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’A Asphalt Institute

ASPHALT INSTITUTE

US-based association of international
asphalt producers, manufacturers, and
affiliated businesses.
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A Al's Mission

ASPHALT INSTITUTE

 |Is To Promote Asphalt:
 Usage
* Benefits
 Quality performance

« Emphasizing
 Education,

Research,

Engineering,

Technical Development

Resolution Of Issues
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)A Al Background

ASPHALT INSTITUTE

« Formed back in 1919. Now in its 86th year
« 102 different ways to specify liquid asphalt
e 9 penetration grades

 Today
 Has about 90 member companies.
e That produce 95% of the asphalt in the US.
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Airfields and Asphalt
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Airfields and Asphalt




A Airfields and Asphalt

ASPHALT INSTITUTE

PERPETUAL PAVEMENT AWARD

= Recognizes in-service long-life asphalt pavements with no
structural problems.

= Minimum Requirements
-Age: at least 35 years

-Avg. resurfacing interval > 12 yrs
-No structural failures

Minimal maintenance through life
«If highway, length > 5 miles
- Award Considerations

-Resurfacing/ maintenance/ traffic history




A Airfields and Asphalt

ASPHALT INSTITUTE

Baltimore Washington International Runways
15/33 and 10/28

eConstructed in 1948
«317,000 annual operations in 2000
*Overlaid in’64, '73, and '87
*All overlays: less than 4 inches
*Average resurfacing interval: 14 years
*No structural failure throughout life

Perpetual Pavement Award Winner for 2002
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)A Airfields and Asphalt

ASPHALT INSTITUTE

- Eareckson A.S. Runway: West tip of Aleutian Islands
- Precip: 250 days/yr. Supports Heavy Traffic (350K Ibs)




)A Mix Design Process

ASPHALT INSTITUTE
‘ °
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1. Materials Selection 2. Design Aggregate Structure

i

3. Design Binder Content 4. Moisture Sensitivity




Asphalt Binders:
fications and Selection




)A Petroleum Asphalt

ASPHALT INSTITUTE

Not All Crudes Are the Same!

Gasoline
.
. 33
14 <10 P Kerosene
Hvy Gas
Oill
W _
Asphalt . Lt. Gas Oll
Residue AN

Venezuelan Arabian-Heavy Nigerian-Light

Some Typical Crude Make Ups




)A Asphalt Binder Selection

ASPHALT INSTITUTE

Stiffness (Response to Load)

Asphalt is a thermoplastic material
that softens as it is heated and
hardens when cooled.

VISCOUS
fluid
60

Temperature, °C

VISCOUS

Stiffness vs. Temperature



)A Asphalt Binder Selection

ASPHALT INSTITUTE

e Temperature

« Magnitude of Load

Time of Loading

Aging
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)A Asphalt Binder Selection

TTTTTTTTTTTTTTTT

Loading Time vs. Temperature

1 hours
(140 F)

D> thour

(77F)

10 hours
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)A Asphalt Binder Selection

ASPHALT INSTITUTE

High Temperature Behavior

e Summer Climates
e High Tire Pressures

 Long Loading Times
e slow or standing aircraft
e aprons

Binder acts like a viscous liquid
sInsufficient mix stability
Pavement deformation
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)A Asphalt Binder Selection

ASPHALT INSTITUTE

Plastic Flow

original

/profile

N L

Weak Asphalt Layer

 Soft Binder

* Rounded Aggregate

» Too Much Natural Sand shear plane
» Excessive Binder (Low Air Voids)
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Heavy Loads
Payload up to: 150 metric tons

Antonov An 124

!
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)A The Problem?

ASPHALT INSTITUTE

Looking south on Taxi A at AD

f
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Performance?
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)A Rutting in Subgrade or Base

TTTTTTTTTTTTTTTT

original
profile

subgrade

weak subgrade or underlying layer _
deformation
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)A Asphalt Binder Selection

ASPHALT INSTITUTE

To Prevent Rutting

» Asphalt Binder

* Adequate stiffness
* high temperatures
* tire pressures
* loading conditions

 Aggregate

« Mix Design
e Compaction
e Structure




)A Asphalt Binder Selection

ASPHALT INSTITUTE

Extreme Low Temperature Behavior

e \Winter or cold climates

e Severely oxidized or aged binder

. Binder will act more as a stiff solid,
potentially cracking the HMA



)A Asphalt Binder Selection

ASPHALT INSTITUTE

 Asphalt Reacts with Oxygen

o “oxidize” or “age-hardening”

