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High Quality 
HMA Pavements

Maintain Traffic—More Traffic
Safety for Work Force & Users
Structural Pavement Evaluation &Design
Materials Selection, Supply and Production
High Quality Job Mix Formulas
Best Practice Construction

It’s 2025 and your company has decided to 
submit a bid for a high quality HMA design-
build-maintain-warranty pavement.  What risks 
and costs must you evaluate before submittal?



Project Description

4-Lane I, - 7.75 miles
Constructed 1975
10 JRCP on 6” DGAB
A-6 & A-7-6 Soils
Jt + 4” AC OL 1997
Mill & Fill 2008
2.5” AC Overlay 2017

Rehab & Add 2 Lanes
ADT2025 52,500  T=37%
ADT2050 89,000  T=42%
2 OH + 1 ML Bridge  
Performance Contract

I/D Quality & Time
May 1, ‘25–Oct 30, ‘26



Other Project Information

All Work in Existing R\W
All Environmental Clearances
Utilities Relocated
RR Coordination Completed
Adequately Financed







Performance Criteria

Maintenance Allowance 10:00pm-5:00am S-Th

No Excuse Performance Contract
Start April 1, 2025 & Complete Oct 15, 2026
Design-Build-Maintain-Warranty -15 Years

Incentives 
$200,000\day < 500 days (up to 25 Days)
$100,000\day < 501-530 days

Disincentives 
$20,000\day 0-30 days
$30,000\day any additional days



I/D – AC Density, AC Content, Gradation 
& Smoothness

Construction and Materials 
Quality Characteristics

I$Max = 1.03D*1.025S*1.02AC*1.015G ~ 9+%
Must meet all criteria for full incentive

Dtarget – 95.5% +/-1.5%  S = 1.25
ACtarget – JMF +0.1% - 0.05% S = 0.07

S < 40-50 IRI 
G > 90% PWL



Warranty Criteria

Disintegration
Cracking

Thermal & Fatigue
Rutting –
Friction
Ride Quality

– Maintain >1/4” 25’ Long

1/2” Max

– 95% All Lanes > 35 & All 30Min

– IRI < 95 ipm

–None



Incentive/Disincentive 
Summary

Incentives
Pavement Quality

AC Density, AC Content, Gradation & Smoothness

Speed of Construction
$200,000\day < 500 days to 30 days
$100,000\day < 501-530 days

Disincentives 
Pavement Quality

Quality Characteristics – Density, Smoothness & AC
Time

$20,000\day to 30 days + $30,000\day additional days



Pavement Performance
Functional Performance

Providing users a safe and 
comfortable ride

Structural Performance
Ability to withstand traffic and

environmental loadings



Traffic
Subgrade

Soil

Materials
Quality

C&M
Variation

Environment

Preservation

PAVEMENTPAVEMENT
PERFORMANCEPERFORMANCE

Factors Affecting Pavement 
Performance



Pavement
Data

Collection
Project

evaluation
Study

feasible
alternatives

Reconstruction
Rehabilitation
Recycling

Warranty 
Period
costs

Other
Factors

MOT, Time
Constructibility

Select 
preferred

alternative

Structural
Design

Construction

Monitor & Maintain

Pavement Evaluation 
and Design

JMFs



Basic Pavement System Components

Subbase

Compacted/Natural Subgrade

Bound Courses (AC Layers)

Base Course

Embankment/Natural Soil

Geotechnical 
Layers



Pavement      
Coring

Uses
Laboratory test samples
Layer thickness determination 
Visual characterization of layer

material types and conditions
Estimate Quantities



Geotechnical Components

Subbase – Existing DGAB
Subgrade or Roadbed

Subgrade Stabilization
Layers (Geosynthetics)

Roadway Embankment

Unbound Base – Fractured PCC Slabs or DGAB

Subbase

Compacted/Natural Subgrade

Bound Courses (AC Layers)

