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Pavement Materials & Design

ASTM D2041-11

Density of Bituminous Paving Mixtures(Gmm)
 للخلطة الاسفلتᚖة الظاهᙔᗪة القصوىاختᚁار الឤثافة 

HMA Mix Design
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Asphalt Mixtures Types
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What Is Asphalt Mixture 
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 Asphalt mixture is combination of 
asphalt cement and aggregate that 
will give long-lasting performance 
as part of the pavement structure

Image source: https://www.floridaridesonus.org/learning-center/asphalt-101/

Introduction 
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 The fundamental performance properties are not directly measured in a normal mix 
design; 
 Therefore, asphalt content is selected on the basis of a measured volumetric parameter that best 

controls the pavement performance. 

 The volumetric properties are determined using
 the mass and/or volume measurements of a mixture and its constituent components (binder, 

aggregate, air).

 Volumetric have historically provided a good indication of the mixture’s probable 
performance during its service life
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Mixture phases 
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Loose Mixture

Image source: https://www.floridaridesonus.org/learning-center/asphalt-101/Image source: http://asphaltmagazine.com/fix-your-mix/

Field

Laboratory

Mixture phases 
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Compacted Mixture

Image source: https://www.floridaridesonus.org/learning-center/asphalt-101/Image source: http://asphaltmagazine.com/fix-your-mix/

Field compacted Laboratory compacted 
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Volumetric analysis 
Phase Diagram
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ASTM D2041 
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Terminology  
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Scope
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4. Summary of Test Method
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6. Apparatus
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A safety trap is connected 
between the flask and 
the pump. This prevents 
the possible back up of 
water from the aspirator 
to contaminate the 
filtrate.
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7. Sampling
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8. Calibration of Containers
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9. Procedure

Basic General Steps 
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9. Procedure

Method A: Weighing in Water
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51https://www.youtube.com/watch?v=YCyBRvEcdhI
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9. Procedure

Method B: Weighing in Air (Bowl)
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55https://www.youtube.com/watch?v=YCyBRvEcdhI
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9. Procedure

Method C: Weighing in Air (Flask)
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59https://www.youtube.com/watch?v=Qn0WJJN5hXc

ASTM D2041 

60

12. Report 
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Typical values for theoretical maximum specific gravity range from approximately 2.400 to 2.700 
depending on the aggregate specific gravity and asphalt binder content.

ASTM D2041 
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5. Significance and Use
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5.1 
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 The Gmm is a function with 
• Percentage of aggregate (Ps )

• Percentage of binder (Pb ) 

• Effective specific gravity of aggregate (Gse )

• Specific gravity of binder (Gb )
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5.1.1 Maximum specific gravity is used
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(1) in the calculation of air voids in the compacted bituminous paving mixture,

 Air Void  
 The total volume of the small pockets of air between the coated

aggregate particles throughout a compacted paving mixture, 

 Expressed as
 Percent of the total volume of the compacted paving mixture 

 𝑉𝑎 = 100 ×
ீି ீ 

ீ

5.1.1 Maximum specific gravity is used
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2) Determine the Effective Specific Gravity, Gse

 Effective Specific Gravity, Gse

 The ratio of the mass in air of a unit volume of a permeable material 
(excluding voids permeable to asphalt) at a stated temperature to 
the mass in air of equal density of an equal volume of gas-free 
distilled water at a stated temperature.

 The Gse is determined using Theoretical Maximum Specific 
Gravity Gmm later

𝐺௦ =
ೞ

భబబ

ಸ
 ି 

ು್
ಸ್

 Ps = percentage of aggregate by total mix weight

 Pb = percentage of binder by total mix weight

 Ps + Pb = 100 

 Gse = effective specific gravity of aggregate

 Gb = specific gravity of binder
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5.1.1 Maximum specific gravity is used
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3) in calculating the amount of bitumen absorbed by the aggregate

5.1.1 Maximum specific gravity is used
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3) in calculating the amount of bitumen absorbed by the aggregate
 The portion of asphalt

absorbed into the aggregate 
particles.

 Expressed as
 A percentage of the total aggregate 

mass

𝑃𝑏𝑎 = 100 ×
ெ

ெ௦

𝑃𝑏𝑎 = 100 ×
(ீ௦ିீ௦ )

(ீ௦×ீ௦ )
× 𝐺𝑏
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5.1.1 Maximum specific gravity is used
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4) to provide target values for the compaction of paving mixtures

% 𝐶𝑜𝑚𝑝𝑎𝑐𝑡𝑖𝑜𝑛 =  
𝐺𝑚𝑏  𝑜𝑓 𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑐𝑜𝑟𝑒

𝐺𝑚𝑚 𝑎𝑡 𝑂𝐵𝐶 𝑓𝑟𝑜𝑚 𝐽𝑀𝐹

Specific Gravity for Asphalt Mixture
Theoretical Maximum Specific Gravity Gmm

Three specimens prepared at specified binder content

No.1

No.2

No.3

𝐺𝑚𝑚 Specimen No.1

𝐺𝑚𝑚 Specimen No.2

𝐺𝑚𝑚 Specimen No.3

𝐺𝑚𝑚
 𝑚𝑖𝑥 =

 𝐺𝑚𝑚𝑆1 +
𝐺𝑚𝑚𝑆2 + 𝐺𝑚𝑚𝑆3

3
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5.1.1 Maximum specific gravity is used
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5) Backcalculation of Gmm at other binder contents 

 Since Gse is a constant then it can be used to backcalculate Gmm at any asphalt binder content. 

𝐺 @ =
100

𝑃௦
𝐺௦

+
𝑃
𝐺

 Ps = percentage of aggregate by total mix weight

 Pb = percentage of binder by total mix weight

 Ps + Pb = 100 

 Gse = effective specific gravity of aggregate

 Gb = specific gravity of binder

Step C : Preparation of Marshall Specimen
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C-7: Calculate the Gmm at the other trial binder contents (

@ O.B.C - 0.5%

Measured Gmm @ Estimated (O.B.C) ( Step C-6) 

@ O.B.C + 0.5% @ O.B.C +1.0%

Find Gse for the aggregates 

Back-calculate Gmm at the other trial binder contents 

@ O.B.C -1.0%
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