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Current activitiesCurrent activities

Preliminary investigationPreliminary investigation
–– Site visitsSite visits

Damage modelsDamage models
–– Initial plastic strain modelsInitial plastic strain models

Yield strength modelsYield strength models
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Damage modelling of stabilised Damage modelling of stabilised 
materialmaterial

Preliminary investigation site visitsPreliminary investigation site visits
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N2N2--24 24 AmanzimtotiAmanzimtoti

Moist subMoist sub--humid areahumid area
StructureStructure
–– 138 mm HMA layers138 mm HMA layers
–– 200 mm C2200 mm C2
–– 150 mm C3150 mm C3

Constructed 1964Constructed 1964
ADT 18 000 to 30 0000ADT 18 000 to 30 0000
Cracks with pumping but Cracks with pumping but 
often on inner wheeloften on inner wheel--path!path!



N11N11--12 12 RoedtanRoedtan

SemiSemi--arid areaarid area
150 C3 on 150 C4150 C3 on 150 C4
Constructed 1961Constructed 1961
–– Short section north of Short section north of RoedtanRoedtan

reconstructedreconstructed
Cracks with pumping but often Cracks with pumping but often 
on inner wheelon inner wheel--path!path!



N17N17--5 Ermelo 5 Ermelo -- CarolinaCarolina
Dry subDry sub--humid areahumid area
100 C3 on G5 100 C3 on G5 –– km 0 to 9km 0 to 9
–– 19581958

100 C3 on 100 C3 km 9 to 25100 C3 on 100 C3 km 9 to 25
–– 19681968

Fatigue and pumping in cut on 1Fatigue and pumping in cut on 1stst

section, deep rutsection, deep rut
Wide 20 mm rut on second sectionWide 20 mm rut on second section



N14N14--5 5 UpingtonUpington

Arid areaArid area
StructureStructure
–– 16 mm seals16 mm seals
–– 100 mm C3100 mm C3
–– 100 mm C4100 mm C4

Constructed 1935Constructed 1935
ADT 455ADT 455
Cracks with pumping but Cracks with pumping but 
often on inner wheeloften on inner wheel--path!path!



N1N1--1 1 KraaifonteinKraaifontein

Dry subDry sub--humid areahumid area
Original CTB pavementOriginal CTB pavement
–– Recycled 1984Recycled 1984

StructureStructure
–– 40 mm gap on 40 mm 40 mm gap on 40 mm 

continuouscontinuous
–– 100 mm ETB (1 % 100 mm ETB (1 % 

residual)residual)
–– 100 mm CT subbase100 mm CT subbase

Surfacing milled and Surfacing milled and 
replacedreplaced
–– 19941994
–– 20102010



N2N2--16 East London16 East London

Dry subDry sub--humid areahumid area
Constructed 1980/81Constructed 1980/81
StructureStructure
–– 40 mm gap 40 mm gap 
–– 140 mm ETB sandstone (1 % 140 mm ETB sandstone (1 % 

residual, 1 % cement)residual, 1 % cement)
–– 150 mm subbase (1.5 % lime, 150 mm subbase (1.5 % lime, 

1.5 % 1.5 % slagmentslagment))

Surfacing milled and Surfacing milled and 
replacedreplaced
–– 19941994
–– 20102010



N2N2--20 Mount Frere20 Mount Frere

Dry subDry sub--humid areahumid area
Constructed 1999/2000Constructed 1999/2000
StructureStructure
–– 35 mm AC35 mm AC
–– 180 mm ETB (1.75 % cement 180 mm ETB (1.75 % cement 

and 1.5 % residual bitumen)and 1.5 % residual bitumen)
–– 120 mm old C4 base120 mm old C4 base
–– 150 mm old C4 subbase150 mm old C4 subbase

ADT = 2300ADT = 2300
ConditionCondition
–– Cracks and pumping in vicinity Cracks and pumping in vicinity 

of Mt Frereof Mt Frere
–– Better condition towards Mt Better condition towards Mt 

AyliffAyliff



N4N4--1 100 mm ETB on old CTB1 100 mm ETB on old CTB

Dry subDry sub--humid areahumid area
Original 200 mm C1 CTB Original 200 mm C1 CTB 
pavementpavement
–– Constructed 1969Constructed 1969
–– UCS on cores 25 years after UCS on cores 25 years after 

construction construction –– 13 13 MPaMPa
Upper 100 mm recycled with Upper 100 mm recycled with 
ETB in late 1990s on the slow ETB in late 1990s on the slow 
lanelane
–– Fast lane still CTBFast lane still CTB

High traffic volumeHigh traffic volume
Block cracks sealedBlock cracks sealed
No fatigue and pumpingNo fatigue and pumping



D2388 100 mm ETB on D2388 100 mm ETB on 
““cementedcemented”” subbasesubbase

Dry subDry sub--humid areahumid area
Constructed in 1997Constructed in 1997
–– 0.9 % residual binder0.9 % residual binder
–– 1 % cement1 % cement

Very little trafficVery little traffic
No structural distressNo structural distress



N7N7--07 07 KammieskroonKammieskroon

Arid areaArid area
Constructed in 1987Constructed in 1987
StructureStructure
–– SealsSeals
–– 150 mm ETB (2 % 150 mm ETB (2 % 

emulsion, 1 % cement)emulsion, 1 % cement)
–– 50 mm old CT subbase50 mm old CT subbase

Very little trafficVery little traffic
No structural distressNo structural distress



