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TodayToday’’s Topicss Topics

►►HMA BasicsHMA Basics
►►Specification OverviewSpecification Overview
►►Relationships between test data & Relationships between test data & 

performanceperformance
►►What causes a failure?What causes a failure?
►►FDOT Pavement PerformanceFDOT Pavement Performance
►►EAR ProcessEAR Process



HMA BasicsHMA Basics

►►PavementsPavements
►►Mix & Binder TypesMix & Binder Types
►►Asphalt Mix Basics (Volumetrics 101)Asphalt Mix Basics (Volumetrics 101)



Stabilized Subgrade

Friction Course 

Base (Limerock or Asphalt)

Structural Course

Typical Asphalt Pavement Typical Asphalt Pavement 
StructureStructure



Mix TypesMix Types

►► Friction CoursesFriction Courses
FCFC--9.5, FC9.5, FC--12.5, FC12.5, FC--55

►► Structural CoursesStructural Courses
SPSP--9.5, SP9.5, SP--12.5, SP12.5, SP--19.019.0

►► Base CoursesBase Courses
BB--12.512.5

►► OtherOther
Asphalt Treated Permeable Base (ATPB)Asphalt Treated Permeable Base (ATPB)
►►Used under PCC pavementsUsed under PCC pavements



Structural MixesStructural Mixes

►► Designated as Type SPDesignated as Type SP
SuperpaveSuperpave

►► Purpose: load carrying portion of pavementPurpose: load carrying portion of pavement
Layer coefficient 0.44Layer coefficient 0.44

►► Three nominal maximum aggregate sizesThree nominal maximum aggregate sizes
9.5 mm (SP9.5 mm (SP--9.5)9.5)
12.5 mm (SP12.5 mm (SP--12.5)12.5)
19.0 mm (SP19.0 mm (SP--19.0)19.0)

►► Five Traffic Levels (AFive Traffic Levels (A--E)E)
Based on 18Based on 18--kip Equivalent Single Axle Loads (kip Equivalent Single Axle Loads (ESALESAL’’ss))
Low traffic = A, High traffic = ELow traffic = A, High traffic = E
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0.49 ESALs0.49 ESALs

ESAL Configuration ExamplesESAL Configuration Examples

2.40 ESALs2.40 ESALs



Mix Types (ContMix Types (Cont’’d)d)

►► Traffic Levels Traffic Levels –– Based on design life of the Based on design life of the 
pavement:pavement:

AA <300,000 <300,000 ESALESAL’’ss
BB 300,000 300,000 –– 3 million 3 million ESALESAL’’ss
CC 3 million 3 million –– 10 million 10 million ESALESAL’’ss
DD 10 million 10 million –– 30 million 30 million ESALESAL’’ss
EE >30 million >30 million ESALESAL’’ss

Traffic Levels A, B, C:  Fine GradedTraffic Levels A, B, C:  Fine Graded
Traffic Levels D & E: Coarse Graded*Traffic Levels D & E: Coarse Graded*



Traffic Distribution in FloridaTraffic Distribution in Florida

TL-A
TL-B
TL-C
TL-D
TL-E

B 40%B 40%

C 37%C 37%

D 19%D 19%
E 3%E 3%

A 1%A 1%



Traffic level identified in the Contract (Plans)

Traffic level identified in the Contract (Plans)





Gradation TypesGradation Types

►► Coarse mixes Coarse mixes –– Predominantly coarse aggregatePredominantly coarse aggregate
Gradation below restricted zoneGradation below restricted zone
Higher density requirementHigher density requirement
Greater likelihood of being permeableGreater likelihood of being permeable
Placed thickerPlaced thicker

►► Fine mixes Fine mixes –– Predominantly fine aggregatePredominantly fine aggregate
Gradation above restricted zoneGradation above restricted zone
Similar to old FDOT Type S mixesSimilar to old FDOT Type S mixes

►► Shown on the mix design Shown on the mix design 





Fine graded SP-12.5 mix



Coarse graded SPCoarse graded SP--19.0 mix19.0 mix



Friction CoursesFriction Courses

►► Designated as FCDesignated as FC
►► Purpose:  Provide a pavement surface with good frictional Purpose:  Provide a pavement surface with good frictional 

characteristicscharacteristics
►► Required on all jobs with:Required on all jobs with:

AADT >3,000AADT >3,000
Design Speed >35 mphDesign Speed >35 mph

►► Use polish resistant aggregateUse polish resistant aggregate
OoliticOolitic limestone (Miamilimestone (Miami--Dade County)Dade County)
Granite (Georgia & Nova Scotia)Granite (Georgia & Nova Scotia)

►► Also use asphalt rubber binder (ARB)Also use asphalt rubber binder (ARB)



Friction CoursesFriction Courses

►► Fine Graded Friction Courses:Fine Graded Friction Courses:
Good Good microtexturemicrotexture
►►Function of the aggregateFunction of the aggregate