 During Construction - Short Term

e volatiles evaporate
* hot mixing, placing, and compaction

* In Service - Long Term

e hot climate worse than cool climate
e summer worse than winter
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)A Thermal Cracking Mechanism

ASPHALT INSTITUTE

HMA
— { === Surface
N N N N e 7 e
Crack or A Crack or
Cold Joint Cold Joint

Tensile Strength

HMA Surface




~ Low Temperature Cracking Across Taxiway in Ohio
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.{ 1
_ ing on Airfield Pavement
Surfaces-l_eads to Foreign

Object Debris (FOD)
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)A Asphalt Binder Selection

ASPHALT INSTITUTE

To Prevent Cracking

»Asphalt Binder

 Adequate low-temperature properties

e Soft and elastic at low temps.
* Relaxation of stresses
* Less prone to aging

 Mix Design

« Compaction - Good Construction
Practices

e Pavement Structure
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Three Asphalts with
Same Viscosity Grade

hard pen

4', VIS

Consistency

(pen or vis) A.A A
B

soft

-15 25 60 135

Temperature, C
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)A Pre-Superpave Shortcomings

 Penetration
 empirical measure of hardness only at one temp.

e Viscosity
* viscous effects only
e No Low Temperature Properties Measured

 Problems with Modified Asphalt
Characterization

o Specification Proliferation
« Long Term Aging not Considered
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What is SUPERPAVE?

 New Asphalt Binder
grading system and
specification

 New Mix Design
procedure using a new
laboratory compaction
device
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)A Performance Relationships

ASPHALT INSTITUTE

Fatigue
Cracking

Permanent Low Temperature

Deformation Cracking

Moisture

Adhesion Sensitivity
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)A Asphalt Cement and Aggregate
s Contribution to Pavement Performance

0 100

<€— Aggregate

Asphalt Cement —>»

100 0

Rutting Fatigue Low Temp.
Cracking Cracking

Decreasing Temperature
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ya Superpave Asphalt Binder Spec

ASPHALT INSTITUTE

Grading System Based on Climate

PG 64-22
0N

Performance Average 7-day Min pavement
Grade max pavement designtemp
design temp

et



A Performance Grades

ORIGINAL

(Flash Point) FP

3Pas@135° (Rotational Viscosity) RV

(Dynamic Shear Rheometer) DSR G#sin

(ROLLING THIN FILM OVEN) RTFO Mass Loss < 1.00 %

(Dynamic Shear Rheometer) DSR c*sin

52 58 64

(PRESSURE AGING VESSEL) PAV

20 Hours, 2.07 MPa 90 100 100 100 (110) 100 (110) 110 (110)

%ﬁ 5000 kPa (Dynamic Shear Rheometer) DSR G*sin

16] 13] 10] 7 | 25 2219 J16 |13 31 28] 25 |22 | 19| 16] 34] 31] 28] 25
S <300 MPa E m > 0.300 (Bending Beam Rheometer) BBR “S” stiffness & “m”-
-24] -3q) - -6 |-12]-18]-24]-30}-36 ] -6]-12]-18] -24 -30I 0]-6 J-12}18}24}s0] 0 | -6 J-12)-18}24 |-30
Report Value (Bending Beam Rheometer) BBR Pnysical Hardening
= 1.00 % (Direct Tension) DT

I
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How the PG Spec Works

avgl Spec Requirement PG 5 e — —
1- Remai nS Constant -46) -16] -22)| -28]-34|-40]-10-16 | -224-28 |-34 | -404-10 |-16 §-22 §28 |-34]-40 -1(J-16 § -224-28]-34 | -10§ -16§ -22§ -28] -34|

> 230/C
<3 Pa's @135°

Sk 1 00 kpa of
4

6 52 70 76 82

0 U0 Y%
=2 . 520 kPa

70 76 82
20 Hours, 2.07 ) 100 100 (110) 100 (110) 110 (110)

%;. Test Temperature [~ ~"osr.
<5000
Changes 13 3142825422 |19 1 3125022 | 1937 | 34) 31]28 ) 2540 | 37 34 31] 28

