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Background
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South African Road Network
Paved Gravel Total
153 719 km 593 259 km 746 978 km
20.6 % 79.4 %

South Africa road network
11th longest total 
18th longest paved

RSA road replacement 
cost > US$ 1.4 Billion 467 000 mi

59 million population
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Current SA Pavement environment

 SAPEM –
https://www.nra.co.za/live/content.php?Item_ID=232

https://www.nra.co.za/live/content.php?Item_ID=232
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Brief history of inverted pavement development

 Definitions
 G1 vs inverted

 G1 – high-quality crushed aggregate base material
 Inverted pavement – pavement structure - SAPEM definition

 1950s/60s
 Economic & traffic growth 
 SA visit US
 Learn about cement stabilization
 SA application base layer / thin surfacing – major cracking & crushing
 Keep strong material, reduce cracks – granular on top of cemented
 Birth of inverted pavement structure
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Inverted Pavements - SAPEM 10

 An inverted pavement is when the base layer is a high quality 
granular layer, and the subbase a cement stabilized layer. A thin 
asphalt layer or seal provides the surfacing. The term “inverted” is 
used because the strength of the pavement does not decrease 
with pavement depth, because of the stiff cemented layer. This 
means that the pavement is not in balance. The idea behind an 
inverted pavement is that the cemented layer provides an anvil 
upon which the granular base can be well compacted. This 
achieves a high quality, dense base. Over time, the cemented layer 
weakens to an equivalent granular state. The pavement is then in 
balance.
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Design philosophy
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Design philosophy for inverted pavements

 Need stronger layers for higher traffic
 Cemented base causes block cracks
 Granular on granular - difficult to compact
 Granular on cemented

 Anvil for compaction & support
 higher density / bearing capacity / stiffness

 Cemented still cracks
 Fatigue after longer time – lower σ deeper down
 Crushing not a problem below base
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Pavement mechanics
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Base

Sub-
Base

Inverted pavements - Pavement mechanics

 Pavements team effort 
 Boussinesq example

Stiffness [MPa]

AC, G1, 
C4, G5

AC, G1, 
G2, G5

AC, C4, 
G1, G5

E1/E2 0.3 (1) 1 (3) 3.3 (9)

Base / 
Subbase 
σ ratio

0.7 0.5 0.3
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Inverted pavements - Pavement mechanics

 meGAMES examples 
 G1 on G2 - 25 AC, 200 G1, 200 G2, 200 G5
 C4 on G1 - 25 AC, 200 C4, 200 G1, 200 G5
 G1 on C4 - 25 AC, 200 G1, 200 C4, 200 G5

 Dual tire single axle 20 kN, 800 kPa / tire
Stiffness [MPa]

AC, G1, G2, G5 AC, C4, G1, G5 AC, G1, C4, G5

AC 3 500 3 500 3 500

Base 300 1 000 / 100 300

Subbase 250 300 1 000 / 100

Support 200 200 200
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Estimate life [million E80s]
AC, G1, G2, G5 AC, C4, G1, G5 AC, G1, C4, G5

AC 0.06 3.3 0.05

Base 8.4
(G1)

19.2 (C4)
(crack 3.3)

(crush 0.001)

9.2
(G1)

Subbase 27 
(G2)

25.6
(G1)

21.8 (C4)
(crack 3.7)
(crush 4.4)

CRITICAL Life 
(excluding AC)

8.4 0.001 / 3.3
9.2

(subbase crack / crush not 
issue)
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Elastic vertical deflection [mm]
Base

Sub-Base
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Materials
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Factors influencing shear properties of a material

 Grading
 maximum particle size, packing characteristics, number of contact points, 

irregular paths that the shear plane has to navigate through
 Aggregate strength 

 aggregate crushing value (ACV)
 Particle shape

 rounded particles less shear resistance than angular particles 
 Particle texture

 coarser texture generate higher friction than smooth particles
 Compaction

 number of contact points and inter-particle friction increase as the density of 
a material increases

 Degree of support from underlying layer 
 influences stiffness modulus that granular material develops
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Materials selection

 "Parent material - Sound rock from an approved 
quarry, or clean, sound mine rock from mine dumps, or 
clean sound boulders." 

