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COURSE OBJECTIVE

To bring together the diverse standpoints in a paving project
to share in a common training program that shows not only
how but why the various QC/QA procedures are performed.



WHY IS THE COURSE SET UP THE WAY IT IS?

Q Why do we cover so many aspects of the work?
QC/QA plan: hotmix plant
Job mix formula
hotmix plant inspection
hotmix roadway inspection

A  Because attendees bring all kinds of backgrounds to the
course—we have to train everybody.

Q Why do I have to learn about other peoples work?

A  You can make better decisions if you have the whole
picture.

You can have more realistic expectations if you know
what the other person's constraints are.

You might change jobs (or have your job description
changed for youl).

Q Why are quarry operations mentioned in the course?

A  If the aggregate's not right, the hotmix won't be right.
It is extremely important that the quarry people and the
MoDOT quarry inspectors understand that what each
party does really impacts the mix.

It is also important that the hotmix side understands
the quarry operations that can affect their hotmix.
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SUPERPAVE QC/QA
CERTIFICATION RENEWAL COURSE
2019-2020 Season

Day/Time | Module | Location Topic Instructor
Day 1 Intro |Rm.110 | Intro/welcome Richardson
8:00-10:35 |1-4 Overview of Changes
10:35-11:30 |5 Rm. 110 | Sampling Review: Richardson

Random Numbers

Loose Mix Sampling

Coring
11:30-11:45 | 6 Rm. 110 | Gyratory Compactor Review | Richardson
11:45-12:00 |7 Rm. 110 | Rice Gravity Review Richardson
12:00-1:00 Lunch on your own
1:.00-1:50 10 Rm. 110 | Pay Factors Richardson
1:50-2:00 11 Rm. 110 | Record Keeping Review Richardson
2:00-2:50 12 Rm. 110 | Contract Administration MoDOT
2:50-3:40 8 Rm. 110 | Ignition Oven Review Richardson
3:40-3:50 9 Rm. 110 | TSR Review Richardson
3:50-4:00 Break
4:00-5:00 5-9 Lab Lab Refresher:

Class observes demos:
1. Gyro verification/puck | Lusher
compaction

2. Ignition oven Lusher
Day 2 1-12 Rm. 110 | Homework/Course Review Richardson
8:00-10:15
10:15-10:25 Break
10:25-11:00 Lab Rice Spec. Gravity Demo Lusher
11:00-11:15 Lab Lab Methods Review Lusher
11:15-12:30 Lab Hands-on practice/ Staff

proficiency testing

12:30-1:00 Catered Lunch
1:.00-? Rm. 110 | Written Test Richardson
(3:00)
Begins upon Lab Proficiency practice/testing | Staff
completion continues
written
exam

Recert Schedule 3-16-17 (3-7-18) V.2 (4-25-18)(2-20-19)(4-2-19)(12-17-19).docx

Recert Schedule 3-16-17 (3-7-18) V. 2 (4-25-18)(2-20-19)(4-2-19)(12-17-19).docx







SUPERPAVE QC/QA TRAINING/CERTIFICATION COURSE
EVALUATION

DATE:
Job Description/Affiliation (Please check one)
Paving Contractor ___ Quarry Operator ___ MoDOT _ Other__

On a scale from one to five, with one being the lowest and five the highest, rate
A.) the instructor and, B.) the material presented for each module. Please circle
your selection.

LOW HIGH
MODULE 1 - INTRODUCTION TO SUPERPAVE
A.) Instructor: Richardson 12 3 405
B.) Material presented 12 3 45
Comments:
MODULE 2 - MIX DESIGN OVERVIEW
A.) Instructor: Richardson 12 3 45
B.) Material presented 12 3 45
Comments:
MODULE 3 - PLANT OPERATIONS
A.) Instructor: 1 2 3 45
B.) Material presented 12 3 45

Comments:

Prelimnotes2 (11-9-07).doc



MODULE 4 - CONTRACTOR'S QUALITY CONTROL PLAN
A.) Instructor:
B.) Material presented

Comments:

MODULE 5 - SAMPLING HOT MIX / CORES

A.) Instructor: Richardson (lecture)
Lusher (lab)

B.) Material presented

Comments:

MODULE 6 - GYRATORY COMPACTOR OPERATIONS

A.) Instructor: Richardson (lecture)
Lusher (lab)

B.) Material presented

Comments:

MODULE 7 - MAXIMUM SPECIFIC GRAVITY

A.) Instructor: Richardson (lecture)
Lusher (lab)

B.) Material presented

Comments:

Prelimnotes2 (11-9-07).doc
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MODULE 8 - IGNITION OVEN

A.) Instructor: Richardson (lecture)
Lusher (lab)

B.) Material presented

Comments:

MODULE 9 - TENSILE STRENGTH RATIO
A.) Instructor: Richardson (lecture)
B.) Material presented

Comments:

MODULE 10 - QUALITY LEVEL ANALYSIS
A.) Instructor: Richardson
B.) Material presented

Comments:

D

MODULE 11 - RECORD KEEPING & EXCHANGE OF DATA/TEST RESULTS

A.) Instructor: Richardson
B.) Material presented

Comments:

Prelimnotes2 (11-9-07).doc
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MODULE 12 - CONTRACT ADMINISTRATION
A.) Instructor:___
B.) Material presented
Comments:
Please circle your answer for the following questions.
Were the training facilities and materials adequate?
Yes No  Other

Comments:

Was the time spent on training adequate?
Too long About Right Too short

Comments:

Rate overall training.
Poor Excellent

12 3 45

General Comments:

Prelimnotes2 (11-9-07).doc
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Gradation

WHY TEST?

AGGREGATE

Provides a check to assure that we are close to the
optimum aggregate skeleton that will give the maximum
stability yet provide sufficient void space to avoid
instability and durability problems.

Specs: Sieve tolerance limits
Dust/asphalt ratio

Specific Gravity Asphalt mixes are produced "by weight” but behave “by

Fine Aggregate
Angularity

CA Fractured

Face Count

Sand Equivalent

Prelimnotes2 (11-9-07).doc

volume”. Specific gravity is the link between weight and
volume: if you know weight and specific gravity, you can
calculate volume--and thus predict behavior. Necessary
for mix design.

Spec: VMA calculation needs aggregate bulk specific
gravity and puck specific gravity.

Consensus Tests

The more angular the particles, the more interlocking,
the more stable the mix will be.

Spec: Fine Aggregate Particle Shape
Same as for fine aggregate angularity
Spec: Fractured Face Count

Indicator of clay content of the aggregate. Clay can
cause problems with stripping and raveling

Spec: Clay Content (Sand Equivalent)



Thin/Elongated Thin and elongated particles have tendency to break

Deletereous

LA Abrasion

Soundness

Air Voids

Prelimnotes2 (11-9-07).doc

down during construction and service

Spec: Thin/Elongated

Source Tests

Soft, non-durable particles tend to cause problems of
durability in-service and breaking down during
construction; absorptive and hold moisture

Spec: Deletereous Material

General indicator of aggregate quality: indication of how
well aggregate will hold up during handling, construction,
and service; measure of toughness

Spec: LAA

Indicator of resistance to weathering: aggregates with
lower soundness may also break down during gyratory

compaction and result in low VMA

Spec: Sulfate Soundness

HOT MIX

Excessive air voids cause problems with consolidation
rutting, stripping, raveling, and freeze/thaw damage.
Insufficient air voids leads to plastic rutting and
bleeding

Spec: air voids



VMA

AC Content

Rice Specific
Gravity

Puck Specific
Gravity

Cores

Dust/Asphalt

TSR

Prelimnotes2 (11-9-07).doc

The wrong combination of air voids and effective AC
content can lead to either plastic rutting or durability
problems, and under certain circumstances, tender mix
behavior

Spec: VMA
Excessive %AC can cause problems with instability;
insufficient %AC leads to cohesion problems, raveling,

stripping, and cracking

Specs: % AC content
Dust/asphalt ratio

Necessary for calculation of air voids

Necessary for calculation of VMA and air voids

Spec: pavement density

The dust (-#200)-to-effective asphalt ratio affects
compactability and cohesion of the mix

The moisture sensitivity of the aggregate affects how
prone the mix is to stripping

Spec: TSR (Tensile Strength Ratio)



RECENT CHANGES IN QC/QA & SUPERPAVE
Chronological Order

Recognition by MoDOT of self-tests (check samples)

TSR sampling allowed at plant discharge or from truck (as well as of f
roadway).

Aggregate acceptance has shifted to the mixing facility
More sampling off the aggregate combined cold feed or hot bins:
o Consensus tests
o Deleterious
RAP allowed in Superpave
More RAP sampling & testing
More emphasis on SMA
"Favorable comparison” between QA and QC is now defined.
QA must also retain a split
Acid Insoluble spec for Superpave mix B
Creation of SP095 and SPO95xSM

Allowance of ignition oven sample for gradation purposes

Dry-back procedure mandatory for mixes with any coarse aggregate with
absorptions greater than 2.0%

Adoption of AASHTO R 47 (previously designated as T 328) for hotmix
sample splitting

Adoption of AASHTO T 329 for moisture in hotmix



Shingles (RAS) allowed in Superpave

Creation of SP095xSM(R) [Rural]

Creation of SP125xSM(R) [Rural]

Creation of BP-3

New TSR bonus/deduct table

Gradual replacement of MoDOT test methods with AASHTO methods

Superpave QC/QA course prerequisites; Aggregate Technician +
Bituminous Technician

Creation of Engineering Policy Guide (EPG)

Creation of Task Force "quidelines” ("FAQ")

Gyratory compactor angle calibration now specified to be performed
using an internal angle device, but can still use external device for

verification.

TSR dry pucks held an additional 24 hrs after bulk specific gravity
determination.

Re-warming of mix for ignition oven testing now to be accomplished in an
oven set at 110 instead of 125 degrees Celsius.

Manual agitation of the Rice specimen was taken out of the latest version
of AASHTO T 209. The spec only refered to mechanical agitation in
section 9.4 of the test method. However, MoDOT is going to reinstate
the manual method.

RAP/RAS binder content sampling/testing required for hot mix plant
samples.

Change in allowable %RAP based on effective binder content



Allowance of Warm Mix

Traffic level "C": allowable change from 100 to 80 gyrations with removal
of Ninitial and Nmaximum requirements

Change in Superpave density spec, allowing greater density (94.5+2.5%)
SP048 (50 gyration)= old BP-3, no Ninitial or Nmax requirement

Sand Equivalent comparison: QC to QA: +8

Small quantities now 4000 tons

QA now tests its own core

T166 specific gravity of pucks/cores: if absorption exceeds 2%, must use
Corelok or paraffin

Rice test-minor change in start of timing

Binder availability factor removed from MoDOT's RAP worksheet
D/B ratio is 0.9-2.0 for SP0O48 mix

Standardized JMF submittal spreadsheet available

For high absorption pucks/cores, liquid paraffin not allowed; Parafilm or
Corelok required

Inertial Profiler has replaced profilograph and is in Sect 610; smoothness
pay factors based on IRI, not profile Index

T 329 Moisture Content is defined in reference to wet weight of mix

T 329 Moisture Content definition of constant mass is no change greater
than 0.05%



T 166 Bulk Sp Grav of Pucks surface blotting dry time has changed to <
15 sec.

T 329-15 Moisture Content is defined in reference to dry weight of mix

T329-15 Moisture Content oven temperature “shall fall within the TMF
mixing femperature range.” If not supplied, use 325 + 25 F

QA cores not in possession of QA shall be sealed in tamper-proof chain-
of-custody bags

Mix and core sampling frequency for QA: one per 4 sublots instead of
one per lot

Ground shingle shingle testing frequency added ( QC: 1/10,000 tons,
minimum one per project)

Gradation and deleterious sampling frequency for QC: one per 2 sublots
instead of two per lot; QA: one per 4 sublots instead of one per lot

RAP sampling frequency for QC: one per 4 sublots; for QA: one per
project

Small quantities defined as 4000 tons

New spreadsheets implemented for submittal of QC (CRE20) and QA
data and for calculation of Pay Factors and Favorable Comparison

Changes in minimum mat thicknesses for: SP048, BP-2, and leveling
courses

Introduction of an alternate binder grading system to M 320: M 332
(MSCR)

Increased use of technology to deal with RAP/RAS total binder
stiffness; increased use of binder additives and modifiers



e Emphasis on binder contract grade, purchased grade, in-line grade, and
true grade

e Implementation of binder deficiency deducts

e Performance testing (Flexibility Index and Hamburg Wheel Tracker)
being implemented on a frial basis

e Verification frequency changed from daily to monthly

e JSP change for performance testing (2019)-includes disincentives

e Optional lower gyrations and air voids, higher VMA and field density

e New! Test procedure changes T 209 (Rice Specific Gravity)

e New! JSP change for performance testing (2019)

e New! Ideal CT test allowed in lieu of Illinois Flexibility Index Test
e New! Brand-new AASHTO R 96: Operation of Ignition Furnaces

e New! Brand-new mix sampling spec R 97 replaces T 168

RECENT CHANGES IN QC (11-17-10;1-19-11; 3-2-12; 3-5-13; 12-18-13; 12-9-15; 3-2-16; 12-28-16; 3-7-18; 12-12-18;
2-20-19)(2-25-19)(12-17-19).doc



TEST PROCEDURE CHANGES

(2003-2004 to 2019-2020 Training/Certification Seasons)
Chronological Order

AASHTO T 283-14 (2018): Resistance of Compacted Asphalt
Mixtures to Moisture-Induced Damage.

This test procedure, commonly referred to as the Tensile Strength Ratio (TSR)
test, was added as a Level 2 Bituminous (now Superpave QC/QA) proficiency exam
requirement during the 2003-2004 training season. It was implemented as part of
the transition to performance specifications. The material specification of
requiring non-plastic aggregates in Superpave mixes was dropped, and the TSR, a
performance specification, was put in force to address stripping potential of the
HMA.

NOTE: As of March 2005, the TSR test procedure is no longer part of the
Superpave QC/QA Training/Certification but is handled as a separate course, and
is held here at Missouri S&T.

e As of the summer of 2007, the MoDOT Central Lab stores the "dry” subset of
pucks for another 24 + 3 hours after determining the bulk specific gravity
(6Gmb), and before bagging them and putting them in the room-temperature
water bath.

e Changes during the 2014-2015 season (AASHTO T 283-14) were 1) adding T
167 (Compressive Strength of Hot Mix Asphalt) as one of the allowable
specimen compaction methods, 2) adding Note 4 to section 10.3.1 which allows
some folerance in the time and/or vacuum level required to reach the specified
saturation, and 3) removing ASTM D 2041 as a method o determine Gpm.

e 2015-2016 Season: No changes in T 283 since the 2014 version.

e 2016-2017 Season: No changes in T 283 since the 2014 version.

e 2017-2018 Season: No changes in T 283 since the 2014 version.

e 2018-2019 Season: T 283 reconfirmed: no procedural changes since the 2014
version.

e 2019-2020 Season: No changes in T 283 since the 2018 (2014
reconfirmed) version.

SPQCQA Test Changes (12-19-19).docx



AASHTO T 308-18: Determining the Asphalt Binder Content of
Asphalt Mixtures by the Ignition Method.

NOTE: Wording on this page has been updated to reflect terminology changes
first intfroduced in the 2008 version of T 308 (T 308-08). The changes are as
follows:

1.

To

As

The "correction factor,” generally referred to as the ‘aggregate correction
factor, and input into the Method A (NCAT) convection-type oven using the
'Calib. Factor' function button, is now referred to as the "asphalt binder
correction factor” in T 308-10.

The "aggregate gradation correction factor,” as last defined in T 308-05, is now
to be presented as the “"aggregate (gradation) correction factor,” where the
parenthesis are ours.

address problematic dolomites:

When setting asphalt binder correction factors with the Method A (NCAT)
convection-type oven, MoDOT specifications (Section 403) require that the
ignition temperature be lowered to 427°C (800°F) if the asphalt binder
correction factor still exceeds 1.0% at the AASHTO T 308 required lower
temperature of 482°C (900°F).

The infrared (direct irradiation) oven is allowable in AASHTO T 308.

of the beginning of the 2006-2007 season, MoDOT now allows the use of the

burned sample for gradation purposes. If used, an aggregate (gradation) correction
factor determination must be performed according to T 308.

2015-2016 Season: No procedural changes in T 308 since the 2010 version.
However, clarification of the definition of "moisture content” within T 329-15
(now referenced to dry weight of mix) has implications in binder content
calculations and they are reflected in the documents used during this training
course.

2016-2017 Season: Some editorial revisions (e.g. dual temperature units) but no
procedural changes in T 308 since the 2010 version.

2017-2018 Season: No changes in T 308 since the 2016 version.

2018-2019 Season: No procedural changes in T 308-18 since the 2016 version.
Minor editorial changes, only.

2019-2020 Season: No changes in T 308 since the 2018 version.

SPQCQA Test Changes (12-19-19).docx



AASHTO T 209-19: Theoretical Maximum Specific Gravity (Gmm)
and Density of Asphalt Mixtures.

e The second time period (10 + 1 minute) in the weigh-in-air method now begins
after the vacuum has been released.

e The vacuum manometer must be hooked directly into the top of the vacuum
vessel.

e More contractors are using the “weigh-in-water” method. The Central Lab is
using it for their routine Rice testing. The 4500 ml metal pycnometer typically
used by the industry is now allowed under T 209 for the weigh-in-water method.

e A major change in MoDOT's requirements within T 209 is the assurance of a dry
sample (less than 0.1% moisture) before running the Rice. This is done by either
1) documenting AASHTO T329 (moisture determination) results as showing less
than 0.1% moisture or 2) drying the sample at 105 + 5°C and repeatedly
weighing until mass repeats are within 0.1%.

e If any coarse aggregate fraction has absorption > 2.0%, the "dry back”
procedure (outlined in Section 11 of T 209) must be performed. This could add a
couple of hours fo the test.

e The vacuum specification was officially cited in T 209-05 as 27.5 + 2.5 mm Hg
absolute pressure (25 - 30 mm Hg absolute) and remains as such today.

e NOTE: MoDOT Field Office says that if a contractor wants to use the
CorelLok® device to run the Rice, they would probably allow it upon having first
discussed it with the contractor. For some guidance, see AASHTO T 331-13 (or
ASTM D 6752).

e 2015-2016 Season: No procedural changes in T 209 since the 2012 version.

o 2016-2017 Season: Reconfirmed for 2016 publication with minor editorial
changes, but no technical changes in T 209 since the 2012 version.

e 2017-2018 Season: No changes in T 209 since the 2016 version.

e 2018-2019 Season: No changes in T 209 since the 2016 version.

e 2019-2020 Season: Considerable changes in the new 2019 version.

o  Obtaining and recording the weight of the empty pycnometer to use in
calculating oven-dry specimen weight.
Water baths used in both methods must be controlled at 25+1°C.
Check (daily verification/calibration) and Standardization (less
frequent, but repeated measurements) of the pycnometer for mass
determinations in both methods under review by MoDOT.

SPQCQA Test Changes (12-19-19).docx



AASHTO T 312-19: Preparing and Determining the Density of
Asphalt Mixture Specimens by Means of the Superpave Gyratory
Compactor.

e Pre-2012-2013 Season: The calibration of the internal angle of gyration should
be verified in accordance with AASHTO TP 71. However, daily verification (as
required by MoDOT) can still be performed using external angle determinations
and then comparing them with equivalent external angles determined during
calibration of the internal angle.

e 2012-2013 Season: TP 71 has been fully accepted as T 344 in the new 2012
version of T 312.

e 2013-2014 Season: No procedural changes in T 312 since the 2012 version.

e 2014-2015 Season: Added guidance in the annexes of the new 2014 version
about evaluating the molds.

e 2015-2016 Season: The new 2015 version has revisions in Section 4.1.3 about
ram pressure constancy.

e 2016-2017 Season: No procedural changes in T 312 since the 2015 version.
e 2017-2018 Season: No changes in T 312 since the 2015 version.

e 2018-2019 Season: No changes in T 312 since the 2015 version. However,
MoDOT changed the frequency of calibration verification from daily to monthly.

e 2019-2020 Season: No significant procedural changes in T 312-19 since
the 2015 version. Minor editorial changes, only.

SPQCQA Test Changes (12-19-19).docx
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PRELIMINARY
MODULE

11-24-06 Revision
11-9-07 Revision
11-17-10 Revision
3-2-12 Revision

12-18-13 Revision
1-30-20 Revision

Superpave QC/QA
Prerequisites

= Aggregate Technician

= Aggregate Sampling

» Sample Size Reduction
» Gradation

= Moisture Content

u Deleterious Material

= Flat & Elongated

u All topics will be used in this

course

Superpave QC/QA
Prerequisites

= Bituminous Technician

= Sampling Binder

= Sampling Mix

= Sample Size Reduction

= HMA Puck/Cores Sp Grav

s HMA Moisture Content
(Oven)

= HMA Binder Content
(nuclear)

m Air Voids
= Temperature

u All topics will be used in this

course

3
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SUPERPAVE QC/QA

TOPICS
Module Topic
1 |Introduction
2 [Mix Design
Overview
3 |Plant Operations
4 |HMA QC Plan
5 |Sampling
6  |Gyratory
Compactor
7 |Rice Sp Gravity
8  |Ignition Oven
4
TOPICS, Cont'd.
Module Topic
9 |TSR
10  |Quality Level
Analysis
11 |Record keeping
12 |Contract
Administration
5
CERTIFICATION
REQUIREMENTS

= Full Attendance
m Lab procedure proficiency

test:

(pass all test procedures)
= Written fest:

(:80%)
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LAB TESTS

m Instructors Will
Demo/Discuss:
= HMA splitting
m Consensus tests
s HMA moisture
= HMA aging
= TSR

LAB TESTS

» Attendees will perform
and be evaluated on:
m Gyro verification
= Gyro compaction
= Rice specific gravity
= Ignition oven binder
content

CERTIFIED-WHO?

= Paving contractor
= MoDOT inspectors
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INSPECTION/
ACCEPTANCE

m Aggregate
= Binder
= Mix

u Mat

10

AGGREGATE

= CA= coarse aggregate,
typically plus #4

» FA= fine aggregate,
typically minus #4

TESTS-Traditional

= MoDOT Initial & Annual
Source Approval

= During mix design
» During HMA production

12
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Initial Source
Approval
= Coarse Aggregate:

» Specific gravity & absorption
u LA Abrasion

13

Annual Source
Approval

= Coarse Aggregate:
= Gradation
u Specific gravity & absorption
u LA Abrasion
u Deleterious Materials

= Fine Aggregate:
= Gradation
= Specific gravity
u Clay lumps & shale
u Lightweight pieces

14

Trial Mix Design

= Coarse Aggregate:
= Gradation
= Specific gravity & absorption
u Deleterious materials
= Sand equivalent
= Uncompacted voids
u PI (as required)

= Fine Aggregate:
u Gradation
u Specific gravity
u Clay lumps & shale
u Lightweight pieces

u PT (as required) 15
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HMA Production

» Gradation
n Deleterious
= Consensus properties

16

AGGREGATE TESTS
Superpave Consensus

= Coarse Aggregate
= Fractured Face Count
u Flat & Elongated
= Fine Aggregate
= Fine Aggregate particle Shape
= Sand Equivalent

17

INSPECTION/
ACCEPTANCE

m Aggregate
= Binder
= Mix

= Mat

18




Sample binder

Asphalt binder is sampled
randomly during Production.

QC/QA

= Quality Control -
Contractor

= Quality Assurance -
Specifying Agency
s MoDOT Bituminous
Plant Inspector
mMoDOT Construction
Inspector
=Roadway

20

Communication

1/30/2020
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INSPECTION/
ACCEPTANCE

m Aggregate
= Binder
= Mix

u Mat

22

MIX ACCEPTANCE

= Temperature-min, max
m Asphalt Content (P,)
= Volumetrics
= % air voids
= VMA
= TSR

23

INSPECTION/
ACCEPTANCE

m Aggregate
m Binder
= Mix

u Mat

24




MAT ACCEPTANCE

= Appearance
m Density

m Thickness

= Smoothness

OOKING FOR A BETTER PAVEMENT? |

Pay Factors

mPercent Within Limits

m Asphalt Content

sVMA - Voids in the
Mineral Aggregate

= Air Voids
nDensity

26

Pay Adjustments

u Inertial Profiler -
Smoothness
m Tensile Strength Ratio -
Stripping
m Unconfined Joint Core
Density
u From JSP's:
u Intelligent Compaction:
Passing/Deficient Segments
n Infrared Thermal Profiles:
Thermal Segregation Categories

n Performance Testing (Cracking)
= Elevated Density

27

1/30/2020
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MODULE 1

INTRODUCTION to
SUPERPAVE and

QC/QA

12-15-06 Revision
1-29-07 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
3-2-16 Revision
12-28-16 Revision
2-16-18 Revision
12-12-18 Revision
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MODULE 1

INTRODUCTION to
SUPERPAVE and
QC/QA

12-15-06 Revision
1-29-07 Revision
11-9-07 Revision
4-22-09 Revision

11-18-09 Revision

12-29-09 Revision

11-17-10 Revision
1-19-11 Revision

3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
3-2-16 Revision

12-28-16 Revision
2-16-18 Revision

12-12-18 Revision

SUPERPAVE VS.
QC/QA

= Superpave z QC/QA
= Superpave= mix design

= QC/QA-= contract
administration

SUPERPAVE

= A SHRP product (1993)

m SUperior PERforming
asphalt PAVEments

= New way of specifying
binders and aggregates,
and a new mix design
method

= Tied to pavement
performance
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SUPERPAVE

u PG asphalt binder
specifications

= Consensus properties of
aggregates

= Hot mix design and
analysis system (includes
new test equipment,
methods and criteria)

= Computer software

PERFORMANCE
BEHAVIOR-Major

» Permanent distortion
= Rutting
u Shoving
= Corrugations

= Fatigue cracking

= Cold temperature
cracking

= Moisture sensitivity
(stripping)

Permanent Deformation

Function of warm weather and traffic
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SHOVING

E\%

PERFORMANCE
BEHAVIOR-Major

= Permanent distortion
= Rutting
n Shoving
= Corrugations

= Fatigue cracking

= Cold temperature
cracking

= Moisture sensitivity
(stripping)
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Fatigue Cracking

Function of repeated traffic loads over ime

PERFORMANCE
BEHAVIOR-Major

= Permanent distortion
= Rutting
n Shoving
= Corrugations

= Fatigue cracking

n Cold temperature
cracking

= Moisture sensitivity
(stripping)

12
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COLD TEMPERATURE
CRACKING

Thermal Cracking

Low Temperature Cracking

PERFORMANCE
BEHAVIOR-Major

m Permanent distortion
= Rutting
u Shoving
u Corrugations

= Fatigue cracking

= Cold temperature
cracking

= Moisture sensitivity
(stripping)

14

MOISTURE DAMAGE
(STRIPPING)
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PERFORMANCE
BEHAVIOR-Others

= Raveling

u Bleeding

m Reflective cracking
= Slippage cracks

= Lane cracks

m Aggregate polishing

17

RAVELING
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Reflection
Cracking




SLIPPAGE CRACKS

23

POLISHING

24

12/12/18
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TESTING/
SPECIFICATION

= Binder
m Aggregate
= Hotmix

25

BINDER

= "Asphalt cement”
= "Asphalt”
= Black, sticky stuff

26

PG BINDER SYSTEM

= Tests are directly related to
field performance

= Criteria remain constant but
tests are run at
temperatures that reflect
the design climate

» Tests are conducted at high,
infermediate, and low
temperatures

= Both short-term and long-
term aging is employed

= Tests are suitable for
modified binders

27




BINDER

= Binder behavior depends on:
= Temperature
= Duration load
= Age-hardening

28

PERFORMANCE
BEHAVIOR

m Permanent Pesrenent Defomztion

S Rutting

distortion
= Fatigue S
cracking 1A
= Cold :
temperature
cracking

= Moisture
sensitivity

CAUSES OF DISTORTION:

Mix Related

= Excessively soft binder for
the climate/traffic

= Over-asphalted

= Low air voids

= Rounded/smooth aggregate
= Poor gradation

30

12/12/18
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CAUSES OF DISTORTION:
Non-Mix Related

= High pavement temperature
m Sustained loads:

u Slow moving vehicles

= Stopped vehicles
= Shear loads:

u Intersections

= Curves

31

Testing & Specification of
Binder: Permanent Distortion
Dynamic Shear Rheometer (DSR)

Tested At High Temperature

= Un-aged and “Plant"-aged

PERFORMANCE
BEHAVIOR

= Permanent _—
Distortion -

= Fatigue
cracking

= Cold
temperature
cracking

= Moisture
sensitivity

33

12/12/18
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Causes of Fatigue
Cracks

m Binder too stiff (brittle):
= Virgin grade too stiff
u Recycle-additives/modifiers-

virgin binder combo too stiff

= Aging

= Under-asphalted

u Poor air void system

= Pavement too thin

34

FATIGUE CRACKING
Dynamic Shear Rheometer (DSR)
Tested At Intermediate Temperature
“Plant" Aged plus “Long-term” Aged

' =

llel Plates
1 Sample

Area for
iquid Bath

12/12/18

35
AGING

= Short term = "Plant”

= At plant

= During construction process
= Long term

u Over life of pavement (in-

service :

m Aging:

= More brittle
u Loses adhesion

» CRACKS & RAVELS|

12
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TYPE OF CRACKS

= Fatigue T

m Shrinkage

37

AGING

[AGE-HARDENING MECHANLSMS:
Oxidatior= AC combining with oxygen
Volatilization= lighter molecules “evaporating”

Polymerizatior smaller, lighter molecules combining to
form larger, heavier molecules

| Age -hardening leads to brittleness, then cracking of all types

plus loss of adhesion and cohesion, leading to stripping and
raveling

38

AGING

HEATING AT THE HOTMIX PLANT

TOO €OOL: (AC viscosity too high)
Insufficient particle coating: leads to stripping, raveling
Mix too stiFf to compact: results in high air voids which
leads to consolidation rutting and durability problems.
(stripping, raveling)

TOO HOT:
Accelerated oge -hardening of AC: premature brittleness
leads to fatigue, cold-weather, etc, cracking and loss of
adhesion and cohesion...leading to raveling and stripping
AC too “thin™: mix difficult to compact because it is

tender leading to high air voids leading to consolidation
rutting and durability problems

39

13
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ALLOWABLE
TEMPERATURES

= Maximum = 350 °F

= Minimum = vibratory rollers
must be operated in static
mode below 225 °F (200 °F
for Warm Mix)

SPECIFICATION TESTING

= Pre-conditioning binder:
] Shor-T-T'erm ("Plant")

—

= Long-term

FATIGUE CRACKING
TESTING/SPECIFICATION OF
BINDER

Conditioning step: SHORT TERM AGING:
Rolling Thin Film Oven (RTFO)

p

42

14



12/12/18

LONG TERM AGING

Pressure Aging Vessel (PAV)
(Long Term Aging)

hinder

Pressure Aging Vessel

PERFORMANCE
BEHAVIOR

= Permanent
Distortion

= Fatigue
cracking

m Cold
temperature
cracking

= Moisture
sensitivity

45

15



12/12/18

Cold Temperature Cracking
Cause

m Binder not suitable for
climate

46

Pavement Behavior
(Low Temperatures)

Thermal cracks
Stress generated by contraction due to
drop in temperature
Crack forms when thermal stresses
exceed ability of material to relieve
stress through deformation
Material is brittle
Depends on source of asphalt and
aggregate properties

47

Cold Temperature Cracking
Testing/Specification of Binder
Bending Beam Rheometer (BBR)

Tested at Low Temperature
RTFO plus PAV Aged

Bending Beam Rheometer Sample

48

16
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Additional/Alternative Binder
Test

Direct Tension Test

49

PERFORMANCE
BEHAVIOR

= Permanent
distortion

= Fatigue
cracking

= Cold
temperature
cracking

= Moisture
sensitivity
(stripping)

Moisture Sensitivity

m See "Aggregate” testing

51

17
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TESTING/
SPECIFICATION

= Binder
m Aggregate
= Hotmix

52

AGGREGATE
Superpave

m Consensus tests:
mUsed existing methods

nNew application limits

53

Stripping Prevention

» Check aggregate cleanliness
(Sand Equivalent, PT)

i

= Check aggregate for
moisture sensitivity (TSR)

—

54

18
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LOW SAND
EQUIVALENT

» Harms bonding of asphalt
to aggregate ---stripping

Tensile Strength

Ratio (TSR)
AASHTO T 283

TESTING/
SPECIFICATION

= Binder
m Aggregate
m Hotmix

57

19
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DESIGN CRITERIA

= Binder must meet specs
for handling, rutting,
fatigue cracking, aging,
cold temperature cracking

m Aggregate must meet
specs for shape and
cleanliness

= Gradation limits

= Dust/asphalt ratio

58

SUPERPAVE MIXES
IN MISSOURI

m SP048= #4 NMS surface course
» SP095= 3" NMS surface course
m SP125= 3" NMS surface course
» SP190= 2" NMS binder course
= SP250= 1" NMS base course
» Traffic levels: B, C, E, F
= Extensions:

= SM= stone mastic

u SM(R)= stone mastic (rural)

» NC= non-carbonate

u LP= limestone-porphyry

u LG= low gyration

59

Construction of SMA

= What is SMA

- Mixture with a gap-graded
aggregate skeleton that is filled
with mastic

- Mastic comprised of fine
aggregate, mineral filler, fibers
and asphalt binder

- Minimum asphalt content of 6.0%

20
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STONE MASTIC
USES

s SMA—Interstates in
commercial zones

m SMR- Rural interstates

61

SUPERPAVE VS.
QC/QA

= Superpave z QC/QA
= Superpave= mix design

» QC/QA= contract
administration

62

QC/QA
What is it?

= QC...Contractor provides
control of the process

= QA..Owner provides
assurance that control
is working

63

21
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QC/QA
Who?

= Quality Control:

m Aggregate Producer
mPaving Contractor

= Quality Assurance:
= Owner (MoDOT)

64

USE OF QC/QA

= QC/QA concept dates
back over 40 years

m Most DOT's use
QC/QA

65

QC/QA

= A major change in the way
contracts are structured and
administered

= A way to get material
producers and paving
contractors more involved in
the entire process, which
includes:
= material selection
= mix design
u control of production
u control of construction

66

22
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QC/QA

= "QC" side becomes
involved earlier in the
process

= "QC" side becomes more
knowledgeable about its
product and the influence
of the process on mix
behavior

= "QA" side, through field
verification, becomes
more involved with the
whole process

67

PROJECT
FLOWCHART

1. Paving contractor writes
Bituminous QC plan; submits
QC plan to MoDOT (the mix
design is often submitted at
the same time)

= 2. MoDOT grants final

approval of QC plan.
= 3. Paving Contractor
contracts with
Aggregate Producer.
Samples aggregate

for mix design (often, this
is done earlier)

23



MaDOT

PRODUCER Monitors geology & Performs
benchmark physical testing of
Ongoing production crushed product
Non job specific Preliminary Ledge ID sampling
Annual source sampling during
production (ledge specific)

<<= ]

CONTRACTOR

Initiates contact with quarry y
Samples product for the - eevnveemee-pe]  PRODUCER NOTES

purpose of designing a job mix
('1) *1 The producer may use any combination of
ledges so long as the crushed product meets the

Makes pro'ductlon agreements minimum requirements for that material section.
with producer

*2 MoDOT will not set requirements for
agyregate quality control but the producer will
need to be ahle to designate what is in each
fraction.

*3 Material acceptance is based on combined

¥ belt sample.
CONTRACTOR ' )
*4 Gradation & del for 401 mixes. Include
. . MoDOT concensus tests for 403 mixes.
Designs mix - - mix review/
Submits mix design to approval *5 Percent Del.
District : s

*6 Plon 401 mixes. If Pl > 3 on job mix, TSR

will be required during mix production.

p Contractor may elect to avoid TSR during
production by making available test results of Pl
Production during aggregate production.

Aggregate QC & QA is
per the agreement
between producer and
contractor ("2)

CONTRACTOR MoDOT
Produces final product - QA testing per cantract
: Contract administration
QC testing per contract Material . d
(3,4, "5, *B) atenal acceptance i1s made
e off the belt




FLOWCHART,
cont'd.

= 4. Paving contractor submits
mix design info (Job Mix
Formula=JMF) to MoDOT
through the district.

= 5. MoDOT Central Lab will
verify the mix if QC lab
not AMRL accredited.
JMF approval granted (still
have to sample aggregate if
running nuclear gage so
MoDOT can calibrate)

= 6. Aggregate production begins
(actually, Superpave rock is
more common how)

= 7. Hot mix production begins.
See "Hotmix Production.”

12/12/18

AGGREGATE
INSPECTION

= QC and QA perform tests

at the mixing facility,
compare results to each
other and:

n Job Special Provisions

= Standard specifications

m Engineering Policy Guide

(EPG) guidelines

= Task Force (FAQ)
guidelines

HOTMIX
INSPECTION

= QC and QA perform
tests, compare to each
other and to:
» Job Special Provisions
» Standard Specifications
= EPG guidelines
m Task Force (FAQ)
guidelines
= Pay factors are computed

says at the end of each lot,
now)

("Best Management Practice”

24
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QC/QA FUNCTIONS
AT THE HOT MIX PLANT

Engineering Policy Guide
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FoT Mix, confd

Run TSR
Compare to spec

This is a pay adjustment factor

QC:1per 100007
QA: 1 per 50,000 T
Minimurn: 1 per mix

(combination of
projects)

)

Dl pavement cores

Traveled way pavement | QC: 1 sample:

per 4 sublots

Determine pavement core density (G)

Traller -

Calculate pavement density:
Density= (G, Gy x 100
Compare to Spec: 64.5.+ 2.5% of Gy

This is a pay factor

75
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Additional Testing

QC: 1 per sublot
QA: 1 per day

Tomper s

Binder content of RAPIRAS

RAPIRAS feed

Calculate Voids Filled (VFA):

VFAS[ (VMA-V,) = VMA] x 100

aclab

Ol unconfined jont cores

Roadway QC: T sample per
sublot

QA: 1 samplo por
4 sublots

Dl longitudinal joint and shoulder cores Roadway See Module 5

76

SMALL QUANTITIES
Individual Mixtures Less Than
4000 tons

= 403.19.3.2.1 options:

n 1) Use all testing frequencies in
403.19.3 table, or
= 2) Do same tests as in 403.19.3
but:
u No field lab required
1 QC:
=<750 tons/day: QC: 1/day
=>750 tons/day: QC: 2/day

u QA: (independent & retained:
1/1500 tons

7

SMALL QUANTITIES

= 403.23.7.4.1

m QLA & PWL not required (no
PF's) but mix must be within
spec

n Still have VMA, Va, Ps,
density spec limits

m TSR still required

= Density: PF-adjustment table
(see Module 5)

78
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QC/QA FUNCTIONS
AT THE HOT MIX PLANT

Engineering Policy Guide

FUNCTION

LOCATION

FREQUENCY

Aggregate:

Aggregate gradation

3 sieves:

1 size smaller than NMS - : notto exceed
92.0%

#8: not to exceed 2.0% beyond master spec
#200: within master spec

Drum: Combined cold
feed
Batch: Hot bins

Optional: T308 Residue

QC: 1 per 2 sublots
QA: 1 per 4 sublots

QA: QC retained:
1 per week

Consensus tests:

FAA pec 2%
CAA o -5%

Drum: Combined cold
feed
Batch: Combined cold
feed

QC: 1 per 10,000 tons
(min. 1 per project per
mix type)

QA: 1 per project

SEgpec -9%
o
T&Epec +2% QA: QC retained:
1 per project
Deleterious: All plants: cold feed QC: 1 per 2 sublots

QA: 1 per 4 sublots
QA: QC retained:

1 per week

RAP: Gradation (T308 or T164 residue)
Deleterious
Micro-Deval (if necessary)
Binder
Binder

QC: 1 per day
1 per 2 sublots
1 per 1500tons
1 per 4 sublots
QA: 1 per project
QA: QC retained:
none

Ground Shingles: Gradation

QC: 1/10,000 tons
(Min. 1 per project)
QA: 1 per project

/3




Hot Mix:

Obtain sample

Behind paver

QC: 1 per sublot

QA: 1 per 4 sublots

QA: QC retained

1 per day; not necessary on
days the QA independent

sample is taken if favorable

comparison of retained splits
has been achieved

Quarter sample

QC lab

Compact 2 gyro pucks at Ny

Run pucks specific gravity
Calculate average of the two (G,,;,)

Run Rice specific gravity (G,)

Calculate % Air Voids (V,):
Vaz[(Gmm'Gmb) = Gmm] x 100

Compare to spec: 4 + 1.0%
This is a pay factor

Run asphalt content (P,),
either nuclear or ignition oven

Compare to spec: P, jyr = 0.3%
This is a pay factor

Calculate % aggregate (P;):

P.=100 - P,

Calculate VMA:
VMA=100 - [(G,,, X Pg) = Gg]
G, from JMF

Compare to spec:
VMA design minimum[ -0.5 to +2.0 %]

This is a pay factor




Hot Mix, cont'd.:

Run TSR
Compare to spec

This is a pay adjustment factor

QC: 1 per10,000T
QA: 1 per 50,000 T
Minimum: 1 per mix

(combination of
projects)

Drill pavement cores Traveled way pavement

QC: 1 sample
per sublot

QA: 1 sample
per 4 sublots

Determine pavement core density (G,,.)

Trailer

Calculate pavement density:

Density= (G, . G,,,,) X 100
Compare to spec: 94.5 £ 2.5% of G,

This is a pay factor

75




Additional Testing:

Mix Temperature QC: 1 per sublot
QA: 1 per day

Temperature base & air Roadway As-needed

Binder content of RAP/RAS RAP/RAS feed QC: 1 per 4
sublots

QA: 1 per project

Calculate Voids Filled (VFA): QC lab QC: 1 per sublot
QA: 1 per4

VFA=[ (VMA-V,) + VMA] x 100 sublots

Drill unconfined joint cores Roadway QC: 1 sample per
sublot
QA: 1 sample per
4 sublots

Drill longitudinal joint and shoulder cores Roadway See Module 5

Calculate pavement density:

Density= (G,,. . G,,m) X 100

Compare to Density Pay Adjustment Table if
an unconfined joint core

This is a pay adjustment factor

/6
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MODULE 2A

MIX DESIGN
OVERVIEW:

Mix Design/Pavement
Structure Design

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
12-28-16 Revision
2-16-18 Revision
12-12-18 Revision
2-8-19 Revision






MODULE 2A

MIX DESIGN
OVERVIEW:

Mix Design/Pavement
Structure Design

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
12-28-16 Revision
2-16-18 Revision
12-12-18 Revision
2-8-19 Revision

AASHTO TEST
METHODS &
SPECIFICATIONS
m R35 Volumetric Design
Practice
= M323 Volumetric Design
Specs
m R30 Mix Conditioning
= T 312 Gyro operation
» T 166 Bulk Sp Gravity of
gyro pucks
» T 209 Max Sp Gravity of
Voidless Mix (Rice)

» T 283 Moisture Sensitivity

2
Typical Bituminous
Mixture
COMPONENT %
by
wt.
Aggregate 90
( coarse & fine)
Dust (dust-of-fracture 5
+ mineral filler)
Binder 5
(asphalt cement or tar)
3

2/8/19




Hot Mix Asphalt Concrete
(HMA)
Mix Design Methods

= Objective:
= Develop an economical
blend of aggregates and
asphalt that meet design
requirements
= Historical mix design
methods
= Marshall
= Hveem
= New
= Superpave gyratory

Requirements in
Common

= Sufficient asphalt to
ensure a durable pavement
m Sufficient stability under
traffic loads
m Sufficient air voids
= Upper limit to prevent
consolidation rutting and
excessive environmental
damage
= Lower limit to prevent
plastic distortion while
allowing room for initial
densification due to traffic

m Sufficient workability

HOT MIX
STANDARD SPECS

Mixture Section

Plant Mix 401
(Bit Base, BP-1,
BP-2, BP-3)

Surface Leveling |402

Asphalt Concrete |403
(Superpave)

2/8/19
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MIX SELECTION

Corridor Traffic Mixture
Interstates Superpave
Major Roufes >600 ADTT Superpave
Major Routes <600 ADTT BP-1
Minor Routes >600 ADTT Superpave
Minor Routes ADT>3500 BP-1
<600 ADTT
Minor Routes ADT<3500 BP-1or BP-2
<600 ADTT

SUPERPAVE™ &
MoDOT MIXES

MoDOT NMs Max. size

Designation|mm (in.) |mm (in.)
N/A 37(1%) [50(2)

MINIMUM
THICKNESSES

Superpave & Plant Mixes

SP048, BP-3 1.0
SP095 1.25
BP-2* 15

SP125, BP-1 175
SP190 2.0

SP250, PMBB 3.0

reduced to 99-100.

NJSP: If BP-2 is placed in a 1.25" lift, %Passing 0.5" is

9




2/8/19

Minimum Thickness
for Leveling Courses

Mix Thickness, in.
SP 125, BP-1 15
SP 095, BP-2 1
SP 048, BP-3 2
10
MATERIAL

STANDARD SPECS

Aggregate (403) 1002
Aggregate (401) 1004

PG Binder 1015

Mineral Filler 1002

Hydrated Lime {1002

Fiber 1071
Anti-Strip 1071
Filler (RAP) 403
RAP 403
RAS 403

MIX DESIGN STEPS

n I. Material selection
(Module 2A-2D)

m IT. Aggregate structure
selection: (Module 2E)

n ITI. Design binder
content selection:
(Module 2F)

m IV. Evaluation of moisture
sensitivity (stripping):
(Module 26)

12
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I. MATERIAL
SELECTION

n 1. Determine design
traffic

m 2. Select aggregate
sources

m 3. Select PG binder
grade (in contract
documents)

= 4, Select RAP (optional)
n 5. Select RAS (optional)

13

1. DESIGN TRAFFIC

m 1. Determine traffic data for
the project site

m 2. Convert the traffic levels
for the mix of vehicle
types to ESAL's

m 3. Estimate growth over the
design life

= 4. Calculate the total design
ESAL's:
= Example: 12,000,000 ESAL's

14

ESAL's

m Conversion of damage
from a given axle load to
an equivalent number of

asses of an 18,000 |b
oad on a single axle (equal
damage)

= For instance, one pass of
a 22,000 Ib single axle is
equivalent in damage to
2.2 passes of an 18,000 Ib
single axle load

= Not linear
15




ESAL Comparison

80 kN 100 kN 44 kN
18,000 Ib. 22,000 Ib. 10,000 Ib.

®

ESAL ESAL ESAL

16

ESAL's

Another way...

= Conversion of a given vehicle
to an equivalent number of
passes of an 18,000 Ib load
on a single axle (equal
damage)

= For instance, one pass of a
certain 6-tire truck is
equivalent in damage to 0.49
pass of an 18,000 b single
axle load

17

6T kN 27N
15,0001 + 6,0001b = (.49 ESALs
048ESAL  0.01ESAL

BIG TRUCK

Q0 LG

151 kN 151KkN  54KN
340001b + 34000+12000b = 230 ESALs
110 110 0.19

18
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13 MoDOT (AASHTO)

Vehicle Classes
“Trucks” = #4 - #13

6+ tires

19

MoDOT:
13 VEHICLE
CATAGORIES

Examples:
» Cat 1= Motorcycles

m Cat 3= cars & 4 tire pickups
n Cat 9= 18 wheelers

20

USE OF ESAL's IN
MATERIAL

SELECTION

= Level of aggregate quality
is tied to level of traffic;
for instance, the greater the
design traffic, the more
angular and cleaner the
aggregate has to be.

m The choice of PG binder
grade is tied to traffic
level; for instance, the
greater the design traffic,
the more rut resistant the
binder must be.

21




13 MoDOT (AASHTO)

Vehicl
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MoDOT Traffic

Levels
Design Design Traffic
Levels (ESALS)
F <300,000
E 300,000 to < 3,000,000
€ 3,000,000 to < 30,000,000
B > 30,000,000

22

CONSENSUS REQUIREMENTS
on blended aggregate

Traffic CAA FAA SE F&E*
Level

F [55/none| -- 40 10

E |75/none| 40 40 10

c 95/90 | 45 45 10

B |100/100| 45 50 10

*SMA ¢ 20% @ 3:1and ¢ 5% @ 5:1

23
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MODULE 2B

MIX DESIGN
OVERVIEW:

Aggregate Quality

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
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SELECTION OF
AGGREGATE SOURCES

» The individual aggregate
sources must meet agency
(MoDOT) criteria:
= Coarse Aggregate:

nDeleterious material

uLA abrasion

u Absorption

uGradation

u(Acid insoluble residue)
= Fine Aggregate:

nDeleterious material

mGradation
2
MoDOT 1002
SPECIFICATIONS
Coarse Aggregate or
Combined
mLAA it BO%
» Deletereous Material (CA):
= Deletereous Rock .. 80 %
.<10%
u Other Foreign Material.. <0.5 %
m Totalrrr 8.0 %
= Absorption:
u Crushed stone.. o 4.0 %
u Gravel e 95 %
» Acid Insoluble.................285 %
3

2/8/19
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MoDOT
SPECIFICATIONS
Fine Aggregate

= Clay Lumps & Shale..... <1.0 %
» Total Lightweight........<0.5 %
= Other Deleterious........<0.1 %

SMA

BLAA. . 40%
= Absorption.............. < 3.5%

AGGREGATE
CHARACTERISTICS

« Gradation, parent
material quality, and
contamination affect:
« Constructability
= Strength
« Durability
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AGGREGATE

» Parent material
m Deletereous material

GRADATION

Mechanical Sieve

SOURCE
PROPERTIES

» Toughness= ability to
resist breakdown from
handling, processing,
compaction

» Soundness= ability to
resist breakdown from
weathering

m Skid Resistance
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LA ABRASION
Toughness

10

mLess breakdown, less

TOUGHER
AGGREGATE

problems with VMA
collapse

SODIUM OR
MAGNESIUM
SOUNDNESS

Soundness

ol

Before

12
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SKID RESISTANCE

= For "B" surface mixes and all SP095
and SPO48NC containing limestone

= Must contain some (see table) hard
non-carbonate materials (traprock,
most gravels, steel slag, flint chat,
with AIR 2 85%), or...

» Limestone must have AIR > 30% (see
TM76)

Coarse Aggregate |Minimum Non-
(+#4) carbonate By
Volume

Limestone, LA<30  |30% Plus #4

Limestone, LA>30 | 20% Minus #4*

Dolomite No requirement
13
CONTAMINATION
FROM:

= Inclusion of non-durable
material during quarrying
(e.g., shale, soft rock, etc.)

= Poor stockpile management
techniques (e.g., mud, dusft,
etfc.)
= Quarry
= Hot Mix Plant

= During delivery (e.g.,
contaminated truck beds)

14

DELETEREOUS
MATERIAL
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SHALE

m Inter-bedded with
limestone

= Will break down easier
than harder rock

m Much will end up in
fines

16

SELECTION OF
AGGREGATE
SOURCES
= Blended aggregate must
also meet Superpave
“Consensus” criteria:
= Fine aggregate angularity

= Coarse aggregate
fractured face count ==

= Course aggregate flat and
elongated SRl

= Sand equivalent

MoDOT Traffic

Levels
Design Design Traffic
Levels (ESALS)
F < 300,000

300,000 to < 3,000,000

E
c 3,000,000 to < 30,000,000
B 2 30,000,000

18
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CONSENSUS REQUIREMENTS
on blended aggregate

Traffic CAA FAA SE F&E*
Level

F  [55/none| -- 40 10

E |75/none| 40 40 10

(4 95/90 | 45 45 10

B |100/100| 45 50 10

*SMA ¢ 20% @ 3:1and < 5% @ 5:1

19

Consensus Test Material Must
Be Sampled from the Cold
Feed Belt

Y
Cold bins

\[\:

20

Split Over #4 Sieve

Plus #4: Coarse Aggregate (CA
*CAA
+ F&E

Minus #4: Fine Aggregate (FA):
*FAA
+ SE
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CONSENSUS TESTS

m Coarse Aggregate
Angularity

= Fine Aggregate Angularity

= Sand Equivalent

n Flat & Elongated

22

COARSE AGGREGATE
ANGULARITY (CAA)
[Fractured Face Count (FFC)]

CAA

(Plus #4 on Aggregate Blend)

Percent Crushed Fragments in Gravels

0% Crushed 100% with 2 or More
Crushed Faces

24
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CONSENSUS TESTS

» Coarse Aggregate Angularity
= Fine Aggregate Angularity
= Sand Equivalent

= Flat & Elongated

25

FINE AGGREGATE
ANGULARITY (FAA)

[Fine Aggregate Particle Shape (FAPS)]

FINE AGGREGATE

ANGULARITY
(Minus #4 on Aggregate Blend




FAA

funnel

\ _ fine aggr sample

=/ cylinder of known volume (V)
/ uncompacted voids =
V-WG
N X 100%
v

28

MORE ANGULAR
FINE AGGREGATE:
Tradeoff

m Better interlocking (thus,
greater stability)

m Higher VMA

= But...
= Higher cost
u Less compactibility

29

CONSENSUS TESTS

» Coarse Aggregate Angularity
= Fine Aggregate Angularity

= Sand Equivalent

= Flat & Elongated

30

10
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“"SAND" EQUIVALENT
[Clay Content)]

31

LOW "SAND" EQUIVALENT
(Really Minus #4 on the Aggregate
Blend)

= Harms bonding of asphalt
to aggregate ---stripping

32

“"SAND" EQUIVALENT
[Clay Content)]

= Shaking methods hierarchy:
» Mechanical: not mandated
= Manual: most common
= Hand

33

1
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MECHANICAL &
"MANUAL" SHAKERS

“SAND” EQUIVALENT
[Clay Content)]

graduated
cylinder

/ . clay reading
flocculating L 2s

solution

suspended clay

sedimented ay e
g

36

12
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CONSENSUS TESTS

» Coarse Aggregate Angularity
» Fine Aggregate Angularity

= Sand Equivalent

= Flat & Elongated

37

FLAT (THIN) & ELONGATED
(Plus #4 on Aggregate Blend)

= ASTM D4791
u Flat e
n Elongated

u Total flat and elongated
= Superpave
= Flat and Elongated
= Maximum to minimum
dimension
n5:1
n3:1
n2:1

38

PROBLEMS WITH
FLAT & ELONGATED

m Increased breakage-
n Finer gradation
= Creates fines
m Uncoated broken surfaces -
stripping
» Compacts flat-lower VMA
m Increased problems with
placing & compacting

39

13
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THIN & ELONGATED

Flat and Elongated

40

THIN & ELONGATED

Flat and Elongated

41

1:5 pivel point fixed post (B)
|

A N o
fixed post (A) ‘swinging am

42

14
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MODULE 2C

MIX DESIGN
OVERVIEW:

Binder
RAP & Shingles

11-24-06 Revision

n
12-17-19 Revision
1-30-20 Revision

OUTLINE

= Binder grading & selection

= M 332 grades

» Testing & evaluation

m RAP & shingles

= Mixing & compaction
temperatures

ASPHALT (BINDER)
GRADING

= Binder produced in grades

= Grades based on
viscosity-temperature
behavior

= Choice of grade depends
primarily on climate
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ASPHALT (BINDER)
BEHAVIOR

= Based on rheology
nRheology: study of flow
and deformation
= Asphalt cement is a
viscoelastic material:

n Elastic: spring
n Viscous: dashpot (piston)

Binder Behavior
m Asphalt is a thermoplastic

m Behavior depends on:
u Temperature

u Duration of loading w
PN

u Aging (properties change
with time) ¥

SELECTION OF
PG BINDER GRADE

= Based on:
nClimate
uDepth in pavement
= Volume of traffic
nVehicle speed
mDesired level of

reliability

mRAS (shingle) content
=RAP content
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SELECTION OF PG
BINDER GRADE
Climate

= Grade chosen primarily on
temperature expected:

= fo prevent rutting, based on
cumulative hours at elevated
temperatures -

= to prevent cold temperature
cracking, based on average

single-day low Temper‘aTE

CONDITIONING/TESTING

= Rutting: High temperature
(DSR)

» Fatigue Cracking:
Intermediate temperature
(DSR)

= Cold-temperature cracking:
cold temperature (BBR)

Superpave Asphalt

Binder Specification
AASHTO M 320
The grading system is based
on Climate

PG 64 -2

Cold-temperature
Performance crack resistant
Grade downto -22 ° ¢
(-7.6°F)

Rut-resistant up
to64°C
(147° F)




52

A 56
Pavement Temperatures, Cleveland, OH

-24 16
| 1 |
40 -30 20 10 0 10 20 30 40 50 60 7O
Figure 5.3 Example High and Low Pavement
Temperature Variations

___PGss28

le _ PG5246 »

Asphait Binder Grade, Cleveland, OH

AN,

40 30 20 40 0 10 20 30 40 50 60 70
Figure 5.4 Superpave Binder Grade
Selections for Cleveland

10

Choosing a PG Grade
for a Climate

u Cleveland: say, get 30 years
of weather data

= Convert air femperatures to
pavement temperatures

= average high pavement
temperature is 52 ° C

= Average low pavement
temperature is -16 ° C

m A PG 52-16 will cover 50% of
the data, thus will have a
50% Reliability

n A PG 58-22 will cover ~98%
of the data, thus will have a
~98% Reliability "

AASHTO M320
P6 GRADING SYSTEM

u 6 degree increments

Table 3.1 Supergave Binder Grades
3

High Temperature Grades Low Temperature Grades

(Degrees C) (Degrees C)
PG 46 -34,-40, 16
PG 52 10, -16, -22, -28, -34, -40, -4¢
PG 58 -16, -22, -28, -34,-40
PG 64 -10,-16,-22, -28, -34, -40
PG 70 -10, -16, -22; 28, -34, -40
PG 76 -10,-16,-22, 28, -34
PG 82 -10,-16,-22, -28, -34
12

1/30/2020




“Workhorse” Binder Grades

Rule-of-90 (or 92)

n If temperature range (absolute
value high to low is less than 90°
(or 92°), the binder is probably
non-modified (“neat" asphalt)

= If range is > 90°, probably is
modified

= Examples:

u PG 64-22, range = 86° non-modified
m PG 70-22, range = 92°, modified
u PG 76-22, range = 98°, modified

14

TO MODIFY
Optional Materials

= Polymer (eg. elastomeric
polymer)

= Polyphosphoric acid (PPA)

= REOB = Re-refined engine oil
bottoms

» Air-blown asphalt

m Others

15

1/30/2020
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DO I REALLY HAVE
POLYMER IN MY BINDER?

= M320 has the Elastic
Recovery test- MoDOT has
this in the 1015 spec

LN

Elastic Recovery (%)

a
Elastic Recovery Measurements:
— s e
s puting
0 cm
Sever at the middie
after 5 minutes
After 1 hour
(20-X)cm
(20-X) *100
Elastic Recovery % = T

O

m Greater %ER is better

17

Section 1015.10.3

6rade ER, min. %
PG 64-22,58-22, | = -----—--
58-28

PG 70-22 55
PG 76-22 65

18
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State DOTs with Binder
“Exclusions” (don't allow):
(PPA) REOB, Air Blown
Asphalt, Other)

POLYPHOSPHORIC
ACID (PPA)

u Can increase binder high-temp
PG & performance without
degrading low temp grade &
performance

= Typically dosed at 0.25% to
1.5% by weight of asphalt

20

PPA
Possible Issues

= May make mix more prone to
moisture sensitivity

= PPA may react with amine-based
Liquid Anti Strips (LAS) & Warm
Mix Additives (WMA) which will
lead to a partial decrease in high-
temp PG improvement

u Chemically compatible LAS and
WMA function should not be
inhibited. Performance testing
such as AASHTO T283 (TSR) or
T324 (HWT) are highly
recommended

u LAS and WMA suppliers make
PPA-compatible materials 21




PPA
Possible Issues, cont'd.

= Good communication with
contractor regarding
potential use of amine-based
LAS
» Ensure compatibility with
WMA & LAS

22

Simple Test to
Detect PPA in
Asphalt

0% 0.1% 02% 0.3% 0.4% 0.5%PPA I

i
i

" -ﬂmu.uu-’q..u..‘n.m -

I - —

|

Other Analysis Methods

» To detect PPA in Asphalt

u XRF - detect presence
of phosphorous - .

= DSR - detect drop in "’ J
binder high PG NEXCD
stiffness

Note - Just because

binder contains =

Phosphorous does not

mean it has been

modified with phosphoric

acid

It could be Engine Oil

Additives - REOBs can

contain a heat stabilizing

additives that can

contain up 8%

Phosphorous, 8.5% Zinc

1/30/2020




SELECTION OF PG
BINDER GRADE
Climate

» Specify a higher upper
number-grade to prevent
rutting eg. 58-> 64

= Specify a lower number-
grade to prevent cold
temperature cracking, eg. -
28> -34

25

MATCH GRADE TO
CLIMATE-

PG58-22 PG 5816

26

LTPPBind Program
Lower PG Number
(Low Temperature Values)

1/30/2020




" owpacTemp. |
{1 ety

SELECTION OF
PG BINDER GRADE

m Based on:
nClimate
u Depth in pavement
nVolume of traffic
m Vehicle speed
nDesired level of

reliability

mRAS (shingle) content
mRAP content

29

SELECTION OF PG
BINDER GRADE
Depth in Pavement

u Place better binder ("modified”
binder) in surface mix and
first underlying layer (top 4")

30

1/30/2020




SELECTION OF
PG BINDER GRADE

m Based on:
nClimate
uDepth in pavement
n Volume of traffic
m Vehicle speed
mDesired level of
reliability
mRAS (shingle) content
mRAP content

31

Binder Grading Specs

= The following slides refer to
traditional M 320 binder
grades (hot M 332 "MSCR")
unless noted

32

SELECTION OF A
BINDER GRADE

= Can "bump” up a grade
(increase the high
temperature number) for
high traffic levels (greater
than 30 million ESAL's)

= Ex.: PG 64-22 —~PG 70-22

33

1/30/2020
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Effect of Traffic
Amount
on Binder
Selection m

80 kKN ESALg

= 10 to 30 x 10 ESAL

u Consider increasing - - one
high temp grade

= >30 x 10+ ESAL
= Recommend increasing - - one
high temp grade
> Equivalent Single Axle Loads
34

SELECTION OF
PG BINDER GRADE

m Based on:
nClimate
uDepth in pavement
nVolume of traffic
n Vehicle speed
nDesired level of

reliability

mRAS (shingle) content
mRAP content

35

Vehicle Speed

= Slower - increased
rutting

= Stopped > worst case
for rutting

Why?
m Longer duration of load

36

12
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Effect of Loading Rate
(Vehicle Speed) on Binder
Selection

= Can bump up a grade
(increase high temperature
number) for slow moving
(less than 35 mph) traffic
[MoDOT uses 12-45 mph]

= MoDOT bumps 2 grades for
<12 mph

= Grade bumps apply to the
surface mix and the top lift
of the underlying mixture

m Grade bumping: no effect

on low temp grade 37

Effect of Loading
Rate on Binder

Selection
under revision

90 kph
= Example
= for toll road
PG 64-22
= for toll booth Slow
PG 70-22

= for weigh stations

PG 76-22 \

Stopping

38

SELECTION OF
PG BINDER GRADE

= Based on:
nClimate
uDepth in pavement
= Volume of traffic
nVehicle speed
n Desired level of
reliability
mRAS (shingle) content
mRAP content

39

13



1/30/2020

SELECTION OF PG
BINDER GRADE
Reliability

= Can increase reliability for a
given climate & depth by
increasing the high and/or low
temperature values (this may lead
to a modified binder)

u PG grades chosen to match
average high & low temperatures
will give ~ 50% reliability

m 98% reliability is typically chosen
for more critical situations

= Some DOT's choose 98%
reliability for all binder grades

40

SELECTION OF
PG BINDER GRADE

m Based on:
nClimate
uDepth in pavement
nVolume of traffic
m Vehicle speed
nDesired level of

reliability

mRAS (shingle) content
mnRAP content

41

RAP/RAS Binders

m RAP has aged- stiffer
than virgin binder

m RAS- roofing binder is
much stiffer

m Combined virgin &
recycled binder >
stiffer

= May be too hard

42

14
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Solutions

nLimit the % of recycled
effective binder (eg. 30%
max)

mUse a softer virgin grade
binder (eg. P6 58-28)

mAdda
rejuvenator/viscosity
modifier (eg. 3% Hydrogreen)

= Combinations of the above

43

“Effective Binder”

= When dealing with recycled
materials, interested in
“effective binder”, not total
binder

44

ABSORPTIVENESS
OF AGGREGATE

Y Effective i
" " asphalt
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BINDER CONTENT

Conceptually:

Py = Py + Py,
uP,= total binder content
uP, . = absorbed binder
uP,, = effective binder

46

RAP & SHINGLES (RAS)

n If effective virgin binder is
less than 70% (more than 30%
replacement by RAP+RAS),
more binder testing (use of
“blending charts") is required
to assure that the combined
binder meets the TMF
specified binder grade

= So, typically contractors are
limiting the effective recycle
binder content of their mixes
to <30%

47

SHINGLES (RAS)

= Shingles only allowed for
contract specified grade of
PG64-22 (if PG 70 and
greater, shingles not allowed)

= If effective virgin binder is
60-70% (RAP+RAS =30 to
40%), must use PG 52-28 or
58-28 (no binder testing
required)

48

16



MoDOT Reclaimed
Binder Worksheet

= 71zonly 29% =
= recycled effective % ==
asphalt

Block Diagram

e swaisng

MoDOT Binder Grade
PG 64-22

u Climate= whole state

= Position in pavement=
= surface layer and first

underlying layer (lower traffic)

u Lower lifts (~all traffic)

» Traffic speed > 45 mph

= Traffic volume < 30 million
ESALS

= Reliability= ~98%

= Upper number (64) is
bumped up for increased
traffic and/or slower speeds
in top layer/top underlying
lift S

1/30/2020
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MoDOT Reclaimed
Binder Worksheet

Contribution of Binder from Recycled Materials

Effective Binder Computation

Pb 5.70 Gmm 2434 Gse 2.653 Type of Stockpile
Pbmv 4.50 Gb 1.030 Pba 1.52 virgin - Quarried aggregate
Gsb 2.547 Pbe 418 reclam - Reclaimed aggregate such as concrete, steel slag, wet bottom slag, chat
RAP - Reclaimed asphalt pavement
Stockpile Type Ps Per Pgyx Por Psmy Psme Peme RAS - Reclaimed asphalt shingles
1 Wirgin 80 76.41
2 RAS 2 25 0.50 1.43 0.47
3 RAP 18 43 0.77 16.45 073
4
5
6
7
8
100 94.29
Pe 4.18]
71=only 29%
Pemy 76.41 —On y o
Py x Py, 1.27] l d . Pbr2 Pbr2
89 recycled effective "
Biar 1.20]
R 71 h I.l.
aspha el o1 ]
RAP Psr1
Pb - Percent total binder in mixture
Psv(1,2,..) - Pecent stone by fraction for virgin or reclaimed aggregate
Psr(1,2...) - Pecent stone by fraction for RAP or RAS aggregate
Pbr(1,2 ) - Percent binder by fraction in RAP or RAS
Psmv(1,2,..) - Pecent stone by fraction for virgin or reclaimed aggregate by weight of total mixture
Psmr(1,2,..) - Pecent stone by fraction for RAP or RAS aggregate by weight of total mixture Steel Slag Psv2
Psmr - Pecent stone of RAP or RAS aggregate by weight of total mixture
Pbmr(1,2,) - Percent binder by fraction in RAP or RAS by weight of total mixture
Pbmr - Percent binder of RAP or RAS by weight of total mixture
Pbmv - Pecent new binder by weight of total mixture
R - Percentage of new binder (Pbev) to total binder (Pbe)
Limestone Psvi
P P, %(100-B)
smd T ,
100 ((‘Dsrl X B‘:rl + Psrl X ‘Pbrl JrPsri X Pbri +.. ) 100)
Psim' — Pwn'l + ‘psm\'?. + Rm\'ﬁ +..
= / =
b (P, —P. xP, /100)x(100-P,)
sl ~ . ]
100-((P,y x By + By x By + Py x By +..)/100)
Psrm = Pm'l 1 + Pwm 2 + Pwm 3 t..
p_ Pax Py x (100 -~ P,)
bmrl — 2
100 -
P"Ju.h" - Pbmr 1 t Pbif.i.;'l t Pbmi‘S T
Pbmr - Pb - Pbmr
2 = Pia X100

P,

[



Block Diagram

i | e P |
Psr2
RAS
RAP Psr1
Psm
Steel Slag Ps\2

Limestone Psvl
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M 320 PG GRADES
MoDOT typically specifies:

u PG 64-22 in the base course
and for lower traffic levels
mph in the surface course

m PG 70-22 for traffic levels
>3500 AADT and/or traffic
12-45 mph in the surface
course

u PG 76-22 for some
metropolitan areas (<12 mph)
or steep grades with slow
speeds 52

MoDOT Binder Selection-
Depth, Traffic Volume, Vehicle

Speed
Corridor Layer Binder Grade
Interstates Surface= PG76-22
SP125 or SMA
& 1st

underlying lift
Remaining PG64-22
lifts

Major Routes |Surface= PG70-22
Heavy Volume |SP125 & 1st

underlying lift
Remaining PG64-22
lifts

Major Routes |Surface= PG64-22
Medium or SP125 or BP-1
Low Volume Underlying PG64-22
lifts

Minor Routes | All (generally |PG64-22
BP-1 surface) 53

MODIFIED
PG BINDERS

= How a material handles,
compacts, efc., may be
greatly affected if the
binder is modified, eg. with a
polymer.

