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use and

= Excellence in Asphalt Training 3

=i hﬂSPHALT |
W ¥ ACADEmMY

+ Consulting : Cy‘;"”% -
— TVE, JGI, C2C, SABITA, - hoa
private work — 28 Argus cycle tours
+ Lecturing + Surfing & body boarding
— Cape Tech, Pen Tech, CPUT,
NMMU

Training & accreditation
— AsAc, SARF, NLA
Laboratory technical audits
— TA for SANAS
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aterials testers qua

 Wol =g do i 17024 certification

© SARF « SANAS TA
— Present various courses in
Southern Africa with AsAc | e ——
mportant webp aadresses
- Contract to SABITA P
— Asphalt SANS revisions 0 www.aéplhaltacademv.co.za
— LIC methods = Tralnl.ng & development
— Bituminous PT protocols * www.sabita.co.za
— Corporate

* Private consulting work
* www.sarf.co.za

— Roads industry training body

bituminous binders in general use and
their significance in practice.

To create an awareness of the importance
of the safe and responsible handling of
these products to mitigate risk of injury or
loss
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pecifications and test methods
» Handling of bituminous binders
» Selection and application of binders

odule
Module 4: Handling of bituminous binders
Module 5: selection and application

. Specification and test methods




o Smokers
» Course notes Tl
— SABITA manuals / CD’s 2
&8 ® Lunch & teas
— AsAc TG1 e Assessments
— PPT handout sheets o Multiple choice based on
— Course evaluation previous days lectures
* Handed out @ end of ¢ Ask questions — anything!!
. course o There are NO dumb
* Business card questions

* Qualification/s ...

 Position you hold in your
organisation ...

* Experience in bituminous = &
products used in roads ... ; i,
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Composition
Structure
Rheology

Behaviour
* Visco-elasticity
* Durability
* Hardening

derivatives

» Soluble in trichloroethylene
+ Although solid or semi-solid at normal temperatures
bitumen may be liquefied by:
— Applying heat
— Dissolving in petroleum solvents
— Emulsifying in water




etroleum
Crude oils

NINIAN (NORTH SEA)
Low sulphur crude with
good yields of petrol, jet fuel,
diesel and asphalt.

ARABIAN LIGHT
(MIDDLE EAST)

This major crude oil from the
Middle East is moderately
high in sulphur, vields

petrol, jet fuel
lubricating oils and fuel oil.

— Readily adhesive
— Waterproof
Durable

and salts

Imparts flexibility when used in conjunction with
aggregates in asphalt mixes and spray seals

Highly resistant to the action of most acids, alkalis

2020/06/26



9(0% Road grades

Roofing

=
~ =

Sound proofing Pipe coatings

el
10% Industrial Grades B

derived

» Refineries generally use consistent crude
oil sources — consistent bitumen properties

» Laboratory tests focus on physical tests
that attempt to measure performance
related properties

2020/06/26



2020/06/26

I e LI G CHS TSt O
» Composition
» Structure

* Rheology

* Behaviour
* Visco-elasticity
* Durability
* Hardening

products of varying hardness or viscosity. The
binder is graded in terms of its penetration — a
measurement of viscosity

« Bitumen, Performance Grade (PG). The same
fraction referred to above, but graded in terms of the
environment (climate & traffic) and performance
parameters to be addressed — resistance to viscous
flow, fracture and thermal cracking.




emulsion most commonly used in road works
has the bitumen dispersed in the water.

operative.

Binder, Modified - bitumen modified by the addition of
compounds to enhance performance. Examples of
modifiers are polymers, such as natural or synthetic
rubbers.

Bitumen-Rubber — A blend of bitumen and
approximately 20% by weight of crumb rubber,
containing where necessary extender oil and/or dilutent
and additives

2020/06/26
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Glossary/cont...

« Bituminous Surfacing — A layer consisting of a
bituminous binder and aggregate with which
traffic makes direct contact. Also termed a
wearing course.

» Bituminous Curing Membrane — A coat of
bituminous material applied to a newly
constructed cemented pavement layer to
promote the curing of the layer

* Fog Spray — A light application of diluted
bitumen emulsion to the final layer of stone of a
spray seal or to an existing bituminous surfacing
as a maintenance treatment.

Glossary/cont...

+ Prime — A coat of suitable bituminous binder
applied to a non-bituminous granular pavement
layer as a preliminary treatment before the
tahpplication of a bituminous base or surfacing. of

e

* Bond Coat — A coat of bituminous binder
applied to a primed layer or to an existing
bituminous surface as a preliminary treatment to
promote adhesion between the existing surface
and a subsequently applied bituminous layer,
especially asphalt. Bond coats are also used to
enhance adhesion along transverse and
longitudinal joints in asphalt layers.

11



their adhesion to the bituminous binder.

