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Type of Aggregate Gradation

Example of mixes
• Dense or well graded:

• Bituminous Concrete (BC)
• Dense Bituminous Macadam (DBM)

• Open graded:
• Bituminous Macadam (BM)
• Open Graded Friction Course 

(OGFC)
• Gap Graded:

• Stone Matrix Asphalt (SMA)
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Type of Mixes  (7 Mixes)
• BC: Grade 1 and Grade II
• SMA: Grade 1 and Grade II
• DBM: Grade 1 and Grade II
• GGRM: Grade II

6

Type of Asphalt Mixes: Indian Conditions

NMAS: Nominal maximum aggregate size
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Types of Bitumen/Asphalt  in India

7

CRMB: Crumb rubber modified bitumen, 
NRMB: Natural rubber modified bitumen

Note: Bitumen/Asphalt is used 
interchangeably
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Traffic and Climatic Conditions
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Shear Strength of Asphalt Mixes

Cohesion: Bitumen Properties

Aggregate interlock

Ref: MS-2 Asphalt Institute

Aggregate shapes, 
angularity, texture, 
sphericity

Bitumen viscosity, 
stiffness, stickiness, 
volumetrics
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Recycled material, Binder, Additives, Fibers, Plastic,
Polymers, Rubber, Rejuvenators, Bio-binders@Dr. D.V.Singh, IIT Bombay, INDIA
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Balanced Mix Design (BMD)

Rutting Cracking
Design for 

Performance
• Optimum Binder Content (OBC) : Lies in Acceptable 

AC Range + Check For Moisture Damage

Mix Aging Traffic Climate

Mix Position in Pavement Structure

A Mix Design is required which

• Using performance tests

• Address multiple modes of distress
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Performance Space Diagram
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Densification through 
irrecoverable PD

Lateral
Shear Flow

Rutting - Longitudinal surface depression in the wheel path

Hump
Wheel Path

Rutting (Deformation)

Wheel Path

• Riding Quality

• Hydroplaning

• Road Safety

• High potential for traffic accidents 

Rutting in Asphalt Pavement
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Initial
Sample

150mm Φ
180mm H

Cored & 
Sawed 
Sample

100mm Φ
150mm H

Flow 
Number

HWTT

• Sample size: 150-mm Dia * 75mm H 

• Hose pressure: 0.69 MPa

• Wheel load: 445 ± 5 N

• Test cycles: 8,000 

• Air void content: 7.0 ± 1.0%

• Test temperature: 50 ± 1°C

APA

• Specimen Size: 150 mm Dia * 100 mm H

• Load Stress: 600 kPa 

• Air void content: 7.0 ± 1.0% 

• Test temperature: 50 ± 1°C

• No cut or gluing;  

• Total time: 2-3 days

• Sample Size: 150 mm Dia * 62 mm H 

• Wheel load: 705 ± 2 N

• Air void content: 7.0 ± 1.0% 

• Test temperature: 50 ± 1°C

• 1 cut per specimen

• Total time: 2-3 days

• Coring and 2 cuts per specimen

• Testing time: 2-3 days

Laboratory Tests: Rutting Resistance of Asphalt Mixes

@Dr. D.V.Singh, IIT Bombay, INDIA
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Hamburg Wheel Tracking Test (HWTT)

• AASHTO T 324

• Specimen Size: 150 mm Dia * 65/95 mm H 

• Wheel load: 705 ± 4.5 N

• Air void content: 7.0 ± 0.5% 

• Test temperature: 60 ± 1°C

• Conditioning Time: 1 Hour (in Water)

Test Conditions

Data Acquisition 
& Control Unit

Testing 
Chamber

Steel Wheel

LVDT

Loaded 
Sample
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Flow Number (FN) Test

• AASHTO TP 79

• Specimen Size: 100 mm Dia * 150 mm H 

• Axial Load: 600 kPa

• Air void content: 7.0 ± 0.5% 

• Test temperature: 50 ± 1°C

• Conditioning Time: 4 Hour (Min.)