Two Nominal Maximum Aggregate Sizes:  Two Nominal Maximum Aggregate Sizes:  
►►FCFC--9.5 (Placed 19.5 (Placed 1”” thick)thick)
►►FCFC--12.5 (Placed 1 12.5 (Placed 1 ½”½” thick)thick)

Formerly called FCFormerly called FC--66

Standardized at Traffic Level CStandardized at Traffic Level C
Layer coefficient: 0.44Layer coefficient: 0.44
100% 100% ooliteoolite or 60% graniteor 60% granite
ARBARB--5 (PG 675 (PG 67--22 w/5% GTR)22 w/5% GTR)



Friction CoursesFriction Courses

►► OpenOpen--Graded Friction Courses:Graded Friction Courses:
Required on high speed multiRequired on high speed multi--lane facilitieslane facilities
►►Design Speed >50 mphDesign Speed >50 mph

Good Good macrotexturemacrotexture
►►Function of surface textureFunction of surface texture
►► ““MinimizeMinimize”” hydroplaninghydroplaning

FCFC--55
Layer coefficient: 0.00Layer coefficient: 0.00
100% granite or 100% 100% granite or 100% ooliteoolite
ARBARB--12 (PG 6712 (PG 67--22 w/12% GTR)22 w/12% GTR)
Stabilizing fibersStabilizing fibers
Granite: hydrated limeGranite: hydrated lime



FC-5 Nassau County



Close-up FC-5 Macrotexture



Base CoursesBase Courses

►►Designated as Type BDesignated as Type B
►►One NMAS:One NMAS:

BB--12.5 12.5 

►►Superpave Superpave 
Standardized as Traffic Level BStandardized as Traffic Level B
Layer coefficient: 0.20Layer coefficient: 0.20

►►May substitute an SPMay substitute an SP--12.512.5
ItIt’’s basically the same mixs basically the same mix



Asphalt Treated Permeable BaseAsphalt Treated Permeable Base
(APTB)(APTB)

►►No. 57 or 67 StoneNo. 57 or 67 Stone
¾”¾” aggregateaggregate

►►Approximately 2 Approximately 2 –– 3% PG 673% PG 67--2222
►►Very porous/very openVery porous/very open
►►Used under PCC pavementsUsed under PCC pavements



Binder TypesBinder Types



Superpave Asphalt BindersSuperpave Asphalt Binders

►►Grading system based on climateGrading system based on climate

PG 67PG 67--2222

PerformancePerformance
GradeGrade

Average 7Average 7--dayday
max pavementmax pavement
design temp design temp 

Min pavementMin pavement
design tempdesign temp



SHRPSHRPAA--648A648A

Developed from Air TemperaturesDeveloped from Air Temperatures
(over 20 year period)(over 20 year period)

►►Superpave Weather DatabaseSuperpave Weather Database
6500 stations in U.S. and Canada6500 stations in U.S. and Canada

►►Annual air temperaturesAnnual air temperatures
hottest sevenhottest seven--day temp (avg and std dev)day temp (avg and std dev)
coldest temp (avg and std dev)coldest temp (avg and std dev)

►►Found on LTPP WebsiteFound on LTPP Website





PG 64-22



PG 64-16



PG 64-10



LTPP Binder Grade in FloridaLTPP Binder Grade in Florida

Standard FDOT Binder Standard FDOT Binder 
GradeGrade

PG 64PG 64--1010

PG 67PG 67--2222



Standard Binder Grades in FloridaStandard Binder Grades in Florida

►► PG 67PG 67--22 (AC22 (AC--30)30)
Special grade used in southeastern USSpecial grade used in southeastern US

►► PG 64PG 64--22 (AC22 (AC--20)20)

►► RA (Recycling Agent)RA (Recycling Agent)
If >30% RAP in mixIf >30% RAP in mix

►► PG 76PG 76--22 (AC22 (AC--30 w/polymer)30 w/polymer)
Rutting concernsRutting concerns



VolumetricsVolumetrics



Basic TerminologyBasic Terminology

►► Specific Gravity (G): Specific Gravity (G): GGxyxy
x:x: b = b = bbinderinder

s = s = sstonetone
m = m = mmixtureixture

y:y: b = b = bbulkulk
e = e = eeffectiveffective
a = a = aapparentpparent
m = m = mmaximumaximum

Example: Example: 
GGmmmm = gravity, mixture, maximum= gravity, mixture, maximum
(i.e., maximum gravity of the mixture)(i.e., maximum gravity of the mixture)



HMA BasicsHMA Basics

►►Bulk specific gravity of compacted mix (Bulk specific gravity of compacted mix (GGmbmb))
FM 1FM 1--T 166T 166
Core, SGC specimenCore, SGC specimen

