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Main aims of this course:
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Roadbed 

Fill 

Lower Subgrade 

Upper Subgrade 

Lower Selected 

Upper Selected 

Lower Subbase 

Upper Subbase 

Basecourse 

Shoulder 

Wearing Course: Asphalt 
  Seal 

  Concrete 
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Pavement types
Flexible pavements

Well-graded crushed stone base

Water-bound macadam base
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Hot-mixed asphalt base

Stabilized base

Pavement types
Flexible pavements
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Jointed concrete (JCP)

Dowelled jointed concrete 
(Dowelled JCP)

Continuously reinforced 
concrete (CRCP)

Pavement types
Rigid pavements

 

d/4 
50 mm 

d 75 mm 75 mm 

Groove, sawn and sealed 

Induced crack 

Reinforcement, if 
any, stopped short 

of crack 

Contraction Joint  

Subbase 

Concrete 

Reinforcement, 
if any 

Construction Joint  

Subbase 

Concrete 

50 mm 

Deformed 
tie bar 
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Pavement types
Segmented block pavements
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Where does soil come from?
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Rock Cycle

Basalt:

Porphyry:

Granite:
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Types of Igneous Rock

Sedimentary Rock:

Sand Stone:

Shale:

Dolomite:
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Sedimentary Rock types

Metamorphic Rock:

Marble:

Slate:

From Limestone or Dolomite

From Shale

Quartzite: From sandstone
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Metamorphic Rock types

18



Soils
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Cuts or 
borrowpits

Quarries
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Most important properties of 
soils:
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Poorly graded materials

But both are poorly graded !
(poor particle distribution) 22



Well graded materials

“ ’

Can be described as “continuously 
graded”

Coarse well graded – large maximum size

Fine well grade – small maximum size 23

Nest of sieves
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INDICATOR  TESTS
GRADING  ANALYSIS
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Increase in 
moisture content 

Water added 

Increase in 
volume 

Solid 
Semi 
solid 

Plastic Liquid 

Shrinkage 
Limit 
S.L. 

Plastic 
Limit 
P.L. 

Liquid 
Limit 
L.L. 
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INDICATOR  TESTS
ATTERBERG  LIMITS

SOLID PLASTIC LIQUID
Dry

Add Water
PL = Moisture Content @ the 

Plastic Limit

LL = Moisture Content @ the 
Liquid Limit

PI =  LL – PL  =  Plasticity Index

Wet

PI
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INDICATOR  TESTS
LINEAR  SHRINKAGE

GRADING, PI and LS can with experience 
and knowledge of the soil type provide a 

very good preliminary guide to the 
engineering properties of a soil
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Roadbed 

Fill 

Lower Subgrade 

Upper Subgrade 

Lower Selected 

Upper Selected 

Lower Subbase 

Upper Subbase 

Basecourse 

Shoulder 

Wearing Course: Asphalt 
  Seal 

  Concrete 

90-93% MDD

95-98% MDD

93-95% MDD

88% AD

RELATIVE  COMPACTION

÷

Field density

Maximum density
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CALIFORNIA BEARING RATIO (CBR)

CRUDE TEST OF (BEARING) STENGTH
Samples prepared at MDD OMC using   three compactive efforts 
which give: 100%, about 96% and 93% Relative Compaction

After soaking, a standard plunger (2ins Diam) is forced into the 
sample and the resisting force is measured at 2,5mm, 5mm and 
7,5mm penetration

The resisting force is divided by the Standard Force (OJ Porter) to 
give the CBR

“ ”
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Type Summary of Requirements 

Graded 
crushed 
stone

G1 Crushed from solid good rock. Strict grading requirement. 
Non-parent fines disallowed. High degree of compaction 
specified – typically 89% ARD. LL max 25, PI max 4, LS max 
4, ACV max 29%, 10% FACT min 110 kN

G2 & 
G3

Crushed from rock, boulders, or coarse gravel. Strict grading 
requirement. May include non-parent fines. LL max 25, PI 
max 6, LS max 3. CBR ≥ 80, Swell max 0.2%

Natural 
gravels

G4 Natural gravel that may require crushing. Grading specified. 
May contain non-parent fines. LL max 25, PI max 6, LS max 
3. CBR ≥ 80, Swell max 0.2%

G5 Natural gravel that may require crushing. LL max 30, PI max 
10, LS max 5, CBR ≥ 45, Swell max 0.5%

G6 PI ≥ 12 or 3GM+10. CBR ≥ 25 at 93% compaction. Swell max 
1.0%

Gravel -
soils

G7 PI ≥ 12 or 3GM+10. CBR ≥ 15 at 93% compaction. Swell max 
1.5%

G8 CBR ≥ 10 at 90% compaction. Swell max 1.5%

G9 CBR ≥ 7 at 90% compaction. Swell max 1.5%

G10 CBR ≥ 3 at 90% compaction. Swell max 1.5%

Note: Some additional requirements in COLTO
39

Type Situation Remedy
Soft soils Vlei and estuarine. Prone to 

settlement
Investigate extent to decide most practical treatment. 

Consider:

• remove and replace

• install subsoil drainage

• install geofabrics 

• treat (stabilize) with lime

Expansive 
clays

Use PI and clay component with 
van der Merwe activity chart. 
Usually: LL > 30, PI >12, LS >8

Investigate extent to decide most practical treatment.

Consider:

• remove and replace at least 600mm with stable      
material 

• stabilize with lime

• employ methods to keep moisture content stable 

Collapsible 
soils 

Typically low density sandy 
materials which densify at high 
moisture contents.  