J
S <300 MPa E m > 0. (Bending Beam Rheometer) BBR “S” st “m”-value
-24] 304 -36] 0] -6 |-12]-18}-24

-30)-36 | -6 -12]-18]-24 -30I 0f-6§12)18)-2430§ 0 4 §-30) O | -6 |-12]-18]-24} O |-6 |-12]-18]-24

Report Value (Bending Beam Rheometer) BBR Physical g
‘ 2 1.00 %‘ (Direct Tension) DT
E~E» 24| 30 -36{ 0

-6 |-12418 |-24 |-30) -36f -6 §-12 -18]-24{-30§ O { -6 §-12]-181-24}-30§ O | -6 J-12-18]-24]-30§ O f -6 §-12-18]-24) 0| -6 §-12]-18]-24




)A Superpave Performance Tests

Construction  Rutting Fatigue  Low Temp
f /‘ Cracking Cracking

D B~
ﬂ —— J
9
135 60 20 -20
Pavement Temperature, °C

oL

New Old
Pavement Age




)A Superpave Performance Tests

ASPHALT INSTITUTE

Determine Extreme Test Temperatures
Under Which Criteria Are Met

=
D B~
ﬂ o J
o) )
135 60 20 -20

Pavement Temperature, °C

New Old
Pavement Age




)A Superpave Binder Equipment

ASPHALT INSTITUTE
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)A Which PG should be used???

TTTTTTTTTTTTTTTT

 Many factor to consider

e Suggested grades from Superpave
Weather Database

« Amount and type of traffic loadings
 Desired reliabllity

 Reclaimed Asphalt Pavement (RAP)
usage

e Current available grades
« Capabillities of binder suppliers

e Typical types of distress In
pavements

e Binder costs




y N

ASPHALT INSTITUTE

“Rule of 90”

o

Binder will be modified !!

PG 70-28=70--28 =98

(Depends on Asphalt Source!)




)A FAA and DoD General Guidelines for
Binder Selection on Airfields

» Consult with local agency specs

 Determine grades that are typically being used and
are available for the particular area

 Determine the “Standard Grade”
» Typically used for highways with less than 10 million ESALS
« Sufficient on most GA airports

e Consider ‘Bumping’ for top 4 inches if concerned.:
 High Temps or Rutting
 Past performance?
* High tire pressures?
« Standing or slow traffic (stacking on TWs)?
 Channelized traffic (alleyways)?
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Typical GA Aircraft




)A Grade Bumping Criteria - Airfields

ASPHALT INSTITUTE

Criteria used by
DoD in UFGS
02749
Aircraft Tire
Pressure (psi)

<100

100 - 200

> 200

High Temperature
Grade Bumps from
“Standard Grade”

for all Airfield Pavement
Types (Runways,
Taxiways, Aprons)

Criteria used
by FAA In
P401 (SP)

Aircraft Gross

Weight (Ibs)

<125

12.5 -100K

> 100,000
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)A Grade Bumping Criteria - Airfields

ASPHALT INSTITUTE

s ATRWAYS

. For Aircraft < 12,500 lbs PG 58-28

~+ For Aircraft < 100,000 Ibs PG 64-28
e For Aircraft > 100,000 Ibs PG 70-28

» Need to Consider Traffic Flow




)A Mix Design Objective

ASPHALT INSTITUTE

“...to determine the
combination of
asphalt cement
and aggregate that
will give long lasting
performance...”

Asphalt Institute MS-2, Mix Design Methods
for Asphalt Concrete
and Other Hot-Mix Types

COOHL3IN NOIS30 XIN ~—
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)A HOT MIX ASPHALT

ASPHALT INSTITUTE

e Comprised of two ingredients:
e Asphalt Cement ~ 5-6 % by mass
e Aggregate ~ 94- 95% by mass

R T R S e N 5 i e R o i R e
by . T e 0 i 1
o
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)A Desirable Properties of HMA

TTTTTTTTTTTTTTTT

“The final goal of mix design Is to select a
unigue asphalt content that will achieve a
balance among all the desired properties.”
(MS-22)

Seven Desirable Properties of HMA

. Stability « Flexibility
« Durabllity e Fatigue
* Impermeability Resistance

e Workability » Skid Resistance



Stability
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)A Stability

ASPHALT INSTITUTE

 Ability to resist permanent deformation
due to traffic loading

e rutting
e shoving

o Stability depends on

e internal friction

_ _ aggregate texture, shape, &
* particle interlock gradation
« cohesion due to bonding by asphalt