Base Course

Embankment/Natural Soil



Evaluating Pavement Layers

Subgrade Soils
Soil classification (Unified or AASHTO)

Moisture content and density
DCP
Resilient modulus:

Measure in the lab
Backcalculate from NDT data



No. of BlowsNo. of Blows
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HMA

Subgrade 
Soil

Device for measuring inDevice for measuring in--situ strength situ strength 
of paving materials and subgrade soilsof paving materials and subgrade soils

Field Sampling & Testing
Material sampling

Cores
Auger
Split-spoon
Shelby tube

Field testing
Dynamic cone 
penetrometer 

(DCP)

PCC



Resilient Modulus
Laboratory Measurement

Protocols: AASHTO T 307
LTPP P46  &  NCHRP 1-28A
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Resilient 
Modulus

Fundamental 
engineering property
Loading conditions:

σσ

εε

EE

MMRR

•• Triaxial compressionTriaxial compression
-- Unbound materialsUnbound materials

•• Axial compression Axial compression 
and Indirect tensionand Indirect tension

-- Bound materialsBound materials



Lab Measured Properties

General
Property

Test 
Measures

Stiffness MR

Compaction γ

Strength indirect tension & unconfined compression

Permeability k

Volume Stability PI



Base Reinforcement



See 



Subgrade Soil

Fractured
PCCP & DGAB

Asphalt  
Intermediate
and Base

SUR

P SUB

δSUR

Axle
Load

ε

Pavement Structure
and Responses

Steel Slag
SMA Surface

9.5 mm

T



HMA Overlay Thickness,  THov (in)
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DGAB
Natural soil

Design HMA
Overlay
Thickness

2.5 5.0 7.5 12.510.0 15.0 17.5

Design Loading

Rubblized PCCP
ε

Structural Design
Mechanistic-Empirical
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HMA Overlay
HMA Layer
Granular Base
Natural Soil

Simulated 80-kN
Axle Load

THov

16 in
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Structural Design
Deflection Approach



Subgrade Soil

Existing DGAB

Rubblized PCCP

HMA Layers

Wheel
Load

Distress - Fatigue Cracking



12.5”-16”
HMA

Structure

Oxidation Penetration
Surface-Initiated Crack

Interface Between Lifts

Distress - Top-Down Cracking



Existing DGAB

HMA Overlay

Subgrade Soil

PCC Slab Former Underlying Joint

Tension

Shear

Wheel
Load

Distress - Reflective Cracking

Fracture



Location Along HMA Surface

Contraction
HMA

Friction on Underside of HMA Surface

Tensile
Stress

Crack or
Cold Joint

Crack or
Cold Joint

Surface

Tensile Strength

Distress - Thermal Cracking



Subgrade Soil

HMA Surface

Wheel
Load

Distress - Rutting

Base

Rubblized PCCP



Separation
of asphalt

binder from 
aggregate

Distress - Stripping



TireTire

Subgrade Subgrade

Inadequate
Drainage
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Evaluating Pavement Layers

HMA Structure
Layer thickness
Visual inspection of cores

Stripping, segregation, erosion
Asphalt content and gradation

Resilient modulus
Lab measured (indirect tension)
Backcalculated



Binder properties
Aggregate properties

Mix properties
Indirect tensile strength
Stiffness
Permeability

Core
Sample

Laboratory Materials 
Characterization



Strategy Selection

Total Pavement Removal and 
Replacement at Overhead Structures
Lime Stabilize Subgrade in widening,

on Shoulders & under Bridges
Rubblize, Roll & Overlay Mainline
Reconstruct Shoulders Full Depth
Recycle Asphalt & Shoulder Stone



Life Cycle Cost Analysis

Life Cycle = Warranty Period

Total Reconstruction vs.