+ Slurry — A mix of suitably graded fine aggregate, cement
or hydrated lime, bitumen emulsion and water, used for
filling the voids in the final layer of stone of a new
surface treatment or as a maintenance treatment (also
referred to as a slurry seal)

» Surface Treatment — A general term typically
incorporating chip seals, micro surfacing or fog sprays. It
is applied to improve the texture and integrity of an
existing surface

and rut-filling

+ Bitumen stabilised material - Pavement
materials that are treated with relatively low
concentrations of bitumen through the
introduction of either bitumen emulsion or
foamed bitumen to improve material
strength and stiffness,.

» Asphalt- A mixture of aggregate, mineral
filler and bituminous binder in pre-
determined proportions to function as a
wearing course of base

2020/06/26
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are applied on either newly
constructed roads or as a reseal
maintenance measure on existing
roads

* Reseal — A surface treatment
applied to an existing bituminous
surface

Manufacturing/distillation of crude petroleum oil
Composition
Structure

Rheology

Behaviour
* Visco-elasticity
* Durability
» Hardening
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 Full range of penetration and cutback
bitumen for road making purposes

« Availability of crude oil sources as well as
local demand — may result in this not
always being feasible

Windhoek
[ ]

Pretogia
Johannesburgg

Crude oil

Natref refinery

'f"
M Kimberly, Richard;jl
N Pofadder Bloemfonteine E?‘?‘
y
".\ i Sa;-),!: urban
b ,.FJ-'
.9 (//'
sSaldanha ,‘Egst London
by -

e

SN
Cape Tow ‘ftr_(m;-r‘*"’.Mossel Bay  PortElizabeth
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1500 known

crudes

100 suitable for bitumen

[ ] Known bitumen crude

¢* Other crude

— o\, \"
~ ¢ 0
=) o % S ’o i ‘y
"3 0.85 - n .:.;f‘“.’ :“0‘ S ‘:. 2 ’. 2 3¢Duba| Export
-~ 3”% ! .g‘: oo RS J ki

3‘ o Ny R irkuk
D . o !
c 0.8 - o Arab Light
(7]
g . . WTS
T 075 . .
=] .
= . 0
Q - —_— - . CPC Blend

0.7 - WTI Brent

0.65
0.6
0.001 0.01 0.1 1

Source: BP Bitumen

Sulphur in crude, %wt

2020/06/26
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Gasoline
(Petrol)

Kerosene

165 °C araffin)
250°C
Pre-heated 300 °C Gas oil
crude oil (Diesel)
280 °C
uﬁ;% Atmospheric residue
R-eepichbrn (Long residue)

+ Oil fractions are drawn off in vapour at relatively low
temperatures

* Residue (“vacuum bottoms”) used to produce straight
run bitumen

+ Sometimes these are further processed by air blowing
to produce harder grades of bitumen

*  Vacuum bottoms not used in bitumen manufacture -
further processed to produce marine and furnace fuel
oil

16



Heavy
crudes Soft —

. Bitumen grades
Air ()
Blowing

}

Marine/furnace
Fuel Oil

e
=
8

5-10 Gasoline 15-150
12-18 Kerosene 150 - 260
18 -24 Gas oils 230 - 370
24 - 40 Lubricating oils 370 - 525
24 - ~300 Heavy fuel oil 370 -

~40 - ~300 Bitumen 525 -

Bitumen constitutes about 2 — 2.5% of total refined product

2020/06/26
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Composition of bitumen
Structure
Rheology

Behaviour
* Visco-elasticity
* Durability
* Hardening

— Nitrogen
— Traces of metals
— Polycyclic aromatic hydrocarbons (PAH's)

18



« Concentrations are extremely low

» Global research - no causal link to cancer
in human beings has been established

« Same classification as
— cell phones & coffee

* No increased risk for
cancer

— probably

* Group 2B
— possibly

* Group 3
_ not classi « Warm asphalt
— < 135 °C further assists
Group 4 to reduce exposure
— probably not — reduced fume emissions

2020/06/26

19



100+

Precise composition will
depend on crude oil,
manufacturing processes and
in-service ageing

Carbon Hydrogen Sulpur Oxygen Nitrogen

Soluble Insoluble

o+

2020/06/26
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° aKe up o — o OT DItumen
» Contain
— Carbon
— Hydrogen o
— Some nitrogen Soluble Insolubl
— Sulphur
— Oxygen “

“ﬂé‘
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Complex, flat structure
High molecular weight
Insoluble in n-heptane

Source: BP Bitumen

sidaet e
-

molecular mass and polarity):

— Resins
— Aromatics
— Saturates

[

(=) e

2020/06/26
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* Small amounts of

