Highway Engineering Laboratory

Experiment No Lk
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Getting to know Pavement Materials

Experiment No.1: Getting to know Highway Materials

Goals
1. Getting to know asphalt cement, liquid asphalt, and asphalt mixture
2. Study asphalt behavior under different conditions
3. Review of fundamental statistical concepts




rn 50 X e

Pavement I\/Iaterlals & DeS|gn

1 Asphalt I\/Iaterlals




Liquid Asphalt

Image source:

5

Asphalt Mixture

Hot Mix | Parkl




Image source:

Sub

S

ourse

?ase Course

7

Asphalt
pavement

Asphalt
mixture

Asphalt
binder

Qu, X, D. Wang, L. Wang, Y. Huang, Yue Hou and M. Oeser. "
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FIGURE 9.1 Classification of bituminous materials (Goetz and Wood, 1960).
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Classification

Asphalt VS. Tars
O Tar

» is a dark brown or black viscous liquid of hydrocarbons
and free carbon, obtained from a wide variety of
organic materials through destructive distillation.

Q Tar can be produced from
» Coal
» Wood
» Petroleum

O Therefore,

» the chemical composition of tar varies, though it is
always made of organic matter of some sort.

Atar-like substance can be
produced from corn stalks by
heating them in a microwave

Image source:
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Classification
Tars from wood

hitps://www.youtube.com/shorts/_{WKu2kmi8
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Classification
Tars from wood
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Classification

Asphalt V.S. Tars

U Asphalt

» Itis obtained by partial distillation of
crude petroleum

Image source: https://civiljungle.com/difference-between-asphalt-and-tar/
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1.1 Asphalt Types : Asphalt Cement
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Asphalt types
Paving asphalt

O Asphalt most commonly used in flexible pavement construction can be
divided into:

Asphalt cement (binder)  Emulsified asphalt Cutback asphalt
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1.1 Asphalt Materials

Asphalt cement
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Asphalt cement
Observe the following for the given sample:

U The color of the sample ?

U The state of matter at room
temperatures?

U The consistency of the sample ?

U Do you think the materials can be
applied to prepare the mixture at this
state. Explain your answer.

U Does it have good adhesive
characteristics ? Explain your answer.
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Asphalt cement

O Observe the following for the given sample:
> The color of the sample ? a dark-coloured petroleum-like
> The consistency of the sample ? sticky liquid to a glossy solid
» The state of matter ? Semisolid

» Do you think the materials can be applied to prepare the mixture at this state. Explain your answer.
% No. Itshould be heated
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Asphalt cement

O Asphalt can be
described as a dark-
coloured petroleum-
like material that has
a consistency ranging
from sticky liquid to a
glossy solid.
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Asphalt types
Asphalt cement

O At room temperatures,

» asphalt cement is a semisolid material
that cannot be applied readily as a
binder without being heated
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Asphalt types

Asphalt cement

U Asphalt cement has excellent adhesive characteristics as compared to
the liquid asphalt (cutback and emulsified asphalt ),

» which make it a superior binder for pavement applications

24
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Asphalt types
Asphalt cement

U Asphalt cements are
used mainly in the
manufacture of Hot-mix
Asphalt (HMA)

hiips://sw.y0utube.com/shorts/[X599SteBWM
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Asphalt cement

Materials response (deformation)?

O Solid/ liquid
O Hard/Soft ?
Q Elastic/Viscous ?

viscous elastic

P&’
ﬂ/ X
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Asphalt cement

Observe the variation in following characteristics for the give samples with the
identified condition

U The state of matter ?
» Solid/ liquid

O The consistency of the sample ?
» Hard/Soft ?

O Materials behavior like @
(deformation)? )

» Elastic/ Viscous ?

Fast Load

28

28
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Asphalt cement

Observe the variation in following characteristics for the give samples with the
identified condition

U The state of matter ?

High
> Solid/ liquid Temperature
(~150 C)
O The consistency of the sample ? ‘
» Hard/Soft ?
O Materials behavior like |nte~rr2ng%iate
(deformation)? ( )

» Elastic/ Viscous ? ‘

Low
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Asphalt cement

Observe the variation in following characteristics for the give samples with the
identified condition

U The state of matter ?
» Solid/ liquid

Short time

O The consistency of the sample ?
» Hard/Soft ?

