


Mix Design
 Introduction

-In different parts of the world, the term “asphalt” 
has different meanings.
-In Europe, asphalt is synonymous with what is
called Hot Mix Asphalt (HMA) or Asphalt Concrete
(AC) in the U.S.(AC) in the U.S.
-The term “bitumen” in Europe is synonymous with
asphalt, asphalt cement or asphalt binder in the U.S.
-both the aggregate and the asphalt binder must be
heated before mixing—hence the term “hot mix.”



IntroductionIntroduction

Classification Mix
• Dense Graded Mix

• a well-distributed aggregate gradation 
• Commonly used for Binding Layer and wearing Layer 
• Designed By Superpave, Marshall and Hveem

Method 
• Generally up to 5 % air void

• Open  Graded Mix• Open  Graded Mix
• have a large volume of air voids
• (typically 18 to 22 percent) 
• water will readily drain through the pavement layer

• Gap Graded Mix (Stone Matrix Asphalt)
• a high-coarse aggregate content (typically 70 to 80 

percent)
• a high asphalt content (typically more than 6 

percent)
• a high-filler content (approximately 10 percent by 

weight)



IntroductionIntroduction

Mix Design
• to determine the combination of asphalt cement and 

aggregate that will give long-lasting performance as 
part of the pavement structure.

• sufficient asphalt to ensure a durable pavement
• sufficient mix stability to satisfy the demands of 

traffic without distortion or displacement
• sufficient air voids in the total compacted mix to 

allow for a slight amount of additional compaction allow for a slight amount of additional compaction 
under traffic loading

• sufficient workability to permit efficient placement 
of the mix without segregation

• aggregate texture and hardness to provide sufficient 
skid resistance

The final goal of mix design is to select a unique design
binder content that will achieve a balance among all of
the desired properties(durability, impermeability,
strength, stability, stiffness, flexibility, fatigue resistance
and workability ) with specific properties as per site
condition)



IntroductionIntroduction

Mix Design

• The Marshall Mix Design procedure was developed in
the 1930s by Bruce Marshall of the Mississippi Highway
Department.

• Types
• Marshall
• Hveem
• Superpave• Superpave



General Step of Mix DesignGeneral Step of Mix Design

Field Verification testing



Understanding Before Design

Fig. Phase Diagram



Understanding Before Design

V a = Volume of Air
V b = Volume of bitumen
V be = effective Volume of bitumen
VMA= Void in Mineral Aggregate
V ba = Volume of absorb bitumen
V sb =Bulk Volume of Aggregate
V se = Effective Volume of AggregateV se = Effective Volume of Aggregate
V mb = Bulk Volume of Mix 
V mm = Volume of Aggregate and binder



Step wise design Procedure

1. Material Selection and General requirement

a.) Bitumen

• Penetration Grade 
• Viscosity Grade ( See Table 1 )
• Performance Grade ( Superpave)
• Modified Bitumen 

b.) Aggregate ( Fine + Course )b.) Aggregate ( Fine + Course )
• The coarse aggregates shall consist of crushed

rock, crushed gravel or other hard material retained
on 2.36 mm sieve.

• They shall be clean, hard, and durable, of cubical
shape, free from dust and soft or friable matter,
organic or other deleterious substances.

• Use of Anti-Striping agent ( Striping Value test)
• See Table 2



Material Requirement- Bitumen

Table 1



Table 2



Coarse Aggregate Requirement
Property Test Specification Method of Test
Deleterious
materials:

Cleanliness
(dust)

Grain size analysis Max 5% passing 0.075 mm
sieve

IS:2386 Part I

Toughness/St
rength

Los Angeles Abrasion
Value or

Aggregate Impact Value

DBM : Max 35%

BC : Max. 30%

DBM: Max 27%
IS:2386 Part IV

BC : Max. 24%
Durability Soundness either: Sodium

Sulphate or

Magnesium Sulphate

Max 12%

Max 18%

IS:2386 Part V

Polishing Polished Stone Value Min 55 BS:812-114
Water
Sensitivity

Retained Tensile Strength* Min 80% AASHTO 283

Water
Absorption

Water Absorption Max 2% IS:2386.Part Ill

Stripping Coating and Stripping of
Bitumen Aggregate Mix

Minimum retained coating
95%

IS: 6241



Gradation Requirement
Composition for BC DBM

Nominal Maximum 
aggregate size(NMAS)

13.2 mm 19 mm 26.5 mm 35.5 mm

Gradation Type (Ref. Table1.1)
IS Sieve (mm) Cumulative % by weight of total aggregate passing

45 100
37.5 100 95-100

26.5 100 90-100 63-93

19 100 90-100 71-95 -
13.2 90-100 59-79 56-80 55-75

9.5 70-88 52-72 - -
4.75 53-71 35-55 38-54 38-54

2.36 42-58 28-44 28-42 28-42

1.18 34-48 20-34 - -
0.6 26-38 15-27 - -
0.3 18-28 10-20 7-21 7-21

0.15 12-20 5-13 - -
0.075 4-10 2-8 2-8 2-8



Filler Material Requirement

• Filler should consist of finely divided mineral matter 
such as rock dust, hydrated lime or cement. 