Soluble

oxygen, sulphur and
nitrogen

+ Makes up 30 — 50%

of total bitumen

» Polar — strongly
adhesive

other high molecular mass
hydrocarbons

» Determines to a significant
extent compatibility with
polymers (modification)

Soluble

-

2020/06/26
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+ Both waxy and non-
waxy

» Make up 5 - 20% of
total bitumen

Soluble

« Composition
» Structure
* Rheology

* Behaviour
* Visco-elasticity
e Durability
* Hardening

2020/06/26
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resins

 Dispersed or dissolved in lower molecular
mass of oily medium of maltenes
(saturates and aromatics)

25



— Non-polar molecules — saturates and
aromatics form the body (carrier of the polar
molecules) and provide viscous properties

« Two categories coexist in a homogeneous
mixture
» Chemical bonds are relatively weak — readily

destroyed by heat or shear stress which gives
bitumen its viscous and elastic properties

* Too little or too much of a particular
molecule group — brittleness and poor
behaviour at low temperature

» There is no ideal proportion of SARA — the
interaction between these fractions will
characterise the behaviour of the bitumen

2020/06/26
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— oo0luton type —
— “Gelatinous” type — GEL

» Most bitumens are of intermediary
character

« Examples of GEL types are oxidised
grades (roofing)

Sol type bitumen

® Asphaltenes () Resins

** Aromatics E=H saturates

2020/06/26
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» Structures of linked micelles
Gel type bitumen

5
® Asphaltenes 2P Resins

°%* Aromatics E=H saturates

— significant increase in asphaltene content
— decrease in aromatics
— saturate and resin content substantially unchanged

» Exposure to heat (asphalt manufacture
and construction) effects major changes in
viscosity and relative proportions of
chemical components

2020/06/26
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Viscosity of aged binder

Viscosity of original binder

2020/06/26
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Little sense to ensure performance by specifying chemical
component concentrations nor define individual
components (e.g. required proportion of asphaltenes)

Instead - use performance related physical properties for
specifying and selecting bituminous binders

2020/06/26
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» Composition
» Structure
* Rheology

« Behaviour
* Visco-elasticity
* Durability
* Hardening

property
* Influenced by
— Temperature

— chemical composition

— structure (physical arrangement) of the binder
molecules

31
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hydrocarbon material which
softens when heated and turns
into a glassy state when cooled-
» Atlow road temperatures
— Brittle solid (?)
* At room temperature
— Sticky semi-solid
» At high service temperatures
— Visco-elastic substance (?)
» Elevated temperatures (?)
— Viscous liquid

— Increase in asphaltenes — increase o
viscosity

— Increase in aromatics at constant ratio of
saturates: resins has little effect on rheology

— Increase in saturates at constant ratio of
resins: aromatics softens the bitumen

— Addition of resins hardens the bitumen

32



« Composition
» Structure
* Rheology

* Behaviour
» Visco-elasticity
e Durability
* Hardening

temperature and load duration

2020/06/26
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returning to its original position after removal o
the load

» Excessively low temperature in conjunction with
rapid loading may cause brittle failure and
cracking

* Prolonged low temperature can cause a build-up
of internal stress resulting in cracking

plastic deformation that is not recovered

» Flow takes place as adjacent molecules flow
past each other

» The force resisting this flow is related to the
relative velocity of sliding

34
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resistive force
relative velocity (of sliding)

e Viscosity is therefore constant irrespective of
the magnitude of applied shear

* Such materials known as Newtonian fluids

| w ui
Ratio: Applied shear stress
Rate of shear

S| unit of dynamic viscosity is Pascal-
second (Pa.s)

35



Density of fluid

The Sl unit of kinematic viscosity is mm?/s or
centiStoke (cSt)

Densities of SA penetration grade bitumen:
0.970 — 1.040 kg/I
A dynamic viscosity of 1 Pa.s equates to:
kinematic viscosity of 962 — 1 031 ¢St

temperatures — behaviour mainly viscous

» Service conditions — behaviour is visco-
elastic, except in extremely low
temperatures when it tends to be elastic

» Bitumen specifications are formulated in
terms of these requirements

2020/06/26
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o permanent deformation
» Dashpot

— Viscous deformation

— Time dependent

— Some permanent deformation
» Spring-dashpot in parallel

— Delayed elastic deformation

— Time dependent

— No permanent deformation

(= Viscous deformation

w Delayed elastic deformation

*\Voight
*Kelvin - Voight

Maxwell

2020/06/26
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— viscous and delaye
elastic behaviour

* Load removed

— Instantaneous elastic
recovery

— Additional recovery with
time — delayed elastic

— Permanent residual strain

between two plates
— Lower plate fixed
— Upper plate oscillates at selected frequency

 DSR measures both elastic and viscous
properties of binders in the in-service
temperature range (10°- 70° C)

2020/06/26
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applied torque :
bl ——

spindle
asphalt sample

sample chamber

T i

Oscillating stress
or strain

Spindle

Oscillating plate

Bitumen layer

Base plate
(fixed)

39



Spindle
Position

One cycle
is complete...

