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TOPICS
WHY RECYCLE ?  WHY STABILISE ?

PAVEMENT REHABILITATION BY RECYCLING

BITUMEN STABILISED MATERIALS (BSMs)

= THE ANSWER TO THE MAIDENS PRAYER





THE RECYCLING CONCEPT
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Technology
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Critical elements

REHABILITATION 
REQUIREMENTS

INVESTIGATIONS

Material Design





FWD SURVEYSFWD SURVEYS

Load impulse: 57,5 kN or 11,5 t axle load
Impulse duration: 15 to 45 msec

Falling weight Bearing plate: 300 mm diameter

Geophone for load impulse and deflection measurements

h2; E2

h3; E3

Em

h1; E1



Pavement Composition
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Critical elements

REHABILITATION 
REQUIREMENTS

INVESTIGATIONS

Material Design

PAVEMENT 
DESIGN



LAYER THICKNESS

Effect of stabilising thick layers

LaminatedUn-laminated

t3



PAVEMENT MODELING

Layer definition

t1, � 1, MR1

t3, � 3, MR3

t2, � 2, MR2

Multi layer linear-elastic theory

t4, � 4, MR4

DEFLECTIONS / STRESSES / STRAINS

Pavement structure / material characteristics



Critical elements

CONSTRUCTION 
QA REHABILITATION 

REQUIREMENTS

INVESTIGATIONS

Material Design

PAVEMENT 
DESIGN



The Recycling OperationThe Recycling Operation
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Cementitious stabilising agents
• Introduces rigidity to a flexible pavement

• Shrinkage cracks inevitable

• Degradation due to carbonation

• Fatigue degradation (cracking) from traffic loading

• Protection from crushing / crack propagation• Protection from crushing / crack propagation

Why bitumen stabilisation?

• Not prone to cracking

• Allows early trafficking

• Maintains flexibility in a flexible pavement



WHAT IS A BITUMEN 
STABILISED MATERIAL ??

Granular material treated with either:

� Bitumen emulsion (BSM -emulsion) or� Bitumen emulsion (BSM -emulsion) or

� Foamed bitumen (BSM-foam)

IT IS NOT AN ASPHALT !!



TG2 : 2nd EDITION

BITUMEN 
STABILISED 
MATERIALS

Published in
South Africa 

by
Asphalt Academy

(CSIR / SABITA)

May 2009



PRODUCTION 
METHODS 

Acid or
Caustic Soda

Surfactants

BITUMEN EMULSION

Colloidal Mill

Mill

Surfactants

Water BitumenWaterWater

5 microns



BITUMEN DISPERSION: EMULSION
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PRODUCTION 
METHODS 

FOAMED BITUMEN

Acid or
Caustic Soda

Surfactants
Hot 

bitumen

Expansion chamber

BITUMEN EMULSION

Colloidal Mill

Mill

Surfactants

Water BitumenWaterWater

5 microns

Water

bitumen

Air









BITUMEN ADDITION SYSTEMBITUMEN ADDITION SYSTEM



BITUMEN DISPERSION: FOAM

� 100� C

Thin bitumen film around steam

� 20� C

Tiny bitumen “splinters”

Particles < 0.075 mm 
(# 200 sieve)

� 100� C
� 20� C



NonNon--stickstick





NONNON--CONTINUOUSLY BOUND MATERIALCONTINUOUSLY BOUND MATERIALNONNON--CONTINUOUSLY BOUND MATERIALCONTINUOUSLY BOUND MATERIAL



NON-CONTINUOUS BONDS

BSM-emulsion BSM-foam
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BITUMEN STABILISED 
MATERIALS (BSMs)

MAIN CHARATERISTICS

Non-continuously bound materialNon-continuously bound material

Increased strength and stiffness

Improved durability
(Reduced moisture susceptibility)



SHEAR PROPERTIES

Graded 
crushed 

Addition of:

2.2% bitumen

� 1

C  (Cohesion)

� (Internal friction angle)

30 – 55 kPa

43 – 51�

200 – 300 kPa

40 – 49�

crushed 
stone

2.2% bitumen

0.7% cement
(SAME DENSITY and MC)

� 3



EFFECT OF BITUMEN STABILISATION

tttt
Shear 
stress

f f f f Friction 
angle

UNBOUND

BSM

ssss
Normal 
stress

Cohesion
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MATERIAL TYPESMATERIAL TYPES

Cement 
stabilised

Bound

320 1 4 5

0

Bitumen %

Flexibility

Asphalt

BoundGranular
Unbound

Bitumen 
stabilised

Non-continuously 
bound



10mm  /

FAILURE “CONDITION”

20mm10mm  /
(Design criterion)

20mm
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ssss 1111
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Bound material Unbound  = bending

FATIGUE CRACKING

= stress distribution

PERMANENT DEFORMATION

NON-CONTINUOUSLY 
BOUND MATERIALS (BSMs)

ssss 3333



Pavement Rehabilitation Example

150mm

CBR >45

CBR >80

HMA

CBR ±10

150mm

( 6" )

150mm

( 6" )

200mm

( 8" )

REHABILITATION OPTIONS ?