» The supplier of the binder
should be contacted to
determine if the binder has
been modified and what
effects this modification
might have on the mixture
(eg. special handling
requirements)

54

18
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BINDER TESTING
PG 64-22

u Upper PG number (eg, 64): DSR

OUTLINE

= Binder grading & selection

» M 332 grades

» Testing & evaluation

u RAP & shingles

= Mixing & compaction
temperatures

56

ALTERNATE
GRADING SYSTEMS

= Original: M 320
m ~New (MSCR): M 332

57

19



1/30/2020

AASHTO M 320 Issues
and the M 332 Solution

= M 320 was developed based

on neat asphalts and does not

do PMAs justice

> Therefore some Agencies have
added “"Plus Tests”, such as %
Elastic Recovery (% ER).

> However empirical tests such
as % ER only show the
presence of, but not the
effectiveness of polymer-
modification.

Polymer Modification

Same polymer, same amount polymer

* Not well characterized with M320
and PG+ tests

AASHTO M 320 Issues
and the M 332 Solution

= The MSCR specification
M332 corrects the M320
deficiencies by testing at
the project climate
temperatures and at the
stress level commensurate
with the expected traffic.
> M332 uses the non-
recoverable compliance %
(Jnr) and % Recovery to
better qualify the type of
modification.

60

20
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Type of Modification

m M332 (MSCR) is blind to the
type of modifier

61

M 332 (MP 19)
Binder Test/Specification

= MSCR = Multiple Stress
Creep Recovery test

» Extra DSR test

n Alternate AASHTO binder
specification (M 332) to
supplement M 320

| ' E|
>t ;
s

62

M 332 Binder Grades
Section 1015.10.3.1

= Introduces “traffic grades”
increasing S - H— V—E

n Before M332, to bump a
grade for more traffic, raise
upper PG number (eg, PG 64
— PG 70)

n New: Stay in climate grade
(PG 64-22 for Missouri), but
bump up by traffic

64-22 64-22 Grade S
70-22 64-22 Grade H
76-22 64-22 Grade V

21



M 332 (MSCR) System

m Test for Ja = non-recoverable
creep compliance

u Creep is the plastic
deformation from the wheel
load (bad — rutting)

= We want the asphalt to
recover from creep

= Non-recoverable portion of
creep is bad

= So, we want a low Jnr

= To grade bump for higher
traffic (S - H — V), lower the
maximum allowable Jnr

m To do that, must add more
modifier 64

Relationship Between J,,.
and Rutting

M 332 Grades

Grade Traffic/ MoDOT
Speed Class
S <10 million F., E, some
(Standard) |ESALS AND |C
> 44 mph
H (Heavy) |10-30 million |Some C
ESALs OR
12 - 44 mph
V (Very >30 million B
Heavy) ESALS OR
<12 mph
("standing")
E (Extra >30 million B
Heavy) ESALS AND
"standing"
66
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OUTLINE

» Binder grading & selection

» M 332 grades

n Testing & evaluation

u RAP & shingles

m Mixing & compaction
temperatures

67

M 332 Spec
DSR Tested at 64° C
Traffic Level Max. Allowable Jnr,

kPa-1
45

2.0

1.0

m<| IT|n

05

Note: decreasing max. allowable
Jnr for more severe traffic
conditions

68

Binder Grade System
Transition:
M 320 —» M 332

= Contracts & EPG: still M 320
grades

= Many suppliers now supply M 332

= M 332 grades are cheaper than
corresponding M 320 grades
(less polymer), so contractors
prefer

= [MoDOT did not adopt the
Appendix in M 332]

69

1/30/2020
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M 332 APPENDIX
MSCR % Recovery
= 2 bits of data from your MSCR

test: MSCR % Recovery (Rsz) & Jnr
= Plot: see where your point falls

MSCR: Elastic Response

Has polymer

NEE]

Racovery @ 3.2kPa, %

5

4

No polymer
Data beiow the curve . fow elastic response

s a%

o
e @ 3.2 kPa,kPa!

Example JMF Showing Substitution of
purchased grade M 332 (PG 64-22V)
for contract grade M 320 (PG 76}-22)

= SMA: No RAP/RAS allowed

= No additives, so in-line grade
PG 64-22V

What's My 6rade?

Different Example

m "Contract Grade” = the PG grade in
the contract, eg.PG 70-22

» “"Purchased Grade” = what

contractor buys from supplier

(terminal), eg. PG 58-28 (if RAP/RAS

will be used)

n "In-line 6rade” = Purchased grade +

additive (warm mix, anti-strip, efc.)

eg. PG 58-28

n "In-line Grade” = Purchased grade +

modifier (rejuvenator)

eg. PG 52-28

72

1/30/2020
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M 332 APPENDIX
MSCR % Recovery

m 2 bits of data from your MSCR
test: MSCR % Recovery (Rsz2) & Jnr

m Plot: see where your point falls

MSCR: Elastic Response

100 1

g0 4~ "' Grade —>«— "V" Grade —>< H" Grade
80 4

* 70 Data above the curve - significant £lastic response

@

a

ﬁ 60

. * . For Jnry ; values » 0.1:

e 50 Has pOIymer Z:E-fiec::-:la 371%Unr, ;2 209))

@J and Zmust be greaterthan0

oy

Q 40 + ForJnr, ; values < 0,1:

3 #Rec, ; must be greater than 555

o

Q ]

o 30

R32 20 4 NO pOIymer. y= 29.371x0263
10 + Data below the curve - low elastic response
0 , : : .
0.00 0.50 1.00 1.50 2.00

Jnr @ 3.2 kPa, kPa'!




Example JMF Showing Substitution of
purchased grade M 332 (PG 64-22V)
for contract grade M 320 (PG 7622)

m SMA: No RAP/RAS allowed

m No additives, so in-line grade
PG 64-22V

Digitaly sgoed by Lol Gever

Oate: 2016.04.22 09:4908 050

MISSOURI DEPARTMENT OF TRANSPORTATION - DIVISION OF MATERIALS
ASPHALTIC CONCRETE TYPE SP0S5BSM

DATE = 032416 CONTRACTOI 6 16-13 (Corrected)
IDENT BULK APPAR
NO PRODUCT CODE SP.GR. SP. GR. H%ABS. FORMATION LEDGES WCHERT
16SLMRHO66 100205 LD1 2625 2718 13 Plattin 72 01
1 100205 PY2 2644 2885 06 Porphyry 1
16SEMAOD32 100204 PY1 2827 2882 1] Porphyry 1
18SLMRHOS8 100204 LD1 2841 2n7 1.1 SL Lowis 39 b0
16SLMRHOS8 _ 1002MS MSLD 2844 2712 SL Louis 39
16SEMAQO11 1002MF_MF 2700 2700 Min. Filler
1BMFOQ00T 107 1APSMCF Celluiose Fibers

CONTRACT GRADE = PG76-22

MADD GSLMRHOS8 16SLMRHOS9 16SEMADO11 coma

16013 MAN SAND Min. Filler 100 320 100 250 12.0 11.0 GRAD)

11 1000 1000 1000 100.0 100.0 100 320 100 250 120 110 1000

L 1000 1000 1000 1000 1000 1000 100 320 100 250 120 1.0 1000

4" 1000 1000 1000 1000 1000 1000 100 320 100 250 120 10 1000

W 1000 1000 100.0 100.0 100.0 1000 100 320 100 250 120 110 100.0]

g 500 950 970 1000 1000 1000 50 304 97 250 120 1.0 31

&4 30 120 320 60 9.0 1000 03 as 32 140 1m1e 10 44.2]

%8 20 20 60 130 s30 1000 02 06 08 a3 12 10 26.9|

#16 20 1.0 20 50 560 1000 02 03 02 13 a7 10 19.7|

#30 20 10 10 40 300 1000 02 03 o1 10 386 1.0 16.2|

#50 20 10 10 30 160 9.0 02 03 01 1} 19 108 14.2]

#100 20 10 10 a0 60 850 02 03 01 oe 07 105 12.5]

#200 20 0.2 0.2 3.0 50 75.0 02 0.1 0.8 08 83 99|
LABORATORY pm = 2419 % VOIDS = 40 TSR= 86 TSRWL X COMPOSITH

CHARACTERISTICS b = 22 VIMA = 1.5 3630 Ndes = 100 MIN. AG| 83.7%|

AAEHTOTSH b = 2648 % FILLED = 77 oWt = lzw HALT CONTE 6.0%|

CALIBRATION NUMBER 16016 MASTER GAUGE (lICK CNT = 2145 Al = -4 766624 FIBER 03%

MASTER GAUGE SER.NO. = 2502 SAMPU IGHT = 7200 AZ= 3342288

Aggtegste & Mixiure Proporties Based on Contraclill Mex Design

1BSUMRHICE 10150086 B2V {Phlgs 8, Granie iy I ” 10% POV

IVUNE GRADE = PORZNY CONTRACT GRADE *PGT5.2

MATERIAL
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What's My Grade, cont'd.

» "True Grade” = shows at
what temperatures the
binder actually met the
required specs, eg., PG 59.2-
29.7

= “"Mixture Grade” = what the
grade is after mixed with
recycled binder in RAP/RAS

73

How Recycle Affects
Binder Grade Strategy

m Contract Grade is what MoDOT)
wants for performance
(eg. PG 64-22)

m RAP/RAS binder is stiff

= To meet Contract Grade,
contractor may heed to start
with a softer Purchased Grade
(eg. PG 58-28)

» RAP/RAS will provide additional
stiffness

= Mixture grade, hopefully, will
be close to the Contract Grade

74

ADDITIVES vs MODIFIERS

= Additives:

u Compactibility

= Warm mix

u Anti-strip

u Usually a low amount (0.25-
1.75% of binder)

n Doesn't affect PG grade
(Purchased grade and In-line
grade ~ same)

= Modifiers:

= Rejuvenators, viscosity
modifiers, etc.

u Changes the PG base asphalt

= Usually a greater amount: 2-5
% of binder) 75

25



1/30/2020

Example of Contract Grade,
Purchased Grade, In-Line Grade
(after additives/modifiers)

» Has RAP/RAS
» Has modifier
m Contract > Purchased > In-Line

What is Sampled &
Tested for Acceptance?

u Purchased (Terminal) Grade

or
n In-line Grade (HMA plant)

u The results of the testing
determine whether the sample
passes; if rejected, penalties
are assessed per Section
460.3.13 EPG:

= If M 320 binder, the high
temperature True Grade will be
determined

u If M 332 binder, penalties will be

assessed based on the Jnr
(except Grade S-test as if M320) 77

M 320 Binder
Tested On Non-Aged (“Original”)
Condition
Example: PG 64

Spec DSR Testing Penalty
DSR >1.00 kPa| DSR>0.90 No penalty
kPa
If sample
fails:

Spec temp Hi-Temp Penalty
True Grade
Temp

64° < 2° low No penalty
64° >2° &< 4° low | 3% of mix unit
price
64° >4° &< 6°low | 10% of mix
unit price
64° > 6° low 16% of mix
unit pri£8

26



Example of Contract Grade,
Purchased Grade, In-Line Grade
(after additives/modifiers)

m Has RAP/RAS
m Has modifier

m Contract > Purchased > In-Line
m PG 64-82 > PG b8\28 > PG’H2-28

Oighally signed by Secsh Kiinschrnk
DN cnmSaraly
ertas, ousfield

ofmce,
emadenacah iieinschmiumadot mo g
o, calS

Duate: 2016.07.28 07:20:45 0500

MISSOURI DEPARTMENT OFQRANSPORTATIOLDIVISION OF MRQTERIALS
PLANTNQUIX BITUMINOUS BE,

DATE = 08/21/15 CONTRACTO! EZ 15-87 (Corrected]
IDENT

[NO. PRODUCT CODE == ATiON ‘ .Y} %ABS__[FORMATION LEDGES | % CHERT
13 Gasconade 1 02

1

5SLMRH064 1002..RAP1 635 4.6% AC
1ISSLMRHO61 1002..SHGL .600 2.600 SHINGLES 26.0% AC

[15SEMAQ024 1002MF..MF .707 MINERAL FILLER

5.0% BY WT OF VIRGEEBINDER

[15MFO0070 4015..BS EvoFlex CA

[15SEMADO0S __ 1015ACPG..5628 1.033 PG58-28 . 2JB05°F
IN-LINE GRADE = PG52-28 _
T m— - . . — i T VG comB
15087 34 SG b AF X : ~ GRAD
EZH 100.0 100.0 100.0 100.0 1.0 100.0]
wr 99.0 100.0 100.0 100.0 1.0 88.6
#a 54.0 80.0 100.0 1.0 725
#8 33.0 54.0 98.2 1.0 55.0)
#30 15.1 27.4 834 1.0 34 6|
#200 9.4 0.2 13 1.2 08 77|
MIX COMPOSTITION
CHARACTERISTICS 16 MIN. AGG. 94.5%
AASHTO T-312 35 GYRATIONS ) VIROW ASPHALT CONTENT 3.8%
CALIBRATION NUMBER = MASTER GAUGE B TOTAL ARV RAP & SHINGLES 55%
MASTER GAUGE SER. NO. = SAMPLY 0
15SLMRH064 1002..RAP1 2.635 2635 RAP
15SLMRH061 1002 .SHGL 800 2.600 SHINGLES
15SEMADO24 1002MF .. MF D7 2.707 MINERAL FIL|
15MFO0070 4015.. 5 EvoFiegille 5.0% BY WT ¢
15SEMADO09 1015AZFG.. 5828 1.033 PGS58-28 Mold ~

CONTRACT GRADE = PG64-22

IN-LINE GRADE = PG52-28




M332 Binder
Tested On RTFO-Aged Condition

For Grade H
Spec Jnr Tested Penalty

Jnr <20 kPa-1| < 2.2 kPa-1 No penalty

Jnr<20kPa-1| >21&<27 |3% of mix unit
price

Jnr<20kPa-1| >27 &<40 10% of mix

unit price

JInr < 2.0 kPa-1 >40 16% of mix

unit price

79

M332 Binder
Tested On RTFO-aged Condition
For Grade V

Spec Jnr Tested Penalty

Jnr<10kPa-1| <11 kPa-1 No penalty

Jnr<10kPa-1| >11&<13 |3% of mix unit

price
Jnr<10kPa-1| >13&<20 10% of mix
unit price
Jnr ¢ 1.0 kPa-1 >20 16% of mix
unit price
80

What is Sampled & Tested
for Acceptance, cont'd.

= Mixture Grade - not normally
tested for acceptance
(technically, it has been aged
in the drum, so would be
difficult to compare to the
specification [some criteria
require that the binder not
be aged at all])

= Hopefully, the Mixture
Grade is close to the
Contract Grade

= More likely to be true if the
% recycle is kept below 30‘7331

1/30/2020
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TYPICAL TRENDS

= Most mixes are designed at less
than 30% effective binder
replacement

» Most products added are
additives, not modifiers

= Small majority substitute M 332
for M 320

m Mixes with more than ~20%
binder replacement use a softer
Purchased Grade than Contract
Grade; mixes with less than 20%
replacement stay with Contract
Grade

= Most softer Purchased Grades
drop both upper & lower numb¥rs

OUTLINE

= Binder grading & selection

= M 332 grades

» Testing & evaluation

u RAP & shingles

= Mixing & compaction
temperatures

83

RAP Considerations

= OK in all mixes except SMA

= Can use a maximum of 30% virgin
effective binder replacement
without changing the binder
grade

>30% effective binder
replacement can be from
RAP+RAS if binder testing (use
of blending charts) shows that
the combined binder meets the
contract specified grade
Aggregate must meet deleterious
spec 1002 (1004 if a 401 mix)
Aggregate must pass Micro-Deval
test spec (waived if RAP is from
a MoDOT project)

84

28



1/30/2020

RAP

Micro Deval

AASHTO T 327
= Remove binder coating by extraction

or ignition
= Test aggregate
% loss should be within 5% of the
virgin aggregate utilized in the new
mix design
= Ex.: New mix virgin MD = 21

RAP MD should be 16-26

= 1 test per 1500 tons
= Waived if from MoDOT roadway

RECYCLED ASPHALT
SHINGLES (RAS)

= May be used in any mix that
has a specified contract
grade of PG 64-22

w If virgin effective binder <
70% of blended total binder:
drop virgin grade to PG 58-
28 or PG 52-28

m Other restrictions

86

Re-Calculation of
RAP/RAS Binder

n The % effective virgin binder
replacement content Pov must
be re-calculated when:

u Change in % RAP or RAS from a
field mix adjustment

n Change in % binder content in the
RAP (tested 1 per 4 sublots via
T164 or T308)

87
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OUTLINE

» Binder grading & selection

» M 332 grades

u Testing & evaluation

u RAP & shingles

u Mixing & compaction
temperatures

88

DETERMINE MIXING
& COMPACTION
TEMPERATURES

= Develop the temperature-
viscosity curve

TEMPERATURE -
VISCOSITY

= As temperature increases,
binder viscosity decreases (it
gets thinner)

= This can be plotted.

m Viscosity is important to:
= pumping
= spraying
= aggregate coating in mixing
= absorption by aggregate
u laydown and compaction
= rutting

90

1/30/2020
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TEMPERATURE-
VISCOSITY, cont'd.

m Establish the curve by
running viscosity tests at 2
different temperatures

» Old method: capillary tubes

= New method: Brookfield
rotational viscometer

= The curve is used to
establish mixing and
compaction temperatures
necessary to achieve the
required viscosity for these
operations.

91

temperature
controlier

Figure 3.1 Rotational

campe Viscometer Operation
sample
chamber

93
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TEMPERATURE-
VISCOSITY, cont'd.

» The steepness of the curve is
called “temperature
sensitivity"--that is, how
sensitive is a particular binder
to a change in viscosity
resulting from a change in
temperature.

We don't like change--so we
don't like a sensitive material--
we want a relatively flat curve.
Modifiers help get the
viscosity change under control.

94

LAB MIXING &
COMPACTION
TEMPERATURES
» For non-modified binders:

= Mixing femperature range =
what it takes to get a
viscosity of 0.17 £+ 0.02 Pa's

= Compaction temperature
range= what it takes to get a
viscosity of 0.28 + 0.03 Pa's
= For modified binders:
follow manufacturer's
recommendations.

95

Plant Mixing & Roadway
Compaction
Temperatures

= May be different than lab
temperatures

= Determine compaction
temperature using test
strips-- typically 275-310F

m Set plant mixing femperature
somewhat higher, say 300-
330F

= Maximum recommended
temperature is 338F, should
avoid exceeding 350F.

96

1/30/2020
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Temperature is critical

97

Mixing/Compaction
Temps
Viscosity, Pa's

10,

Al
100 110 120 130 140 150 160 170 180 19020

Temperature, C

98
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MODULE 2D

MIX DESIGN
OVERVIEW:

Volumetrics

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
12-28-16 Revision
2-16-18 Revision
12-12-18 Revision
2-8-19 Revision
12-17-19 Revision
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MODULE 2D

MIX DESIGN
OVERVIEW:

Volumetrics

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
12-28-16 Revision
2-16-18 Revision
12-12-18 Revision
2-8-19 Revision
12-17-19 Revision

OUTLINE

= Volumetrics

= Gradation

= Dust

u Particle shape

= Aggregate absorption

» Aggregate specific gravity

= Maintaining VMA

= Mix bulk specific gravity

= Mix maximum specific gravity
= Calculation of volumetrics

VOLUMETRICS

» "Volumetrics" involves the
space (volume) between the
aggregate particles

= During mix design, several
gradations are tried and
volumetrics are calculated
until proper VMA, VFA, and
air voids are obtained.

= Space is dependent on
aggregate gradation, particle
shape, aggregate toughness,
and aggregate absorption. 5




VOLUME

Unit

Volume

A

VMA

Volume
Air

—x

Effective
Volume
AC

\ 4
A

Bulk
Volume

Agg

Y
A
Volume
Abs AC

—

Effective
Volume

Agg

MASS

A
Mass
AC
ABSORBED
ASPHALT

—Y | Total
Mass

Mass

AGGREGATE Agg




u Air voids
= VMA
= VFA
VOLUME MAsS
Volume AIR
Air
VMA
Effective
Volume ASPHALT Mass
AC AC
o QT
Unit Abs AC ASPHALT
Volume o T ‘»;«:';sl
Bulk
Volume | gfective Mass
499 | “Volume AGGREGATE Agg
Agg
5

Air Voids

uProper % air voids content
V' (4.0:10%)

12/17/19
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AIR VOIDS

m Low % air voids (<3%)
m Plastic rutting
n Bleeding

= High air voids (>5%)
= Consolidation rutting

= Durability problems (mat is
more permeable)

VOLUMETRICS

m Air voids
= VMA
= VFA

VMA

m The total void content is
called "VMA"= Voids in the
Mineral Aggregate

= VMA=air voids +effective
asphalt




VOLUME Mass
Volume AIR
Air
VMA Y
it ASPHALT
AC
Volume ABSORBED
Unit Abs AC ASPHALT
Volume ! o T ;fs“s'
Bulk
Yo" St | | aceneeate | M
Agg
10
ABSORPTIVENESS
OF AGGREGATE
e 3 L= !

Effective
asphalt

BINDER CONTENT

Conceptually:

m Py, = Py + Pye
uP,= total binder content
uP, . = absorbed binder
uP,, = effective binder

12
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TIME AT HIGH
TEMPERATURE: Absorption
may continue and change
Volumetrics

AGGREGATE
STRUCTURE

» Insufficient VMA means:
= Under-asphalted mix thus non-
durable, or
u Low air void content (less than
3%) which may result in
“plastic rutting”
m VMA is one of the most
difficult parameters to hit

14

VMA Design
Requirements (Criteria)
MIX Minimum %

VMA

SP 250 120

SP 190 130

SP 125 140

SP 095 15.0

SP 048 16.0

SP095xSM(R) [17.0

SP125xSM(R)

15
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VOLUMETRICS

m Air voids
= VMA
n VFA
VOLUME MASS
Volume AIR
Air
VMA Y
Effective
Volume ASPHALT

AC

Volume F ABSORBED

Unit Abs AC ASPHALT
Volume O T
Bulk
Volume | g¢tective Mass
499 | Volume AGGREGATE Agg

Agg

17

VOIDS FILLED WITH
ASPHALT “VFA"

n VFA = % of VMA filled with
effective asphalt

18
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% VOIDS FILLED
Requirements (Criteria)

F 70-80
E 65-78
(4 65-75°
B 65-75°

a: SMA and SP048: min. 75%

b: SP095 max 76% and SP048 max
78% 19

OUTLINE

= Volumetrics

= Gradation

= Dust

= Particle shape

= Aggregate absorption

= Maintaining VMA

= Aggregate specific gravity
= Mix bulk specific gravity

= Mix max. specific gravity
= Calculation of volumetrics

20
¢ =

The real purpose in establishing
and controlling aggregate
gradation is to provide and
maintain a proper void content in
the aggregate. This is called voids
in the mineral aggregate or VMA
and is illustrated in this slide.
The VMA must be large enough to
allow each particle to be coated
with asphalt and still maintain a
proper air void content in the final
compacted mix. Minimum VMA
requirements vary directly with
top aggregate size.

21
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AGGREGATE STRUCTURE
SELECTION

» Aggregate structure=gradation

u The design gradation will be a
blend of up to 8 different
aggregate fractions plus
mineral filler such as hydrated
lime

= Vary the percentages of each
fraction to make the total
gradation blend

u The blend must meet the
aggregate consensus test
criteria

22

SUPERPAVE &
MoDOT MIXES

MoDOT NMs Max. size
Designation /mm (in.) |mm (in.)
N/A 37(13) |50(2)

SP250 25 (1) 37(1%)

SP190 19 (%) 25 (1)

SP125 125(3) (19 @3)

SP095 95(3) |125(3)

SP 048 4.75 (#4)|9.5 (3)

Gradation
Considerations

= Larger max size:
n Improves skid resistance
= Improves rut resistance
u Increases problem with
segregation of particles

n Increases chance of
aggregate fracture during
compaction 3
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Gradation
Considerations

n NMS < 1/3 AC lift thickness
(<5 would be better)

m NMS vs Lift Thickness:
Want ratio NMS/Lift thickness <0.333

SP048 0.187 10 0.19 oK
SP095 0.375 15 0.25 oK
SP125 0.50 175 0.29 oK
SP190 0.75 20 0.38 No
SP250 1.0 30 033 oK
25

Gradations
Considerations

= Smaller max size:

= Reduces segregation

= Reduces road hoise

= Decreases tire wear

» Increases sweepability

u Decreases possibility of
aggregate breakage during
compaction and possible
stripping

= More likely to be available than
NMS of 1" and greater

= MoDOT allows changing from
SP250 to SP190

26

Some of the effects of aggregate
gradation on the mixture have been
determined by experience as
follows:

a.

Too much coarse aggregate
produces a harsh mix which
tends to segregate easily.

Too much sand produces a soft
mix which becomes too tender
to properly compact.

Too much filler produces a
harsh stiff mix.

Too little filler produces a mix
with low cohesion.

Crushed aggregate produces a
mix with high interparticle
friction.

Smooth aggregate produces a
mix with lower interparticle
friction.
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SPECIFIED GRADATIONS
Sieve SP250 SP190

SP125 SP095  SP048

Size
13" [100
1 90-100 |100
3 90 max |90-100 [100
3 90 max |90-100 {100
3/8 90 max | 90-100 |100
#4 90 max | 90-100
#8 [19-45 [23-49 [28-58 |32-67
#16 30-60
#30
#50
#100
#200 |1-7 2-8 210 [2-10 |[7-12
Z8
403 SPECIFIED
GRADATIONS
Sieve | SP125xSM(R) | SPO95xSM(R)
15 - -
1 - -
2 100 -
3 90-100 100
3/8 |50-80 70-95
#4 20-35 30-50
#8 16-24 20-30
#16 |- 21 max
#30 |-- 18 max
#50 |- 15 max
#100 |-- -
#200 |8.0-11.0 8.0-120 9

RAS 6Gradation

m Ground to minus 3/8 in.
m Gradation from solvent
extraction, or assumed from
table:

Sieve Size % Passing

3/8" 100
#4 95
#8 85

#16 70

#30 50

#50 45

#100 35
#200 25

30

10
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AGGREGATE
STRUCTURE
» The aggregate structure must
result in sufficient voids
between the particles to contain:
nsufficient asphalt film
thickness on particles

mproper % air voids content
V" (4.0£1.0%)

31

AGGREGATE STRUCTURE
(6radation)

» Gradation is usually plotted
on 0.45 power graph paper

» The maximum density line
represents the densest
possible gradation for a given
maximum aggregate size - is
just a reference line

Percort Passing
100

fominal  max

cowoipn  max  sae
- size l

P ]

s 3 2% 47 95 125 10

Sievo Size, mum (raised 10 0.45 power)

Figure 3.10 Superpave Gradation Limits 2

The maximum density line can also
be used as a guide to adjust the
mineral voids and the air voids of
the mix. The more the slope of the
mix gradation varies from I:.he
slope of the maximum density h.ne
the more mineral aggregate voids
are provided in the mix. In some
materials, especially limestone
mixes, gap grading may be
necessary to provide adequate
voids.

33
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Upon development of the .45 power
gradation chart, several problem
mixes were studied to see if this
chart could be used to identify the
problem.  This slide shows the
gradation of one of the mixes that
was identified as tender in the
field during construction. These
tender mixes will generally be
identified by the hump near the
#30 sieve.

Restricted Zone

Percent Passing
100

nominal  max
o COOIpONt max  size

- T |

075 3 238 475 95 125 19.0
Sieve Size, mm (raised 1o 0.45 power)
Figure 3.10 Superpave Gradation Limits
35

RESTRICTED ZONE

= The restricted zone is an area
that the gradation line must
not enter to avoid tender mix
problems (especially if the
aggregate contains rounded
natural sand).

= This was a requirement of Job
Special Provision MSP-95-03Z.
This requirement has been
removed in the 2004 and later
versions of the Standard
Specifications, Section 403.

36
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Restricted Zone

100

Percent Passing

max density line

restricted
nominal max

zone \ .
— control point max size

; = si]e l

075 3 2.36 475 95 12.5 19.0
Sieve Size, mm (raised to 0.45 power)

Figure 3.10 Superpave Gradation Limits

35
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Superpave Aggregate
Gradation

Percent Passing

10

~— Design Aggregate
Structure

.075 .3 236 125 19.0

Sieve Size (mm) Raised to 0.45 Power

37

Trial Gradations
19.0 mm Norminal Mixture

=
H
2
&

Sieve Size (mim} raised 10 045 poser

AGGREGATE
STRUCTURE
m Gradations above the MDL
and the restricted zone are
“fine" and those below are
“coarse”. Most Missouri
mixes are coarse.

39
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OUTLINE

= Volumetrics

» Gradation

= Dust

= Particle shape

= Aggregate absorption

= Maintaining VMA

» Aggregate specific gravity
= Mix bulk specific gravity

= Mix max. specific gravity
= Calculation of volumetrics

40

DUST
(Minus #200)

Types:

= Mineral Filler (MF)

= Dust from aggregate:
= Surface dust
= Breakdown dust

DUST / BINDER
RATIO

m Ratio of % minus #200 to
% effective asphalt
content

] D/Pbe

= Window: 0.8-1.6
(0.9-2.0 for SP048)

m Below 0.8: insufficient
dust in relation to binder-
--loss of cohesion

m Above 1.6: excessive dust:
= gummy, hard to compact

mloss of VMA
42

14



DUST

= Softer aggregates will break
down during compaction and
VMA “collapses” (fills in)

43

BREAKDOWN DUST

= Must account for in mix

design:

= Show bag house fines % on
the Standardized JMF
Submittal spreadsheet and
indicate which aggregate
fraction to add the % dust
during production

u Could run aggregate
through drum fo estimate
amount of breakdown dust
generated

BAGHOUSE DUST

= Baghouse dust return should
be closely regulated to:

u Preserve proper dust/asphalt
ratio

u Preserve proper VMA

12/17/19
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OUTLINE

= Volumetrics

» Gradation

= Dust

u Particle shape

= Aggregate absorption

= Maintaining VMA

» Aggregate specific gravity
= Mix bulk specific gravity

= Mix max. specific gravity
= Calculation of volumetrics

46

Particle Shape

» Angularity of fine aggregate

u Flat & elongated coarse
aggregate particles

47

TO INCREASE VMA:
Use a More Angular Sand

= More angular aggregate will
provide more voids for a
given gradation

= Replace some natural sand
with manufactured sand

48

12/17/19
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TO INCREASE VMA:
Reduce the Effect of the F&E
Fraction

m Reduce the % of the
aggregate fraction that
has a higher % F&E

m Add an intfermediate size
that is more cubical

= Adjust the crushing
operation (feed rate, cone
settings, type of crusher)

49

OUTLINE

= Volumetrics

= Gradation

= Dust

u Particle shape

» Aggregate absorption

= Maintaining VMA

= Aggregate specific gravity
= Mix bulk specific gravity

= Mix max. specific gravity
= Calculation of volumetrics

50

TO INCREASE VMA:

Use a Lower Absorption
Fraction

= Replace a more absorptive
material with a less
absorptive one (at the same
total binder content, the
effective binder will
increase, thus increasing
VMA)

51

12/17/19
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OUTLINE

= Volumetrics

= Gradation

= Dust

= Particle shape

= Aggregate absorption

= Aggregate specific gravity

= Maintaining VMA

= Mix bulk specific gravity

= Mix maximum specific gravity
= Calculation of volumetrics

52
VMA
Production
= Want to keep VMA close to
design value during
production
53

TO INCREASE VMA

= Change gradation
= Use a more angular sand
m Reduce minus #200

m Reduce effect of flat &
elongated

m Use a lower absorption
fraction

54

12/17/19
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TO INCREASE VMA:
Change Gradation

m Gap-grade (increase a
coarse sieve, decrease
next 2 smaller sieves

m Replace some of the most
coarse-graded fraction
with a higher % (or
introduction of) a finer
coarse aggregate

= Move gradation away from
the MDL (maximum
density line)

55

TO INCREASE VMA:
Lower Minus #200

m Reduce mineral filler content

= Reduce fines from aggregate:
= Waste more dust from baghouse

TO INCREASE VMA:
Lower Minus #200,
cont'd.

= Reduce the % of the material
that is the source of fines

uReplace some dusty screenings
with a clean mfg. sand

uReplace some dusty screenings
with a natural sand

uReplace some graded
aggregate with a clean coarse
fraction (eg. replace some 3"
minus material with a clean %"
chip)

uReplace some screenings with a
less dusty graded fraction

57
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TO INCREASE VMA:
Lower Minus #200,

cont'd.
= Replace some of the source
material that is breaking
down with a harder
aggregate
= Wash the source material
that is the source of fines

58

OUTLINE

= Volumetrics

= Gradation

= Dust

u Particle shape

= Aggregate absorption

= Maintaining VMA

= Aggregate specific gravity
= Mix bulk specific gravity

= Mix max. specific gravity

= Calculation of volumetrics

59

SPECIFIC
GRAVITIES

« Necessary for
calculation of volumes
from weights

« For mix design and QC

60

12/17/19
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Example: VMA

Voids in Mineral Aggregate

VMA=100- CmoPs
Gu

VMA is an indication of film thickness on
the su:rface of the aggregate

P=% aggregate
=100 - P,
P,=% binder
G4,= bulk sp. gravity of the aggregate
blend
61

AGGREGATE
SPECIFIC GRAVITY

m For each aggregate, there
are three types of
specific gravity:

u Bulk sp gravity (6,,)
= Apparent sp gravity (6,)
= Effective sp gravity (6.,)

62

SPECIFIC GRAVITY,
G

= Ratio of the mass to
volume of an object to
that of water at the
same temperature

Mass,solid
G Volume
Mass,Water

Volume 63

21
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BULK SPECIFIC GRAVITY =

br ()
T

APPARENT SPECIFIC GRAVITY =

ca waiyh (et )
o

EFFECTIVE SPECIFIC GRAVITY =

Dry wnight (maes)
500 vohume < water peraabie VoSS
ot filed wih asghat

Testing for Spec.
Gravity

m Gsb and Gsa from water
displacement tests (T84, T85)

m Gse back-calculated from Gmm
test on HMA mixture (Rice)
(T209)

100 - Pb

Gse = 100 _ Pb
6mm Gb

65

Bulk Specific Gravity, Dry

Mass, oven dry

Vol of agg, + surface voids

66
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Bulk Specific Gravity, Apparent

Mass, oven dry agg

Vol of agg

67

Effective Specific Gravity
_ _ Mass, dry

Effective Volume

Effective volume = volume of solid aggregate particle +
volume of surface voids not filled with asphalt

68

T 85
Coarse Aggregate

Coarse Aggregate Specific Gravity

,"'

69

12/17/19
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T 84
Fine Aggregate

Fine Aggregate Specific Gravity

-y
i

E

SUMMARY OF
DEFINITIONS AND CONVENTIONS
NAMING CONVENTION
Gsb
/ FE
i
hmene mesl e
baoa
« ez
[ p—— Cuve e e e
V = vome * b - gt Gy o
P soworons oV a0 B)
DerRmmoNS
[ r——
Veu + sokm o tinr sncrtos
e
[ -
Gy i et gy o
Gyu @ etecn soecte ey o mine
L o e
Gy = ek ey st
amam mapicn st guywma
§o SRR
Py o e 00289
[O——"
Pay + sornos e ssnns
Ou————
[ —
VA v s n o g
VEA + vos Ftas s it

Blended Aggregate
Specific Gravities

m Once the percentages of
the stockpiles/bins have
been established, the
combined aggregate
specific gravities can also
be calculated

72

12/17/19
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SUMMARY OF
DEFINITIONS AND CONVENTIONS

NAMING CONVENTION

G
e 3P\

. N
volumetric  material  type
property
b = buk
e = effective
Gs= épecific gravity s = stone m = maximum theoretical
V = volume b = binder a = apparent (for G) or
m = mix a = absorbed (for V and P)
DEFINITIONS
V, = volume of air voids
Vba__ = volume of binder absorbed
Vpe = wolume of effective binder
Gp = specific gravity of binder
Ggp = bulk specific gravity of stone
Gge = effective specific gravity of stone
Gg, = apparent specific gravity of stone
Gmp = bulk specific gravity of mix
o 3 [ R U
a = percentair

Ps = percentstone (100- Py
P, = percent binder
Ppa = percent binder absorbed
Ppe = percent effective binder
W = weight of stone
VMA = Voids in Mineral Aggregate
VFA = Voids Filled with Asphalt

71



Combined Gsb

PL+P2+P3
P1 P2 P3
+ +
Gsbl  Gsb2  Gsb3

Gsb,blend =

u P= % of each aggregate
» Gg,= Bulk specific aggregate of
each aggregate

73

SUMMARY OF VOLUMETRIG EQUATIONS
4n | Bulk Specitc Grawty of Aggregate Blend

100,

= 00 P,

G- G
Wiix Dasig
Mot Dasgn
Wi Design

| Air Vod Cortect

Mix Design | Voids in Mineval AggrogEs.
and Fresd
Verficaton w100 B=rP:

.

Vods Filed wiih Asphalt

74

Gsb, blend

u Calculate during mix design

= Re-calculate during production
if fraction %'s change

u Example: Field Adjustment

m Gs» affects VMA and the
porphyry: non-carbonate ratio

75

12/17/19
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SUMMARY OF VOLUMETRIC EQUATIONS

Mix Design

Bulk Specific Gravity of Aggregate Blend

100
Ps1 psz Psa

+ + +...
Gsb1  Gsbz  Gesb3

Gsb = Gsb (combined) =

Mix Design | Effective Specific Gravity of Aggregate Blend
100 -P»
=700 Py
Gmm Gb
Mix Design | Absorbed Asphalt Content
Gsa - Gsb
Pta =100 x| ———
ba X ( T } x Gob
Mix Design | Effective Asphalt Content
Pba _ Pb _[Pbﬂ XPSJ
100
Mix Design | Ratio of Dust to Effective Asphalt (Sometimes called Dust Proportion)
Poors  %minus#200
Poe Poe
Mix Design | Air Void Content
and Field
Verification Ve = Gmm — Gmb <100
Gmm
Mix Design | Voids in Mineral Aggregate
and Field
Verification VMA = 100 - Gmb x Ps
sb
Mix Design | Voids Filled with Asphalt
and Field
Verification VEA = VMA - Va <100

74
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OUTLINE

= Volumetrics

» Gradation

= Dust

= Particle shape

= Aggregate absorption

= Maintaining VMA

» Aggregate specific gravity
= Mix bulk specific gravity
= Mix max. specific gravity
= Calculation of volumetrics

76

AIR VOIDS

nV, =% air voids
» G,,,=maximum specific
gravity of the voidless
mix (Rice sp gravity)
u G,,= Sp. gravity of the
compacted mix
77

Bulk Sp. Gravity

= G, is determined from the
Bulk Specific Gravity of
Compacted Bituminous Mixes
test

[AASHTO T 166]

78
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OUTLINE

= Volumetrics

» Gradation

= Dust

= Particle shape

= Aggregate absorption

= Maintaining VMA

» Aggregate specific gravity
= Mix bulk specific gravity

= Mix max. specific gravity
= Calculation of volumetrics

79

AIR VOIDS

nV, =% air voids
» 6, ,=maximum specific
gravity of the voidless
mix (Rice sp gravity)
m G,,= sp. gravity of the
compacted mix
80

Gnm = “Rice” Sp. Gravity

G, is determined from
the Theoretical Maximum
Specific Gravity (Rice)
test [AASHTO T209]

HME

81
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Determine Max. Sp.
Gravity (Rice), G,,,

Maximum Specific Gravity

® Loose (uncompacted) mixture

Mass agg. and AC

Vol. agg. and AC

82

"RICE GRAVITY”

Testing

Loose Mix at
Room

i *"‘R’ﬂ Temperature

83

"RICE GRAVITY"

Testing
Residual
Manometer

Shaker Table

84
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"RICE GRAVITY"

Calculations

*G,,=A/(A-C)

Where:
A = mass of dry sample
C = mass of sample under water

85

Why is Aggregate Specific
Gravity Important?

= For a given asphalt mixture
to obtain the proper mix
properties, a certain
amount (weight or volume)
of asphalt binder is
required

m Aggregate specific gravity
affects this amount and
how it is calculated

= Can have dramatic effects
on mix properties and
performance

Why specific gravity
changes

= Ledge to ledge changes:
mChanges in absorption
mChanges in mineralogy

m Different proportions of
each ledge

= Subtle changes in
crushing operation

m Increased proportions of
low specific gravity
aggregate (screenings,
natural sand, etc)

12/17/19
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Importance of Aggregate
Specific 6ravity, cont'd.

= If specific gravity of
aggregate decreases, and
aggregate weight is not
changed, then aggregate bulk
volume increases.

» Typically as specific gravity
goes down, absorption
increases

» Effective binder content will
decrease due to absorption

88

Effects on asphalt
mixture

-Mix appears dry
(absorption increases,
%eeffective binder
content decreases)
Presence of "brown
rock” or uncoated
particles

-Difficult to work
-Surface appearance
typically looks poor, dull,
ragged, inconsistent

30



Compaction

Mix is difficult to compact-
get low density & high air
voids

«Can be compounded by
recycle content

Asphalt cement acts as the
lubrication agent between
aggregate particles to allow
for densification
Under-asphalted mixtures
have high amount of friction
«Increasing rolling intensity
will typically fracture
particles

Pavement
Performance

* Can result in drastic decrease in
pavement service life

* Rather than having a flexible
homogenous surface, a brittle
non-durable surface results

* Increased variability in final
mat, i.e. more prone to
segregation and associated
distresses

* Service life of 7 years for thin
overlay might be decreased to 3
years or less

12/17/19
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Compounding
effects....

* Drastic decreases can be
observed due to compounding
effects

* Raveling and rapid oxidation
from the surface

* Stripping and water damage
from the bottom

* Sealing the surface only fixes
part of the problem

* Revolves around film thickness

Film thickness

Film thickness is extremely
important for durability of
mixtures

Remember this.....

5.5% AC

Air Voids 7%

Film thickness
purpose

«As stated previously film
thickness or effective
binder around particles,
between particles, etfc.
serves as
lubrication.....think soil or
aggregate base

«It "sticks" everything
together

-It "protects” the mat from
water and oxidation

«Essential to durability

32
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Recycle

-Take a mix that has aggregate
specific gravity off, i.e. gravity
too high

-So you start with a mix that is
already under asphalted or with
low film thickness

-Mix is already harsh and
difficult to compact

-Recycle pushed to the max
could further compound the
situation

Real world example...

-Assume a MoDOT 402
mixture

-Aggregate specific gravity
and absorption are the only
thing that changes

-Modest difference in gravity
(0.050), modest difference in
absorption (0.50%)
-Estimated required ftotal AC
increase of 0.4%

-Low volume road failure
typically attributed to
durability, not plastic rutting

Conclusions

-Performance properties can be
affected when specific
gravities are off, especially if
low specific gravity materials
(low quality) are substituted
for high specific gravity
materials

-Durability and film thickness
are especially affected when
specific gravities decrease

-Modest changes can have
significant effects on required
asphalt binder content

33
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OUTLINE

= Volumetrics

» Gradation

= Dust

= Particle shape

= Aggregate absorption

= Maintaining VMA

» Aggregate specific gravity
= Mix bulk specific gravity

= Mix max. specific gravity
= Calculation of volumetrics

100

CALCULATION OF
VOLUMETRICS
m Air Voids = Va
= VMA
= VFA

101

AIR VOIDS

=V, = % air voids
» G, ,=maximum specific
gravity of the voidless
mix (Rice sp gravity)
u G, sp. gravity of the
compacted mix
102
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CALCULATION OF
VOLUMETRICS
m Air Voids = Va
= VMA
= VFA

103

VMA

Voids in Mineral Aggregate

VvMA=100 - CmPs
'sb

VMA is an indication of film thickness on
the si:rface of the aggregate

Ps=% aggregate
P.=100 - P,
Py=% binder
G4,= bulk sp. gravity of the aggregate
blend
104

VMA

Example Calculations

o Given that G, =2.455, P, = 95%, and
G, =2.703

(2.456) (96)
VMA =100 - —5zo—— =137

105

12/17/19
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CALCULATION OF
VOLUMETRICS

m Air Voids = Va
= VMA
= VFA

106

VFA

Voids Filled with Asphalt

VFA is the percent of VMA that
is filled with asphalt cement

107

SUMMARY OF VOLUMETRIC EQUATIONS
i G ate Bieos

Mux Oasgn | Buik Speci

Vs Design | Efecive 5
Vix Dasgn | Absoroea Asshat Gondart
s
Pu-1c
» G G
Vs Dewan | Efoctve Assnan Cortar

108
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» Gradation:
u NMS - large
= Avoid hump in curve (especially if
natural sand) i

u Curve shape & position (gapping)

m Air voids (3-5%)

= VMA - above minimum

» VFA - 65-75, 65-78, or 70-80%

= Asphalt grade - hard enough/
high PG (M 320) temp number or
greater M 323 traffic grade

u FA particle shape - angular

» Dust/binder ratio - 0.8-1.6

FATIGUE
RESISTANCE

m Sufficient binder

mLow enough % air voids

= Binder viscosity:
uProper grade

nNot overheated

m Adjusted for RAP/RAS
hardness

37
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MODULE 2E

MIX DESIGN
OVERVIEW:

Mix Design Phase 1

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
12-28-16 Revision
2-16-18 Revision
12-12-18 Revision
12-17-19 Revision
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MODULE 2E

MIX DESIGN
OVERVIEW:

Mix Desigh Phase 1

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
12-28-16 Revision
2-16-18 Revision
12-12-18 Revision
12-17-19 Revision

AASHTO TEST
METHODS &
SPECIFICATIONS
m R35 Volumetric Design
Practice
= M323 Volumetric Design
Specs
m R30 Mix Conditioning
= T 312 Gyro operation
» T 166 Bulk Sp Gravity of
gyro pucks

» T 209 Max Sp Gravity of
Voidless Mix (Rice)

9 Steps to find Aggregate

Structure
1. Choose 3 or more trial aggregate gradations
based on experience.
2. Estimate the required "initial" binder content
based on experience or standard procedure.
3. Mix aggregate and binder. Condition for 2 hours
at the compaction temperature. This allows binder
to be absorbed.
4. Compact duplicate mixture specimens of each
trial gradation at the initial binder content using
the gyratory compactor.
During design, specimens are compacted using the
gyratory compactor. The number of gyrations
applied is a function of design traffic level.
5. Measure compacted puck specific gravity
6. Run Rice maximum specific gravity (duplicates)
7. Calculate volumetrics (VMA, VFA, air voids) for
each trial blend.
8. At Ny, adjust (calculate) % binder to achieve
V,=4.0%. Calculate what VMA, VFA, and
dust/effective asphalt would be.
9. Compare to criteria. Choose blend that best
meets criteria, economy, and chance of success.

3
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FINAL AGGREGATE
STRUCTURE
SELECTION

w 1. Choose 3 or more trial
aggregate gradations based
on experience.

m 2. Estimate the required
“initial” binder content
based on experience or
standard procedure.

= 3. Mix aggregate and binder.
Condition for 2 hours at the
compaction femperature.
This allows binder to be
absorbed.

1. Choose 3 or more trial
aggregate gradations based
on experience

Thal Gradations
19.0 mm Nominal Mixture

2
=
#

ToBleds 47 s giend 1
:/ndﬂend?

190
Sieve Size {mm) raised to 0A5power

FINAL AGGREGATE
STRUCTURE
SELECTION

= 1. Choose 3 or more trial
aggregate gradations based
on experience.

= 2. Estimate the required
“initial" binder content based
on experience or standard
procedure.

= 3. Mix aggregate and
binder. Condition for 2 hours
at the compaction
temperature. This allows
binder to be absorbed.
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3. Mix aggregate and
binder

3. Mix aggregate and
binder

3 By

Condition for 2 hours (4—fer

i at the
compaction temperature. This
allows binder to be absorbed.




MIX
CONDITIONING

= Hot mix ages at high
temperatures: in plant,
truck, and MTV. Called
short-term aging.

= Aging means the binder
gets more brittle due to
oxidation and
volatilization.

= Embrittlement leads to
premature cracking and
raveling.

10

MIX
CONDITIONING,

cont'd.

m The binder will also be
absorbed by the aggregate

u More absorption, less
effective binder left
between the particles to
function: less compactible,
lower durability.

m Long-term aging is the
aging that occurs during
the service life of the
pavement.

LAB
CONDITIONING

= During mix design, must
simulate the absorption and
aging that occurs prior to
compaction.
= Procedure:
= Determine mixing and
compaction temperatures
» Mix the material at mixing
temperature
= Age the mix at the compaction
temperature for 2hrs + 5min.
(stir at the 60 min interval)

12
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Mixing/Compaction
Temps

Viscosity, Pa s
10

5

|»

Compaction Range

Mixing Range

A
100 110 120 130 140 150 160 170 180 190 20¢

Temperature, C

13

9 Steps to find Aggregate

Structure
1. Choose 3 or more trial aggregate gradations
based on experience.
2. Estimate the required “initial" binder content
based on experience or standard procedure.
3. Mix aggregate and binder. Condition for 2 hours
at the compaction temperature. This allows binder
to be absorbed.
4. Compact duplicate mixture specimens of each
trial gradation at the initial binder content using
the gyratory compactor.
During design, specimens are compacted using the
gyratory compactor. The number of gyrations
applied is a function of design traffic level.
5. Measure compacted puck specific gravity
6. Run Rice maximum specific gravity (duplicates)
7. Calculate volumetrics (VMA, VFA, air voids) for
each trial blend.
8. At Ny, adjust (calculate) % binder to achieve
V,=4.0%. Calculate what VMA, VFA, and
dust/effective asphalt would be.
9. Compare to criteria. Choose blend that best
meets criteria, economy, and chance of success.

14

AGGREGATE
STRUCTURE, cont'd.

= 4. Compact duplicate
mixture specimens of each
trial gradation at the
initial binder content using
the gyratory compactor.

= During design, specimens
are compacted using the
gyratory compactor. The
number of gyrations applied
is a function of design
traffic level.

15
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Compaction

After aging, take rmix and preheated mold
fromoven. Flace paper in bottomof mold

16

Place Mix in Mold

Place Mold in
Compactor

18
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Compaction
Key Components of Gyratory Compactor

height control and data
measurement acquisition panel

reaction \ \
frame ~— 1 loading ﬁ
ram
q-../

mold
stbar __ || ./

|
rotafing S e—

base

20

ram pressure

600 kPa

150 mm mold
e

.

25 deg
1.16

Figure 5.2 SGC Mold Configuration

30 gyrations
per minute

21




Compaction

Once compaction is finished, extrude
sample from mold.

Conpaction

Remove the paper and label samples.

l ,_.

12/17/19




9 Steps to find Aggregate
Structure

1. Choose 3 or more trial aggregate gradations
based on experience.

2. Estimate the required “initial" binder content
based on experience or standard procedure.

3. Mix aggregate and binder. Condition for 2 hours
at the compaction temperature. This allows binder
to be absorbed.

4. Compact duplicate mixture specimens of each
trial gradation at the initial binder content using
the gyratory compactor.

During design, specimens are compacted using the
gyratory compactor. The number of gyrations
applied is a function of design traffic level.

5. Measure compacted puck specific gravity

6. Run Rice maximum specific gravity (duplicates)
7. Calculate volumetrics (VMA, VFA, air voids)
for each trial blend.

8. At Ny, adjust (calculate) % binder to achieve
V,=4.0%. Calculate what VMA, VFA, and
dust/effective asphalt would be.

9. Compare to criteria. Choose blend that best
meets criteria, economy, and chance of success.

25

AGGREGATE
STRUCTURE, cont'd.

n 5. Measure compacted
puck specific gravity

m 6. Run Rice maximum
specific gravity
(duplicates)

m 7. Calculate volumetrics
(VMA, VFA, air voids) for
each trial blend.

26

At this point, we have
duplicate pucks at 3
trial gradations

i i Trial gradation A
i i Trial Gradation B
i i Trial Gradation C

27
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DETERMINE PUCK
SPECIFIC GRAVITIES

= So we can calculate
volumetrics (air voids,
VMA, VFA)

28

BSG of Compacted HMA

o AC mixed with agg. and compacted
into sample

Mass agg. and AC

Gy =
Vol. agg., AC, airvoids

bl AP S
.’%_Qé?ﬂfh #
A

oWy

Testing

Obtain mass of dry
~_ compacted sample

30
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Testing

e ———

Obtain mass of
specimen at SSD

31

Calculations
¢G,, = A/(B-C)

Where:

A = mass of dry sample
B = mass of SSD sample
C = mass of sample under water

32

% Grmm

= Gmb = puck sp. gravity at any
gyration level

= More compaction, Gmb
increases

= % compaction = % Gmm
u % Gmm = (Gmb/Gmm)* 100
at any gyration level

33

12/17/19

1



12/17/19

Three Points on SGC Curve

34

GYRATION LEVELS

Design Nigtial Ndesign Niaximum

F | - 50 -

E 7 75 115

€ 8 |800r100| 160

B 9 125 205

» C mixes at 80 gyrations: no
Niniﬁal or Nmax f‘equir‘emenTs
= SMA:
= Nyegign= 100

= No N, requirement 35

AGGREGATE
STRUCTURE, cont'd.

= 5. Measure compacted
puck specific gravity

m 6. Run Rice maximum
specific gravity
(duplicates)

m 7. Calculate volumetrics
(VMA, VFA, air voids) for
each trial blend.

36

12



6. Determine Max. Sp.
Gravity (Rice), G,

Maximum Specific Gravity

® Loose (uncompacted) mixture

Mass agg. and AC

Vol. agg. and AC

37

RICE GRAVITY

Testing

Loose Mix at
Room

48 ,*"‘R’ﬂ Temperature
7

/

38

RICE GRAVITY

Testing

Residual

J Metal Bowl with Lid
Lo o

39

12/17/19

13
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RICE GRAVITY

Calculations

*G,,=A/(A-C)

Where:
A = mass of dry sample
C = mass of sample under water

40

AGGREGATE
STRUCTURE, cont'd.

» 5. Measure compacted
puck specific gravity

= 6. Run Rice maximum
specific gravity
(duplicates)

m 7. Calculate volumetrics
(VMA, VFA, air voids)
for each trial blend.

41
AIR VOIDS
6mm'Gmb
VA x 100
Gmm
42

14



VMA

Voids in Mineral Aggr

VMA =100 - SmoPs

sb

VMA is an indication of film thickness on
the surface of the aggregate

43

VMA

Example Calculations

o Given that G, =2.455, P, =95%, and
Gy, =2.703

(2.455) (95)

2703 =R

VMA = 100 -

44

VFA
Voids Filled with Asphalt

VFA= 100x VMR-V,
VWA

VFA is the percent of VMA that
is filled with asphalt cement

45

12/17/19

15



9 Steps to find Aggregate

Structure
1. Choose 3 or more trial aggregate gradations
based on experience.
2. Estimate the required “initial" binder content
based on experience or standard procedure.
3. Mix aggregate and binder. Condition for 2 hours
at the compaction temperature. This allows binder
to be absorbed.
4. Compact duplicate mixture specimens of each
trial gradation at the initial binder content using
the gyratory compactor.
During design, specimens are compacted using the
gyratory compactor. The number of gyrations
applied is a function of design traffic level.
= 5. Measure compacted puck specific gravity
= 6. Run Rice maximum specific gravity (duplicates)
7. Calculate volumetrics (VMA, VFA, air voids) for
each trial blend.
= 8. At N, adjust (calculate) % binder to achieve
V,=4.0%. Calculate what VMA, VFA, and
dust/effective asphalt would be.
9. Compare to criteria. Choose blend that best
meets criteria, economy, and chance of success.

46

AGGREGATE STRUCTURE,
cont'd.

m 8. At Ny adjust (calculate) %
binder to achieve V= 4.0%.
Calculate what VMA, VFA, and
dust/effective asphalt would be.

= 9. Compare to criteria.
Choose blend that best
meets criteria, economy, and
chance of success.

48

12/17/19

16
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Factor Criteria Reason
Air voids, 4.0% Stability
Nees Durability
VMA »12,13, 14, | Durability
15,16, 17%
VFA 70-80 % Stability
65-78% Durability
65-75%
%Gy @ <915% Tenderness
Nini <905%
<89.0%
%Gy @ < 98.0% Stability
Ninax
Dust/binder |0.8-1.6 Compaction
09-20 Handling
49
COMPACTION
Number of % G
Gyrations
Ninitial F: <915
E: <905
C: ¢89.0
B: <¢89.0
Nyesign 96.0
Nmuximum $98.0
50

17
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MODULE 2F

MIX DESIGN
OVERVIEW:

Mix Design Phase IT

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
12-28-16 Revision
2-16-18 Revision
12-12-18 Revision
12-17-19 Revision
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MODULE 2F

MIX DESIGN
OVERVIEW:

Mix Desigh Phase IT

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
12-28-16 Revision
2-16-18 Revision
12-12-18 Revision
12-17-19 Revision

MIX DESIGN STEPS

m I. Material selection

m IT. Aggregate structure
selection

n ITI. Design binder
content selection

m IV. Evaluation of moisture
sensitivity (stripping)

Selection of Design Asphalt
Binder Content
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Binder Content Selection
Steps

1. Using the winning blend, compact
more specimens in duplicate to Ny,
this time varying binder content. Use,
say, 4 different %'s of binder: -0.5,
+0.5, +1.0, and right on the initial %.
2. Again calculate volumetrics. Plot %
binder vs. % air voids. Choose the
design % binder that produces 4% air
voids.
3. Check all other volumetric criteria.
4. Check %Gy, @ N,y
5. Check dust/effective asphalt ratio,
where “dust"= % minus #200 sieve
material in the blend: 0.8-1.6

6. Compact more pucks at the design
binder content to N, check criteria.

Binder Content Selection
Steps

1. Using the winning blend, compact
more specimens in duplicate to Ng,,
this time varying binder content.
Use, say, 4 different %'s of binder:
-0.5, +0.5, +1.0, and right on the
initial %.
2. Again calculate volumetrics. Plot %
binder vs. % air voids. Choose the
design % binder that produces 4% air
voids.
3. Check all other volumetric criteria.
4. Check %6y, @ Ny
5. Check dust/effective asphalt ratio,
where "“dust”= % minus #200 sieve
material in the blend: 0.8-1.6
6. Compact more pucks at the design
binder content to N check criteria.

5

Compact 4 sets of pucks
at varying asphalt
contents
using the gradation of
choice

i i Initial P, - 05%
i i Initial P,

i i Initial P, + 0.5%
i i Initial P, + 1.0%




ITI. DESIGN
BINDER CONTENT

= 1. Using the winning blend,
compact more specimens in
duplicate to Ny, this time
varying binder content. Use,
say, 4 different %'s of
binder: -0.5,+0.5, +1.0, and
right on the initial %.

m 2. Again calculate
volumetrics. Plot % binder vs.
% air voids. Choose the
design 7% binder that
produces 4% air voids.

7
Example: SP 190 B
i
!
Min. 13.0
; 65-75
8
Factor Criteria Reason
Air voids,  [4.0% Stability
Nyes Durability
VMA >12,13, 14, | Durability
15,16, 17%
VFA 70-80 % Stability
65-78% Durability
65-75%
%Gy @ <915% Tenderness
Nii ¢90.5%
< 89.0%
VoG @ < 98.0% Stability
Ninax
Dust/binder |0.8-1.6 Compaction
0.9-2.0 Handling
9

12/17/19




% AIR VOIDS

% VFA

Example: SP 190 B

Design AC @ 4.0% Air

0.0

145
14.1
137
133
13.2

129

125

42 47 52 57 8.2
% ASPHALT BINDER

Min. 13.0

3z

4.2 47 52 8.7
% ASPHALT BINDER

65-75

37

42 47 52 57 8.2
% ASPHALT BINDER
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Binder Content Selection

Steps
1. Using the winning blend, compact
more specimens in duplicate t0 Ny,
this time varying binder content. Use,
say, 4 different %'s of binder: -0.5,
+0.5, +1.0, and right on the initial %.
2. Again calculate volumetrics. Plot %
binder vs. % air voids. Choose the
desigh % binder that produces 4% air
voids.
3. Check all other volumetric
criteria.
4. Check %G, @ N,
5. Check dust/effective asphalt
ratio, where “dust”= 7% minus #200
sieve material in the blend: 0.8-1.6
6. Compact more pucks at the design
binder content to N,,,. check
criteria.

10

DESIGN BINDER
CONTENT

m 3. Check all other
volumetric criteria.

m 4. Check %6, @ N,;

n 5. Check dust/effective
asphalt ratio, where
“dust”= % minus #200
sieve material in the
blend: 0.8-1.6

m 6. Compact more pucks at

the design binder content

to N, check criteria.

= wim voron

1 J Design AC @ 4.0% Air

5

o

o

12




80
a
]
>
[ 4
<
&
oo Design AC @ 4.0% Air
37 42 a7 52 57 82
% ASPHALT BINDER
145
141
i 137 - 3
® 133 A 1
VMA @ Design AC Hinkmom
125 bl
37 42 a7 52 87 6.2
% ASPHALT BINDER
100.0
90.0
—- pd
E VFA @ Design AC /‘ir
® 700
0 4/ plinimum
50.0 '
37 a2 a7 s2 57 62

% ASPHALT BINDER 12
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Factor Criteria Reason

Air voids, 4.0% Stability

Nees Durability

VMA >12,13, 14, | Durability
15,16, 17%

VFA 70-80 % Stability
65-78% Durability
65-75%

oG @ <915% Tenderness

Nii ¢90.5%
<89.0%

%G @ < 98.0% Stability

Ninax

Dust/binder |0.8-1.6 Compaction
09-20 Handling

13

DESIGN BINDER
CONTENT

m 3. Check all other
volumetric criteria.

n 4. Check %Gmm @ N,'m'

m 5. Check dust/effective
asphalt ratio, where
“dust"= % minus #200
sieve material in the
blend: 0.8-1.6

m 6. Compact more pucks at
the design binder content

to N

max¢

check cri

teria.

14

Selection of Design Asphalft
Binder Content

15




Factor Criteria Reason

Air voids, 4.0% Stability

Nees Durability

VMA >12,13, 14, | Durability
15,16, 17%

VFA 70-80 % Stability
65-78% Durability
65-75%

%G @ <915% Tenderness

Nii ¢ 90.5%
< 89.0%

%G @ < 98.0% Stability

Ninax

Dust/binder |0.8-1.6 Compaction
09-20 Handling

16

DESIGN BINDER
CONTENT

m 3. Check all other
volumetric criteria.

n 4 Check o/onm @ Nini

n 5. Check dust/effective
asphalt ratio, where
“dust”= % minus #200
sieve material in the
blend: 0.8-1.6

m 6. Compact more pucks at
the design binder content

to N, check criteria.
17
Factor Criteria Reason
Air voids, 4.0% Stability
Nees Durability
VMA >12,13, 14, | Durability
15,16, 17%
VFA 70-80 % Stability
65-78% Durability
65-75%
%G @ <915% Tenderness
Nii ¢90.5%
< 89.0%
VoG @ < 98.0% Stability
Ninax
Dust/binder |0.8-1.6 Compaction
0.9-2.0 Handling
18

12/17/19




DESIGN BINDER
CONTENT

m 3. Check all other
volumetric criteria.

m 4. Check %6, @ N,;

n 5. Check dust/effective
asphalt ratio, where
“dust"= % minus #200
sieve material in the
blend: 0.8-1.6

m 6. Compact more pucks
at the design binder
content to N, check
criteria.