Rehabilitation Alternatives
Combination Fractured Slab + Reconstruct
Fractured Slab + Overlay
Total Reconstruction under Bridges

Preservation – Crack Sealing & Thin Overlay



Superpave Mix AnalysisSuperpave Mix Analysis

PavementPavement
Distress ModelDistress Model

PavementPavement
Response ModelResponse Model

EnvironmentalEnvironmental
Effects ModelEffects Model

Project Data:  layer info, traffic, climateProject Data:  layer info, traffic, climate

Material Property ModelMaterial Property Model

Performance Test ResultsPerformance Test Results

Rutting,Rutting,
Low TempLow Temp
& Fatigue & Fatigue 
CrackingCracking



Mix Design - Superpave

Mix design
Materials Quality
Binder content
Aggregate structure
RAP
Permeability
Moisture susceptibility

Develop JMFs

Goal – integrate structural design\mixture 
design with recycled materials

Performance Graded (PG) asphalt binders



Superpave Mix Design Superpave Mix Design –– 4 Steps4 Steps

3. Materials Selection3. Materials Selection

2. Design Aggregate Structure2. Design Aggregate Structure1. Design Binder Content1. Design Binder Content

4. Moisture Sensitivity4. Moisture Sensitivity

TSRTSR



FatigueFatigue
CrackingCrackingRuttingRutting

PAVPAV -- aging aging 

RTFORTFO -- aging aging 
No aging No aging 

Pavement AgePavement Age

ConstructionConstruction

[RV][RV] [DSR][DSR]

Low TempLow Temp
CrackingCracking

[BBR][BBR]

[DTT][DTT]



% binder% binder

DPDP

% binder% binder

VMAVMA

% binder% binder

VFAVFA

% binder% binder

%G%Gmm

mm
at Nat Niniini

% binder% binder

%G%Gmmmm
at Nat Nmaxmax

% binder% binder

VVaa

Blend 3Blend 3

Selection of Design Asphalt Selection of Design Asphalt 
Binder ContentBinder Content



Optimum Binder 
Content

% Binder% Binder
4.54.5 5.05.0 5.55.5

Rut Rut 
Depth Depth 
(mm)(mm)

specspec

% Binder% Binder
4.54.5 5.05.0 5.55.5

FatigueFatigue
Cracking Cracking 
(% area)(% area)

specspec

% Binder% Binder
4.54.5 5.05.0 5.55.5

Low TempLow Temp
Crack Crack 
Spacing Spacing 
(m)(m)

specspec



Superpave Aggregate 
Properties

Aggregate Properties
coarse & fine 
aggregate angularity
flat, elongated particles
clay content & 
deleterious materials

Aggregate Properties
coarse & fine 
aggregate angularity
flat, elongated particles
clay content & 
deleterious materials

100

00

Sieve Size, mm (raised to 0.45 power)
.075 .3 2.36 4.75 9.5 12.5           19.0

%
P
a
s
s
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g

Design 
Aggregate 
Structure



Design Compaction

Ndes based on
average design 
high air temp
traffic level

% G% Gmmmm

Log GyrationsLog Gyrations
10        10010        100 10001000

NNiniini

NNdesdes

NNmaxmax



Cubical AggregateCubical Aggregate

Mix Structure

Internal  FrictionInternal  Friction

Aggregate Properties
coarse & fine aggregate 
angularity
high inter-particle friction

• gradation acts like one 
large elastic stone
flat, elongated particles
clay content & deleteriousAsphalt Binder

stiff and elastic at
high temperatures

• soundness
• toughness



Resilient Modulus Test

Axial
Compression

Used primarily for
testing of bound
materials (cores)

OEM, Inc. © 2000

LoadLoad
RamRamLoad Load 

CellCell

LVDTLVDTGage LengthGage Length



HMA Behavior
Asphalt Binder Behavior

Temperature
Age is also important
Time of Loading

Asphalt Mixture Behavior
Asphalt Behavior
Aggregate Behavior
Characteristics of combination