2. Creep behaviour of a bituminous binder

— Extent pf recovery after relaxation of applied
torque at elevated temperature

2020/06/26
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* The phase angle (), - lag between the
shear stress and the resulting shear strain.
Phase angle (d) limiting values are
— Purely elastic material: d = 0 degrees
— Purely viscous material: d = 90
— the phase angle for bitumen is typically about

88 — 89°
— some modified binders can have phase angles
as low as 60°.

G* = Max stress - Min. stress

Min. Max strain - Min. strain
stress

+ \ Max.
strain Phase angle = &
Resulting
shear > time
strain 3 F \/

Min.
strain

2020/06/26
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elastic behaviour V,

e Thus G* alone cannot describe

asphalt behaviour, d is also 1 0, .
required E, E,
» Bitumen 2 has a larger elastic Elastic behaviour

component (E, > E,) and will
recover better from applied
loading.

recoverapile creep

» A 1-second constant stress interval
followed by 9-second unloaded recovery
period. - repeated 30 times as follows:

— 1510 cycles are performed at 0.1 kPa stress;
— 10 more cycles at 0.1 kPa stress level and
— 10 cycles at 3.2 kPa stress level.

42



14
S
P TS A —————————
T 10 A Recoverable shear strain
£
& | 1
oyt 8
] 6 Instantaneous
ﬁ 4] shear strain Non-recoverable (permanept)
: shear strain
E ]
5 |
o 0 T
0 2 4 6 8

Time, seconds

the Non-recoverable Creep Compliance (J\g) for a
particular cycle is determined as follows:

non — recoverable shear strain

NR = applied shear stress

— extent to which a bituminous binder will
recover after the relaxation of an applied
torque load

— significant when considering

» permanent deformation (rutting potential) of
asphalt

+ the flushing / bleeding of spray seals.

2020/06/26
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* Hardening

and enabling the bituminous layer to
achieve its design life

2020/06/26
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and not cracking

* It should not be too stiff - excessively stiff
substances will crack rather than deform-
then-rebound

* It should have stress relaxation properties
to counter the formation of cracks

— low temperature stiffness
— stress relaxation properties of binders

» Bending Beam Rheometer (BBR)
measures permanent deformation (or
creep) under a sustained load at a given
temperature

2020/06/26
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+ Carried out on aged binders to simulate

hardening during manufacture, handling and
in service

minimum m-value, being the rate o
change of S with time, indication of stress
relaxing properties

» Elastic beam theory and the elastic-
viscoelastic correspondence

PL3

S, =
t ™ 4bn3s,

2020/06/26
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— Service life

* Avoid thin bitumen films

— Detrimental effect — increased brittleness
leading to early fracture, fretting and stone
loss

Composition
Structure

Rheology

Behaviour
» Visco-elasticity
* Durability
* Hardening
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. ysical (steric
* Exudation

films and time
* Leadsto
— Increase in viscosity
— Increase in stiffness
— Loss of flexibility
* Prevented by
— Adequately thick binder films
— Proper compaction of e.g. asphalt layers

2020/06/26
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* Penetration grade bitumens are relatively
involatile
— Not prone to significant loss of volatiles

* Reversible on reheating

49
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Hot bulk storage

Hot mix asphalt manufacture
Handling of asphalt
In-service

50



for periods ranging from
days to weeks

Surface area exposed
to oxygen is small
relative to the volume

Very little hardening
occurs during this phase

To dust
extractor Flights

superheated aggregates in P
presence of oxygen in pugmill Y.
Ideal conditions for oxidation
and loss of volatiles

Process is well known and
should be taken into account
when selecting grade of bitumen
Guide: Penetration of bitumen
falls by about 30% during mixing
— Approx 1 pen grade

1y, Burner

2020/06/26
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silos and truck bodies
while being transported
to site

* Hardening occurs
through exposure of
hot binder films to
entrained air

+ Little or no hardening
occurs during laying
and compaction

» Exposure of binder films to the
atmosphere will influence hardening

« Air void content is a major determining
factor

« Studies have shown that:
—Little hardening when void content <5%
—Significant hardening when void content >9%

52



should be 6 — 8um

» For porous mixes a m|n|mum thlckness of B
12 ym is recommended =« e

2020/06/26
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vessel

» Care should be taken not to expose
bitumen to hardening in excess of what
will occur in practice

* Thereby avoid test results that are not
realistic
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« Bitumen has a complex chemical structure —
specification of physical properties is preferred
worldwide

 Displays visco-elastic properties that
characterises its behaviour

» Age hardening of bitumen can be minimised by
proper handling

95