Consider impact rolling or ripping and recompacting 
to at least 600mm

Dispersive soils Soils form dongas, gullies and 
tunnels. Contain sodium or 
lithium ions 

Minimum use of these materials in fills. 

Consider:

• removal to depth of at least 600mm

• treat with gypsum
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Sieve 
Size 
(mm)

Class.
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The nominal maximum particle size (NMPS) is the one sieve size larger than the largest sieve to
retain a minimum of 15 percent of the aggregate particles
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Aggregate Strength Tests
T

re
to

n
ACV : % Fines 

@ 400kN Load

10%FACT : Load 
to Generate 
10% Fines

Modified Ball-Mill
60 rpm for 10mins
B-M I = P0,425 x PI
Using max values 43

AGGREGATE  STRENGTH
 Treton Test  - Impact Resistance on

-20mm +16mm stone 

 Aggregate Crushing Value (ACV) and 
10%FACT : (SANS 3001 – AG10), wet and dry on 
-14mm + 10mm stone – Crushing Resistance

 Modified Ball-Mill Test, (SANS 3001 – AG16) 
wet and dry, on whole sample  - Resistance to 
degradation during construction and during 
pavement life
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Basic compaction technology

STATIC ROLLER

Used mostly for compacting hot-mixed asphalt and in the construction of 
chip seals . Some road authorities prefer to use it for compacting water-
bound macadam

SMOOTH DRUM VIBRATING ROLLER

Extensively used for the compaction of rock-fill and soils in the 
construction of earthworks as well as the granular pavement 
layerworks 

PADFOOT VIBRATING ROLLER

Used extensively used for compaction  in the construction of 
earthworks and lower pavement layerworks. Breaks down soft rock 
such as mudstone and shale.  

DOUBLE DRUM 
VIBRATING ROLLER

Compaction of hot-
mixed asphalt 

PNEUMATIC (RUBBER) 
TYRED ROLLER

Compaction of hot-mixed 
asphalt, as well as in the 
construction of chip seals
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Basic compaction technology

Static VibrationImpact

Static pressure
Vibration pressureImpulse pressure

Main forms of compaction
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Basic compaction technology

Impact rollers

Impact 
rollers may 
be 4 or 5 
sided

Used for compaction of earthworks. Useful in dry 
regions and for compaction of collapsible materials 
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PRINCIPLES OF VIBRATORY COMPACTION

Static compaction Vibratory compaction

Basic compaction technology
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Basic compaction technology

Frequency 
High amplitude, low frequency

eg 30 Hz

High frequency, low amplitude

Principles of vibration rollers

eg 50 Hz

mm
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Basic compaction technology

W (cm)
Drum axle load (kg)

Static linear load 

Static linear load = drum axle load ÷ drum 
width

Depth of compaction 
is proportional to static 
linear load

Vibrating mass 

Higher vibrating 
mass = higher 
compaction 
performance

Important criteria for vibratory rollers
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Basic compaction technology

Vibratory roller settings for rockfill, soils and gravels

1. Start the compaction using HIGH 
AMPLITUDE / LOW FREQUENCY setting

2. Complete the compaction using LOW 
AMPLITUDE / HIGH FREQUENCY setting
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High amplitude setting

PRINCIPLES OF VIBRATORY COMPACTION

Compaction starts at 
bottom of layer

Basic compaction technology
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PRINCIPLES OF VIBRATORY COMPACTION

High amplitude setting Low amplitude setting

Compaction starts at 
bottom of layer

Compaction continues
at top of layer

Basic compaction technology
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PRINCIPLES OF VIBRATORY COMPACTION

The result:

The full thickness of the layer is 
properly compacted 

Basic compaction technology
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Basic compaction technology

Increased rolling speed

The number of vibration impacts decreases as speed increases 
causing reduction in compaction – required more passes to 
achieved same level of compaction

TYPICAL OPTIMUM ROLLER SPEEDS

Rockfill 1 – 2.5 km/h

Gravel, sand 2 – 4   km/h

Effect of rolling speed 
on compaction
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Back scatter

Direct transmission

Basic compaction technology

Measurement of compaction

Nuclear gauge
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Basic compaction technology

Measurement of compaction

Sand replacement

Place the density ring on the 
pavement surface and bed it in

Pour the calibrated, weighed 
sand into the density funnel. 
Close the tap once the sand 
has stopped running in

Pour the sand in the 
top of the density 
funnel back into the 
container

Seat the density funnel in the 
ring
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Basic compaction technology

Measurement of compaction

Sand replacement

Remove material 
from the 
compacted layer 
using a chisel

Place the material 
in an airtight 
container 

58



Basic compaction technology

Measurement of compaction

Sand replacement

Once the hole is complete, refit the 
density funnel to the ring

Pour in the calibrated, weighed sand 
into the funnel until it stops running in. 
Close the tap and transfer the sand 
from the top of the funnel into the 
container
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Benching
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Undercut unsuitable materials, 
drain
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Undercut unsuitable materials, 
drain
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Replace with granular material

“ ”

Normally minimum 90% Modified 
AASHTO compaction required
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ROAD BED

Normally compaction is minimum 90% Modified AASHTO 

66



The thickness of the selected layers are normally 150 mm 
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The subbase layer is compacted to 95% to 98% Modified AASHTO
depending upon the pavement design
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Flexible pavements

Well-graded crushed stone base

Water-bound macadam base
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Hot-mixed asphalt base

Stabilised base

Flexible pavements
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