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BSM Binder Options
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I Influence of Active Filler

Strength versus Flexibility

Foamed bitumen, Strain
Cement, Strain*
Foamed bitumen, UCS
Cement, UCS*
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BSM Triaxial Tests Shear properties
(monotonic tests at 25°C)
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Resilient Modulus of BSM

Stress dependency: Foamed BC = 2%
""""""" HMA > 2500 MPa
T _.BSM

Research: Visco-elasto-plastic &
flexural properties on BSM-foam
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BSM test methods
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Vibratory. Power Frequency | Mass Point

hammer rating (W) (Hz) (Kg) Energy (3)

7.5
10.1

Kango 637°® 45.83
Bosch GSH 11E°® 1500 15-315

*

X For Pl >8%, cannot achieve 100% Mod. AASHTO density



Influence of Frame
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Inter-Layer Roughening (ILR) Device

2 layers

Inventor: Wynand van Niekerk

CT Scans
BSM-emulsion

Poor

attention to
interlayer

preps

—+— voids
—=- Mortar
——stone




Why is curing importa “
Mr (field) versus cure |
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Validation L
Research Triaxial Test RTT versus
Simple Triaxial Test STT
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Determine shear properties (Cand ¢)
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Structural Design 90mm Asphalt
Considerations R

250mm CIPR:
{1 2.5% Foam 1% Cem

BSM Design for Max Rut Depth

(same principle as Granular Design)
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Design Function for BSM

Relative Density Plastic Strain (a/b)

A

B

é”gﬁ?ﬁ\

N = f (RD, RetC, PS, SR)
7 7

Retained Cohesion Stress Ratio

Mr change with trafficking (triaxial)
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In service behaviour of Mr
Influence of support & traffic

Conceptual
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Effective Long Term Mr Stiffness (MPa)
for BSM base

Supporting Layer

BSM Class Cemented Granular Subbase
Subbase

BSM 900-1750 700-1200
(RAP + GCS)

BSM 800-1200 600 - 900
(GCS Grade Crushed

Stone)

ELT Mr = f (aggregate type and quality, RAP %,
bitumen %, support, traffic, climate)

Case Study — Ayrton Senna Highway

Brazil’s most heavily-trafficked
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Results from Pavement Investigation
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Step 1. Mill off asphalt layers

100mm




Impact crusher (20mm setting)




Grading Correction using Single Stage Crushing

RECOMMENDED GRADING CURVES
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Step 2. Mill and remove CTB layer







Step 5. Import / pave / compact 130mm BSM layer




Step 6. Import / pave / compact 20mm HMA
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Deviator stress oy (kPa)
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> 100 lane-km rehabilitated using this method

Way Forward: Research
Monotonic Load Cycle (triaxial) 3
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Way Forward: Research
Dynamic Conditioning (triaxial)

103 datalR27-PDT-155100-00 10 datalR27-PDT-161-100-00

€1,p

=~

Permanent deformation
- e
Permanent deformation

IS

UO 5‘0 1&0 150 ZSD 250 3(;0 350 4(;0 45:0 5[‘)0 Dﬂ 50 100 150 200 250 300 350 400 450 500
Load applications (No) Load applications (No)
GCS BSM
Bredenhann & Jenkins, 2016 EAREATLY
( ) o

Way Forward: Research,,
Dynamic Triaxial — Permanent Deformation
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Flexural Strain-at-break

» All beams compacted in a mould
» Testing temperature: 25°C

» LVDT on top of the beam to accurately measure displacement in the middle of
the beam.

(Campher, 2014)

Flexural Strain-at-break & DE

Material parameter

Specimen

Average Average Strain- Average Average
specification Maximum Stress at-break Dissipated stiffness
(kPa) (ME) energy (Pa) (MPa)
0.9% Emulsion; 1%
Cement 174.4 3765 39.1 524.2
2.4% Emulsion; 1%
Cement 254.9 537.2 89.8 473.1
2.4% Emulsion; 2%

M Increase in bitumen emulsion (specimens
containing 1% cement)

B Increase in cement (stabilised with bitumen
emulsion)
Increase in cement (stabilised with foamed

Average stiffness (MPa)

Average Dissipated energy (Pa)

Flexibility related
parameters

Average Strain-at-break (p€)

-40.00 -20.00 0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00
% Change in parameter value (Campher, 2014)




Strain at break [ mm,fmm)

Flexibility (triaxial)
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Flexibility (triaxial)
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Factors Influencing BSM Flexibility
Analysis of Variance

Summary of P values for variables in ANOVA analysis

u Strain at Break

value ?-4 m Dissipated
Energy

- Significant
Variables
<0.05

Fenton, 2013

Conclusions

Mix design system in place

— Airn for flexibility not high strengih

— Update of equiprnent (vib hammer & triax)
Pavement design

—~ New ME design function

— Link of rmix- and paverneni-cesign (C & o)
Application (field performance data)
Way forward: flexibility focus

tellenbosch
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Pavement Balance
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Mr (MPa)
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Asp Asp
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Research on BSM Flexibility
How can we benefit from?

- Strain at Break (gs)

Stress (a)

T Dissipated Energy T—

Sirain (&)
(Llewellyn, 2016)
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