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Determine whether the guidelines 

for the design of bitumen rubber 

mixes as contained in Sabita

Manual 19:

 Are still in line with international 

best practice; and

 If improvements can be made to 

the design methods to prevent 

recurrence of the problems with 

bitumen rubber mixes encountered 

on the GFIPs.

Project Brief

© CSIR  2011
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 SABITA appointed CSIR;

 Erik Denneman – Lead author;

 Assisted by Herman Marais 

(MUCH Asphalt) and Lucas-Jan 

Ebels (UWP Consulting) 

 Obtain information w.r.t. GFIP 

failures

 Study tour to the USA

 Desk-top study 

Approach

© CSIR  2011
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CSIR Contract Report for Review 

with SABITA

Current Status
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Reports GFIP failures

© CSIR  2011

6-19

•The grading envelope for BRASO used in South Africa is wide compared to 

international practise and the VMA and VFB of mixes used internationally is 

generally higher,

•The mixing and reaction of the rubber crumb and binder is done at lower 

temperatures internationally,

•The need for the use of extender oil is questioned,

•The air voids content of the BRASO was sensitive to small changes in 

grading of the aggregate,

•The air voids content was also sensitive to changes in the binder viscosity 

due to the chosen aggregate grading,

•Apart from being mixed and reacted at high temperatures, the bitumen 

rubber binder is also stored at high temperatures which may lead to 

unnecessary binder degradation,

•The compaction of BRASO overlay on a concrete pavement using vibratory 

compactors may lead to aggregate breakdown, and collapse of VMA
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Reports GFIP failures

© CSIR  2011

 The intention of this study was not to identify the 

dominant cause of the BRASO problems on the 

different GFIP sections

 However, factors that may have contributed to the 

failures include: 

 The grading envelope for BRASO used in South Africa 

is wide compared to international practise

 VMA and VFB used internationally is generally higher

 The mixing and reaction of the rubber crumb and binder 

is generally done at lower temperatures internationally

 The need for the use of extender oil is questioned
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Reports GFIP failures

© CSIR  2011

 VIM of the BRASO was sensitive to:

 small changes in grading

 changes in the binder viscosity

 High storage temperatures may lead to binder 

degradation

 Possible aggregate breakdown of aggregates during 

compaction on concrete substrata

 Variations in grading 

 The binder high application rate of SAMI’s

 Correlation between flushing and target binder content

 Marshall design approach
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Study Tour to USA

© CSIR  2011

Aim of the tour was to identify differences between 

South Africa and international practice in:

• Design

• Manufacture

• Specification

• Placement
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Study tour

© CSIR  2011
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Study tour

© CSIR  2011

 Main findings from the study tour:

 The main driver for the use of BR in California is 

legislation. 

 Extensive use of terminal blends (fine rubber crump 

blended at the refinery)

 The main application of BR in California is in gap 

graded mixes, followed by open graded mixes

 The layer thicknesses for gap graded mixes is generally 

25 – 50 mm, open graded mixes in 12.5 – 25 mm

 BR has been used extensively in Arizona, mostly single 

type of application, 20 mm open graded bitumen rubber 

asphalt overlay for its concrete pavements
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Study tour

© CSIR  2011

 Main findings (continued)

 Use of SAMIs has been discontinued

 Gap graded mixes in Arizona are more durable than 

open graded mixes

 The use of polymer modified BR binders is increasing, 

main reasons:

 reduction of flushing, and

 increased adhesion to the aggregate

 The viscosity of the BR binder generally lower than in 

South Africa (fewer and coarser rubber crumbs, which 

take longer to react, more stable viscosity)
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Study tour

© CSIR  2011

 Main findings (continued)

 Natural rubber content in SA (min. 25%) higher than in 

USA

 In California, the Hveem method is used in the design 

of BR mixes, in Arizona Marshall (165°C, 75 blows)

 Move towards the use of performance related 

specifications
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Desktop study
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Desktop study: crumb rubber grading

© CSIR  2011
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2.36  100  100   100     

2.00  98-100 100 95-

100 

100  95-100 100    

1.18 100 45-75 95-100  70-
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100 0-10 65-100   100 

0.600 40-70 20-45 35-85  25-60 90-
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100 

0.425      45-

100 
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Desktop study: binder properties
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Desktop study: grading envelopes

© CSIR  2011
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Desktop study: grading envelopes

© CSIR  2011
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Mix Design

© CSIR  2011

 Currently no clear direction in Manual 19 on determination 

of optimum binder content

 Marshall compaction @ 135°C typically used in RSA, too 

low for bitumen rubber mixes

 Currently no minimum requirement for VMA BRASO

 COLTO min. VMA of 17% for BRA may be too low

 SABITA Manual 17 – Design and Use of Porous Asphalt

 Modified Lottman criterion can be refined in line with 

Interim Guideline for the Design of HMA

 Tests currently included in design guide does not provide 

sufficient information on fatigue and permanent 

deformation performance
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Recommendations
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Recommendations
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 Addressing GFIP Failures

 Care should be taken not to crush the aggregate under 

the vibratory action on a concrete substrate 

 Include a minimum VMA requirement of 19% for BRASO

 Narrow the aggregate grading envelope for BRASO, 

eliminating the overlap between BRASO and open graded 

mixes

 Increase of the Marshall compaction temperature from 

135 °C to 165 °C (Marshall design method for BR will in 

the medium term be replaced in its entirety by a 

performance based design method
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Recommendations

© CSIR  2011

 General Improvements to Manual 19

 Reduce minimum natural rubber content requirement

 Perform comparative testing to assess whether coarser 

crumbs reacted at lower temperatures lead to a more 

even viscosity-time curve 

 Include description of optimum binder content 

determination for continuously graded and semi-open 

graded mixes

 Move towards the use of performance related design 

method for BR mixes (Ultimately Manual 19 should be 

completely incorporated in and replaced by the South 

African Asphalt Manual)
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Recommendations

© CSIR  2011

23-16

 General Improvements to Manual 19

 Inclusion of statement how to deal with bitumen rubber 

modified binder that has gone out of specification (adding 

additional rubber and /or re-blending)

 Include some of the more pertinent NIOSH health and 

safety recommendations

 Investigate boundary in grading between open-graded 

and semi-open-graded mixes  
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Recommendations

© CSIR  2011

24-16

 General recommendations:

 Further research into the use of terminal blends in the 

application of BRA

 Investigate the use of polymer modified bitumen rubber 

binders

 More detailed investigation into why the use of SAMI’s is 

discontinued in the USA and possible implications for RSA 
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Thank you
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