30 million ESALs
20 year service life



REHABILITATION OPTION 1

Patch 15%

75mm

PATCH & OVERLAY WITH ASPHALT

HMA
150mm

( 6" )

Existing

CBR >45

CBR >80

CBR ±10

150mm

( 6" )

200mm

( 8" )





REHABILITATION OPTION 1

Patch 15%

75mm

60mm HMA

30mm UTFC

PATCH & OVERLAY WITH ASPHALT

HMA
150mm

( 6" )

Existing Overlay

90mm

STRUCTURAL CAPACITY : 30 x 10 6 ESALs

CBR >45

CBR >80

CBR ±10

150mm

( 6" )

200mm

( 8" )
CONSTRUCTION COST:  $ 20 / m² 



REHABILITATION OPTION 2

Mill off all asphalt

CONVENTIONAL MILL & REPLACE ASPHALT

Existing

HMA
150mm

( 6" )

150mm

120mm HMA

30mm UTFC

Replace asphalt

STRUCTURAL CAPACITY : 30 x 10 6 ESALs

Rework 125mm

CBR >45

CBR >80

CBR ±10

150mm

( 6" )

200mm

( 8" ) CONSTRUCTION COST:  $ 30 / m² 



300mm

35mm HMA

RECYCLE WITH CEMENT + CRUSHED STONE 
OVERLAY

150mm 
G1

REHABILITATION OPTION 3

Existing

HMA
150mm

( 6" )

215mm

30mm UTFC

300mm

CTB

STRUCTURAL CAPACITY : 30 x 10 6 ESALs

CBR >45

CBR >80

CBR ±10

150mm

( 6" )

200mm

( 8" )
CONSTRUCTION COST:  $ 25 / m² 



HMA
150mm

( 6" )
250mm

RECYCLE / STABILISE WITH BITUMEN

REHABILITATION OPTION 4

35mm

30mm UTFC

65mm

CBR >45

CBR >80

CBR ±10

150mm

( 6" )

200mm

( 8" )

250mm

BSM

STRUCTURAL CAPACITY : 30 x 10 6 ESALs

CONSTRUCTION COST:  $ 15 / m² 



30

25

20

OPTION 1 OPTION 2 OPTION 3
Patch / Overlay Mill / Replace Recycle CTB /

overlay GCS

CONSTRUCTION COSTS

$ / m²
OPTION 4
Recycle BSM

10

5

20

15



Option 1
Patch 15%

overlay HMA

Option 2
Mill off, 

rework base,
replace HMA

7 years 14 years 20 yearsYear 0
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Option 3
Recycle

with cement,
overlay GCS,

thin HMA

Option 4
Recycle

with bitumen,
thin HMA
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75

50

OPTION 1 OPTION 2 OPTION 3
Patch / Overlay Mill / Replace Recycle CTB /

overlay GCS

WHOLE OF LIFE COSTS

$ / m² OPTION 4
Recycle BSM

25

50



 Material procurement
 Graded crushed stone (GCS) Mj / t 50
 HMA manufacture Mj / t 30
 Cement Mj / t 70
 Bitumen Mj / t 60

Energy 
consumed (Mj)

Material procurement / 
Construction activity

Unit

Table 3.  Energy consumed in procuring materials and in 
executing primary construction activities

 

 Bitumen Mj / t 60
 Material haulage Mj / t km 1

 Construction activity

 Milling 1 Mj / t 5
 In situ recycling / stabilising Mj / t 10
 Processing aggregate layer Mj / t 66
 Ditto per m² for 150mm thick layer Mj / m² 10

 Compacting and finishing layer 2 Mj / m² 10
 HMA paving and compaction Mj / t 20



150

100

OPTION 1 OPTION 2 OPTION 3
Patch / Overlay Mill / Replace Recycle CTB /

overlay GCS

WHOLE OF LIFE ENERGY CONSUMED
MJ / m²

OPTION 4
Recycle BSM

50

100



150mm

SUMMARY OF REHABILITATION OPTIONS

Recycle 
BSM + HMA

Recycle CTB 
& overlay 

GCS + HMA

GCS

Mill, rework 
and replace 

HMA

Patch & 
overlay

Patch

CBR >45

CBR >80

HMA

CBR ±10

150mm

( 6" )

150mm

( 6" )

200mm

( 8" )

BSMCTB
Rework

Patch

30 million ESALs / 20 years     

41



150

100

Overlay Mill n Fill Recycle CTB

WHOLE OF LIFE COST & ENERGY CONSUMED

MJ / m²
Recycle BSM

75

50

$ / m²

50

100

25

50

$ 

MJ 