Aggregate Behavior
Surface Characteristics
Particle Shape
Gradation



Construction Sequence 
and Alternatives

Temporary Pavement for MOT
Pavement Removal under structures
Subgrade Condition – Undercut and Stabilize
Crush & Recycle PCC – Use as Base
Rehabilitation – Rubblization & Overlay
Recycle Existing ML Pavement & Shoulders
Reconstruct Asphalt Pavement Structure



Construct Project

Construction - include quality control
Traffic control



Provide for 
Temporary 

Traffic 
Operations



Sequence of Operations
Materials Acquisition

Procure & Stockpile Virgin Aggregates
Remove Pavement – under bridges & shoulders
Crush and stockpile RAP
Crush & Stockpile PCCP or Rubblize in place
Stabilize Subgrade – bridges, add lane & shoulders
Place & compact Recycled PCCP
Produce Asphalt Mix 
w/ RAP in central plant

Laydown and compact 
4 AC Layers

1.25”
1.75”

4”
5.5”AC

DGAB 16”

Subgrade



Cold Milling

Removal Compaction

Rubblizing



Generating RAP

Store separate stockpile
Little additional

processing required
Proper design
Process control

Uniform layer properties
Gradation
Asphalt content
Asphalt properties



Recycled Mix Design & 
Performance

Uniformity
Depth of HMA
Aggregate gradation
Binder content 
Asphalt properties
Traffic Types & Speeds

Recommended Virgin 
Binder Grade

No change recommended 
for mix with < 20% RAP

Select virgin binder one 
grade softer than would
normally be used, e.g.
use PG 64-28 if a PG70-22
would  normally be used



Quality Control
for Recycled Mixes

Similar tests used for virgin binder
Additional tests required
More frequent testing
Greater variation in test results

Stockpile variability
Rubberized materials
Emissions monitoring (gaseous emissions)
Structural evaluation of recycled materials



Mix Volumetrics



Asphalt Laydown
Lift Thickness & Compaction

Laydown
Aggregate packing 
Lift thickness

Old – 2X maximum aggregate size
New – 3X nominal maximum aggregate size

Newer mixes more Newer mixes more 
difficult to achieve difficult to achieve 

densitydensity



Laydown &
Keys

Proper equipment
Breakdown
Intermediate
Surface

Roller immediately
behind paver

Consequences
Rutting 
Raveling
Oxidation
Stripping

Compaction



Collective Incentive $

I/D – AC Density, AC Content, 
Gradation & Smoothness
I$Max  = 1.03D*1.025S*1.02AC*1.015G ~ 9+% 

Incentives 
$200,000\day < 500 days (25 Days)
$100,000\day < 501-530 days



Maintain Pavement 
& Structures



Surface friction and hydroplaning
Polishing or surface wear
Rutting
Cross slope

Surface roughness
Distortions
Ride quality
Thermal cracking
Fatigue cracking

Functional Evaluation



Monitoring 
Pavement Condition 

Longitudinal & 
Transverse Profile

Friction



ASTM E 274, Skid Resistance of Pavements Using a 
Full-Scale Tire

ASTM E 965, Measuring Pavement Macrotexture Depth 
Using a Volumetric Technique

ASTM E 1960, Calculating International Friction Index 
of a Pavement Surface

AASHTO Provisional Standards
MP11-03 Profiler Equipment Specification

PP49-03 Profiler Certification Program

PP50-03 Smoothness Measurement Test Methods

PP51-03 Pavement Smoothness Specification. 

Applicable ASTM Standards



THANK YOU Time for Questions?



1.  The name the two State DOTs that are not located 
in that State’s capital city (or its metro area).

TRIVIA

2.  This State has Interstates that connect to no other state.

3.  Which decade was the first asphalt pavement was 
constructed in the U.S?

4. What are the 4 stated “roles” of an HMA surface layer?

Iowa & Maryland

Hawaii

$1890

Smooth Ride-Skid Resistant-Provide Structural Capacity-Moisture Barrier

$1850s $1910s $1870s
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