« asphalt content
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Durability

 Abllity to resist
e asphalt oxidation
e aggregate disintegration
e Stripping
* High film thickness enhances durabllity
e reduced oxidation
e seals voids

 Dense aggregate gradation
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Impermeability
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Prevents the Passage of Air and
Water into or through the Mix
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ASPHALT INSTITUTE

Impermeability

e Resistance to water infiltration

e Air voids >

8 % are likely interconnected

* This high permeability can lead to accelerated

oxidation d
 Virtually all

ue to contact with air and water

pavements are permeable to

some degree
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Workabillity

Without Segregatlon and W|thout
Sacrificing Stability or Performance



Workability

e Harsh mixes 7end to segregate

* high amount of coarse aggregates
e aggregates with high texture

e Tender mixes are aifficult to compact
» shortage of mineral filler
excessive medium size sands(No. 30 Sieve)
smooth, rounded aggregate particles
high moisture content
asphalt binder stiffness/grade
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Resistance to Repeated Bending
under wheel loads (traffic)




Fatigue Resistance

 Abllity to carry repeated wheel loads
 Requires adequate pavement structure

o Causes of Inadequate Fatigue
Resistance

* Low Asphalt Content

« High design air voids

e Lack of Compaction

* Inadequate Pavement Thickness
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Skid Resistance
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Minimize Skidding or Slipping of
Vehicles in Wet Weather Conditions



)A Skid Resistance

ASPHALT INSTITUTE

o Texture of the pavement surface

 Aggregate Texture
e ability to resist polishing
* Aggregate Gradation
* Open Graded vs. Dense Graded Mixes

* Excessive asphalt and inadequate voids
lead to bleeding or flushing

WWW.ASPHALTINSTITUTE.ORG




’A Desired Aggregate Properties

ASPHALT INSTITUTE

Toughness
Soundness

Deleterious Materials
Gradation




A Soundness

ASPHALT INSTITUTE
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)A Percent Crushed

ASPHALT INSTITUTE

0% Crushed 100% with 2 or More
Crushed Faces
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)A Contrasting Stone Skeletons

ASPHALT INSTITUTE
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)A Cubical Flat
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A Stripping Mechanism

ASPHALT INSTITUTE

Separation
of asphalt
binder from
aggregate
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Effects of Aggregate Properties
on Mixtures

ASPHALT INSTITUTE

Mineral type Resistance to polishing, affinity to asphalt

Particle size Asphalt content, lift thickness

. Resistance to deformation, volumetric
Particle shape

properties
Adhesion between asphalt and
Cleanliness aggregates, mixture volumetric
properties
Toughness Resistance to degradation, weathering
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)A SMA Structure

ASPHALT INSTITUTE

v Binder rich (higher AC)
v’ Self-supporting stone to stone skeleton

v Mortar consisting of mineral filler forming a
voidless and semi-fluid mastic

v Enhanced asphalt + additives (fibers) to
reduce draindown tendency
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)A SMA Gradation

ASPHALT INSTITUTE

Largest aggregate fraction
at least 70 % ? \_

- NCr—
N /Y
/[

40
© / \
/0.075 0.6/ 2.36 4.7%\9.5 12.5

8-12 % 16 - 24 % ? less than 30 % ?

% Passing
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)A Superpave Gyratory Compactor

ASPHALT INSTITUTE
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SMA Surface Texture

ASPHALT INSTITUTE
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Many Elements affect Volumetric

Properties
Binder Quantity Aggregate
Binder Properties characteristics
e Stiffness e Gradation
« Temperature  Surface texture
« Hardness

o Absorption
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)A When Selecting Mixtures

ASPHALT INSTITUTE

e Consider lift thickness, construction constraints
when selecting mixture classification

e Lift thickness should be at least 2-3 times the
maximum size or 3 times the nominal maximum
size

* This has become particularly more important for
the coarser mixtures
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Objective of Mix Design

“The overall objective for the design of
asphalt paving mixes is to determine a
cost-effective blend and gradation of
aggregates and asphalt...” (MS-2)

o Sufficient Asphalt

o Sufficient Stability

o Sufficient Voids

« Sufficient Workabillity




AAsphaIt Binders for Airfields
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