19

Selection of Design Asphalt
Binder Content

20
Factor Criteria Reason
Air voids, 4.0% Stability
Nees Durability
VMA >12,13, 14, | Durability
15,16, 17%
VFA 70-80 % Stability
65-78% Durability
65-75%
%G @ <915% Tenderness
Nini ¢90.5%
< 89.0%
VoG @ < 98.0% Stability
Nrax
Dust/binder |0.8-1.6 Compaction
0.9-2.0 Handling
21
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MODULE 26

MIX DESIGN OVERVIEW:
TSR
JMF & Field Verification
Miscellaneous

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
12-28-16 Revision
2-16-18 Revision
12-12-18 Revision
12-17-19 Revision
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MODULE 26

MIX DESIGN OVERVIEW:
TSR
JMF & Field Verification
Miscellaneous

12-12-18 Revi
121719 Revi

Outline

n TSR
» JMF and Field Verification
» Miscellaneous

Loss of Strength in a
Wet Condition

= Synonyms:
= Moisture sensitivity
= Moisture susceptibility
= Stripping
= Main issue is the aggregate
m Loss of bond between
aggregate surface and the
binder
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MATERIAL | PROPERTY | TEST/
CALCULATION
Aggregate | Cleanliness | Sand
Equivalent;
m;nu;#lﬂn;
deletereous
materials
Aggregate | Texture Fract. Face
Count;
FA part. Shape
Aggregate | Absorption | Absorption
Aggregate | Affinity for | TSR
AC
Mix permeability | Air voids
4
oM OF WATER IN CONTACT WITH AGGREGATE
19 ? 8 {
|- SILICEOUS LIMESTONES —=]
L e
PORPHYRIES AecneeiTEs
b siLica
CHERT
BASALTS Lt
—_—
TRAP ROCK
SanDSTONES
s oomiTes
arwires
b LinesTONES ——+]
GRARITES
Good — Bad
. } f— HYDROPHILIC ——n]
L : FEE—
) @ & 100
. SILICA CONTENT, %
B % &% %6 ]
ALKALI CONTENT, %

m Run T 283, the Tensile
Strength Ratio test using
the final aggregate
structure and at the
design binder content.

6




pH OF WATER IN CONTACT WITH AGGREGATE

o . 9 8 | 7 6
i T ! -
f+— SILICEOUS LIMESTONES —e]
( FIRED CLAY _
{UIGHTWEIGHT
AGGREGATES
PORPHYSIES .
pe— _ SILICA
" CHERT
BASALTS . - FLINT
—
TRAP ROCK
{  SANDSTQHES
‘ -
i OIQRITES
| ]
. -
OPHITES
e
——— LIMESTONES >
E o ' - . GRANITES
. . - {
Good ——— Bad
-+ HYDROPHOBIC ————af MIXED > HYOROPHILIC ——
1 1 | 1

) 20 - a0 &0 80 100
‘ _ SILICA CONTENT, % :

1 L
X 80 60 40 20 , 0
ALKALt CONTENT, % |

-
d
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TSR Method

= Compact 6 specimens to 7.0 +
0.5% (6.0 + 0.5% for SMA) air
voids.

m Saturate, freeze, and thaw 3
of the pucks.

Moisture Sensitivity

AASHTOT 23

Measured on proposed aggregate blend and
asphalt content
Reduced compactive effort to increase voids

3 Conditioned Specimens 3Dry Specimens

—
woTT

Vacuum saturate specimens
Soak at 60C for 24 hours
Soak at 26°C for 2 hours

TSR METHOD

m Test the 3 unconditioned
pucks and the 3
conditioned pucks using
the indirect tensile
strength test.

Moisture Se

AASHTOT 283

for 100 mm i
specimens
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TSR Method

= Calculate the ratio of the
average of the conditioned
pucks tensile strength to the
average of the control pucks
tensile strength.

Moisture Sensitivity
AASHTO T 283

Calculate the Ti
Strength R:

wet tensile strength
TSR= ———————————
Avg. dry tensile strength

Outline

= TSR
» JMF and Field Verification
» Miscellaneous

MoDOT
VERIFICATION

= 1. When sampling
aggregates for use in the
mix designh stage,
contractor should obtain
duplicate material and
save for MoDOT.

= 2. Upon completion of the
design, the duplicate
aggregate and binder may
need to be sent to
MoDOT for mix

verification. 1




MIX DESIGN:
FINAL PRODUCT

m The "Job Mix Formula”
(TMF) is the final
product of the mix
design process

13

“Standardized” JMF
Submittal Form

m Looks like a JMF-it isn't

= For submission of mix design
data by contractor to
MoDOT

= All-purpose—for many mix
types: SP, SM, BP, PMBB,
UBAWS

14

BAGHOUSE FINES

Standardized Form

» Drum Plant: Baghouse fines
are generated after the
drum mix cold feed sample is
taken (no return dust on cold
feed as it goes into the
drum), so the TMF target
gradation for drum plants
reflects this (doesn't have
extra dust added into the
total gradation to be checked
against in the field)

15

12/17/19
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BAGHOUSE FINES

Standardized Form, cont'd.

m Batch Plant: Baghouse fines
are generated before the hot
bin samples are taken (dust is
returned to hot elevator), so
the JMF target gradation
for batch plants reflects this
(the target gradation should
have dust included, usually
placed in one fraction)

16

Standardized JMF Submittal
For batch
Form Example: A
For drum plants field testing;
JMF field testing: for spec
Compare 1o cold feed ~compliance;
sample hot bins

Actually Gse  For BP Tixes if dust is added

B STt
L J
| I 4 | I
For UBAWS For s chould be 55%

Not including BH fines

JOB MIX FORMULA

= Upon final approval of the
mix design, a final Job
Mix Formula (TMF) is
issued by MoDOT

m Used for setting up the
plant process and
controlling the process
during production

18




Standardized JMF Submittal

For batch
Form Example: plants TMF

For drum plants field testing:
JMF field testing: for spec

Compare to cold feed compliance;
sample hot bins
Actually Gse For BP rixes if dust is added

Asphalt Paving
MIX TYPE SP0%5 c

IDENT BULK ‘ APP. | [ .\
NO. PRODUCER-LOCATION P P.GR. | SP.GR. | %ABS |FORMATION LEDGES % CHERT
12CDJ1J001 _ Gibraltar Quarry #1, Jeferson City, MO | J2610 2704 13 Burlington-Keokuk 48 1004
12CDJ1J002 _ Gibraltar Quary #1, Jeflerson City, MO Y. 261 2.692 11 Burlington-Keokuk 4§~ 4-8 140§
12CDJ1J003  Gibraltar Quany #1, Jefferson City, MO Ny 1 2.553 2.649 14 Burlington-Keokuk \ 48
12CDJ1J004 Gibraltar Quarry #1, Jeflerson Gity, MO Missoun River \ ) \
12CDJ1J005 Asphalt Paving, Tacs, MO 2670 2.670 RAP N\ |
12CDJ1J006  Asphalt Paving, Taos, MO n Baghouse Fines AN \
A | |
\
Antistrip ARR MAZ Custom Chemicals, Inc., Mulberry, FL LOF 12000 By Wt. of AC\, 15
N\
N\
PG 70-22 ConocoPhillips, Granite City, IL 1.030 Mix Temp. 205 Mold Temp.
12C0U1J001  12CDU1J002 12CDJ1J003 12CDJ1J004 12CDJ1J005 12CDU1J006 | 12c0u1J001 12C0U1J002 12C0U1J003 12CDU1J004  12CDU1J005 1200U1J006 CcomB
12" 38" SG NS RAP BH 34.0 17.0 13.0 6.0 30.0 GRAD With
Incl. BH 34.0 15.0 13.0 6.0 30.0 20 Baghouse|
112 100.0 100.0 100.0 100.0 100.0 100.0 34.0 17.0 13.0 6.0 30.0 100.0 100.0
1" 100.0 100.0 100.0 100.0 100.0 100.0 34.0 17.0 13.0 6.0 30.0 100.0 100.0
34" 100.0 100.0 100.0 100.0 100.0 100.0 34.0 17.0 13.0 6.0 30.0 100.0 100.0
s 100.0 100.0 100.0 100.0 100.0 100.0 340 17.0 13.0 6.0 30.0 100.0 100.0
¥g" 88.1 100.0 100.0 100.0 9.1 100.0 300 17.0 13.0 6.0 297 957 95.7
= 272 361 97.8 99.0 84.3 100.0 92 6.1 127 59 253 593 60.6
#3 65 8.1 724 94.0 614 100.0 22 14 9.4 56 18.4 371 389
#16 53 55 47.2 820 487 100.0 1.8 09 6.1 49 14.6 284 303
#30 51 53 334 540 36.5 100.0 17 09 43 32 11.0 212 231
#50 47 33 252 150 231 100.0 16 06 33 09 6.9 133 152
#100 44 31 202 1.0 125 980 15 05 26 01 38 85 104
#200 41 2.9 17.2 0.5 8.6 75.0 1.4 0.5 2.2 26 6.7 82
Gmm = 2.447 % VOIDS = 40 TSR = 83 TSR Weight = 3788 Nini = 8 MIX COMPOSTITION
Gmb= 2348 V.MA. = 15.3 DB Ratio = 1.5 Ndes = 100 MIN. AGG. 94.5%
Gsb= 2617 % FILLED = T4 Gyro Weight = 4788 Nmax = 160 VIRGIN ASPHALT CONTENT 4.4%
. ] TOTALAC 60%
Flat & Elongated 51= 5 Clay Content = 85 Stability = % ACRAP = 5
31= Deleterious = 2 % AC Shingles =
CAA = 100/100 FAA = 45 Virgin Binder Ratio= 70.0
| | [ |
— - - VCA Mix = Fibers =
Compaction Level = 100 VCAdrc =
Film Thickness = Target Emulsion Rate = Draindown =

For SMA
- ForUBAWS Should be 5.5%

Not including BH fines
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JMF
EXAMPLE 1

6,7 2.497

19

SUPERPAVE
MIXTURE NAMES

= "SPnnnyzz"

m SP= superpave

= nnn=nominal max size
u048= 475 mm (#4)
=095= 9.5 mm (3/8 in)
2125125 mm (1/2 in)
#190=19.0 mm (3/4 in)
1250=25.0 mm (1 in)

20

SUPERPAVE
MIXTURE NAMES

my = mixture design
(millions of ESAL's)

= F=<0.3
u E=03 10 <3
m C=310<30
= B=>30

u LP= Limestone Porphyry

= SM= Stone Mastic Asphalt
= SMR= SM Rural

» NC= Non Carbonate

u LG= Low Gyration

zz = special designations

21




JMF

EXAMPLE 1

MISSOURI DEPARTMENT OF TRANSPORTATION - DIVISION OF MATERIALS

ASPHALTIC CONCRETE TYPE SP125HB

DATE = 10/29/03 CONTRACTOR = MY BUSINES § SP126 03-16

IDENT. BULK APPAR

NO. PRODUCT CODE / PRODUCER, LOCATION SP.GR | SP.GR %ABS  FORMATION LEDGES % CHERT

35J5J001 100207_LD1 / Hard Rock Stone, Dig Deep, MO 2515 2713 29 Jet City Dolo 5-8 25

35J5J002 100204..LD1 / Hard Rock Stone, Dig Deep, MO 2.476 2.725 37 Jet City Dolo 5-8 25

35J5J003 1002MS_MSLD / Hard Rock Stone, Dig Deep, MO 2.480 2.761 Jet City Dolo 5-8 10

30CAJ016 1002HL. HL / Missy Lime Co. #2, Ste. General, MO 2.303 2.303 Hyd. Lime

36DLJO16 1015ACPG..7022 / Black Asphalt Products, Decoy, MO 1.023 PG70-22 Gyro Mold Temp. 300-310°F

MATERIAL

IDENT # 35J8J001 35J8J002 35JSJ003 30CAJ016 35J8J001  35J8J002 35J8J003 30CAJ016 ComB

03016 3/4" 3/8"MAN SAND ' Hyd. Lime 60.0 12.0 260 2.0 GRAD)

112" 100.0 100.0 100.0 100.0 60.0 12.0 26.0 2.0 100.0

1" 100.0 100.0 100.0 100.0 60.0 12.0 26.0 20 100.0

34 100.0 100.0 100.0 100.0 80.0 12.0 26.0 20 100.0
97.6 100.0 100.0 100.0 58.6 12.0 26.0 20 986
838 96.1 1000 100.0 503 1.5 260 20 898

#4 31.8 350 99.9 100.0 19.1 42 260 20 513

#8 7.0 8.0 820 100.0 42 1.0 21.3 2.0 285

#16 26 35 40.7 100.0 1.6 0.4 10.6 2.0 146

#30 1.6 26 266 100.0 1.0 0.3 69 2.0 102

#50 1.6 21 13.5 100.0 1.0 0.3 35 20 67

#100 1.5 19 54 100.0 09 0.2 14 20 45

#200 1.5 1.8 4.2 99.0 0.9 0.2 11 2.0 42

LABORATORY Gmm = 2.405 % VOIDS = 4 TSR = 95 TSRWt Nini = 9 MIX COMPOSITION

CHARACTERISTICS Gmb = 2.308 V.M.A = 14.4 -200/AC = 1.1 3855.0 Ndes = 125 MIN. AGG 93.8%

AASHTO T312 Gsb = 629 % FILLED = 72 Gyro Wt. = 4610 Nmax = 205 ASPHALT CONTENT 8.2%

CALIBRATION NUMBER 04 MASTER GAUGE BACK CNT. = 2198 Al= | 5234741

MASTER GAUGE SER NO. = 770 SAMPLE WEIGHT = 7200 A2 = 3.436895

Aggregate & Mixture Properties Based on Contractors N Design

6., 2.497

19
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SUPERPAVE
"NOMINAL
MAXIMUM SIZE"

m 1. Look at the combined
gradation of the hotmix.
Identify the largest sieve
that accumulatively retains
10% or more.

= 2. Move up one sieve larger-
-that is the “nominal
maximum size” (NMS).

= 3. The "maximum size" is
one size larger than the

NMS.
22

MIXTURE
SUBSTUTUTION

= QC may substitute a
smaller NMS mixture
for a larger one.

= QC may substitute a
higher traffic level mix
for a lower one.

23

INFO FROM THE
JMF SHEET

m Aggregate “fractions”
(materials) and sources
m For each material, lists:
= producer, location
= formation and ledge
number
= gradation
= proportion in the mix
»bulk & apparent specific
gravities
= absorption

n % chert
24
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JMF INFO, cont'd.

= Binder: producer, source,
& specific gravity
= Mixture:
= target gradation
= target binder content
m Design VMA
= target V,
= target voids filled (VFA)
» Dust-to-binder ratio
= TSR result
u Ny =number of gyrations
to use in field verification

25

JMF INFO, cont'd.

= Gyro specimen weight

mnuclear binder content
specimen weight

mgyro molding
temperature

maggregate blend
combined bulk specific
gravity (6,,)

mnuclear binder gage
information

= TSR specimen weight

26

INFO REQUIRED
DAILY

= Gyro specimen required
weight

= Gyro compaction
temperature range

= Nuclear specimen
required weight and other
information

= Absorptions
= Target % asphalt
= Target % air voids

27
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DAILY INFO, cont'd.

n G, of blend

m TSR specimen required
weight

u Ndes

28

Outline

= TSR
» JMF and Field Verification
n Miscellaneous

29

STONE MASTIC
ASPHALT

m SMA mixtures fall under

Superpave-QC/QA criteria

m There are numerous

additional criteria for SMA

mixes.

10



DRAINDOWN

m One extra test: "Draindown”
(AASHTO T 305).

= Draindown testing assures
that the binder will not run
out of the mix when hot

m A sample of loose mix is
placed in a basket, heated
for one hour at its mixing
temperature, and the
material that drains from
the basket is weighed.

Draindown

» The dllowable draindown is
< 0.3% by weight of HMA

32

ROUNDING

» EPG 106.20
m Based on ASTM E 29

= Is somewhat contradictory
(eg., see gradation rounding
in the EPG)

= Specifies "MoDOT rounding":
= 0.35-0.4
= 045504

33

12/17/19
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ROUNDING, cont'd.

= Usudlly, round to the same

number of significant figures as

the specification being compared

to:

m Consensus, VFA, TSR: nearest
whole number

m Gradation, passing or retained
%: nearest 0.1%

= Binder content (compared to
spec), Pay Factors,
%compaction, D/B, VMA, V;
nearest 0.1%

= Binder content & moisture on
data & some recording sheets:
nearest 0.01%

m Specific gravity: 3 places to
the right of the decimal 34

SUMMARY OF VOLUMETRIG EQUATIONS
Specitc of Aggregate Bieed

Gu - Gu loombrad)

wia 100 S=rPe

Vods Filed wiih Asphalt

A MR Ve
VA

100

35

SUMMARY

m 1. Determine design traffic
level (total ESAL's)

m 2. Select aggregate sources

m 3. Select binder grade

= 4. Try several trial
gradations at a single %
binder

n 5. Choose one blend that
best meets V,, VMA,
VFA, %6y ini, €CONOMY,
chance of success

36

12/17/19




SUMMARY OF VOLUMETRIC EQUATIONS

Mix Design | Bulk Specific Gravity of Aggregate Blend
: 100
Gsb = Gsb (combined) = o N o - o +
Gsot Gesbz Gasbz
Mix Design | Effective Specific Gravity of Aggregate Blend
100 -P»
=700 Py
Gmm Gb
Mix Design | Absorbed Asphalt Content
Gsa - Gsb
Pta =100 x| ———
ba X ( T } x Go
Mix Design | Effective Asphalt Content
Pbe _ Pb_[PIﬂXPs]
100
Mix Design | Ratio of Dust to Effective Asphalt (Sometimes called Dust Proportion)
Poors  %minus#200
Poe Poe
Mix Design | Air Void Content
and Field
Verification Ve = Gmm — Gmb <100
Gmm
Mix Design | Voids in Mineral Aggregate
and Field
Verification VMA = 100 - Gmb x Ps
sb
Mix Design | Voids Filled with Asphalt
and Field
Verification VEA = VMA - Va <100

35
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SUMMARY

m 6. Using the single gradation,
try several trial % binders

u 7. Determine the % binder
that results in V,= 4.0%

m 8. Check other parameters:
VMA, VFA, %6
%oGmmax: TSR

= 9. SP nomenclature: NMS,
design traffic level,
specialty info

mm,inis

37

SUMMARY

= 10. NMS= One sieve size
larger than the largest
sieve to accumulate
>10% retained
u 11. JMF info needed daily:
b Gsb,
s target % binder
u Absorptions
m gyro specimen mass
m gyro compaction temperature
m nuclear specimen mass

38
SUMMARY
u Ny, for gyro
m Target % air voids
m (TSR specimen mass)
39
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Module 3

Plant Operations

12-28-06 Revision
11-9-07 Revision
1-2-09 Revision

4-22-09 Revision

11-18-09 Revision

12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
2-26-13 Revision

12-18-13 Revision

12-29-14 Revision
2-4-15 Revision
3-2-16 Revision

12-28-16 Revision
3-2-18 Revision

12-12-18 Revision

12-17-19 Revision
1-30-20 Revision
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Module 3

Plant Operations

12-28-06 Revision
11-9-07 Revision
1-2-09 Revision
4-22-09 Revision
11-18-09 Revision

12-29-09 Revision
11-17-10 Revision
1-19-11 Revision
2-26-13 Revision
12-18-13 Revision
12-29-14 Revision
2-4-15 Revision
3-2-16 Revision
12-28-16 Revision
3-2-18 Revision
12-12-18 Revision
12-17-19 Revision
1-30-20 Revision

Types of Asphalt
Plants

m Batch Plants

= Drum Mix Plants

Batch Plant




Batch Plant

Batch Tower

Batch plant
typical layout
Asphalt Storage

Batch Plant

m Aggregate is heated.
Reduces moisture related
problems.

m Aggregate is rescreened.

= Aggregate is batched by
weight.

m Batch plants provide a
consistent mixture.

1/30/2020




Schematic of
abatch plant

Cold Feed

N R

Conveyor e

Belts | gy e

NCAT

Depending on the plant,
aggregate fraction JMF %'s
are probably at cold bins

Burner - Batch Plant

1/30/2020




Schematic of
a batch plant
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Screen Deck

oles-Tota gradatrion Too coarse
m Clogged-total gradation too fine
m Check screens every other day
Hot bih %'s not equal to JMF %'s
Will also need RAP gradations.

Then mathematically combine to
hit target JMF gradation 10

Screening Aggregate

Note segregation 1

Batching Aggregates

ieghng Aggrgatsand e il Beh P

-m- ...
|

e o o

1
e et o 2 Bt b

1 Meicoe e bt g ha's§
bt

§ T 21 el B s
e s e e e

12




Batching Aggregates

701 OCT

A LI
1, The discharge gate of an aggregate bin is opened 2. When the scale reading reaches a presel weight,
and the aggregale pours into the weigh box. the discharge gate is closed.

IC LM 9
AR BRI |
3. The dicharge gate of the next aggregate bin is 4, When the scale reading reaches a presel weight,
opened. the discharge gate is closed.

§. These steps are repeated for the remaining
agqregate sizes and the mineral filler,

12



Pug Mill
-

Yetal

Dry cycle: say 15 sec
Wet cycle: say 20 sec

Inspect paddle wear
tolerance weekly, more
if traprock 13

TRUCK BEING
LOADED

DIRECTLY FROM
A BATCHPLANT

14
Types of Asphalt
Plants

m Batch Plants
u Drum Mix Plants
15

1/30/2020




Drum Mix Plant

16

Drum Mix Plant

= Aggregate is divided into
different bins and
proportioned by bin
percentages.

= More bins allow you to
control your mixture

better.

= Drum mix plants have a
high production rate, but
may hot be able o use

otential because of
imiting roller rate. 17

Drum Mix Plant

i £, eSonges
Westgoem Hol M Cameger ._MG J
Cold Feed Conveyr B s |
et /|
,r | Canlrl B
it v o ] e
e P Bl Bl =
LA, U Rl o
JophalSorage Tk Asphll Py
18
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Drum Mix Plant

Weigh bridge L

Automatic i
Weighing System Hot Mix Conveyor ¢y~ Or Sorage Sl

Cold Feed Conveyor

Control House

H [ B
L

18



Drum Mixer Plant
typical layout

Asphalt Storage
Aggregate  Conveyor Belts |

Bins

NS
il &

19

Drum Plant
sugho&'se\ x. 8
J L\\; j %‘S’llos

feed belt
2

5 RAP feed
Has a weigh bridge

1 Cold bins

There is an oftimum flight configuration for the % RAP
to maintain fhe veil of aggregate that protects the RAP,
binder, and/baghouse

RAP collar ok up to ~20% RAP; problems for greater 20

amount:

Cold Feed

Conveyor
Belts

21

1/30/2020




feed2 belt

Drum Plant

(™
‘_‘L\‘_L{
7
| ( Silos
Combinem <54l W
M g
5 RAP feed

Has a weigh bridge

1 Cold bins

There is an optimum flight configuration for the % RAP

to maintain
binder, an

e veil of aggregate that protects the RAP,
aghouse

RAP collar ok up to ~20% RAP; problems for greater 20

amounts



Aggregate and RAP

22

Dryer For Drum Dryer Mix

End of day: shut off oil, run
aggregate through to clean out mix
to prevent chunks breaking loose

23

Drum Dryer Mixer

24

1/30/2020




Temperature Profile
in Drum Mixer

Incoming ~ Drying  Mixing Discharge
flights flights  flights flights

Superheated aggregate dries the RAP

Can be a problem with high RAP content
25

Controls

Weigh bridge: wind flops belt, "weight” of aggregate changes,
so amount of binder changes, thus air voids change:
0.1% binder change results in ~0.3 %air voids

27

1/30/2020




Temperature Profile
in Drum Mixer

Incoming  Drying Mixing Discharge
flights flights  flights flights

j s . Recycle Asphplt

Product
Exhaust

.
215, Vs
o OIS -
A “xrds . N
v LNy ALY
. “n %o 4
=W . Vi LN BN
il Al L) Y ™
- L Yoo+ v
-t "
'
] I.J n L] R

. ::_:;; P B
. ' : -“'h _':'.,’~_ yie
1400
1200 (- \\\\\\ “Nin
. 1000 T Mix
Mean Gas Tem dlure
500 =

Liquid
Asphall

310°-330°
400 ,///GaSTemp
200 L T 300°
Mean Aqqreqaie Temoerature Mix Temp

Intiat  __| |Constant ] Superheated
Ad|ustment ] Orying | VlrgmAgg% Ory&HeaI Rap il

Superheated aggregate dries the RAP

Can be a problem with high RAP content
25
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Hma Mixing Plants Create
Dust

30

10
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DUST HANDLING

Return to drum

DUST HANDLING

L

Return to drum

32

Metering Dust

Mineral filler: typic

Weigh pod

1



Aggregate Moisture
Content

= Daily moisture contents
are needed for every
aggregate bin for drum
mix plants.

» Wet fine aggregate will
stick to conveyor belts.
This may cause over-
asphalting & low voids.

= Moisture may cause
tender mix behavior.

34

Aggregate Moisture
cont'd.

= May heed to slow down
production to get the
aggregate completely dried.

= Moisture affects the
amount of dust that goes
either to baghouse or stays
in the dried aggregate. Thus
it affects the required dust
return feed rate. The
amount of dust affects the
mix volumetrics

35

Aggregate

= Daily gradation checks at the
asphalt plant may help you
spot a problem.

= Make sure aggregate
stockpiles are properly
labeled.

= Make sure the loader
operator loads the correct
aggregate in the cold feed
bins.

= Loader operator should work
to minimize degradation,
contamination, and
segregation.

36

1/30/2020

12



Daily Plant

Procedures

= Make sure all equipment is well
maintained (e.g, look for holes in
screens)

= Check the bill of lading on all
materials before you unload
them:

u Correct material

u Check for “testing statement”—
some binder suppliers are now
sending out non-certified binder

m Check the quantities of AC,
mineral filler, hydrated lime,
burner fuel, etc.

m Dust control is important with
Superpave. Make sure your dust
collection system is working
properly.

37

FIELD EXPERIENCES
Quarry

» Quarry delivers material
not in conformance with
Contractor-Quarry
agreement:

m Production stone now only
being checked by MoDOT
at the plant

= MoDOT doesn't see the
agreement

= No longer a Quarry QC
plan in some Districts

38

FIELD EXPERIENCES
Quarry, cont'd.

» Quarry has already changed
screens and is no longer

making the product required

so it substitutes something

else

Quarry delivers the wrong

material (e.g, makes several

3" products

Keep an eye on:

= Gradation

u Specific gravity for certain
products

n Flat & elongated (crusher
wear)

1/30/2020
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FIELD EXPERIENCES
Receiving

m Contractor orders the
wrong material (MoDOT
and quarry may have
different definitions of
fractions)

m Contractor doesn't check
material on a daily basis
to ensure correct
material is being delivered

40

FIELD EXPERIENCES
Loader Operator

u Piles get mixed together

= Loader operator pushes
dirt and bedding material
up into stockpile or gets it
on tires and tracks it onto
pile

= Loader operator gets
both sets of wheels on
stockpile and breaks it
down

41

FIELD EXPERIENCES
Loader Operator

m Loader operator falls
behind production, allows
bin to empty, fills them
with closest available rock

= Wrong material in bins
from spillage from adjacent
bin

= Wrong material in bins
from getting piles mixed up

= Bin runs empty, then gets
material dumped in, locks
collector belt, no material
gets to cold feed belt

42

14



FIELD EXPERIENCES:
Plant Operator

= Doesn't pay attention to
computer screens and one
bin runs faster or slower
than it's supposed to, thus
the combined grading
changes

= Somebody changes gate
settings on cold feed or
puts them in improper
position for the mix being
made, thus the combined

grading is wrong 43

FIELD EXPERIENCES:
Plant

m Hole wears in shaker
(scalper) screen and
allows various oversized
materials fo get into mix:
dirt clods, sticks,
oversized aggregate,
bottles, cans, etc.

= Motor or belts burn up on
a bin and it stops running
but plant diagnostics do
not catch it

44

FIELD EXPERIENCES:
Plant

= Wind blows belts up and
down-causes problems in
weighing

= Lose a leg from 3 phase
power-scalping screens run
slower

= Times of peak power demand
-screens run slower

» HMA silo-problems of
carryover of wrong product
when switching mixes

1/30/2020
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FIELD EXPERIENCES:
Plant

m AC hauler loads wrong grade
of binder

m AC hauler doesn't know which
tank to unload into and
contaminates burner fuel

» AC hauler has hauled a
different grade the previous
night and rather than clean
out this tank, he loads a new
load on top of what was left
in the tank

= Pugmill paddles wear >2"-poor
mixing and coating 47

FIELD EXPERIENCES:
Plant

= Two separate storage tanks for 2
different grades of binder are
connected—if valves are not in
correct position, one tank can
drain or equilibrate with the
other tank, mixing the 2 grades

u If binder sample fails—must mill

u Burner fuel hauler doesn't know
which tank to unload into and
unloads into binder tank (possible
explosion risk here)

= Valves are cleaned with diesel-
can contaminate a sample-need to
run some binder (~gal) through

before sampling 48

1/30/2020
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Hot Mix Asphalt
Production

L[] Keeﬁ good records of plant
setfings. Note any irregularities
or changes.

= Keep a separate copy:

= Hard drives crash
= New computer system installation-
lose files

= Train all personnel to look for
problems.

= Use your test strips wisely. Look
for frouble spots before you go
to full production:

u Get the volumetrics right
» Get the nuclear gage settings

= Rolling patterns are likely to
change from job to job or even on
same job if material underneath

fails. 49

17
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Shingles are usually covered
Sometimes RAP: Would take a huge cover for a 40% RAP mix

52

2006 CHANGES

» Emphasis on end-result
testing to allow quarries
more flexibility during
production

= Quarry QC plans no longer
required

53

2006 CHANGES

= Aggregate acceptance is
at the mixing facility

= Usage: MoDOT still
sampling/testing ledges

= MoDOT still visits
quarries to assure that
proper ledges are being
used

54

18
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403 REQUIRED
TESTING:
Aggregate
= Gradation

m Consensus tests: FAA,
SE, F&E, and CAA

n Deleterious Materials
= RAP

56

SAMPLING:
Aggregate

m Gradation:
» Drum—cold feed belt
» Batch—hot bins

u Can use HMA sample- T308
residue (can't for dolomite)
u RAP- T308 residue; combine
mathematically with virgin
gradation (dolomite-have to
extract)
n Deleterious:
u All plants—cold feed belt
= Consensus:
u All plants—cold feed belt

57

19



MaDOT

PRODUCER Monitors geology & Performs
benchmark physical testing of
Ongoing production crushed product
Mon job specific Preliminary Ledge ID sampling
Annual source sampling during
production (ledge specific)

<<= ]

CONTRACTOR

Initiates contact with quarry y
Samples product for the
purpose of designing a job mix

e wenevomenee-pel  PRODUCER NOTES

*1 The producer may use any combination of

akes produ ction a greements Ie_dges S0 Ion_g as the crushed prodqct mee.ts the
) minimum requirements for that material section.
with producer
*2 MoDOT will not set requirements for
aggregate quality control but the producer wil
need to be ahle to designate what is in each

fraction.

*3 Material acceptance is hased on combined

¥ belt sample.
CONTRACTOR ' )
*4 Gradation & del for 401 mixes. Include
. . MoDOT concensus tests for 403 mixes.
Designs mix S SRR mix review!
Submits mix design to approval *5 Percent Del.
District : R
*6 Plon 401 mixes. If Pl > 3 on job mix, TSR

will be required during mix production.
Contractor may elect to avoid TSR during
production by making available test results of Pl
Production during aggregate production.

Aggregate QC & QA is

per the agreement
between producer and
contractor ("2)

CONTRACTOR MoDOT
Produces final product - QA testing per contract
: Contract administration
QC testing per contract Material . q
(3,4, "5, *B) atenal acceptance i1s made
Rhieat o off the belt
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SAMPLING:
RAP

m RAP feed system
= Gradation
n Deleterious
u RAP binder content
= Micro-Deval*

*RAP from MoDOT roadways

is exempt
58
Y i © RAP feed
\ 1
\\'
59

m QC retains half their
sample (after final split)
for QA.

60

20



5 RAP feed

59
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COLD BINS

61

SAMPLING
Drum Plant
Methods

u Off the combined cold
feed belt

= Diverter

62

SAMPLING
GRADATION

21



SAMPLING
Cold Feed Belt

Drum Mix Plant

Diverter

Dl

Jophalt Storge Tank  Asphall Pump

65

DIVERTER CHUTE

1/30/2020
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Splitting Down
Diverter Sample

67

SAMPLING
Batch Plant

Do 3 slides per 4 bins fo get a 12-portion
composite sample

68

SAMPLING
Hot Bins

69

1/30/2020
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QC AGGREGATE
SAMPLING/TESTING
Independent:

m Gradation-1 per 2 sublots

u Consensus tests-1 per 10,000
tons mix (at least 1 per
project per mix type)

u Deleterious-1 per 2 sublots

u RAP:

nGradation-1 per day (T308)

n Deleterious-1 per 2 sublots

n Binder content- 1 per 4 sublots

nMicro Deval-1 per 1500 tons of

RAP (RAP from MoDOT roadways
is exempt)
m Shingles: gradation 1/10,000
tons (min. 1/project/mix type)
= Save a retained sample of ezth

QA AGGREGATE
SAMPLING/TESTING

» Independent:

m Gradation-1 per 4 sublots
minimum

u Consensus-1 per project minimum
(no matter how many mixes)

u Deleterious-1 per 4 sublots

u RAP binder content- 1 per
project

» QC retained split:
u Gradation -1 per week minimum
u Consensus-1 per project minimum
(no matter how many mixes)
u Deleterious-same as gradation

u RAP- none 71

RAP & RAS Binder Content

m Per Spec 403.2.6, RAP & RAS
binder contents must be
determined (separately)

= QC: 1 per 4 sublots

= QA: 1 per project

m T164 (solvent extraction)

= Can use T308 (ignition) if a
correction factor is
determined which is the
difference between T164 &
T308

n If use commercial lab to do
T164, may want fo use your
own oven for T 308 because
ovens vary

24
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Sampling & Testing

2: Aggregate Cold feed:
-Deleterious
-Consensus

-Gradation: if dolomXe and
maybe if limestone

5: RAP
-Binder content (T308/T16
-Gradation-binder residue

«(Mathematically combined
with cold feed gradation if
not using roadway sample for
gradation)

-Deleterious
-Micro-Deval- maybe

7: Silo Discharge-Truck
HMA Mini-stockpile:
-Maybe TSR

Not Shown-Roadway sample:
-Binder content/moisture
+(6radation-binder residue)
-Gyro pucks

‘Rice Gravity

73

-TSR-maybe

AGGREGATE

Acceptance:

m Be within tolerance of
JMF values (Gradation
and Consensus tests)

= Be within standard specs
(Deleterious)

= Compare "“favorably"” with
QA results

74

RAP

m Deleterious- Be within
standard specs

u Micro Deval- be within
Micro Deval of virgin
aggregate + 5%

= May be difficult to find
data on original virgin
aggregate (try MoDOT's
"Quarry Sample Source
Data")

75

25



Sampling & Testing

2: Aggregate Cold feed:
.Deleterious
.Consensus

-Gradation: if dolomXe and
maybe if limestone

5. RAP
-Binder content (T308/T16%)
.Gradation-binder residue

-(Mathematically combined
with cold feed gradation if
not using roadway sample for
gradation)

-Deleterious
-Micro-Deval- maybe

-7: Silo Discharge-Truck
HMA Mini-stockpile:

-Maybe TSR

Not Shown-Roadway sample:
-Binder content/moisture
-(6radation-binder residue)
-Gyro pucks

-Rice Gravity

-TSR-maybe 73



RAP

Micro Deval
AASHTO T 327
= Remove binder coating by extraction
or ignition
= Test aggregate
u % loss should be within 5% of the
virgin aggregate utilized in the new
mix design
= Ex.: New mix virgin MD = 21
RAP MD should be 16-26
= 1 fest per 1500 tons
= Waived if from MoDOT roadway

n oo

RAS

= Waste, manufacturer or new
shingles must be essentially
free of deleterious

m Post-consumer:
u < 15% wood
u < 3.0 total deleterious

u Less than the maximum
allowable asbestos defined by
national or local standards

7

UNFAVORABLE
COMPARISON

= Has been traced to the
splitting operation and
equipment that each side was
using

-

1/30/2020
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GRADATION

= 403 master spec
n Field tolerances

SPECIFIED GRADATIONS
Sieve SP250 SP190

SP125 SP095  SP048

Size
13+ [100
1 90-100 |100
3 90 max |90-100 |100
3 90 max |90-100 {100
3/8 90 max | 90-100 |100
#4 90 max | 90-100
#8 [19-45 [23-49 [28-58 |32-67
#16 30-60
#30
#50
#100
#200 |1-7 2-8 210 [2-10 [7-12
BU
403 SPECIFIED
GRADATIONS
Sieve |SP125xSM(R) | SPO95xSM(R)
15 - -
1 - -
3 100 -
3 90-100 100
3/8 |50-80 70-95
#4 20-35 30-50
#8 16-24 20-30
#16 |- 21 max
#30 |- 18 max
#50 |-- 15 max
#100 |-- ---
#200 |8.0-11.0 8.0-120 g4

1/30/2020
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1 sieve smaller than NMS:
2% above master spec

#8:
2% outside master spec

Percent Passing
100
max density line

restricted

zone \

nominal max
control point max size

siie l

2.36 475 95 12.5 19.0
Sieve Size, mm (raised to 0.45 power)

Figure 3.10 Superpave Gradation Limits

#200:
within master spec

87
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FIELD TOLERANCES

Aggregate gradation (non-SMA)

(3 sieves):

u 1size smaller than NMSgye : not to
exceed 92.0%

= #8: not to exceed 2.0% beyond
master spec

u #200: within master spec

EXAMPLE
= SP 190
Sieve SP190 |Tolerance |Test
15 - - -
1 100 - 100
2 90- - 99
100
3 90 92 max 91
max
3/8 - - --
#4 - - -
#8 23-49 |21-51 22
#16 -- -- -
#30 - -- -
#50 - -- -
#100 - - -
#200 2-8 2-8 5.2
84

1/30/2020
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SMA TOLERANCES

%'s off JMF Target Gradation
Sieve SP095 SP125
3" --- +4
3/8" +4 +4
#4 +3 +3
#8 +3 +3
#200 +2 2

85
MINOR
DEVIATIONS

= Minor deviations outside
the tolerances are allowed
if HMA test results
indicate the binder
content, volumetrics, and
density are satisfactory

1 sieve smaller than NMS:
2% above master spec

#8:
2% outside master spec

e

nominal  max
control point max size

size l
W 3 236 475 95 125 190
Sieve Size, mm (raised to 0.45 power)

4

zone

Percent Passing
100
max density i
restricied

/Figure 3.10 Superpave Gradation Limits

#200:
within master spec

87
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COMPARISON TO
SPECIFICATIONS

Consensus tests:
mFAA,. -2%
mCAA,, -5%
wSE.. -5%
m T&E . +2%

88

Section 403
CONSENSUS REQUIREMENTS
on blended aggregate

Traffic CAA FAA SE F&E*
Level

F |55/none| -- 40 10

E |75/none| 40 40 10

(4 95/90 | 45 45 10

B |100/100| 45 50 10

1/30/2020

*SMA ¢ 20% @ 3:1and < 5% @ 5:1

(Want a more cubical particle)
89

FIELD TOLERANCES
Example: C mix

n FAA: 45-2= minimum of 43
» SE: 45-5= minimum of 40

m T&E: 10+2= maximum of 12
m CAA: 95-5= minimum of 90

90-5= 85
50...90/85

90

30
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AGGREGATE

Acceptance:

= Be within tolerance of
JMF values (Gradation
and Consensus tests)

m Be within standard specs
(Deleterious)

= Compare “favorably” with
QA results

91

COMPARING
QA TO QC
(QC Retained Sample)
m Consensus Tests:
mCAA: QC + 5%
sFAA: QC £ 2%
nSE: QC=+8%
nT&E:QC+1%
m Gradation: see table
n If QC meets spec and QA
compares favorably
(verifies QC) but QA is
out of spec, the sample

asses
P 92

EXAMPLE
COMPARISON

nFAA: QC= 46, QA= 48
n Is there “favorable
comparison"?

= Yes, must be within 2, and
they are.

93
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UNFAVORABLE
COMPARISON

= FAA most prone to
“unfavorable comparison”
because of incorrect specific
gravity (eg-just using G,
from JMF, which erroneously
would include Gs of coarse
aggregate)

[ GRADATIUON |

on QC retained sample so are running same

of sample

Sieve Size Percentage points

23" +5.0%

3 +5.0

3/8" +4.0

#4 +4.0

#8 +3.0

#10 +3.0

#16 +3.0

#20 +3.0

#30 +3.0

#40 +20

#50 +20

#100 +20

# 200 +10 o=
UNFAVORABLE
COMPARISON

» If unfavorable
comparison, initiate
“dispute resolution”

96
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Conclusion

= Everyone is at a different
knowledge level about
Superpave.

= Work together, not
against each other.

= Early on: Watch each
other pull samples and run
tests

m Big differences in results
come from QA and QC
using different sampling
and splitting procedures

97

33
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Who's Who?

= Quality Control (QC) is
the hot mix asphalt
contractor.

= Quality Assurance (QA) is
the specifying agency.
MoDOT.

m QC can also refer to the
aggregate producer.

PROJECT
FLOWCHART

= 1. Paving contractor writes
Bituminous QC plan; submits
QC plan to MoDOT (the mix
design is of ten submitted at
the same time)
= 2. MoDOT grants final
approval of QC plan.
= 3. Paving Contractor
contracts with
Aggregate Producer.
Samples aggregate
for mix design (often, this
is done earlier)

12/17/19
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Important

= Agreement between Paving
Contractor and the Quarry
as to gradation tolerances

FLOWCHART, cont'd.

= 4. Paving contractor submits
mix design info (Job Mix
Formula=TMF) to MoDOT
through the district.

= 5. MoDOT Central Lab will
verify the mix if QC lab
does not have an AMRL round-
robin rating of 3-5 and be
within 2 standard deviations
on each test. JMF approval
granted (still have to sample
aggregate if running nuclear
gage so MoDOT can calibrate;
or building a database)

= 6. Aggregate production begins
(actually, Superpave rock is
more common now)

= 7. Hot mix production begins.
See "Hotmix Production.” g




MaDOT

PRODUCER Monitors geology & Performs
benchmark physical testing of
Ongoing production crushed product
Non job specific Preliminary Ledge ID sampling
Annual source sampling during
production (ledge specific)

<<= ]

CONTRACTOR

Initiates contact with quarry y
Samples product for the - eevnveemee-pe]  PRODUCER NOTES

purpose of designing a job mix
('1) *1 The producer may use any combination of
ledges so long as the crushed product meets the

Makes pro'ductlon agreements minimum requirements for that material section.
with producer

*2 MoDOT will not set requirements for
agyregate quality control but the producer will
need to be ahle to designate what is in each
fraction.

*3 Material acceptance is based on combined

¥ belt sample.
CONTRACTOR ' )
*4 Gradation & del for 401 mixes. Include
. . MoDOT concensus tests for 403 mixes.
Designs mix - - mix review/
Submits mix design to approval *5 Percent Del.
District : s

*6 Plon 401 mixes. If Pl > 3 on job mix, TSR

will be required during mix production.

p Contractor may elect to avoid TSR during
production by making available test results of Pl
Production during aggregate production.

Aggregate QC & QA is
per the agreement
between producer and
contractor ("2)

CONTRACTOR MoDOT
Produces final product - QA testing per cantract
: Contract administration
QC testing per contract Material . d
(3,4, "5, *B) atenal acceptance i1s made
e off the belt
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AGGREGATE
INSPECTION

= QC and QA perform tests

at the mixing facility,

compare results to each

other and:

= Job Special Provisions

» Standard specifications
(the version in effect on
day of bid letting)

m Engineering Policy Guide
(EPG) guidelines

HOTMIX
INSPECTION

= QC and QA perform
tests, compare to each
other and to:
= Job Special Provisions
= Standard Specifications
= Engineering Policy Guide

= Must use spec in force on
contract date unless QC
requests change

= Pay factors are computed
("Best Management Practice”
says at the end of each lot,
now)

Quality Control

m QC is the contractor's
responsibility to do the
necessary testing during the
production of the hot mix
asphalt pavement to ensure a
durable, well performing
product is achieved.

= QC involves comparing the
contractor's test results to
the specifying agency's
requirements and
specifications; should use
QC's equipment for
comparisons to work
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Quality Control

» The contractor provides
control of all steps of the
process: aggregate, binder,
additives, mix design, HMA
production, and compaction.

= The contractor is
responsible for providing
properly trained personnel
and testing equipment.

= QC must always perform
tests diligently and in
compliance with all
specifications.

10

Quality Assurance

= MoDOT personnel assure
that the quality controls
are working properly.

= QA personnel must also
be properly trained.

= QA must always perform
tests diligently and in
compliance with all
specifications.

Quality Control Plan

» The Quality Control Plan
is a means for the
producer to describe how
control of the operation
will be accomplished to
ensure the materials
produced meet
specifications.

= The Quality Control Plan
should not try to bypass
any Standard
Specifications or Special
Provisions. 12




HMA Quality Control
Plans

u Prior to the approval of
the trial mix design the
HMA contractor will
submit a QC Plan to the
District which adds
traffic and the sends to
MoDOT Construction &
Materials in Jefferson
City

13

QC PLAN

= "Short Form”
="On file"

14

QC PLAN
Short Form

Contract name

Contract #

Job #

Route

Contractor rep in charge of QC plus
contact info

Project level rep plus contact info

Lot & sublot sizes and how they will
be designated

Binder content test method

Number of cores cut per sample
(more cores may be an advantage; up to
3 cores per “sample”, traveled way and
unconfined longitudinal joint)

Whether gradations will be on T308
residue

Name, address, and phone number of
the third party testing lab that will be
used for dispute resolution. 15
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Items to be included in
the HMA QC Plan-
On File

m Location and phone
number of the asphalt
plant.

m List of material suppliers
(not aggregate).

m List of personnel that will
be performing QC testing,
their responsibilities, and
their Superpave QC/QA
certification number.

16

Notes

= Lot sizes can be different
for the same project (eg.
3000tons first lot, 10,000
thereafter)

» Third party cannot be the
the one that performed the
mix design

17

Items to be included
in the HMA QC Plan

» Stockpile procedures at the
asphalt plant.
= Minimum stockpile size.

» How will material be loaded into
asphalt bins.

u Steps should minimize
degradation, segregation, and
contamination.

» Method for transporting
samples from roadway to
testing laboratory.

» Sampling/ Testing procedures
and their corresponding
AASHTO/ASTM/MoDOT
specification number.

18
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Items to be included
in the HMA QC Plan

= Discuss how segregation
is to be minimized and
what will be done if
segregation is
encountered.

m Describe how and when
cores will be taken from
the roadway.

19

Items to be included
in the HMA QC Plan

m Describe how retained
samples and cores will be
maintained.

m Describe how retained
samples and cores will be
designated and labeled.

= Describe steps to be
followed if the loose mix
sample location falls on a
roadway obstruction or at
the beginning of the day
before the plant has
leveled out.

20

Items to be included
in the HMA QC Plan

= State the course of
action for out-of-
specification mix.

= Discuss how a re-sample
will be collected if a
sample is contaminated.

21
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Items to be included
in the HMA QC Plan

= Describe how the rolling
pattern will be
determined.

» State what will happen if
equipment failure occurs.

m Describe how the plant is
to be calibrated.

= State if control charts
will be used.

= Attach copies of unique
data sheets.

22

Items to be included
in the HMA QC Plan

m Provide a detailed
description of your mix
design process.
= Explain how aggregates were

combined.
u Explain mixing technique.
(duration, type of mixer etc.)
= Explain how Specific Gravities
of the aggregate were
determined. (plus #4?, plus #
8?, or combined?.)

u Include any information that
will eliminate testing
variations.

23

PRE-PAVING
MEETING

mGo over QC/QA
Project Checklist

m Include course of action
for out-of-specification
mix

= Will substantially
reduce conflict

24
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Checklist Items

= Review QC Plan

= Random Number
Method (and who:
roadway? Plant?)

» Sample Identification
(what, how, who)

m Location of QC Lab
= Rice Dryback
n Dispute Resolution

= Paperwork Sharing &

Storage
9 25

Checklist Items,
cont'd.

= Pay Factor Spreadsheet
Version -the one in effect
on the contract date
(current version is posted
oh MoDOT websiTef

= Test Method Options
= Job Mix Approval

= Specifications to Review
(use spec version in force
at time of bidding)

m Anything else important

to the Project
26

I have a
disagreement with
QC that we can't
resolve. What do T
do now?

27
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Conflict Resolution

Example
3rd
/ Party
District

QC <€—> (Construction
Manager Materials Engineer
QC] > Resident
Supervisor Engi“leer
QC <« QA
Technician Technician

28

Example QC Plan

Bituminous Quality Control Plan

Project Namber: J610000 Roate: 70
Contract ID: 000716-600 County: Warren
QC Personnel

QC contact persan Joe Miner 73 555 1212

On.site OC coniactperson  Joe Miner J. 73 555 1243
LotSub-lot

Lotsshallbe 3000 ton with & minimum of our sublots o each ot except the st ot hall
be greater an 3000 toes, Sublos thall be 750 oas for Asphalt Cootent, VMA, aad
Percent Air Voids.

A1l b i scbl

Asphalt Content Determinstion
Asphals comeat will be determined by the binder ignition oven
Density Core

here will be 2 cores e per sample.

Third Party Resolution

Rolla, MO 65401

29
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Example QC Plan

Bituminous Quality Control Plan

Project Number: J610000 Route: 70
Contract ID: 000716-600 County: Warren
QC Personnel

QC contact person Joe Miner 3573 555 1212

On-site QC contact person  Joe Miner Jr. 573 555 1212

Lot/Sub-lot

Lots shall be 3000 ton with a minimum of four sublots to each lot except the last lot shall
be greater than 3000 tons. Sublots shall be 750 tons for Asphalt Content, VMA, and
Percent Air Voids.

Lots will be designated by number and sublots will be designated alphabetically.
Asphalt Content Determination

Asphalt content will be determined by the binder ignition oven

Density Core

There will be 2 cores cut per sample.

Third Party Resolution

ACME Testing Lab, Inc

2000 Quarry Road
Rolla, MO 65401

29
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SAMPLING LOOSE
MIX AND CORES

Resources

= 403 specification

= General provisions &
Supplemental Specifications

= AASHTO Test Methods:
u R 97 Sampling Asphalt Mixtures
= R 47 Reducing Sample Size

= EPG

= FAQ

m Short Course Notebook

12/17/19
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LOTS and SUBLOTS

= Sampling, testing, and
payment is done on a
lot-by-lot basis.

——— |LoT

Sublot
1

Sublot
2

Sublot
3

Sublot
4

Sta Sta Sta Sta Sta
100 110 120 130 140

QC QA
‘‘‘‘‘‘‘‘‘‘‘‘ s Sampling

LOTS and SUBLOTS,
cont'd.

m Definition of a "Lot":
No specified limitation

Typically 3000 or 4000
tons

Sometimes much larger
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LOTS AND
SUBLOTS, cont'd.

= Sublot:

mmust have at least 4
sublots per lot

= Maximum sublot size= 1000
tons

mnumber of lots:
Contractor's choice--put in
QC plan

mmore sublots means more
lab work, but may increase
pay factor somewhat

n If lot=3000 tons, a sublot=
750 tons

LOT ROUTINES
403 Mixes

= Traveled way + integral
shoulders

= Non-integral shoulders (if
Superpave)

= If not Superpave (eg, BP-1),
random numbers not
required- see "hon-traveled
area” notes

Traveled Way and
Shoulder Types




Traveled Way and
Shoulder Types

LIGHT DUTY PAVEMENT (>3500 ADT)
DUAL LANE FACILITIES

FIGURE 4-04.1

| ol SLLDER TYPE A2
: 14" ' I ¥IDTH VARIES
/- 7 i T |

<=——EDGE OF TRAVELED -WAY l EDCE OF TRAVELED WAY —=={

1-3/4* TYPE m&

1-3/4* TYPE IC
Vun 1-3/4" PMBP

RIGID
128"
30' e
__SHOULDER_ | 24" | —FI SHOULDER TYPE A2
TYYPE AL ‘
16" 14" YIDTH VARIES
FIGURE 4-04.1 4L 12 17 | 2 SEE FIC
P 1-3/4* TYPE IC
[==——EDGE OF TRAVELED ¥AY EDGE OF TRAVELED WAY /DR 1-3/4* pugp
VARIABLE THICKNESS NON-REINFORCED PORTLANO CEMENT CONCRETE
= PAVEMENT WIJH 15' JOINTS % %
4° TYPE 5 BASE ¥
S~ soiL SoIL

dAﬂlABLE I’HICKNESilPLANT MIX BITUMINOUS BASE ¥ %
Pace

SEE FIGUI
/

"N4* PuBB
Qa
| L © Po Po T 4N |

¥ ALTERNATE 2' ROCK BASE
PTH REQUIRED.

AS AVJLABLE ON JOB.
SEE FIGURE 03.5.]

""Integral sholilder

—_—
PAVEMENT SLOPE

Traveled way Non-Integral
.Light Duty Rigid and Flexible Pavement

Details for Dual Lane Fnciiiti%émldé?{

PAVEMENT SLOPE

4" DITCH
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SAMPLE TYPES

= QUALITY LEVEL
ANAYSIS (QLA)

u QC- for determination of pay
factors

u QA- for seeing if QC samples
define the characteristics of
the lot (“favorable
comparison”)

= "Extra” or “check” or
"self-test” samples

= Samples should be clearly
marked as to what they
are

10

EXTRA or CHECK
SAMPLES

Extra sampling done by
MoDOT or contractor to:
= Check how the mix is doing

= Investigate problem areas e.g.
does a problem exist?

= Determine limits of the problem
= Can be from truck, plant,
mat

= Not random-cannot be
used for QLA

EXTRA or CHECK
SAMPLES

m Can be used to define
removal limits, but must be
“well-documented”

12
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Circumstances
Warranting Relocation

= May need to move sampling
spot to avoid interfering
obstacles:
m Areas of hand-work

= QA sample in close proximity
to a QC sample in same
production period

= Manholes

= Approaches to overpasses
= Etc.

13

. ot

Sublot | | Sublot
3 4

Sta Sta Sta Sta Sta

100 110 120 130 140

QC QA

u Sampling

“"WELL-DOCUMENTED"
The Following are
Available:

m Gyro pucks
m Gyration/height printouts
= Binder content printouts
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LOOSE MIX
Volumetric/%Binder Sample
Roadway
Qc

= Sampling Frequency:
u QC: one per sublot

16

Stratified Random

Sampling
Sublot | | Sublot | |Sublot| | Sublot
3
0
0
' 0

Sta Sta Sta Sta Sta
100 110 120 130 140

LOOSE MIX
Volumetric/%Binder Sample
Roadway Only
QA

u QA: one per 4 sublots-
“independent sample” (spec
403.19.3)

= QA: once per day test QC
“retained sample”. This may be
omitted on days when
independent QA sample is
taken, if confident and
“favorable comparison” exists
between QA's QC split and QC
(403.1.18 EPG & FAQ #14)

18
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Retained Samples

403.17.2.3 - Retained
samples should be clearly
labeled and not discarded
until all QC/QA comparison
issues are resolved. If
the lab becomes crowded,
the RE should store the
samples in the project
office. The retained
sample is a contract
requirement and belongs to
the Commission. If the
contractor wishes to keep
ADDITIONAL mix for
internal use they may of
course do so

19

FAVORABLE
COMPARISON

QC:QA

u Gyt Within 0.005
u G, within 0.010
u P, within 0.1%

20

LOOSE MIX
QLA
Volumetric/%Binder
Sample, cont'd.

= Random locations
= QC= required
= QA= required
(Might become part of the

dataset from which Pay
Factors are computed)

21
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LOOSE MIX:
TSR Sample

= QC: 1 per 10,000 tons or
fraction thereof

= QA: 1 per 50,000 fons or
minimum 1 per
combination of projects

m Random locations
n Required by spec
= Not enforced (EPG)
22

LOOSE MIX
SAMPLING LOCATION

» Volumetrics/binder content
sample- ROADWAY

n (use of spray paver or trackless tack may
contaminate sample-consider an alternate

sample type)
= ROADWAY* g
u PLANT DISCHARGE™

= TRUCK -
* Preferred

QA should get sample same
place as QC, but not at same
time 23

SAMPLING: QC
Volumetrics/Binder

m QC gets their own
volumetrics & %binder
sample plus a “retained”
sample for QA behind the
paver

m Size: about 50 Ibs each

m Additional 75-125 Ibs for
TSR (plus another 125 Ib
sample retained for QA)
behind the paver, at the
plant, or a truck sample

n Depth: full depth of the
course

24




QC SAMPLING,
Volumetrics/Binder cont'd.

u Preferred: ~100 Ibs,
mixed, quartered, from 2
opposite quarters 50 Ibs
retained for QA

25

QA SAMPLING

= QA gets their own
“independent” sample plus
their retained sample

= Samples that are used for
comparison to QC (QLA)
should be randomly
located

26

LOOSE MIX SAMPLE
LOCATION

= Longitudinal position in
terms of tons of mix from
the start of the lot

= Transverse position in
terms of distance from
edge of mat

27
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Sublot 1- Sample
Location

Longitudinal (j\)

Transverse|(B)

QC QA

Consinucton » Sampling

Random Numbers

E

PECTT:CE

Sublot 1
Longitudinal = 0.892 x 1000 = 892 FT
Transverse = 0.696 x 12 = 8.4 FT

892 Feet 12 F1

(] T
8.4 Fee

} 1000 i
Feet
QC QA
Consirucion w0 Sampling

10



Random Numbers

RANDOQM NUMBERS

3 5 T
A B A 8 | A | B A B A B
576 130 430 a5 an i 870 | R N 998 239
892 948 858 | 025 938 | 4 G US| 508 | .49 | 291 '
669 26 S0 | o402 ¢o2; o s08 1 009 | o420 | S17 | 858
609 482 809 240 1 396 | 328 937 310 283 261 |
97U | 824 | 902 | 40 b o997 | 392 | 892 | 957 | 640 | 463 !
083 899 | 554 627 AN 760 470 240 304 393
810 189 | 225 | 163 | 549 405 | 285 | 542 | .23 919
081 21 035 | 039 | 860 | 507 | 081 | 538 | .986 501
982 | 468 | 33 | 91 690 | 806 | 879 | 414 | .106 931
095 801 S$% | 417 | 251 | 884 | 522 | 235 | 398 222
509 08 | 94 | 850 | 917 | 381 | 781 608 | 698 683
I 059 | .64 | 838 | 289 | .69 | S69 | A7 | .19 996
165 996 | J3s6 | 315 | 654 | 319 | 8IS | S92 | 348 743
477 535 A3 | oass | e | a8 | 519 | 787 | 388 595
788 101 AN | 638 | 894 | 32 | 811 | 698 539
566 815 | 622 | S99 | 947 | 69 | 817 | 472 | 854 466
901 342 | 873 | 964 | 942 | 985 | .23 | 086 | 335 212
470 682 | 412 | 064 A0 | 962 | 925 | 355 | .909 019
068 242 | 667 | 3%6 | 095 | 313 | 396 | 460 | 740 W7
874 420 | 27 | 8¢ | 448 | 215 | 833 | 652 | .60l 326
897 877 | 209 | 862 | .48 | .17 | 00 | 259 | 425 | .284
878 969 | 09 | 843 | 759 | 239 | 8% | 317 | .48 | 302
A90 | 696 | 57 | 283 | 666 | 491 | 823 | 665 | 919
341 688 | 587 | 908 | 865 | 333 | 328 | 404 |, 892 .6963
846 355 | 831 | 8 | 945 | Jed | 673 | 305 |/ 095 | 387
882. | 227 | s | 077 | 454 | 31 | 716 | 265 p 058 | 078 g
464 658 | 629 | 269 | 069 998 | 97 | 207 P _220_ |~
123 791 S03 | 447 | 659 | 463 | 994 | 307 | 631 | .4
116 20 L ou | a3 | 263 | a7 | 798 | 879 | 432 | 391
836 206 | 914 | 574 | 870 | 390 | .04 | 755 | 082 | 939
636 195 | 614 | 486 | 629 | 663 | 619 | 007 | 296 | 456
630 | 673 | 665 | 666 | 399 | S92 | 441 | 69 | 270 | 602
804 | 12 | 33 | 606 | 551 | 928 | 830 | .84l 602 | 183
360 193 | a8 | 399 | 64 | 172 | 890 | 062 | 919 | 878
183 651 157 | as0 | 800 | 875 | 205 | 446 | .648 | 985

29
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RANDOM NUMBERS

m Position of each loose mix
sample and core: a
transverse distance and a
longitudinal distance

» Distances are determined
by random numbers-one for
longitudinal (A), one for
transverse (B)

= The pair of random
numbers are different for
each sample location ( core
or loose mix) QC, or QA.

31

RANDOM NUMBERS

= RN's are generated by QA
= Methods of generating RN's:
u use of RN tables

= by computer (routines, websites,
MoDOT spreadsheet etc)

32

Random Numbers

= Object: to produce unbiased
samples-sample bias occurs
either during construction or
during sampling

» QC should provide
contingencies in QC Plan to
handle RN's in weird locations
(does not apply to early
tonnage e.g first 50 tons)

33

1



RANDOM NUMBERS

m | s | s | o |

ol I
m')”l!ﬂ‘.lﬂ“m‘m
‘m!m‘.m{n ]

RN TABLES

u Pick pairs row by row
or column by column

= Don't jump around

35

RANDOM NUMBER
GENERATION

m MoDOT spreadsheet is
the preferred method

m Use the "Asphalt Random
Location spreadsheet”
(FAQ #5b)

m MoDOT internal site:

http://eprojects/Template/Forms/All
Items.aspx

36
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RANDOM NUMBERS

) Y 5
A B A 8 A LB A B A B
576 730 430 501 an i 80 I 998 239
892 . 948 | 88 [ 025 ;935 | .4 | A8y | s08 | .49 | .29
669 . 16 0 800 | 402 i3t ¢ 505 | 009 | 420 | s17 | sy |
609 482 809 40 1396 28 937 J10 283 761
97U | 8u | 902 | 470y 997 | 391 | 892 | 987 | 640 | 463 !
053 | 899 | s8¢ | 627 | .47 | 60 | 410 | 240 | 304 | 39
810 | 89 | 225 | .63 | 549 | 405 | 285 | s42 | 231 | 919
081 217 | 035 | 039 | 860 | 507 | .08t | 538 | .98 | .50
982 | 468 | 3¢ | 92 | 690 | 806 | 879 | 414 | .06 | .93
095 | 80t | s%6 | 417 | 251 | 884 | 522 | 235 | 398 | .an
09 | 015 | 94 | .ss0o | 917 | 387 | s | 608 | .698 | .683
370 | 059 | s | 838 | 289 | 69 | s69 | 317 | 96 | .99
165 | 996 | s | 318 | 654 | 319 | 815 | 591 | 348 | 74
a1 | s | oz | oass | oer | a1 | 819 | 87 | 358 | .95
788 | .01 | 434 | 638 mo| 89 | 324 | 81 | 698 | 539
566 | 815 | 622 | 549 | 947 | 269 | 817 | 472 | 854 | 466
901 342 | 873 | 964 | 942 | 985 | .23 | 086 | 335 | 2n
470 | 682 | 41z | 064 | 150 | 962 | 95 | 355 | 909 | 019
068 | 242 | 667 | 386 | .95 | 313 | 396 | 460 | .40 | 247
874 | 420 | 17 | 28¢ | 448 | 215 | 833 | 652 | .601 | 326
897 | 877 | 209 | 862 | .48 | .47 | .00 | 259 | .25 | .84
875 | 969 | .09 | 843 | %9 | 239 | 8% | 317 | .28 | 302
190 | 696 | 757 | 283 | 666 | 491 | 823 | 665 | 919 ..
341 | 688 | .87 | 908 | 868 | 333 | 328 | 404 |. 892 .s9s§
846 | 355 | 831 | 218 | 945 | Je4 | 673 | 308 { 195 | 387
882. | 227 | s, | 077 | 454 J6 | 265 p 058 | 078
asa | oass | oa | ae | oo (e Dov | an h ol
123 | 90 | s03 | 447 | 659 T 994 | 307 | 1 | .
16 | .20 | oan | a3 | 263 98 | 819 | a3 | 391
836 | 206 | 914 | 574 | 870 | 90 | .104 082 | 9%
36 | 195 | 614 | 486 | 629 | 663 | 619 195 456
630 | 613 | 665 | 666 | 399 | S92 | 441 | TR 270 | 602
804 | 12 | 33 | 606 | 551 | 928 | 830 | 841 | 602 | .183
360 | .93 | st | 399 | se4 | 72 | 890 | 062 | 919 | 875
18y | 681 | ast | aso | 800 | 875 | 208 | 446 | 648 | 985
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LOOSE MIX

LOOSE MIX SAMPLING
STEPS-
Typical Scenario (EPG)

1. QA generates pairs of RN's for
upcoming lot. Numbers are
placed in a sealed envelope &
kept in a secure location in QC
lab. QA keeps a copy. Both QA &
QC sign & date the seal (FAQ
#5).