N11N11--08 08 HendrinaHendrina
Moist, subMoist, sub--humidhumid
180 mm foamed bitumen 180 mm foamed bitumen 
treated doleritetreated dolerite
–– Constructed 2003/04Constructed 2003/04
–– 1.5 % foam1.5 % foam
–– 1 % cement1 % cement

Localised shear failureLocalised shear failure
Rutting on inner wheelRutting on inner wheel--pathpath



P243 VereenigingP243 Vereeniging
Dry subDry sub--humidhumid
250 FTB250 FTB
–– Constructed 2000Constructed 2000
–– 1.8 % foam1.8 % foam
–– 2 % cement2 % cement

Localised shear failureLocalised shear failure
No structural distress on No structural distress on 
remainder of section remainder of section 



R27 R27 NieuwoudtvilleNieuwoudtville

Arid areaArid area
–– Appears wetter than Appears wetter than 

UpingtonUpington and and 
KammieskroonKammieskroon

Constructed in 2003Constructed in 2003
StructureStructure
–– Double sealDouble seal
–– 200 mm FTB200 mm FTB

2.5 % foam2.5 % foam
1 % cement1 % cement

Cracking and pumping Cracking and pumping 
in inner wheelin inner wheel--tracktrack



P504 P504 CliffdaleCliffdale RoadRoad
Moist subMoist sub--humid areahumid area
Constructed in 1995Constructed in 1995
StructureStructure
–– Slurry sealSlurry seal
–– 175 mm FTB175 mm FTB

3.5 % foam3.5 % foam
1 % lime1 % lime

–– Decomposed granite Decomposed granite 
subbase and in situsubbase and in situ

AC overlay 3 years after AC overlay 3 years after 
constructionconstruction
ConditionCondition
–– Surface disintegration but Surface disintegration but 

little material loss from baselittle material loss from base
–– Substantial deformation in Substantial deformation in 

placesplaces



R22 R22 MseleniMseleni

SemiSemi--arid areaarid area
Constructed in 2002Constructed in 2002
StructureStructure
–– Coarse slurry sealCoarse slurry seal
–– 250 mm FTB250 mm FTB

4 % foam4 % foam
2 % lime2 % lime

–– Sand and calcrete mixture Sand and calcrete mixture 
in basein base

Double seal 4 years Double seal 4 years 
after constructionafter construction
About 10 mm rut but About 10 mm rut but 
overall sound structural overall sound structural 
conditioncondition



Preliminary investigation: Preliminary investigation: 
Closing commentsClosing comments

Site visits completedSite visits completed
Field testing and sampling to start on selected sitesField testing and sampling to start on selected sites
Emulsion seems to be doing wellEmulsion seems to be doing well
–– All sections in arid to dry subAll sections in arid to dry sub--humid areashumid areas

Cemented section classical block cracks with Cemented section classical block cracks with 
secondary cracks and pumpingsecondary cracks and pumping
–– Very old sections also in wetter areasVery old sections also in wetter areas

FoamFoam
–– Appears to have moisture susceptibility in Appears to have moisture susceptibility in somesome casescases



Project SAPDM/DProject SAPDM/D--33
Damage modelling of stabilised Damage modelling of stabilised 
materialmaterial

Yield strength modelYield strength model



Unbound material yield strength Unbound material yield strength 
modelmodel
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Unbound material, suction pressure Unbound material, suction pressure ––
““apparentapparent”” tensile strengthtensile strength

Suction pressure curve

0

5

10

15

20

25

30

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Degree of saturation

S
uc

tio
n 

pr
es

su
re

 (k
P

a)

LD

HD

Volumetric 
density

Suction pressure curve

0

5

10

15

20

25

30

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Degree of saturation

S
uc

tio
n 

pr
es

su
re

 (k
P

a)

LD

HD

Volumetric 
density

suc S
VD

Sp
e
ω

ρ
=



Stabilised material Stabilised material –– true tensile true tensile 
strengthstrength
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Component plot
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Effect of bitumen and cementEffect of bitumen and cement
0 kPa confinement yield strength
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Tensile strength Tensile strength –– beam or ITS?beam or ITS?
Recycled Hornfels Tensile Yield Strength
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General yield strength modelGeneral yield strength model

Model calibrated for each Model calibrated for each 
combination of aggregate, combination of aggregate, 
bitumen and cement bitumen and cement 
individually shows good individually shows good 
accuracy accuracy 
Complex interaction between Complex interaction between 
aggregate, bitumen and aggregate, bitumen and 
cement difficult to modelcement difficult to model
–– Routine ITS and UCS tests?Routine ITS and UCS tests?
–– No cement No cement –– no tensile no tensile 

nor compressive strengthnor compressive strength

All stabilsed material
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Plastic strain damage models:Plastic strain damage models:
Closing commentsClosing comments

Initial yield strength models sufficient to Initial yield strength models sufficient to 
start with PS model developmentstart with PS model development
MemoryMemory--less PS model formulation less PS model formulation 
completed based on Markov property of PS completed based on Markov property of PS 
evolutionevolution
Model development and calibration require Model development and calibration require 
more effort than past approach but the more effort than past approach but the 
plastic strain damage model will be far more plastic strain damage model will be far more 
powerful in a recursive applicationpowerful in a recursive application



Additional damage models:Additional damage models:
Closing commentsClosing comments

Crushing failure of cementCrushing failure of cement--treated base treated base 
layerslayers
Stiffness reduction linked to deflections on Stiffness reduction linked to deflections on 
field sectionsfield sections
Material loss/erosion linked to durability Material loss/erosion linked to durability 
testingtesting