O Materials behavior like
(deformation)?

» Elastic/ Viscous ?

Long time

30
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Asphalt cement

identified condition

U The state of matter ?
> Solid/ liquid

O The consistency of the sample ?
» Hard/Soft ?

O Materials behavior like
(deformation)?

» Elastic/ Viscous ?

Observe the variation in following characteristics for the give samples with the

High
Temperature
Slow load (~150C)

¥

Short time

Intermediate

(~25C)

¥

Fast Load
Low
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Asphalt cement

identified condition

U What is the worst conditions
for the asphalt mixture.
Explain your answer.

Observe the variation in following characteristics for the give samples with the

High
Temperature
Slow load (~150 C)

¥

Intermediate

Short time

(~25C)

¥

Low

Fast Load
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| behavior of materials
e Dependency
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Asphalt cement

Observe the variation in following characteristics for the give samples with the
identified condition

O At which temperature

High
the asphalt binder can be Te(rpgggtcu)re
applied to asphalt
mixture. $
| Intermediat
» Explain your answer. n ?Irzngcl;:\ e
hhhhh )
35
Liquid Asphalt
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Observe the variation in following characteristics for the give samples with the
identified condition

U The state of matter ?
» Solid/ liquid

O The consistency of the sample ?
» Hard/Soft ?

L Materials behavior like @
(deformation)?

» Elastic/ Viscous ?

Asphalt binder +

additives

36
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Asphalt Mixture

; Aggregates
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Asphalt Materials
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Asphalt Types : Liquid Asphalt
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Asphalt Mixture

Observe the variation in following characteristics for the give samples with the
identified condition

U The state of matter ?

> Solid / liquid
U The consistency of the
sample ?
Raw :
» Hard/Soft ? asphalt [ Petroleum |

U Materials behavior like Eliels; \ solvent

(deformation)?

» Elastic/ Viscous ?
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Asphalt - Methods to Liquify

1. Heating
» Temporarily reduces viscosity

2. Dissolving in Solvent

» Cutback Asphalts (type and amount of
solvent determines properties and
classification)

3. Emulsifying with Water

» Emulsified Asphalts (electro-chemical
charge, setting characteristics, liquid

» viscosity and consistency of cured
residue determines properties and
classification)

40

20



Asphalt types
Cutback asphalt

dCutback asphalt = AC + Petroleum solvent

41
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Asphalt types
Cutback asphalt

O Aliquid asphalt which are manufactured by adding (cutting back) petroleum solvents to
asphalt cement

» Cutback asphalt = AC + Petroleum solvent
U They are made to reduce the asphalt viscosity for lower application temperature

O Application to aggregate or pavement causes the solvent to escape by evaporation, thus
leaving the asphalt cement residue on the surface

5 CUTBACK BITUMEN GRADES

Slow Curing = Medium Curing - Rapid Curing

42
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Asphalt types
Cutback asphalt

Based on the relative rate of evaporation, cutback
asphalts are divided into

1. Rapid —Curing (RC)

» Produced by adding a high volatility solvent
(8enerally gasoline or naphtha)

2. Medium — Curing (MC)

» Produced by adding an intermediate volatility
solvent (generally kerosene )

3. Slow-Curing (SC) ( or road oils)

» Produced by adding a low volatility solvent
(8enerally diesel or other gas oils )

Fractional Distillation of Crude Oil
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Bottled Gas

Petrol
(Gasoline)
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Jet fuel,
Paraffin for
lighting and

heating
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Heating
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Roads and
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Asphalt types
Emulsified asphalt (emulsion)

O It’s a mixture of asphalt cement,
water, and emulsifying agent (e.g.,
soap)

» 1-2% by volume
QO It classified as liquid asphalts
because

> they are liquid at ambient
temperatures

U Emulsions are made to

> reduce the asphalt viscosity for lower
application temperatures

Photo of magnified asphalt emulsion showing minute
droplets of asphalt cement dispersed in a water medium.
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