Test Conditions

Control Unit & 
Data Acquisition

Testing 
Chamber

Before Test After Test
@Dr. D.V.Singh, IIT Bombay, INDIA
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• Cost: Highly Expensive

• Additional Machinery & Tools:  Saw Cutter and Core Cutter

• Time:  Take significant time 

• Skilled Handling:  Required well expertise to run the tests

• High maintenance cost

• Not practical for being used as QC testing

Limitations and Requirements

Saw Cutter

Core Cutter

Limited Application
@Dr. D.V.Singh, IIT Bombay, INDIA
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Simple Performance Tests  for Evaluating Rutting Resistance

Simplicity
Practicality & 

Efficiency

Good Repeatability

Practical for 
QC/QA

Good Correlation

• Existing Test Setup

• No Additional Tools

• Minimal Training

• Less Testing Time < 3-5 min.

• Existing Performance Tests

• Field Performance

• Differentiate Good &

Poor Performing Mixes

@Dr. D.V.Singh, IIT Bombay, INDIA
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Simple Performance Tests

Loading Rate
(mm/min.)

Air Voids
(%)

Sample DimensionsTemperature

(°C)
Rutting parameterTestAuthor(s) Height

(mm)

Diameter

(mm)

50463.5101.660Marshall StabilityMS
ASTM D6927 
(ASTM 2022b)

507
62.0 (NMAS ≤ 19 mm)
95.0 (NMAS ≥ 25 mm)

150.050IDT StrengthHT-IDT
Christensen & 

Bonaquist (2002)

507
62.0 (NMAS ≤ 19 mm)
95.0 (NMAS ≥ 25 mm)

150.050
Shear Strength

RTIndex
IDEAL-RTZhou et al. (2019)

30463.0
100.0
150.0

60Deformation StrengthKim TestKim et al. (2011)

20765.0100.060Slippage Energy Index (SEI)ASTLi et al. (2016)

12763.5152.450Shear StrengthSPSTFaruk et al. (2015)

MS = Marshall Stability; HT-IDT = High Temperature Indirect Tensile Strength Test; IDEAL-RT = Ideal Rutting Test;

AST = Aggregate Slippage Test; SPST = Simple Punching Shear Test;NMAS = Nominal Maximum Aggregate Size.
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21RTIndex Rutting Resistance    

𝑅𝑇 ௜௡ௗ௘௫ = 𝜏௙ × 6.618 × 10ିହ

𝜏௙ = 0.356 ×
௉೘ೌೣ

௧× 𝑤

𝑃௠௔௫ : maximum load (N)
t: thickness of sample (m)
w: width of loading strip (m)
𝜏௙: Shear stress in (Pa)

Rutting Test: IDEAL-RT

• ASTM D8360
• Specimen Size: 150 mm Dia * 65/95 mm H 
• Loading Rate: 50 mm/min
• Air void content: 7.0 ± 1.0% 
• Test temperature: 50 ± 1°C
• Conditioning Time: 2 Hour (Min.)

@Dr. D.V.Singh, IIT Bombay, INDIA
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• Specimen Size: 150 mm Dia * 65/95 mm H 
• Loading Rate: 50 mm/min
• Air void content: 7.0 ± 0.5% 
• Test temperature: 50 ± 1°C
• Conditioning Time: 2 Hour (Min.)

Test Conditions

HT-IDT (High Temperature-IDT)

𝜎ூ஽் =
2𝑃

𝜋𝐷𝑡

D: Diameter of sample
T: thickness of sample

𝜎ூ஽்: 𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝑡𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ
P = maximum load

𝜎ூ஽் Rutting Resistance    
@Dr. D.V.Singh, IIT Bombay, INDIA
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Indian Practice – Bituminous Mix Design Method

Marshall Stability TestCompacted Samples

@Dr. D.V.Singh, IIT Bombay, INDIA
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Marshall Rutting Test (Marshall-RT)

Marshall Stability Setup IDT Setup

Marshall
Fixture

Marshall
Fixture

IDT
Fixture

IDT
Fixture Marshall

Fixture

IDT
Fixture

Marshall-RT Setup

@Dr. D.V.Singh, IIT Bombay, INDIA
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Marshall StabilityMarshall-RTIDEAL-RT

Failure Pattern in IDEAL-RT, Marshall-RT and Marshall Stability

@Dr. D.V.Singh, IIT Bombay, INDIA
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Marshall Rutting Test (Marshall-RT)

• Specimen Size: 150 mm Dia * 65/95 mm H 

• Loading Rate: 50 mm/min

• Air void content: 7.0 ± 0.5% 

• Test temperature: 50 ± 1°C

• Conditioning Time: 2 Hour (Min.)

