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Evolution of RAP recycling in Evolution of RAP recycling in 
SASA
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Barriers to recycling of RAPBarriers to recycling of RAP
in South Africa (and many in South Africa (and many 

developing countries)developing countries)
•• Lack of understanding (perceived toLack of understanding (perceived toLack of understanding (perceived to Lack of understanding (perceived to 

be low quality materials)be low quality materials)
•• Lack of specs/legislationLack of specs/legislation
•• Variability of HMA’s in situVariability of HMA’s in situ
•• 80% of surfacing in SA = seals80% of surfacing in SA = seals
•• Economic benefits not realized (need Economic benefits not realized (need 

legislation to enforce recycling then legislation to enforce recycling then 
contractors will use it for competitive contractors will use it for competitive 
edge)edge)

Availability of RAP in South AfricaAvailability of RAP in South Africa

•• Thick layers seldom used in RSAThick layers seldom used in RSA•• Thick layers seldom used in RSA Thick layers seldom used in RSA 
(only heavily trafficked ones)(only heavily trafficked ones)

•• Type of RAPType of RAP
–– 1960’s to 70’s = Gap graded RAP1960’s to 70’s = Gap graded RAP
–– 1970’s to 90’s = Semi1970’s to 90’s = Semi--gap graded RAPgap graded RAPg p gg p g
–– 1990’s + = Continuously graded & PMBs1990’s + = Continuously graded & PMBs



Mix Design in South AfricaMix Design in South Africa

•• Recovered Pen Tr&b andRecovered Pen Tr&b and ηη if >15%if >15%•• Recovered Pen, Tr&b and Recovered Pen, Tr&b and ηη if >15% if >15% 
RAP in new HMARAP in new HMA

•• Remember BC in RAP is higher in Remember BC in RAP is higher in 
fines than coarse fractionfines than coarse fraction

•• Limits of RAP based on mix typeLimits of RAP based on mix typeypyp
–– <2% in SMA      <12% in PMA              <2% in SMA      <12% in PMA              

<18% in unmodified   <23% in binder layer <18% in unmodified   <23% in binder layer 
<27% in base<27% in base

Manufacture limitationsManufacture limitations
Mixing Plant TypeMixing Plant Type

B t h l tB t h l t
Max RAPMax RAP

•• Batch plantBatch plant
–– Added in pugmillAdded in pugmill
–– Added before hot elevatorAdded before hot elevator

•• Drum plantDrum plant
–– Parallel heatingParallel heating

C tC t fl h tifl h ti

<15%<15%
<30%<30%

10 10 –– 20%20%
2020 30%30%

H
O

T

–– ContraContra--flow heatingflow heating
•• TwinTwin--dryer drumdryer drum
•• Double drumDouble drum
•• In plant & in placeIn plant & in place

20 20 –– 30%30%
<50%<50%
<70%<70%
<85%<85%

C
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LD



Some general valuesSome general values

•• In South Africa less than 5% of totalIn South Africa less than 5% of total•• In South Africa, less than 5% of total In South Africa, less than 5% of total 
RAP used in HMA (see comparative RAP used in HMA (see comparative 
figures in Introduction figures in Introduction pptppt))

•• Only 4 million tons of new HMA every Only 4 million tons of new HMA every 
year year 
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Mix DesignMix Design

Some of the issues for Some of the issues for 
d l i t id l i t ideveloping countriesdeveloping countries

Classes of BSMClasses of BSM

•• BSM1BSM1 •• > 6 MESA> 6 MESA•• BSM1BSM1

•• BSM2BSM2

•• > 6 MESA> 6 MESA
•• High shear strengthHigh shear strength
•• Crushed stone or RAPCrushed stone or RAP
•• 1 to 6 MESA1 to 6 MESA
•• Mod shear strengthMod shear strength

•• BSM3BSM3
•• Graded nat gravel, RAPGraded nat gravel, RAP
•• < 1 MESA< 1 MESA
•• Soil gravel or sandSoil gravel or sand
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Influence of Active FillerInfluence of Active Filler

Strength and flexibilityStrength and flexibilityC1 to C4
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Vibratory Compaction HammerVibratory Compaction Hammer
To prepare specimens

Kango 
Hammer

Zero Line
Sleeve

Sid f M ld

Vibratory 
Hammer

Rear View of Frame

Mould
Base Plate

Steel Rod

Side of Mould

Wooden base

Kelfkens

Compaction time (vibratory)Compaction time (vibratory)
PhasePhase Level 1Level 1 Level 2Level 2 Level 3Level 3

TestTest ITSITS ITSITS UCSUCS TriaxialTriaxial

Foot Foot φφ 100mm100mm 150mm150mm 150mm150mm 150mm150mm

HeightHeight 65mm65mm 95mm95mm 125mm125mm 300mm300mm

LayersLayers 11 22 22 55

SurchgSurchg 5 kg5 kg 10 kg10 kg 10 kg10 kg 10 kg10 kg

FoamFoam 10 sec10 sec 25 sec25 sec 25 sec25 sec 25 sec25 sec

EmulsEmuls 10 sec10 sec 15 sec15 sec 15 sec15 sec 15 sec15 sec
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Final Curing ProtocolFinal Curing Protocol
CURING METHODCURING METHOD

Preliminary 
Mix Design

All BSMs
72 hours at 

40 °C, unsealed

Level 2 & 3 

Level 1 
Mix Design
Preliminary 
Mix Design

All BSMs
72 hours at 

40 °C, unsealed

Level 2 & 3 

Level 1 
Mix Design

“dry”

