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WHAT CAN YOU EXPECT AS A TAKE AWAY?

• Classification of Materials Quality from Pavement Evaluation

• Mix Design Components
• Classes
• Dealing with RA (= RAP)
• Specimen Compaction (New)
• Test Methods (New)
• Revised Limits (New)

• Link to Structural Design

BITUMEN STABILISATION AGENTS
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Managing RAP

BSM Foam

Rubbelized RAP

HMA

10 - 50
15-70

10-40

0-100

0

20

40

60

80

100

USA EU 3rd World ALL

%RAP: HMA                        BSM

Material Costs = 70% of Pavements Costs 

BSM Costs are 20% to 45% < Asphalt Costs 

MATERIAL CLASSIFICATION FROM DIVERSE TESTING
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MIX DESIGN IMPROVEMENTS

ITS

Triaxial

  

     Class ITS Limits 
ITS

DRY
 (kPa) ITS

WET
 (kPa) 

BSM1 > 225 > 125 
BSM2 > 175 > 100 

Unstabilized
Material

GRADING

Px(%) = 
dx

Dmax

___ 
n

n = 0.5   Fuller
n = 0.45 Nijboer

(tightest packing)

GRADINGS – KEY FEATURES
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GRADING – DRY AND WET

Dry = Unwashed grading on air dried material 

Wet = Washed grading on air dried material 

Comparison of washed and unwashed grading 
tests provides insight into filler properties:
- Dry grading indicates available filler for BSM
- Wet grading indicates extra cohesive filler might not 

be released during mixing e.g. sticking to large 
aggregate

BLENDING OF MATERIALS PLASTICITY

3 mm

Moisture 
Content

Plastic 
Limit 

Liquid 

or

Plastic Solid  

Liquid 
Limit Behaviour 

Type

PI = Plasticity Index

Semi-
Solid

SL
Shrinkage 
Limit
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BSM COMPONENT REQUIREMENTS
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COMPACTION: MAXIMUM DRY DENSITY

Dry 
Density

d (kg/m3)

Moisture Content (%)

dry = bulk / (1+MC)

OMC=x%

Max d

AGGREGATE DURABILITY DURING COMPACTION

Maximum Breakdown Coefficient = 20

Dry 
Density

d (kg/m3)

Moisture Content (%)
OMC (%)

Max d

OMC (%)

Max d

ZAV

Compact 0.5 to 1.5% <OMC
DD=(1-Va/V).1000/(1/Gs+w)

COMPACTING GRANULAR MATERIAL

FOAMING CHARACTERISTICS

Purpose
Specifications 
Bitumen Type (70/100)
Testing
• Different water contents
• Different temperatures
• Measurement 
 Expansion
 Half Life

FOAMED BITUMEN CHARACTERISTICS

Half-life 
- time (seconds) for the foam to collapse to half of

its  maximum volume
- measure o the stability of the foam

Expansion Ratio 
– maximum volume of foam relative to the original 

volume of bitumen
– a measure of the viscosity of the foam
– indicates how the bitumen will disperse
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Water addition (% by mass of bitumen)
1 2 3 4
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Optimum foaming 
water content

FOAMING CHARACTERISTICS MIXING PROCESS

1. Prepare WLM 30
2. Material Temperature

- Binder at selected temp
- Aggregate at 250C

BSM-foam Mixing

BSM-foam MixingMIXING PROCESS

1. Prepare WLM 30
2. Material Temperature
3. Add Filler

- Mix for 30 secs dry

MIXING PROCESS

1. Prepare WLM 30
2. Material Temperature
3. Add Filler
4. Add Water to Achieve Fluff Point

- 60% of OMC for mixing

BSM-foam Mixing

MIXING PROCESS

1. Prepare WLM 30
2. Material Temperature
3. Add Filler
4. Add Water to Achieve Fluff Point 
5. Add Foamed Bitumen WLB 10S 

- Set mass bitumen %
- Start mixer
- Add foamed bitumen
- Mix for 45 secs

BSM-foam Mixing MIXING PROCESS

1. Prepare WLM 30
2. Material Temperature
3. Add Filler
4. Add Water to Achieve Fluff Point 
5. Add Foamed Bitumen WLB 10S 
6. Add Water to OMC

- Mix for 30 secs

BSM-foam Mixing

Nozzle: 2.5mm jet for 100g/s  2.0mm jet for 50g/s
Fan nozzle: 60/40 for WLM30 (70/30 is too wide) Check! 
Extension nozzle for foaming into bucket
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MIXING PROCESS

1. Prepare WLM 30
2. Material Temperature
3. Add Filler
4. Add Water to Achieve Fluff Point 
5. Add Foamed Bitumen WLB 10S 
6. Add Water to OMC
7. Ready for Compaction

BSM-foam Mixing

26

How many ITS tests come from one mix?