• The filler should be free from organic impurities and 
have a plasticity Index not greater than 4 ( For Dust)

• Where the mix fail to meet the requirements of the
water sensitivity test (80% as min. retained tensile
strength, AASHTO T283) , then 2 percent by total
weight of aggregate, of hydrated lime should be used
and percentage of fine aggregate reduced accordingly.and percentage of fine aggregate reduced accordingly.

Grading Requirements for Mineral Filler

IS sieve (mm) Cumulative Percent Passing by Weight of 
Total Aggregate

0.6 100

0.3 98-100

0.075 85.-100



Real Case of Filler Material ( Stone Dust )

Sieve Size mm
% Passing

19 down 10 down Dust Sand

19.0 100 100 100 100
12.5 28.4 100 100 100
10.0 2.7 94.7 100 99.6
4.75 0.2 2.6 99.6 87.1
2.00 0.2 1.5 77.2 77.6

0.2 1.4 30.5 29.40.425 0.2 1.4 30.5 29.4
0.180 0.1 1.4 18.4 9.4
0.075 0.1 0.7 11.4 4.6

Provided dust is not a dust it is a crushed fine aggregate



Marshall Mix Design

Step 1

• Selection of Materials 
• 40 down, 26 down, 20 down, 10 down, 4.75 down , 

dust , bitumen ( Types)
• Test the requirement as above
• Specific Gravity test of Aggregate, fine aggregate, 

bitumen, filler
• Sieve Analysis of aggregate , fine aggregate, filler• Sieve Analysis of aggregate , fine aggregate, filler



Marshall Mix Design

Step 2 Aggregate Blending / Job mix

- Use hit and trail method ( Spread Sheet)
- Bailey Method
- Programing based method

Sive size(mm) 26 down Agg
10 down 

Agg
Crushed 
fine agg Total Specification Limit

30 (%) 25 (%) 45(%)30 (%) 25 (%) 45(%)

37.5 30.0 25.0 45.0 100.0 100
26.5 26.4 25.0 45.0 96.40 90-100
19.0 8.5 25.0 45.0 78.53 71-95

13.20 1.3 24.7 45.0 70.96 56-80
4.75 0.6 4.3 36.4 41.31 38-54
2.36 0.0 3.1 30.9 33.94 28-42
0.3 0.0 1.8 11.6 13.39 7-21

0.075 0.0 0.3 3.1 3.36 2-8



Marshall Mix Design- Step 2 Continue…

Step 2 Aggregate Blending / Job mix

Excel Sheet 



Marshall Mix Design- Step 2 Continue…

After Job Mix 
-Take around 1200 Gram of Pre heated Mix Aggregate and
take pre heated bitumen of different percentage by weight
of Mix Aggregate .
- Different percentage range form 4% to 6.5% each 

increment of .5 % ( binder content)
- Mix the mixture by Mixture Equipment or Manually .
- Mixing Temperature should be equal to the temperature 

at which binder has a viscosity of 170 ± 20 mm2/s ( .17±
.02 Pa.s) Generally 160 to 165 ◦ C . Heating should not be 
at which binder has a viscosity of 170 ± 20 mm /s ( .17±
.02 Pa.s) Generally 160 to 165 ◦ C . Heating should not be 
greater than 177 ◦ C .

- Now prepare pre heated mould ( 90 to 143 ◦ C) and fill up 
mould with mix and compact immediately in compaction 
apparatus. The compaction temperature should be equal 
to the temperature at which binder has viscosity of 280 
± 30 mm2 /s( .28± .03 Pa.s) Generally 145 to 150 ◦ C

- 1 cSt = 1 mm2·s−1 ( Kinematic Viscosity)
- Compaction should carried out with 50 or 75 blows on 

each side as per specification. And cool it to the room 
temperature around 4 to 5 hrs.



Marshall Mix Design- Step 2 Continue…

Mixture machine



Marshall Mix Design- Step 2 Continue…

Compaction machine



Marshall Mix Design- Step 2 Continue…

Mould and Sample



Step 3. Volumetric Analayis

Marshall Method Criteria1

As per MS-2
As per DOR 

Specification

Light Traffic2

Surface & Base
Medium Traffic2

Surface & Base
Heavy Traffic2

Surface & Base
Viscosity Grade 
Paving Bitumen

Min Max Min Max Min Max Min Max

Compaction, number of blows
each end of specimen

35 50 75 75

Stability, N
3336 - 5338 - 8006 - 9000 -

Flow3,4, 0.25 mm (0.01 in.) 8 18 8 16 8 14 8 16Flow3,4, 0.25 mm (0.01 in.) 8 18 8 16 8 14 8 16

Percent Air Voids6 3 5 3 5 3 5 3 5

Percent Voids in
Mineral Aggregate (VMA)5

NMAS, mm
Minimum VMA, percent

3.0 4.0 5.0

13.2 13 14 15

19 12 13 14

26.5 11 12 13

37.5 10 11 12

Percent Voids Filled With Asphalt (VFA) 70 80 65 78 65 75 65 75



Step 3 Volumetric Analysis Continue..