 Material selection
 Aggregate Interlock

 G1 is a layer of
 Continuously graded, -37,5 mm crushed 

aggregate
 Slush-interlocked to refusal

 Minimum density
• 88% of Solid / Apparent Relative Density (SRD / 

ARD)

Good particle size distribution



High density High aggregate interlock



High density High aggregate interlock



US grading vs G1 grading
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Affecting parameters
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Inverted pavement – affecting parameters

 Standard parameters affecting most pavements
 Climate 
 Traffic
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Inverted pavements – Major locations

Economic hubs
Trade / Import / Export
Routes



24

Inverted pavements - Climate

 Comparative climate
 Köppen climate classification 
 5 main climate groups 

 seasonal precipitation & temperature patterns
 1st - A (tropical), B (dry), C (temperate), D (continental), E (polar)
 2nd - seasonal precipitation type
 3rd - level of heat

 SA
 CS/CW (Temperate Dry Summer / Winter); BS/BW (Arid Desert / Steppe)

 USA
 CS/CF (Temperate Dry Summer / without); BS/BW (Arid Desert / Steppe); 

Also Boreal / continental
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Inverted pavements – Climate: Köppen-Geiger map

 SA – CS/CW; BS/BW
 USA – CS/CF; BS/BW

1 000 miles

2 500 miles
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Inverted pavements - Climate

 Average rainfall
 Pretoria – 23”
 Durban – 40”
 Kimberley – 11”
 Cape Town – 31”

 Standard moisture related 
issues for wet areas

 Require 
 impermeable surfacing
 dense, well-graded, 

relatively layer
 Crack development in surfacing 

/ inadequate drainage / 
maintenance

 Require good maintenance
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Inverted pavements – Length & Age in SA
National network
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Inverted pavements - Traffic
Up to 50 million ESALs OK
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Inverted pavements - Traffic
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Construction
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Inverted pavements - Slushing

 Slushing
 watering layer thoroughly - rolling with 

vibratory rollers without vibration / pneumatic 
rollers / static rollers - squeezing fines to 
surface

 fines broomed off road surface
 Purpose of slushing 

 ensure all aggregate particles interlock with 
one another

 form dense integrated mass of particles



Slushing - Before & After grading of G1 aggregate
Only excess fines (<0,075 mm) slushed out
• Only toe of grading curve changes
• Negligible change in grading occurs during slush-compaction

• Lubrication – fines NB



Traditional grading for G1 aggregate (COLTO 1998)



Layer ready for slush-compaction

G1 aggregate layer at 
about 85% of SRD/ARD



Slush-compact with lots of water 

No  vibration 
High  speed  rolling
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Excess fines being expelled as slush from layer

Fines  being  expelled

15 to 17 ton minimum –
27 to  37 ton towards end of cycle

High speed rolling “sucking” fines from 
saturated layer 



Air being expelled from layer during slush-
compaction

Notice  air  being  expelled 
= interlocking taking  place



Slush run-off along road Dried slush run-off

Initial slush/fines same color as 
parent rock

Dried  fines



39

G1 crushed stone ready for “ping-test”

• No more air bubbles 
escaping during slushing

• Expelled water clearing up 
substantially

• Well-knit mosaic visible 
through surface water

• Road surface does not 
heave under heavy roller

• Do interlock & density 
acceptance control – Visual 
& Ping Tests

PING!
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Performance
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Typical - performance & failure mechanism

 Many good years – if well maintained surfacing & drainage



42

Economics
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Production rates

Ratios

1

1.273

1.364

1.636
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Cost comparison

 BE VERY CAREFUL WITH COMPARISONS
 Understand assumptions & local costs & 

issues
 1998 study – Rust, Mahoney, Sorenson

 RUST, FC, JP MAHONEY and J 
SORENSON (1998).  An International 
View of Pavement Engineering. The 
Bearing Capacity of Roads and Airfields 
Conference, Trondheim, Norway.

 https://researchspace.csir.co.za/dspace/handl
e/10204/1369?show=full

 Compared US / SA pavement engineering
 Conducted cost comparison – similar traffic 

demand & climates

https://researchspace.csir.co.za/dspace/handle/10204/1369?show=full
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Cost comparison  BE VERY CAREFUL WITH COMPARISONS
 Understand assumptions & local costs & issues
 G1 currently - $40/m3 to $60/m3

SA California Washington

ESALSESALS ESALS
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Conclusions / Summary

 Well-used system due to specific technical requirements
 Understanding of pavement system
 Specific construction procedure
 Not maintenance-free
 Not magical solution
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Discussion
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