►►Maximum specific gravity (Maximum specific gravity (GGmmmm))
FM 1FM 1--T 209T 209
Loose (Loose (uncompacteduncompacted) mixture) mixture

►►Air voids (Air voids (VVaa))
►►Voids in the mineral aggregate (VMA)Voids in the mineral aggregate (VMA)



HMA BasicsHMA Basics

►► Air VoidsAir Voids
Calculated using Calculated using GGmmmm & & GGmbmb

GGmmmm

GGmmmm

GGmbmb--VVaa == 100100 ** {{ }}
►► VMAVMA

Void space in mix containing air or binderVoid space in mix containing air or binder
►►VMA = VMA = VVaa + + VVbebe

Calculated using Calculated using GGmbmb, P, Pss, & , & GGsbsb

VMAVMA == 100 100 --
GGmbmb * P* Pss

GGsbsb



ASPHALT MIXTURE VOLUMETRICS

COMPONENT DIAGRAM

air

asphalt

absorbed asphalt

aggregate

Vmm
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Vmb

Vse
Vsb
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VMA

Vba

Vfa

Mair

Mmix

Mbe

Magg
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EQUATIONS USED IN HMA VOLUMETRIC ANALYSIS

Bulk Specific Gravity of Aggregate

Gsb=

where Gsb = bulk specific gravity for the total aggregate
P1, P2, PN = individual percentages by mass of aggregate
G1, G2, GN = individual bulk specific gravities of aggregate 

P1 + P2 + …. + PN

P1

G1
+

P2 PN

GNG2

+….+

Effective Specific Gravity of Aggregate

Gse=

where Gse = effective specific gravity of the aggregate
Gmm = maximum specific gravity
Pmm = percent by mass of total loose mixture = 100
Pb = asphalt content
Gb = specific gravity of asphalt

Pmm - Pb

Pmm

Gmm
-

Pb

Gb

Maximum Specific Gravity of Mixtures with Different Asphalt Contents

Gsb=

where Gmm = maximum specific gravity
Pmm = percent by mass of total loose mixture = 100
Ps = aggregate content, percent by total mass of mixture 
Pb = asphalt content, percent by total mass of mixture
Gse = effective specific gravity of the aggregate
Gb = specific gravity of asphalt

Pmm

Ps

Gse
+

Pb

Gb

Asphalt Absorption

Pba= 100 x                      x Gb

where Pba = absorbed asphalt, percent by mass of aggregate
Gse = effective specific gravity of aggregate
Gsb = bulk specific gravity of aggregate
Gb = specific gravity of asphalt

Gse - Gsb

GsbGse

Effective Asphalt Content of a Paving Mixture

Pbe= Pb - x Ps

where Pbe = effective asphalt content, percent by total mass of mixture
Pb = asphalt content, percent by total mass of mixture
Pba = absorbed asphalt, percent by mass of aggregate
Ps = aggregate content, percent by total mass of mixture 

Percent VMA in Compacted Paving Mixture

VMA = 100 –

where VMA= voids in mineral aggregate (percent of bulk volume)
Gsb = bulk specific gravity of total aggregate
Gmb = bulk specific gravity of compacted mixture
Ps = aggregate content, percent by total mass of mixture 

Gmb x Ps

Percent Air Voids in Compacted Mixture

Va = 100 x 

where Va = air voids in compacted mixture, percent of total volume
Gmm = maximum specific gravity
Gmb = bulk specific gravity of compacted mixture

Percent VFA in Compacted Mixture

VFA = 100 x

where VFA = voids filled with asphalt, percent of VMA
VMA= voids in mineral aggregate, percent of bulk volume
Va = air voids in compacted mixture, percent of total volume

VMA - Va

VMA

Pba

100

Gsb

Gmm - Gmb

Gmm



0.45 Power Curve0.45 Power Curve

100100

00

Sieve Size, mm (raised to 0.45 power)Sieve Size, mm (raised to 0.45 power)
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maxmax
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maxmax
sizesize



0.45 Power Curve0.45 Power Curve

Sieve Size, mm (raised to 0.45 power)Sieve Size, mm (raised to 0.45 power)

100100

00
.075.075 .3.3 2.362.36 4.754.75 9.59.5 12.5           19.012.5           19.0

Percent PassingPercent Passing

Fine Graded

Coarse Graded



0.45 Power Curve0.45 Power Curve

Sieve Size, mm (raised to 0.45 power)Sieve Size, mm (raised to 0.45 power)

100100

00
.075.075 .3.3 2.362.36 4.754.75 9.59.5 12.5           19.012.5           19.0

Percent PassingPercent Passing

Mix AMix A

Mix BMix B



SummarySummary

►►Typical asphalt pavement structuresTypical asphalt pavement structures
►►Different asphalt mix typesDifferent asphalt mix types
►►Asphalt bindersAsphalt binders
►►Basic volumetricsBasic volumetrics



Questions?Questions?