39
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MoDOT
SPREADSHEET

APIW 4.11 12/17/20(

MISSOURI DEPARTMENT OF TRANSPORTATION

PLANT INSPECTORS WORKSHEET
VERSION 4.11 FOR MS EXCEL FOR WINDOWS - - - Release date: 08/21/07

FOLDER ON D:\ temp **NOTE**: See

CHECK ID userid data between
DATE 20090824
MIXTURE NO.  SP12509-95
LOT/SUBLOT NO 5 IHA[B]C|ID[E]|F]
CONTRACT ID.
JOB NO.
ROUTE 36
COUNTY DeKalb DeKalb
LINE NO. 0230 QUANTITY  2155.46 0210 QUANTITY 776.28 QUANTITY
LINE NO. QUANTITY QUANTITY
PRODUCER
MATERIAL SP125C
MATERIAL (OLD) Material Short NameO
GRADATION | GRADATION !
1 2 LOOSE MIX DENSITY RANDOM JOINT RANDOM
GRADATION | GRADATION e RANDOM NUMBER NUMBER NUMBER
3 4 »
SUMMARY PAGE gl TRANSFER TO V:\ HELP
PRINT PRINT LOOSE PRINT DENSITY PRINT JOINT
L voLuMETRIcs | PRINTSUMMARY | \ix RANDOM # RANDOM # RANDOM #

37



LOOSE MIX

JOoB 0 ROUTE 0 MIX NO. SP125 03-95 LOT NO. 5
NO. TONS 3000 QA SAMPLE TONS *"T" 3000
BEGINNING TONS "BT" 0
TECHNICIAN == phillgt:iiiiiii: ENDING TONS "ET" 3000
WIDTH e 2eass
RANDOM NO. 1 F A X=T x A TONS = BT + X
A 3000 0.7512 2254 2254 QA SAMPLE
0.7512
WIDTH B W = WIDTH - 2 WxB | OFFSET = 1+Wx B
12 0.9344 10 9 10
To Center of Sample
SUBLOT A TONS IN SUBLOT *T" 750
- - BEGINNING TONS "BT" 0
TECHNICIAN  _:::::cphilled: oo ENDING TONS "ET" 750
WIDTH piiTigatin
RANDOM NO. T A X=T x A TONS = BT + X
A B 750 0.4397 330 330
0.4397 0.0513
WIDTH B W = WIDTH - 2 Wx B | OFFSET = 1+W x B
12 0.0513 10 1 2
To Center of Sample
SUBLOT B TONS IN SUBLOT *T* 750
BEGINNING TONS "BT" 750
TECHNICIAN  :i:phillcd::::ii i 00 ENDING TONS "ET" 1500
WIDTH ets 2t
RANDOM NO. T A X=T x A TONS =BT + X
A B 750 0.6380 479 1229
0.638 0.2229
WIDTH B W =WIDTH - 2' WxB | OFFSET =1+Wx B
12 0.2229 10 2 3
To Center of Sample
SUBLOT C TONS IN SUBLOT *T* 750
BEGINNING TONS "BT" 1500
TECHNICIAN :::i:phillcd:iiiiiiiiiiii:: ENDING TONS "ET" 2250
WIDTH sE e Poia
RANDOM NO. 17 A X=T XA TONS = BT + X
A B 750 0.3303 248 1748
0.3303 0.2401
WIDTH B W = WIDTH - 2 WxB | OFFSET =1+W x B
12 0.2401 10 2 3
To Center of Sample
SUBLOT D TONS IN SUBLOT *T* 750
BEGINNING TONS "BT" 2250
TECHNICIAN i ophillcd: - iiiiiiiii ENDING TONS “ET" 3000
WIDTH e heaae
RANDOM NO. T A X=T xA TONS =BT + X
A B 750 0.0596 45 2295
0.0596 0.0308
WIDTH B W = WIDTH - 2' WxB | OFFSET = 1+WxB
12 0.0308 10 0 1

To Center of Sample




12/17/19

Typical Scenario
(EPG)

QA uses RN's to calculate the
longitudinal measurement to
sample (ton or distance) and
the transverse measurement

(distance). ™
"E;

2. QA gives info to QC 100-150
tons in advance of the test
(FAQ #6).

40

SAMPLING STEPS,
cont'd.
3. QC gives info to plant operator.

4. Plant operator marks ticket of
the load that the RN ton fell in.

5. QC follows truck to site.

6. Roadway inspector notes the
location (station) where the load
went down. This will be arbitrary.

7. Samples should not be taken in
areas of handwork; move 10 f+
ahead of affected area (FAQ #ﬂ

SAMPLING STEPS,
cont'd.
= 8. QC measures transversely
from edge of mat to the
sampling location.
"Edge of mat":
= Which edge is not specified

u Typically: away from traffic
for safety

u Once defined, keep consistent

42

14



SAMPLING STEPS,

cont'd.

9. Loose mix is removed from
roadway, sometimes with aid of a
template.

10. QC places sample in insulated
container and transports it to mobile

lab. m
W 43

SAMPLING STEPS,

cont'd.

11. Sample is split
down and tests are
begun.

12. When testin
completed, envelopes
are opened to verify
non-manipulation
(FAQ #6).

Procedure for QA
sample is similar. ~ 44

12/17/19

LOOSE MIX
SAMPLING EXAMPLE

m See example

45
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MoDOT
SPREADSHEET

APIW 4.11 12/17/20(

MISSOURI DEPARTMENT OF TRANSPORTATION

PLANT INSPECTORS WORKSHEET
VERSION 4.11 FOR MS EXCEL FOR WINDOWS - - - Release date: 08/21/07

FOLDER ON D:\ temp **NOTE**: See

CHECK ID userid data between
DATE 20090824
MIXTURE NO.  SP12509-95
LOT/SUBLOT NO 5 IHA[B]C|ID[E]|F]
CONTRACT ID.
JOB NO.
ROUTE 36
COUNTY DeKalb DeKalb
LINE NO. 0230 QUANTITY  2155.46 0210 QUANTITY 776.28 QUANTITY
LINE NO. QUANTITY QUANTITY
PRODUCER
MATERIAL SP125C
MATERIAL (OLD) Material Short NameO
GRADATION | GRADATION !
1 2 LOOSE MIX DENSITY RANDOM JOINT RANDOM
GRADATION | GRADATION e RANDOM NUMBER NUMBER NUMBER
3 4 »
SUMMARY PAGE gl TRANSFER TO V:\ HELP
PRINT PRINT LOOSE PRINT DENSITY PRINT JOINT
L voLuMETRIcs | PRINTSUMMARY | \ix RANDOM # RANDOM # RANDOM #

46



LOOSE MIX

SeTCAnDon
NUVME & (e

wor s Howwn |

s STATIONG
Tor EACLH
SVU®E © r

rCRO(Lf- OE

(Q) ‘) o <

ONCONTFL e D
J oS

JOB 0 ROUTE 0 MIX NO. SP125 09-85 LOT NO. 5
NO. TONS 3000 QA SAMPLE TONS *T* 3000
BEGINNING TONS "BT* 0
TECHNICIAN .. iphillef i ENDING TONS "ET" 3000
WIDTH A12:

RANDOM NO. TONS =BT + X
A B
0.7512 0.9344
SUBLOT A TONS IN SUBLOT "T* 750
, BEGINNING TONS "BT" 0
TECHNICIAN -2t phillet = ENDING TONS "ET" 750
WIDTH ad@e
RANDOM NO. T A X=TxA| TONS=BT+X
A B 750 0.4397 330 330
0.4397 0.0513
WIDTH B W =WIDTH - 2! WxB | OFFSET =1+Wx B
12 0.0513 10 1 2
To Center of Sample
SUBLOT B TONS IN SUBLOT "T* 750
BEGINNING TONS "BT" 750
TECHNICIAN - phillct = 35 ENDING TONS "ET" 1500
WIDTH 112
RANDOM NO. T A X=TxA| TONS=BT+X
A B 750 0.6380 479 1229
0.638 0.2229
WIDTH B W=WIDTH - 2' WxB | OFFSET = 1+W x B
12 0.2229 10 2 3
To Center of Sample
SUBLOT C TONS IN SUBLOT *T* 750
BEGINNING TONS "BT" 1500
TECHNICIAN phiRGT:z:E st ENDING TONS "ET" 2250
WIDTH 2%
RANDOM NO. T A X=TxA| TONS=BT+X
A B 750 0.3303 248 1748
0.3303 0.2401
WIDTH B W =WIDTH - 2' WxB | OFFSET =1+WxB
12 0.2401 10 2 3
To Center of Sample
SUBLOT D TONS IN SUBLOT "T* 750
BEGINNING TONS "BT" 2250
TECHNICIAN - phiflet -2 ENDING TONS "ET" 3000
WIDTH S R
RANDOM NO. T A X=TxA| TONS=BT+X
A B 750 0.0596 45 2295
0.0596 0.0308
WIDTH B W=WIDTH - 2' WxB | OFFSET = 1+W x B
12 0.0308 10 0 1

To Center of Sample



RANDOM NUMBERS

) Y 5
A B A 8 A LB A B A B
576 730 430 501 an i 80 I 998 239
892 . 948 | 88 [ 025 ;935 | .4 | A8y | s08 | .49 | .29
669 . 16 0 800 | 402 i3t ¢ 505 | 009 | 420 | s17 | sy |
609 482 809 40 1396 28 937 J10 283 761
97U | 8u | 902 | 470y 997 | 391 | 892 | 987 | 640 | 463 !
053 | 899 | s8¢ | 627 | .47 | 60 | 410 | 240 | 304 | 39
810 | 89 | 225 | .63 | 549 | 405 | 285 | s42 | 231 | 919
081 217 | 035 | 039 | 860 | 507 | .08t | 538 | .98 | .50
982 | 468 | 3¢ | 92 | 690 | 806 | 879 | 414 | .06 | .93
095 | 80t | s%6 | 417 | 251 | 884 | 522 | 235 | 398 | .an
09 | 015 | 94 | .ss0o | 917 | 387 | s | 608 | .698 | .683
370 | 059 | s | 838 | 289 | 69 | s69 | 317 | 96 | .99
165 | 996 | s | 318 | 654 | 319 | 815 | 591 | 348 | 74
a1 | s | oz | oass | oer | a1 | 819 | 87 | 358 | .95
788 | .01 | 434 | 638 mo| 89 | 324 | 81 | 698 | 539
566 | 815 | 622 | 549 | 947 | 269 | 817 | 472 | 854 | 466
901 342 | 873 | 964 | 942 | 985 | .23 | 086 | 335 | 2n
470 | 682 | 41z | 064 | 150 | 962 | 95 | 355 | 909 | 019
068 | 242 | 667 | 386 | .95 | 313 | 396 | 460 | .40 | 247
874 | 420 | 17 | 28¢ | 448 | 215 | 833 | 652 | .601 | 326
897 | 877 | 209 | 862 | .48 | .47 | .00 | 259 | .25 | .84
875 | 969 | .09 | 843 | %9 | 239 | 8% | 317 | .28 | 302
190 | 696 | 757 | 283 | 666 | 491 | 823 | 665 | 919 ..
341 | 688 | .87 | 908 | 868 | 333 | 328 | 404 |. 892 .s9s§
846 | 355 | 831 | 218 | 945 | Je4 | 673 | 308 { 195 | 387
882. | 227 | s, | 077 | 454 J6 | 265 p 058 | 078
asa | oass | oa | ae | oo (e Dov | an h ol
123 | 90 | s03 | 447 | 659 T 994 | 307 | 1 | .
16 | .20 | oan | a3 | 263 98 | 819 | a3 | 391
836 | 206 | 914 | 574 | 870 | 90 | .104 082 | 9%
36 | 195 | 614 | 486 | 629 | 663 | 619 195 456
630 | 613 | 665 | 666 | 399 | S92 | 441 | TR 270 | 602
804 | 12 | 33 | 606 | 551 | 928 | 830 | 841 | 602 | .183
360 | .93 | st | 399 | se4 | 72 | 890 | 062 | 919 | 875
18y | 681 | ast | aso | 800 | 875 | 208 | 446 | 648 | 985




SAMPLE LOCATION

» The random number location is
the center of the sample

n If the RN is ~0.000 or ~1.000,
the sample center could land on
the mat edge, and half the
sample would be missing

» Hence, the 1 ft offset line

u Keeps the sample in the mat of
interest

49

SAMPLE LOCATION

If the paving mat width is 14 or
16 ft, still run calculations
based on 12 ft, with omission
of 1 ft on each "side” of the 12
ft width

The intent is to sample the
"traveled way"

14" or 16'

12'

50

ROADWAY SAMPLING

= Using a square-nosed
shovel and possibly a
template, mark the area
to be removed

Bl e

= Remove all mixture within
the area

= Do not contaminate the
sample with underlying
material

= Avoid segregation of the
material 51

12/17/19
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SAMPLING

= Place in insulated container

= Carry back to mobile lab

= Split 100 Ib. sample at lab for gyro
pucks, Rice gravity, asphalt &
moisture contents, and retained
s_arnple ...... —

= Split 75-125 Ib. sample down for TSR
pucks and a Rice (could use Rice from
volumetric sample if in same sublot)

= Samples must have a unique
identification, even extra samples
used for identification of removal
limits 52

Mix Sampling

u Suitable Sample Container
o Clean, heat resistant
o Transport in insulated
container

Mobile Superpave Lab

18
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LAB LOCATION

= No longer required to
be at the plant

m To be located at a site
appropriate to the
work

55

CONFLICT
AVOIDANCE

= QC and QA should observe each
other's sampling & testing
procedures early on

,’:‘Y\
—— J

= Resolve sampling & testing
method issues early on

2 — —j 56

QUARTERING and
TESTING
= See insert for method.

X

= Specimen size for gyro &
MoDOT nuclear saniples
are on JMF. |

g =2 57

19



QUARTERING and
TESTING

m Specimen size for Rice &
ignition oven samples are in
the test procedures.

u Back of Module 7 cookbook
u Back of Module 8 cookbook

58

AASHTO R47

= Quartering templates |

= Quartering =g

= "Quartermaster

u Riffle splitters

» Incremental (loaf)

100 Ibs

= Mix, avoid segr‘ega‘rign
= Split/quarter

|~
W]

= Use appropriate release agent:
no solvents or petroleum-based

products
P

= Combine & retain opposite
quarters = 50 Ibs
= Combine other 2 opposite
quarters = 50 Ibs---continue
quartering as follows
60

12/17/19

20



Splitting loose mix
sample

Splitting the loose mix sampie taken
from the road - four samples

Quartering with
Mechanical Splitter “A”

62

Quartering

63

12/17/19
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Segregated Samples
from the Same Mix

Coarse Portion

Fine Portion
3.79% Asphalt 5.21% Asphalt
Binder Binder
Gonstructon OCI0A Representative 64

VOLUMETRICS-%AC
SAMPLE

=50 |b. sample -get
portions for:
u 2 volumetric gyro pucks
mRice specific gravity
m Asphalt content

(ignition oven or
nuclear)

= Moisture content

65

SAMPLE SPLIT

r %

s L

66

12/17/19

22



Gyro mold

Gyro Pucks - 6,

! Sczlile & controlled temperature water bath.

Sl L

12/17/19
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Maximum Specific
Gravity Test (Rice) E=F =y
_ -l

Location of Gyro
Weight on TMF

REMIX, SPLIT AGAIN
Nuclear & Moisture

Nuclear
and &
Moisture Nuclear
| and

Moisture

72

12/17/19




Location of Gyro
Weight on JMF

MISSOURI DEPARTMENT OF TRANSPORTATION - DIVISION OF MATERIALS
ASPHALTIC CONCRETE TYPE SP125HB

DATE = 10/29/03 CONTRACTOR = MY BUSINESS SP125 03-16
IDENT. BULK APPAR
NO. PRODUCT CODE / PRODUCER, LOCATION SP.GR.  SP.GR %ABS  FORMATION LEDGES % CHERT
35J5J001 100207_.LD1 / Hard Rock Stone, Dig Deep, MO 2.515 2.713 29 Jet City Dolo 58 25
35J5J002 100204..LD1 / Hard Rock Stone, Dig Deep, MO 2.476 2.725 3.7 Jet City Dolo 5-8 25
35J5J003 1002MS..MSLD / Hard Rock Stone, Dig Deep, MO 2.480 2.761 4.0 Jet City Dolo 5-8 10
30CAJ016 1002HL..HL. / Missy Lime Co. #2, Ste. General, MO 2.303 2.303 Hyd. Lime
| 0.9

36DLJ016 1015ACPG..7022 / Black Asphalt Products, Decoy, MO 1.023]
MATERIAL TSR = %
IDENT # 35J5J001 35J5J002 35J5J003 30CAJ016 35J8J( CcomB

03016 3/4" 3/8"MAN SAND | Hyd. Lime B! GRAD
11/2" 100.0 100.0 100.0 100.0 5] 100.0
1" 100.0 100.0 100.0 100.0 5] 100.0
34" 100.0 100.0 100.0 100.0 (5] 100.0
12" 97.6 100.0 100.0 100.0 5 98.6
3/8" 83.8 96.1 100.0 100.0 5 89.8
#4 318 350 99.9 100.0 1 51.3
#8 7.0 8.0 82.0 100.0 285
#16 26 35 40.7 100.0 146
#30 16 26 266 100.0 102
#50 16 21 13.5 100.0 6.7
#100 15 19 54 100.0 45
#200 15 18 42 99.0 42
LABORATORY Gmm = 2.405 % VOIDS = 4 = Wt. Nini = 9 MIX COMPOSITION
CHARACTERISTICS Gmb = 2.308 VMA. = 144 -200/AC = 1.1 3XN0 Ndes = 125 MIN. AGG 93.8%
AASHTO T312 Gsb = 2.629 % FILLED = 72 Gyro Wt. = 4610 Nmax = 205 ASPHALT CONTENT 6.2%
CALIBRATION NUMBER 90004 MASTER GAUG = A1 = 5234741
MASTER GAUGE SER NO. = 770 SAMPLE WEIGHT = 7200 A2= 3.436895

Aggregate & Mxture Properties Based on Contractors Mx Design

71
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REMIX, SPLIT AGAIN
Ignition Oven &
Moisture

Ignition
oven &
Moisture

73

Asphalt Content -
Ignition

GUA RTERING LOOSE MIX
Bot OC and OA samples must e mher fom me roadway Theyare s e taken
egarately. Tre sampie locations i bath ca ses wil be determined wih 3 Sifrent setof
2ers

fangom

Bor OC and QA samples shouid te quareres at e site sb

DRDER OF MPORTANCE

o2t whole £0 . loose mix sarmpie into e pan, Mix by

um o 4 mes wif: 3 £at-50MDm 32000, Shape Ato 3 ore. fa
piaces, cistrbte evenly on B %0 thatal 4 quariers get tre same amount Skape
the pit 30 thatall 4 quaniers Fave P same amountof mamra

B Insen quanering piates
. From a given quarter, pul just enough mix 1o make one g0 specimen (the required
weightis on he Job Mix Formula) and place in a clean pan. Ciean off scoop into he

pan.
Do the same for the opposie quanter, Flace an 1D g in 2ach pan

Puttha pans 10 Pié 011 b GTNE M 10 158 COMPA N MPRAL 1 Biamitan

= Do nothaat tha mox 3bo'e the moiding
termgarature

5. Frors 3 miid qua i, pullthe proper amou st o 3 Rice specinen and setaside for
coling:

25
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Sorape meterial sEu0k on e $590p i the spFromiat pan. Flace an D fag in sach|
pan.

2. Remove the quartering plates; remix e material, cone, flatten, quarter.

7. Remove 3uff cert material for the nuclesr sample. Thy s siiedon
the Job Mo Farmula s hest. Scrape the 35900; place ar

Compect nuclesr sample o the nucles” gage pen while mix i 381l warm (may hevel
1o remoarm

If running AC contert by the ignition oven method, cbisin e samele out of this
Quarier

76

*2008 PROCESS
REVIEW TEAM

= *Poor quartering procedures
(QC & QA)

» *Poor split sample retention

7

TSR SAMPLING

= Roadway
mPlant discharge
= Truck

= QA samples should be taken
from the same point as the
QC, although not at the
same time

78

26



QUARTERING LOOSE MIX
Both QC and QA samples must be taken from the roadway. They are to be taken
separately. The sample locations in both cases will be determined with a different set of
random numbers.

Both QC and QA samples should be quartered at the site lab.

GYRO #1 GYRO #2

RICE

ORDER OF IMPORTANCE

1. If the mix type to be quartered has changed since the last quartering, clean the 2'X2’
square pan. Otherwise, use a buttered pan. Butter = hot mix.

2. Place the whole 50 Ib. loose mix sample into the pan. Mix by turning material over a
minimum of 4 times with a flat-bottom scoop, shape into a cone, flatten. Bring up big
pieces, distribute evenly on top so that all 4 quarters get the same amount. Shape
the pile so that all 4 quarters have the same amount of material.

3. Insert quartering plates.

4. From a given quarter, pull just enough mix to make one gyro specimen (the required
weight is on the Job Mix Formula) and place in a clean pan. Clean off scoop into the
pan.

Do the same for the opposite quarter. Place an ID tag in each pan.

Put the pans into the oven to get the mix to the compaction temperature (SS=rrmete
: o " — : ; ferireontt -

fhfors ' . Do not heat the mix above the molding
temperature.

5. From a third quarter, pull the proper amount for a Rice specimen and set aside for
cooling:

SP250 - 2500 grams (minimum)
All others = 2000 grams (minimum)



Scrape material stuck on the scoop into the appropriate pan. Place an ID tag in each
pan.

. Remove the quartering plates; remix the material, cone, flatten, quarter.

. Remove sufficient material for the nuclear sample. The required amount is stated on
the Job Mix Formula sheet. Scrape the scoop; place an ID tag in the pan.

Compact nuclear sample into the nuclear gage pan while mix is still warm (may have
to re-warm).

If running AC content by the ignition oven method, obtain the sample out of this
quarter:

SP250 - 3000 to 3500 grams
SP190 - 2000 to 2500 grams
SP125 - 1500 to 2000 grams
SP095 and SP048 - 1200 to 1700 grams

. Obtain moisture sample from same sample as the asphalt content sample. Treat the
moisture sample the same as the mix sample in terms of the time interval between
splitting and testing.

. Leave the 2'X2' pan buttered if the type of mix will not change before the next 50 Ib.
Is quartered.

/6
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TSR Sampling-
Roadway

CAUTION

= Filling one bucket at a time
may render different
characteristics bucket-to-
bucket---better to place one
shovelful per bucket at a
time

= Should recombine and
quarter

80

PLANT DISCHARGE
(Chop Gate-Diverter Chute)

27



PLANT DISCHARGE
(Chop Gate-Diverter Chute)

= Divert entire production
stream from drum to a loader
bucket

= Sample all across the loader
bucket, one shovel per box ,
all boxes

= Repeat until boxes are full

m Cool (beware of dust)

 Close boxes

82

PLANT DISCHARGE
(Chop Gate-Diverter Chute)

m Re-heat material
= Mix all boxes
= Quarter with templates

= Remove quarters to 4
buckets

= Quarter each bucket

= Pull one puck from each
quarter

83

Truck Sampling

12/17/19
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Truck Sampling

CAUTION

= Sampling methods limits the
position of sampling

= Don't leave sample boxes
uncovered at this location—
may get contaminated with
dust and overspray of
release agent

86

Truck
“Mini-stockpile”

= About 2 tons sampled from
silo discharge into a truck

= Dumped

= Back dragged
= Sampled into, say,
or boxes...

m Back at lab, material is
combined, mixed, and
quartered , combined into 2
piles

= 4 pucks sampled from each
pile

4 buckets

87

12/17/19
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TSR SAMPLE

= Sample for six TSR pucks
(and possibly a Rice)

E g

88

TSR SAMPLE

= Quarter one combined
portion to obtain four TSR
puck amounts

TSR SAMPLE

= Quarter second combined
portion to obtain fwo TSR
puck amounts and a Rice

30
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TSR

Conditioned pucks

o N
Unconditioned pucks

91

Volumetrics
puck TSR puck

N0V 19 2004

92

TSR Testing

31
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QA TSR Sample

m QA inspector will box up
125 Ibs. of loose mix sample
and ship to Central Lab for
testing, retaining another
125 Ibs

QA TSR Sample

= Central Lab will determine
from testing the received
material the TSR puck weight
to be used

95

TSR BOX INFO

= Site Manager ID number

= Mix number

u G,,,, from sublot taken (QC or
QA)

» Specimen weight QC is using

96
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LOOSE MIX
TESTING

= Label samples!

» Re-heat mix to molding
temperature (use a
Temrerq‘rure probe in mix to
facilitate temperature
verification)

= Recommended to put gyro
material into oven immediately
to minimize additional binder
absorption and aging

= Begin cooling Rice sample

97

II. CORING
Mat Density

Reason For Compaction

+ To prevent further compaction

* To provide shear strength or resistance
to rutting

* To ensure the mixture is waterproof

» To prevent excessive oxidation of the
asphalt binder

98

Density Cores - G,
[ : &

HOY 15 2004
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USE of CORE

= Primarily to compute % Density:

n % Density = (6, / 6,,,) X 100
= G, from same sublot as core

n QA: use QC's G, if necessary

(403.23.7.2.1 and FAQ #16)
100

TYPES OF CORES

m QLA cores----QLA Pay
Factor

= Longitudinal unconfined
joint density cores----Pay
Adjustment Factor

= Non-integral shoulder
cores---Pay Adjustment
Factor

101

Types of Cores
= QLA

= Non-integral shoulders
= Unconfined joints

102
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QC/QA CORING
FREQUENCY & LOCATION

= QC: 1 sample per sublot

= QA: 1 sample per 4 sublots
Sample = 1 core. Up o 2 more cores
(if stated in QC Plan) can be

obtained, at the same offset, within
one foot of the random location

= Density is average of all 2-3 cores

= QA core can be at same location as
one of the QC cores: same offset;
within 6" longitudinally; or randomly
located

= In traveled way (not on integral
shoulder)

= Applies to unconfined joints as well
as traveled way 103

QA Core

= Independent
= Can be randomly located as a
location independent from
QC's core, OR
= Typically, same “location” as
QC core sample:
= Same transverse offset from
mat edge as QC sample
u Within 6 in. longitudinally from
QA core

104

Core Positions

105
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Coring

403.22.4.2 - Density core
holes should be patched
promptly to prevent
moisture intrusion and
damage to the pavement.

106

EXTRA QC CORES

m Recommended that QA
witness extra coring to avoid
questions about unidentified
holes

107

Thick Lifts

= If mix is placed in lifts
> 6 x NMS, cores should be cut
in half & density determined
separately

m Example:SP250 NMS= 1, 6" mat

m PFdensity will be based on N = 8,
not N =4

108
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Types of Cores
" QLA

u Non-integral shoulders
= Unconfined joints

109

NON-TRAFFIC AREAS-
(403 mixes)

= Non-integral shoulders,
medians, etc.

=
|

= Required density:
specified density of the
mixture [94.5 + 2.5%] 110

NON-TRAFFIC AREAS-
(403 mixes), cont'd.

» When rolling pattern
demonstrates successful
achievement of density, RE
may allow the pattern in lieu
of density tests

= On re-surfacing projects
where shoulders cannot
withstand the compactive
effort, RE can relax the
density requirements

1
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Pass & Coverage
Defined

Pass1

Pass 3
—

Make up_Fgss 5

74 Pass

+———————|Pass 4

Width of mat

This is a 5 pass pattern that
provides 2 complete coverages.

Construction 12

DENSITY PAY
ADJUSTMENT FACTOR
Field Density, | % of Contract
% of Gmm Unit Price
92.0-97.0 100
91.5-91.9 or 90
97.1-97.5
91.0-91.4 or 85
97.1-97.5
90.5-90.9 or 80
97.6-98.0
90.0-90.4 or 75
97.6-98.0
Below 90.0 or Remove &
above 98.0 replace
113

Types of Cores
= QLA

= Non-integral shoulders
= Unconfined joints

114
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LONGITUDINAL
JOINT

Coring Frequencies

= QC: 1 sample per sublot
= QA: 1 sample per 4 sublots

116

12/17/19

LONGITUDINAL UNCONFINED
JOINT DENSITY

m Area within 6" of joint on
traveled way side

= Average of 4 cores, each
randomly located (1 sample
per sublot)

17
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LONGITUDINAL UNCONFINED
JOINT DENSITY

= Typically use the same
longitudinal location as the
mat density cores or can
generate new random
locations

118

MoDOT
SPREADSHEET

119

LONGITUDINAL
JOINT DENSITY

4 LnconFrmes TousT CASE
LONGITUDINAL JOINT DENSITY

40



MoDOT
SPREADSHEET

APIW 4.11 12/17/20(

MISSOURI DEPARTMENT OF TRANSPORTATION

PLANT INSPECTORS WORKSHEET
VERSION 4.11 FOR MS EXCEL FOR WINDOWS - - - Release date: 08/21/07

FOLDER ON D:\ temp **NOTE**: See

CHECK ID userid data between
DATE 20090824
MIXTURE NO.  SP12509-95
LOT/SUBLOT NO 5 IHA[B]C|ID[E]|F]
CONTRACT ID.
JOB NO.
ROUTE 36
COUNTY DeKalb DeKalb
LINE NO. 0230 QUANTITY  2155.46 0210 QUANTITY 776.28 QUANTITY
LINE NO. QUANTITY QUANTITY
PRODUCER
MATERIAL SP125C
MATERIAL (OLD) Material Short NameO
GRADATION | GRADATION !
1 2 LOOSE MIX DENSITY RANDOM JOINT RANDOM
GRADATION | GRADATION e RANDOM NUMBER NUMBER NUMBER
3 4 »
SUMMARY PAGE gl TRANSFER TO V:\ HELP
PRINT PRINT LOOSE PRINT DENSITY PRINT JOINT
L voLuMETRIcs | PRINTSUMMARY | \ix RANDOM # RANDOM # RANDOM #
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LONGITUDINAL
JOINT DENSITY

P uad

1 UneconFiued Tougr CASE
LONGITUDINAL JOINT DENSITY .

o
JOB 0 ROUTE 0 MIX NO. SP125 09-95 _JV_LGT}W iy 5
_— _— >
SUBLOT A A B{ EDGE
TONS IN SUBLOT 750 RANDOM NO.|  0.7769 0.5033 1 {
BEGIN STATION "STA" 1000+00 \mﬂ
ENDING STATION 1050+50 L A XL A STA + X
LENGTH "L" 5050 5050 0.7769 3923 1039+23

Measure from unconfined edge.

SUBLOT B A B EDGE

TONS IN SUBLOT 750 RANDOM NO. 0.3816 0474 1

BEGIN STATION "STA" 1050+50

ENDING STATION 1100+50 L. A X=Lx A STA+ X
LENGTH "L" 5000 5000 0.3816 1908 1068+58

Measure from unconfined edge.

SUBLOT C A B EDGE

TONS IN SUBLOT 750 RANDOM NO.|  0.6654 0.4791 1

BEGIN STATION "STA" 1100+50

ENDING STATION 1149+00 L A X=L x A STA+ X
LENGTH "L" 4850 4850 0.66%4 3227 1132+77

Measure from unconfined edge.

SUBLOT D A B EDGE

TONS IN SUBLOT 750 RANDOM NO.[  0.5892 04773 1

BEGIN STATION "STA" 1149+00

ENDING STATION 1199+10 L A X=LxA STA+ X
LENGTH "L" 5010 5010 0.5892 2052 1178+52

Maa<iira fronm iincanfinad adna

120



12/17/19

m Must alternate sides if have
2 unconfined joints

121

LONGITUDINAL UNCONFINED
JOINT DENSITY, cont'd.

= Required density:

= Unconfined: no less than 2.0%
below specified density (lower
specified side = 92.0%)

aSP=90.0 %
aSMA =920 %

u Confined: included in
evaluation of remainder of
mat (thus, 94.5 + 2.5% for
non-SMA)

122

LONGITUDINAL JOINT
DENSITY PAY ADJUSTMENT
FACTOR (PAF)

Field Density, % of Contract
% of Gmm Unit Price
90.0-96.0 100

89.5-89.9 or 90
96.1-96.5

89.0-89.4 or 85

96.6-97.0

88.5-88.9 or 80
97.1-97.5

88.0-88.4 or 75
97.6-98.0

Below 88.0 or Remove &
above 98.0 replace

123
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UNCONFINED JOINT
DEDUCTIONS

u Pay reduction applied to full
width of lane for a given lot.

= The lowest adjustment
factor (PF,.q or the PAF for
average unconfined joint
density) will apply to the lot.

m Exception: If the PAF = 100%
and the PF,,, is over 100 (use
the PFToTaI)

m PF,.;q includes PF's for binder
content, air voids, VMA, and
density)

124

UNCONFINED JOINT
DEDUCTIONS, cont'd.

= See Module 10a for
application

= Example: for a given lot, if
PFypa = 95% and PAF = 90%,
the 90% controls the whole
lot

= Example: for a given lot, if
PFyya = 105% and PAF =
100%, the 105% controls the
whole lot

= 403.23.6 and EPG 403.1.21

125

CONFINED JOINTS

= Density on confined joints
is handled with the
traveled way coring.
Required density is same
as for the traveled way

u 945+ 2.5% for non-SMA

m 94.0% minimum for SMA

126

12/17/19
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QLA CORING
Typical Scenario
m Roadway inspector marks
where each sublot starts.

= 1. QA generates and records
RN's for freshly laid sublot.

= 2. QA calculates the
longitudinal and transverse
distances for the core.

Stratified Random

Sampling
Sublot | | Sublot | |Sublot| | Sublot
3
0
0
' 0

Sta Sta Sta Sta Sta
100 110 120 130 140

Sublot 1- Sample
Location

Longitudinal (fl\)

Transverse [(B)

QC QA
Constucton 12 Sampling

43
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CORING, cont'd.

= 3. QA gives RN's to QC when
rolling is complete.

m 4. QC cuts the core no later than
the day following placement.

Extracting A Core

= 5. QA takes possession of the
cores, if possible. Cores are
marked as soon as cool
enough. No un-marked
cores allowed in lab.

130

CORING, cont'd.

m QA core chain-of-custody:
cores not in the engineer’s
possession shall be sealed in
tamper-proof bags

= Mark:

u Project number

= Lot number

= Location

= Inspector’s signature

131

CORING, cont'd.

m 6. At the mobile trailer, core
density (6,,) is determined.

n 7. Density = (6,.+ Gp) X 100

u G, is from the loose mix
Rice test sampled from the
same sublot

132
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STATIONS

= Longitudinal distance may
be in “stations" = 100 ft.

» 5010 ft= 50 stations+ 10 f+
or " station 50+10".

133

STATIONING
Example

m Beginning station = 1200+00
= Add 5238 ft= 52+38
= Ending station:

1200+00

52+38
1252+38

134

Extracting A Core

o —— v

135

12/17/19
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PROCEDURE

= Avoid distorting or cracking of
the cores during and after
removal from pavement.

Cores should be free from seal
coats, soil, paper, paint, any other
foreign materials.

Cores may be separated from
other pavement lifts by sawing or
other appropriate methods.
Cores should be allowed to air dry
overnight (12 hr minimum) to a
constant weight (checking at 2 hr
intervals) as per T 166.

Some contractors report less
variability with 6" diameter cores

136

LABELING CORES

= Mark type of core, job
number, mix ID

m Use a Sharpie or paint pen,
not a felt-tip or a crayon

137

TESTING 6,

m Core should be at room
temperature (25 + 5 C)

Testing

Obtain mass of dry
sample

=3 |

138
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COMMON ERRORS:
TESTING CORES

= Avoid distorting, bending, or
cracking during and after
removal from the pavement

= Samples should be free from
seal coats, tack coats, soil,
paper, paint, etc.

= Make sure puck /core has
cooled to proper temperature

m Cores should initially be dry

139

COMMON ERRORS:
TESTING CORES
= After submersion, core should
be at SSD condition:
= Don't shake the specimen
= Don't blot with a dry towel-use a
damp one
m Make sure basket doesn't touch
bottom or sides of tank. Make
sure hook isn't touching hole in
table
m Check for excessive water
absorption (>2.0%) -use Corelok
(T331) or Parafilm (D 1188) [not
paraffin-coating]. Can cut top
off for these methods
= See Module 6 for more de'ral%

CORING EXAMPLES

= No unconfined joints
= One unconfined joint

= Two unconfined joints

141
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MoDOT
SPREADSHEET

MISSOURI DEPARTMENT OF TRANSPORTATION

142

COMPACTED MAT
DENSITY

No Unconfined Joint Case

Mo  YRktouFwmes JorwTs Casd

= Sample full width (12 ft)

143

No Unconfined Joints

12'x 0.9825=11.8'

If RN is 0.000 or 1.000, move over ~6 in. to cut core

144

12/17/19
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MoDOT
SPREADSHEET

APIW 4.11 12/17/20(

MISSOURI DEPARTMENT OF TRANSPORTATION

PLANT INSPECTORS WORKSHEET
VERSION 4.11 FOR MS EXCEL FOR WINDOWS - - - Release date: 08/21/07

*NOTE**: See
data between \

FOLDER ON D:\ temp

CHECK ID userid

DATE 20090824

MIXTURE NO.  SP12509-95

LOT/SUBLOT NO 5 IHA[B]C|ID[E]|F]
CONTRACT ID.

JOB NO.

ROUTE 36

COUNTY DeKalb DeKalb

LINE NO. 0230 QUANTITY  2155.46 0210 QUANTITY 776.28 QUANTITY
LINE NO. QUANTITY QUANTITY

PRODUCER
MATERIAL SP125C
MATERIAL (OLD) Material Short NameO

GRADATION | GRADATION

1 2 LOOSE MIX DENSITY RANDOM JOINT RANDOM
GRADATION | GRADATION chadensl ey RANDOM NUMBER NUMBER NUMBER
3 4 »

SUMMARY PAGE gl TRANSFER TO V:\ HELP
PRINT PRINT LOOSE | PRINT DENSITY PRINT JOINT
L voLuMETRIcs | PRINTSUMMARY | \ix RANDOM # RANDOM # RANDOM #
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COMPACTED MAT
DENSITY

No Unconfined Joint Case

. No

VNCONF (wed JowTs CASE

MAT COMPACTION
JOB 0 ROUTE 0 MIX NO. SP125 09-95 1 T NO. 5
SUBLOT A [ a T 8 {] eoce 1}) [ A B | EDcE |
TONS IN SUBLOT RANDOMNO. | 05264 | 098%5\] RANDOM NO. | | [ o |
BEGIN STATION "STA"
ENDING STATION X=Lx A L, A | X=L+LxA STA + X
LENGTH "L 2658 0 0.0000 0
WIDTH "W OFFSET=0.0+W2X8[ w2 B | OFFSET=0.0+W2XB |
11.8 0 0.0000 0.0 |

SUBLOT B A | 8 [ Eoce | [ A B | EDGE |
TONS IN SUBLOT 750 RANDOMNO. NO01219 | 02681 | 0 | RANDOMNO | [ o ]
BEGIN STATION "STA" 1050+50
ENDING STATION 1100+50 L X=Lx A STA + X Ly A | XeLtLxA STA+X
LENGTH "L" 5000 5000 610 1056+60 0 0.0000 0
WIDTH "W 12.0 W2 OFFSET=0.0+W2XB| W2 B OFFSET=0.0+W2XB |

12| 0.2681 32 0 0.0000 0.0
SUBLOT c [ A E0GE | [ a B | EDGE |
TONS IN SUBLOT 750 RANDOMNO | 083% | 0| RANDOMNO. | i [0 ]
BEGIN STATION "STA" 1100+50
ENDING STATION 1149+00 L A X=Lx A STA+X L, A [ XeLtLxA STA+X
LENGTH 'L* 4850 4850 | 0.8996 | 4363 | 1144+13 0 0.0000 0
WIDTH "W* 12.0 w2 B |OFFsET W2 B | OFFSET=0.0+W2XB

12| 0.0699 0 0.0000 0.0
SUBLOT D [ a T =8 [ A B | EDGE |
TONS IN SUBLOT 750 RANDOMNO | 08473 | 02478 | RANDOMNO | [ o |
BEGIN STATION "STA" 1149+00
ENDING STATION 1199+10 I A X=Lx A STA+X L, A | X=L+LxA STA+X
LENGTH "L" 5010 5010 | 05479 | 2745 1176+45 0 0.0000 0
WIDTH "W* 12.0 w2 B |OFFSET=0.0+W2XB] W2 B | OFFSET=0.0+W2xB |

12 | 0.2478 3.0 0 0.0000 ~ 00 |

= Sample full width (12 ft)

143
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CORING EXAMPLES

= No unconfined joints
= One unconfined joint

= Two unconfined joints

145

COMPACTED MAT
DENSITY
One Unconfined Joint Case

1 UoFLED TDMT CASC]

MAT COMPACTION

n Leave out the 6" strip by the
unconfined joint in th
calculations (sample 11.5 ft) 146

One unconfined joint

115' x 0.9825 = 11.3'

05 15 Confined joint

Unconfined
joint

147
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COMPACTED MAT

DENSITY

One Unconfined Joint Case

1 UntoELEDd TDWIT CAS

MAT COMPACTION
JoB ROUTE 0 MIX NO. SP125 09-95
SUBLOT A A B EDGE
TONS IN SUBLOT 750 RANDOM NO. RANDOM NO 1
BEGIN STATION "STA* 1000+00
ENDING STATION 1050+50 L, A X=L+LxA STA+ X
LENGTH "L" 5050 0 0.0000 0
WIDTH *w* 12.0 OFFSET=0.5+W2XB| W2 B OFFSET=0.5+W2XB
11.8 0 0.0000 0.5
Measure from unconfined edge.
SUBLOT B A B EDGE
TONS IN SUBLOT 750 RANDOMNO.\ 01219 0.2681 1 RANDOM NO. 1
BEGIN STATION "STA" 1050+50 \
ENDING STATION 1100+50 L: \A X=LxA STA+ X L, A X=L+L xA STA+X
LENGTH *L* 5000 5000 0y219 610 1056+60 0 0.0000 0
WIDTH *w~ 12.0 w2 A OFFSET=0.5+W2XB w2 B OFFSET=0.5+W2XB
115 | 0.20K1 3.6 0 0.0000 05
Measure from unr:o\ned edge. Measure from unconfined edge.
SUBLOT A \ B EDGE A B EDGE
TONS IN SUBLOT 750 RANDOMNO. | 0.89% 0.0699 1 RANDOM NO. 1
BEGIN STATION "STA" 1100+50 \
ENDING STATION 1149+00 L A *L XA STA+ X L, A X=L+LoxA STA+ X
LENGTH "L* 4850 4850 0.8996 63 1144+13 0 0.0000 0
WIDTH *W* 12.0 w2 B OFFYET=0.5+W2XB w2 B OFFSET=0.5+W2XB
11.5 0.0699 13 0 0.0000 0.5
Measure from unconfined edge. § Measure from unconfined edge.
\
SUBLOT A B REDGE A B EDGE
TONS IN SUBLOT 750 RANDOM NO. 0.5479 0.2478 1 RANDOM NO. 1
BEGIN STATION "STA" 1149+00 \
ENDING STATION 1199+10 I A X=Lx A \ STA+ X L, A X=L+LxA STA+ X
LENGTH "L* 5010 5010 0.5479 2745 \ 1176+45 0 0.0000 0
WIDTH "W* 12.0 w2 B OFFSET=0.5+WRXB w2 B OFFSET=0.5+W2XB
11.5 [ 0.2478 33\ 0 0.0000 05
Measure from unconfined edge. \ Measure from unconfined edge.

m Leave out the 6" str

unconfined joint in th

by the

calculations (sample 11.5 ft)
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CORING EXAMPLES

= No unconfined joints
= One unconfined joint

= Two unconfined joints

148

COMPACTED MAT
DENSITY

Two Unconfined Joints Case

Z URCoRFEs ToWTS CASE

MAT COMPACTION

= Leave out both 6" étr‘ips at

mat edges (sample 11.0 f+)
149

Two unconfined joints

11.0 x 0.985 = 10.8'

150
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COMPACTED MAT

DENSITY

Two Unconfined Joints Case

Z_ DN ONFE> SOTS CASE

MAT COMPACTION
JOB J1P1036 ROUTE MIX NO. SP125 09-95
SUBLOT A [ A T 8 ¥ eoce A | B | EpcE
TONS IN SUBLOT 750 RANDOMNO. | 05264 | 09825 2 RANDOM NO [ | 2
BEGIN STATION "STA*" 1000+00
ENDING STATION 1050+50 L A X=Lx A STA+ X L, A X=L+LoxA STA+ X
LENGTH "L 5050 0 0.0000 0
WIDTH “W* 12.0 w2 B OFFSET=0.5+W2X8| w2 B OFFSET=0.5+W2XB |
11 0.9825 11.3 0 0.0000 05 |
Measure from unconfined edge.
SuBLOT B A | B | Epce | A | B [ Epce |
TONS IN SUBLOT 750 RANDOMNO. [ N0.1219 | o281 [ 2 | RANDOMNO, [ | [ 2 ]
BEGIN STATION "STA" 1050+50
ENDING STATION 1100+50 L X=Lx A STA+ X L, A X=L+LxA STA+ X
LENGTH "L 5000 5000 | 0.1 610 1056+60 0 0.0000 0
WIDTH "W 12.0 W2 B OFFSET=0.5+W2XB]| W2 B OFFSET=0.5+W2XB |
11 0.2681\ 34 | 0 0.0000 05 |
Measure from unconfin§ edge. Measure from unconfined edge.
SUBLOT c [ A % B | EDcE | A B | EDGE
TONS IN SUBLOT 750 RANDOMNO. | 0.899% | 2 ] RANDOM NO | 2
BEGIN STATION "STA" 1100+50 \
ENDING STATION 1149+00 B A X=L M STA+ X L, A X=L+L,xA STA+ X
LENGTH "L* 4850 4850 | 0.8996 4363 1144+13 0 0.0000 0
WIDTH *w* 12.0 w2 B OFFSET: 5+W2XB| w2z B OFFSET=0.5+W2XB
11 0.0699 0 0.0000 0.5
Measure from unconfined edge. Measure from unconfined edge.
SUBLOT D A | B | E&_‘ A | B ] iEtee |
TONS IN SUBLOT 750 RANDOMNO. | 06479 | 02478 | 2\ | RANDOM NO. | [ |
BEGIN STATION "STA" 1149+00 \
ENDING STATION 1199+10 L A X=Lx A ST+ X L, A X=L+LxA STA+ X
LENGTH "L* 5010 5010 0.5479 2745 117 0 0.0000 0
WIDTH "W* 12.0 w2 B OFFSET=0.5+W2XB| w2 B OFFSET=0.5+W2XB |
11 0.2478 32 0 0.0000 0.5 |

Measure from unconfined edge.

m Leave out both 6"
mat edges (sample 11.0 ft)

Measure from unconfined edge.

rips at
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SAMPLE LOCATION

If the paving mat width is 16 ft,
still run calculations based on
11.5" (one unconfined) or 12
(both confined)

The intent is to sample the
"traveled way"

Integral shoulder

Where's That Ton?
= If laying out by tons instead of
stations:
= RN x sublot size:
u (0.5264)(750 tons)= 395 ton
= Density = (6mb)(62.4 Ib/cf)
» Ex: Density = (2.404)(62.4) =
150 Ib/cf

. M/density T = thickness, ft
WL = mmeeee W= width, ft
" T™W

(395tn)(20001b/1n)/ 150 Ib/cf
m L=
. (L75'/12)(12)
= L = 3010’

152

PAY ADJUSTMENT
FACTORS
m QLA Pay Factors
= TSR Pay Adjustment
Factor (403.23.5)
u Density Pay Adjustment
Factor [403.23.7.4.1(b)]

= Longitudinal Joint
Density Pay Adjustment
Factor
m Smoothness Pay
Adjustment Factor
153
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CORING SUMMARY

Where | Who Core Coring Pay Factor
Location Frequency Type
Travoied Way | GG Rondom Tsampie/sublol | QLA Pay
Number Factor
A Rondom | 1 samplel 4 SUDIGIS
Number
intogral | none
shoulder
Non-ntegral | Not Random RE discrabon | Density Pay
shoulder | QLA Number Adustment
Factor
Tongtudinal Tonsidorod part of he Taveied way
Joint, confined
Longtudinal | GC Random Tsamplo/sublol | Longiudinal
o, Number Jownt
unconfined Density Pay
Adustment
Factor
7y Random | 1 samplel 4 SUDIGS
Number
Baso ot T RE disciobon | Density Pay
widening, | QLA Adusiment
entrancos Factor
Singlel | QC Random T Sample/subict | Density Pay
(travelod way) | (ot Number Adustment
QLAY Factor
G e IR
154

SUMMARY

m 1. Lots - unlimited size.

m 2. Each lot must be
subdivided into 4 or
more sublots.

= 3. Maximum sublot size=
1000 tons

n 4. QC & QA get their own
independent loose mix
samples. Both are to be
located by random
number.

155

SUMMARY

n 5. Loose mix volumetrics-
%binder samples taken
behind the paver:
= QC: 1 sample per sublot:

50 Ibs. for QC
50 Ibs. for QA-retained

-QA: 1 independent sample per 4
sublots

50 Ibs.
50 Ibs. retained
-QA: 1 QC retained split per day

156

12/17/19
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CORING SUMMARY

Where Who Core Coring Pay Factor
Location Frequency Type
Determination
Traveled Way | QC Random 1 sample/sublot QLA Pay
Number ___Factor
QA Random 1 sample/ 4 sublots
Number .
Integral none | -
shoulder | . : | .. |
Non-integral Not Random RE discretion Density Pay
shoulder QLA Number Adjustment
Factor
Longitudinal Considered part of the traveled way
Joint, confined
Longitudinal QC Random 1 sample/sublot | Longitudinal
Joint, Number Joint
unconfined Density Pay
Adjustment
Factor
QA Random 1 sample/ 4 sublots
Number
Base Not 2?7?77 RE discretion Density Pay
widening, QLA Adjustment
entrances Factor
Single lift QC Random 1 Sample/sublot Density Pay
(traveled way) | (not Number Adjustment
QLA) Factor

CoringSummary.doc (3-2-16)
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SUMMARY

m 6. Loose mix TSR samples
taken behind the paver or
plant:

QC: 1 per 10,000 tons:
75-125 Ibs for QC
125 Ibs for QA-
retained

QA: 1 independent sample
per 50,000 tons

125 Ibs sent to
Central Lab, 125 |bs
retained

157

SUMMARY

n 7. Location by random
numbers:

u longitudinally by tonnage or
feet

u transversely by feet
= 8. Sample is quartered:
u 2 gyro pucks
= 1 Rice
= 1 binder content (nuclear or
ignition oven)
= 1 moisture content
= 9. TSR sample split: 6+

pucks and a Rice
158

SUMMARY

= 10. Coring:

= QC: 1 QLA sample per sublot

= QA: 1 QLA sample per 4 sublots
= 11. Location by random

numbers:
= longitudinally by station or
tonnage
= fransversely by feet

m 12. Extra samples may be
taken by the contractor
or MoDOT, but are not
allowable as QLA
samples.

159
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SUMMARY

m 13. Acceptance is from
QA independent
samples, not retained
QC splits.

m 14, Retained samples are
good for checking
procedures, etc.

160

NCAT el

161
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MODULE 6

GYRATORY
COMPACTOR
OPERATIONS

T 312

11-24-06 Revision
11-9-07 Revision
1-2-09 Revision

4-22-09 Revision

11-18-09 Revision
11-17-10 Revision

1-19-11 Revision

3-2-12 Revision

2-5-15 Revision

2-28-16 Revision

2-12-18 Revision
1-11-19 Revision
1-14-19 Revision
2-8-19 Revision
2-25-19 Revision
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MODULE 6

GYRATORY
COMPACTOR
OPERATIONS
T 312

11-24-06 Revision
11-9-07 Revision
1-2-09 Revision
4-22-09 Revision

11-18-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision

-5-15 Revision
28-16 Revision

-12-18 Revision

-11-19 Revision

14-19 Revision

-8-19 Revision

2-25-19 Revision

12-17-19 Revision

OUTLINE

» Introduction

= Compaction method

= Bulk specific gravity of gyro
pucks

= Calculations

» Verification & Calibration

Gyratory Puck
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GYRATORY
COMPACTOR

m Uses a gyratory motion
which compacts by
shearing action

= Simulates compacting
action achieved under a
roller

= The resulting specimen’s
density, particle
orientation and structural
characteristics are
similar to a pavement

“"G6YRO"

Compaction
Key Commponents of Gyratory Compactor
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Compaction

Gyratory compactor
Axial and shearing action
150 mm diameter molds
Aggregate size up to 37.5mm
Height measurement during compaction
Allows densification during

compaction to be evaluated

g

ﬂ Internal angle 1.16°

USES of the GYRO

= 1. During mix design
(lab fabricated sample)

m 2. During construction
for field verification
(plant-mixed material)

USES, cont'd.

= To evaluate:

mvolumetric properties e.g.
air voids and VMA

mdensification properties
e.g. tenderness potential

mmoisture sensitivity (TSR)




GYRATORY
COMPACTOR

10

GYROS
In Missouri

In descending order of usage:
= Big Pine

= Baby Pine

» Troxler 4141

= Troxler 4140

= Brovold

12

12/17/19
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OUTLINE

» Introduction

= Compaction method

= Bulk specific gravity of gyro
pucks

= Calculations

m Verification & Calibration

13

AASHTO TEST
METHODS &
SPECIFICATIONS
m R35 Volumetric Design
Practice
= M323 Volumetric Design
Specs
m R30 Mix Conditioning
n T 312 G6yro operation
n T 166 Bulk Sp Gravity of
gyro pucks

» T 209 Max Sp Gravity of
Voidless Mix (Rice)
» T 283 Moisture Sensitivity

14

Volumetrics/Binder
Content Sample
=50 |b. sample -get 2

portions for the 2
volumetric pucks
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Location of Gyro Puck
Weight on JM

s

s
16
OPERATIONAL
MODES

= 1. Normally, compact o a
fixed number of gyrations;
resulting height must be
=115+ 5 mm

m 2. For TSR, compact to a
fixed height = 95 + 5 mm

17

Volumetrics
puck TSR puck

N0V 19 2004

18




Location of Gyro Puck
Weight on JMF

MISSOURI DEPARTMENT OF TRANSPORTATION - DIVISION OF MATERIALS
ASPHALTIC CONCRETE TYPE SP125HB

DATE = 10/29/03 CONTRACTOR = MY BUSINESS SP125 03-16
IDENT. BULK APPAR
NO. PRODUCT CODE / PRODUCER, LOCATION SP.GR.  SP.GR %ABS  FORMATION LEDGES % CHERT
35J5J001 100207_.LD1 / Hard Rock Stone, Dig Deep, MO 2.515 2.713 29 Jet City Dolo 58 25
35J5J002 100204..LD1 / Hard Rock Stone, Dig Deep, MO 2.476 2.725 3.7 Jet City Dolo 5-8 25
35J5J003 1002MS..MSLD / Hard Rock Stone, Dig Deep, MO 2.480 2.761 Jet City Dolo 5-8 10
30CAJ016 1002HL..HL / Missy Lime Co. #2, Ste. General, MO 2.303 2.303 Hyd. Lime
| 0.9

36DLJ016 1015ACPG..7022 / Black Asphalt Products, Decoy, MO 1.023]
MATERIAL TSR = %
IDENT # 35J5J001 35J5J002 35J5J003 30CAJ016 35J8J( CcomB

03016 3/4" 3/8"MAN SAND | Hyd. Lime B! GRAD
11/2" 100.0 100.0 100.0 100.0 5] 100.0
1" 100.0 100.0 100.0 100.0 5] 100.0
34" 100.0 100.0 100.0 100.0 (5] 100.0
12" 97.6 100.0 100.0 100.0 5 98.6
3/8" 83.8 96.1 100.0 100.0 5 89.8
#4 318 350 99.9 100.0 1 51.3
#8 7.0 8.0 82.0 100.0 285
#16 26 35 40.7 100.0 146
#30 16 26 266 100.0 102
#50 16 21 13.5 100.0 6.7
#100 15 19 54 100.0 45
#200 15 18 42 99.0 42
LABORATORY Gmm = 2.405 % VOIDS = 4 = Wt Nini = 9 MIX COMPOSITION
CHARACTERISTICS Gmb = 2.308 VMA. = 144 -200/AC = 1.1 3XN0 Ndes = 125 MIN. AGG 93.8%
AASHTO T312 Gsb = 2.629 % FILLED = 72 Gyro Wt. = 4610 Nmax = 205 ASPHALT CONTENT 6.2%
CALIBRATION NUMBER 90004 MASTER GAUG = A1 = 5234741
MASTER GAUGE SER NO. = 770 SAMPLE WEIGHT = 7200 A2= 3.436895

Aggregate & Mxture Properties Based on Contractors Mx Design

16
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TSR SAMPLE

= 60-75 |b. sample for
six TSR pucks

N

E 3

19

TSR

20

SAMPLE PREP

= Mix design lab-produced
sample: prior to
compaction, condition
sample in oven for 2 hours
at compaction temperature.

= Absorption is occurring
during this step.

= Field verification sample:
no special conditioning step;
conditioning occurs in silo,
truck, and MTV.

= Recommended that
reheating of field sample
should not exceed 30 min..,,




TIME AT HIGH
TEMPERATURE

= Continued absorption
of asphalt

= Age-hardening of
asphalt

22

TIME AT HIGH
TEMPERATURE

23

ABSORPTIVENESS
OF AGGREGATE

Y Effective
* asphalt

12/17/19




Location of Gyro Molding
Temperature on TMF

s e e 0 e

T

PGI0-22_Gyro Mokl Temp, J0-I10F

25

MIXTURE MOLDING
TEMPERATURE

1 [ 1
100 110 120 130 140 150 160 170 180 190 200
Temperature, C

Compaction

After re-heating, take mix and preheated
mold from oven. Place paper in bottom of
mold.

27

12/17/19




Location of Gyro Moldi
Temperature on J

MISSOURI DEPARTMENT OF TRANSPORTATION - DIVISION OF MATERIALS
ASPHALTIC CONCRETE TYPE SP125HB

DATE = 10/29/03 CONTRACTOR = MY BUSINESS SP125 03-16

IDENT. BULK APPAR

NO. PRODUCT CODE / PRODUCER, LOCATION SP.GR.  SP.GR %ABS  FORMATION LEDGES % CHERT

35J5J001 100207_.LD1 / Hard Rock Stone, Dig Deep, MO 2.515 2.713 29 Jet City Dolo 58 25

35J5J002 100204..LD1 / Hard Rock Stone, Dig Deep, MO 2.476 2.725 3.7 Jet City Dolo 5-8 25

35J5J003 1002MS..MSLD / Hard Rock Stone, Dig Deep, MO 2.480 2.761 Jet City Dolo 5-8 10

30CAJ016 1002HL..HL / Missy Lime Co. #2, Ste. General, MO 2.303 2.303 Hyd. Lime

36DLJ016 1015ACPG..7022 / Black Asphalt Products, Decoy, MO 1.023 PG70-22 Gyro Mold Temp. 300-310°F

MATERIAL

IDENT # 35J5J001 35J5J002 35J5J003 30CAJ016 35JSJO0A5JSJ002 3 CcomB
03016 3/4" 3/8"MAN SAND | Hyd. Lime AO 12.0 26.0 2.0 GRAD

11/2" 100.0 100.0 100.0 100.0 / 60.0 12.0 26.0 20 100.0

1" 100.0 100.0 100.0 100.0 / 60.0 12.0 26.0 20 100.0

34" 100.0 100.0 100.0 100.0 60.0 12.0 26.0 20 100.0

12" 58.6 12.0 26.0 2.0 98.6

3/8" 50.3 1.5 26.0 2.0 89.8

#4 19.1 4.2 26.0 20 51.3

#8 4.2 1.0 213 20 285

#16 PG70-22 Gyro Mold Temp. 300-310°F 16 04 106 20 6

#30 1.0 0.3 6.9 2.0 102

#50 1.0 0.3 35 20 6.7

#100 0.9 0.2 14 20 45

#200 15 18 42 99.0 0.9 0.2 1.1 2.0 42

LABORATORY Gmm = 2.405 % VOIDS = 4 TSR = 95 TSRWt Nini = 9 MIX COMPOSITION

CHARACTERISTICS Gmb = 2.308 VMA = 14.4 200/AC = 1.1 3855.0 Ndes = 125 MIN. AGG 93.8%

AASHTO T312 Gsb = 2.629 % FILLED = 72 Gyro Wt. = 4610 Nmax = 205 ASPHALT CONTENT 6.2%

CALIBRATION NUMBER 90004 MASTER GAUGE BACK CNT. = 2196 Al = | 5234741

MASTER GAUGE SER NO. = 770 SAMPLE WEIGHT = 7200 A2= 3.436895

Aggregate & Mxture Properties Based on Contractors Mx Design

25
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Place Mix in Mold

28

Place Mold in Gyro
Compactor

29

GYRO SETTINGS

mPressure= 600 + 18 kPa

= Number of gyrations is
a function of design
traffic

30

10
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GYRATION LEVELS

Des‘Qn Niniﬁal Ndesign Nmnximum

F = 50 -

E 7 75 115

€ 8 |800r100| 160

B 9 125 205

u C mixes at 80 gyrations: no
Ninitial OF Nipox Pequirements
» SMA:
" Ndesign: 100

= No N, requirement 31

NUMBER OF
GYRATIONS

» N,;= initial number of
gyrations: at a low number,
the ease of mix densification
is analyzed to spot
tenderness potential .

= Ny.= the number of gyrations
corresponding to the design
traffic; want 4% air voids at
this point (96% density)

m No= maximum number
applied to the specimen to
assess densification after
many years; want > 2% V,

(<98% density) a2

NUMBER OF
GYRATIONS

m N, Nges, and N, are
shown on the JMF.

= Samples for field
verification of
volumetrics should be
compacted to N,
gyrations.

33

1
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Location of Gyration Info
on JMF

s

msins et g 02

34

Compaction

Once com paction is finished, extrude
sam ple from mold.

Corpaction

Remove the peper and label samples.

L >

m Label on sides

36

12



Location of Gyration Info
on JMF

MISSOURI DEPARTMENT OF TRANSPORTATION - DIVISION OF MATERIALS

ASPHALTIC CONCRETE TYPE SP125HB

DATE = 10/29/03 CONTRACTOR = MY BUSINESS SP125 03-16
IDENT BULK  APPAR
NO PRODUCT CODE / PRODUCER, LOCATION SP.GR.SP.GR  %ABS FORMATION LEDGES % CHERT
35J5J001 100207_LD1 / Hard Rock Stone, Dig Deep, MO 2515 2713 29 Jet City Dolo 5-8 25
35J5J002 100204, LD1 / Hard Rock Stone, Dig Deep, MO 2.476 2.725 3.7 Jet City Dolo 5-8 25
35J5J003 1002MS. MSLD Il 2 0 ] 2.761 Jet City Dolo 5-8 10
30CAJ016 1002HL. HL | hd 2303 Hyd. Lime
Nini = 9
Ndes = 125

36DLJ016 1015ACPG. 7022 | PG70-22  Gyro Mold Temp. 300-310°F
MATERIAL
IDENT # 35J5J001  35J5J002 35J5J002  35J5J003 30CAJ016 COMB

03016 34" . 12.0 26.0 2.0 GRAD
11/2" 100.0 100.0 Al . = A% A4 44 ho 12.0 26.0 2.0 100.0
1" 100.0 100.0 100.0 100.0 12.0 26.0 20 100.0
3/4" 100.0 100.0 100.0 100.0 12.0 26.0 20 100.0
112" 97.6 100.0 100.0 100.0 58.6 12.0 26.0 2.0 98.6
8" 83.8 9.1 100.0 100.0 50.3 1.5 26.0 2.0 89.8
#4 318 350 999 100.0 19.1 42 26.0 20 513
#8 70 8.0 820 100.0 42 213 20 285
#16 26 35 407 100.0 16 0 106 20 146
#30 16 26 266 100.0 10 0.3 6.9 2.0 102
#50 16 21 13.5 100.0 10 03 35 20 6.7
#100 15 19 54 100.0 0.9 0.2 45
#200 15 1.8 42 99.0 0.9 0.2 42
LABORATORY Gmm= 2.405 % VOIDS = 4 TSR = 95 TSR Wt. 141X COMPOSITION
CHARACTERISTICS Gmb = 2308 VMA = 14.4 200/AC = 11 38550 IN. AGG 93.8%
AASHTO T312 Gsb = 2.629 % FILLED = 72 Gyro Wt = 4610 ASPHALT CONTENT 6.2%
CALIBRATION NUMBER 90004 MASTER GAUGE BACK CNT. = 2196
MASTER GAUGE SER NO. = 770 SAMPLE WEIGHT = 7200

Aggregate & Mxture Properties Based on Contractors Mx Design

34
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COOLING

37

NOTES

= OPERATION

nClean rollers with
solvent

uKeep rotation ring
cleaned and oiled

mPeriodically, check oil
level

m Make sure anti-
rotational cogs are
tight. Keep some spares
on hand.

38

RECORD KEEPING

= Must have a unique ID on
each piece of equipment

= Must keep a list of
equipmment for IAS
inspection

13



COMMON GYRO
ERRORS

= Not placing a paper disk on
bottom or top of specimen

= Not removing paper disks while
puck is still warm

= Not using top or bottom plates

= Not compacting mix at proper
temperature

» Not properly verifying the
calibration of the compactor
prior to use

= Not pre-heating the mold and
plates

» Not charging the mold with mix
quickly in one lift without
spading or rodding

40

COMMON GYRO
ERRORS, cont'd.

= Avoid allowing built-up
asphalt in gyro mold to
smear the sides of the
puck as it is extruded,
closing of f voids. As a
minimum, wipe of f top and
bottom lids after every
puck.

= Don't let paper disks
become brittle by keeping
them in in bottom of mold
in oven overnight

41

OUTLINE

» Introduction

= Compaction method

» Bulk specific gravity of gyro
pucks

= Calculations

» Verification & Calibration

42

12/17/19

14



MIXTURE BULK
SPECIFIC GRAVITY

(Gmb) _

43

BSG of Compacted HMA

« AC mixed with agg and compacted
into sample

Mass agg. and AC
Gpy=—m
;ﬁ‘?:‘&:ﬂs Vol. agg., AC, air voids
;ﬁﬁgmatﬁ
) .
wh‘c,ﬁﬂ B

44

12/17/19

TESTING G,

mPuck should be at room
temperature (25+5 C)

Testing

15
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Testing

N S—

Obtain mass of
specimen at SSD

46

COMMON 6,
TESTING ERRORS

= Submerged specimens touch
side of water container

= Water temperature not 25 + 1
C(77+18F)

= Specimen temperature not 25
+5C(77+9F)

= Dirty water in water container

= Air bubbles clinging to the
basket

m Blotting with a dry towel
= Blotting more than 15 seconds

m Water level not maintained
47

Consequences of Mistakes
Examples

Wary

Gmb =
(Wssd -Wsubmerged)

Low Wdry — Low Gmb — High Va
High Wssd — Low Gmb — High Va
Low Wssd — High Gmb — Low Va

48
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OUTLINE

» Introduction

= Compaction method

= Bulk specific gravity of gyro
pucks

» Calculations

m Verification & Calibration

49

Calculations
®Gy, = A/(B-C)

Where:

A = mass of dry sample
B = mass of SSD sample
C = mass of sample under water

50

MISSOUR DEPARTMENT OF TRANSPORTATION
PLANT WSPECTORS WORKSMEET
[N g it s

MoDOT
SPREADSHEET

—— N

Sy

i

o

oaary mmwou | 00t mascou
nsnen pien

uawvrage | | SAVETOLOGAL |
oAy paGE RISk TaassreTov | e
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17



12/17/19

SUPERPAVE MIXTURE PROPERTIES.

