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Asphalt Concrete3

Asphalt concrete, or hot-mix asphalt (HMA), is produced by 
mixing asphalt binder and aggregates at high temperatures and 
compacting them on the road.

The objective of the asphalt concrete mix design process is to 
provide resistance of the pavement to:

• Permanent deformation under traffic stresses, especially at high temperatures

• Fatigue cracking under repeated loadings

• Low-temperature contraction-induced thermal cracking

• Hardening or aging during production in the mixing plant and in service

• moisture-induced damage & skid resistance

• Workability, to reduce the effort needed during mixing, placing and compaction

Typical design asphalt contents range from 4% to 7% by weight 
of total mix
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https://www.youtube.com/watch?v=iVg8uJ1b5Go
https://www.youtube.com/watch?v=G8hrchzKh3U
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1. Aggregate Evaluation
✓

✓

✓

✓
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2. Asphalt cement evaluation
•

3. Specimen preparation

•

•

•

𝐺𝑚𝑚
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4. Marshall Stability and Flow Measurement
•

•

•

5. Density and Voids Analysis
•

6. Design Asphalt Content Determination

•
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Density and Void Analysis
•

•

•

✓ Voids in Total Mix) (VTM) 

Marshall Mix Design



Asphalt Concrete Mix Design13

✓ Voids Filled with Asphalt (VFA)
✓ Voids in the Mineral Aggregate (VMA)

•

• 𝐺𝑚𝑏
•

•

•

𝐺𝑚𝑏 =
𝐴

𝐵 − 𝐶
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• 𝐺𝑚𝑚

• 𝐴
• 𝐷
• 𝐸

• 𝐺𝑚𝑚
𝐺𝑚𝑚

𝐺𝑚𝑚 =
𝐴

𝐴 + 𝐷 − 𝐸
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•

•

• 𝐺𝑚𝑚
• 𝑃𝑠
• 𝑃𝑏
• 𝐺𝑠𝑒

• 𝐺𝑚𝑚

• 𝐺𝑚𝑚

𝐺𝑠𝑒 =
𝑃𝑠

100
𝐺𝑚𝑚

−
𝑃𝑏
𝐺𝑏

𝐺𝑚𝑚 =
100

𝑃𝑠
𝐺𝑠𝑒

+
𝑃𝑏
𝐺𝑏
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VTM =
𝑉𝑣

𝑉𝑚
× 100 = 100(1 −

𝐺𝑚𝑏

𝐺𝑚𝑚
)

VFA =
𝑉𝑏𝑒

𝑉𝑏𝑒+𝑉𝑣
× 100 = 100(

𝑉𝑀𝐴−𝑉𝑇𝑀

𝑉𝑀𝐴
)

VMA =
𝑉𝑉+𝑉𝑏𝑒

𝑉𝑚
× 100 = 100(1 −

𝑃𝑠

𝐺𝑠𝑏
)

Density and Void Analysis
𝑽𝒐𝒊𝒅𝒔 𝒊𝒏 𝑻𝒐𝒕𝒂𝒍 𝑴𝒊𝒙

𝑽𝒐𝒊𝒅𝒔 𝑭𝒊𝒍𝒍𝒆𝒅 𝒘𝒊𝒕𝒉 𝑨𝒔𝒑𝒉𝒂𝒍𝒕

𝑽𝒐𝒊𝒅𝒔 𝒊𝒏 𝑴𝒊𝒏𝒆𝒓𝒂𝒍 𝑨𝒈𝒈𝒓𝒆𝒈𝒂𝒕𝒆

• 𝐺𝑠𝑏
•

Asphalt Concrete Mix Design
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Density and Void Analysis – Example 1
•

𝑀𝑔 𝑚

𝑉𝑚 𝑚

➢
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Density and Void Analysis – Example 1

𝑉𝑏 =
0.122

1.023
= 0.119𝑚3

𝑉𝑠 =
2.319

2.755
= 0.842𝑚3

𝑉𝑠 = 𝑉𝑚 − 𝑉𝑠 − 𝑉𝑏

𝑉𝑠 = 1 − 0.842 − 0.199 = 0.039𝑚3

𝑉𝑏𝑒 𝑉𝑏 𝑉𝑠

𝑉𝑣
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Density and Void Analysis – Example 1

𝑉𝑇𝑀 =
𝑉𝑣
𝑉𝑚

× 100 =
0.039

1.00
× 100 = 3.9%

𝑉𝑀𝐴 =
𝑉𝑣 + 𝑉𝑏𝑒
𝑉𝑚

× 100 =
0.039 + 0.119

1.00
× 100 = 15.8%

𝑉𝐹𝐴 =
𝑉𝑏𝑒

𝑉𝑏𝑒 + 𝑉𝑣
× 100 =

0.119

0.119 + 0.039
× 100 = 75%
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Volumetric Relationships used for asphalt mix design 
analysis – Example 2

𝐺𝑚𝑏
𝐺𝑚𝑚

𝐺𝑠𝑏

Solution

𝑉𝑇𝑀 = 100 1 −
𝐺𝑚𝑏
𝐺𝑚𝑚

= 100 1 −
2.457

2.598
= 5.4%

𝑉𝑀𝐴 = 100 − 𝐺𝑚𝑏
𝑃𝑠
𝐺𝑠𝑏

= 100 − 2.457
100 − 5.9

2.692
= 14.1%

𝑉𝐹𝐴 = 100
𝑉𝑀𝐴 − 𝑉𝑇𝑀

𝑉𝑀𝐴
= 100

14.1 − 5.9

14.1
= 61.7%
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•

𝐺𝑏

𝐺𝑠𝑏 𝐺𝑚𝑚

•

•
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𝐺𝑠𝑒 =
𝑃𝑠

(
100
𝐺𝑚𝑚

−
𝑃𝑏
𝐺𝑏

=
100 − 5

100
2.470

−
5

1.031

= 2.666

𝐺𝑠𝑒 =
100

(
𝑃𝑠
𝐺𝑠𝑒

−
𝑃𝑏
𝐺𝑏

=
100

100 − 4.0
2.666

+
4.0
1.031

= 2.51

𝑉𝑇𝑀 = 100 1 −
𝐺𝑚𝑏
𝐺𝑚𝑚

= 100 1 −
2.360

2.51
= 5.86%

• 𝐺𝑠𝑒 𝐺𝑚𝑚

• 𝐺𝑠𝑒 𝐺𝑚𝑚

•
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𝑉𝑀𝐴 = 100 − 𝐺𝑚𝑏
𝑃𝑠
𝐺𝑠𝑏

= 100 − 2.360
100 − 4

2.696
= 16%

𝑉𝐹𝐴 = 100
𝑉𝑀𝐴 − 𝑉𝑇𝑀

𝑉𝑀𝐴
= 100

16.0 − 5.86

16.0
= 63.3%
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Quiz 730



Thank You!!!
31
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