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The South African “inverted” pavement 
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Bitumen Stabilised Materials 
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3. Moisture resistance 
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4. Stress dependency (BSM-foam) 

  Foamed Bitumen = 2% in CDW 
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5. Visco-elasticity (BSM-foam) 
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6. Flexibility vs Cement% (BSM-foam) 

    Strength and flexibility 
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Cement < 1%? 

N7 PSPA Mr Analysis over 7 Months
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7. Time  and moisture 
dependency (BSM-emulsion) 

BSM is a material with 
multiple personalities! 
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Pavement Balance and 
Modular Ratio 
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illuminating the markets 

Economics  
Crude volatility and bitumen price reaction 
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3. Material Performance 
Closing the loop 

a. BSM Performance  
Permanent Deformation vs Stress Ratio 
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250mm CIPR:     
3% Foam 1% Cem 

90mm Asphalt 

12	   24	   36	   48	  0	  
Time	  a�er	  construc�on	  (months)	  

MR	  

CURE 

mm 

Time / Traffic 

Permanent deformation 
20mm 

15 years 8 years 

DESIGN 

N7 Cape Town 
2002 Rehab and HVS TRIALS 

 In-situ recycled crushed stone base material  
NB: 1% cement and 2.3% foamed bitumen       
SB: 1% cement and 3% bitumen emulsion  

Mr back-calc vs time (N7) 
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200mm Cemented Base SB 

0

10

20

30

40

50

60

70

0

500

1000

1500

2000

2500

0 50 100 150 200 250 300 350 400

R
ai

nf
al

l (
m

m
)

B
ac

k-
ca

lc
ul

at
ed

 S
iff

ne
ss

 (M
Pa

)

Days since Construction

Average Stiffness
Daily RainfallPr

im
e

A
sp

ha
lt

C
ap

e S
ea

l

Tr
af

fic
200mm BSM Foam (2.4%b, 1%c) SB 

0

10

20

30

40

50

60

70

0

200

400

600

800

1000

1200

1400

0 50 100 150 200 250 300 350 400

R
ai

nf
al

l (
m

m
)

B
ac

k-
ca

lc
ul

at
ed

 S
if

fn
es

s 
(M

P
a)

Days since Construction

Average Stiffness
Daily RainfallPr

im
e

A
sp

ha
lt

C
ap

e S
ea

l

T
ra

ff
ic

200mm BSM Foam (2.4%b, 1%c) NB 

0

10

20

30

40

50

60

70

0

200

400

600

800

1000

1200

1400

0 50 100 150 200 250 300 350 400

R
ai

nf
al

l (
m

m
)

B
ac

k-
ca

lc
ul

at
ed

 S
tif

fn
es

s 
(M

Pa
)

Days since Construction

Average Stiffness
RainfallPr

im
e

A
sp

ha
lt

C
ap

e S
ea

l

T
ra

ff
ic

175mm BSM Foam (2.4%b, 2%c) NB 

0

10

20

30

40

50

60

70

0
500

1000
1500
2000
2500
3000
3500
4000
4500
5000

0 50 100 150 200 250 300 350 400

R
ai

nf
al

l (
m

m
)

B
ac

k-
ca

lc
ul

at
ed

 S
tif

fn
es

s 
(M

Pa
)

Days since Construction

Average Stiffness
Rainfall

Pr
im

e

A
sp

ha
lt

C
ap

e S
ea

l

Tr
af

fic

200mm BSM Emulsion (2.4%b, 2%c) SB 

0

10

20

30

40

50

60

70

0

500

1000

1500

2000

2500

3000

0 50 100 150 200 250 300 350 400

R
ai

nf
al

l (
m

m
)

B
ac

k-
ca

lc
ul

at
ed

 S
iff

ne
ss

 (M
Pa

)

Days since Construction

Average Stiffness
Daily RainfallPr

im
e

A
sp

ha
lt

C
ap

e S
ea

l

Tr
af

fic

0

10

20

30

40

50

60

70

0

500

1000

1500

2000

0 50 100 150 200 250 300 350 400

R
ai

nf
al

l (
m

m
)

B
ac

k-
ca

lc
ul

at
ed

 S
tif

fn
es

s 
(M

Pa
)

Days since Construction

Average Stiffness
RainfallPr

im
e

A
sp

ha
lt

C
ap

e S
ea

l

Tr
af

fic

200mm BSM Emulsion (2.4%b, 1%c) NB 



Back-calc vs Core triaxial 
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Spatial  and Temporal Variation 
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BSMs Mr change: 
Effective Long Term Stiffness 
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BSMs Mr change: 
Effective Long Term Stiffness 
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Closure 
  Economical BSMs 

  Lower BC 
  Improve QC 
  Reduce variability 
  Operator training 
  Mix Design 

upgrades 
  Structural Design 

with material props 

  “Gadgets” 
  Data management 
  Skills requirement 

  Prolific no variables 
  Difficult to simplify 
  Closing loop is a 

longitudinal study R
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Thank	  you	  !	  