Puck Bulk Specific
Gravity Portion

Gmb = BULK SP.G. = A1 (CB)
[ = Wogntof sampie
w2

= Weigrtof srtce ey sampie
Gsb « BUK SP.G. < A1 (C)
Jav. amt

Excessive Water
Absorption

= MoDOT now enforcing the
water absorption check: at
the end of the test, water
absorption is calculated:

= Abs=[(B- A)/ (B-C)] x 100
= A= mass dry specimen in air
= B = mass SSD specimen in air
m C = mass specimen in water

n If greater than 2%, must re-run using
Corelok (T331) or paraffin coated
(wrapped) ["Parafilm"] specimen

D1188
¢ ) 54

18



APIW 4.11 1]

SUPERPAVE MIXTURE PROPERTIES

JOB 0 ROUTE 0 MIX NO. SP125 09-95 LOT NO. 5
SuUBLOT A B C D E F
DATE 08/24/09
AASHTO T 209 A2 required when T85 absorption >2.0% on any aggregate fraction.
TECHNICIAN philic1
A = Wt. of sample: 2076.6
A2=Wt. of sample (dry-back):
D = Wt. of flask filled with water: 1392.3
X = A + D (A2 used in lieu of A for dry-back) 0.0 3468.9 0.0 0.0 0.0 0.0 0.0
E = Wt. of flask filled with water and sample: 2628.1
Y=X-E 0.0 840.8 0.0 0.0 0.0 0.0 0.0
Gmm = MAX. SPECIFIC GRAVITY =A/Y 0.000 2.470 2.470 2.470 2.470 2.470 2.470
AASHTO T 166
TECHNICIAN phillc1
MOLDING TEMPERATURE 162
A = Weight of sample in air: 4748.0
B = Weight of sample in water: SPEC. 1 2758.3
C = Weight of surface dry sample: 4752.2
Gmb =BULK SP. G. = A/ (C-B) 0.000 2.381 0.000 0.000 0.000 0.000 0.000
A = Weight of sample in air: 4748.0
B = Weight of sample in water: SPEC. 2 2758.8
C = Weight of surface dry sample: 4753.2
Gmb =BULK SP. G. =A/ (C-B) 0.000 2.381 0.000 0.000 0.000 0.000 0.000
AVG. Gmb 0.000 2.381 0.000 0.000 0.000 0.000 0.000
TECHNICIAN [ [ phict | | [ I [ ]

MoDOT TMS54 (NUCLEAR)
SAMPLE WEIGHT
BACKGROUND
COUNTS

GAUGE % AC

AASHTO T 308 (IGNITION)

GAUGE %AC | | 571 | | | I
NUCLEAR OR IGNITION

% MOISTURE 0.12

% AC BY IGNITION OR NUCLEAR 5.6

AASHTO R 35

A = Gmm (FIELD) 0.000 2.470 2.470 2.470 2.470 2.470 2.470
B = Gmb (FIELD) (Avg.) 0.000 2.381 0.000 0.000 0.000 0.000 0.000
C = Gsb (Job Mix) 2.642 0.000 0.000 0.000 0.000 0.000
D = Ps = Percent Agg. in mix 100.0 94 4 100.0 100.0 100.0 100.0 100.0
VMA =100-(BXD/C) 0.0 14.9 0.0 0.0 0.0 0.0 0.0
Va =100 X (A-B)/A) 0.0 3.6 100.0 100.0 100.0 100.0 100.0
VFA = (VMA-Va) / VMA 0 76 0 0 0 0 0

eight of surface dry sample:
= CORE SPECIFIC GRAVITY =A/(C-B)
= MAX. SPECIFIC GRAVITY (T209)

eight of sample in air:

eight in water:

eight of surface dry sample:

= CORE SPECIFIC GRAVITY =A/(C -B)
= MAX. SPECIFIC GRAVITY (T209)




Puck Bulk Specific
Gravity Portion

AASHTO T 166
TECHNICIAN

MOLDING TEMPERATURE
A = Weight of sample in air:
B = Weight of sample in water:

C = Weight of surface dry sample:

Gmb =BULK SP.G.=A/(C-B)
A = Weight of sample in air:
B = Weight of sample in water:

C = Weight of surface dry sample:

Gmb =BULK SP. G. =A/(C-B)
AVG. Gmb

SPEC. 1

SPEC. 2

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000




Check for Excessive

Water Absorption
Up to 2 Cores at Same Location

= 1 i =
‘ i |
VOLUMETRICS

= Air Voids

= VMA
nVFA
56
AIR VOIDS
Gmm_Gmb
Y — x 100
Gmm
57

12/17/19
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Check for Excessive

Water Absorption

at Same Location

Up to 2 Cores

AASHTO T 166

TECHNICIAN T 166
A = Mass of sample in air: MENU

B = Mass in water:

C = Mass of surface dry sample:

Gmc = CORE SPECIFIC GRAVITY =A/(C-B)
Gmm = MAX. SPECIFIC GRAVITY (T209)

WATER ABS. = 100 x ((B-A)/(B-C))
SUBLOT

FOR 2ND CORE SUBLOT WHEN DENOTED IN QC PLAN
TECHNICIAN

A = Weight of sample in air:

B = Weight in water:

C = Weight of surface dry sample:

Gmc = CORE SPECIFIC GRAVITY =A/(C-B)
Gmm = MAX. SPECIFIC GRAVITY (T209)

% COMPACTION OF CORE =100 x (Gmc/Gmm)
WATER ABS. = 100 x ((B-A)/(B-C))

THICKNESS

SUBLOT

AASHTO T 331 I
TECHNICIAN Zor'e OR

A = Mass of sample in air.
Bag Mass
B = Mass sealed sample:
C = Mass sample removed from bag:
E = Mass of sealed sample in water:
F = Bag specific gravity: (0.932 green InstroTek bag)
Gmc=A/((C+(B-A)-E-(B-A)/F))
Gmm = MAX. SPECIFIC GRAVITY (T209)
% COMPACTION OF CORE =100 x (Gmc/Gmm)
CHECK (%)
THICKNESS
SUBLOT

FOR 2ND CORE SUBLOT WHEN DENOTED IN QC PLAN
TECHNICIAN

A = Mass of sample in air:
Bag Mass
B = Mass sealed sample:
C = Mass sample removed from bag:
E = Mass of sealed sample in water:
F = Bag specific gravity: (0.932 green InstroTek bag)
Gmc=A/(C+((B-A)-E-(B-A)/F))
Gmm = MAX. SPECIFIC GRAVITY (T209)
% COMPACTION OF CORE = 100 x (Gmc/ Gmm)
CHECK (%)
THICKNESS
SUBLOT

0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.932 0.932 0.932 0.932 0.932 0.932 0.932
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0
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VMA

Voids in Mineral Aggregate

vMA =100 - SmPs

sb

VMA is an indication of film thickness on
the surface of the aggregate

58
VFA
VMA-V,
DY o7 E——— x 100
VMA
59
OUTLINE

= Infroduction

= Compaction method

» Bulk specific gravity of gyro
pucks

= Calculations

n Verification & Calibration

60
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VERIFICATION &
CALIBRATION

= Gyratory compactor
= Molds

61

CALIBRATION AND
VERIFICATION

m Must check:
s rate of gyration (rotational
speed)
uroller clearance & zero
position
= height measurement
nram force (load)
mangle of gyration:
n Internal angle (calibration)
= External angle (verification)

62

“GYRO"

Compaction

Key Components of Gyratory Compactor

height control and data
mea surement acquisition panel

63

21



12/17/19

Actions

u Calibration:
m Measure
m Adjust
m Re-measure

= Verification:
= Measurement

64

CALIBRATION

CALIBRATION
FREQUENCY

m Calibration should be
performed:
m At least once per year
m When verification fails

66
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Calibration Actions

= Rate of gyration (speed)
= Roller clearance & zero
position
= Ram force:
= 18 loads
= 1500 to 18,000 N
= Specimen Height
u 8 positions (blocks)
=3 to10in.
= Angle of gyration (internal
angle)

67

CALIBRATION & VERIFICATION
INSTRUMENTS

68

CALIBRATION

- Internal angle: 1.16 + 0.02°

23
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CALIBRATION

Rate of gyration (rotational
speed): 30.0 + 0.5 rotations
per minute (10 rotations in 20
+0.33 sec)

Ram Force: Target + 1%

Ram Position (height):+0.002"
Internal angle: 1.16 + 0.02°
Roller clearances and zero
position - done on some
machines

70

Y Pinc AFGCI25X Gyratory Compac al:_‘hhnmuf
K et
.

— pbeoafn saoc

Rowen, o
T

adjustment
et |

Pound”

, s 2908 iid S
o i ke o o sk

Estcrnal Avghe of Gyration Interaal Angle of Gyration

Pine ACGCADO1 O Owsed by Cumaner L Y

T — O Ol

=T 1= outl

e
PN s g e
o 7=
[ b imchen) | a2 ounr =

1% of 78.6=0.8

78.6-08= 77 8=lower limit-ok 4
78,6+0,.8= 79 4=upper limit-ok

PROVING RING SERIAL NUMBER: 1448 CALIBRATIONDATE:  W172006
Different than previous example
GYRATORY. ggupig'rgg CALIBRATION DATA POINTS
This sheet is specific to a certain proving ring
Tt o oar T
o %

000 18737 Te93  TbI7 1008 1645 1640
BT ) 08 1601 728 750

50007023,
060021387

3.5
700 s ssar s 336 4781 i
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Pine AFGC] ZSX_ Gyl:alory Compactor “hange Record

O _Pine AFGCI25X (115 V 60 H2)
O Pine AFGCI25XA (220 V 60 Ha)

\ ™
0 Pine AFGC125XE (220 V 50 Hz) o3& %M-l..ﬁ'g_ $-20-08
Model Senal Namber Techeacan (s pn and doxe)

Missovri  DoO.T Lo Reuna #o

S Owner (Cosapary Name) SOC Locsten {Ciny nad Stwe)

Status of Compactor Prior to Calibration Change

ReX A7 2-21.07 3 - 27 -pX _Pivme G S 2ruveq
Vorwe Hours Praviows SGC Calbenton Dote Previcus SGC VeriScaton Date Previcus Caltraton Provider (f known)
External Angle of Gyration Internal Angle of Gyration
: s O TesQuip (DAVI)
> 0
Pine ACGCA00] a 8::3{%%%:‘[;:& D-Pine AFLSI RAM) & (7
Fegu Sarser Appaniuy inwmal Aege Deson Seral Number
ad |U5Tm nt O Owaed by Cestomer
Parameter r'Au Found"® ‘As Left* [[-d0-07 B Owned by Calibrator

.Unioadcd Angle ] 17120" 110
4 /__._ ——

onsolidation Pressure (Force Mcasurement)
Pine AFGCLROSC >3
21

e Load Fing Model "So-w Moo
in O Owne by Cusomer
g S (LT & Owned by Calibeatee
Ring Caltradon Duke

Specimen Height (Position .\lenunmcnl]l 270 e —

Force 1 Dial 3

*A As Leit*

Pine AFGI23C 2 (newtons] | (actuay | A* UM -

Tiage Bod Mods gk At Aas. 1500 | 332 33| 332, |

O Owned by Customer
- RO~-07 B~ Dwned by Calibrator . — e s - -

attal S S 4 3500 | ¢ | 729 s
Height (inches) ‘As Found® | 5500 |24.2 -;.;q] 125.0.
10 0. 020 . _ 6500 47.8 Ly .4 1478

9. 000 . 7500 11765 1{6 5 170,7
a3 qag | 14390

9500 S K89 | A,
10500 | 23¢9 | 2393 AL

11500 , Q Abl7 Au1.9
12500 $3.¢ 2339 1 3840

_ _ : 1300/ | 3063 320 | 307

~ 14 23%.2 329.2 A29 &

1% of 78.6=0.8 500 13sas | 3cas M 363

C _ .. 16500 | 375.9 29¢.0 ZA.4 |

78.6-0.8= 77 .8=lower limit-ok A————————1"
78.6+O.8: 79.4=UPp€f' llmlT-Ok 18000 “410.5 Ml il




PROVING RING SERIAL NUMBER: 1440 CALIBRATION DATE: 8/1/2006
Different than previous example
GYRATORY COMPACTOR CALIBRATION DATA POINTS

This sheet is specific to a certain proving ring

Dial Dial Dial Dial Dial

Newtons Ibf (actual) - 1% + 1% - 3% + 3%
0 0.0 0.0 0.0 0.0 0.0 0.0
500 112.4 11.0 10.9 311 10.7 11.3
1000 224.8 22.0 21.8 22.2 21.3 22.7
1500 337.2 33.0 32.7 33.3 32.0 34.0
2000 449.6 44.4 43.9 44.8 43.1 45.7
2500 562.0 556.8 55.2 56.3 54.1 57.5
3000 674.4 67.2 . 65.2 69.2
3500 786.8 78.9 76.5 81.2
4000 899.2 90.6 3 . 87.8 93.3
4500 1011.6 102.2 101.2 103.3 99.2 ; 1056.3
5000 1124.1 113.9 112.8 115.1 110.5 "~ 1174
5500 1236.5 125.1 123.8 126.3 121.3 128.8
6000 1348.9 136.2 134.8 137.5 132.1 140.3
6500 1461.3 147.7 146.2 149.2 143.3 152.1
7000 1673.7 1569.3 167.7 160.8 154.5 164.0
7500 1686.1 170.8 169.1 172.5 165.7 175.9
8000 1798.5 182.5 180.7 184.3 177.0 188.0
8500 1910.9 194.2 192.2 196.1 188.3 200.0
9000 2023.3 205.8 203.8 207.9 199.7 212.0
9500 2135.7 217.2 215.0 219.3 210.7 223.7
10000 2248.1 228.5 226.2 230.8 221.7 2354
10500 2360.5 239.9 237.5 242.3 232.7 247 1
11000 2472.9 251.3 248.8 253.8 2437 2588
11500 2585.3 262.7 260.1 265.3 2564.8 270.6
12000 2697.7 274.1 271.4 276.8 265.9 282.3
12500 2810.1 286.0 283.2 288.9 277.5 294.6
13000 2922.5 298.0 295.0 301.0 289.0 306.9
13500 3034.9 309.9 306.8 313.0 300.6 319.2
14000 3147.3 320.9 317.7 324.1 311.3 330.6
14500 3259.7 331.9 328.6 335.3 322.0 341.9
15000 3372.2 343.5 340.0 346.9 333.2 353.8
15500 3484.6 3565.0 351.5 368.6 344.4 365.7
16000 3597.0 366.6 362.9 370.2 355.6 377.6
. 16500 3709.4 378.1 374.4 381.9 366.8 389.5
17000 3821.8 389.7 385.8 393.6 378.1 401.4
17500 3934.2 401.4 397.3 405.4 389.3 413.4
18000 4046.6 413.0 408.8 4171 400.6 425.4

72



Roller Clearance &
Zero Position

= Make sure external angle
Jjig and rollers are clean
= Make sure dial gages are in
snug and gage tips are
tightened
= Want some play in rollers:
=0.0015 to 0.0020 (fixed
post)
10.0020 to 0.0040 (other
2 posts)
u Zero Degree Position
Check: at 180° rotation dial

readings remain within +
0.0010"

73

‘GYRATORY COMPACTOR PROFICIENCY EXAM
LIST OF SPECIFICATIONS

Verifcation of Galteation

rations: 10 rotations in 20 £ 0.3 seconds
sndca.con.catbeation chart

- 15, but less than or equal o
‘Callbration recommended
is grater than Target + 3%: Calieation roquired

0 er
f Measured is greater than or equal to 6,000 2 0.004
Cobeation reaured (Machae may indicate Is condibon)

JACHINE ASSISTANCE STOPS AT THIS POINTsnsssssss

« Roller Clearances:
0/0015 19 0.0020" for fwed post (3 o'ciock): OK
> 0,0020 10 0.0040" or other two posts (B and 12 o'clock): OK
« Zoro Degres Positon:
Disl indicatoe readings &6 not changs by mara than & 0.0010"
when angle verification device s rolated 180" OK

ifsrence batwae
rgs (dfierence =

t 80 tha rght dia
)

83" < iffarence 50,1267 OK
ference kmas’ for a compactor will be
determined during callbration using the infernal angle device.
« Intermat
o internal angle maasuremant instrumant (0.9, Pine
RAM) using the static angle gauge (e.g. Pine calibration tube)
o Determine the internal angle: Average &

top angle, and 2 of battom angie) shatfie 1.16 £ 0. T

VERIFICATION

75

12/17/19
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GYRATORY COMPACTOR PROFICIENCY EXAM
LIST OF SPECIFICATIONS

Verification of Calibration

Speed of gyratlons 10 rotatlons m 20 + 0.33 seconds
= alibration chart.

—-—
x
o
=
—
o
0
7
—
=3
o
~
o)
i |
o
a
=
o
—
o

Target t 3% Cal:bratlon recommended
o If Readlng is greaterthan Target + 3%: Calibration required

t O 004" Callbratlon recommended '
o If Measured is greater than or equal to 6.000 + 0.004":
Calibration required (Machine may indicate this condition)

Roller Clearances:
o 0.0015 to 0.0020" for fixed post (3 o’clock): OK
o 0.0020 to 0.0040" for other two posts (9 and 12 o’clock): OK

Zero Degree Position:
Dial indicator readings do not change by more than £+ 0.0010”
when angle verification device is rotated 180°: OK

o Calculate the difference between the left and the right dial
indicator readings (difference = left — right)

o Compare difference:
For example, 0.1083" < difference < 0.1126": OK

o NOTE: Actual “difference limits” for a compactor will be
determined during calibration using the internal angle device.

e [Internal Angle:

o Verify the internal angle measurement instrument (e.g. Pine
RAM) using the static angle gauge (e.g. Pine calibration tube)

o Determine the internal angle: Average gidaag =Vaal=la .

top angle, and 2 of bottom angle) shallge 1.16 £ 0.02 degrees.
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Verification Actions

= Rate of gyration (speed)
= Roller clearance & zero
position
= Ram force:
= 2 loads
= 3500; 14,500 N
= Specimen Height
= 1 position (blocks)
mbin.
= Angle of gyration (external
angle)

76

VERIFICATION
FREQUENCY

n Verification is a shortened
version of calibration

= Frequency of verification:
= Monthly
= When moved

= After any maintenance or
adjustments

u After questionable results
= Condition:
u Clean, cold machine
n "Cold" = warmed up to
operating temperature, but mix

has not been run through the
machine

77

Ex.: Verification Work Sheet Using Internal Instead
of External Angle

26



Ex.: Verification Work Sheet Using Internal Instead

of External Angle

ratory Calibration/Verification Data Sheet 7/ 7

VERIFIED/BY )Y/ 2 JAF TG ae Gte 5 ol -n 6
E 70q |4-8-0G |7 /209 12707 | Slasfe7| #/27/07
OTATIONSPEED| ,g4c (W a90 | a9 /5% | 1999 | RosS /976
LOAD 750 '
3500 7228 .8 195 268 1728 790 |77 2
14500 2327 0 B2 2 33,8 |330.%| 3322 | 3367|3322
OK? ) - | ok Ol oK By % o
& L7
60002 | 7.999.999 | 54999 fi;afﬁ 5.999| 5.997 | (.008
Roller Clearence | .., 4, b o do [Zee20 |O0OQO sy 9,00 )15 |0.00(S
witom o) L A0, o3| oo cove oot~ 753 (6433
0° POSITION 605 |ooo® iweoS 0005 |, 0005 | 0000
+ 0.0010 0,0005 002 , O 005 , 05 | 0000 o, opoo | Quoal
ternal Angle Top1| [/, 2.¢ {i; /7 /l/f /,/37 b P A IR
| Jorg\WT sy (L4872 | 417 | )l
orangiootomt| / s\ W 19 /.79 1619 (4,9 1117 119
AL [WE RNz R VAR (.]9 11,19
s 00 avel /. /7 \W 8 /.09 | /. /9 | L] [18 14,19
ngte p— oK T 7 2 ﬂ/{
VERIFIED/BY | 4© J & 7 G ae X2 e J G
CALIVERDATE | 5.4-06 | 5-§-4q4 | S-G9 | 5 5-19-09| 526 -5 | $-37-09
RO o 2| @o.0¢t | 0.0 | 0.0 JoLD | 200R 0.
LOAD
3500 791 740 1791 1293 79,2 [24.0 | Zk.o |
14500 334§ |332.0 | 332.01372.5 |332¢ | 3370 | 349,40 |
OK? v o oK gt | o 0K
HEIGHT ‘ . -
6t 0002 | L2092 €202 | [, sp0 | 5.95595 | Looe |5, 977 b.oo0
Roller Clearence | mp /S 0020 00 e oe»‘:Lo‘ .dd 75 _ c0/5
g:gg;::&gg:g 9.1; | DoYD po 35 -daqoldbgﬂtm’;' DOHD OO ;D3J ) ddy;"adxfﬁaqa 77X
0° POSITION i ,0ous (0070 Q605
+ 0.0010 10005 0003 o 3005 vovd OO te0S]  coop Judo 1000 | g0/ | o0da
Internal Angle Top 1 l, 17 . A .J_i ', 1% / /? ',/g l _[Q
2 |18 1s /e |4, L% (/¥ (1 /8 [/ | Lle
s angosonom 1] 14 |/ 7F Lkl /. /9 /.4 142 | L1§
Ay (7 /2% 04 1A\ (.4 [/7/9 |14
1162002 aval ), 1% | [ (§ g 1\N\G | 4 | 148 MQZS
Angle OK? oK o[- K N | ok ol ok T
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Standard
Specification

= 403.17.3.1 (standard spec)
- The gyratory compactor
should be calibrated yearly
using internal angle. It
may be verified using
external angle. It should
be verified daily monthly
during production and after
each move.

79

VERIFICATION:

- External angle verification
can be substituted for
internal angle verification;
The external angle must
correspond to be within the
proper internal angle range
as established during
calibration, e.g, during
calibration of the internal
angle, the corresronding
external angle will be noted.
This can be used for external
angle verification

VERIFICATION

« Rate of gyration (rotational
speed): 30.0 + 0.5 rotations
per minute (10 rotations in 20
+0.33 sec)

« Ram Force: Target + 1%

« Ram Position (height):+0.002"

« External angle: Whatever
corresponds to internal angle
as set during calibration: 1.16
+0.02°

- Roller clearances and zero
position - done on some
machines 81

27
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External Angle
Methods

= Depending on the gyro
make/model:
= External angle jig

3 s

» Internal check provided by the
gyro (not “internal angle")

82

Example

= During calibration, the
internal angle was set to
1.173 ° which met 1.16 + 0.02°

m At the same time, the
external angle difference
was 0.1110 in. which, using
trigonometry, corresponds to
1.27 ° (tan © = Difference/ L)
where L =5.000 in.

» For the next year, during
monthly verification, the
external angle must be 1.27 +

0
0.02 83

ratory € nmm:allal\hmmm* hange Record

28



O _Pine AFGCI25X (115 V 60 Hz)
O Pine AFGCI25XA (220 V 60 Ha)

Pine AFGC125X Gyratory Compactol “hange Record

0 Pine AFGC125XE (220 V 50 H2)
Mode!

Techescan (s pn and doxe)

Senal Namber
Missovri _DoT o Reua Mo
S Owner (Corapary Nume) SGC Locston (City asd Stee)
- Status of Compactor Prior to Calibration Change
X7\ 2-21.07 3 - 20 -0X Claad Sy
Noorwe Hours Prviows SGC Calbenion Dot Previcus SGC Verifcation Date Previcus Caltration Séevice Provider (F incen
External Angle of Gyration Internal Angle of Gyration
Pine ACGCAQ00] 0 Owned by Customer m&l(gml'
: O Owned by Calibrator _—ﬁ._). Y 1 o s
Fegu Sersct Appania inmal Ange ‘Seral Number
O Owsaed by Cestomer
Parameter *As Found" “As Left* > B~ Owaed by Calibrator
Device Calration Dale
Loaded Angle
Adjustalie Link Cap
o
“p
10.007" 1o 0,004 . done 002G ressure (Force Mcasurement)
Fised Link Gap :
10.0015° to 0.00271 003 001G Pine AFGCLROSC 31
Lnad Ring Mool
O Owned by Custooner
H-X1-07 B Owned by Calibeater
“Ring Cllbradon Dule ™~
Specimen Height (Position Measurement 0 S
Pine AFGI123C s g . newtons] | (actual)
s To Wodsl W 1500 | 33 5 33 | 2332, |
O Owned by Customer
Height (inches) *As Found' “As Left* 5500 | 1z24.9 );q_q la(“:
10 (0. 820 | (0.000 6500 142.8 1427 418
9 9. 000 F.000 7500 | 17645 176.6 1707
9 2.000 B.00 8500 1m/3. | ag 193.0
— - 9500 |52 2189 A,
6 AT b.c00 10500 | 2393 2393 A3%
4O . 000 11500 | 2%60.9 217 0.9
4 4. 000 4 .000 12500 | 2836 2339 34,0
3.000 3.000 13500 | 3a¢a 3620 2071
Notes: 14500 [ 232.2 329.2 PR9.5
ot 15500 | 3525 | 3cae i 3¢3p
16500 | 375.9 2%¢.0
17500 1G9.9 -eq. | £ o
18000 4105 il 1%
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VERIFICATION &
CALIBRATION

= Gyratory compactor
= Molds

85

GYRO MOLD EVALUATION

= Frequency: min. 12 months
» External calibration service
(usually in conjunction with
gyro calibration)

» In-house

u Critical dimensions:
= Mold inside diameter
= End plate diameter
= Mold length

86

Internal Diameter

» Methods:
u Three-point internal bore
gauge
» Coordinate Measuring Machine
(CMM)

87

29



Mold Diameter
3-Point Bore Gauge

m Set the zero with a "master

88

Mold Diameter
3-Point Bore Gauge
= Measure mold internal diameter at
3 elevations, with 3 different
measurements (nearest 0.001 mm

preferred) at each elevation: total
of 9 measurements

Lok

Mold Diameter
3-Point Bore Gauge

» For in-service molds, each
diameter bore measurement
recommended to be 149.9-
150.0 mm.

= Maximum clearance should be
<150.2 mm

n If any diameter fails
maximum, mold should not be
used (too much play,
compaction tends to
decrease, which would affect
volumetrics)

90

12/17/19
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Mold Length

u Caliper or micrometer
u Measure fo nearest 0.025 mm
u Length should be at least 250 mm

91

End Plate Diameter

= Measure with a caliper or
micrometer

= Find maximum plate diameter (A)
by measuring several points

= Measure a "B" diameter at a point
90° from A

= Diameters at each point should be
149.50 to 149.75 mm

» If end plate has excessive
clearance, it should not be used:
too much play, decrease in
compaction

Calibration Data Sheet- Mold

Critical Mold Dimensions specific to the Pine AFG 25)(

31



Calibration Data Sheet- Mold

Gyratory Compactor Mold Inspection Report ’

Mpaiaffona, to Phca . s0er Iy

Mitatoyo 511- 166 Bore Gage
with 150 mm ' -2C. | W5
mﬁﬁumg m‘-%é%i&!:;—

Mold Dimensions as per the AASHTO T-312 Standard

parameter ninirum waxioun A B C D

Mold Identification Number | prd 3
5.9016%  5.9055° a :
1249.90 em) (350,00 ) | 5 UYHE | Sapld 28035
Inner Diancter (middle) SARLSS SRR . ~ -
114990 wa) (150 00 wm) | S §OSS | ©GouS | 5904

5.9016" 5.9055"
Jnner Diasater (bottom! (15550 ma (15000 em) | S9/2 S 9085 | 5306

iomer Diameter (top)

Top Plate Identification Number
S.0058%  5.8957° -
Top Flate Dismeter 134950 mm)  1349.75 s | 5 BT¢ 496 2913
Bottom Plate Identification Number
bottem Plate Dlsmetar  niysom aorssemt | 5993 | Sws | s
Critical Mold Dimensions specific to the Pine AFGC125X
paremeter minivun nuxisun A B C D

Mold Flange Thickness {1)  .998" 1.002° | fooo | 999% | LOOO

Notes Regarding Mold Wear:

. hmnw“mhtﬁumoetbenmmcvauﬁadmmm As the clearance between the
m«mamm«amemammmammmde
tends to decreass. umm«uumo.smmmmmwmmmmg

. mmsm'r-sum-mwmmmmmwmmamismadmm.mum

the clearance should indeed always be lower than 0.5 mm, (Because of the precise wording used in the specification,
lw-nu.uupourhleforlmoldmh-nmvhuhmunptmmmonnyuMMn

dearance which is less than 0.5 mm.)
¢ Pine recommends that any mold with an inner diameter worn beyond 5.9134" (150,20 mmy should be replaced

93
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VISUAL INSPECTION

» Free of residue and deep
gouges

= Identify visible wear areas

= End plates should be free of
raised burrs

94

PROFICIENCY
EXAMS

= Make pucks
= Verification of the gyro

95

32
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MODULE 7

MAXIMUM SPECIFIC
GRAVITY OF VOIDLESS
LOOSE MIX (RICE)

Gmm

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
11-17-10 Revision
12-29-14 Revision
12-9-15 Revision
3-2-16 Revision
12-12-18 Revision
2-8-19 Revision
12-17-19 Revision
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MODULE 7

MAXIMUM SPECIFIC
GRAVITY OF VOIDLESS
LOOSE MIX (RICE)

G

11-24-06 Revision
11-9-07 Revision
4-22-09 Revision
11-18-09 Revision
11-17-10 Revision
12-29-14 Revision
12-9-15 Revision
3-2-16 Revision
12-12-18 Revision
2-8-19 Revision
12-17-19 Revision

AASHTO TEST
METHODS &
SPECIFICATIONS
= R35 Volumetric Design
Practice
= M323 Volumetric Design
Specs
= R30 Mix Conditioning
u T 312 Gyro operation

m T 166 Bulk Sp Gravity of
gyro pucks

n T 209 Max Sp Gravity of
Voidless Mix (Rice)

= T 283 Moisture Sensitivity

"RICE" GRAVITY

Maximum Specific Gravity

o Loose (uncompacted) mixture

Mass agg. and AC

Vol. agg. and AC




MAXIMUM SPECIFIC
GRAVITY OF
VOIDLESS MIX

m Specific gravity is the
ratio of the mass in air of
a volume of material to
the mass in air of an equal
volume of water

= "Rice" test

u “Gmm":

m G=specific gravity
mm=mix
= m=maximum

SAMPLE LOCATION

m Volumetric sample:
behind the paver

= TSR sample:

uBehind paver
m Truck
nPlant discharge

USES

m 1. Computing % air voids
(a pay factor):
8 V= (G Grp) + En]X100

m 2. Computing pavement
density (a pay factor):
n Density=(6,,.+ 6,,,)x100

m G, .=core specific gravity

12/17/19




CALIBRATION

u Pycnometer: daily

= Vacuum: every 12
months

SAMPLE SPLIT

ALTERNATE
METHODS

u Weigh-in-Air

= Weigh-in-Water

12/17/19




12/17/19

SUMMARY OF STEPS:
Weigh-in-Air Method

n 1. Dry specimen to constant
weight at 105 + 5 °C (mass
repeats within 0.1%) -see
cookbook on "mass repeats”

Or

Run AASHTO T 329
Moisture content of mix to
be assured that the
specimen is dry (< 0.1%).

10

m 2. Separate loose mix into
small pieces. Be sure not fo
over-manipulate the sample and
cause aggregate to be broken
into pieces smaller than
original size. Bring specimen to
room femperature.

Testing

Loose Mix at
Room
- Temperature

3. Weigh the dry specimen

Total- tare = "A”




Weigh-in-Air Method

m 4. Add sufficient water to
the pycnometer containing
the specimen to cover it (~25
OC)

13

5. De-air the specimen (shake under
vacuum). The vacuum is required to be
27.5 £ 2.5 mm Hg absolute vacuum. A
manometer is to be connected to the
system during testing.

AGITATION

» Mechanical
= Manual

= Manual method has come and
gone and come again in the
specs as an allowable method

15

12/17/19
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6. Fill the pycnometer with
water and bring the specimen
to test temperature (25 + 1°C)

7. Determine weight of
[specimen + pycnometer +
water] ="E"

Weigh-in-Air Method:

Pycnometer Standardization
= 8. Determine

weight of
pycnometer full
of water to
determine its
volume. The
water is
required fo be
at 25+0.5°C

“D"

"D" will be too high
with cold
temperature &
cloudiness

“D" will be too low
with high
temperature 18
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CALCULATION

m Results of steps 3,4, 8
determine the volume of
sSpecimen.

= 9. Knowing mass of
specimen and mass of
water displaced (volume
of specimen), calculate

mm

19

DRY-BACK STEP

m 10. If absorption of any
coarse aggregate fraction
is greater than 2.0%, dry
back the specimen to a
surface dry condition and
weigh. Use this weight
“A2" in the denominator
in place of "A”.

= Absorption data is on the
JMF.

20

DRY-BACK

m Purpose- to see if water has
penetrated the binder
coating

m So--dry the sample back to a
surface-dry condition --don't
oven dry all the way to ~ zero
moisture

21




When to Implement Dry-
Back

= If coarse aggregate
absorptions are excessive,
perform on first lot (all
sublots)

u If initial Gmm and the dry-
back Gmm are within 0.002 of
each other in each of the
first 4 sublots, the dry-back
procedure may be reduced to
once per 4 sublots (FAQ).

22

CALCULATION
(Dry-Back Procedure)

= 11, Knowing mass of
specimen and mass of
water displaced (volume
of specimen), calculate

mm-*

A
Gmm_
A2+D-E
23
ALTERNATE
METHODS
u Weigh-in-Air
= Weigh-in-Water
24
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SUMMARY OF STEPS:
Weigh-in-Water
Method
= 1. Dry specimen to constant
weight at 105 + 5 °C (mass
repeats within 0.1%)-see
cookbook on "mass repeats”

Or
Run AASHTO T 329
Moisture content of mix to
be assured that the
specimen is dry (< 0.1%).

25

m 2. Separate loose mix into small
pieces. Be sure not to over-
manipulate the sample and cause
aggregate to be broken into
pieces smaller than original size.
Bring specimen to room
temperature.

Testing

Loose Mixat
Room
.. Temperature

\x

3. Weigh the dry specimen

Total-tare = "A




4. De-air the specimen (shake under
vacuum). The vacuum is required to be
27.5 £ 2.5 mm Hg absolute vacuum. A
manometer is to be connected to the
system during testing.

M)

ALTERNATE METHOD:
Weigh-in-Water

» 5. Instead of weighing on top of
the scale (in air), suspend the
pycnometer below the scale in
water (25 * 1°C) without lid:

[pychometer +specimen] under water= C

29

Weigh in Water

= 6. Remove specimen from
pycnometer. Immediately
determine weight under
water of pycnometer.

= [pycnometer] under water= B

m 7. Calculate Gmm:

30

12/17/19
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DRY-BACK STEP

= 8. If absorption of any
coarse aggregate fraction
is greater than 2.0%, dry
back the specimen to a
surface dry condition and
weigh. Use this weight
"A2" in the denominator.

= Absorption data is on the
JMF.

31

CALCULATION
(Dry-Back Procedure)

= 9. Knowing mass of
specimen and mass of
water displaced (volume
of specimen), calculate

mm

A

Gmm:
A2+B-C
“C" will be incorrect if

water temperature is not

standard
32

RICE GRAVITY
Methods in Missouri

» Weigh-in-air: slight majority
= Weigh-in-water

33

12/17/19
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RICE GRAVITY
Methods in Missouri

» Mechanical agitation- vast
majority

= Manual - very few

= Combination - a few

m A few tailor the method to
the circumstance

34

CALCULATIONS
OF
VOLUMETRICS

AIR VOIDS

36

12



AIR VOIDS

2,557 - 2.455
Y x 100
2557

V,= 4.0%
37
VMA

Voids in Mineral Aggregate

VMA =100 - SmoPs
sb

VMA is an indication of film thickness on
the surface of the aggregate

38

Location of Specific
Gravities on JMF

12/17/19

39
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Location of Specific
Gravities on JMF

MISSOURI DEPARTMENT OF TRANSPORTATION - DIVISION OF MATERIALS
ASPHALTIC CONCRETE TYPE SP125HB

DATE = 10/29/03 CONTRACTOR = MY BUSINESS SP125 03-16

IDENT BULK  APPAR

NO PRODUCT CODE ___/ PRODUCER, LOCATION SP.GR.__SP.GR___ %ABS FORMATION LEDGES % CHERT

35J5.J001 100207.LD1 / Hard Rock Stone, Dig Deep, MO 2515 2713 29 Jet City Dolo 58 25

3554002 100204. LD1 / Hard Rock Stone, Dig Deep, MO 2476 2725 37 Jet City Dolo 58 25

355003 1002MS..MSLD / Hard Rock Stone, Dig Deep, MO 2480 2761 Jet City Dolo 58 10

30CAJ016 1002HL..HL / Missy Lime Co. #2, Ste. General, MO 2.303 2.303 Hyd. Lime

36DLJ016 1015ACPG..7022 / Black Asphalt Products, Decoy, MO G mm - 2 405

MATERAL

IDENT # 35J5J001] 35/5J002 35J5J003] 30CAJ016 Gmb - 2.308 L COMB
03016 314 3/8"MAN SAND | Hyd Lime GRAD

11720 100.0 100.0 100.0 100.0 100.0

1 100.0 100.0 100.0 100.0 GSb — 2629 100.0

34 100.0 100.0 100.0 100.0 60.0 12.0 260 20 100.0

112" 97.6 100.0 100.0 100.0 58.6 12.0 26.0 20 986

8" 838 9.1 100.0 100.0 50.3 115 26.0 20 89.8

# 318 35.0 99.9 100.0 19.1 42 26.0 20 513

#8 7.0 8.0 820 100.0 42 10 213 20 285

#16 26 35 407 100.0 16 04 106 20 146

#30 16 26 266 100.0 1.0 03 69 20 102

#50 16 2.1 135 100.0 1.0 03 35 20 67

#100 15 19 54 100.0 0.9 02 14 20 45

#200 1 0.9 02 11 20 42

LABORATORY % VOIDS = 4 TSR = 95 TSR Wt Nini = 9 MIX COMPOSITION

CHARACTER'S VMA = 144 200/AC = 11 38550 Ndes = 125 MIN. AGG 93.8%

AASHTO T312 % FILLED = 72 Gyro Wt. = 4610 Nmax = 205 ASPHALT CONTENT 6.2%

CALIBRATION NUMBER MASTER GAUGE BACK CNT. = 2196 Al= | 5234741

MASTER GAUGE SER NO. = 770 SAMPLE WEIGHT = 7200 A2= | 3436895

Aggregate & Mxture Properties Based on Contractors Mx Design

39
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VMA

Example Calculations

o Given that G, =2.455, P, =95%, and
Gy, =2.703

(2.455) (95)
2.703

VMA = 100 - =137

40

6., CHANGES

n If the blend has changed say,
due to a Field Adjustment of
fraction %'s, then Gsb should
be re-calculated.

41

VFA
Voids Filled with Asphalt

VEA = 100 x YMA-Va

VFA is the percent of VMA that
is filled with asphalt cement

42
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VFA= 71%

43

CALCULATIONS

m QC calculates air voids,
VMA, and VFA 1 per
sublot

m QA calculates air voids,
VMA, and VFA 1 per
4 sublots

u Only air voids and VMA
are pay factors

44

MoDOT
SPREADSHEET

15



MoDOT
SPREADSHEET

APIW 4.11 12/17/20(

MISSOURI DEPARTMENT OF TRANSPORTATION

PLANT INSPECTORS WORKSHEET
VERSION 4.11 FOR MS EXCEL FOR WINDOWS - - - Release date: 08/21/07

FOLDER ON D:\ temp **NOTE**: See

CHECK ID userid data between
DATE 20090824
MIXTURE NO.  SP12509-95
LOT/SUBLOT NO 5 IHA[B]C|ID[E]|F]
CONTRACT ID.
JOB NO.
ROUTE 36
COUNTY DeKalb DeKalb
LINE NO. 0230 QUANTITY  2155.46 0210 QUANTITY 776.28 QUANTITY
LINE NO. QUANTITY QUANTITY
PRODUCER
MATERIAL SP125C
MATERIAL (OLD) Material Short NameQO
GRADATION | GRADATION !
1 2 LOOSE MIX DENSITY RANDOM JOINT RANDOM
GRADATION | GRADATION e RANDOM NUMBER NUMBER NUMBER
3 4 »
SUMMARY PAGE gl TRANSFER TO V:\ HELP
PRINT PRINT LOOSE PRINT DENSITY PRINT JOINT
L voLuMETRIcs | PRINTSUMMARY | \ix RANDOM # RANDOM # RANDOM #

45
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SUPERPAVE MIXTURE PROPERTIES

G, Portion

‘SUPERPAVE MIXTURE PROPERTIES

ROVTE__ 3 Mxno

zuin. ot sampe ryback
oo tom e wns

e )
E = W of s e wih et ond s
vex-E

o sux specmcomtyay  [ie] re] el el el Tel T

47

DRY-BACK

= If dry-back procedure is
done, substitute “A," for "A"
in the denominator

48
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SUPERPAVE MIXTURE PROPERTIES

——
APIW 4.00 7/6/!

JOB 0 ROUTE 0 MIX NO. #VALUE! LOT NO. 0

SUBLOT

DATE

AASHTO T 209 A2 required when T85 absorplion >2.0% on any aggregate fraction.

TECHNICIAN

A = Wt. of sample: 1594 .4

A2=Wt. of sample (dry-back):

D = Wt. of flask filled with water: 74722

X =A + D (A2 used in lieu of A for dry-back) 9066.6 0.0 0.0 0.0 0.0 0.0 0.0

E = Wt. of flask filled with water and sample: 8421.5

Y=X-E 645.1 0.0 0.0 0.0 0.0 0.0 0.0

Gmm = MAX. SPECIFIC GRAVITY =A/Y 2472 2.472 2.472 2.472 2.472 2472 2.472
o 1 2 —————

TECHNICIAN

MOLDING TEMPERATURE

A = Weight of sample in air: 4867.8

B = Weight of sample in water: SPEC. 1 2801.9

C = Weight of surface dry sample: 4880.4

Gmb =BULK SP. G. = A/ (C-B) 2.342 0.000 0.000 0.000 0.000 0.000 0.000

A = Weight of sample in air: 4898.1

B = Weight of sample in water: SPEC. 2 28145

C = Weight of surface dry sample: 4911.9

Gmb = BULK SP. G. = A/ (C-B) 2.336 0.000 0.000 0.000 0.000 0.000 0.000

AVG. Gmb 2.339 0.000 0.000 0.000 0.000 0.000 0.000

TECHNICIAN | | | ]

MoDOT TM54 (NUCLEAR)

SAMPLE WEIGHT

BACKGROUND

COUNTS

GAUGE % AC

AASHTO T 308 (IGNITION)

GAUGE %AC 5.35 | | | | |

NUCLEAR OR IGNITION

% MOISTURE 0.12

% AC BY IGNITION OR NUCLEAR 5.2

AASHTO R 35

A = Gmm (FIELD) 2472 2.472 2472 2.472 2.472 2.472 2472

B = Gmb (FIELD) (Avg.) 2.339 0.000 0.000 0.000 0.000 0.000 0.000

C = Gsb (Job Mix) 2.857 2.557 2.557 2.557 2.557 2.557 2.557

D = Ps = Percent Agg. in mix 94.8 100.0 100.0 100.0 100.0 100.0 100.0

VMA =100-(BXD/C) 13.3 100.0 100.0 100.0 100.0 100.0 100.0

Va=100 X ((A-B)/A) 5.4 100.0 100.0 100.0 100.0 100.0 100.0

VFA q (VMA-Va)/ VMA ] X 100 59 0 0 0 0 0 0

AASHTO T 166

TECHNICIAN

A = Weight of sample in air: 1255

B = Weight in water: 710

C = Weight of surface dry sample: 1260

Gmc = CORE SPECIFIC GRAVITY =A/(C-B) 2.282 0.000 0.000 0.000 0.000 0.000 0.000

Gmm = MAX. SPECIFIC GRAVITY (T209) 2.472 2.472 2.472 2.472 2.472 2.472 2.472

% COMPACTION OF CORE =100 x (Gmc / Gmm) 923 0.0 0.0 0.0 0.0 0.0 0.0

THICKNESS

SUBLOT

FOR 2ND CORE SUBLOT WHEN DENOTED IN QC PLAN

TECHNICIAN

A = Weight of sample in air:

B = Weight in water:

C = Weight of surface dry sample:

Gmec = CORE SPECIFIC GRAVITY =A/(C-B) 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Gmm = MAX. SPECIFIC GRAVITY (T209) 2472 2.472 2472 2.472 2.472 2.472 2472

% COMPACTION OF CORE = 100 x (Gmc / Gmm) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

THICKNESS

SUBLOT




G, Portion

SUPERPAVE MIXTURE PROPERTIES

JOB 0 ROUTE

SUBLOT

DATE

AASHTO T 209

TECHNICIAN

A = Wt. of sample:

A2=Wt. of sample (dry-back):

D = Wt. of flask filled with water:

X =A+D (A2 used in lieu of A for dry-back)

E = Wt. of flask filled with water and sample:

Y=X-E
Gmm = MAX. SPECIFIC GRAVITY =AY

0

MIX NO. #VALUE! LOT NO. 0
A2 required when T85 absorption >2.0% on any aggregate fraction.
EASg| R
., 74722 rr = i Ay A Pl 4 ™ % T i ¢ & 5
9066.6 0.0 0.0 0.0 0.0 0.0 0.0
8421.5 S e S i
645.1 0.0 0.0 0.0 0.0 0.0 0.0
2472 2472 2472 2472 2472 2472 2472

47
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DRY-BACK

SUPERPAVE MIXTURE PROPERTIES

0, RouTE, MXNO___ssis  ROTHO g

49
USE of 6,,,
= Calculate Air Voids
= Calculate Core Density
50

SUPERPAVE MIXTURE PROPERTIES

Rice Gmm

17



DRY-BACK

SUPERPAVE MIXTURE PROPERTIES

JOB 0 ROUTE 0 MIX NO. #VALUE! LOT NO. 0

SUBLOT
AASHTO T 209 A2 required when T85 absorption >2.0% on any aggregate fraction.
TECHNICIAN ‘ T F T o e

- - O
A2=Wt. of sample (dry-back): i

. : ' 7472.2 2 s
X =A + D (A2 used in lieu of A for dry-back) 9066.6 0.0 0.0 0.0 0.0 0.0 0.0

=T, ’ 8421.5| : i

Y=X-E 6451 0.0 0.0 0.0 0.0 0.0 0.0
Gmm = MAX. SPECIFIC GRAVITY =A/Y 2472 2.472 2.472 2472 2.472 2.472 2472

49



SUPERPAVE MIXTURE PROPERTIES

APIW 4.00 7/6/2

JOB 0 ROUTE 0 MIX NO. #VALUE! LOT NO. 0
SUBLOT
DATE
AASHTO T 208 A2 required when T85 absorplion >2.0% on any aggregate fraction.
TECHNICIAN Rl Ce Gmm
A = Wt of sample: 1594 .4
A2=Wt. of sample (dry-back):
D = Wt. of flask filled with water: 74722
X =A + D (A2 used in lieu of A for dry-back) 9066.6 0.0 0.0 0.0 0.0 0.0 0.0
E = Wt. of flask filled with water and sample: 8421.5
Y=X-E 645.1 0.0 0.0 0.0 0.0 0.0 0.0
Gmm = MAX. SPECIFIC GRAVITY =A/Y 2.472 2.472 2.472 2.472 2.472 2472 2.472
AASHTO T 166
TECHNICIAN
MOLDING TEMPERATURE
A = Weight of sample in air: 4867.8
B = Weight of sample in water: SPEC. 1 2801.9
C = Weight of surface dry sample: 4880.4
Gmb =BULK SP. G. = A/ (C-B) 2.342 0.000 0.000 0.000 0.000 0.000 0.000
A = Weight of sample in air: 4899.1
B = Weight of sample in water: SPEC. 2 28145
C = Weight of surface dry sample: 4911.9
Gmb =BULK SP. G. = A/ (C-B) 2.336 0.000 0.000 0.000 0.000 0.000 0.000
AVG. Gmb Gm b 2.339 0.000 0.000 0.000 0.000 0.000 0.000
TECHNICIAN | | | | ]
MoDOT TM54 (NUCLEAR)
SAMPLE WEIGHT
BACKGROUND
COUNTS
GAUGE % AC
AASHTO T 308 (IGNITION)
GAUGE %AC | 5.35 | | |
NUCLEAR OR IGNITION
% MOISTURE Pb 012
% AC BY IGNITION OR NUCLEAR 5.2

C = Gsb (Job Mix) 2.657 2.557 2.557 2.557 2.557 2.557 2557
D = Ps = Percent Agg. in mix 94.8 100.0 100.0 100.0 100.0 100.0 100.0
VMA =100-(BXD/C) 13.3 100.0 100.0 100.0 100.0 100.0 100.0
Va=100 X ((A-B)/A) 5.4 100.0 100.0 100.0 100.0 100.0 100.0
VFA {(VMA-Va)IVMA] * 100 59 0 o 0 0 0 0
AASHTO T 166

TECHNICIAN

A = Weight of sample in air: 1255

B = Weight in water: CO res 710

C = Weight of surface dry sample: 1260

Gmm = MAX. SPECIFIC GRAVITY (T209) 2.472 2.472 2.472 2.472 2.472 2472 2.472
THICKNESS

SUBLOT

FOR 2ND CORE SUBLOT WHEN DENOTED IN QC PLAN

TECHNICIAN

A = Weight of sample in air:

B = Weight in water:

C = Weight of surface dry sample:

Gmec = CORE SPECIFIC GRAVITY =A/(C-B) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Gmm = MAX. SPECIFIC GRAVITY (T209) 2472 2.472 2472 2.472 2.472 2.472 2472
% COMPACTION OF CORE = 100 x (Gmc / Gmm) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
THICKNESS

SUBLOT
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SPREADSHEET
CALCULATIONS

CHANGES IN "6,,"
In silo, trucks, MTV

= Time interval at high
temperature

m Absorptiveness of
aggregate

53

TIME AT HIGH
TEMPERATURE

54
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SPREADSHEET

CALCULATIONS

AASHTO R 35

A = Gmm (FIELD) 2472 2472 2472 2472 2.472 2.472 2472
B = Gmb (FIELD) (Avg.) 2.339 0.000 0.000 0.000 0.000 0.000 0.000
C = Gsb (Job Mix) 2557 2.557 2557 |12 1657 2.557 2,557 2,557
D = Ps = Percent Agg. in mix 94.8 100.0 100.0 100.0 100.0 100.0 100.0
VMA =100-(BXD/C) 13.3 100.0 100.0 100.0 100.0 100.0 100.0
Va=100 X ((A-B)/A) 5.4 100.0 100.0 100.0 100.0 100.0 100.0
VFA = (VMA-Va) / VMA 59 0 0 0 0 0 0
AASHTO T 166

TECHNICIAN

A = Weight of sample in air: 1255

B = Weight in water: 710

C = Weight of surface dry sample: 1260

Gmc = CORE SPECIFIC GRAVITY =A/(C -B) 2.282 0.000 0.000 0.000 0.000 0.000 0.000
Gmm = MAX. SPECIFIC GRAVITY (T209) 2472 2472 2472 2472 2472 2472 2472
% COMPACTION OF CORE =100 x (Gmc / Gmm) 923 0.0 0.0 0.0 0.0 0.0 0.0

THICKNESS
SUBLOT
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ABSORPTIVENESS
OF AGGREGATE

o

\ Effective
" “asphalt

COMMON TESTING
ERRORS

a Not allowing specimen to cool to
proper temperature.

» Over-manipulating the
specimen, producing broken,
uncoated particles

= Not having a manometer
connected directly to the
pychometer

= Not maintaining the proper
level of vacuum.

= Not breaking up sample
completely

= Not agitating sample enough

m Agitating sample too much 5g

COMMON TESTING
ERRORS, cont'd.

» If the specimen was too
warm when placed in the
pycnometer: after the
vacuum step, if stirring is
done, aggregate may be
broken.

= Not placing the lid in the
same position each time.

= Not sufficiently drying the
outside of the pycnometer
before weighing.

57
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COMMON TESTING
ERRORS, cont'd.

u Allowing entrapped air
bubbles in pycnometer

aNot performing the dry-
back procedure for highly
absorptive aggregates

= Not calibrating the
pycnometer often enough

= Not maintaining proper
water temperatures

58

COMMON TESTING
ERRORS, cont'd.

= Use of a dry towel may wick
water out of the
pycnometer hole.

= Not using approximately
the same size specimen
each time.

= Not changing vacuum level
at proper rates

59
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Theoretical Maximum Specific Gravity and Density of
Hot Mix Asphalt (HMA): AASHTO T 209-19

This test method shall be used to determine the maximum specific gravity (Gmm) of
uncompacted asphalt mixtures.

APPARATUS MINIMUM SAMPLE SIZE (MoDOT)
NOM. MAX SIZE (in.) SAMPLE (q)

Balance 1 2500
Container (pycnometer) Ya 2000
Thermometers Yo 2000
Vacuum Pump/System 3/8 2000
Water Bath #4 2000
PROCEDURE

Sample Preparation and Agitation

1. Dry the paving mix to a constant weight (mass repeats within 0.1%) at a
temperature of 105 £+ 5°C. This drying step shall be combined with any
warming of the sample necessary to prepare it for separation.

NOTE: The drying of the mix to constant weight prior to separation may be waived
provided AASHTO T 329 shows the moisture content to be less than 0.1%. If the
drying step is waived due to T 329 results, this fact must be documented and
included in the T 209 results.

2. Separate the particles of the paving mix by hand. A small trowel can be used,
but care must be taken not to fracture the mineral aggregate. Continually
work the mix while, ultimately, cooling to room temperature. The particles of
the fine aggregate portion should not be larger than 4" at the completion of
the separation step. Periodically, shake the pan back and forth to bring the
larger clumps to the top.

3. Determine and record the weight of the empty pycnometer (without the lid).

4. When the specimen is at room temperature, place and level the sample in the
pycnometer.

5. Determine and record the combined weight of the specimen and pycnometer.

6. Subtract the weight of the pycnometer from the combined weight of the

specimen and pycnhometer.

Record the net dry sample weight (A).

Add sufficient water at a temperature of approximately 25°C (77°F) to cover

the sample completely (=1 inch).

9. Wet O ring of vacuum lid and secure lid on pycnometer (use vacuum grease if
necessary to obtain a good seal).

o N

Rice Test (12-20-19).docx



10.

11.

Gradually increase the vacuum and hold 27.5 + 2.5 mm Hg (3.7 £ 0.3 kPa)
absolute vacuum for 15 + 2 minutes.

Agitate the pycnometer and contents using mechanical or manual agitation
during the vacuum period. Mechanical agitation is accomplished using a
shaker device while manual agitation entails vigorously shaking the
pycnhometer at intervals of about 2 minutes.

Mass Determination: Weigh in Air Method:

1.

2.

At the end of the 15 £ 2 minute vacuum period, slowly release the vacuum at
a rate not to exceed 60 mm Hg (8 kPa) per second (2.36 in. Hg/sec; gage).
Immediately start a 10 £ 1 minute time period. The requirement is to obtain
the final weight of the pycnometer, completely filled, within this second time
period. It is suggested that the timer be set for 9 minutes. Since the
pychometer is to be placed back in the water bath to bring it and its contents
back to 25 + 1°C, this will allow 2 minutes after the timer goes off to obtain the
final weight.

Slowly submerge the pycnometer in the 25 + 1°C water bath, being careful
not to expose the sample to the air.

Place the capillary lid on the pycnometer ensuring the removal of all air
bubbles inside the pycnometer while retaining as many fines as possible.
When the timer goes off, carefully remove the pycnometer from the bath. Dry
off the exterior of the pycnometer. Add water to the lid weephole to ensure
that the pycnometer is full. Dry off the exterior of the pycnometer again.

Zero the balance, then obtain and record the combined weight of pycnometer
and contents (E).

Completely empty the pycnometer and re-submerge the empty pycnometer in
the 25 + 1°C water bath.

Again, check for air bubbles clinging to the inside of the pycnometer and the
bottom of the capillary lid prior to placement on the pycnometer.

Leave it in the water bath for 10 £ 1 minutes of immersion.

Remove the pycnometer and dry off the exterior. Add water to the weephole
with an eyedropper until seepage occurs around the lid. Dry off the exterior
again and obtain the total weight of the pycnometer filled with water (D).

Mass Determination: Weigh in Water Method:

A weigh-in-water station should be available that includes a water bath suitable for
immersion of the suspended container with its deaerated sample, an overflow outlet
for maintaining a default water level, a method for controlling or monitoring water
temperature, a balance with a weigh-below capability, and some type of suspended
platform on which the pycnometer/flask can be supported while submerged in the
water bath. The platform and rod/wires that connect the platform to the balance
should displace a minimum amount of water.

Rice Test (12-20-19).docx



1. Prepare and vacuum sample as described earlier. After 15 + 2 minutes of
agitation and vacuum at the specified level, slowly release the vacuum at a
rate not to exceed 60 mm Hg (8 kPa) per second (2.36 in. Hg/sec; gage) then
disassemble apparatus.

2. The temperature of the water bath should be adjusted to and maintained at
25 + 1°C, the water level shall be at its default level (full, but not overflowing),
then the weigh-in-water system balance shall be zeroed out (tared).

3. Suspend the pycnometer (without the lid) and deaerated sample in the water
bath and determine the combined weight (C) after 10 £ 1 minutes of
immersion.

4, After recording the combined weight (C), immediately remove the pycnometer

from the water bath, completely remove the sample from the pycnometer, and
then, without delay, obtain the mass of the empty pycnometer (B) after 10 + 1
minutes of immersion.

Note: It is important that every weight determination begins by returning the water
level to its default position; i.e. the water has just stopped dripping from the overflow.

CALCULATIONS

Weigh in Air Method: Calculation of maximum specific gravity is performed in
accordance with AASHTO T 209-19, Section 12.1.3.

A
Grnm= A+D-E
Where:
Gmm = maximum theoretical specific gravity (reported to three decimal places)
A= mass of oven-dry sample in air, (gm)
D = mass of pycnometer filled with water, (gm)
E = mass of pycnometer filled with water + sample, (gm)

Weigh in Water Method: Calculation of maximum specific gravity for this method is
performed in accordance with AASHTO T 209-19, Section 12.1.2.

_ A
Gmm= 5
Where:
Gmm = maximum theoretical specific gravity (reported to three decimal places)
A= mass of oven-dry sample in air, (gm)
C = mass of sample + pycnometer in water, (gm)

B = mass of pycnometer in water, (gm)

Rice Test (12-20-19).docx



MAXIMUM SPECIFIC GRAVITY: Gy

AASHTO T 209
PROJECT ROUTE MIX NO.
LOT NO SUBLOT TECHNICIAN

PRE-TEST REQUIREMENT: MIX MOISTURE CONTENT < 0.1%

1) Results from T 329: Moisture Content (%) =
OR

2) Mass repeats within 0.1% [percent loss < 0.1% (based on 2" wt. per interval)]:

Puc = Pan weight (g):

To = Initial sample + pan weight (g):

Wy = To — Puc = Initial sample weight (g):

15! Drying Interval (DI)

T = 1% DI sample + pan weight (g):

W4 = T — Pyc = 1% DI sample weight (g):
L1 = Wo— W, = 1% Loss in weight (g):

(L1 /W) x 100 = 1% Percent loss (%):
2" Drying Interval (DI)

T, = 2" DI sample + pan weight (g):

W, = T2 — Pyc = 2™ DI sample weight (g):
Lo = W1 — W, =2" Loss in weight (g):

(L2 / Wa) x 100 = 2" Percent loss (%):

3" Drying Interval (DI)

T3 = 3" DI sample + pan weight (g):

W3 = T3 — Pyc = 3" DI sample weight (g):
Ls = W, — W3 = 3™ Loss in weight (g):

(L3 / W3) x 100 = 3™ Percent loss (%):

4™ Drying Interval (DI)

T4 = 4™ DI sample + pan weight (g):

W, = T4 — Pyc = 4" DI sample weight (g):
Ls = W3 — W, = 4" Loss in weight (g):
(L4 / W4) x 100 = 4™ Percent loss (%):

Rice Test (12-20-19).docx




“‘DRY-BACK” PROCEDURE: REQUIRED WHEN ANY COARSE AGGREGATE
FRACTION HAS AN ABSORPTION GREATER THAN 2.0%.

Procedure complete when percent loss < 0.05% based on 2" wt. per interval
[mass repeats within 0.05%]

Pps = Pan weight (g):

To = Initial sample + pan weight (g):

Wy = To — Ppg = Initial sample weight (g):

15! Drying Interval (D)

T = 1% DI sample + pan weight (g):

W = Ty — Pps = 1% DI sample weight (g):
L1 = Wo— W, = 1% Loss in weight (g):
(L1/W;) x 100 = 1 Percent loss (%):
2" Drying Interval (DI)

T, = 2" DI sample + pan weight (g):

W, = T, — Ppg = 2™ DI sample weight (g):
L, = W4 — W, = 2" Loss in weight (g):

(L2 / Wa) x 100 = 2" Percent loss (%):
3" Drying Interval (DI)

T3 = 3" DI sample + pan weight (g):

W3 = T3 — Ppg = 3™ DI sample weight (g):
Ls = W, — W3 = 3™ Loss in weight (g):

(L3 / W3) x 100 = 3" Percent loss (%):
4™ Drying Interval (DI)

T4 = 4" DI sample + pan weight (g):

W, = T4 — Ppgs = 4™ DI sample weight (g):
Ls = W3 — W, = 4" Loss in weight (g):

(L4 / W4) x 100 = 4™ Percent loss (%):
5" Drying Interval (DI)

Ts = 5" DI sample + pan weight (g):

Ws = Ts — Ppg = 5™ DI sample weight (g):
Ls = W4 — Ws = 5" Loss in weight (g):
(Ls / W5) x 100 = 5" Percent loss (%):

Rice Test (12-20-19).docx



SPECIFIC GRAVITY DETERMINATION: NO “DRY-BACK” PROCEDURE
S = Weight of oven-dry sample & empty flask (Q):

P = Weight of empty flask (g):

A =S - P = Weight of oven-dry sample (g):

Weigh-in-air Method
D = Weight of flask filled with water (g):

X=A+D(g)

E = Weight of flask filled with water & sample (g):
Y=X-E(9):

Gmm=A/Y

Weigh-in-water Method
C = Weight of flask & sample under water (g):

B = Weight of flask under water (g):

Q=C-B(g):

Z=A-Q(9):
Gmm=A/Z

SPECIFIC GRAVITY DETERMINATION: WITH “DRY-BACK” PROCEDURE
A = Weight of oven-dry sample (9):

A2 = Weight of surface-dry sample (g):

Weigh-in-air Method
D = Weight of flask filled with water (g):

X =A2 +D (g):

E = Weight of flask filled with water & sample (g):
Y=X-E(9):

Gmm=A/Y

Weigh-in-water Method
C = Weight of flask & sample under water (g):

B = Weight of flask under water (g):

Q=C-B(g):

Z=A2-Q(9):
Gmm=A/Z

Rice Test (12-20-19).docx
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MODULE 8

ASPHALT CONTENT
IGNITION OVEN METHOD
T 308

12-28-06 Revision
1-2-09 Revision
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AASHTO T308

Determining the Asphalt
Binder Content of Hot Mix
Asphalt (HMA) by the
Ignition Oven Method

SCOPE

» Background

= Binder Content Role in
QC/QA

= Sampling

» Test procedure

n Field verification

= Oven verification
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BINDER CONTENT-
WHY TEST?

= Excessive binder
can cause
instability e.g.
rutting, shoving,
corrugations,

bleeding - :
s
\\ N
= Binder content is 45 Z

an important
part of the dust-
to-binder ratio
which affects
compactibility
and cohesion

BINDER CONTENT-
WHY TEST?