Step 3 Volumetric Analysis Continue.. Air Void

Determination of G mb ( Bulk Specific Gravity) in 
Laboratory

where:

A = dry mass of the specimen in airA = dry mass of the specimen in air

B = saturated surface-dry (SSD) mass of the specimen in air

C = mass of the specimen in water at 25°C



Step 3 Volumetric Analysis Continue.. Air Void

Determination of G mb ( Bulk Specific Gravity) in 
Laboratory



Step 3 Volumetric Analysis Continue.. Air Void

Determination of G mm (maximum specific gravity of 
paving mixture) in Laboratory (ASTM D 2041)

where: Gmm = maximum specific gravity of the mixture, 
A = mass of dry sample in air, g, 
B = mass of bowl under water, g, 
And
C* = mass of bowl and sample under water, g 

• The sample should be free from air voids by Specific 
Gravity meter equipment

• Average of More than Two Sample





Step 3 Volumetric Analysis Continue.. Air Void

Now Calculate the effective specific gravity (G se)



Step 3 Volumetric Analysis Continue.. Air Void

Calculation of the Maximum specific gravity (G mm)of 
paving mixture of different binder Contents



Step 3 Volumetric Analysis Continue.. Air Void

Calculation of the Maximum specific gravity (G mm)of 
paving mixture of different binder Contents



Step 3 Volumetric Analysis Continue.. Air Void

Calculation of the % Air Voids of sample (P a)

Where, 
G mm = Maximum Specific Gravity of Sample  
G mb = Bulk Specific Gravity of Binder

* AS binder Content increase G mm Always 
decreases..Why??



Step 3 Volumetric Analysis Continue.. Air Void

Calculation of the Voids in Mineral Aggregate ( VMA) of 
sample

Where, 
G sb = combine Specific Gravity of Aggregate 
G mb = Bulk Specific Gravity of Binder

* Analysis ??



Step 3 Volumetric Analysis Continue.. Air Void

Calculation of the Voids fill with Asphalt ( VFA) of sample

Where, 
P a = Percentage Air Voids % 
G mb = Bulk Specific Gravity of Binder

* Analysis ??



Step 4 Stability and Flow Value 

-Marshall testing machine conforming to ASTM D6927
- Specimens dia 101.6 mm , height -63.5 mm
- For modified dia 152.4 mm, height 95.2 mm
-After determination of bulk specific gravity,  

• Measure the height of sample ( required for 
correction)

• Immerse specimen in water bath 60O C ± 1O C for 
30 to 40 minutes 

• Use automatic recording device• Use automatic recording device
• Testing  head maintained temperature at  21.1 to 

37.8 C
• Zero reading and Apply load at the rate of 51 mm 

deflection per minutes
• Records the maximum stability value and flow value
• Complete all action with in 30 seconds 
• Stability correction as per height different then 63.5 

mm  



Step 4 Stability and Flow Value Continued



Step 4 Stability and Flow Value Continued



Step 4 Stability and Flow Value Continued

-Use  Stability correction Chart as per thickness of sample( 
page No.86 of MS 2)
-Use correction in flow value in case of automatic reading
devices ( For analog system correction is not required
depending up on experience )



Step 5 Analysis on different parameters with respect to binder Contents

- Bulk Density(G mb ) increase with increase in Binder 
Content ( Pb) – Voids fill with binder –slightly reduces the 
volume- increase in mass pag e44

- For filled void the volume increases thus slightly reduce 
in Bulk density (G mb) 

• As binder content increase Theoretical Maximum
Gravity( Gmm) always decrease because of higher
specific Gravity of aggregate rather than binder

• Air Voids (Pa) always decrease with increase in binder• Air Voids (Pa) always decrease with increase in binder
content

• Percentege void in mineral aggregate (VMA) initially
drecrease and than increase as increase in binder
contents (page no 85)

• % Void filled with asphalt (VFA) is always increase with
increase in binder content

• Stability Value increase up to maximum and then
decrease with increase in binder contents

• Flow Value continuously increase with increase in binder
content





Step 6 Optimum Binder Selection

- From graph between binder content and air void find the 
optimum binder content for 4% air voids

- After finding Binder content than find other parameters 
- Parameters ( density, stability, VFA, VMA, Flow ) as per 

specification limit 
- If not meet repeat the test 
- Repetition and experience –leads accurate design



Modified Marshall method 

-Generally aggregate size more than 25mm up to 38 mm
- Less deviation in data 
- Hammer weight 10.2 kg (4.5 Kg non modified )
- Specimen  dia 152.4 mm (101.6 mm non modified)
- Height 92.5 mm (63.5 mm)
- No of blows (1.5 times than non modified)i.e 75 or 112 

each side
- Minimum stability 2.25 times , Flow value 1.5 times
- Stability correction factor as per thickness is different - Stability correction factor as per thickness is different 



Design Criteria as per MS 2



Excel Sheet Exercise  

Water Sensitivity- % air void more than 8%-
stripping effect-adhesion failure between binder 
and aggregate
Tensile Strength Ratio more than 80%

Treatment hydrated lime or cement 2%-3%