Mix Design

BSM-foam
20 hours at 30 °C unsealed

48 hours at 40 °C sealed

BSM-emulsion
26 hours at 30 °C unsealed

48 hours at 40 °C sealed

Mix Design

BSM-foam
20 hours at 30 °C unsealed

48 hours at 40 °C sealed

BSM-emulsion
26 hours at 30 °C unsealed

48 hours at 40 °C sealed

BSM-foam
20 hours at 30 °C unsealed

48 hours at 40 °C sealed

BSM-emulsion
26 hours at 30 °C unsealed

48 hours at 40 °C sealed

“equilibrium”“equilibrium”

Level 1 and 2 TestingLevel 1 and 2 Testing
TestTest Dia Dia φφ

mmmm
BSM1 BSM1 
(kPa)(kPa)

BSM2 BSM2 
(kPa)(kPa)

BSM3 BSM3 
(kPa)(kPa)

CommentsComments

ITSITS 100100 >225>225 175 t175 t 125 t125 t I di t OBCI di t OBCITSITSdrydry 100100 >225>225 175 to 175 to 
225225

125 to 125 to 
175175

Indicates OBCIndicates OBC

ITSITSwetwet 100100 >100>100 75 to 75 to 
100100

50 to 50 to 
7575

Indicates active Indicates active 
filler type & amtfiller type & amt

TSRTSR 100100 Not applicableNot applicable Prob mat       Prob mat       
TSR < 50 % TSR < 50 % 

Le
ve

l 1

ITSITSdry dry > 400 kPa> 400 kPa
ITSITSequilequil 150150 >175>175 135 to 135 to 

175175
95 to 95 to 
135135

OBC refinedOBC refined

ITSITSsoakedsoaked 150150 >150>150 100 to 100 to 
150150

60 to 60 to 
100100

Check for ITSCheck for ITSwetwetLe
ve

l 2
   

  I



Level 3 TestingLevel 3 Testing
Triaxial TestsTriaxial Tests

CohesionCohesionAngle of InternalAngle of InternalEquivalentEquivalent Cohesion Cohesion 
(kPa)(kPa)

> 250> 250

100 100 –– 250250

Angle of Internal Angle of Internal 
Friction (Friction (º)º)

> 40> 40

30 to 4030 to 40

Equivalent Equivalent 
BSM ClassBSM Class

BSM 1BSM 1

BSM 2BSM 2

50 50 –– 100100< 30< 30BSM 3BSM 3

Effect of moistureEffect of moisture
τ

Shear 
stress

φ Friction 
angle

BSMequil

BSMstress

Effect of 
Moisture

BSMwet MIST

σ
Normal 
stress

C

Cohesion
Lower Cohesion



BSM Classification ito BSM Classification ito 
Moisture ResistanceMoisture Resistance

Retained CohesionRetained CohesionEquivalent BSMEquivalent BSM Retained Cohesion Retained Cohesion 
(%)(%)
> 75> 75

60 60 –– 7575

Equivalent BSM Equivalent BSM 
ClassClass
BSM 1BSM 1

BSM 2BSM 2

50 50 –– 60 60 

< 50< 50

BSM 3BSM 3

UnsuitableUnsuitable

Structural Design MethodsStructural Design Methods

1. TG2 Method (Pavement Number) 1. TG2 Method (Pavement Number) 
2 M h i ti (St R ti )2 M h i ti (St R ti )2. Mechanistic (Stress Ratio)2. Mechanistic (Stress Ratio)



Method 1: Pavement Number Method 1: Pavement Number 
Knowledge Based ApproachKnowledge Based Approach

•• Gather all available Gather all available fieldfield performance dataperformance data
•• Utilise best elements of mechanistic analysisUtilise best elements of mechanistic analysis•• Utilise best elements of mechanistic analysisUtilise best elements of mechanistic analysis
•• RobustRobust and and easyeasy to useto use
•• Validated!Validated!
•• Develop clear, strong Develop clear, strong linkslinks to field testing to field testing 

(material classification) and specifications(material classification) and specifications
•• Data SetsData Sets•• Data SetsData Sets

–– 20 field sites 20 field sites 
–– 7 HVS Sites (22 test sections) 7 HVS Sites (22 test sections) 
–– Construction, maintenance & performance Construction, maintenance & performance 

informationinformation

6. Calculate 
Layer ELTS Values

Example, Moderate RegionExample, Moderate Region
1. Material Classes

150 mm BSM2

5. Assign modular ratio’s 
and Maximum Emods

MR = 2, EMax = 700 ELTS 700

118 MPa118 MPa

180 mm G6

200 mm C4

150 mm BSM2

150 mm G7

MR = 1.8, EMax = 180

MR = 3, EMax = 400

MR  2, EMax  700

ELTS = 180

ELTS = 400

ELTS = 700

4. Adjust for cover (118 MPa)

2. Determine subgrade 
stiffness (140 MPa)
3. Adjust for climate (126 MPa)

CBR 7-15%

7. Layer PN = thickness * ELTS

8. PN = Σ layer PN

6. ELTS = min (Esupport*MR , Emax)

www.bitstab.roadrehab.com



Stress RatioStress Ratio
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ConclusionsConclusions

•• Understanding of material behaviourUnderstanding of material behaviourUnderstanding of material behaviour Understanding of material behaviour 
of BSMs has increased significantlyof BSMs has increased significantly

•• Active filler versus bitumen content Active filler versus bitumen content 
in BSM is very importantin BSM is very important

•• Cemented layer is best in subbaseCemented layer is best in subbase
M d d h dM d d h d•• More advanced test methods More advanced test methods 
(triaxial)(triaxial)

•• Mix Design is linked to Structural Mix Design is linked to Structural 
Design method for BSMsDesign method for BSMs

Thank youThank you
I hope your head is not spinning?I hope your head is not spinning?