= Insufficient
binder can
lead to lack
of adhesion,
raveling,
stripping,
and cracking

AASHTO TEST
METHODS &
SPECIFICATIONS

= R 97 Sampling Hot Mix

u R 47 HMA Sample Splitting

u T 329 Moisture Content of Hot
Mix

» T 308 Binder Content Ignition
Oven

u T30 Sieve Analysis of Residue

u R 96 Installation, Operation,
and Maintenance of Ignition
Furnaces
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Equipment

» Ignition Furnace

= Basket assembly

= Oven (110 £ 5 C)

= Balance

= Safety Equipment: face
shield, gloves, long-sleeved

jacket, protective basket
cage

BINDER CONTENT TEST
METHODS

= Solvent extraction T 164
» Nuclear gage: T 287, TM 54
» Low radiation
u Regular radiation
= Ignition oven: T 308
u Method A
= Convection oven
nInfrared oven

= Method B

= Method A: internal scale

m Method B: no internal
scale 8

SOLVENT EXTRACTION
T 164

= Solvent health issues
= Solvent disposal issues
= Thus, expensive
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NUCLEAR GAGE
T 287, TM 54

m Health issues
s Interferences

n Calibration
issues

IGNITION OVEN
T 308

Method A:
mmore convenient,

higher lab production
rates

METHOD "A"

mConvection oven (NCAT)

sInfrared oven:
uFirst generation
nSecond generation (NTO)

12
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HEAT TRANSFER

= Convection:
heat warms
the air,
which warms
the sample

» Infrared:
electromagn
etic energy
waves
directly heat
the sample

Convection
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BASKETS

16

CONVECTION OVEN
BASKET

17

INFRARED OVEN

A

18
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SECOND GENERATION

INFRARED

ST,
A oo B

IGNITION OVEN

Method B: no internal
scale

= lower oven cost; less
operational problems

20

METHOD "B"

= Note the special heat resistant
shirt

21
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TYPES OF METHODS
In Missouri

= NCAT oven - vast majority

= Nuclear - a few

= Low radiation nuclear - 1

= First generation infrared
ignition oven - 1

= Second generation infrared
ignition oven - 1

22

MATCHING AGGREGATE
TYPE TO BINDER TEST
METHOD

u Dolomite:
= Nuclear
= Low radiation nuclear

n All other: convection or
infrared ignition ovens

23

SCOPE

= Background

» Binder Content Role in
QC/QA

= Sampling

» Test procedure

n Field verification

= Oven verification

24




Binder Content Role

» Mix design & acceptance
= Field Verification of mix

25

Mix Design & Mix
Acceptance

m Contractor designs mix &
submits target binder
content fo MoDOT

= MoDOT approves and sets
JMF target binder %

26

Binder Content Role

» Mix design & acceptance
u Field verification of mix

27

1/30/2020




CONTENT

» Binder content of mix
= Binder content of RAP
= Aggregate gradation

28

% BINDER

= Design (target) binder
content is determined during
mix design and
verified/approved by
MoDOT

= May have to be adjusted in
the field resulting in a new
target binder content:
n Different aggregate sources
u Significant change in % of

aggregate sources

= Different oven

29
Binder Role
m Binder content is a pay
factor in 403 projects
30

1/30/2020

10
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Location of Target
Binder Content on JMF

P—

s

—] MIX COMPOSITION

MIN. AGG. 83.8%)

ASPHALT CONTENT 62%)

31

SCOPE

= Background

= Binder Content Role in
QC/QA

» Sampling

u Test procedure

= Field verification

m Oven verification

32

Binder Content
Samples

= 401: plant
= 403: roadway

33

1



Location of Target
Binder Content on JMF

MISSOURI DEPARTMENT OF TRANSPORTATION - DIVISION OF MATERIALS
ASPHALTIC CONCRETE TYPE SP125HB

DATE = 10/29/03 CONTRACTOR = MY BUSINESS SP125 03-16
IDENT. BULK APPAR

NO PRODUCT CODE / PRODUCER, LOCATION SP.GR.  SP.GR %ABS FORMATION LEDGES % CHERT

35J5J001 100207_.LD1 / Hard Rock Stone, Dig Deep, MO 2.515 2.713 29 Jet City Dolo 58 25

35J5J002 100204..LD1 / Hard Rock Stone, Dig Deep, MO 2.476 2.725 3.7 Jet City Dolo 5-8 25

35J5J003 1002MS..MSLD / Hard Rock Stone, Dig Deep, MO 2.480 2.761 4.0 Jet City Dolo 5-8 10

30CAJ016 1002HL..HL / Missy Lime Co. #2, Ste. General, MO 2.303 2.303 Hyd. Lime

MIX COMPOSITION

36DLJ016 1015ACPG..7022 / Black Asphalt Product: 0°F
MATERIAL
IDENT # 35JSJ001 35J5J002 35J5J003 30CAJ016 MlN . Aw L] 93 -8% CcoMmB
03016 3/4" 3/8"MAN SAND | Hyd. Lime GRAD
11/2" 100.0 100.0 100.0 100.0 mmT mm 100.0
1" 100.0 1000 1000 1000 — — —— 1000
34" 100.0 100.0 100.0 100.0 100.0
12" 97.6 100.0 100.0 100.0 58.6 12.0 26.0 2.0 98.6
3/8" 83.8 96.1 100.0 100.0 50.3 11.5 26.0 2.0 89.8
#4 318 350 99.9 100.0 19.1 4.2 26.0 20 51.3
#8 7.0 8.0 82.0 100.0 4.2 1.0 213 20 285
#16 26 35 40.7 100.0 16 0.4 106 20 146
#30 16 26 266 100.0 1.0 0.3 6.9 2.0 102
#50 16 21 13.5 100.0 1.0 0.3 35 20 6.7
#100 15 19 54 100.0 0.9 0.2 14 20 45
#200 15 18 42 99.0 0.9 0.2 1.1 2.0
LABORATORY Gmm = 2.405 % VOIDS = 4 TSR = 95 TSR Wt. Nini = 9 MIX COMPOSITION
CHARACTERISTICS Gmb = 2.308 VMA. = 14.4 200/AC = 1.1 3855.0 Ndes = 125 MIN. AGG 93.8%
AASHTO T312 Gsb = 2.629 % FILLED = 72 Gyro Wt. = 4610 Nmax = 205 ASPHALT CONTENT 6.2%
CALIBRATION NUMBER 90004 MASTER GAUGE BACK CNT. = 2196 Al= 5234741
MASTER GAUGE SER NO. = 770 SAMPLE WEIGHT = 7200 A2 = 3.436895

Aggregate & Mxture Properties Based on Contractors Mx Design

31
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Binder Content Field
Verification

= 401: JMF - 0.3 1o + 0.5%

= 403: JMF £ 0.3%

34

LOOSE MIX: 403

Volumetric/%Binder Sample
= Sampling Frequency:

= QC: one per sublot

= QA: one per 4 sublots-
“independent sample”

= QA: once per day test QC
“retained sample”. This may
be omitted on days when
independent QA sample is
taken, if confident and
“favorable comparison”
exists between QA's QC
split and QC (within 0.1%)

35

Loose Mix: 401

= QC: binder content-every
1000 tons. If less than 1000
tons per day, test at least
once; RE may waive testing if
less than 200 tons per day

= QA: one independent sample
every 4 QC tests

= QA: Retained QC sample
split: once per 5 days

36

12



1/30/2020

403: SAMPLE

= 50 |b. sample -get 2 portions
for the 2 volumetric pucks plus
Rice

ey m

‘%

403
REMIX, QUARTER AGAIN
Ignition Oven & Moisture

Ignition
oven &
Moisture

38

Or
REMIX, QUARTER AGAIN
Nuclear & Moisture

X ! y
Nuclear

and
Moisture

13



IGNITION OVEN
SPECIMEN SIZE
Mix NMS Specimen
in. Size
9
SP048 & BP-3 #4 | 1200-1700
SP095 3/8 | 1200-1700
SP125 & BP-1& | 1/2 | 1500-2000
BP-2
SP190 & 3/4 | 2000-2500
Bit Base
SP 250 1 |3000-3500
40

IGNITION OVEN
SPECIMEN SIZE

= Large specimens of fine
mixes tend fo result in
incomplete ignition

41

= Background

QC/QA
= Sampling

SCOPE

m Binder Content Role in

n Test procedure
= Field verification
= Oven verification

42

1/30/2020

14
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TEST PROCEDURE

m Corrections

= Binder content fest
procedure

43

IGNITION OVEN
BASICS

m % Binder: loss in mass
of specimen

mProblem: other
materials also burn of f
mmoisture
maggregate

44

TEST PROCEDURE

u Corrections

» Binder content test
procedure

45

15



BINDER CONTENT
CORRECTIONS

= Moisture
m Aggregate burn loss

= Temperature effects on
weighing

46

MOISTURE
CORRECTION

= Moisture in mix will burn off,
too.
» This will count as binder unless
corrected
u Correction:
= Dry mix fo a constant mass at 110 =
5 C prior fo testing
= "Aging"—must still verify that
constant mass has been achieved
Or
» Determine moisture content of mix

(AASHTO T 329), subtract it from
the apparent binder content

47

AASHTO T 329-15

= Temperature now:
u Within the JMF mixing
temperature range
m If unavailable, use 325 +25 F
= Initial drying time is 90 + 5 minutes
= Moisture is now calculated based on
dry weight of HMA

M, . .
MC =

MC = % moisture
Miwen = initial mass of mix, wet
M(qry) = final mass of mix, dry

48

1/30/2020
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Rounding

= When calculating, round to
nearest 0.01% for moisture
content, binder content, and
Cs

= When comparing to
specification, round o
nearest binder content 0.1%

49
MOISTURE
DATA SHEET
MOISTURE CONTENT OF HOT MIX ASPHALT (HMA) by OVEN METHOD
(for
e e
Panwt. (g) 340
Mix + pan wt., moist (9) = (W) 1840
R —
F———
Mix + pan wt., dry (g) [Trial 3] = (W) 1838
50

MOISTURE TESTING
FREQUENCY:
Several per Day
n High RAP/RAS mixtures
especially prone o moisture
= Rainy weather
= "Warm mix"
= New aggregate

= If plant operator reports
burning more fuel to maintain
temperature

= Fluctuating volumetrics or
binder contents

= Watering piles per DNR

51

1/30/2020
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MOISTURE
DATA SHEET

MOISTURE CONTENT OF HOT MIX ASPHALT (HMA) by OVEN METHOD

AASHTO T 329-15

(for ignition oven correction purposes)

Project No. Job No. Route County

Technician Date Sublot No. Mix No.

Oven Temp. Time in Time out Interval
Sample: Sample:

Pan wt. (9) 340

Mix + pan wt., moist (g) = (W) 1840

Mix + pan wt., dry (g) [Trial 1] 1839

Mix + pan wt., dry (g) [Trial 2] 1838

Mix + pan wt., dry (g) [Trial 3] = (Wy,) 1838

%Moisture =

Wwet - Wd ry

x100
4y — pan

NOTE: All weights to nearest 0.1 gram and % moisture to nearest 0.01%

50
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MOISTURE TESTING
FREQUENCY:
Less Often

= Dry weather
= Same stockpiles
= No moisture when tested

52

BINDER CONTENT
CORRECTIONS

= Moisture
m Aggregate burn loss

= Temperature effects on
weighing

53

Asphalt Binder Correction
Factor
(Aggregate Correction Factor)

m To correct for loss of mass
during the mix ignition due to
aggregate burn-off

u Determined during mix design by
mix designer (usually QC)

u Re-determined if mix design
changes (e.g. >5% change in
stockpiled aggregate proportions)

» Re-determined if a different
oven is used (QA or QC)

54

18
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Asphalt Binder Correction Factor
(Aggregate Correction Factor),
cont'd.

u C: Procedure:

= Mix specimen in lab with dry
aggregate at a known (actual)
% binder

u Input “zero” for the Cp

m Burn, obtain measured
(apparent)7 binder

u The difference between the
measured and the actual %
binder is the Asphalt Binder
Correction Factor (Cg)

nIf the Cr is > 1.0%, re-
determine at a lower
temperature 55

Definitions

= M = mass (g)

= Mi@ry) = mass of mix before
burning, dry already

= M¢ = final mass of mix after
burning (binder and some
aggregate burned off)

m (Mi@ry) - M¢) = binder &
aggregate burned of f

m Mag, = initial unburned mass of
just the aggregate, dry

1 (Miry) = Mitagg))= mMix mass minus
aggregate mass is the mass of
binder, initially

56

Asphalt Binder Correction Factor
(Aggregate Correction Factor),
cont'd.

= Lab-produced sample (dry)
Cf = Measured — Actual

= Math:
-M, } {u -M

M., .

The difference is the aggregate mass loss
The Measured binder content can be from
the oven ticket

The Actual binder content can be from a
bench scale

If the C¢ is > 1.0%, re-determine at a lower
temperature

57

19



1/30/2020

CONVECTION OVEN
TEMPERATURES

m AASHTO:
aNormal: 538 C
m High C¢'s (>1.0%): 482 C
= MoDOT:
= Normal: 538 C
n High C¢'s: if 51.0% try 482 C
m Very high C¢'s: if >1.0% at
482 C, use 427 C

58

Use of Ct

m Before production, when Cs is
the unknown:

Cs=Measured content-Actual content

= During production, when Actual
content is unknown:

Actual = Measured content - Ct

59

Number of Replicate
Specimens

= Use two.

» If the difference in
measured asphalt contents is
>0.15%, test 2 more
replicates.

» For the four replicates,
discard the high and low
results.

60

20
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Asphalt Binder Correction
Factor (Aggregate Correction
Factor) Data Sheet

ASPHALT CONTENT IGNITION METHOD
(AASHTO T 308-10)
METHOD A

Aggregate Correction Factor
[As phak Binder Correction Factor] Determination

Sameis Las No s, Irisas
Recicats 1 2 2 2
Test Temocature 28 (£

Tore (Dascat te) Mass (9 200 2000

Totsi Dy Mass (g 2000 5008

Tl Oy Specemen Mass o e

g

Loss in Weight (g) 128 12

HAC, messured = M e exs

AT ) a0

AT 002> 0.15%7 ¥ 50, 2morereciicates
ComM=-A 02¢ a:—l |

Cs. svarsge 0

INFRARED BURN
PROFILES

= "Default”- most mixes

= "Option 1" (Less)- for C; > 1.0%
eg. RAP containing dolomite

= "Option 2" (More) - hard to
burn mixes

Asphalt Binder
(Aggregate)
Correction Factors

m Anecdotal: Infrared runs
~0.05% higher than
convection oven

= AMRL Proficiency samples
are comparable

63
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Asphalt Binder Correction
Factor (Aggregate Correction
Factor) Data Sheet

ASPHALT CONTENT IGNITION METHOD
(AASHTO T 308-10)
METHOD A

Aggregate Correction Factor
[Asphalt Binder Correction Factor] Determination

Sample Lab No. Date Initials
Replicate 1 2 3 4
Test Temperature 538 538

Tare (basket, etc.) Mass (9) 3000 3000

Total Dry Mass (Q) 5000 5005

I(gi)tial Dry Specimen Mass 2000 2005

Loss in Weight (g) 125 126

%AC, measured =M 6.25 6.28

%AC, actual = A 6.00 6.01

%ACgir (M1 — M>) 0.03 | > 0.15%7 If so, 2 more replicates
CF=M-A 0.25 0.27

Ck, average 0.26




RAP Aggregate Correction

Factor
(Asphalt Binder Correction Factor)

n Follow TM-77:

» Assumes aggregate Cr for RAP
aggregate is same as C¢ for
virgin aggregate

u Follow the standard procedure
as if there was no RAP, i.e., use
only the virgin aggregate, and
only the binder content
associated with the virgin
aggregate portion when
fabricating the specimen

m So, the Cr from the virgin
materials test is used as the Ct
for the whole mix

64

BINDER CONTENT
CORRECTIONS

= Moisture
» Aggregate burn loss

= Temperature effects on
weighing

65

CONVECTION OVEN:
TEMPERATURE
COMPENSATION FACTOR

» Material "weighs” differently
at elevated temperatures

» Mass loss shown on the oven
printout must be corrected

m Oven calculates and prints
the "Temperature Correction
Factor (TCF)" for the
particular test run

n TCF = apparent loss in
weight due to heating

66

1/30/2020
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USE OF TEMPERATURE
CORRECTION FACTOR

= When determining the
Aggregate Correction Factor,
if the oven printout is used
for determination of the
Measured Asphalt Content,
include the Temperature
Correction Factor (TCF)

If all weighing is performed
outside of the oven and
specimen is cooled to room
temperature, do not use the
TCF

67

Second Generation
Infrared oven

» No Temperature Correction
Factor

m Scale is better insulated
from the chamber

68
TEST PROCEDURE
m Corrections
m Binder content test
procedure
69

1/30/2020
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REHEATING

EPG 403.1.5

n If a retained sample must be
reheated:
= Warm the sample until
workable
= Spread it in a large pan and
reheat—this will minimize the
damage caused by reheating

70

CONVECTION OVEN
TEST PROCEDURE:
Method A
u 1. Dry specimen at 110 £+ 5 °C or
determine moisture content
(T 329-15). Cool to room
temperature.

n 2. Enter the chamber set point
(desired oven temperature).

n 3. Enter the asphalt correction
factor (Cr)

71

CONVECTION OVEN
TEST PROCEDURE:
Method A

m 4. Weigh the fest specimen.

u 5. Enter the specimen
weight.

m 6. Place the sample in the
oven and compare the weight
indicated by the oven scale
to that of the external scale
the sample was first weighed
on (this helps detect if
basket is contacting the

furnace wall)
72
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CONVECTION OVEN
TEST PROCEDURE:
Method A

u 7. Burn
u 8. Oven will stop when burn is
complete and will calculate %
binder based on the:
= Original specimen weight
entered
u Total loss
u Asphalt correction factor (C¢)
that you entered.
= "Temperature Compensation”
factor that the oven calculates
= apparent loss in weight due
to heating.
» 9. You must then correct
(subtract) for moisture if

started with a wet sample 73

Test Results Printout
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ASPHALT CONTENT IGNITION METHOD
(AASHTO T 308-10) METHOD A
Reproducing Oven Ticket Values

Proodie Jobo. [ couny
Technician Dste SubiotNo. Mix No.
Empty Basket Assembly Weight (@), [T 3000
Basket Assembly + Wet (or diy) Sample Weigh 0. 1) am0

Wet (or dry) Sample Weight (g). [W,= (T,-T,)]

Lossin Weight (). L] (from tape)

Total % Loss, [P, (L/ W) x100]

Temperature Gompensation (%), (G, (from tape)

%AC, uncorrected, [Py, = P - C,J

Aggregate Correction (Calibration) Factor (%), (C] (fom tape)

Calibrated %AC (from igniton oven tape). [Py = Py, ~ CJ

% Moisture Content, [MC] (previous test)” 013

9% AC. corrected (by weight of mix), [P, = Pocy ~ MCI"

25



Test Results Printout
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ASPHALT CONTENT IGNITION METHOD
(AASHTO T 308-10) METHOD A
Reproducing Oven Ticket Values

Revised 12-9-15

*If w, = wet
Project No. Job No. Route County
Technician Date Sublot No. Mix No.
Empty Basket Assembly Weight (g), [T,] 3000
Basket Assembly + Wet (or dry) Sample Weight (g), [T}] 4270

Wet (or dry) Sample Weight (g), [W,; = (T;- T)]

Loss in Weight (g), [L] (from tape)

Total % Loss, [P = (L/W,) x100]

Temperature Compensation (%), [C,.] (from tape)

% AC, uncorrected, [P,,= P, - C,]

Aggregate Correction (Calibration) Factor (%), [C{] (from tape)

Calibrated %AC (from ignition oven tape), [Py.y = Py, — Cil

% Moisture Content, [MC] (previous test)* -0.13

% AC, corrected (by weight of mix), [P, = Py., — MC]*




Asphalt Binder Correction
Factor
(formerly Aggregate Correction Factor)
Calculation

If final weighing is performed on
bench top scale, calculation:

P :{QHOO}—C:—MC

Where:

M, = initial mass of mix, wet or dry
M; = final mass of mix

MC = % moisture

C; = Asphalt Binder Correction Factor

(old Aggregate Correction

Factor) 76

Example
Manual Method

= Moisture = 0.05%
" C;=0.22%
u Initial wet mass = 5400 g

= Final burned mass (after
cooling to room temperature)
= 5256 g

7

ASPHALT CONTENT IGNITION

METHOD
(AASHTO T 308-10)
METHOD A
Manual Weighing Method
[Project No. T Job No. [Route County
fechncian Date Sublto ix o
[Empty Basket Assembly Weight (g), [T,] 3000)
initial Basket Assembly + Wet (or dry) Sample Weight (g). [T} 5400)
Initial Wet (or dry) Sample Weight (g), [W,= (T,- ] 2400)
Fina BaskotAssambly + Bumod Sampla Waight 0. 1] s2sd
Loss in weight 0. 1L=7-T) 144
4 Loss 7= (L1 Wy x100] 600
| Aggregate Correction (Calibration) Factor (%), [C]] -0.22)
Calibrated %AC, [Py = P~ C 578}
% Moisture Conten, vl o0
4 AC, cotoctad oy weight of i [P, = Py WCT 579

1/30/2020

L} *If non-dried specimen was used (wi = wet)

78
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ASPHALT CONTENT IGNITION

METHOD

(AASHTO T 308-10)

METHOD A

Manual Weighing Method

Project No. Job No. Route County

Technician Date Sublot No. Mix No.

Empty Basket Assembly Weight (g), [T.] 3000
Initial Basket Assembly + Wet (or dry) Sample Weight (g), [T;] 5400
Initial Wet (or dry) Sample Weight (g), [W,= (T;- T,)] 2400
Final Basket Assembly + Burned Sample Weight (g), [T] 5256
Loss in Weight (g), [L=T;- T{] 144
% Loss, [P,= (L/ W,) x100] 6.00
Aggregate Correction (Calibration) Factor (%), [C] -0.22
Calibrated %AC, [P, = P.— C{] 5.78
% Moisture Content, [MC]* -0.05
% AC, corrected (by weight of mix), [P, = Py, — MCJ* 5.73

x : :
B If non-dried specimen was used (wi = wet)




TEST PROCEDURE
Method B

n 1. Weigh out specimen.

m 2. Burn for about 45 minutes.

= 3. Remove, cool, weigh.

» 4, Burn for another 15
minutes.

= 5. Remove, cool, weigh.

m 6. Keep repeating until 2
consecutive mass weighings
do not change by > 0.05%.

m 7. Subtract moisture %.

79

Common Testing
Errors/Source of Non-
Comparison/Early Shut-off

m Starting test when oven is
cold: incomplete burn; can
affect TCF

» Neglecting to push "Start”
(binder burns but is not
recorded)

= Not cleaning oven & vents
often enough

m Using vent pipe less than 4 in,
diameter (NTO clogs more
quickly)

80

Common Testing
Errors/Source of Non-
Comparison/Early Shut-off

m Asphalt correction factor
(Cg) not used

= Not cleaning baskets

= Allowing scale plate or
supporf tubes to rub

= Not spreading specimen out

= Not tearing off ticket
before opening oven door

= Allowing door to not latch
correctly

= Not correcting for
moisture (e.g. when plant
speed increases, etfc)

81

1/30/2020
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Common Testing
Errors/Source of Non-
Comparison/Early Shut-off

= Using an oversize specimen

= Not using the same size
specimen for asphalt
correction factor (Cg)
determination and all
production tests

m Using a plant-made specimen
instead of a lab-made
specimen for (Cg)
determination

= Not double-checking specimen
weight on oven scale against
exterior scale weight

82

Common Testing
Errors/Source of Non-
Comparison/Early Shut-off

= Materials used for (C)
determination not the
same as project materials

= Inaccurate asphalt
contents used for (Cg)
determination

= QA & QC starting with
different femperature
sSpecimens

m Door left open too long

between loadings
83

Common Testing
Errors/Source of Non-
Comparison/Early Shut-off

= Wrong chamber set point

= Wrong burn profile

= Weighing on bench balance
when specimen is hot

84

1/30/2020
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OPERATIONAL
PROBLEMS

» Oven won't shut itself off—
it's OK to manually shut of f
as long as 3 consecutive
readings show less than
0.01% loss and the sample
appears to be completely
burned (EPG 403.1.5)

85

Premature Burn Stop

= Vibrations

= Basket or strap up against
wall or top of chamber

u Clogged port

m Used U.S. date, not European
date (1998-2000 NCAT
models)

86

NTO Incomplete Burn
Pattern:
Shingle Mix

87
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Soot

88

Coke

89

SCOPE

= Background

= Binder Content Role in
QC/QA

= Sampling

» Test procedure

= Field verification

= Oven verification

90
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MoDOT
SPREADSHEET

MISSOURI DEPARTMENT OF TRANSPORTATION
PLANT ISPECTORS WORKSHEET
41408 R PR O s e, Y
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SUPERPAVE MIXTURE PROPERTIES

TECHMCIAN

Binder Portion

93
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MoDOT
SPREADSHEET

APIW 4.11 12/17/20(

MISSOURI DEPARTMENT OF TRANSPORTATION

PLANT INSPECTORS WORKSHEET
VERSION 4.11 FOR MS EXCEL FOR WINDOWS - - - Release date: 08/21/07

FOLDER ON D:\ temp **NOTE**: See

CHECK ID userid data between
DATE 20090824
MIXTURE NO.  SP12509-95
LOT/SUBLOT NO 5 IHA[B]C|ID[E]|F]
CONTRACT ID.
JOB NO.
ROUTE 36
COUNTY DeKalb DeKalb
LINE NO. 0230 QUANTITY  2155.46 0210 QUANTITY 776.28 QUANTITY
LINE NO. QUANTITY QUANTITY
PRODUCER
MATERIAL SP125C
MATERIAL (OLD) Material Short NameQO
GRADATION | GRADATION !
1 2 LOOSE MIX DENSITY RANDOM JOINT RANDOM
GRADATION | GRADATION e RANDOM NUMBER NUMBER NUMBER
3 4 »
SUMMARY PAGE gl TRANSFER TO V:\ HELP
PRINT PRINT LOOSE PRINT DENSITY PRINT JOINT
L voLuMETRIcs | PRINTSUMMARY | \ix RANDOM # RANDOM # RANDOM #

91



SUPERPAVE MIXTURE PROPERTIES

APIW 4.00 7/6/2

JOB 0 ROUTE 0 MIX NO. #VALUE! LOT NO. 0
SUBLOT
DATE
AASHTO T 209 A2 required when T85 absorplion >2.0% on any aggregate fraction.
TECHNICIAN
A = Wt. of sample: 1594 .4
A2=Wt. of sample (dry-back):
D = Wt. of flask filled with water: 74722
X =A + D (A2 used in lieu of A for dry-back) 9066.6 0.0 0.0 0.0 0.0 0.0 0.0
E = Wt. of flask filled with water and sample: 8421.5
Y=X-E 645.1 0.0 0.0 0.0 0.0 0.0 0.0
Gmm = MAX. SPECIFIC GRAVITY =A/Y 2472 2.472 2.472 2.472 2.472 2472 2.472
AASHTO T 166
TECHNICIAN
MOLDING TEMPERATURE
A = Weight of sample in air: 4867.8
B = Weight of sample in water: SPEC. 1 2801.9
C = Weight of surface dry sample: 4880.4
Gmb =BULK SP. G. = A/ (C-B) 2.342 0.000 0.000 0.000 0.000 0.000 0.000
A = Weight of sample in air: 4898.1
B = Weight of sample in water: SPEC. 2 28145
C = Weight of surface dry sample: 4911.9
Gmb = BULK SP. G. = A/ (C-B) 2.336 0.000 0.000 0.000 0.000 0.000 0.000
AVG. Gmb 2.339 0.000 0.000 0.000 0.000 0.000 0.000
TECHNICIAN | | | | ] ]
MoDOT TM54 (NUCLEAR)
SAMPLE WEIGHT
saveeweshT  Nuclear gage
COUNTS
GAUGE % AC
AASHTO T 308 (IGNITION) | I l [ I
GAUGE %AC 14 5.35
NUCLEAR OR IGNITION Ign'T|on Oven
% MOISTURE 0.12
% AC BY IGNITION OR NUCLEAR 5.2

e 22—

A = Gmm (FIELD) 2472 2.472 2.472 2.472 2.472 2472 2472
B = Gmb (FIELD) (Avg.) 2.339 0.000 0.000 0.000 0.000 0.000 0.000
C = Gsb (Job Mix) 2.657 2.557 2.557 2.557 2.557 2.557 2557
D = Ps = Percent Agg. in mix 94.8 100.0 100.0 100.0 100.0 100.0 100.0
VMA =100-(BXD/C) 13.3 100.0 100.0 100.0 100.0 100.0 100.0
Va=100 X ((A-B)/A) 5.4 100.0 100.0 100.0 100.0 100.0 100.0
VFA = (VMA-Va) / VMA 59 0 0 0 0 0 0
AASHTO T 166

TECHNICIAN

A = Weight of sample in air: 1255

B = Weight in water: 710

C = Weight of surface dry sample: 1260

Gmc = CORE SPECIFIC GRAVITY = A/ (C -B) 2.282 0.000 0.000 0.000 0.000 0.000 0.000
Gmm = MAX. SPECIFIC GRAVITY (T209) 2.472 2472 2472 2.472 2.472 2472 2472
% COMPACTION OF CORE =100 x (Gmc / Gmm) 923 0.0 0.0 0.0 0.0 0.0 0.0
THICKNESS

SUBLOT

FOR 2ND CORE SUBLOT WHEN DENOTED IN QC PLAN

TECHNICIAN

A = Weight of sample in air:

B = Weight in water:

C = Weight of surface dry sample:

Gmec = CORE SPECIFIC GRAVITY =A/(C-B) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Gmm = MAX. SPECIFIC GRAVITY (T209) 2472 2.472 2472 2.472 2.472 2.472 2472
% COMPACTION OF CORE = 100 x (Gmc / Gmm) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

THICKNESS
SUBLOT




Binder Portion

TECHNICIAN

MoDOT TM54 (NUCLEAR)
SAMPLE WEIGHT
BACKGROUND
COUNTS

GAUGE % AC

AASHTO T 308 (IGNITION)
GAUGE %AC

NUCLEAR OR IGNITION

% MOISTURE

% AC BY IGNITION OR NUCLEAR

93



MODULE CONTENT

» Binder content of mix
= Binder content of RAP
= Aggregate gradation

94

RAP Binder Content

u Per Spec 403.2.6, RAP binder
content must be determined

m QC: 1 per 4 sublots

= QA: 1 per project

» T164 (solvent extraction)

m Can use T308 (ignition) if a
correction factor is
determined which is the
difference between T164 &
T308 (best to use your own
oven when T164 is
determined by another lab)

95

RAP & RAS

= Some contractors stockpile
RAP & RAS, prepare (grind)
it, and sample it.

= Send sample to a commercial
lab to have extractions run
(T164), obtain binder content
& gradation

= This is what is submitted to
MoDOT during mix design

= During production, RAP is
sampled and ignition oven
used to get binder content &
gradation 9

1/30/2020
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MODULE CONTENT

= Binder content of mix
m Binder content of RAP
= Aggregate gradation

97

GRADATION
SAMPLES

m MoDOT allows gradation
sample testing to be
satisfied by using the residue
from the HMA ignition oven
sample.

= An aggregate (gradation)
correction factor (AGCF)
may be necessary to account
for the breakdown in rock.

= RAP gradation in the field is
determined with ignition oven

98

RAS 6Gradation

= Not recommended to use
T308 on RAS (too dangerous)

m Fan will suck fines out

m Use extraction to get
gradation or use the
standard gradation

99

1/30/2020
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RAS Gradation

m Ground to minus 3/8 in.

m Gradation from solvent
extraction, or assumed from
table:

Sieve Size % Passing

3/8" 100
#4 95
#8 85

#16 70

#30 50

#50 45

#100 35
#200 25
T00
GRADATION
SAMPLES

= When determining the
aggregate (gradation)
correction factor (AGCF),
prepare a aggregate blank (ho
binder) specimen.

= Do a washed gradation
analysis (T 30) of the blank

= Do a washed gradation
analysis of the burned HMA
specimen (T 30)

101

GRADATION
SAMPLES
Plus #200 Portion

= Determine a difference for each sieve,
each replicate:

(To-#8)piank = (To-H#4puemed , replicate #1

(%o-#)otank = (To-H 4 purned, replicare #2

» Calculate the average difference for
that sieve (#4) = AGCF for #4

n If the difference on any sieve exceeds
the allowable (see below), then each
sieve must have its AGCF applied to
each sieve result.

= Allowable differences:

u > #8: +5.0%
m > #200 to < #8: +3.0%
u <#200 +0.5%

102
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GRADATION

SAMPLES
Passing the #200 Portion

n If only the #200 sieve
exceeds the limit, apply the
AGCF only to the #200 sieve

103

Example

Sieve Rep# Rep# Blank Rep# Rep# Avg  Allow
12 1 2 Diff= able
Diff Diff AGCF

1" 1000 |100.0 |1000 |00 |00 |00 |+5.0

3 1000 |100.0 |1000 |00 |00 |00 [:50

3" 865 |895 |897 |32 |02 |17 |+50

3/8" |69.3 |721 |704 |11 -17 |-03 |50

#4 521 |556 |539 |18 -17 |01 +5.0

#8 385 |423 |410 |25 -13 |06 +3.0

#30 [327 |370 |344 |17 |-26 |-05 |+30

#40 |16.1 179 |183 |22 04 13 +3.0

#50 |126 |134 [145 |19 11 15 +30

#200 |68 |74 |71 03 |-03 |00 |[:05

For #4 sieve:
Rep#1: 53.9-521= 18
Rep#2: 53.9-55.6 = -1.7
Avg diff = 0.1

Compare t0 5.0 OK 104

SCOPE

= Background

= Binder Content Role in
QC/QA

= Sampling

» Test procedure

n Field verification

= Oven verification

105
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1" 100.0 [100.0 |100.0 | 0.0 0.0 0.0 +5.0
2 100.0 [100.0 |100.0 | 0.0 0.0 0.0 +5.0
3" 865 (895 |89.7 |3.2 0.2 1.7 +5.0
3/8" [69.3 |721 |704 |11 -17 [-0.3 |+50
#H4 52.1 (556 |H539 |18 -17 (0.1 +5.0
#8 385 (423 |410 |25 -1.3 0.6 +3.0
#30 |327 |370 (344 |17 -26 [-05 [+£3.0
#40 |16.1 179 183 |2.2 0.4 1.3 +3.0
#50 |126 |134 |[145 |19 1.1 15 +3.0
#200 | 6.8 7.4 7.1 0.3 -0.3 (00 +0.5

For #4 sieve:

Rep#1: 53.9-52.1=1.8

Rep#2: 53.9-55.6 = -1.7

Avg diff = 0.1

104

Compare to +5.0 OK
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OVEN
VERIFICATION

m The oven must be "verified'
every 12 months and after
each move.
= Temperature
= Balance

= Methods

u Yearly outside service (usually
along with gyro and mold
calibrations, etc.)

u In-house

106

IN-HOUSE VERIFICATION:
Temperature

= Equipment

Thermocouple
probe

Digital
thermometer

IN-HOUSE VERIFICATION:
Temperature

= Insert femperature probe
into furnace back; probe is
attached to the digital
thermometer

Thermocouple
probe

insertion port

on backside of ks

ignition oven

36
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IN-HOUSE VERIFICATION:
Temperature

lVleW: inside
| of chamber
=

SO,

Oven
temperature

control X
thermocouple

IN-HOUSE VERIFICATION:
Temperature
= Raise tfemperature to 538C
= Compare digital thermometer
reading to Actual Chamber
Temperature on oven display
= May wish to calibrate

Measured oven
femperature using

Calibration

n Follow Owner's Manual

m In “calibration” mode, enter
the digital thermometer
reading

1
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IN-HOUSE VERIFICATION:
Internal Balance

Balance should be checked at 2 5 points
throughout the range of use

Example: try nominal 50009 (these masses
are Class 5, have a 0.050g tolerance)
Balance requirement: 0.1% of 5000 is 5g
5000-4997.7 =23 <59 OK

Five 1000

gram
standard
weights

Internal balance meets M 231,
Class 62 spec: within 0.1% of
test load

Balance Calibration

= Refer fo operator's manual

u For calibration, get into
“calibration” mode, use an
8000g weight on the ceramic
plate

113

Conventional vs. Infrared

Conventional Infrared (NTO)

(NCAT)

Chamber Burn profile

temperature

240 v 120 or 240 v

Ceramic filter or  |none

afterburner

Reports burn time |Reports burn time

to the nearest to the nearest

minute second (thus is not
an indication of
operator
interference)

Asterisk at end of |No asterisk
machine stop

114
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Conventional vs. Infrared

Conventional (NCAT) Infrared (NTO)

Fan starts when Fan does not start
"Start" is pressed  |when "Start” is
pressed: good for
RAP/RAS- won't suck
out fines;

Bad: odors

Reduced emissions,
but still requires
venting

Requires cleaning
more offen

No Temperature
Compensation Factor

115

SUMMARY

= 1. Sample loose mix every sublot
(QC) or every 4 sublots (QA).
u 2. Obtain specimen from
quartered sample.
= 3. Specimen size is tied to
NMS of gradation.
= 4 Burn
n 5. Loss of mass is the total of
burned of f binder, water, &
aggregate.
= 6. Subtract the loss of
aggregate & moisture.
= 7. Remains of the HMA burned
SEecimen may be used for
checking gradation.
= RAP binder content required

116
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ASPHALT CONTENT IGNITION METHOD
(AASHTO T 308-18) METHOD A
Asphalt Binder Correction Factor (Cg) Determination
(formerly “aggregate correction factor”)

1. Run a butter mix through the mixing equipment.

2. For a given mix, prepare two asphalt binder correction factor (Cg)
specimens at the design asphalt content using oven dry aggregate. It is
recommended that the Cg and field verification specimen sizes be the
same.

3. Obtain the tare weight of the baskets, pan, and lid.

4. Place the hot mix into the sample basket. If the mix has cooled, oven dry
at 110 + 5°C to constant mass prior to placing in the basket. Spread the
mix in the basket, being careful to keep the mix away from the sides. Allow
at least 34" clearance.

5. Test (burn) the specimens as discussed in “Test Procedure.”

6. If the difference between the measured binder contents of the two
replicate specimens is more than 0.15%, test two more specimens.
Discard the high and low values.

7. Calculate the Cg by determining the difference between the actual and
measured asphalt binder contents [Actual %AC — Measured %AC] for
each sample, and averaging the two differences. The “Actual %AC” is the
amount weighed out in the batching process, expressed as a percent by
weight of the mix.

8. If the Cr exceeds 1.0%, MoDOT Standard Specification Section
403.19.3.1.1 modifies AASHTO T 308-18 in the following manner:

A. According to AASHTO T 308-18, if the Cr exceeds 1.0% at the typical
chamber temperature of 538°C (1000°F), lower the chamber
temperature to 482 + 5°C (900 + 8°F). If the Cr determined at this
lower temperature is less than or equal to 1.0%, use that Cg for
subsequent testing on that particular mix.

B. However, according to MoDOT Standard Specification Section
403.19.3.1.1, if the Cg determined at 482 £ 5°C (900 * 8°F) exceeds
1.0%, lower the chamber temperature to 427 + 5°C (800 + 8°F). Use
the Cr obtained at 427°C even if it exceeds 1.0%.

Ignition Oven Test (3-22-19).docx



ASPHALT CONTENT IGNITION METHOD
(AASHTO T 308-18)
METHOD A

Asphalt Binder Correction Factor (Cg) Determination

Sample

Lab No.

Date

Initials

Replicate

Test Temperature

Tare (basket, etc.) Mass (g)

Total Dry Mass (g)

Initial Dry Specimen Mass (g)

Loss in Weight (g)

%AC, measured = M

%AC, actual = A

%ACir (M1 — My)

> 0.15%7? If

so, 2 more replicates

CF=M—A

Cr, average

Ignition Oven Test (3-22-19).docx




ASPHALT CONTENT IGNITION METHOD

(AASHTO T 308-18)

METHOD A

Specimen size: Use the following table. It is recommended that the field
verification specimen size be the same as the correction factor specimen size.

NMS (mm) Sieve Size Minimum Sp()g)cimen Size*
4.75 #4 1200
9.5 3/8” 1200
12.5 1/2” 1500
19.0 3/4" 2000
25.0 17 3000
37.5 11" 4000

*Specimen sizes shall not be more than 500g greater than the minimum.

POSSIBLE SETTING CHANGES

1. To change the Stability Threshold:

A. With oven off, press the “Calibration Factor” key while
simultaneously pressing the Power Switch “on.”

B. Enter new Stability Threshold value. Observe the Percent Loss
window for the new value. Maximum allowable = 0.02.

C. Press the Power Switch “off” then “on” to return oven to normal

operation.

2. To change filter (afterburner) temperature (750°C typically):

A. Press #5 key while simultaneously pressing the Power Switch “on.”
B. Enter new temperature.
C. Press “Enter.”

D. New setpoint will be displayed.

Ignition Oven Test (3-22-19).docx




MAINTENANCE

1. To check to see if the venting system is clogged, use the “Lift Test”
procedure while the oven is at room temperature. With the power on,
initiate a test (push “Start” button) without anything in the oven chamber.
The blower fan will turn on. Watch the balance display. The display should
read between -4 and -6 grams if the venting is adequate.

2. Burn accumulated soot out of the chamber by running the testing
procedure at an elevated temperature without a sample.

TEST PROCEDURE
1. To change setpoint (furnace) temperature (538°C is typical):

A. Press “Temp”

B. Enter new setpoint
C. Press “Enter”
D. Press “Temp” again to verify new setpoint

2. To change the Asphalt Binder Correction Factor (C):

A. Press “Calib. Factor”

B. Enter new Cg
C. Press “Enter”
D. Press “Calib. Factor” again to verify

3. Preheat the oven to the setpoint, typically 538°C.

4. If the moisture content will not be determined, oven-dry the specimen at
110 £ 5°C to a constant mass.

5. Weigh the empty basket, etc. on an external scale to the nearest gram.

6. Place half the sample in the bottom basket and the other half in the top.
Keep the specimen at least %" away from the basket sides. For larger
samples, some operators make a hole in the middle of the mix.

7. Cool the loaded assembly to room temperature.

8. Weigh the loaded assembly. Calculate the mass of the specimen.

Ignition Oven Test (3-22-19).docx



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Press the “Weight” key and enter the specimen mass. Press “Enter.”
Press the “Weight” key again to verify specimen mass entry.

Press the “0” (zero) key to tare the internal balance.

Don your clean gloves, safety face shield, and safety attire.

Carefully load the specimen into the oven by inserting the basket until the
handle tines touch the back of the oven. Make sure the basket is centered
and is not touching the walls. Shut the door.

Observe the internal scale reading. The displayed value should check with
the external scale value of basket assembly + dry specimen within + 5
grams.

Press the “Start/Stop” key to initiate the ignition procedure.

When weight loss stabilizes (the change in %AC readings will not exceed
0.01% for three consecutive minutes), the oven will automatically end the
test and print out the results. Depending on the oven setup, an alarm may

sound and one may have to press the “Start/Stop” key to unlock the door.

Remove the printed results before opening the door as the tape is heat-
sensitive.

Again don the safety gear, open the door, and remove the basket and
mount it on the cooling plate. Cover with the cooling cage and allow to
cool to room temperature.

Determine and record the final mass of the specimen, M;.

From the total % loss, the oven will automatically subtract the Cr and the
Temperature Compensation to give the %AC (by weight of mix). The %AC
by weight of aggregate is the “Bitumen Ratio.”

Check for unburned asphalt (coke). If present, start with a new specimen.

NOTE: Read the manufacturer’'s manual for additional information on
safety and more detailed instructions on maintenance and operation.

Ignition Oven Test (3-22-19).docx



ASPHALT CONTENT IGNITION METHOD

(AASHTO T 308-18)
METHOD A
Manual Weighing Method
Project No. Job No. Route County
Technician Date Sublot No. Mix No.

Empty Basket Assembly Weight (g), [Te]

Initial Basket Assembly + Wet (or dry) Sample Weight (g), [Ti]

Initial Wet (or dry) Sample Weight (g), [W;= T;- T¢]

Final Basket Assembly + Burned Sample Weight (g), [T1]

Loss in Weight (g), [L=Ti-T{

% Loss, [P.= (L / W;) x100]

Aggregate Correction (Calibration) Factor (%), [Cq]

Calibrated %AC, [Ppca = PL — C{]

% Moisture Content, [MC]

% AC, corrected (by weight of mix), [Py = Ppcai— MC]

Ignition Ovens Forms.doc (11-24-06;12-28-06;12-12-08;3-9-10;12-14-10;4-14-11; 12-18-13; 4-22-15;12-9-15; 12-28-16;
12-26-18)

Ignition Oven Test (3-22-19).docx




Module 9



MODULE 9
Tensile Strength Ratio
(TSR)

Resistance to Compacted Asphalt
Mixtures to Moisture Induced Damage

AASHTO T 283

9-21-06
1-29-07
11-9-07
4-24-08
5-13-09
5-14-09
11-18-09
11-17-10
1-19-11
1-23-15
2-26-13
4-23-15
3-6-18
2-19-19






MODULE 9
Tensile Strength Ratio

(TSR)

Resistance to Compacted Asphalt Mixtures to
Moisture Induced Damage

AASHTO T 283

9-21-06
1-29-07
11-9-07
4-24-08
5-13-09
5-14-09
11-18-09
11-17-10
1-19-11
1-23-15
2-26-13
4-23-15
3-6-18
2-19-19

AASHTO T283
Tensile Strength Ratio

(TSR)

Resistance of Compacted
Asphalt Mixtures to Moisture-
Induced Damage

SCOPE

» Background

= TSR Role in QC/QA
= Sampling

m Test procedure

= Field verification

2/19/19




Why are we concerned with
Moisture Sensitivity?

m Stripping will result if the bond is
broken between the asphalt cement
and aggregate.

m Resulting in pavement:
mRutting
= Shoving
mRaveling
m Cracking

MOISTURE DAMAGE
(STRIPPING)

2/19/19




AASHTO TEST METHODS &
SPECIFICATIONS

m R35 Volumetric Design Practice

m M323 Volumetric Design Specs

= R30 Mix Conditioning

m T 312 Gyro operation

m T 166 Bulk Sp Gravity of gyro pucks

m T 209 Max Sp Gravity of Voidless Mix (Rice)
m T 283 Moisture Sensitivity

m R 47 HMA Sample Splitting

n D 3549 Thickness of Specimens

What is Tensile Strength Ratio?

» Moisture Sensitivity of Asphalt
Mixtures

m Affects the structural integrity of
a mixture.

m Based on the ratio of the tensile
strength of a set of conditioned to
a set of unconditioned specimens
expressed as a %.

Moisture Sensitivity
AASHTO T 283

Measured on proposed aggregate blend and
asphalt content
Reduced compactive effort to increase voids

3 Conditioned Specimens 3 Dry Specimens

e

Vacuum saturate specimens -
Soak at 60°C for 24 hours Freeze at -18 C
Soak at 25°C for 2 hours for 16 hrs min.

2/19/19




Moisture Sensitivity
AASHTOT 283

Detemine the tensile strengths
of both sets of 3 specimens

Calculate the Tensile
Strength Ratio (TSR)

Avg. wet tensile strength

Avg. dry tensile strength

Greater than 80%

TYPICAL TEST RESULTS

m Range in initial mix design: 40-95+ %

11
SCOPE
= Background
m TSR Role in QC/QA
= Sampling
m Test procedure
= Field verification
12
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TSR Role

= Mix design/acceptance
= Field Verification of mix

13

Non-Maoisture Sensitive

» The intent is for Superpave and Plant
mix be non-moisture-sensitive

= Superpave- must be proven through TSR
testing

= Plant mix- may be required to be proven
through TSR testing

14

Section 401: BB and BP Mixes

= 401.2.1 (Standard Spec): During mix design,
TSR required when PT exceeds 3 for any
individual aggregate fraction with 10% or
more passing the #30 sieve

» 401.9 (Standard Spec): During production QA
checks PI once per project: if for an
individual aggregate fraction the PI > 2 points
above mix design value, TSR is required

15
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Section 401: BB and BP
Mixes, cont'd.

m Engineering Policy Guide 401.2.3:
Additional TSR testing is warranted if:
in the field, if the PI of the fine
aggregate fractions has significantly
increased or the overall quality of the
aggregate has changed

« If a source has a history of stripping,
MoDOT may require TSR testing during
design and/or production 16

MIX DESIGN ACCEPTANCE

m TSR > 70% for BB and BP mixes
= TSR > 80% for Superpave mixes

17
TSR Role
= Mix design/acceptance
m Field Verification of mix
18
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SUPERPAVE TSR
PAY ADJUSTMENT

TSR % of Contract price
290 103
75-89 100
70-74 98
65-69 97
<65 Remove
19
SCOPE

m Background

m TSR Role in QC/QA
= Sampling

» Test procedure

= Field verification

20

Sampling Field TSR
QC/QA

= During production, loose mix samples will
be taken and quartered as described in
EPG Section 403.1.5

» QC has the option of taking loose mix
samples from any point in the
production process.

= QA samples should be taken from the
same point as the QC, although not at
the same time

21
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LOOSE MIX:
TSR Sample
= QC: 1 per 10,000 tons

= QA: 1 per 50,000 tons or one per mix
(combination of projects)

[contract with several projects with same
mix, totaling < 50,000 tons)

» Random locations by spec (not enforced)

22

SAMPLING:
Qc

m QC gets their own TSR sample plus a
retained sample for QA

m Depth: full depth of the course (if
roadway sample)

23

SAMPLING:
QA

m QA gets their own “independent”
~250 Ib sample, retain 125 Ibs

24

2/19/19




LOOSE MIX SAMPLING
LOCATION

s ROADWAY* ——
= PLANT DISCHARGE*

= TRUCK -
* PrefeN- {

25

CAUTION

= Filling one bucket at a time may render
different characteristics bucket-to-
bucket---better to place one shovelful
per bucket at a time

» Should recombine and quarter

27
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TSR SAMPLING
Roadway

m Profiler issues
= Big hole to fill

28

LOOSE MIX SAMPLING
LOCATION

n ROADWAY*
u PLANT DISCHARGE*
n TRUCK

* Preferred

29

2/19/19
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PLANT DISCHARGE
(Chop Gate-Diverter Chute)

= Divert entire production stream from
drum to a loader bucket

m Sample all across the loader bucket, one
shovel per box , all boxes

» Repeat until boxes are full
m Cool (beware of dust)
m Close boxes 31

PLANT DISCHARGE
(Chop Gate-Diverter Chute), cont'd.

m Re-heat material

= Mix all boxes

» Quarter with templates

m Remove quarters to 4 buckets
m Quarter each bucket

= Pull one puck from each quarter

32
TSR SAMPLING
DIVERTER CHUTE
m Contamination issues from diesel used
to clean the area
33

2/19/19
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LOOSE MIX SAMPLING
LOCATION =

n ROADWAY*
u PLANT DISCHARGE™*
s TRUCK

* Preferred

34

"Mini-stockpile”
m About 2 tons sampled from silo
discharge into a 'rr'uck
= Dumped
» Back dragged !éw
= Sampled into, say, 4 buckets or boxes

= Back at lab, material is combined, mixed,
and quartered , combined into 2 piles

= 4 pucks sampled from each pile

35

LOOSE MIX SAMPLING
LOCATION —_

s ROADWAY* —
u PLANT DISCHARGE*

= TRUCK . W
* PrefeNﬁf"t =

36

2/19/19
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Truck Sampling

B rr?_s.

CAUTION

= Possible segregation in truck bed

» Sampling methods (eg. length of arms)
limit the position of sampling in the
truck bed-> non-representative sample

m Safety issues

m Don't leave sample boxes uncovered at
this location—may get contaminated
with dust and overspray of release

agent
J 39

2/19/19
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QUARTERING THE SAMPLE

AASHTO R47_

= Quartering templates

= Quartering

" “Quar’rer‘mas’rer‘”\ P

m Riffle spli’r‘rers\m

= Incremental (Ioaf)x e

41

QUARTERMASTER

42

2/19/19
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43

QA TSR Sample

m QA inspector will box up 125 Ibs
loose mix sample and ship to the
Central Lab for testing

m Each box should contain as

representative a sample as possible
(eg. contain all fines, etc)

QA TSR Sample, cont'd.

= Central Lab will determine the TSR
puck weight to be used from
testing one of the boxes

m Central Lab will combine the
remaining samples and go through
the splitting procedure

m So, field tech needs to know how

"Central Lab" will handle (combine)
the boxes 45

2/19/19
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QA TSR Sample

m Field QA should also retain a 125
Ibssample (Do not send to Central Lab
unless asked for. Discard only after
issues of favorable comparison
between QC and QA have been
determined)

46
TSR BOX INFO
= Site Manager ID number
= Mix number
m G, from sublot taken (QC or QA)
m Specimen weight QC is using
47
SCOPE
= Background
m TSR Role in QC/QA
= Sampling
m Test procedure
= Field verification
48

2/19/19
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TSR TEST PROCEDURE

» Determine TSR puck weights

m Compact pucks, run specific gravity

m Run Rice specific gravity

= Calculate air voids

= Break dry pucks

m Condition wet pucks

m Break wet pucks

m Calculate TSR

m Inspect conditioned pucks 49

DURING MIX DESIGN
In Addition to Field Verification Steps
(One extra day for lab mix at front end)

= Mixture prepared in lab

= After mixing, place mixture in a pan (one
specimen per pan) and cool at room
temperature for 2.0 + 0.5 hrs

= Place in oven on perforated shelf (or on
spacers) at 60+3° C for 16 + 1 hrs

50
PROCEDURE
= The following slides relate to TSR
testing of field samples and to lab-
mixed samples after the first day
51

2/19/19
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DAILY PROCEDURE-Outline

u Day L:

= Sample, quarter, heat to compaction temperature
+ 3°C [for lab-mixed, heating time is 2 hr + 10 min.]

= Compact pucks, store at room temperature 24+3hr
= Run Rice gravity

= Day 2:

m Determine G, of pucks

= Calculate air voids

= Group into two sets of 3

= Saturate the Wet set

m Put Wet set into freezer

m Start air drying of Dry set (24:3hr) 52

DAILY PROCEDURE
Outline, cont'd.
= Day 3:
m Test Dry set

= Start high temperature conditioning of
Wet set

= Day 4:
m Test Wet set
m Calculate TSR

53

2/19/19

Tender Pucks

Compaction

Once compaction is finished, extrude
sample from mold.

18



TSR

Conditioned pucks

Unconditioned pucks

55

Volumetrics puck
TSR puck

HOV 19 2004

Puck Characteristics

= 95 + 5 mm tall
m 7.0 + 0.5% air voids (6.0% SMA)

m Difficult to determine amount of
material to place in mold to achieve both
requirements

n Is trial & error, so need plenty of
material, make more than 6 pucks

57

2/19/19
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VACUUM SATURATION
Wet Pucks

m Permissible range: 70-80%

m Pre-calculate partially saturated puck
weights at 70 and 80%

m By iteration, progressively vacuum &
weigh at intervals until puck weight is in
the permissible weight range

58
Day 2: Wet Pucks
= Determine the surface dry weight.
] .
59

2/19/19
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% SATURATION, Cont.

» If the saturation is less than 70%, re-vacuum
at 26" mercury vacuum for 1 minute. Slowly
remove vacuum. Let puck set in water for 5-10
minutes (if this is omitted, QA & QC may not
compare)

m Check saturation

= Repeat as necessary

» If the saturation is greater than 807%,
puck is considered destroyed and must be
discarded.

61

REPORTING

m Report TSR to the nearest whole %

62

COMPARISON: QC TO QA

TSR -favorable comparison is when
QA and QC results are within 10%
of each other.

If the difference is 5 to 10%, TSR's
are evaluated by MoDOT field
office.

If difference is >10%, initiate
dispute resolution

QC and QA retained samples should
be kept for extended periods

2/19/19

21



Need for Extra Material

= One or more pucks not at proper
(desired) air voids

» Exceeded 80% saturation & puck
discarded

» Tender puck disintegrated during
handling (low number of gyrations)

m Sample lost in delivery
m Sample contaminated & discarded

64

Need for Extra Material

» QC/QA didn't compare and need to run
again
m Sample/specimens not marked
= Sample prematurely discarded

= Tnitial sample used up, need retained
sample

65

2/19/19
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MODULE 10A

QUALITY LEVEL
ANALYSIS

PAY FACTORS

11-24-06 Revision
11-9-07 Revision
1-2-09 Revision
4-22-09 Revision
11-18-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision

12-18-13 Revision

12-29-14 Revision
2-5-15 Revision
12-9-15 Revision
3-2-16 Revision

12-28-16 Revision
3-6-18 Revision

12-12-18 Revision
3-15-19 Revision

12-17-19 Revision
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MODULE 10A

QUALTITY LEVEL
ANALYSIS

PAY FACTORS

11-24-06 Revision
11-9-07 Revision
1-2-09 Revision
4-22-09 Revision
11-18-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
12-18-13 Revision
12-29-14 Revision
2-5-15 Revision
12-9-15 Revision
3-2-16 Revision
12-28-16 Revision
3-6-18 Revision
12-12-18 Revision
3-15-19 Revision
12-17-19 Revision

PAY FACTORS

m What % of the lot is
within spec limits?

mPay Factors are based

on this

SPEC LIMITS

Factor Spec Limit

Air voids 40+10%

VMA <05 t0+2.0%
applied to min.
design VMA:
12.0,13.0,14.0

Binder content

Design+ 0.3 %

Density
Density (SMA)

945+25%
2940 %
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PAY FACTORS

= Pay factors (PF's) are
numbers that you multiply
times the contract unit
price to adjust for

quality.

u PF's are either incentives
or disincentives.

PAY FACTORS

m Incentive: PF is over 100%
Say unit price is $43.50 per
ton and PF is 105% on a 4000
ton lot: adjusted price is:

(1.05-1.00)($43.50)(4000)=$8700

PAY FACTORS,
cont'd.

u Disincentive:PF is less than
100%:

= Say PF=80%

Adjusted price=
(0.80-1.00)($43.50)(4000) =
-$34,800
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QLA PAY FACTORS
= QLA=Quality Level Analysis

m QLA PF’s are calculated for
each lot, say 3000 tons of
mix.

= Next lot, new PF's.

Pay Factors

m Lot:

Ve Ve Var Ve
VMA VMA VMA VMA
P, P P, P

b b
Density Density Density Densi§y

Pay Factors

m Lot:

'mi Gmb Gmb Gmb
6, G, ™ G
Py Py Py Py
Grne Grne (2 6,

1 v /

4 Vg DX Sar [P Qu >PWL, >PFy,
4VMA > Xyuas S yma® Quma=> PWlyya = PFyya
4P,  Sx,, S, PQ, >PWL, >PF,
4Dens > Xyens s S dens [> Qens > PWL gens > PF iy
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Pay Factors

m Lot:

o Gy
6, 6
P, P,
6 6

Gmb Gmb
G G
Pb Ph

Gme e

4 Vi >Xa, Sar
4VMA 5 Xypa, S ywd
4P, >Xy, Sy

4 Dens = Xgens» S dens

P Q. PPWL, >
> Qywa> PWlyya >
> Q. P PWL,, >

PF 4ic
F’FVMA
PF

> Qo> PWLLe,, > PRO,,

Pay Factors

m Lot:

4 Var > Xar, Sar

4VMA = X yuns S via™> Quun|PWLW P

4P, >Xy, Sy

2> Qg >PWL, P

>Q, APWL, P>

4 Dens > Xyens s S dens > Qgens 4 PWL ge} > PaJens

Pay Factors

m Lot:

m [
6 G
Pyl Py
Grne Grne

|l »

4 Vi  >Xg, Sar
4VMA > Xyya, Suwa
4P, >Xy, Sy

4 Dens = Xgens s S dens

Grp [
G Gy
Py Py

Gne Grne

7 7

> Qg > PWL,,
> QVMAe PWI‘VMA -
>Q, > PWL,, S
= Q gens > PWL gens
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QLA PAY FACTORS

m The overall PF+ for the lot
is the average of (usually)
4 PF's:

n PFair voids (Va)

#PFyma

- PFbinder‘ content (Pb)

- PFma’r density

[PFac + PFyq + PFyps + PFppc]+4

13

QLA PAY FACTORS

m Each sublot is sampled (50
Ibs loose mix behind the
paver and 1 core sample
from the compacted mat).

= Each loose mix sample is
tested for air voids,VMA,
and binder content.

m Each core is tested for
density.

m There must be at least 4
sublots per lot.

14

Tests & Parameters

m Lot:

m [ Gy Gy
6, G, [ G
Py Py Py Py
Grne Grne (2 G,

Vair Vair Vair Vair
VMA VMA VMA VMA

b Pb Pb Pb
Density Density Density  Denstfy




QLA PAY FACTORS

m So now, for a given lot,
you have 4 air void
values, 4 VMA's and so
forth.

= Average the 4 values of
each test parameter.

m Average = “mean” ()?)

16

Means (Averages)

m Lot:

4 Vg >xg,|Sar > Qu >PWL,, >PFy,
4 VMA > X yuab S iwa™> Quma=> PWlyys > PFypa
4P, >x,, |S, Q. >PWL, >PF
ADNS > K |5 g > Qgers > PWL iz, > PAL,

QLA PAY FACTORS

u Calculate the variability
of the 4 values of each
parameter, say, air voids.

u The measure of variability
is called the “standard
deviation” (S).

18
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STANDARD
DEVIATION

» Standard deviation:
m S=V{Z[(x-X)?]+(n-1)}

x;=each test value

X=mean

n=number of test
values (usually=
number of sublots)

19

QLA PAY FACTORS

= 50 now you have the
average (mean) and
standard deviation for air
voids, for VMA, for
binder content, and for
density for a certain lot:

i(airt sair
XVMA/ SVMA
XAC' SAC

xdens: sdens
20

Standard Deviations

m Lot:

m [ Gy Gy
6, [ G G
Py Py Py Py
Grne Grne (2 6,

1 v /

TV, Sxa, Su P Q. SPWL, SPE,
4VMA S Xyuas S uval® Quma= PWhiya = PFyua
4Pb >Xp, Sy P Qg > PWL, >PF,
4DeNS > Ky, S ors | Qrs > PWL g, > P,
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QLA PAY FACTORS

u PF's are based on the
quality of the mix:

m how close to the target is
the average value of the
lot

= how much variability is
there between the 4 sublot
values (how large is the S)

= So, to get a high pay
factor, you want low
variability--you want
CONSISTENCY!

22

CONSISTENCY OF
MIX

= Consistent gradation

= Consistent baghouse fines
feed

m Consistent binder content
= Consistent temperature
m Consistent cleanliness:
u Low deletereous materials
= High sand equivalent

= Consistent construction
operations

23

QLA PAY FACTORS

= QLA PF's are part of
the overall statistically-
based Quality Level
Analysis (QLA) program
as specified in Section
403, Standard Specs.

= Samples must be
obtained in a random
(unbiased) manner.

24
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QLA PAY FACTORS

mPF's are based on how
much of the lot is
within the spec limits=
“Percent Within Limits
PwL)”

25

QLA PAY FACTORS

m The PWL for each test
parameter (e.g. air voids)
is calculated for each lot:
s PWL,,

s PWLypa
nPWL ¢
n PWLdens

m PWL's are based on the
average and standard
deviation of each lot's
data (say, the 4 sublots).

26

Quality Index (Q)

QL:X—SLSL

OR

_ UsL-X

Qu S

27
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Quality Index

m Lot:

i [
6 6m
P, P,
e e

Gmb Gmb
G G
Pb Pb

Gme e

4 Vair DX, Sa [P Qur PPWL,, > PRy,
AVMA > Xyyns S > Q> PWhis > PRy
4P,  >x,, S, pa. pewL, >PF,
4DenS > XS s > Qe PWL ers > PEE,

Percent Within Limits

m Lot:

AVa DX, Sa > Qo PPWL,, [Py,

4 VMA = X yyns S v Q> PWhiva|> PFuuia
4P, >Xp, Sy >Qgy PWL, > PF,
4 Dens > Xyens s S dens > Qgens 4 PWL ge} > Pé@ens

T
R

Trar e

10



VA

ILITY-UNKNOWN PROCEDURE

DARD-DEVIATION METHOD

QUALITY PER HIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX
(Q,orQ) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
0.41 61.56 | 63.66 | 64.46 | 64.86 | 65.09 | 65.25 | 65.36 | 65.43
0.42 61.85 | 64.00 | 64.81 | 65.21 | 65.45 | 65.60 | 65.72 | 65.79
0.43 62.15 | 64.33 | 65.15 | 65.57 | 65.80 | 65.96 | 66.07 | 66.15
0.44 62.44 | 64.67 | 65.50 | 65.92 | 66.16 | 66.31 | 66.43 | 66.51
0.45 62.74 | 65.00 | 65.84 | 66.27 | 66.51 | 66.67 | 66.79 | 66.87
0.46 63.04 | 65.33 | 66.18 | 66.62 | 66.86 | 67.02 | 67.14 | 67.22
0.47 63.34 | 65.67 | 66.53 | 66.96 | 67.21 | 67.37 | 67.49 | 67.57
0.48 63.65 | 66.00 | 66.87 | 67.31 | 67.56 | 67.73 | 67.85 | 67.93
0.49 63.95 | 66.34 | 67.22 | 67.65 | 67.91 | 68.08 | 68.20 | 68.28
0.50 64.25 | 66.67 | 67.56 | 68.00 | 68.26 | 68.43 | 68.55 | 68.63
0.51 64.56 | 67.00 | 67.90 | 68.34 | 68.61 | 68.78 | 68.90 | 68.98
0.52 64.87 | 67.33 | 68.24 | 68.69 | 68.95 | 69.12 | 69.24 | 69.32
0.53 65.18 | 67.67 | 68.58 | 69.03 | 69.30 | 69.47 | 69.59 | 69.67
0.54 65.49 | 68.00 | 68.92 | 69.38 | 69.64 | 69.81 | 69.93 | 70.01
0.55 65.80 | 68.33 | 69.26 | 69.72 | 69.99 | 70.16 | 70.28 | 70.36
0.56 66.12 | 68.66 | 69.60 [ 70.06 | 70.33 | 70.50 | 70.62 | 70.70
0.57 66.44 | 69.00 | 69.94 | 70.40 | 70.67 | 70.84 | 70.96 | 71.04
0.58 66.75 | 69. 70.27 | 70.73 | 71.00 | 71.17 | 71.29 | 71.38
0.59 67.0 9.67 61 | 71.07 | 71.34 | 71.51 | 71.63 | 71.72
0.60 . 67. 70.00- | 7 7141 | 7168 | 71.85 | 71.97 | 72.06
0.61 67.7. - 1.28 | 71.74 | 7201 | 7211 | 72.30 | 72.39
0.62 68.05 | 70.67 | 71.61 | 72.08 | 72.34 | 72.37 | 72.63 | 72.72
0.63 68.37 [ 71.00 | 7195 | 7241 | 72.68 | 72.63 | 72.97 | 73.06
0.64 68.70 | 71.34 | 72.28 | 72.75 | 73.01 | 72.89 | 73.30 | 73.39
0.65 69.03 | 71.67 | 72.61 | 73.08 | 73.34 | 73.15 | 73.63 | 73.72
0.66 69.37 | 72.00 | 7294 | 73.41 | 73.67 | 73.55 | 73.95 | 74.04
0.67 69.71 | 72.33 | 73.27 | 73.73 | 73.99 | 73.95 | 74.28 | 74.36
0.68 70.05 | 72.67 | 73.60 | 74.06 | 74.32 | 74.35 | 74.60 | 74.69
0.69 70.39 | 73.00 | 73.93 | 74.38 | 7464 | 74.75 | 74.93 | 75.01
0.70 70.73 | 7333 | 74.26 | 74.71 | 74.97 | 75.15 | 75.25 | 75.33
0.71 71.08 | 73.66 | 74.59 | 75.03 | 75.29 | 75.46 | 75.57 | 75.64
0.72 71.44 | 74.00 | 7491 | 75.35 | 75.61 | 75.78 | 75.88 | 75.96
0.73 7179 | 7433 | 75.24 | 75.68 | 75.92 | 76.09 | 76.20 | 76.27
0.74 7215 | 74.67 | 75.56 | 76.00 | 76.24 | 76.41 | 76.51 | 76.59
0.75 72.50 | 75.00 | 75.89 | 76.32 | 76.56 | 76.72 | 76.83 | 76.90
0.76 72.87 | 7533 | 76.21 | 76.63 | 76.87 | 77.03 | 77.14 | 77.21
0.77 73.24 | 7567 | 76.53 | 76.95 | 77.18 | 77.34 | 77.44 | 77.51
0.78 7362 | 76.00 | 76.85 | 77.26 | 77.50 | 7764 | 77.75 | 77.82
0.79 7399 | 76.34 | 7717 | 77.58 | 77.81 | 77.95 | 78.05 | 78.12
0.80 74.36 | 76.67 | 7749 | 77.89 | 78.12 | 78.26 | 78.36 | 78.43
0.81 7475 | 77.00 | 77.81 | 78.20 | 7842 | 78.56 | 78.66 | 78.72
0.82 75.15 | 77.33 | 78.12 | 78.51 | 78.72 | 78.86 | 78.95 [ 79.02
0.83 7554 | 7767 | 78.44 | 78.81 | 79.03 | 79.16 | 79.25 | 79.31
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BASIS FOR PWL'S

= No matter what you are
testing, if you keep
sampling and testing
batch after batch of the
“same stuff” you will not
get the same answer each
time. There will be some
variability due to
variability in the material,
sampling methods, and
testing procedures.

31

EXAMPLE

u Let's say we sample 30
batches of concrete, all
supposedly the same mix
design, and we check air
content.

m Attached are the results.

32

Frequency Table for Air Content

P e
10-20 | 15 1 003
2030 | 5 b H 0.067
3040 | 35 4 0133
40-50 | 45 il 6 02
50-60 | 55 il 9 03
60-70 | 65 Yl 5 0.167
70-80( 78 |l 3 [1A]
80-90 | 85 0 0
33

1
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EXAMPLE

= As we can see, there is a
higher frequency of test
values tending to cluster
around 5.5%

» The % air content vs.
frequency of certain test
results can be plotted on
a histogram.