Active Filler Addition

Standard % Bitumen e.g. 2.2%

Stabilisation Mix Designs

DRY

0%0%

WET

0%0%

0%0%

6 x 3.3= 20 kg
+extras = 26 kg

DRY

1% L1% L

WET

1% L1% L

1% L1% L

1 mix = 26 kg

1% C1% C

1% C1% C

1% C1% C

DRY WET

1 mix = 26 kg

 Bitumen addition (%) 2.2 2.2 2.2
 Type / amount of active filler (%) 1% Lime None 1% Cement
 Moulding moisture content (%) 8.5 8.4 8.5

(kPa) 267 243 259
 Moisture content at break (%) 2.5 2.4 2.5
 Dry density (kg/m3) 2248 2257 2248
 Temperature at break (°C) 24.9 25.1 24.9
 Displacement (mm) 2.3 2.1 1.7

(kPa) 184 58 126
 Moisture content at break (%) 6.1 6.3 6.1
 Dry density (kg/m3) 2247 2254 2247
 Temperature at break (°C) 25.0 24.9 25.0
 Displacement (mm) 3.1 2.8 2.3

TEST RESULTS
ITSDRY

ITSWET

Active Filler Selection

Guidelines for estimating Optimum Bitumen Addition 

Fraction < 
0.075mm (%)

Bitumen addition
(% by mass of dry 

aggregate) Typical material
Fraction < 4.75mm

< 50% >50%
< 4 1.8 2.0 Recycled asphalt (RA)

4 – 7 2.2 2.4 RA / Graded crushed stone /
Natural gravel / blends7 – 10 2.4 2.6

> 10 2.6 3.0 Gravels / sands

2.2
1.8 2.0 2.4

Select bitumen addition range

2016/05/09 Advanced Cold Recycling: Part 5 - Material stabilisation 29

How much bitumen should be added for effective stabilisation ?

i.e. a “Mix Design”
Bitumen addition

Test specimens with varying bitumen quantities

Specimens  “cured” for 3 days (moisture loss)

Indirect Tensile Strength (ITS)

Soak half the specimens in water for 24 hours

Stabilisation Mix Designs

2% 2.2% 2.4%1.8%

2% 2.2% 2.4%1.8%

INFLUENCE OF ACTIVE FILLER

STRENGTH VS FLEXIBILITY
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Field
(Vibro)

Lab 
(Vib.Ham)

Lab 
(Mod.Proc)

Frequency (Hz) 50 – 65 15 – 30 1

Amplitude (mm) 0.4 – 1 3 – 5 457.2

Frequency – vpm (hz) 

Impacts over time

Amplitude - mm

Amplitude

Vibrating
Hammer

Padfoot
Dynamic Roller

Drop Weight
Hammer

MIX DESIGN: SPECIMEN IMPROVEMENTS

32

OVEN CURING

Conditioning test specimens

CRITICAL

33

OVEN CURING

Allow to cool to 25°C in a temperature controlled room

2.  After 72 hours, remove one specimen from the oven and weigh it

1.  Place in a forced draft oven for 72 hours at 40°C

ITS Specimens

Minimum spacing of 25mm between specimens

3.  Place back in the oven for a further 4 hours
4.  After 4 hours, re-weigh the same specimen

5.  If the mass is the same, take all specimens out of the oven

Continue from Step 4 until mass remains constant
6.  If the mass reduces, place back in oven for a further 4 hours

Submerge the specimens under 25mm of water 
7.  Place half the specimens (3) in a water bath at 25°C for 24 hours

September 22, 2021 34

INDIRECT TENSION STRENGTH (ITS) TEST

Load 
(kN)

Displacement 
(mm)

Displacement Controlled
(50±5 mm/min)

Max. Load

September 22, 2021 35

A
B

C

t = 2 F/ h D

D = diameter
h = thickness
F = force

STRESS CONDITIONS FOR INDIRECT TENSION STRENGTH TEST

h

c = - 3 t

c

+

-

+

v

+

F

F

Stresses down centreline
of ITS specimen

tt

c

1   3

Tension   Compression

Test at 250C

c

t=0t=0

c

A2
A3

September 22, 2021 36

FAILURE IN AN INDIRECT TENSION STRENGTH TEST

Sample doesn’t only fail in tension 
but also in shear and compression !
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ITS – PRIMARY ANALYSIS OF BSM MIX 
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Selection of BSM Bitumen Content

1.8Dry 1.8Wet 2.0Dry 2.0Wet 2.2Dry 2.2Wet 2.4Dry 2.4Wet
Bitumen % 1.8%       I 2.0%       I 2.2% I     2.4%

