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Stone Matrix Asphalt (SMA)
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SMA
“A gap graded aggregate-asphalt hot mix 
that maximizes the asphalt cement content 
and coarse aggregate fraction. This provides 
a stable stone-on-stone skeleton that is held 
together by a rich mixture of asphalt cement, 
filler, and stabilizing additive” 
~ FHWA SMA TWG (Brown and Manglorkar, 1993)

• Mix description:
• Binder rich mortar 

• Modified binder (6-7%)
• Stabilizing agents:

• WMA additive or Crumb Rubber 
• Mineral or Cellulose Fiber (8-12%)

• Gap-graded aggregate structure
• 70-80% coarse aggregate
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Image source: The Asphalt Pro, How to Pave Fibreless SMA

https://theasphaltpro.com/articles/how-to-pave-fibreless-sma/


SMA

• Developed in Germany in late 
1960s
• Intent: develop a mix with better 

resistance to studded tires
• Aggregate skeleton provides shear 

resistance

• Introduced to US in 1990s: EAST
• FHWA SMA TWG to evaluate 

• aggregate type, 
• binder source and grade, 
• environmental conditions, 
• production and 
• construction methods
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Image source: Wikipedia

https://en.wikipedia.org/wiki/Germany%E2%80%93Sweden_relations


SMA vs Dense Graded Superpave
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Image source: Pavement Interactive

Which one is the SMA? A or B

A B

https://pavementinteractive.org/reference-desk/pavement-types-and-history/pavement-types/pavement-typesmix-types/
https://pavementinteractive.org/reference-desk/pavement-types-and-history/pavement-types/pavement-typesmix-types/


SMA vs Dense Graded Superpave
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Image source: Pavement Interactive

Which one is the SMA? B

B
Dense Graded, Superpave Mix Stone Matrix Asphalt Mix

https://pavementinteractive.org/reference-desk/pavement-types-and-history/pavement-types/pavement-typesmix-types/
https://pavementinteractive.org/reference-desk/pavement-types-and-history/pavement-types/pavement-typesmix-types/


SMA vs Dense Graded Superpave
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Image source: Pavement Interactive

Dense Graded, Superpave Mix Stone Matrix Asphalt Mix

https://pavementinteractive.org/reference-desk/pavement-types-and-history/pavement-types/pavement-typesmix-types/
https://pavementinteractive.org/reference-desk/pavement-types-and-history/pavement-types/pavement-typesmix-types/


SMA vs Dense Graded Superpave:
Mix design considerations

Dense Graded, Superpave

• Fine or coarse graded

• VMA: 11% to 17%

• Binder Content: 4.5% to 6%

• Air voids: 4%

Stone Matrix Asphalt
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• Voids in Coarse Aggregate (VCA)
• Cubical, low abrasion

• Crushed stone and manufactured 
sand

• Higher VMA: 17% +

• Higher Binder Content: 6% +

• Air voids: 4%

• Draindown
Image source: The Asphalt Pro, How to Pave Fibreless SMA

https://theasphaltpro.com/articles/how-to-pave-fibreless-sma/


SMA vs Dense Graded Superpave:
Mix design considerations

• Voids in Coarse Aggregate (VCA)
• Increase in VCA -> mix gets finer

• Lower VCA provides more stone-
on-stone contact
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https://www.fhwa.dot.gov/pavement/tops/pubs/TOPS_SMA_How_To_Report_508.pdf


SMA Benefits

A road construction with a roller on the side

Description automatically generated

Extended 
Performance 

Life
Rut Resistance

Improved 
Durability

Improved 
friction

Reduced 
Noise
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Image source: The Asphalt Pro, How to Pave Fibreless SMA

https://theasphaltpro.com/articles/how-to-pave-fibreless-sma/


SMA Benefits

• Extended Life: Flexible Pavements
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Source: Yin and West, NCAT Report 18-03



SMA Benefits

• Extended Life: 

Composite Pavements
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Source: Yin and West, NCAT Report 18-03



SMA Benefits
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Source: Yin and West, NCAT Report 18-03

Improved 
Friction



SMA Benefits
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Source: Yin and West, NCAT Report 18-03

Reduced 
Noise



SMA - Where
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SMA -
Where
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SMA - Where

PennDOT Pub 242: Dos

• > 100,000 SY recommended
• Cost prohibitive for < 50,000 SY

• > 30 Million ESALs

PennDOT Pub 242: Don’ts

• Avoid where a lot of handwork is 
required (e.g. intersections, 
driveways)

• Stop-gap fix
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Innovations in SMA
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SMA with RAP
• Background

• States allowing RAP in SMA (as of 2018):

Yin and West, NCAT Report 18-03
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SMA with RAP

• Background
• NCAT Test Track (Report NCAT 21-03)

• 2012 Cycle: CCPR sections included 11% RAP in SMA surface (N4, N4 and 
S12)
• Excellent crack performance and excellent rutting performance

• 2018 Cycle: Thinlay SMA with 20% Fine Fractionated RAP
• Performed well with no cracking

• MoDOT Research Report Number cmr 23-016  (Buttlar et al., 
2023)
• Laboratory investigation of SMA with RAP and SMA with GTR