34
Frequency Histogram
“Frnqua'nq
=0 1 1 3 48 4 1T 8
Percent Ar Content
35
EXAMPLE

» The “relative frequency”
of each air content
interval can be computed:;
e.g.9is 30% of all 30
data values.

= We can connect the tops
of the histogram bars to
form a rough curve.

36

12



Relative Frequency Histogram
Relative Frequency

"
w
[t}

08 .\
%V 1 1 4 s 8T
Percent Air Content

37
PROBABILITY

= Relative frequency histogram
data can also be expressed
by “probability distributions”.

m "Probability” is defined as a
measure of chance.

= The sum of all probabilities
of all of the possible
outcomes is 100%

u The sum of all relative
frequencies is 100%.

38

12/17/19

Relative Frequency
Histogram

Probab
Distribution
(pdf)

39
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PROBABILITY

= A second example
involves a set of data
that includes 200
concrete strength
tests.

40

Frequency Histogram
® Frequency .0 Rel. Freq. 028
“ N=200 {os
» . 0.18
» 01
10 006

L] []
3500 4000 4400 4800 5200 6600 6000
Compressive Stangth (p3h)

41

PROBABILITY

m As shown, 24% of the
tests were between 4800
and 5000 psi.

n If we set the total area
under the histogram to be
equal to 100%, then 24%
of the area under the
curve would represent
test values between 4800
and 5000 psi.

m The area under the curve
represents probability.

42
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PROBABILITY

m Another way of saying
it is if a single test
result is randomly
selected, thereisa
24% probability that it
is between 4800 and
5000 psi.

43

PROBABILITY

= The most common
probability curve that has
a peak in the center and is
symmetrical is called a
“Normal Distribution”.

= Usually, highway materials
test results tend to be
normally distributed.

44

The Normal Distribution
is the most important
for highway materials

45
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USL and LSL

= When producing materials,
we would like 100% of all
the material to be within
the specifications. Usually,
we have a target value and
we place a tolerance around
it, e.g. target asphalt
content + 0.3%.

u Lower Spec Limit (LSL)=
Target value - 0.3%

= Upper Spec Limit (USL)-
Target value + 0.3%

46

Acceptable Product

LSL usL

47

PERCENT WITHIN
LIMITS

» When the average ("mean”)
of the test data for the lot is
close to the LSL or USL, and
if there is a large variability
in the data, it is likely that
some of the material is out-
of-spec.

= We would like to estimate
the percent of the total
material that is out (or, how
much is in-spec), and let the
payment for material reflect

this fact.
48
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Unacceptable Product

2 |

LSL UsL

49

PERCENT WITHIN
LIMITS

= So, we heed to calculate
the area (probability)
under the curve that is
between the USL and the
LSL.

m This is called the“Percent
Within Limits (PWL)”

50

PERCENT WITHIN
LIMITS

m Every set of test results
(every lot) will result ina
different probability
distribution, therefore a
different curve.

m It is difficult to calculate the
area (probability) under each
curve.

m There is a method to convert
any curve to a standard
curve, with various areas
under the curve already

worked out. 51
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PERCENT WITHIN
LIMITS

m The areas under the
standard curve
(probabilities) are published
in a table called the "Quality
Index " table.

= To obtain the probability
value from the Q-table, you
must use your curve's
statistical characteristics:
mean (X) and standard
deviation (S) to calculate Q.

Quality Index (Q)
_ X-LSL
=5
OR
Qu= USI_S— X

Pay Factors

m Lot:

m [ Gy Gy
6, G, [ G
Py Py Py Py
Gre 6 6 s

4V, xS, Pa, prwL, Ser,
4VMA > Xyuas Suval® Quwal® PWLiva = PFuua
4P, Sx,, S, P, pPWL, SPF,
4Dens > Ky, S ors [> Qers|> PWL o, > PB4,

18



PERCENT WITHIN
LIMITS

= First you get the area
(probability) under the
curve above the LSL, then
the area (probability)
below the USL, then
combine them for the
total area under the curve
between the USL and the
LSL. This is the Total
Percent Within Limits.

55

56

PERCENT WITHIN
LIMITS

= Knowing the Q, enter the
Q-table and obtain the
corresponding PWL,
(percent of the area above
the LSL)

u Likewise, knowing the Q,
enter the Q-table and
obtain the corresponding
PWL,

= Combine the 2 PWL's:

» PWL,=(PWL,+PWL, )-100
57

12/17/19
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Pay Factors

u Lot:

m Gy Grp [
G [ Gp, [,
Pyl Py Py Py
Grnc Grnc [ Grnc

| ¢ ¢ »~

4 Vg DX, S Qg DPWL, P PRy,
4 VMA - Xymas S uma™> QumaPWhya|> PFya
4P,  Sx,, S, >Q, APWL, bPF,

4DeNS > Ky S ers > Qers 3 PWL o > PEB,,

PERCENT WITHIN
LIMITS

m Let's examine 2 different
operations.

m Lot 2's mean is crowding
the Lower Spec Limit
much closer than the data
in lot 1, but there is much
less variability in the data
of lot2. The area
(probability) in the left-
hand tail is equal under
both curves.

59
Xz 98 PWL
8,
. 98PWL
X,
8
LsL

60

12/17/19
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PERCENT WITHIN
LIMITS

= So, even though lot 2's
mean was lower than that
of lot 1, lot 2 had the
same PWL because it had
less variability (taller,
more slender curve).

m The smaller the standard
deviation, the more
slender the curve.

m This illustrates that
consistency of results is
very important.

61

QLA PAY FACTORS

m For each lot, each test
parameter (air voids,
VMA, binder content,
density) will have its own
curve (based on 4 or more
sublot test values).

m A separate PF for each
test parameter will be
calculated, as follows.

62

QLA PAY FACTORS
u If PWL; < 70%:
PF = 2(PWL,)-50
u If PWL; 2 70%:

PF = 0.50(PWL)+55

63
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Pay Factors

u Lot:

m Gy Grp [
G [ Gp, [,
Pyl Py Py Py
Gpe 6, G G

AV, Sxu Su >0, SPWL,, S[PFL
4VMA > Xy, S yma Quna™ PWlyya 2{PFua
4Pb >Xp, Sy, >Q, >PWL, PF .
4DeNS > Xy S ers > Qrs > PWL g, + P4,

QLA PAY FACTORS

» The PF's for each test
parameter are then averaged
to obtain the total PF;:

For the traveled way:
[PFac* PFya+ PFyma+ PFpens] = 4

For non-integral shoulders:

[PFac+ PFya+ PFymal = 3

65
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EQUATIONS:

va:wxmo Ps =100 -Py vwx:mo{embxps}
mm sb
vFA = YMA=Ve 00 Density = Gre 100
ZXI
MEAN: X="="—
n
Example: n = number of samples =3 Therefore: X = %
STANDARD DEVIATION: s=
—\2 —\2 —\2
X1—X) +(X2—X) +(Xa—-X
Therefore: S=J( =X) 22 ) +(xe=X)
USL = Target + Tolerance LSL = Target — Tolerance
QU:USL—x QL:x—LSL
s s
PWLT = (PWLy + PWL.) - 100
Pay Factor (PF): IF: PWLr <70% THEN: PF = 2(PWLy) - 50
IF: PWLt > 70% THEN: PF = 0.50(PWLrt) + 55

QA to QC Comparison:

[Qcavg —-2(s)] = QAavg < [QCavg + 2(s)]

OUTLIERS:
Highside:  t=xmo—X
S
Lowside: po X Xmn
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QLA PAY FACTORS

m So, back to our original
example, if the average of
the 4 test parameter PF's is
105%, then the contract
price of $43.50 per ton per
4000 ton lot is adjusted by:

(1.05-1.00)(4000)($43.50)=$8700

m The maximum PF is 105%.

67

EXAMPLE

= See handout of MoDOT
spreadsheet

m The Q table is in
Section 403, Standard
Specifications

= Note: density is now
945 +25%

68

MoDOT Pay Factor
Spreadsheet

69
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MoDOT Pay Factor
Spreadsheet

Pay Factor 5.01 7/6/200

Sample ID
0
CONTRACT: ROUTE: 0 COUNTY: 0 MIX #: SP190 LOT #: 5
% AC 5.2
PROJECT: 0 DATE: 01/00/00 TONS/MG 3000.0 UNIT BID PRICE MIX $45.0¢ % MA 94.8
DENSITY ASPHALT CONTENT VMA AIR VOIDS Gmm REMARKS
JOB MIX 94.0 52 13.0 4.0
SUBLOT 2.0 + 0.3 -0.5/+2.0 14 1.0
A 93.3 5.7 13.3 3.9
B 92.6 5.2 13.8 3.7
C 3.4 5.4 13.5 3.0
D 92.2 4.6 123 3.1
QA 92.5 5.2 13.0 3.8
QA2 5.5 13.8 3.4
QA 5.6 13.0 3.8
QA4
QA5
QA6 _
QC TSR DATA*
AVE. X 92.87 5.22 13.22 3.42
STD. DEV. 0.57 0.46 0.64 0.44 Lots/Sublots
Quantity Represented 10000.0
QA COMP. 94-91.7 6.1-4.3 145-11.9 43-25 TSR % 72.0
Pay Adjustment (Sec 403.23.5) 98.0
USL 96.0 5.5 15.0 5.0
TARGET 94.0 5.2 13.0 4.0
LSL 12.5 Value of Adjustment -$9,000.00
n 4 4 4 4 Contractor Lab Contractor Laboratog_ﬂ
Qu 5.49 0.61 2.78 3.59
Ql 1.53 0.70 1.13 0.95 * TSR results and pay adjustment for tonnage
represented based on requirement of one test per
PWLu 100.00 70.33 100.00 100.00 10,000 tons or fraction thereof. This is applied
PWLI 100.00 73.33 87.67 81.67 separate from the PWL pay adjustment.
PWLt 100.00
PAY FACT. 105.0

TOTAL PAY FACTOR= 84.2

TOTAL $§ VALUE OF ADJUSTMENT

-$21,330.00

UNCONF. JOINT FACTOR=

[ 90 |TONS/SQ YD OF SUBLOTS WITH UNCONF. JOINT[ 3000 |

69



Traveled Way Lot
Testing Results

CA TEST RESULTS BY SUBLOTS

fowmacr o
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TOTAL PAY FACTOR 142
LA00ns. JomT FAGTOR= (] TONS /50 YD OF SURLOTS WITH Uncony, o136 ]

BERETTY
| oay %40 Obsolete: is currently 945+ 2.5
o Ave = 92.87%
934 Std. Dev. = 0.57
922
/
)

USL = 94.0 + 20% = 96.0%
LSL=940-20=920%

0 =2 - (960 - 92.87)/0.57:5.49
J_*SL& = (92.87 - 92.0)/057=153

PWL: = (PWLu + PWL) - 100
71

+55= 1+

Q & PWL.

il

ZBCTT
STANDA RD-DEVIATION METHOD
L
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12/17/19




Traveled Way Lot
Testing Results

QC/QA TEST RESULTS BY SUBLOTS

CONTRACT: 0 ROUTE: 0 COUNTY: 0 MIX #: SP190
DATE: 01/00/00 TONS/MG 3000.0 UNIT BID PRICE MIX $45.00
ASPHALT CONTENT VMA AIR VOIDS Gmm
JOB MIX 94.0 5.2 13.0 4.0
SUBLOT |+ 2.0 + 0.3 -0.5/+2.0 3 1.0
A 93.3 5.7 13.3 3.9
B 92.6 52 13.8 3.7
C 93.4 5.4 13.5 3.0
D 92.2 4.6 12.3 3.1
QA1 92.5 5.2 13.0 3.8
QA2 5.5 13.8 3.4
QA3 5.6 13.0 3.8
QA4
QA5
QA6
RVE. X 92.87 5.22 13.22 3.42
5TD. DEV. 0.57 0.46 0.64 0.44
DA COMP. 94 -91.7 6.1-4.3 14.5-11.9 43-25
USL 96.0 5.5 15.0 5.0
FARGET 94.0 5.2 13.0 4.0
L SL 92.0 4.9 12.5 3.0
N 4 4 4 4
Qu 5.49 0.61 2.78 3.59
QI 1.53 0.70 1.13 0.95
PWLu 100.00 70.33 100.00 100.00
PWLI 100.00 73.33 87.67 81.67
PWLt 100.00 43.66 87.67 81.67
PAY FACT. 105.0 373 98.8 95.8

TOTAL PAY FACTOR= 84.2

UNCONF. JOINT FACTOR=[ 90 |TONS/SQ YD OF SUBLOTS WITH UNCONF. JOINT[__ 3000 |



JOB MIX ”

DENSITY

SUBLOT | + 92%0 — Obsolete: is currently 945 + 2.5
e — Ave = 92.87%
C 1‘ 93.4 Std. Dev. = 0.57
D 92.2

oAl 92.5

QA2 |

QA3

QA4

QA5

QA6
AVE. X 92.87
STD. DEV. 0.57
[QA COMP. 94 - 91.7
USL 96.0 USL=940+2.0%=96.0%
TARGET 94.0
LSL 1] 92.0 LSL = 94.0 - 2.0 = 92.0%

| 4 Y
“"Qu s Q=" = (96.0 - 92.87)/0.57=5.49
Ql 1.53 Y
Q.- X—SLSL = (92.87 - 92.0)/0.57=153

PWLu 100.00
PWLI “ 100.00

PWL+ = (PWL. + PWLI) - 100 71
PF = 0.50(PWL+) + 55 = 0.50(100)+55

PWLt | 100.00
PAY FACT. " ~105.0




Q. & PWL.

VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX
(Q,orQ) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
1.27 100.00 | 92.33 | 91.04 | 9064 | 90.44 | 90.32 [ 90.25 [ 90.19
1.28 100.00 | 9267 | 91.29 | 90.86 | 90.65 | 90.53 [ 90.44 [ 90.38
1.29 100.00 | 93.00 | 9154 | 91.09 | 90.86 | 90.73 | 90.64 | 90.58
1.30 100.00 | 93.33 | 91.79 | 91.31 | 91.07 | 90.94 [ 90.84 [ 90.78
1.31 100.00 | 9366 | 92.03 | 9152 | 91.27 | 9113 | 91.03 | 90.96
1.32 100.00 | 94.00 | 9227 | 91.73 | 9147 | 91.32 | 9122 | 91.15
1.33 100.00 | 9433 | 9250 | 9195 | 9168 | 9152 | 9140 | 91.33
1.34 100.00 | 9467 | 9274 | 9216 | 9188 | 91.71 [ 91.59 | 91.52
1.35 100.00 | 95.00 | 9298 | 92.37 | 92.08 | 9190 | 91.78 | 91.70
1.36 100.00 | 95.33 | 93.21 | 9257 | 92.27 | 92.08 | 91.96 | 91.87
1.37 100.00 | 9567 | 9344 | 9277 | 9246 | 9226 | 92.14 | 92.04
1.38 100.00 | 96.00 | 93.66 | 92.97 | 9264 | 92.45 | 92.31 92.22
1.39 100.00 | 96.34 | 93.89 | 93.17 | 92.83 | 92.63 | 92.49 [ 92.39
1.40 100.00 | 96.67 | 94.12 | 93.37 | 93.02 | 92.81 92.67 | 92.56
1.41 100.00 | 97.00 | 94.33 | 9356 | 93.20 | 9298 | 92.83 | 92.72
1.42 100.00 | 97.33 | 9455 | 93.75 | 93.37 | 93.15 | 93.00 | 92.88
1.43 100.00 | 9767 | 9476 | 93.94 | 93.55 | 93.31 | 93.16 | 93.05
1.44 100.00 | 98.00 | 9498 | 9413 | 93.72 | 93.48 | 93.33 | 93.21
1.45 100.00 | 98.33 | 95.19 | 94.32 | 9390 | 93.65 | 93.49 | 93.37
1.46 100.00 | 9866 | 9539 | 9449 | 9406 | 93.81 | 93.64 | 93.52
1.47 100.00 | 99.00 | 9559 | 9467 | 94.23 | 93.97 | 93.80 | 93.67
1.48 100.00 | 99.33 | 9580 | 94.84 | 94.39 | 94.12 | 93.95 | 93.83
1.49 100.00 | 99.67 | 96.00 | 95.02 | 9456 | 94.28 | 94 .11 93.98
1.50 100.00 [100.00| 96.20 | 9519 | 9472 | 94.44 | 9426 | 94.13
1.51 100.00 [100.00| 96.39 | 9535 | 94.87 | 9459 | 94.40 | 94.27
1.52 100.00 Se=oe=mp6 57 | 9551 | 95.02 | 94.73 | 9454 | 94 .41
1.53 100.00 6.76 | 9568 | 9518 | 94.88 | 9469 | 94.54
1.54 100.00 p6.94 | 9584 | 9533 | 95.02 | 94.83 | 94.68
1.55 100.00 [100.00| 97.13 | 96.00 | 9548 | 9517 | 94.97 | 94.82
1.56 100.00 |100.00| 97.30 | 96.15 | 9562 | 95.30 | 95.10 | 9495
1.57 100.00 [100.00| 97.47 | 96.30 | 95.76 | 9544 | 9523 | 95.08
1.58 100.00 [100.00| 97.63 | 96.45 | 9589 | 95.57 | 95.36 | 95.20
1.59 100.00 [100.00| 97.80 | 96.60 | 96.03 | 95.71 [ 9549 [ 95.33
1.60 100.00 [100.00| 97.97 | 96.75 | 96.17 | 9584 | 9562 | 95.46
1.61 100.00 [100.00| 98.12 | 96.88 | 96.30 | 9596 | 95.74 | 95.58
1.62 100.00 |100.00| 98.27 | 97.02 | 96.43 | 96.08 [ 9586 | 95.70
1.63 100.00 [100.00| 98.42 | 97.15 | 96.55 | 96.21 [ 9598 | 95.81
1.64 100.00 | 100.00| 98.57 | 97.29 | 96.68 | 96.33 | 96.10 | 95.93
1.65 100.00 [100.00| 98.72 | 97.42 | 96.81 | 96.45 | 96.22 [ 96.05
1.66 100.00 [100.00| 98.84 | 97.54 | 96.92 | 96.56 | 96.33 | 96.16
1.67 100.00 [100.00| 9897 | 9766 | 97.04 | 96.67 | 96.44 | 96.27
1.68 100.00 [100.00| 99.09 | 97.78 | 97.15 | 96.79 | 96.54 | 96.37
1.69 100.00 [100.00| 99.22 | 97.90 | 97.27 | 96.90 | 96.65 | 96.48




Qu & PWLuU

VARABLITY -UNKNG VN
STANDARD-DEVIATION METHOD
QUALTY  PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SEES
EX

73

Traveled Way Lot
Testing Results

i

\

TOTAL $ VALUE OF ADJUSTMENT -$21,330.00)

UNCONFINED JOINT
DEDUCTIONS

= Pay reduction applied to full
width of lane for a given lot.

» The lowest adjustment
factor (PF,yq or the PAF for
average unconfined joint
density) will apply to the lot.

= Exception: If the PAF = 100%
and the PF, is over 100 (use
the PFToTaI)

u PF, .y includes PF's for binder
content, air voids, VMA, and
density)

75

12/17/19

25



Qu & PWLuU

VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX

(Q,orQ) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
2.56 100.00 {100.00{100.00{100.00|100.00 [ 100.00 | 100.00 | 99.98
2.57 100.00 {100.00{100.00{100.00 | 100.00 | 100.00 | 100.00 | 99.98
2.58 100.00 [100.00{100.00{100.00 | 100.00 [ 100.00 | 100.00 | 99.99
2.59 100.00 {100.00|{100.00(100.00| 100.00 [ 100.00 | 100.00 | 99.99
2.60 100.00 {100.00{100.00{100.00|100.00 [ 100.00 | 100.00 | 99.99
2.61 100.00 {100.00{100.00{100.00 | 100.00 | 100.00 | 100.00 | 99.99
2.62 100.00 [100.00|100.00(100.00 | 100.00 [ 100.00 | 100.00 | 99.99
2.63 100.00 {100.00|100.00(100.00| 100.00 | 100.00 | 100.00 | 100.00
2.64 100.00 4@ | 100.00] 100.00 | 100.00 | 100.00 | 100.00 | 100.00
2.65 100.0100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00

/3




Traveled Way Lot
Testing Results

Pay Factor 5.01 7/6/200

QC/QA TEST RESULTS BY SUBLOTS Sample ID
0
CONTRACT: 0 ROUTE: 0 COUNTY: 0 MIX #: SP190 LOT #: 5
% AC 5.2
PROJECT: 0 DATE: 01/00/00 TONS/MG 3000.0 UNIT BID PRICE MIX $45.00 % MA 94.8
DENSITY ASPHALT CONTENT VMA AIRVOIDS Gmm REMARKS
JOB MIX 94.0 52 13.0 4.0
SUBLOT |+ 2.0 + 0.3 -0.5/42.0 + 1.0
A 93.3 8.7 13.3 3.9
B 92.6 5.2 13.8 3.7
C 93.4 5.4 13.5 3.0
D 92.2 4.6 12.3 3.1
QA1 92.5 5.2 13.0 3.8
QA2 5.5 13.8 3.4
QA3 5.6 13.0 3.8
QA4
QA5
QA6
QC TSR DATA*
AVE. X 92.87 5.22 13.22 3.42
STD. DEV. 0.57 0.46 0.64 0.44 Lots/Sublots
Quantity Represented 10000.0
QA COMP. 94 -91.7 6.1-4.3 14.5-11.9 43-25 TSR % 72.0
Pay Adjustment (Sec 403.23.5) 98.0
USL 96.0 55 15.0 5.0
TARGET 94.0 52 13.0 4.0
LSL 92.0 4.9 12.5 3.0 Value of Adjustment -$9,000.00
n 4 4 4 4 Contractor Lab Contractor Laborato&
Qu 5.49 0.61 2.78 3.59
Ql 1.53 0.70 1.13 0.95 * TSR results and pay adjustment for tonnage
represented based on requirement of one test per
PWLu 100.00 70.33 100.00 100.00 10,000 tons or fraction thereof. This is applied
PWLI 100.00 73.33 87.67 81.67 separate from the PWL pay adjustment.
PWLLt

TOTAL PAY FACTOR= 84.2 TOTAL $ VALUE OF ADJUSTMENT -$21,330.00

ATONS / SQ YD OF SUBLOTS WITH UNCONF. JOINT[___ 3000 |

UNCONF. JOINT FACTOR=| 90

TOTAL PAY FACTOR= 84.2

TOTAL $ VALUE OF ADJUSTMENT -$21,330.00




UNCONFINED JOINT
DEDUCTIONS, cont'd.

= See Module 10a for
application

= Example: for a given lot, if
PFiora = 95% and PAF = 90%,
the 90% controls the whole
lot

= Example: for a given lot, if
PF,..q = 105% and PAF =
100%, the 105% controls the
whole lot

= 403.23.6 and EPG 403.1.21

76

Unconfined Joint
Factor

TOTAL PAY FACTOR® 842 Use smaller of 90% or 84.2%

INCON, JOINT FACTORs[ 80 TONS /50 YD OF SUBLOTS WITH UNCONE. JONT[__ 308 |

(3000 tons)($45.00/1on)(0.842-1.000) =

TOTAL $ VALUE OF ADJUSTMENT -$21,330.00)

TSR Results

o ... (0.98-1.00)(10,000 tons)($45/ ton)= -$9000

78

12/17/19
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Unconfined Joi
Factor

Pay Factor 5.01 7/6/200

QC/QA TEST RESULTS BY SUBLOTS Sample ID
0
CONTRACT: 0 ROUTE: 0 COUNTY: 0 MIX #: SP190 LOT #: 5
% AC 5.2
PROJECT: 0 DATE: 01/00/00 TONS/MG 3000.0 UNIT BID PRICE MIX $45.00 % MA 94.8
DENSITY ASPHALT CONTENT VMA AIRVOIDS Gmm REMARKS
JOB MIX 94.0 52 13.0 4.0
SUBLOT |+ 2.0 + 0.3 -0.5/+2.0 % 1.0
A 93.3 5.7 13.3 3.9
B 92.6 5.2 13.8 3.7
Cc .4 5.4 13.5 3.0
D 92.2 4.6 12.3 3.1
QA1 92.5 1 13.0 3.8
QA2 Al 13.8 3.4
QA3 . 13.0 3.8
QA4
QAS
QA6 _
QC TSR DATA*
AVE. X 92.87 5.22 13.22 3.42
STD. DEV. 0.57 0.46 0.64 0.44 Lots/Sublots
Quantity Represented 10000.0
QA COMP. 94 - 91.7 6.1-4.3 14.5-11.9 43-25 TSR % 72.0
Pay Adjustment (Sec 403.23.5) 98.0
USL 96.0 5.5 15.0 5.0
TARGET 94.0 5.2 13.0 4.0
LSL 92.0 4.9 125 3.0 Value of Adjustment -$9.000.00
n 4 4 4 4 Contractor Lab Contractor Laboraloag
Qu 5.49 0.61 2.78 3.59
Ql 1.53 0.70 1.13 0.95 * TSR results and pay adjustment for tonnage
represented based on requirement of one test per
PWLu 100.00 70.33 100.00 100.00 10,000 tons or fraction thereof. This is applied
PWLI 100.00 73.33 87.67 81.67 separate from the PWL pay adjustment.
PWLt 100.00 43.66 87.67 81.67
PAY FACT. 105.0 37.3 98.8 95.8

TOTAL $ VALUE OF ADJUSTMENT

UNCONF. JOINT FACTOR=[ 90 |TONS / SQ YD OF SUBLOTS WITH UNCONF. JOINT[ 3000 |

TOTAL PAY FACTOR= 84.2 Use smaller of 90% or 84.2%
UNCONF. JOINT FACTOR=[ 90  |TONS/SQ YD OF SUBLOTS WITH UNCONF. JOINT[ 3000 |

(3000 tons)($45.00/1on)(0.842-1.000) =
TOTAL $ VALUE OF ADJUSTMENT -$21,330.00




TSR Results

Pay Factor 5.01 7/6/200

QC/QA TEST RESULTS BY SUBLOTS Sample ID
0
CONTRACT: 0 ROUTE: 0 COUNTY: 0 MIX #: SP190 LOT #: 5
% AC 5.2
PROJECT: 0 DATE: 01/00/00 TONS/MG 3000.0 UNIT BID PRICE MIX % MA 94.8
DENSITY ASPHALT CONTENT VMA AIR VOIDS Gmm REMARKS
JOB MIX 94.0 52 13.0 4.0
SUBLOT 2.0 + 0.3 -0.5/42.0 1.0
A 93.3 5.7 13.3 3.9
B 2.6 5.2 13.8 3.7
C .4 5.4 13.5 3.0
D 2.2 4.6 123 3.1
QA 92.5 5.2 13.0 3.8
QAZ 55 13.8 3.4
QA 5.6 13.0 3.8
QA4
QA!
QA6
AVE. X 92.87 5.22 13.22 3.42
STD. DEV. 0.57 0.46 0.64 0.44 Lots/Sublots
Quantity Represented 10000.0
QA COMP. 94-91.7 6.1-4.3 145-11.9 43-25 TSR %
Pay Adjustment (Sec 403.23.5)
USL 96.0 5.5 15.0 5.0
TARGET 94.0 5.2 13.0 4.0
LSL 92.0 4.9 12.5 3.0 Value of Adjustment -$9,000.00
n 4 4 4 4 Contractor Lab Contractor Laborato)
Qu 5.49 0.61 2.78 3.59
Ql 1.53 0.70 1.13 0.95 TSR results and pay adjustment for tonnage
ppresented based on requirement of one test per
PWLu 100.00 70.33 100.00 100.00 0,000 tons or fraction thereof. This is applied
PWLI 100.00 73.33 87.67 81.67 leparate from the PWL pay adjustment.
PWLLt 100.00 43.66 87.67 81.67
[PAYFACT. 105.0 37.3 98.8 95.8

TOTAL PAY FACTOR= 84.2

UNCONF. JOINT FACTOR=[__ 90 |TONS /S

(0.98-1.00)(10,000 tons)($45/ ton)= -$9000
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TSR Results

~ QC TSR DATA*
Lots/Sublots
Quantity F 10000.0
TSR % 72.0
Pay Adjustment (Sec 403.23.5) 98.0

Value of Adjustment -$9,000.00
Contractor Lab Contractor Laboratory
* TSR results and pay adjustment for tonnage
represented based on requirement of one test per

10,000 tons or fraction thereof. This is applied
|separate from the PWL pay adjustment.

(0.02)(10,000 tons)($45/ ton) = -$9000

79

New Spreadsheets
2016

80

“Asphalt QA" / Analysis / QC

Detsy
(T St SAC) WA Va | M bt On
? A 51| u2| 32 w2 [}

B 51| ue| 39 s [

SopeResipoet 000 B[ 1) 31 |@2 o

WD 5| w1 32 | L]

TSP o 5| mef a2 fas [

= Average 50 |14.1(3.3 p3.4

= Std Deviation 0.12]0.45| 0.32|1.17

= N=5(llQC)
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TSR Results

QC TSR DATA*
Lots/Sublots
Quantity Represented 10000.0
TSR % 72.0
Pay Adjustment (Sec 403.23.5) 98.0
Value of Adjustment -$9,000.00
Contractor Lab Contractor Laboratory

* TSR results and pay adjustment for tonnage
represented based on requirement of one test per
10,000 tons or fraction thereof. This is applied
separate from the PWL pay adjustment.

(0.02)(10,000 tons)($45/ ton) = -$9000
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"Asphalt QA" / Analysis / QC

poT  Asphalt

QA v
‘ Main Quantity Analysis endlSync Reports ‘ Help

QcC QC/QA ‘ ‘ Mix Control
QC Imported 20412016 6:28 by Glen Cary
Volumetrics Density QClfo  Usein
QC Lot# Sublot  %AC] VMA| Va | Mat Joint Only  Payfactor?
2 QCA 51| 142)] 32 | %2 No
QCB 51 148 39 | W5 No
Sample Records Imported: QCC 48] 136 31 | 922 No
QD 5| 141 32 | %46 No
#1 15QMAPAG519 QCE 5 138 32 [ 935 No

m Average 501141(3.3 p3.4
m Std Deviation 0.12]0.45| 0.32]1.17

m N= 5(0” QC)
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= USL = Target + Tolerance = 5.1+ 03 = 5.4
m LSL = Target - Tolerance =5.1-0.3= 4.8

X

= (5.4 -50)/012 = 3.33 = 3.3 -PWLu = 100.00
o« RL5L = (5.0 - 4.8)/0.12 = 167 =1.7 — PWLL = 98.97
p=

u PWLr= (PWLy+ PWLL) - 100 = 98.97 = 99.0
 PFac = 0.50(PWL:) + 55 = 050(99.0) + 55 = 104.4
u PFr= (1044 + 1012 + 96.8 + 99.6)/4 = 100.8

VARTABILITY-UNKNOWN PROCEGURE
'STANDARD-DEVIATION METHOD.

QUALTTY PERCENT WITHIN LIMITS FOR SELECTED SAWPLE SIZES
INDEX
@or@) | 3 | w8 | 5 | w6 | n7 [ n8 | w9 | w0
70000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 9998
757 T0000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 5558
758 70000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 9999
755 T0000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 5559
760 70000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 9999
Ze1 T0000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 5559
767 70000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 9999
263 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000
767 70000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000
265 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000

= 3.3 — 100.00
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Pay Factors (%AC)

I;é Asphalt QA v 391
[ Mmain l- Analysis endlSymi Reports I Help |

ac | acioa || Payfactor Mix Control
QC Imported 2/4/2016 6:28 by Glen Cary |
15QMAPA6519
Volumetrics |Density Include in Payfactor?
%AC || VMA Va Mat  Joint
Lot # Mix ID Avg 5 141 332 934
2  SP12513-91 Std.Dev||012 || 045 032 117
N 5 5 5 5 0
USL 54 16 5 97
Target 4
LSL 48 13.56 S5 92
QU 33 42 53 31
QL 1.7 13 1.0 12
Adjustments ™. PWLu 100.00 100.00 100.00 100.00
PWLI 98.97 92 50 8364 8924
Line# 0270 PWLt (1990 [| 925 836 89.2
Unit Price: 65.80 $ per TONS %AC VMA Va Mat Density
Quantity: [ Payfactor |[104.4 || 101.2 96.8 996 | =
Mix Adjustment:
Unconfined Joint oot Sublot  %AC  VMA Va Mat  Jo
Unconfined Joint Quantity QCA 51 14.2 32 922
Joint Adjustment: 0.00 $ > 5.1 14.8 39 945
Line# 2 Q 136 3.1 922
Unit Price: 0.00 $ per g QCD 141 32 946
Quantity: = aeE 5 - 93.5
Mix Adjustment: 0.00 $ §
Sreomieqonract - =
boni2 Mix Adj=(3000tons)($65.80)(1.008-1.000)=$1579.20

m USL = Target + Tolerance = 5.1+ 0.3 = 5.4
m LSL = Target - Tolerance=5.1-0.3=4.8

Q=YX - (54-50)/012 = 3.33 = 3.3 5PWLu = 100.00

QLZ% = (5.0 - 4.8)/0.12 = 1.67 =1.7 — PWLL = 98.97

m PWLr= (PWLu+PWLL)-100 = 98.97 = 99.0
m PFac= 0.50(PWL~) + 55 = 0.50(99.0) + 55 = 104.4
s PFr=(104.4 +101.2 + 96.8 + 99.6)/4 = 100.8



VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX

(Quor Q) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
2.56 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 99.98
2.57 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 99.98
2.58 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 99.99
2.59 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 99.99
2.60 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 99.99
2.61 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 99.99
2.62 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 99.99
2.63 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
2.64 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
2.65 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

= 3.3 — 100.00
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VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY INDEX PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
(QuorQy) n=3 n= n=5 n=6 n=7 n=8 n= n=10
1.27 100.00 92.33 91.04 90.64 90.44 90.32 90.25 90.19
1.28 100.00 92.67 91.29 90.86 90.65 90.53 90.44 90.38
1.29 100.00 93.00 91.54 91.09 90.86 90.73 90.64 90.58
1.30 100.00 93.33 91.79 91.31 91.07 90.94 90.84 90.78
1.31 100.00 93.66 92.03 91.52 91.27 91.13 91.03 90.96
1.32 100.00 94.00 92.27 91.73 91.47 91.32 91.22 91.15
1.33 100.00 94.33 92.50 91.95 91.68 91.52 91.40 91.33
1.34 100.00 94.67 92.74 92.16 91.88 91.71 91.59 91.52
1.35 100.00 95.00 92.98 92.37 92.08 91.90 91.78 91.70
1.36 100.00 95.33 93.21 92.57 92.27 92.08 91.96 91.87
1.37 100.00 95.67 93.44 92.77 92.46 92.26 92.14 92.04
1.38 100.00 96.00 93.66 92.97 92.64 92.45 92.31 92.22
1.39 100.00 96.34 93.89 93.17 92.83 92.63 92.49 92.39
1.40 100.00 96.67 94.12 93.37 93.02 92.81 92.67 92.56
1.41 100.00 97.00 94.33 93.56 93.20 92.98 92.83 92.72
1.42 100.00 97.33 94.55 93.75 93.37 93.15 93.00 92.88
1.43 100.00 97.67 94.76 93.94 93.55 93.31 93.16 93.05
1.44 100.00 98.00 94.98 94.13 93.72 93.48 93.33 93.21
1.45 100.00 98.33 95.19 94.32 93.90 93.65 93.49 93.37
1.46 100.00 98.66 95.39 94.49 94.06 93.81 93.64 93.52
1.47 100.00 99.00 95.59 94.67 94.23 93.97 93.80 93.67
1.48 100.00 99.33 95.80 94.84 94.39 94.12 93.95 93.83
1.49 100.00 99.67 96.00 95.02 94.56 94.28 94.11 93.98
1.50 100.00 100.00 96.20 95.19 94.72 94.44 94.26 94.13
1.51 100.00 100.00 96.39 95.35 94.87 94.59 94.40 94.27
1.52 100.00 100.00 96.57 95.51 95.02 94.73 94.54 94.41
1.53 100.00 100.00 96.76 95.68 95.18 94.88 94.69 94.54
1.54 100.00 100.00 96.94 95.84 95.33 95.02 94.83 94.68
1.55 100.00 100.00 97.13 96.00 95.48 95.17 94.97 94.82
1.56 100.00 100.00 97.30 96.15 95.62 95.30 95.10 94.95
1.57 100.00 100.00 97.47 96.30 95.76 95.44 95.23 95.08
1.58 100.00 100.00 97.63 96.45 95.89 95.57 95.36 95.20
1.59 100.00 100.00 97.80 96.60 96.03 95.71 95.49 95.33
1.60 100.00 100.00 97.97 96.75 96.17 95.84 95.62 95.46
1.61 100.00 100.00 98.12 96.88 96.30 95.96 95.74 95.58
1.62 100.00 100.00 98.27 97.02 96.43 96.08 95.86 95.70
1.63 100.00 100.00 98.42 97.15 96.55 96.21 95.98 95.81
1.64 100.00 100.00 97.29 96.68 96.33 96.10 95.93
1.65 100.00 100.00 97.42 96.81 96.45 96.22 96.05
1.66 100.00 100.00 97.54 96.92 96.56 96.33 96.16
1.67 100.00 100.00 97.66 97.04 96.67 96.44 96.27
1.68 100.00 100.00 97.78 97.15 96.79 96.54 96.37
1.69 100.00 100.00 97.90 97.27 96.90 96.65 96.48

34
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SHOULDERS

m In the case of a non-
integral shoulder, there
is no QLA pay factor for
density.

m Thus, the total PF is the
average of the PF’s for
binder content, air
voids, and VMA.
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11.0 PWL Determination Table.

VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD
QUALITY PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX
(Q,0orQ)) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
0.00 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00 | 50.00
0.01 50.28 | 50.33 | 50.36 | 50.37 | 50.37 | 50.38 | 50.38 | 50.38
0.02 50.55 | 50.67 | 50.71 | 50.74 | 50.75 | 50.76 | 50.76 | 50.77
0.03 50.83 | 51.00 | 51.07 | 51.10 | 51.12 | 51.13 | 51.15 | 51.15
0.04 51.10 | 51.34 | 51.42 | 51.47 | 51.50 | 51.51 | 51.53 | 51.54
0.05 51.38 | 51.67 | 51.78 | 51.84 | 51.87 | 51.89 | 51.91 | 51.92
0.06 51.66 | 52.00 | 52.14 | 52.21 | 52.24 | 52.27 | 52.29 | 52.30
0.07 51.93 | 52.33 | 52.49 | 52.57 | 52.62 | 52.65 | 52.67 | 52.69
0.08 52.21 | 52.67 | 52.85 | 52.94 | 52.99 | 53.02 | 53.06 | 53.07
0.09 52.48 | 53.00 | 53.20 | 53.30 | 53.37 | 53.40 | 53.44 | 53.46
0.10 52.76 | 53.33 | 53.56 | 53.67 | 53.74 | 53.78 | 53.82 | 53.84
0.11 53.04 | 53.66 | 53.91 | 54.04 | 54.11 | 54.16 | 54.20 | 54.22
0.12 53.32 | 54.00 | 54.27 | 54.40 | 54.48 | 54.54 | 54.58 | 54.60
0.13 53.59 | 54.33 | 54.62 | 54.77 | 54.86 | 54.91 | 54.95 | 54.99
0.14 53.87 | 54.67 | 54.98 | 55.13 | 55.23 | 55.29 | 55.33 | 55.37
0.15 54.15 | 55.00 | 55.33 | 55.50 | 55.60 | 55.67 | 55.71 | 55.75
0.16 54.43 | 55.33 | 55.68 | 55.86 | 55.97 | 56.04 | 56.09 | 56.13
0.17 54.71 | 55.67 | 56.04 | 56.23 | 56.34 | 56.42 | 56.47 | 56.51
0.18 54.98 | 56.00 | 56.39 | 56.59 | 56.72 | 56.79 | 56.84 | 56.89
0.19 55.26 | 56.34 | 56.75 | 56.96 | 57.09 | 57.17 | 57.22 | 57.27
0.20 55.54 | 56.67 | 57.10 | 57.32 | 57.46 | 57.54 | 57.60 | 57.65
0.21 55.82 | 57.00 | 57.45 | 57.68 | 57.83 | 57.91 | 57.98 | 58.03
0.22 56.10 | 57.33 | 57.81 | 58.05 | 58.20 | 58.29 | 58.35 | 58.40
0.23 56.39 | 57.67 | 58.16 | 58.41 | 58.56 | 58.66 | 58.73 | 58.78
0.24 56.67 | 58.00 | 58.52 | 58.78 | 58.93 | 59.04 | 59.10 | 59.15
0.25 56.95 | 58.33 | 58.87 | 59.14 | 59.30 | 59.41 | 59.48 | 59.53
0.26 57.23 | 58.66 | 59.22 | 59.50 | 59.67 | 59.78 | 59.85 | 59.90
0.27 57.52 | 59.00 | 59.57 | 59.86 | 60.03 | 60.15 | 60.22 | 60.28
0.28 57.80 | 59.33 | 59.93 | 60.22 | 60.40 | 60.51 | 60.60 | 60.65
0.29 58.09 | 59.67 | 60.28 | 60.58 | 60.76 | 60.88 | 60.97 | 61.03
0.30 58.37 | 60.00 | 60.63 | 60.94 | 61.13 | 61.25 | 61.34 | 61.40
0.31 58.66 | 60.33 | 60.98 | 61.30 | 61.49 | 61.62 | 61.71 | 61.77
0.32 58.94 | 60.67 | 61.33 | 61.66 | 61.85 | 61.98 | 62.08 | 62.14
0.33 59.23 | 61.00 | 61.68 | 62.01 | 62.22 | 62.35 | 62.44 | 62.51
0.34 59.51 | 61.34 | 62.03 | 62.37 | 62.58 | 62.71 | 62.81 | 62.88
0.35 59.80 | 61.67 | 62.38 | 62.73 | 62.94 | 63.08 | 63.18 | 63.25
0.36 60.09 | 62.00 | 62.73 | 63.09 | 63.30 | 63.44 | 63.54 | 63.61
0.37 60.38 | 62.33 | 63.08 | 63.44 | 63.66 | 63.80 | 63.91 | 63.98
0.38 60.68 | 62.67 | 63.42 | 63.80 | 64.02 | 64.17 | 64.27 | 64.34
0.39 60.97 | 63.00 | 63.77 | 64.15 | 64.38 | 64.53 | 64.64 | 64.71
0.40 61.26 | 63.33 | 64.12 | 64.51 | 64.74 | 64.89 | 65.00 | 65.07




VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX
(Q,0rQ) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
0.41 61.56 | 63.66 | 64.46 | 64.86 | 65.09 | 65.25 | 65.36 | 65.43
0.42 61.85 | 64.00 | 64.81 | 65.21 | 65.45 | 65.60 | 65.72 | 65.79
0.43 62.15 | 64.33 | 65.15 | 65.57 | 65.80 | 65.96 | 66.07 | 66.15
0.44 62.44 | 64.67 | 65.50 | 65.92 | 66.16 | 66.31 | 66.43 | 66.51
0.45 62.74 | 65.00 | 65.84 | 66.27 | 66.51 | 66.67 | 66.79 | 66.87
0.46 63.04 | 65.33 | 66.18 | 66.62 | 66.86 | 67.02 | 67.14 | 67.22
0.47 63.34 | 65.67 | 66.53 | 66.96 | 67.21 | 67.37 | 67.49 | 67.57
0.48 63.65 | 66.00 | 66.87 | 67.31 | 67.56 | 67.73 | 67.85 | 67.93
0.49 63.95 | 66.34 | 67.22 | 67.65 | 67.91 | 68.08 | 68.20 | 68.28
0.50 64.25 | 66.67 | 67.56 | 68.00 | 68.26 | 68.43 | 68.55 | 68.63
0.51 64.56 | 67.00 | 67.90 | 68.34 | 68.61 | 68.78 | 68.90 | 68.98
0.52 64.87 | 67.33 | 68.24 | 68.69 | 68.95 | 69.12 | 69.24 | 69.32
0.53 65.18 | 67.67 | 68.58 | 69.03 | 69.30 | 69.47 | 69.59 | 69.67
0.54 65.49 | 68.00 | 68.92 | 69.38 | 69.64 | 69.81 | 69.93 | 70.01
0.55 65.80 | 68.33 | 69.26 | 69.72 | 69.99 | 70.16 | 70.28 | 70.36
0.56 66.12 | 68.66 | 69.60 | 70.06 [ 70.33 | 70.50 | 70.62 | 70.70
0.57 66.44 | 69.00 | 69.94 | 70.40 | 70.67 | 70.84 | 70.96 | 71.04
0.58 66.75 | 69.33 | 70.27 | 70.73 | 71.00 | 71.17 | 71.29 | 71.38
0.59 67.07 | 69.67 | 70.61 | 71.07 | 71.34 | 71.51 | 71.63 | 71.72
0.60 67.39 | 70.00 | 70.95 | 71.41 | 71.68 | 71.85 | 71.97 | 72.06
0.61 67.72 | 70.33 | 71.28 | 71.74 | 72.01 | 72.11 | 72.30 | 72.39
0.62 68.05 | 70.67 | 71.61 | 72.08 | 72.34 | 72.37 | 72.63 | 72.72
0.63 68.37 | 71.00 | 71.95 | 72.41 | 72.68 | 72.63 | 72.97 | 73.06
0.64 68.70 | 71.34 | 72.28 | 72.75 | 73.01 | 72.89 | 73.30 | 73.39
0.65 69.03 | 71.67 | 72.61 | 73.08 | 73.34 | 73.15 | 73.63 | 73.72
0.66 69.37 | 72.00 | 72.94 | 73.41 | 73.67 | 73.55 | 73.95 | 74.04
0.67 69.71 | 72.33 | 73.27 | 73.73 | 73.99 | 73.95 | 74.28 | 74.36
0.68 70.05 | 72.67 | 73.60 | 74.06 | 74.32 | 74.35 | 74.60 | 74.69
0.69 70.39 | 73.00 | 73.93 | 74.38 | 74.64 | 74.75 | 74.93 | 75.01
0.70 70.73 | 73.33 | 74.26 | 74.71 | 7497 | 75.15 | 75.25 | 75.33
0.71 71.08 | 73.66 | 74.59 | 75.03 | 75.29 | 75.46 | 75.57 | 75.64
0.72 7144 | 74.00 | 7491 | 75.35 | 75.61 | 75.78 | 75.88 | 75.96
0.73 71.79 | 7433 | 75.24 | 75.68 | 75.92 | 76.09 | 76.20 | 76.27
0.74 72.15 | 74.67 | 75.56 | 76.00 | 76.24 | 76.41 | 76.51 | 76.59
0.75 72.50 | 75.00 | 75.89 | 76.32 | 76.56 | 76.72 | 76.83 | 76.90
0.76 72.87 | 75.33 | 76.21 | 76.63 | 76.87 | 77.03 | 77.14 | 77.21
0.77 73.24 | 75.67 | 76.53 | 76.95 | 77.18 | 77.34 | 77.44 | 7751
0.78 73.62 | 76.00 | 76.85 | 77.26 | 77.50 | 77.64 | 77.75 | 77.82
0.79 73.99 | 76.34 | 77.17 | 7758 | 77.81 | 77.95 | 78.05 | 78.12
0.80 74.36 | 76.67 | 77.49 | 77.89 | 78.12 | 78.26 | 78.36 | 78.43
0.81 74.75 | 77.00 | 77.81 | 78.20 | 78.42 | 78.56 | 78.66 | 78.72
0.82 75.15 | 77.33 | 78.12 | 7851 | 78.72 | 78.86 | 78.95 | 79.02
0.83 75.54 | 77.67 | 78.44 | 78.81 | 79.03 | 79.16 | 79.25 | 79.31




VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX
(Q,0rQ) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
0.84 75.94 | 78.00 | 78.75 | 79.12 | 79.33 | 79.46 | 79.54 | 79.61
0.85 76.33 | 78.33 | 79.07 | 79.43 | 79.63 | 79.76 | 79.84 | 79.90
0.86 76.75 | 78.66 | 79.38 | 79.73 | 79.92 | 80.05 | 80.13 | 80.19
0.87 77.18 | 79.00 | 79.69 | 80.03 | 80.22 | 80.34 | 80.42 | 80.47
0.88 77.60 | 79.33 | 80.00 | 80.33 | 80.51 | 80.63 | 80.70 | 80.76
0.89 78.03 | 79.67 | 80.31 | 80.63 | 80.81 | 80.92 | 80.99 | 81.04
0.90 78.45 | 80.00 | 80.62 | 80.93 | 81.10 | 81.21 | 81.28 | 81.33
0.91 78.91 | 80.33 | 80.92 | 81.22 | 81.38 | 81.49 | 81.56 | 81.61
0.92 79.37 | 80.67 | 81.23 | 81.51 | 81.67 | 81.77 | 81.84 | 81.88
0.93 79.83 | 81.00 | 81.53 | 81.81 | 81.95 | 82.05 | 82.11 | 82.16
0.94 80.29 | 81.34 | 81.84 | 82.10 | 82.24 | 82.33 | 82.39 | 82.43
0.95 80.75 | 81.67 | 82.14 | 82.39 | 82.52 | 82.61 | 82.67 | 82.71
0.96 81.27 | 82.00 | 82.44 | 82.67 | 82.80 | 82.88 | 82.94 | 82.97
0.97 81.78 | 82.33 | 82.74 | 82.95 | 83.07 | 83.15 | 83.20 | 83.24
0.98 82.30 | 82.67 | 83.04 | 83.24 | 83.35 | 83.42 | 83.47 | 83.50
0.99 82.81 | 83.00 | 83.34 | 83.52 | 83.62 | 83.69 | 83.73 | 83.77
1.00 83.33 | 83.33 | 83.64 | 83.80 | 83.90 | 83.96 | 84.00 | 84.03
1.01 83.93 | 83.66 | 83.93 | 84.08 | 84.17 | 84.22 | 84.26 | 84.28
1.02 84.53 | 84.00 | 84.22 | 84.35 | 84.43 | 84.48 | 84.51 | 84.53
1.03 85.14 | 84.33 | 84.51 | 84.63 | 84.70 | 84.74 | 84.77 | 84.79
1.04 85.74 | 84.67 | 84.80 | 84.90 | 84.96 | 85.00 | 85.02 | 85.04
1.05 86.34 | 85.00 | 85.09 | 85.18 | 85.23 | 85.26 | 85.28 | 85.29
1.06 87.10 | 85.33 | 85.38 | 85.44 | 85.49 | 85.51 | 85.53 | 85.53
1.07 87.87 | 85.67 | 85.66 | 85.71 | 85.74 | 85.76 | 85.77 | 85.77
1.08 88.63 | 86.00 | 85.95 | 85.97 | 86.00 | 86.01 | 86.02 | 86.02
1.09 89.40 | 86.34 | 86.23 | 86.24 | 86.25 | 86.26 | 86.26 | 86.26
1.10 90.16 | 86.67 | 86.52 | 86.50 | 86.51 | 86.51 | 86.51 | 86.50
1.11 9155 | 87.00 | 86.80 | 86.76 | 86.75 | 86.75 | 86.74 | 86.73
1.12 92.95 | 87.33 | 87.07 | 87.01 | 87.00 | 86.99 | 86.98 | 86.96
1.13 94.34 | 87.67 | 87.35 | 87.27 | 87.24 | 87.22 | 87.21 | 87.20
1.14 95.74 | 88.00 | 87.62 | 87.52 | 87.49 | 87.46 | 87.45 | 87.43
1.15 97.13 | 88.33 | 87.90 | 87.78 | 87.73 | 87.70 | 87.68 | 87.66
1.16 100.00 | 88.66 | 88.17 | 88.03 | 87.96 | 87.93 | 87.90 | 87.88
1.17 100.00 | 89.00 | 88.44 | 88.27 | 88.20 | 88.15 | 88.12 | 88.10
1.18 100.00 | 89.33 | 88.70 | 88.52 | 88.43 | 88.38 | 88.35 | 88.32
1.19 100.00 | 89.67 | 88.97 | 88.76 | 88.67 | 88.60 | 88.57 | 88.54
1.20 100.00 | 90.00 | 89.24 | 89.01 | 88.90 | 88.83 | 88.79 | 88.76
1.21 100.00 | 90.33 | 89.50 | 89.25 | 89.12 | 89.05 | 89.00 | 88.97
1.22 100.00 | 90.67 | 89.76 | 89.48 | 89.35 | 89.26 | 89.21 | 89.17
1.23 100.00 | 91.00 | 90.02 | 89.72 | 89.57 | 89.48 | 89.43 | 89.38
1.24 100.00 | 91.34 | 90.28 | 89.95 | 89.80 | 89.69 | 89.64 | 89.58
1.25 100.00 | 91.67 | 90.54 | 90.19 | 90.02 | 89.91 | 89.85 | 89.79
1.26 100.00 | 92.00 | 90.79 | 90.41 | 90.23 | 90.12 | 90.05 | 89.99




VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX
(Q,0rQ) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
1.27 100.00 | 92.33 | 91.04 | 90.64 | 90.44 | 90.32 | 90.25 | 90.19
1.28 100.00 | 92.67 | 91.29 | 90.86 | 90.65 | 90.53 | 90.44 | 90.38
1.29 100.00 | 93.00 | 91.54 | 91.09 | 90.86 | 90.73 | 90.64 | 90.58
1.30 100.00 | 93.33 | 91.79 | 91.31 | 91.07 | 90.94 | 90.84 | 90.78
1.31 100.00 | 93.66 | 92.03 | 91.52 | 91.27 | 91.13 | 91.03 | 90.96
1.32 100.00 | 94.00 | 92.27 | 91.73 | 91.47 | 91.32 | 91.22 | 91.15
1.33 100.00 | 94.33 | 92.50 | 91.95 | 91.68 | 91.52 | 91.40 | 91.33
1.34 100.00 | 94.67 | 92.74 | 92.16 | 91.88 | 91.71 | 91.59 | 91.52
1.35 100.00 | 95.00 | 92.98 | 92.37 | 92.08 | 91.90 | 91.78 | 91.70
1.36 100.00 | 95.33 | 93.21 | 92.57 | 92.27 | 92.08 | 91.96 | 91.87
1.37 100.00 | 95.67 | 93.44 | 92.77 | 92.46 | 92.26 | 92.14 | 92.04
1.38 100.00 | 96.00 | 93.66 | 92.97 | 92.64 | 92.45 | 92.31 | 92.22
1.39 100.00 | 96.34 | 93.89 | 93.17 | 92.83 | 92.63 | 92.49 | 92.39
1.40 100.00 | 96.67 | 94.12 | 93.37 | 93.02 | 92.81 | 92.67 | 92.56
1.41 100.00 | 97.00 | 94.33 | 93.56 | 93.20 | 92.98 | 92.83 | 92.72
1.42 100.00 | 97.33 | 94.55 | 93.75 | 93.37 | 93.15 | 93.00 | 92.88
1.43 100.00 | 97.67 | 94.76 | 93.94 | 93.55 | 93.31 | 93.16 | 93.05
1.44 100.00 | 98.00 | 94.98 | 94.13 | 93.72 | 93.48 | 93.33 | 93.21
1.45 100.00 | 98.33 | 95.19 | 94.32 | 93.90 | 93.65 | 93.49 | 93.37
1.46 100.00 | 98.66 | 95.39 | 94.49 | 94.06 | 93.81 | 93.64 | 93.52
1.47 100.00 | 99.00 | 95.59 | 94.67 | 94.23 | 93.97 | 93.80 | 93.67
1.48 100.00 | 99.33 | 95.80 | 94.84 | 94.39 | 94.12 | 93.95 | 93.83
1.49 100.00 | 99.67 | 96.00 | 95.02 | 94.56 | 94.28 | 94.11 | 93.98
1.50 100.00 [100.00 | 96.20 | 95.19 | 94.72 | 94.44 | 94.26 | 94.13
1.51 100.00 |100.00| 96.39 | 95.35 | 94.87 | 94.59 | 94.40 | 94.27
1.52 100.00 | 100.00| 96.57 | 95.51 | 95.02 | 94.73 | 94.54 | 94.41
1.53 100.00 | 100.00| 96.76 | 95.68 | 95.18 | 94.88 | 94.69 | 94.54
1.54 100.00 | 100.00| 96.94 | 95.84 | 95.33 | 95.02 | 94.83 | 94.68
1.55 100.00 | 100.00| 97.13 | 96.00 | 95.48 | 95.17 | 94.97 | 94.82
1.56 100.00 | 100.00| 97.30 | 96.15 | 95.62 | 95.30 | 95.10 | 94.95
1.57 100.00 | 100.00| 97.47 | 96.30 | 95.76 | 95.44 | 95.23 | 95.08
1.58 100.00 | 100.00 | 97.63 | 96.45 | 95.89 | 95.57 | 95.36 | 95.20
1.59 100.00 | 100.00| 97.80 | 96.60 | 96.03 | 95.71 | 95.49 | 95.33
1.60 100.00 | 100.00| 97.97 | 96.75 | 96.17 | 95.84 | 95.62 | 95.46
1.61 100.00 | 100.00| 98.12 | 96.88 | 96.30 | 95.96 | 95.74 | 95.58
1.62 100.00 | 100.00| 98.27 | 97.02 | 96.43 | 96.08 | 95.86 | 95.70
1.63 100.00 |100.00| 98.42 | 97.15 | 96.55 | 96.21 | 95.98 | 95.81
1.64 100.00 | 100.00| 98.57 | 97.29 | 96.68 | 96.33 | 96.10 | 95.93
1.65 100.00 | 100.00| 98.72 | 97.42 | 96.81 | 96.45 | 96.22 | 96.05
1.66 100.00 | 100.00| 98.84 | 97.54 | 96.92 | 96.56 | 96.33 | 96.16
1.67 100.00 | 100.00| 98.97 | 97.66 | 97.04 | 96.67 | 96.44 | 96.27
1.68 100.00 | 100.00| 99.09 | 97.78 | 97.15 | 96.79 | 96.54 | 96.37
1.69 100.00 | 100.00| 99.22 | 97.90 | 97.27 | 96.90 | 96.65 | 96.48




VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX

(Q,0rQ) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
1.70 100.00 | 100.00| 99.34 | 98.02 | 97.38 | 97.01 | 96.76 | 96.59
1.71 100.00 |100.00| 99.43 | 98.13 | 97.48 | 97.11 | 96.86 | 96.69
1.72 100.00 | 100.00| 99.53 | 98.23 | 97.58 | 97.21 | 96.96 | 96.78
1.73 100.00 | 100.00| 99.62 | 98.34 | 97.69 | 97.31 | 97.05 | 96.88
1.74 100.00 |100.00| 99.72 | 98.44 | 97.79 | 97.41 | 97.15 | 96.97
1.75 100.00 |100.00| 99.81 | 98.55 | 97.89 | 97.51 | 97.25 | 97.07
1.76 100.00 | 100.00| 99.86 | 98.64 | 97.98 | 97.60 | 97.34 | 97.16
1.77 100.00 | 100.00| 99.91 | 98.73 | 98.07 | 97.69 | 97.43 | 97.25
1.78 100.00 |100.00| 99.95 | 98.81 | 98.17 | 97.78 | 97.52 | 97.33
1.79 100.00 | 100.00[100.00| 98.90 | 98.26 | 97.87 | 97.61 | 97.42
1.80 100.00 | 100.00[{100.00| 98.99 | 98.35 | 97.96 | 97.70 | 97.51
1.81 100.00 | 100.00{100.00| 99.06 | 98.43 | 98.04 | 97.78 | 97.59
1.82 100.00 | 100.00{100.00] 99.14 | 98.51 | 98.12 | 97.86 | 97.67
1.83 100.00 | 100.00[100.00| 99.21 | 98.58 | 98.19 | 97.93 | 97.75
1.84 100.00 | 100.00[100.00| 99.29 | 98.66 | 98.27 | 98.01 | 97.83
1.85 100.00 | 100.00[100.00| 99.36 | 98.74 | 98.35 | 98.09 | 97.91
1.86 100.00 | 100.00[{100.00| 99.42 | 98.81 | 98.42 | 98.16 | 97.98
1.87 100.00 | 100.00{100.00| 99.48 | 98.87 | 98.49 | 98.23 | 98.05
1.88 100.00 | 100.00{100.00] 99.53 | 98.94 | 98.55 | 98.30 | 98.11
1.89 100.00 | 100.00[{100.00| 99.59 | 99.00 | 98.62 | 98.37 | 98.18
1.90 100.00 | 100.00[100.00| 99.65 | 99.07 | 98.69 | 98.44 | 98.25
1.91 100.00 | 100.00[{100.00| 99.69 | 99.13 | 98.75 | 98.50 | 98.31
1.92 100.00 | 100.00[{100.00| 99.73 | 99.18 | 98.81 | 98.56 | 98.37
1.93 100.00 | 100.00[100.00| 99.77 | 99.24 | 98.87 | 98.62 | 98.44
1.94 100.00 | 100.00{100.00] 99.81 | 99.29 | 98.93 | 98.68 | 98.50
1.95 100.00 | 100.00{100.00| 99.85 | 99.35 | 98.99 | 98.74 | 98.56
1.96 100.00 | 100.00[100.00| 99.87 | 99.39 | 99.04 | 98.79 | 98.61
1.97 100.00 | 100.00{100.00| 99.90 | 99.44 | 99.09 | 98.84 | 98.67
1.98 100.00 | 100.00[{100.00] 99.92 | 99.48 | 99.14 | 98.90 | 98.72
1.99 100.00 | 100.00{100.00] 99.95 | 99.53 | 99.19 | 98.95 | 98.78
2.00 100.00 | 100.00[100.00| 99.97 | 99.57 | 99.24 | 99.00 | 98.83
2.01 100.00 | 100.00{100.00| 99.98 | 99.60 | 99.28 | 99.05 | 98.88
2.02 100.00 | 100.00[{100.00| 99.98 | 99.64 | 99.32 | 99.09 | 98.92
2.03 100.00 | 100.00[{100.00| 99.99 | 99.67 | 99.37 | 99.14 | 98.97
2.04 100.00 | 100.00{100.00] 99.99 | 99.71 | 99.41 | 99.18 | 99.01
2.05 100.00 | 100.00{100.00]|100.00| 99.74 | 99.45 | 99.23 | 99.06
2.06 100.00 | 100.00[100.00]|100.00| 99.76 | 99.48 | 99.27 | 99.10
2.07 100.00 | 100.00|100.00]|100.00| 99.79 | 99.51 | 99.30 | 99.14
2.08 100.00 | 100.00[{100.00|100.00| 99.81 | 99.55 | 99.34 | 99.18
2.09 100.00 | 100.00[{100.00]|100.00| 99.84 | 99.58 | 99.37 | 99.22
2.10 100.00 | 100.00{100.00]|100.00| 99.86 | 99.61 | 99.41 | 99.26
2.11 100.00 | 100.00{100.00]|100.00| 99.88 | 99.64 | 99.44 | 99.29
2.12 100.00 | 100.00{100.00]100.00| 99.89 | 99.66 | 99.47 | 99.32




VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX

(Q,0rQ) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
2.13 100.00 | 100.00{100.00]|100.00| 99.91 | 99.69 | 99.51 | 99.36
2.14 100.00 | 100.00{100.00]|100.00| 99.92 | 99.71 | 99.54 | 99.39
2.15 100.00 | 100.00{100.00]|100.00| 99.94 | 99.74 | 99.57 | 99.42
2.16 100.00 | 100.00[100.00]|100.00| 99.95 | 99.76 | 99.59 | 99.45
2.17 100.00 | 100.00[{100.00]|100.00| 99.96 | 99.78 | 99.62 | 99.48
2.18 100.00 | 100.00{100.00]|100.00| 99.97 | 99.80 | 99.64 | 99.50
2.19 100.00 | 100.00{100.00]|100.00| 99.98 | 99.82 | 99.67 | 99.53
2.20 100.00 | 100.00[100.00]|100.00| 99.99 | 99.84 | 99.69 | 99.56
2.21 100.00 | 100.00[{100.00]|100.00| 99.99 | 99.85 | 99.71 | 99.58
2.22 100.00 | 100.00[{100.00]|100.00| 99.99 | 99.87 | 99.73 | 99.61
2.23 100.00 | 100.00[{100.00|100.00| 100.00 | 99.88 | 99.75 | 99.63
2.24 100.00 | 100.00{100.00|100.00| 100.00 | 99.90 | 99.77 | 99.66
2.25 100.00 | 100.00{100.00|100.00| 100.00 | 99.91 | 99.79 | 99.68
2.26 100.00 | 100.00{100.00|100.00| 100.00 | 99.92 | 99.80 | 99.70
2.27 100.00 | 100.00[100.00|100.00| 100.00 | 99.93 | 99.82 | 99.72
2.28 100.00 | 100.00[100.00|100.00| 100.00 | 99.94 | 99.83 | 99.73
2.29 100.00 | 100.00{100.00|100.00| 100.00 | 99.95 | 99.85 | 99.75
2.30 100.00 | 100.00{100.00]|100.00| 100.00 | 99.96 | 99.86 | 99.77
2.31 100.00 | 100.00{100.00]100.00| 100.00 | 99.96 | 99.87 | 99.78
2.32 100.00 | 100.00{100.00|100.00| 100.00 | 99.97 | 99.88 | 99.80
2.33 100.00 | 100.00[100.00|100.00| 100.00 | 99.97 | 99.90 | 99.81
2.34 100.00 | 100.00[100.00|100.00| 100.00 | 99.98 | 99.91 | 99.83
2.35 100.00 | 100.00[100.00]|100.00| 100.00 | 99.98 | 99.92 | 99.84
2.36 100.00 | 100.00{100.00]|100.00| 100.00 | 99.98 | 99.93 | 99.85
2.37 100.00 | 100.00{100.00|100.00| 100.00 | 99.99 | 99.93 | 99.86
2.38 100.00 | 100.00{100.00|100.00| 100.00 | 99.99 | 99.94 | 99.87
2.39 100.00 | 100.00[100.00|100.00| 100.00 | 100.00 | 99.94 | 99.88
2.40 100.00 | 100.00{100.00|100.00| 100.00 | 100.00 | 99.95 | 99.89
2.41 100.00 | 100.00{100.00]100.00| 100.00 | 100.00 | 99.96 | 99.90
2.42 100.00 | 100.00{100.00]100.00| 100.00 | 100.00 | 99.96 | 99.91
2.43 100.00 | 100.00[{100.00|100.00| 100.00 | 100.00 | 99.97 | 99.91
2.44 100.00 | 100.00[{100.00]100.00| 100.00 | 100.00 | 99.97 | 99.92
2.45 100.00 | 100.00[{100.00|100.00| 100.00 | 100.00 | 99.98 | 99.93
2.46 100.00 | 100.00[100.00|100.00| 100.00 | 100.00 | 99.98 | 99.94
2.47 100.00 | 100.00[100.00]|100.00| 100.00 | 100.00 | 99.98 | 99.94
2.48 100.00 | 100.00{100.00|100.00| 100.00 | 100.00 | 99.99 | 99.95
2.49 100.00 | 100.00{100.00|100.00| 100.00 | 100.00 | 99.99 | 99.95
2.50 100.00 | 100.00[{100.00]100.00| 100.00 | 100.00 | 99.99 | 99.96
2.51 100.00 | 100.00[100.00|100.00| 100.00 | 100.00 | 99.99 | 99.96
2.52 100.00 | 100.00{100.00|100.00| 100.00 | 100.00 | 99.99 | 99.97
2.53 100.00 | 100.00{100.00]100.00| 100.00 | 100.00 | 100.00 | 99.97
2.54 100.00 | 100.00{100.00]100.00| 100.00 | 100.00 | 100.00 | 99.98
2.55 100.00 | 100.00{100.00]100.00| 100.00 | 100.00 | 100.00 | 99.98




VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES
INDEX

(Q,0rQ) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10
2.56 100.00 | 100.00{100.00]100.00| 100.00 | 100.00 | 100.00 | 99.98
2.57 100.00 | 100.00[100.00]100.00| 100.00 | 100.00 | 100.00 | 99.98
2.58 100.00 | 100.00{100.00|100.00| 100.00 | 100.00 | 100.00 | 99.99
2.59 100.00 | 100.00[100.00|100.00| 100.00 | 100.00 | 100.00 | 99.99
2.60 100.00 | 100.00{100.00]100.00| 100.00 | 100.00 | 100.00 | 99.99
2.61 100.00 | 100.00{100.00]100.00| 100.00 | 100.00 | 100.00 | 99.99
2.62 100.00 | 100.00{100.00]100.00| 100.00 | 100.00 | 100.00 | 99.99
2.63 100.00 | 100.00|100.00|100.00| 100.00 | 100.00 | 100.00 | 100.00
2.64 100.00 | 100.00|100.00|100.00| 100.00 | 100.00 | 100.00 | 100.00
2.65 100.00 | 100.00{100.00]100.00| 100.00 | 100.00 | 100.00 | 100.00

Numbers in the body of this table are estimates of percent within limits
(PWL) corresponding to specific values of Q, the QUALITY INDEX. For Q values
less than zero, subtract the table value from 100.
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MODULE 108B

QUALITY LEVEL
ANALYSIS

FAVORABLE AND
UNFAVORABLE COMPARISON

11-24-06 Revision
11-9-07 Revision
1-2-09 Revision
4-22-09 Revision
11-18-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
12-18-13 Revision

12-29-14 Revision
2-5-15 Revision
12-9-15 Revision
3-2-16 Revision

12-28-16 Revision
3-6-18 Revision
12-12-18 Revision
3-15-19 Revision
12-17-19 Revision
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MODULE 108B

QUALITY LEVEL
ANALYSIS

FAVORABLE AND
UNFAVORABLE COMPARISON

11-24-06 Revision
11-9-07 Revision
1-2-09 Revision
4-22-09 Revision
11-18-09 Revision
11-17-10 Revision
1-19-11 Revision
3-2-12 Revision
12-18-13 Revision
12-29-14 Revision
2-5-15 Revision
12-9-15 Revision
3-2-16 Revision
12-28-16 Revision
3-6-18 Revision
12-12-18 Revision
3-15-19 Revision
12-17-19 Revision

QUALITY LEVEL
ANALYSIS

= Pay Factor computation

= Favorable comparison
between QC and QA
results:

u Do QC's results represent the
entire population of data from
the lot? (does QA's result fit in
with QC's)

» If not, add QA's result to QC's to
include it in the population

£2(5)

95%

21(5)

687%




QUALITY LEVEL
ANALYSIS- Comparison
of QA to QC

= Comparison of hotmix QA results to
QC results:
To consider the QC data to be valid
(worthwhile), the QA result must be
within 2 standard deviations of the
QC mean (QC) for a lot:

[QC-2(S)] < QA < [QC+2(S)]

Or within % of the specification
tolerance.

