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WHAT IS A VOLUMETRIC?



HOW MANY OF YOU HAVE FELT LIKE THIS?

“Volumetrics”
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WHAT ACTUALLY ARE VOLUMETRICS?

▪ All matter has mass and occupies space

▪ Volumetrics are the relationships between mass and volume
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POP QUIZ!

?

How can we design 
mixes in terms of 

volume (Va, VMA, VFA), 
but blending is done by 

weight?



Gmb

▪ Bulk Specific Gravity of Mix

▪𝐺𝑚𝑏 =
𝑀𝑎𝑠𝑠𝐴𝑔𝑔+𝐴𝑠𝑝ℎ𝑎𝑙𝑡

𝑉𝑜𝑙𝑢𝑚𝑒𝐴𝑔𝑔+𝐴𝑠𝑝ℎ𝑎𝑙𝑡+𝐴𝑖𝑟

▪ What about the volume of air?
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VOLUMETRICS 101 – GMB VS. GMM

Gmm

▪ Maximum Specific Gravity of Mix

▪𝐺𝑚𝑚 =
𝑀𝑎𝑠𝑠𝐴𝑔𝑔+𝐴𝑠𝑝ℎ𝑎𝑙𝑡

𝑉𝑜𝑙𝑢𝑚𝑒𝐴𝑔𝑔+𝐴𝑠𝑝ℎ𝑎𝑙𝑡

▪ What about the volume of air?

https://www.youtube.com/watch?v=B5IzrlH6wJM



Gmb
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VOLUMETRICS 101 – GMB VS. GMM

Gmm



▪Gmb tells you the density of the compacted mix at Ndes

– Somewhat meaningless by itself

– Influences air voids & VMA

– Affected by AC%, aggregate type, compactive effort

▪Gmm tells you the maximum possible density of a mix

– Slightly less meaningless, but still mostly meaningless by itself

– Influences air voids and in-place density targets

– Affected by AC%, Gse, & binder absorption
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WHY DO GMB AND GMM MATTER?
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AIR VOID EXAMPLE

Gmm

Density Scale, %

Gmb

𝐴𝑖𝑟 𝑉𝑜𝑖𝑑𝑠 =
𝐺𝑚𝑚−𝐺𝑚𝑏

𝐺𝑚𝑚
× 100 

▪ What could cause air voids to increase?

– Gmm goes up – Binder absorption, etc.
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AIR VOID EXAMPLE

Gmm

Density Scale, %

Gmb
𝐴𝑖𝑟 𝑉𝑜𝑖𝑑𝑠 =

𝐺𝑚𝑚 − 𝐺𝑚𝑏

𝐺𝑚𝑚

▪ What could cause air voids to increase?

– Gmm goes up – Binder absorption, etc.

– Gmb goes down – Not enough compaction etc.



WHAT ABOUT VMA?

Aggregate PortionTotal Mix



Binder PortionTotal Mix

WHAT ABOUT VMA?



Air VoidsTotal Mix

WHAT ABOUT VMA?



VMA 
(air voids + volume of binder)Total Mix

WHAT ABOUT VMA?



▪VMA = Air voids + Volume of Effective 
Binder

– If you have a minimum VMA target and require fixed 
air voids, VMA controls the binder content

▪VMA has become more difficult & less 
meaningful over the years

– Less meaningful if air voids are not fixed

– What about RAP?

– Requires accurate aggregate gravities
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WHY DOES VMA MATTER?



▪ Historical mixes have been designed by 
volume (i.e. recipe)

▪ Volumetrics provided an easy method to 
ensure we were getting enough asphalt

– Materials were more consistent

▪ But materials have changed

– RAP, polymer, additives, WMA, rubber, fibers, etc.
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VOLUMETRICS AND MIX DESIGN
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With the current 
volumetric mix design 

system…
WMA additives

Recycled Shingles

Fractionated RAP

Recycled Tire Rubber
Recycled Plastic

Recycling agents
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EXAMPLE: RAP USAGE (NAPA IS-138)
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LINK BETWEEN VOLUMETRICS & PERFORMANCE

Volumetrics Mix Quality



▪ Volumetrics focus on material quantity.

▪ When mixes were all virgin mixes, the link 
between quantity of binder and quality of 
binder was much stronger.

▪ But now, binder quantity ≠ mix quality as 
clearly as it used to
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LINK BETWEEN VOLUMETRICS & PERFORMANCE



▪ Decrease gyration levels to get more binder in the mix

– Benefit is short-lived

▪ Regressed air voids

– Design for 4% air voids, produce at 3% air voids

– This forces ≈ 0.3% more binder into the mix

▪ Corrected Optimum Asphalt Content (COAC)

– Assumes that not all RAP binder is “active”

– Higher RAP = Higher need to “correct” for this

▪ Balanced Mix Design

– Implement tests that focus on rutting/cracking results
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HOW HAS THE INDUSTRY RESPONDED?
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WHAT IS THE GOAL?
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WHAT ARE OUR TOOLS?
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TARGETS VS. TOOLS



▪ Using volumetrics as targets & tools can be done, 
but we need to be careful…

▪ Volumetrics are easy to measure, already 
understood, and rooted in asphalt fundamentals

   but…

▪ Keep performance as the ultimate target! 
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TARGET VS. TOOLS
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WORD OF CAUTION

Volumetrics may be easy, but that doesn’t mean they indicate 
performance!

The target should be performance. Contractors will use volumetrics 
as the tools to hit the target. 



27

WORD OF CAUTION

If agencies want to keep volumetrics, consider what volumetrics are 
actually telling you…

4.0%
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WORD OF CAUTION

If agencies want to keep volumetrics, consider what volumetrics are 
actually telling you…

  Volumetric targets should be dynamic and 

  adapt to the needs of the specific mix
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FINAL QUICK EXAMPLE

Design Voids vs. 
Rutting

QC Voids vs. Rutting

Design HT-IDT vs. 
Rutting

QC HT-IDT vs. Rutting



▪ A good understanding of volumetrics will help design mixes, write good 
specifications, perform quality control, make mix adjustments, etc.

▪ Materials have changed; mix design recipes must change too. 

▪ Performance is the ultimate target.

▪ Volumetric targets should be dynamic and adapt to the needs of the specific 
mix.
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SUMMARY & TAKEAWAYS
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NATHAN MOORE, P.E.
 

NATHANMOORE@AUBURN.EDU

THANK YOU!
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