistant
Crack resistant
Durable (time/climate)

Surface

Intermediate

Base

Protect underlying layers
Support surface layer
Rut resistant
High modulus (stiffness)

Protect underlying layers
Support upper layers
Crack/fatigue resistant
Durable (moisture 
damage)



But We Aren’t Building New Roads



It’s the Same, But 
Different

• Programmed overlays
• Asphalt over rubblized PCC
• Asphalt over crack and seat
• Asphalt over break and seat

• NCAT Report 20-03





THANK YOU!

Richard Willis, Ph.D.
rwillis@asphaltpavement.org

mailto:Audrey@asphaltpavement.org
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