Whichever is greater

This applies to air voids, VMA, %AC,
and mat density

Comparison QA to
QC-Example

m For a certain lot, QC
results:

mmean air voids = 3.43%
n standard deviation=0.44%

m QA result is 3.8%

m Can the contractor’s results
be used for calculating the
pay factor?

Comparison QA to QC-
Example, cont'd.
First, should you use 2 (S) or %

the spec tolerance?
u Allowable range is -1.0% to +

1.0%, so the spec folerance is
1.0%.

n Half of this is 0.5%.

m On the other hand
m 2(5)= 2(0.44)= 0.88

12/17/19




12/17/19

QC avg + 3 (spec tolerance)

$10) ' 310

QCavg+2S
5%

,/ \_

" 20144) ' 2(044) =
—D——>

Comparison QA to
QC-Example, cont'd.

» Compared to 2(S)= 2(0.44)=
0.88, the 0.88% is greater
than the 0.5%, so the 0.88%
should be used for evaluation.

» If this calculation had turned
out to be less than 0.5%, the
0.5% would be used.




12/17/19

QCavg+2S
5%

" 2(044) ' 2(0'44)
———>

Comparison QA to
QC-Example, cont'd.

» QC-2(5)=3.43-2(0.44)=2.6%
m QC+2(5)=3.43+2(0.44)=4.3%
= QA(3.8) lies within 2.6 t0 4.3

m Yes, use QC's results

EXAMPLE 2
HALF TOLERANCE

= VMA: allowable range is -
0.5% to + 2.0%, so the
spec folerance is 1.25%.

m Half of this is 0.6%

= So to be valid, QA must
be between + 0.6% of the
mean of the QC results
for a given lot

12




HALF SPEC RANGE:
EPG 403.1.21
Parameter Spec 4 Spec
Tolerance Tolerance
(%) (%)
Air Voids 10 05
Binder 03 015
content
Mat density 25 125
VMA -05t020= 0.6
25
(1.25 each
“side")
13

QC: QA Comparison

14

BENSITY

JOB MiX 940

SUBLOT |+ 0

A £}

3 &

c ]

[ 2

GAT 25
oAz
QA3
Gas
QAS
GA6

[AVE X G287

STD. DEV. 057

[91.7 < 92.87 < 94.0

QA COMP. 94-91.7

12/17/19

ok

15

o 5%
& 153
azm 0000
Pl 10000
I 0000
S XTI




QC: QA Comparison

Pay Factor 5.01 7/6/200

QC/QA TEST RESULTS BY SUBLOTS Sample ID
0
CONTRACT: 0 ROUTE: 0 COUNTY: 0 MIX #: SP190 LOT #: 5
% AC 52
DATE: 01/00/00 TONS/MG 3000.0 UNIT BID PRICE MIX % MA 94.8
ASPHALT CONTENT VMA AIR VOIDS Gmm REMARKS
JOB MIX 94.0 52 13.0 4.0
SUBLOT 2.0 S 0.3 -0.5/42.0 1.0
A 93.3 5.7 13.3 3.9
B 2.6 5.2 13.8 3.7
C .4 5.4 13.5 3.0
D 2.2 4.6 123 3.1
QA 92.5 5.2 13.0 3.8
QAZ 5.5 13.8 3.4
QA 5.6 13.0 3.8
QA4
QA!
QA6 _
QC TSR DATA*
AVE. X 92.87 5.22 13.22 3.42
STD. DEV. 0.57 0.46 0.64 0.44 Lots/Sublots
Quantity Represented 10000.0
= 6.1-4.3 14.5-11.9 4.3-25 TSR % 72.0
Pay Adjustment (Sec 403.23.5) 98.0
USL 96.0 5.5 15.0 5.0
TARGET 94.0 5.2 13.0 4.0
LSL 92.0 4.9 12.5 3.0 Value of Adjustment -$9,000.00
n 4 4 4 4 Contractor Lab Contractor Laboratoﬁ
Qu 5.49 0.61 2.78 3.59
Ql 1.53 0.70 1.13 0.95 * TSR results and pay adjustment for tonnage
represented based on requirement of one test per
PWLu 100.00 70.33 100.00 100.00 10,000 tons or fraction thereof. This is applied
PWLI 100.00 73.33 87.67 81.67 separate from the PWL pay adjustment.
PWLLt 100.00 43.66 87.67 81.67
[PAYFACT. 105.0 37.3 98.8 95.8

TOTAL PAY FACTOR= 84.2

UNCONF. JOINT FACTOR=[ 80 |TONS /SQ YD OF SUBLOTS WITH UNCONF. JOINT[___3000 ]

TOTAL $§ VALUE OF ADJUSTMENT -$21,330.00

14



” DENSITY
JOB MIX 94.0
SUBLOT | + 2.0

A 93.3

B f' 926

C 93 4

D

“ 92.2

QA1 92.5
QA2
QA3
QA4
QA5
QA6
AVE. X 92.87
STD. DEV. 0.57
QA COMP. | 94-91.7 1917 <92.87 < 94.0
ok
USL | 96.0
TARGET | 94.0
LSL 92.0
n 4
Qu 5.49
Ql 1.53
PWLuU 100.00
PWLI 100.00
PWLt 100.00 15

PAY FACT. 105.0
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QC vs QA Comparison: %AC

oL
frcize 0A ]

Tes
Desgruten
A oz

ocsect [ A

|Sublot Difierence % |

= 2 Std Deviations = (2)(0.12) = 0.24

= 3 Spec Tolerance=(3)(0.3)=0.15

= Difference (QA - QCavg) = 5.10 - 5.00
=0.10

= Within 3 Spec Tolerance = 0.15? Yes

= Within 2 Std Dev = 0.24? Yes

16

QUALITY LEVEL
ANALYSIS - TSR

TSR -favorable
comparison is when QA
and QC are within 10% of
each other.

If the difference is 5 to
10%, TSR’s are evaluated
by MoDOT field office.

If difference is >10%,
initiate dispute resolution

QC and QA retained
samples should be kep*t
for extened periods 17

QLA

s WHAT IF QA FALLS
OUTSIDE OF THE QC
RANGE???

= "UNFAVORABLE
COMPARISON”

m See FAQ (also in EPG)

18




QC vs QA Comparison: %AC

Qc QCIQA | Payfactor 1 Mix Control

QC Imported 2/4/2016 6:28 by Glen Cary
Density

QC Lot# Va Mat  Joint

2 Average: 3.32 934 #DIVIO!

Two Std Deviations: 0.66 236 #DIVO! Include QA in

1/2 Spec Tolerance: 2541 +/-05 +-1.25 Payfactor?
QATest 2C 600 46 934 911 Hﬂ
Difference from QC Avg 90 13 0  #DIVi0!
Within 1/2 Spec Tolerance? NO NO Yes
Within Two Std Deviation? NO NO Yes  #DIV/O! Test

Designation

acsuoot [ A #NA  #NA A HNA QA2C*
Sublot Difference #NA  #NA - #NA #NA  #NIA

= 2 Std Deviations = (2)(0.12) = 0.24
m 3 Spec Tolerance=(3)(0.3) = 0.15

m Difference (QA - QCavg) =5.10-5.00
=0.10

m Within 3 Spec Tolerance = 0.15? Yes
m Within 2 Std Dev = 0.24? Yes

16




Example: QA Pb is Suspect
First Comparison
Example 1- QA Pbuxls nitial QA results
[ a1
Gmm 2472
nitial Comparison Gmb 2381
Target Pb= 5.2 Gsb 2.634]
ac 5.7 Va 3.7]
! 5.2 VMA 13.3]
5.4
52
Qcavg 5.38]
acs 0.24
Range, lower 4.90)
Range,upper 5.85
QA 4.1
Fit? no
unfavorable
19

UNFAVORABLE COMPARISON:
Case: QA Binder Content

Step 1. Check both QC &
QA data & calculations, re-
weigh pucks, Rice specimens,
check spreadsheet cell
formulas

“‘

20

UNFAVORABLE COMPARISON
Loose Mix cont'd.

Step 2. If both QA & QC's data
appear ok, for all 3 parameters
(air voids, VMA, binder content),
one solution is to add all of QA's
independent results to the data
sets, now:
n=(4+1=5
Re-run all 3 PWL analyses [Pb,
VMA, Va] (mean & S are now
different) o ——

_X-LsL
Q=2

|
New PWL

!

New PF

12/17/19



Example: QA Pb is Suspect
First Comparison

Example 1- QA Pb.xls

Initial Comparison:

Initial QA results:

Pb 4.1
Gmm 2.472
Gmb 2.381
Gsb 2.634
Va 3.7
VMA 13.3

Target Pb= 5.2
QC 5.7
" 5.2
" 5.4
" 5.2
QC avg [ 538
Qcs [ 024
Range,lower 4.90
Range,upper 5.85
QA 4.1
Fit? no

unfavorable

19




Add QA P,, VMA, Air Voids to
QC Sets
Re-run PWL's with QA included
PbS (VMAS Vas
n 5 51 5|
Qac 5.7 13.3] 3.9
Qac 5.2] 13.9] 37
ac 5.4] 13.5] 3.0
ac 5.2 12.3] 3.1
QA 4.1 13.3] 37
Avg, n=5 5.12] 13.24] 3.48
S 0.61] 0.56] 0.40,
USL 5.5| 15| 5|
LSL 4.9 12.5) El
Qu 0.63| 3.12 3.78
QL 0.36] 131 119
PWLU 71.95] 100] 100
PWLL 62.73] 92.03 88.97]
PWLL 34,68 52.03 88.97|
PF 19 101§ 99|
S choose to re-run QA retained split: 22

UNFAVORABLE COMPARISON
Loose Mix cont'd.

Step 3a. Or, could jointly test a
retained loose mix sample (QA or
QC on suspect sublot): [

Gy B
= Run whole suite of tests (G,
Gmb: Pb)

]

UNFAVORABLE COMPARISON
Loose Mix cont'd.

= Favorable comparisons between
loose mix splits (original vs.
retained) is defined as:
u Gyt Within 0.005
u Gt within 0.010
u P, within 0.1%

n If this step verifies that all 3
original test results are valid,
keep using the original results.

Step 3a: QA

Retained | Original: | Close?
Pb 4.1 4.1 yes
Gmm 2.475 2.472 yes
Gmb 2.388 2.381 yes

24
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Add QA P,, VMA, Air Voids to
QC Sets
Re-run PWL's with QA included

Pb5 VMA5  |Va5
n 5 5 5
Qc 5.7 13.3 3.9
Qc 5.2 13.8 3.7
Qc 5.4 13.5 3.0
Qc 5.2 12.3 3.1
QA 4.1 13.3 3.7
Avg n=5 | 512 13.24] 348
S I o61] o056 040
usL 5.5 15 5
SL 4.9 12.5 3
Qu 0.63 3.12 3.78
QL 0.36 1.31 1.19
PWLU 71.95 100 100
PWLL 62.73| 92.03| 88.97
PWL 3468 9203 8897
PF 19 101 99

So choose to re-run QA retained split:

22



UNFAVORABLE COMPARISON
Loose Mix cont'd.

m Favorable comparisons between
loose mix splits (original vs.
retained) is defined as:
= G, _: within 0.005
m G, within 0.010
m P.: within 0.1%

m If this step verifies that all 3

original test results are valid,
keep using the original results.

Step 3a: QA

Retained | Original:| Close?
Pb 4.1 4.1 yes
Gmm 2.475 2.472 yes
Gmb 2.388 2.381 ves

24




UNFAVORABLE COMPARISON
Loose Mix cont'd.

m Add QA’s independent results
to the 3 data sets (Pb, VMA,
Va),nown=(4+1)=5

= Re-run all 3 PWL analyses (this
is shown in Step 2, previous
slide 22)

25

UNFAVORABLE COMPARISON
Loose Mix cont'd.

Step 3b. Alternate outcome
of Step 3a. If running the
retained loose mix split shows
the original to be invalid,
substitute all results (Pb,
Gmm, 6mb) from the retained
split. Re-calculate Va and
VMA.

Now you have new QA test
values for each parameter
(air voids, VMA, binder
content).

26

Step 3b: QA's Retained
Pb Very Different

Step 3b: QA

Retained| Original: | Close?
Pb 5.3 4.1 no
Gmm 2.475 2.472 yes
Gmb 2.388 2.381 yes
Va 3.5 3.7
VMA 14.1 133

27
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Step 3b: QA's Retained

Pb Very Different

Step 3b: QA

Retained| Original: | Close?
Pb 5.3 4.1 no
Gmm 2.475 2.472 ves
Gmb 2.388 2.381 ves
Va 3.5 3.7
VMA 14.1 13.3

27




UNFAVORABLE COMPARISON,
Loose Mix cont'd.

For each parameter (Pb, VMA,
Va) , re-run the lot comparison
of QA vs QC:

QA???

A 4

-2(9) QCayg +25S

» If all 3 are favorable, use
these results to re-run PWL
(n=4)

28

Comparison Using QA
Retained Sample Values

Pb VMA Va
Qc 5.7 13.3 3.9]
Qc 5.2 13.8 3.7
Qc 5.4 13.5 3.0
Qac 5.2 12.3 3.1
QCavg 5.38] 13.2 3.4
S 0.24] 0.65 0.44
Range,lower 4.90 11.93 2.54)
Range,upper 5.85| 14.53 4.31]
Retained QA 5.3 14.1 3.5

Fit? yes yes yes
favorable|favorable [favorable

29

If All 3 Are Favorable, Use
These Results to Re-run PWL

(n=4)
Pb [VIMA Va
n 4 4 4
ac 57 13.3 3.9
ac 5.2 13.8 3.7
ac 5.4 13.5 3.0
ac 5.2 12.3 3.1
Avg, n=4 5.38 13.2 3.4
S 0.24 0.65 0.44
USL 5.5 15.0 5.0
LSL 4.9 12.5 3.0
Qu 0.53 2.73 356
aL 201 1.12 0.96
PWLu 67.67 100 100
PWLL 100 87.33 82
PWLt 67.67 87.33 82
PF 85 99 96

30
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Comparison Using QA
Retained Sample Values

Pb VMA Va
QC 5.7 13.3 3.9
QC 5.2 13.8 3.7
QC 5.4 13.5 3.0
QC 5.2 12.3 3.1
QC avg 5.38 13.2 3.4
S 0.24 0.65 0.44
Range,lower 4.90 11.93 2.54
Range,upper 5.85 14.53 4.31
Retained QA 5.3 14.1 3.5

Fit? yes yes ves
favorable[favorable|favorable

29




If All 3 Are Favorable, Use
These Results to Re-run PWL

(n=4)
Pb VMA  |Va
n 4 4 4
QC 5.7 13.3 3.9
QC 5.2 13.8 3.7
QC 5.4 13.5 3.0
QC 5.2 12.3 3.1
Avg, n=4 |  538] 132 3.4
S " 024 065 044
uSL 5.5 15.0 5.0
LSL 4.9 12.5 3.0
Qu 0.53 2.73 3.56
aL 2.01 1.12 0.96
PWLU 67.67 100 100
PWLL 100 87.33 32
PWLL 67.67|  87.33 82
PF 85 99 96

30



UNFAVORABLE COMPARISON,
Loose Mix cont'd.

» Step 4. If QA vs QC comparison
is still unfavorable, add QA's
independent results (Pb, VMA,
Va) to the 3 data sets, now n =
4+1)=5

= Re-run all 3 parameters' PWL
analyses

X-LSL

QL= S

31

Unfavorable
Core
Comparison

Example: QA Core is Suspect
From First Comparison

Qc 93.3
Qc 92.6
Qc 93.4
Qc 92.2
QCavg 92.9
Qc's’ 0.57
Range lower 91.7
Range ,upper 94.0
QA 91.2
Fit? no
unfavorable

33
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Example: QA Core is Suspect
From First Comparison

QC 93.3
QC 92.6
QC 903.4
QC 92.2
QC avg 92.9
QCs 0.57
Range,lower 91.7
Range,upper 94.0
QA 91.2
Fit? no
unfavorable

33
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CORES

m Case: QA core is taken at the
same location as one of the
QC core sample locations

» Step I-check core and G,
data, etc.

m Step 2- There is ho "retained
QC" sample, so the QC core
at the same location can
function as a retained
sample: QA & QC jointly
should re-weigh QA and QC
cores; if QC sample is
comprised of more than 1
core, use the average of the
QC cores. 34

CORES, cont'd.

m Step 3-Compare G, 's: QA to
Qc

» If G, 's are within 0.010, the QA
core is verified, as is the QA %
Density

m Add QA’s % Density result to
the QC % Density data set, how
n=(4+1=5

m Re-run density PWL analysis

35

CORES, cont'd.

u Step 4- If the QA and QC G,,'s
do not compare, then average
the QA and QC 6,,/'s-call this
the new QA G,,.. Re-compute
the QA % Density.

m Also call this the new QC 6mc
for the sublot. Re-compute the
sublot's QC % Density

= Re-compute the lot's QC %
Density average and standard
deviation

36

12
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Step 4: 6mc Comparison
New QC %Density Average and
Standard Deviation

QC Gmc 2.304
QA Gmc 2.254
Avg 2.279

Qac 93.3
Qac 92.6
new QC 92.4
Qc 92.2
new avg 92.63
new S 0.48

37

CORES. Cont'd.

m Step 5-Re-run the QA vs QC

comparison

38

Step 5: Re-run the
QA vs QC Comparison

Qc 93.3
Qc 92.6
new QC 92.4
Qc 92.2
QC avg 92.63
Qcs 0.48
Range,lower 91.67
Range,upper 93.58
QA 92.4
Fit? yes
favorable
39

13



Step 4: 6Gmc Comparison
New QC %Density Average and
Standard Deviation

QC Gmc 2.304
QA Gmc 2.254
Avg 2.279
This is new QA Gme, so %aensity = 924 (using OC Gmm, no A Gmm from Lot (
Also,thisis new OC Gme forsublotC, o %Density= 924 using QC G|
QC 93.3
QC 92.6
new QC 92.4
QC 92.2
new avg 92.63
new S 0.48 37




Step 5: Re-run the
QA vs QC Comparison

QC 93.3
QC 92.6
new QC 92.4
QC 92.2
QC avg 92.63
QCS 0.48
Range,lower 91.67
Range,upper 93.58
QA 92.4
Fit? ves
favorable

39
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Step 6: If Favorable, Run the
PWL Analysis with New QC Data

%6Density
n 4
ac 93.3
Qc 92.6
new QC 924
Qc 92.2

Avg, n=4 92.63

S 0.48|
usL 97|
LSL 92|
Qu 9.14]
aL 1.31]
PWLu 100
PWLL 93.66
PWLt 93.66|
PF 102

40

Step 7: Still Non-
Favorable Comparison

n Step 7-If QA vs QC
comparison is not favorable,
add QA's % Density into QC's
% Density data set for the
lot, re-compute the lot's
average and standard
deviation

m Re-run the PWL (n = 5)

41

14



Step 6: If Favorable, Run the
PWL Analysis with New QC Data

%Density
n 4
QC 93.3
QC 92.6
new QC 92.4
QC 92.2
Avg n=4 |  92.63
S " 048
usL 97
LSL 92
Qu 9.14
QL 1.31
PWLU 100
PWLL 93.66
PWLt 93.66
PF 102

40
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RETAINED SAMPLES

» If a retained sample is to be
tested:

» Reheat just enough to
become workable-remove it
from the container

m Spread in a pan(s) to heat
quicker

= Quarter
= Run entire suite of tests

OUTLIERS

- Lot data may be
examined for outliers
via ASTM E 178

- Eligible tests:

: Gmbl Gmu Gmml Pb

- Process is somewhat
moot with the advent of
the retained split
testing procedure now
in place

- See example
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OUTLIE R EVALUATION
ASTME 178
Applies 16 test walues: Gun, Gy, 3 binder, core sp. gravity

1 Ifthe largest test value [x.,.) in the setis suspeeted to be
an outlier, calculate the t-statistic

s
Where X, werage
s =standard deviation

2 Ifthe }in the setis
an outlier, calculate the t-statistic:
(el
=
B

3 Compare the lamest calculated t-statistic to the critical -
statistic. The critical t-statisfic depends on the desired
signficance level and the number of test results in the set
MoDOT has set the signficance level 3 5%. If the
evaluation is of an outlier either being too high, or too low,
the following is a table of t-crtical values. Typically, there
are 4 sublots per Iot, with one test per sublot:

No.

of [ t@sw it
tests

10
If the caloulated t-tatistic 15 greater thant ., . .., consider

the or
GC sample may be tested to determine a replacement value. 4

ASTM E-178 Dealing with Qutlying Observations

Framele

2-x)_(2490-2474
Z-x, 4
S B 02T 463

5 the limits 1

DISPUTE
ESCALATION

m Look at the QC/QA
Checklist—is a hierarchy
of resolution levels and
associated time frames.

m Make decisions at lowest
possible level




OUTLIER EVALUATION
ASTM E 178
Applies to test values: Gum, Gn,p, % binder, core sp. gravity

1. If the largest test value (Xx,,.x) in the set is suspected to be
an outlier, calculate the t-statistic:

(Xmax=Xavg)

Where X,,s=average
S =standard deviation

2. If the smallest test value (xnn) in the set is suspected to be
an outlier, calculate the t-statistic:

(xavg'xminl

3. Compare the largest calculated t-statistic to the critical t-
statistic. The critical t-statistic depends on the desired
significance level and the number of test results in the set.
MoDOT has set the significance level at 5%. If the
evaluation is of an outlier either being too high, or too low,
the following is a table of t-critical values. Typically, there
are 4 sublots per lot, with one test per sublot:

No.of | t@ 5% in tail
tests

1.153
1.463
1.672
1.822
1.938
2.032
2.110
2176
If the calculated t-statistic is greater than tcjical (o =5%) , CONsider
the test result to be an outlier. Material from the retained QA or
QC sample may be tested to determine a replacement value.

ol®eNo o~ w

QCQA/OutlierEvalE178.doc (12-18-02; revised 9-23-03; revised 3-2-09; 4-24-09))



ASTM E-178 Dealing with Outlying Observations

Example
Gnm—2.474,2.478,2.484,2.522
X =2.490

$=0.022

( _) (2 5022 2490)

X, —X —

[ === = ' =1455 <14

! S 0.022 <1.463

min
(x—x,) (2490-2474

TS 0.022 <1463

From Table 1, 5% Significance at 4 observations the limit is 1.463.
Therefore, there are no outlying data.

For specific gravity determinations, standard deviation (s) should be to the
thousandth place, 0.XXX.

For asphalt content determinations, standard deviation (s) should be to the
hundredth place, 0.XX.
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Conflict Resolution

Example
3rd
/ Party
District

QC <€—> (Construction
Manager Materials Engineer
QC] > Resident
Supervisor Engi“leer
QC <« QA
Technician Technician

PAY ADJUSTMENT
FACTORS

= QLA Pay Factors

» TSR Pay Adjustment
Factor (403.23.5)

= Density Pay Adjustment
Factor [403.23.7.4.1(b)]

= Longitudinal Joint Pay
Adjustment Factor [EPG]

= Smoothness Pay
Adjustment Factor

8
CORING SUMMARY
Where | Who Core Coring Pay Factor
Location Frequency Type
Traveled Way | GC Random Tsamplosibiol | QLA Pay
Number Factor
QA Random 1 sample/ 4 sublots
Number
intogral | none
shouider
Won-ntegral | ot Random RE dicreton | Densiy Pay
shouider | QLA Number Adsiment
Factor
Longitudinal Considersd part of the raveied way
Joint confined
Longtudinal | GC Fandom Tsamplosubial | Longiudnal
Joinl Number Joint
unconfined Density Pay
Adyustment
Factor
oy Random | 1 samplel 4 SUbIGR
Number
Baso ot " RE dicroton | Density Pay
wigening, | QLA Adyustment
ontrancos Factor
Single kit ac Random 1 Sampie/sublot Density Pay
(raveled way) | (not Number Adjustment
L Laa Factor
9




CORING SUMMARY

Where Who Core Coring Pay Factor
Location Frequency Type
Determination
Traveled Way | QC Random 1 sample/sublot QLA Pay
Number ___Factor
QA Random 1 sample/ 4 sublots
Number .
Integral none | -
shoulder | . : | .. |
Non-integral Not Random RE discretion Density Pay
shoulder QLA Number Adjustment
Factor
Longitudinal Considered part of the traveled way
Joint, confined
Longitudinal QC Random 1 sample/sublot | Longitudinal
Joint, Number Joint
unconfined Density Pay
Adjustment
Factor
QA Random 1 sample/ 4 sublots
Number
Base Not 2?7?77 RE discretion Density Pay
widening, QLA Adjustment
entrances Factor
Single lift QC Random 1 Sample/sublot Density Pay
(traveled way) | (not Number Adjustment
QLA) Factor

CoringSummary.doc (3-2-16)



TSR
PAY ADJUSTMENT
TSR % of Contract
price
>90 103
75-89 100
70-74 98
65-69 97
<65 Remove
10
DENSITY PAY
ADJUSTMENT FACTOR
Field Density, | % of Contract
% of Gmm price
92.0-97.0 100
91.5-91.9 or 90
97.1-97.5
91.0-91.4 or 85
97.1-97.5
90.5-90.9 or 80
97.6-98.0
90.0-90.4 or 75
97.6-98.0
Below 90.0 or Remove &
above 98.0 replace
11

LONGITUDINAL JOINT
DENSITY PAY ADJUSTMENT
FACTOR (PAF)
Field Density, % of Contract

% of Gmm Unit Price

90.0-96.0 100

89.5-89.9 or 90
96.1-96.5

89.0-89.4 or 85

96.6-97.0

88.5-88.9 or 80
97.1-97.5

88.0-88.4 or 75
97.6-98.0

Below 88.0 or Remove &
above 98.0 replace

12
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NON-INTEGRAL
SHOULDERS & SMALL
QUANTITIES

m Use the Density Pay
Adjustment Table

m Use of the factors for
non-integral shoulders is

at the Resident Engineer's
discretion

13

CONFINED
LONGITUDINAL JOINT
DENSITY EVALUATION

= Density in confined joints
is handled with the
traveled way coring.
Required density is same
as for the traveled way
(945 +2.5%).

SMOOTHNESS PAY

ADJUSTMENT
IRI (in/mile) % Contract Price
40.0 or less 105
40.1-54.0 103
54.1-80.0 100
80.1 or greater 100 after correction to 80.0

Correction = diamond grinding

Table 2 ( <45 mph)

IRI (in/mile) % Contract Price
70.0 or less 103
70.1-125.0 100
125.1 or greater 100 after correction to 125.0

12/17/19




GRADATION
SAMPLES

= MoDOT allows gradation
sample testing o be
satisfied by using the residue
from the HMA ignition oven
sample.

= An aggregate (gradation)
correction factor (AGCF)
may be necessary to account
for the breakdown in rock.

m RAP gradation in the field
can be determined with
ignition oven

16

REMOVE & REPLACE

m All lots with a PF; < 50.0

= Any sublot with < 90.0 or
>98.0% density

= Any sublot with < 2.5% air
voids

u If TSR<65%

= If unconfined joint
density is < 88.0% or >
98.0%

m Actual limits of removal
up to the specified
amount is at the RE's
discretion

17

REMOVE & REPLACE

n If QA results fall below
removal limits (density
and/or air voids) but QC's
results do not, and there is
favorable comparison, the
mix stays

n If QA results fall below
removal limits (density
and/or air voids) and
favorable comparison is not
achieved, initiate dispute
resolution

18
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REMOVE & REPLACE

= Replacement mix will be
sampled & tested to calculate
PWL

19

SUMMARY

m 1. Pay Factors (PF's) are
multipliers of the
contract price to adjust
for quality.

m 2. New QLA PF's are
calculated for each lot
(say, 3000 tons).

m 3. PF's are based on the
mean and standard
deviation of the test
results from a lot.

20

SUMMARY

m 4. The PF+ is the average
of the PF's for V,, VMA,
Py, density (traveled way).

= 5. Standard deviation is a
measure of variability.

= 6. More variability, bigger
standard deviation, wider
and flatter curve, more
chance of material being
above or below the LSL or
USL.

21
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SUMMARY

n 7. PF's are based on
PWL's-probability that a
certain amount of
material is within the LSL
and USL.

m 8. PWL's are found in Q
tables. Q's are calculated
from the lot's mean and
standard deviation.

22

SUMMARY

= 9. QA results must be
within 2 standard
deviations (or 1/2 of the
specification tolerance,
whichever is greater) of
the QC results in order
for QC results to be used
to calculate PWL's.

= 10. Pay adjustment factor
types include QLA, TSR,
Density, and Smoothness.

23
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GAME OF SPECS

» Performance Testing is
coming -

= May 2018 2

CRACKING & RUTTING

= Fatigue cracking- “Flexibility
Index (FI)" OR "Ideal CT"

» Rutting (and stripping)-
Hamburg Wheel Tracker

R

12/17/19
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PERFORMANCE
TESTING

= Fatigue Cracking
= Rutting

FLEXIBILITY INDEX

= Capacity to resist cracking

» Intermediate temperatures
(fatigue cracking)

m SCB specimen (Semi Circular

I

Flexibility Index

Specimen Preparation

= Gyro-compacted |

m Notched
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Flexibility Index
Testing

FLEXIBILITY INDEX
u Illinois Test Procedure 495 (IFIT)
= Run at intermediate temperature
(25+05°C)
= Apply load, measure displacement
= Obtain Fracture Energy (Gf)

.

Lowd, P(N)

Disglacoment, u (mvm)

WA 6 "
WA 7y = 00LGS
Area ... m 8

QC/QA
2018 Season

= QC: 1 per 10,000 tons

= QA: 1 per 10,000 tons

m 2% incentive if both tests
are in

m 1% incentive if one test is in
and the other is not deficient

m 0% incentive if either is
deficient
= No disincentives

= Favorable comparison: QA
and QC are within 30%




FLEXIBILITY INDEX

m Illinois Test Procedure 495 (IFIT)

m Run at intermediate temperature
(25 +0.5° C)

m Apply load, measure displacement
m Obtain Fracture Energy (Gf)

4§ —

Load, FP(kN)
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Flexibility Index
Job Special Provision
2018 Season

403 403 % Pay
SMA Non-SMA,
NMAS <190

101

<2 <2 <6 <2 Deficient

10

Alternate Cracking Test:
“"IDEAL-CT"

CT = Cracking Test

= Much Simpler
specimen prep
= ASTM D8225

Loading rat¢; SOma min.
Spesimen eylindeical
specimen without cutting.
aliing, instrumentation.
drilling. and notching

IDEAL-CT

Load (x)

Displacement (mm)
Figure 2. fllusmarion of the PPP: Point and Is Slepe lynzs|

Gf=Area under curve/tD

g
]

For non-62 mm thick spectmens: CTy gy, = é X ir:_I\ X (—)
78]

12




IDEAL-CT

12

Load (kN)

0 1 2 3 4 5 6 7 8 9 10 11 12

Displacement (mm)
Figure 2. Illustration of the PPP7s Point and Its Slope |m;s|

Gf=Area under curve/1tD

. . t G 175
For non-62 mm thick specmens: CTyagey = X Imf X (F)
75

12



PERFORMANCE
TESTING

= Fatigue Cracking
= Rutting

13

Hamburg Wheel Tracker
AASHTO T 324
» Capacity to resist rutting
(and stripping)
= Warm temperatures

Hamburg Plot

-+ Sweing Ifacton Port
]
4
4
\
[ \
2 -
i
w|  tembwdPussse Narbe of Pasees
M1 ooy tecton Point Fabon. N,
(m\
] )

.
Number of Passes ¥ 1000

15

12/17/19




Hamburg Plot

A A 'S s n '
"20 L 14 Y 1 - Y <

0 2 4 6 8 10 12 14 10 18 20

Number of Passes x 1000

15
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Good
Marginal (Barely In-Spec)
Poor (In-Tolerance/Out-of-Spec)

16

Hamburg Wheel Tracker
Job Special Provision
2018 Season

401 402 403 403 % Pay
BP SMA  Non-SMA,
Only NMAS

(mm) (mm) (mm) <190 (mm)

<4 <4 <3 <3 101

>14 | >16 | >10 >10 Deficient

17

QC/QA
2019 Season

= QC: 1 per 10,000 tons

= QA: 1 per 10,000 tons

= Up to 3% incentive for FI
in range and Hamburg is
<12.5 mm

= 2% disincentive for low FI

» No incentive for Hamburg

= Hamburg must meet spec

= 1% incentive for greater
field density (94-97%)

» Favorable comparison: QA

and QC are within 30% 18
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2019

Flexibility Index

NMAS < 190 mm % of Contract Price
<20 98
20-39 100
40-79 102
280 103

PG Grade, High Minimum Wheel Max. Rut Depth
Temperature, Passes (mm)
Contract 6rade
585-xx 5000 125
645-22 7500 125
64H-22 15,000 125
64V-22 20,000 125
19

Also in this 2019 JSP

49 Design Grrations. The suasber () of pyrations requined for gyvatry compaction shall be i

i Sec 40345, At opticn of ez il 4 s veids may
beloweeed. Mixeares baving Jowered gyrations sball have  misiem VALA of 1.0% above the
‘mimimmam aceording to Sec 403 4.6.2 1nd a design air veids of betweem 4.4 10 3.0%. The misiomm

pymation leved shall be m accerdance with he following.
[ Deip

[ 3

E

C

B
60 Elrated Deniy, Sublets i OC iy st et hic compue vl ik Q4 i
i of 74 - 4 e 1 et e p

20
2020 SEASON
= 10 projects
= JSP
21




Also in this 2019 JSP

4.0 Design Gvrations. The number (N) of gyrations required for gyratory compaction shall be in

accordance with Sec 403.4.5. At the option of the contractor, the number of gyrations and air voids may
b2 lowered, Mixtures having lowered gyrations shall have a minimum VMA of 1.0% above the

minimum according to Sec 403.4.6.2 and a design air voids of between 4.0%to 3.0%. The minimum
gyration level shall be in accordance with the following:

Deim | Vg
F 35
E 3
C 00
B 03

6.0 Elevated Density. Sublots with a QC deneirytest esult which compares favorably with QA and
Bas a result of §7% - $4% shall receive 4 1% icentive based on bitumingus mixure unt price

20
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QC/QA
2020 Season

= No change from 2019 season
= QC: 1 per 10,000 tons
= QA: 1 per 10,000 tons

= Up to 3% incentive for FI in
range and Hamburg is <12.5
mm

m 2% disincentive for low FI

= No incentive for Hamburg

= Hamburg must meet spec

n 1% incentive for greater
field density (94-97%)

= Favorable comparison: QA

and QC are within 30% -

2020 JsP

Buperpars Pertoemance Tesig and Iacrensed Deaity - 57

L8 Perfermance Toting, Gty Couol (0) wuing for Faxible lndes s Mismbery Wheet
Tcking i e regured by e sommcio 1  snncy f 10,000 toms o e maminepevvaeas. The

Incentive/Disincentive

Flexibility Index OR Ideal CT
Cracking Index

NMAS <190 | NMAS <190
<20 < 32 98%
2.0-3.9 32 - 60 100%
40-79 60 - 97 102%
>8.0 >97 103%
24




2020 JSP

l;'.'ilperl:m'e Performance Testing and Increased Density - JSP

1.0 Performance Testing. Quality Control (QC) testing for Flexibility Index and Hamburg Wheel
Tracking will be required by the contractor at a frequency of 1/10,000 tons for the mainline pavement. The
random testing location will be determined by the engineer. QC testing will be completed by the contractor
at no cost to the commission. Incentive'disincentive payment will be calculated based upon the mixture
cost for the tonnage represented by the sample, generally 10,000 tons. Incentive up to 2 maximum of 3%
of the mixture item cost will be paid if the Flexibility Index results are within the incentive range and the
Hamburg results are below 12.5mm. The engineer will also perform a set of tests at the 110,000 interval
for Quality Assurance (QA). A favorable comparizon will be achieved if the results for QA and QC are
within 30%. In addition a 1% incentive is being offered for sublots with qualifying density results above
04%.

2.0 Flexibility Index (FI) Testing. The FI testing will be completed in accordance with Illinois Test

Procedure 405 dated 01/01/16 available at http:/‘www modot.org/business/contractor resources'forms htm
In lieu of the Flexibility Index, the Ideal CT may be substituted using the limits shown below. The Ideal

CT shall be completed in accordance with ASTM D8225 when uzed.

FLEXIBILITY INDEX Ideal CT
Percent of Contract Price
NMAS <190 NMAS <190
<20 <32 98%p
20-39 32 -60 100%%
40-79 60-97 1029%
>8.0 >97 103%%

3.0 Hamburg Wheel Tracking. Hamburg Wheel Track testing will be completed in accordance with

AASHTOT324
PG Grade High Minimum Wheel Passes Maximum Rut Depth
Temperature * (mm)
588-xx 5,000 12.5
645-22 7.500 12.5
64H-22 15,000 12.5
64122 20.000 12.5

*Determined by the binder grade specified in the contract.

23
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Hamburg Rut Depth

Requirements
*Binder Contract Grade

PG Grade Minimum Maximum

High Wheel Rut Depth
[Temperature| Passes (mm)

*

585-xx 5,000 12,5
645-22 7.500 125
64H-22 15,000 125
64V-22 20,000 12,5




Module 11



MODULE 11

RECORD KEEPING &
EXCHANGE OF DATA

11-1-05 Revision
1-2-09 Revision
4-22-09 Revision
11-17-10 Revision
12-28-16 Revision






12/28/16

MODULE 11

RECORD KEEPING &
EXCHANGE OF DATA

11-1-05 Revision
1-2-09 Revision
4-22-09 Revision
11-17-10 Revision
12-28-16 Revision

* PROCESS REVIEW
TEAM NOTED 2008

RECORD KEEPING
Samples

= Contractor samples retained for
the engineer:
u clean covered containers
= readily accessible
= *ID'd: Job mix no.,sampler,
sample location, time & date
sampled
u stored until test results accepted)
= QC gradation samples: retain the
portion of the QC sample not
tested after reducing the sample
to testing size.
= *All samples labeled




12/28/16

Qc
RECORD KEEPING

= *Record and maintain all
test results

» *Up-to-date test results

= *Paper backup of results

= *Maintain printouts from
gyro and binder content
devices

» *Pay Factor records

= Maintain an inventory of
major sampling, testing, &
calibration equipment.

DOCUMENTS
On Hand

m *Job mix

= *QC plan

= *Current copies of all
test method procedures

TEST EQUIPMENT &
PLANT CALIBRATION/
VERIFICATION RECORDS

m Results of calibration

» Description of equipment
calibrated

m Date of calibration

m Person calibrating

m Calibration procedure ID

n Next calibration due date

n ID of calibration device &
trace ability of calibration




CALIBRATION

Equipment Reg'ment |Interval

(month)
Gyro Calibrate |12
Gyro Verify Daily; when
moved

Gyro molds | Dimensions |12

Thermometer |Calibrate |6

Vacuum Pressure |12

Pycnometer |Calibrate |Daily

Ignition oven |Verify 12 or when
moved
7

CALIBRATION, Cont'd.
Equipment |Req'ment |Interval
(month)
Nuclear |Drift & 1
gage stability
Shakers | Sieving 12
thorough-
ness

o

Sieves Physical
condition
Ovens Verify
settings
Balances |Verify 12 or

when
moved

IS

o

Timers Accuracy

QC RECORDS

= Maintain 3 years from
completion of project
» What:

= test reports, including raw
data

= calibrations
= technician training
= personnel

12/28/16
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EXCHANGE OF DATA

m QC furnishes raw data
(including gyro, and binder
printouts) and test results to
QA not later than the
beginning of the next day
following the test.

m QC data, control charts, etc.,
readily available to QA at all
times.

= QA raw data & results made
available to QC no later than
the next working day

= QA will make the QLA within
24 hours of receipt of the
QC test results

10
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MODULE 12

CONTRACT ADMINISTRATION

12-28-06
11-18-09
12-28-16

www.modot.mo.gov

“:Missouri Asphalt

b a8

Pavément Association

QC/QA Process
Team

A Cooperative Effort Between
MAPA and MoDOT

March, 2005

www.modot.mo.gov

Team Members

Kyle Phillips m Gary Butterworth
= Herzog Contractors = District 4
Jennifer Breuer = Larry Brooks
= Superior-Bowen . District 6
Bruce Loesch " Jlm_Prguss
= APAC-Missouri = District 8
= Dennis Bryant

Steve Jackson = Const. & Mat'ls.
= Pace Construction = Jason Ewalt
Glen Graham = Const. & Mat'ls.
= Girardeau m Joe Schroer

Contractors = Const. & Mat'ls.
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#1
Can I (MoDOT) direct a
routine QC loose-mix sample
to an area on the roadway
that appears to have a mix
problem?

#2
Am I (MoDOT) restricted
to testing only the locations

where the random samples
fall?

#3
Can I direct my random QA
test to an area on the
roadway that looks like it
may have a quality problem?

R

12/28/16




#4
Didn’t you tell me earlier
that MoDOT could test
anywhere, any time?

#5
Does it matter how I choose
my random numbers?

#6
When should I give the
random numbers to QC?

12/28/16




#7
The contractor is sampling
mix directly out of the
trucks and using the results
to adjust the plant. Is that
okay?

10

#8
Can't the "self tests” be
used to tweak the plant in
advance of the random test?

1

#9
The contractor doesn't want
to give me the results of the
“self-tests.” Can I insist on
getting them?

12

12/28/16




#10
Can "self-test” results be
used to determine removal
limits?

13

#11
There are test specimens in
the field laboratory that I
can't identify. I can't be
there all the time to witness
all the testing. How do I
know that the correct
samples are used to
determine payment?

#12
My QA sample does not
compare favorably with QC.
QC says my testing is in
error. Now what do I do?

15

12/28/16




#13
We have checked everything
and it turns out that QA and
QC test results are both
valid. The results are still
unfavorable. What does the
contractor get paid?

16

#14(a)

The plant is running
smoothly, I have confidence
in QC's testing and our
comparisons are favorable.
Do I need to continue
running so many QA tests?

17

#14(b)
What about the frequency
of dry-back..Can we cut
back if the results are
consistent?

18

12/28/16




#15
What constitutes a favorable
comparison when running a
QC split?

19

#16
I observe extra density
core holes in the mat that I
can't account for. Should I
be concerned?

20

#17
Can I take the joint density
cores at the same
longitudinal location as the
random mat density samples
or should I use a separate
random number?

21

12/28/16




#18
Due to stage construction,
less than 4 sublots in a
particular lot have an
unconfined joint. Should
the deduction for low
unconfined joint density
apply to the entire lot?

22

#19
What is this QC/QA project
checklist that I'm hearing
about?

23
Checklist Items
m Review QC Plan » Pay Factor
= Random No. Method Spreadsheet Version
= Sample » Test Method Options
Identification = Job Mix Approval
m Location of QCLab = Specifications to
= Rice Dryback? Review
m Dispute Resolution = Anything Else
= Paperwork Sharing Important to the
Project
24

12/28/16




#20
I have a disagreement with
QC that we can't resolve.
What do I do now?

25

Conflict Resolution
Example

31 Party

QC Manager <€«——> District Construction
Materials Engineer

QC Supervisor €——> Resident Engineer

QC Technician €«——> QA Technician
26

#21
Do the Specifications
require that the QC lab be
located at the asphalt plant?

12/28/16




#22
My random QA test results
indicate that the sublot that it
fell within should be removed.
The random QC results are
above the removal limit. The
comparison for the entire lot is

#23
Can the TSR sample be taken
at the asphalt plant?

#H24
It seems to take an awfully long
time getting results from my
counterpart. Within what time-
frame should I expect results?

12/28/16
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#25(a)

In a small quantity situation, is
it necessary to remove and
replace mixture that is out of
the specification limits by only
a small amount?

#25(b)

The small quantity deduction is
more punitive that if PWL were
calculated. Is it an option to use
PWL to calculate the deduction
on a small quantity project?

#26
The contractor is using
something called a notched-
wedge to construct the
longitudinal joint. Where is the
unconfined joint density
measured? af

12/28/16

11



#Ha7
Can the contractor take
more than one density core
at each random location?

12/28/16

12



QC/QA Project Checklist

Review QC Plan:

» Method of generating, securing and providing random numbers for loose mix,
density cores and tsr.

* Describe method of identifying samples.
* Where will QC lab be located?
* Is dryback necessary?

* Dispute resolution chart (be specific. Identify specific individuals by name and time
limits for a resolution before escalating to the next level)

* How will paperwork be shared?
* What QLA version of the spreadsheet will be used?
* How will QC results be given to QA and QA to QC?

* What test methods will be used that are different from what is taught at UMR
Level 2 training?

» Have Job Mixes been approved and/or transferred?
* Specifications to review:

403.5.2.1 Shoulder Density

403.5.2.3 Longitudinal Joint Density

403.13.2 Segregation

403.15 Compaction — rollers and temperature limits
403.15.2 Defective Mixture

403.15.4 Density Measurement — lift thickness and testing
403.17.3.1 Calibration schedule

* Miscellaneous

* Discuss sample retention for both QC and QA

* Field adjustments to Job Mix Formulas

» Opportunity to witness each other’s loose mix samples

» Handling of density samples — marking and chain-of-custody



SECTION 403 FAQ

(Revised 5-29-18)
INTRODUCTION

This document was developed, and will be maintained, to clarify the intent of the
specifications, reduce conflict in the QC/QA environment and improve uniformity of
contract administration across the state.

This is not a contract document and cannot be enforced as such. The Resident Engineer
always has the latitude to react in an appropriate way to job specific circumstances, but
decisions should be consistent with the underlying intent of guiding specifications and
policies.

For this discussion, QC refers to the contractor’s representative performing Quality
Control testing. QA refers to MoDOT’s representative performing Quality Assurance
testing.

QUESTIONS AND ANSWERS

#1
Can I direct a routine QC loose-mix sample to an area on the roadway that appears to
have a mix problem?

It is critical that routine tests, as defined in the contractor’s QC plan, be at random
locations. It is critical because any manipulation of the random numbers introduces bias.
Keep in mind that the QC test results are used to statistically define a population of data.
Bias causes inaccuracy in that statistical calculation.

#2
Am | restricted to testing only the locations where the random samples fall?

No. QA can take a sample anywhere, at any time if there is concern about a problem
area, but this should be treated as an “extra” sample. These “extra” samples are used to
determine if problem areas are acceptable, or to help define limits of a problem.

#3
Can I direct my random QA test to an area on the roadway that looks like it may have a
quality problem?

No. The QA random test that will be used for comparison to QC should be taken at a
random location unless adjusted for a specific reason. For example, a test should not be
taken in the middle of a busy intersection because that would be contrary to public
interest. Also, Sec 403.23.7.1.5 allows samples to be separated by a minimum of 200



tons. Remember, bias causes problems with our statistics and is not in the interest of
either MoDOT or the contractor.

#4
Didn’t you tell me earlier that QA could test anywhere any time?

Yes. The test frequencies listed in the specifications are minimums. QA always has the
option to take additional tests. The random QA sample is used for comparison to QC and
determines whether QC tests adequately define the characteristics of the entire lot. The
“extra” QA test is used only to determine if an isolated area has a problem, or to help
define the limits of a problem.

#5
Does it matter how I choose my random numbers?

Generate random numbers by using the Asphalt Random Locations spreadsheet, because
that eliminates any question of bias.

QA can locate the sheet on the internal site at the following link:
http://eprojects/Templates/Forms/Allltems.aspx

Sheet Name: Asphalt_Random_Locations

A random number chart is okay, but be sure to choose random number pairs either row
by row, or column by column. In other words, don’t jump around on the chart, because
that can introduce unintentional bias. Random number generators on a calculator are
satisfactory as long as the selections aren’t intentionally biased.

When using any method other than the spreadsheet to generate random numbers for
roadway density cores, the pairs should be recorded once at the beginning of the lot and
provided to QC at the completion of the lot. This will assure transparency of the random
number selection process. Drawing a number from a hat can be used if no other options
are available.

#6
When should I give the random numbers to QC?

This issue has caused a great deal of conflict statewide. To restore confidence in the
process, the following procedures will be used:

Random numbers will be generated in advance, by lot, and a printout of those
numbers will be sealed in an envelope. At least one lot should be prepared in
advance and kept in a secure location. The QA inspector will also keep a copy in
his possession. A best practice is to generate all of the random numbers prior to
the start of the project. Both QA and QC parties sign and date the seal and then
QA delivers the envelopes at the end of each lot. Random numbers will be given
to QC between 100 and 150 tons in advance of the test. The intent is to give QC
enough time to get any ongoing tests to a stopping point and to get out to the


http://eprojects/Templates/Forms/AllItems.aspx

roadway in time. This should not give the plant operator enough time to adjust
production and work any resulting change through the silo. When the sampling
for a lot is completed, the envelope for that lot will be opened to demonstrate that
the random numbers were not manipulated during production.

Random numbers for density cores should also be generated in advance. They
can be provided to QC when rolling is complete.

QC and QA need to work together in good faith to make this process run smoothly.
Occasionally random tests will fall close together. If QC is at a critical point in a test
when the next random number comes up, QA should make an adjustment QA should be
aware that this policy creates some real challenges for QC and use appropriate judgment.
Loose mix samples should not be collected from the roadway in handwork areas.
Random cores should not be taken in areas where handwork is required due to adjacent
obstructions, they should instead be moved 10 feet ahead of the affected area. Extra QA
cores may be taken to monitor these areas, but should not be part of the PWL.

As a professional courtesy, QA should give QC a reasonable opportunity to witness
random QA roadway sampling.

#7
The contractor is sampling mix directly out of the trucks and using the results to adjust
the plant. Is that okay?

Yes, but the samples should be marked as such if they are tested in the field laboratory.
The contractor has the option of doing extra testing. These “self-tests” or “truck tests” are
used to see how the mix is doing between random tests. Only the random QC tests are
used to calculate pay.

#8
Can’t the “self tests” be used to tweak the plant in advance of the random test?

Not if the random test locations are given 100 to 150 tons in advance as outlined earlier.
There would be no way to complete a test and adjust the plant in time.

#9
The contractor doesn’t want to give me the results of the “self-tests.” Can I insist on
getting them?

There is no reason to demand “self-test” results. If the random testing is being done
correctly, the results will accurately define general production characteristics. If there is
reason to be concerned about an isolated area, take an extra QA test.

#10
Can “self-test” results be used to determine removal limits?



EPG 403 reads as follows: “QC self-test results may be used to help define the limits of
removal as long as the self-test(s) are well documented”.

A self-test will be considered well documented if the following minimum criteria are
met:

1. The puck is available and is clearly labeled

2. The gyratory printout is made available

3. The printout from the AC test is made available

The resident engineer has the option to determine removal limits based on puck height,
provided that the self-test data is consistent with previous production.

#11
There are test specimens in the field laboratory that I can’t identify. I can’t be there all
the time to witness all the testing. How do | know that the correct samples are used to
determine payment?

There is no legitimate reason for unidentified samples to be in the field laboratory. The
QA inspector should insist that all test specimens in the field laboratory be marked as
soon as they are cool enough. The identifying mark should be permanent, unique, and
indicate what the sample is.

#12
My QA sample does not compare favorably with QC. QC says my testing is in error.
Now what do | do?

QA and QC should be given the opportunity to witness each other’s sampling and testing.
Doing so will head off a lot of conflict.

Copies of all test methods should be readily available in the field laboratory. Testing
procedure must follow an approved test method. If either party has an issue with the
other’s test procedure, an objection should be raised at that time. By doing this promptly,
the issue can be resolved while it is still possible to re-create the test. If a decision is
made to test a retained sample, the test should be run jointly so that testing procedure is
taken off the table as a variable.

EPG 403 reads as follows: “If the comparison is not favorable, the first step is to review
both QC and QA test results to see if there is any noticeable error. If no errors are
found, testing of the retained samples may be performed. Judgment must be used in
determining which retained sample(s) to test. When testing a retained sample, the entire
suite of tests (%AC, V,, and VMA) should be performed to verify the validity of the
original test results. If the test results of the retained sample confirm the original test
results, the original test results are used to determine the PWL. If the test results of the
retained sample verify that the original test results were incorrect, the test results of the
retained sample are used to determine the PWL.”



#13
We have checked everything and it turns out that QA and QC test results are both
valid. The results are still unfavorable. What does the contractor get paid?

EPG 403 reads as follows: “If the QC and QA test results have been determined to
be valid and the comparison is still unfavorable, the test results from the random,
independent QA sample will be included in the PWL calculation. The QA test results of
QC retained samples or the test results from any additional QA samples will not be used
in the PWL calculation. As an example, lot 3 has been completed and consists of 4
sublots. A favorable comparison was not obtained but it was determined that the QC and
QA test results are valid. Therefore, the PWL calculation will include the QC test results
from all 4 of the sublots and the test results of the random, independent QA sample (n =

5.7

When the random QA test results are included in the PWL calculation, all
volumetric properties ( %AC, VMA & V,) for that sample will be used, even if only one of
the three properties has an unfavorable comparison.

#14
The plant is running smoothly, I have confidence in QC’s testing and our comparisons
are favorable. Do | need to continue running so many QA tests?

The minimum testing frequencies are shown in section 403.19.3 of the specification.

The following table illustrates the differences. The frequency of testing of QC splits can
be reduced when QC and QA become confident with each other’s sampling and testing
procedures, frequencies for evaluating the retained sample are outlined in section
403.18.1.

Minimum by Spec | Early in project Later in project
Random QA 1/4 sublots 1/4 sublots 1/4 sublots
QC Split 1/week 1/day On days when there
is no random QA

What about the frequency of dry-back. Can we cut back if the results are consistent?

Section 403.19.3.1.2 explains the dry-back requirement
“The dry-back may be reduced to once per 4 sublots if the difference of the Gmm and
Dry-back Gmm of the first 4 samples are within 0.002 of each other.”
#15
What constitutes a favorable comparison when running a QC split?



kleins1
Snapshot


Gmm should be within 0.005, Gmb should be within 0.010, and AC within 0.1%. If
variances are larger both QA and QC should scrutinize sampling and testing procedures
to identify the cause of the difference.

Isn’t that a pretty tight comparison range for Gmp?

Yes, but for two technicians in the same lab it is attainable. If there are comparison
problems, the retests should be run together to ascertain the cause of the discrepancy.

The 7-day requirement in Sec 403.17.2.3 notwithstanding, retained samples should not be
discarded until all comparison issues with the lot are resolved. If space at the field lab is
an issue, the sample should be stored at the project office.

#16

1 observe extra density core holes in the mat that I can’t account for. Should I be
concerned?

The roadway inspector should assure that the density cores taken from the roadway are
the same ones tested in the lab. The preferred procedure is for a MoDOT inspector to
take possession of the cores as soon as they are cut, and deliver them directly to QA at
the plant. This needs to be done promptly so that testing of the density cores can proceed
without delay. When specific job circumstances make this procedure impractical, the
roadway inspector may dry the core with a paper towel and mark the side using a
permanent felt-tipped marker, then place and seal the core or cores in a tamper proof bag.
The identifying mark should be unique and readily identifiable when the sample arrives
at the plant. A signature, along with lot and sublot, is one example of an identifying
mark. When marked in this fashion, it is acceptable for the contractor to deliver the QC
cores to the lab.

The roadway inspector will select one QC core roadway location per lot to cut a QA core.
The QA core should be taken at the same offset as the QC core and within 6 inches
longitudinally. The roadway inspector will take possession of the QA core and deliver it
directly to the lab. When calculating the G, for the QA core, the Gmm will be the same
as that used for the corresponding QC Core. The comparison will be favorable when the
Gmp of the QA core and the QC core at that same location (or the average of the QC cores
if specified in the QC plan) is within 0.010.

If the comparison is not immediately favorable, QC and QA will rerun both cores in each
other’s presence to check for testing errors. If the comparison is still outside the
acceptable limit, the resident engineer will determine if either core is non-representative
due to damage, roadway surface irregularities etc. If both cores are representative, an
average of QC and QA will be used for that sublot.

#17



Can | take the joint density cores at the same longitudinal location as the random mat
density samples or should | use a separate random number?

Either way is acceptable. If QC prefers to take the joint cores at a separate random
number it should be indicated in the QC plan.

#18
Due to stage construction, less than 4 sublots in a particular lot have an unconfined
joint. Should the deduction for low unconfined joint density apply to the entire lot?

No. The deduction should only apply to those sublots which have an unconfined joint
density sample, the spread sheet will assist with this determination.

#19
What is this QC/QA project checklist that I’m hearing about?

A checklist was developed for QC and QA to run through before work begins. Itis
intended to reduce conflict by working out the day to day details of how to conduct
business in advance of the production pressures. A Industry/MoDOT task force

developed a checklist but any other that accomplishes the same thing is acceptable.

One of the key elements is to clearly define a conflict escalation procedure. Far too many
conflicts lay unresolved for too long. Conflicts that QC and QA cannot resolve between
themselves should be promptly escalated.

#20
I have a disagreement with QC that we can’t resolve. \What do | do now?

The vast majority of issues between QC and QA can be resolved by consulting the QC
Plan, the Test Method or the contract documents. If a dispute cannot be resolved within a
few hours of taking these initial steps, it should be escalated.

Time frames and escalation levels (including the names of the individuals) should be
discussed when going through the checklist. Unresolved issues lead to an atmosphere of
mistrust in the QC/QA environment.

Decisions should always be timely and made at the lowest appropriate level.

#21
Do the Specifications require that the QC lab be located at the asphalt plant?

No. The contractor is required to provide an appropriately equipped QC laboratory. The
contractor is also required to provide office space at the asphalt plant for the QA
inspector to work on records and reports. Usually these 2 requirements are met with one
structure, but not always. The intent of the specification will be met if the QA inspector



is provided with suitable facilities at the plant, but the lab is located offsite at a location
appropriate to the work under progress. For example, the contractor may elect to place
the laboratory at a location between the jobsite and the plant.

#22
My random QA test results indicate that the sublot that it fell within should be
removed. The random QC results are above the removal limit. The comparison for the
entire lot is favorable. What should | do?

EPG 403 under Removal of Material reads as follows: “If the QA test results fall below
the removal limits for density and/or air voids, the mix should stay in place if a favorable
comparison has been obtained with the QC test results. Again, a favorable comparison
signifies that the QC test results adequately define the characteristics of the lot and are,
therefore, acceptable. If the QA test results fall below the removal limits and a favorable
comparison has not been obtained, dispute resolution should be initiated to determine
whether or not the mix should stay in place.”

#23
Can the TSR sample be taken at the asphalt plant?

Yes, the test method allows that. Since it is easier to take a larger sample at the plant, the
QA sample should be at least 250 pounds. 125 pounds should be sent to the Central
Laboratory for testing and the other half kept by the RE as a retained sample. The
inspector should write the Mix Number and sample 1D on the box. TSR samples need to
be taken at random locations but can be taken when it is convenient to production.

#24

It seems to take an awfully long time getting results from my counterpart. Within
what time-frame should I expect results?

Sec 403.17.1.1 of the Standard Specifications requires QC to provide all raw data to the
engineer no later than the beginning of the day following the test. Raw data, of course, is
subject to revision.

Sec 403.23.7.1 requires QA to make the QLA no more than 24 hours after receipt of the
contractor’s test results. Best management practice is for QA to review the QLA with
QC before processing the report.

These should be adhered to unless there is a compelling reason to do otherwise. If
problems are persistent they should be escalated quickly for resolution. In general, itis a
good practice to provide PWL calculations to the contractor for work that is paid for on
each estimate.



#25

In a small quantity situation is it necessary to remove and replace mixture that is out of
the specification limits by only a small amount?

In Section 403 of the EPG under Removal of the Material the following guidance exists;
“The resident engineer should use engineering judgment when mixture placed under this
section fails to meet specifications. If the laboratory compacted air voids are less than
2.5%, or the roadway density is less than 90.0% or more than 98%, the material should be
removed and replaced. If asphalt content is above or below the target value by more than
0.3%, or if the roadway density is between 91.5% and 90%, the mixture may be allowed
to remain in place with an appropriate deduction. Mixture that is out of specification by

a minor amount may be left in place with no deduction”

The small quantity deduction is more punitive than if PWL were calculated. Is it an
option to use PWL to calculate the deduction on a small quantity project?

Yes, if the contractor has it spelled out in the quality control plan.

# 26

The contractor is using something called a notched-wedge to construct the longitudinal
joint. Where is the unconfined joint density measured?

The notch wedge generally looks like the sketch below:

6"

— |— Full Pavement Width ————

First Pass Second Pags

Unconfined joint density should be measured on the first pass in the 6 inches adjacent to
the vertical notch (if the contractor is taking 6 inch density cores the location should be
adjusted as necessary to avoid the vertical face of the notch.) On the second pass, the
entire width of the lane is fair game for random density testing, including the entire
wedge section.



#27
Can the contractor take more than one density core at each random location?

Yes. Specifications allows up to 3 cores at each random location, but only if the routine
is spelled out in the QC plan. This is indicated in section 403.19.3 of the specification.

In the drawing below, the X represents the station and offset of the random location. Best
management practice is for QA to mark that location on the pavement. The first density
core should have that marking on it. Any additional cores should be taken along a
straight line, parallel to the centerline, within 1 foot either side of the random location.
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Maximum Size
Nominal Max
Size

Gmm

Gmb

Gmc

Gso

Gsa

GSE

Ndes
Nini

N max

Py
Ps

TSR

Va
Vba
Vie
VMA

VFA

GLOSSARY
One sieve size larger than the Nominal Maximum Size
One sieve size larger than the first sieve retaining equal to or more than
10% of the combined gradation

D, Maximum Specific Gravity of mix as determined by the Rice Method,
AASHTO T 209

d, Bulk Specific Gravity: specific gravity including permeable and
impermeable voids of aggregates or compacted mix.

Bulk Specific Gravity of core.

Stone (Aggregate) Bulk Specific Gravity: weighted sum of bulk specific
gravities of combined aggregates.

Stone Apparent Specific Gravity: weighted sum of apparent specific
gravities of combined aggregates. This excludes the water permeable
voids.

Stone Effective Specific Gravity: specific gravity including asphait
permeable voids.

Gyrations simulating design life of mix to yield 4% air voids.
Compaction > 89% indicates a tender mix that may rut prematurely.

Gyrations simulating maximum life of pavement. At < 2% air voids the mix
becomes plastic.

Percent binder in total mix.

Percent stone in total mix.

Tensile Strength Ratio: Result of AASHTO T 283 indicating the indirect
tensile strength of wet cured specimens compared to dry cured
specimens.

Percent air voids in compacted mix.

Volume of absorbed binder.

Effective volume of binder not absorbed into the stone.

Voids in Mineral Aggregate: percent of voids in the aggregate structure.

Voids Filled with Asphalt: percent VMA filled with asphalt cement.
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