• Recommendation: Allow up to 15% RAP
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SMA with RAP
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Fiberless SMA

• Item 419: Stabilizing agents allowed:
• Cellulose Fibers

• Cellulose Pellets

• Mineral Fiber

• Crumb Rubber

• WMA Additive 
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https://antrocel.com

https://antrocel.com/areas-of-application/sma-asphalt-mix-design/


Fiberless SMA
• Fiberless SMA:

• Uses WMA additive and lower temperatures to 
mitigate draindown

• Item 419, Max Temperature = 300F

• Conventional SMA temperature = 315 – 325F

• Fiberless SMA temperature = 275 – 285F

• Benefits: 

• produce SMA at any plant without 
specialized equipment 

• Lower temperature = lower GHG 
emissions/GWP
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https://www.pa-asphalt.org/images/2023/24_-_Martin_Libertini_Lindy_Dominic_Barilla_Ingevity_-_Fiberless_SMA.pdf


Fiberless SMA
• Fiberless SMA Pilot Project

• Route: SR 376

• Contractor: Lindy Paving

• Year: 2022

• For more details: https://www.pa-
asphalt.org/images/2023/24_-
_Martin_Libertini_Lindy_Dominic_Barilla_Ingevity_-
_Fiberless_SMA.pdf
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https://www.pa-asphalt.org/images/2023/24_-_Martin_Libertini_Lindy_Dominic_Barilla_Ingevity_-_Fiberless_SMA.pdf
https://www.pa-asphalt.org/images/2023/24_-_Martin_Libertini_Lindy_Dominic_Barilla_Ingevity_-_Fiberless_SMA.pdf
https://www.pa-asphalt.org/images/2023/24_-_Martin_Libertini_Lindy_Dominic_Barilla_Ingevity_-_Fiberless_SMA.pdf
https://www.pa-asphalt.org/images/2023/24_-_Martin_Libertini_Lindy_Dominic_Barilla_Ingevity_-_Fiberless_SMA.pdf
https://www.pa-asphalt.org/images/2023/24_-_Martin_Libertini_Lindy_Dominic_Barilla_Ingevity_-_Fiberless_SMA.pdf


SMA with Highly Polymer Modified Asphalt
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Standard Polymer

Highly Modified = 3x Polymer

Highly Polymer Modified AC
Highly polymer modified AC:

• Typical Polymer dose = 2.5% 

• High polymer dose is 3x greater = 7.5%

• Improved rutting resistance and cracking 
resistance

• In PA, high polymer binder = PG 76E-28 (88-28) 
(In ⁰F: 190.4 -18.4)

Binder Grade Traffic Designation

PG 64S-22 Standard S

Heavy H

Very Heavy V

PG 64E-22 (76-22)
PG 76E-28 (88-28)

Extreme E



Innovations in SMA: Pub 408, Item 419

• Fiberless SMA: Permissive (Contactor’s choice)

• Up to 10% RAP in SMA: Prescriptive (PennDOT’s choice)

• HiMA SMA: Pilot Project (special provision only)
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Balanced 
Mix Design

Asphalt 
Pavement 
Distresses
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Fatigue Cracking

Rutting

Reflection Cracking

Moisture Damage (Stripping)

Low Temperature Cracking



Balanced Mix Design

• Performance Tests:
• Rutting

• Hamburg Wheel Track 
Test (HWTT)

• Cracking
• IDEAL CT 

• Moisture Damage
• Tensile Strength Ratio 

(TSR) and/or
• HWTT Stripping 

Inflection Point (SIP)
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Balanced Mix Design
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SOL 481-24-01

SSP for selected 

projects; 

payment for 

tests

Required for 

JMF approval; for 

information only

(50 gyr. wearing)

Required for JMF 

approval; for 

information only

(50 AND 75 gyr. 

Wearing SRL E or H)

Encouraged to 

provide test results 

for information only

(50 gyr. wearing)

Required for JMF 

approval; for 

information only

(50 & 75 gyr., SMA 

Wearing all SRL)

20252021 2022 2023 2024 2026 2027 2028

Required for JMF 

approval; for 

information only

(50 & 75 gyr., SMA 

Wearing all SRL)

Required JMF 

must meet 

thresholds

(50 & 75 gyr., 

Wearing all SRL)
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Upcoming PAPA Events

TO REGISTER: PAPA Events (pa-asphalt.org)
PAPA ANNUAL CONFERENCE

Hotel Hershey
January 20 – 22, 2025

PAPA REGIONAL TECHNICAL MEETINGS 
Pittsburgh | State College | Allentown
March 18, 20, & 20, 2025

PAPA  ENVIRONMENTAL SEMINAR
Harrisburg, PA
April 16, 2025

PAPA/PENNDOT BUS TOUR
District ???
July 29 & 30, 2025

https://www.pa-asphalt.org/events


Thank you….
Mary Robbins, Ph.D., P.E.
DIRECTOR OF TECHNICAL SERVICES

mary@pa-asphalt.org
(717) 657-1881 ext. 2
(419) 290-6360
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mailto:mary@pa-asphalt.org
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