Test Conditions

@Dr. D.V.Singh, IIT Bombay, INDIA
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Evaluation Parameters for Marshall-RT
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 𝑊𝑝𝑚 𝑎 𝑥  
= න 𝑃𝑑𝐷

𝐷𝑃𝑚 𝑎 𝑥

0

 

1 = Damage-free zone

2 = Deformation damage zone 

3 = Cracking damage zone

Pmax = Peak Load

𝐷௉೘ೌೣ
= Displacement at Peak Load

𝑊௉೘ೌೣ
= Work done for deformation damage
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Marshall-RT - Results

Correlated with
• Fundamental Test – Flow Number
• Simulative Test – HWTT
• Simple Test – IDEAL-RT
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• RRI = Rutting resistance
index;

• N = No. of wheel passes
to reach 12.5 mm rut
depth or 20000;

• RD = Rut depth at
20000 passes or 12.5
mm for those reaching
12.5 mm rut depth
before 20000 passes

HWT Test

@Dr. D.V.Singh, IIT Bombay, INDIA
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Flow Number of Asphalt Mixes

Minimum Flow 
Number
(Cycles)

Design Traffic 
Level

(Million ESALs)

153

5010

13530

415100

Bonaquist (2010)

Minimum Flow 
Number
(Cycles)

Traffic Level
(Million ESALs)

--< 3

533 to < 10

19010 to < 30

740≥ 30

NCHRP
Project 9-33

@Dr. D.V.Singh, IIT Bombay, INDIA
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IDEAL-RT: Asphalt Mixes

@Dr. D.V.Singh, IIT Bombay, INDIA
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Variability Analysis
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Correlations with Marshall – RT (Pmax)

FN vs. Pmax

HWTT vs. Pmax

IDEAL-RT vs. Pmax

@Dr. D.V.Singh, IIT Bombay, INDIA
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Correlations with Marshall – RT (𝑊௉೘ೌೣ
)

FN vs. 𝑊௉೘ೌೣ
 

HWTT vs. 𝑊௉೘ೌೣ
 

IDEAL-RT vs. 𝑊௉೘ೌೣ
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Suitability of 
Collected Mixes

Marshall-RTIDEAL-RTHWTTMinimum Flow 
Number
(Cycles)

Design Traffic 
Level

(Million ESALs)
𝑊௉೘ೌೣ

(kN-mm)
Pmax (kN)RT Index

Rut Depth 
(mm)

RRI

All Mixes31.736176.8153
All Mixes42.040167.25010

A, B, D, E, G,H, I62.752158.313530
A, G, H, I145.1901011.6415100

Suitability of 
Collected Mixes

Marshall-RTIDEAL-RTHWTTMinimum Flow 
Number
(Cycles)

Traffic Level
(Million ESALs) 𝑊௉೘ೌೣ

(kN-mm)
Pmax (kN)RT Index

Rut Depth 
(mm)

RRI

All Mixes------------< 3
All Mixes42.041167.3533 to < 10

A, B, D, E, G,H, I83.259148.919010 to < 30
I227.8133515.6740≥ 30

35

Threshold Value Different Traffic Levels

Bonaquist (2010)

NCHRP
Project 9-33

Test condition: HWT -60 C steel wheel, IDEAL-RT, Marshall-RT, Flow Number: 50 C (Air voids: 7+/-1%)@Dr. D.V.Singh, IIT Bombay, INDIA
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Marshall Rutting Test (Marshall-RT)

Marshall Stability Setup IDT Setup

Marshall
Fixture

Marshall
Fixture

IDT
Fixture

IDT
Fixture Marshall

Fixture

IDT
Fixture

Marshall-RT Setup
The Marshall-RT test is a simple, practical, and efficient rutting test that can be performed using existing
resources (available loading frames and the jigs in many laboratories) to evaluate the rutting resistance
of asphalt mixtures. @Dr. D.V.Singh, IIT Bombay, INDIA
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