D D D

Dry

Wet

DW W W W

Active filler

Interface between: 
Aggregate and bitumen 
Aggregate and water

Water
Meniscus in voids

Bitumen
Flexible, Durable Spotwelds

ITS TO TACKLE NUMEROUS VARIABLES 

Notes
Active filler selected
Sensitivity analysis of BC 
Plot 90th & 10th Percentile

Design BC = Highest BC for
ITS (WET or DRY)

225 kPa

125 kPa

MIX DESIGN IMPROVEMENTS - TRIAXIAL TEST

Confining Pressure
0 kPa 50 kPa

100 kPa 200kPa
Test at 250C

40

OVEN CURING

Allow to cool to 25°C in a temperature controlled room for 24 hours

2.  After 8 hours, wrap in cling wrap (or place in a sealed bag)

1.  Place in a forced draft oven for 8 hours at 40°C

Triaxial Specimens

Conditioning test specimens

Minimum spacing of 25mm between specimens

3.  Place specimens back in oven for a further 48 hours

4.  After 48 hours remove all the specimens from the oven

Submerge under 25mm water in a bath at 25°C for 24 hours
5.  Remove the wrapping from 2 specimens and place under water

Do not remove the wrapping from 8 specimens until immediately before testing

Specimen Pairs 
Tested at 4 different confining pressures

0kPa 50kPa 100kPa 200kPa

100kPa

Soaked

100kPa

Soaked

Stabilisation Mix Designs

for 24 hours
Outlier
Test for
Density





Shear 
stress 
(kPa)

Normal 
stress 
(kPa) 

Cohesion

Friction 
angle

UNBOUND
σ1

σ3

0 50 100 200

TRIAXIAL TEST @ EQUILIBRIUM MC – MOHR COULOMB PLOTS 

Class RA (%)
Cohesio
n (kPa)

Friction
Angle
(0)

BSM 1 < 50% 250 40
50 – 100% 265 38

BSM 2 < 50% 200 38
50 – 100% 225 35

37 38
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Shear 
stress 
(kPa)

Normal 
stress 
(kPa) 

Cohesion

Friction 
angle

UNBOUND

BSM

σ1

σ3

0 50 100 200

@250C

σ3

σ1

TRIAXIAL TEST @ EQUILIBRIUM MC – MOHR COULOMB PLOTS 

Class RA (%)
Cohesio
n (kPa)

Friction
Angle
(0)

BSM 1 < 50% 250 40
50 – 100% 265 38

BSM 2 < 50% 200 38
50 – 100% 225 35

FAILURE ENVELOPE EQUATION

PLOT

CALCULATE

1TP

3 (kPa)

A

B

0 50 100 200

EFFECT OF MOISTURE REDUCTION (DRY BACK)





Shear 
stress

Normal 
stress

Cohesion

Friction 
angle

UNBOUND

Granular @ 50% OMC

σ1

σ3

σ1

σ3

Granular @ OMC+

MIX DESIGN FEEDS INTO PAVEMENT DESIGN 

Design Life for 10mm rut

DSR = 
Actual
Max

Contours from 
Research





Shear 
stress 
(kPa)

Normal 
stress 
(kPa) 

250


BSM1

σ1

σ3

265

200
225


BSM2High 

%RAP
Low 
%RAP

Friction 
angle

 
Class 

 
RA (%) 

           Triaxial 
Cohesion  

(kPa) 
Friction 
Angle (0) 

Retained. C  
(%) 

BSM 1 
< 50%       250         40        75 

50 – 100%       265         38        75 

BSM 2 
< 50%       200         38        65 

50 – 100%       225         35        75 
 

GUIDELINES FOR TRIAXIAL: SHEAR PARAMETER LIMITS (+ RAP) TRIAXIAL ANALYSIS OF MOISTURE DAMAGE

Retained Cohesion Spec



Shear 
stress

Normal 
stress 

CBSM

Cohesion

Friction 
angle

Retained Cohesion RetC (%) = RetC*100/CBSM

Effect of 
Moisture

Cohesion Loss (%) = 100 - RetC

Class
RA (%)

Retained. C

(%)

BSM 1 < 50% 75
50 – 100% 75

BSM 2 < 50% 65
50 – 100% 75

LABORATORY TRAINING COURSE: 4 DAYS
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Traffic:      High to Medium                       Medium to Low        
Aggregate: CBR > 80%  Bearing Capacity CBR > 40%

GCS & RAP      Source Crushed Gravel & some RAP
BSM mix:   High      C,  and Ret.C Moderate           

BSM 1                                              BSM 2

Links to Structural Design

SUMMARY                  (BASED ON > 350 MIX DESIGNS)
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STRUCTURAL
DESIGN

THE  
MIX

CLASSIFICATION

SUMMARY

THANK YOU!                           

kjenkins@sun.ac.za
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