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FHWA/ACI Workshops

FREE to the host
Host provides: Room, projector, attendees

Under a cooperative agreement, FHWA /ACI provide
instructors, all training materials

1-2 month lead time
States may request multiple presentations
Agreement expires September 18, 2020

Contact: Tom Yu
tom.yu@dot.gov

(202) 366-1198



mailto:tom.yu@dot.gov

Chemical Admixtures for

Chemical

Admixtures
for Concrele

FHWA/ACI
One-day seminar

Location »
Afacility of your choosing

Continuing Education
i

'.Jﬁ.a;‘

Seminar Dverview
This seminar, presented under a coopefative agreement batwesn the femlmﬂmar
-ndmwsmicn (PHWA] 2nd the J\mlkanr (A, dthe

ding of chemical admibures wsed in concrete, The twd
presenters fsted below will cleady explain the benefits snd Emitations of chemical admixtues in
«concrete for pavements, bridges, and other
help destness urdérstond the pesm and nigafive GRS G varlous YpES OF admbtures and
help constructio in the feld. In addition, a
local representative will provida an weniew ofthe particular practices and issues thatare most
common in the geogra phic area.

Who Should Attend
The wariety of topics coverad ma ke this seminar bensficisl to hmad ranl!uf attendess including
DOT engineers, matarial

construction supendsors, QAJQC managers, inspectors, contra chS. a nd cOnCretE producers,

Topics to be coverad Free Resource Materials
8 Intmduction to Chemical B AC 212,38, *Chemical Admixtures for Concrete®
Admixres L] ﬂﬂﬂ?é&'&nl’debhewedﬂld‘!-ﬂlrﬁhm
B Air Entrainment of Concrete Concrese”
B Water Reduction and Set- m ACl 305&.'&1! Weather Concreting”
Controlling Admistures m A 3051, “Spedfication for Hot Weathes Concresing”
W Durshility-Enhaning Admistures B AC 3068, *Codd Wasther Concreting™
®  Spechal Admixtures: iscosTy- B AC306.1, “Standard Speciflcation for Cold Westher
Modifying and Rheology-Controlling Conaeting”
B Compatibiliy |ssues Between ®  ACI Education Bullstin E4, Chemical ds fi
Chemical Admixtures snd Other Concete
Concréting Matedals = PCA Design and Control of Conerete Mishures —
B Admizhares for High-Parformance 14th Edition (Chapter &)
Concréte B Glossary of Terms (from ACKS website)

Concrete

Chemical
Admixtures
for Concrete

FHWA/ACI
One-tlay seminar

Location »
A facility of your choosing

Registration: 7.

Workshop:  8:00 a.m, - 5:00 p.m,

Continuing Education

Faculty
Two of the following will be your instructors:

Darrell F. Elliot, FACI, is a Technical Service Manager with Buzzi Unicem USA, Metairie, LA,

and has over 30 years of experience in the concrete construction industry. He is the Chair of
ALl Committes 133, Ground Slag in Concrete, and serves on severl ACl commitiess for mass
concrete, materfals, certifieation, and education. He was named an ACI Fellow in 1995 He

has served as President of the ACI Louisiana Chapter. He is also an active member of ASTM
Intemational, sening on eommillees for cement, concrele and coRcrele AEETERALes, and condrete
pipe. He has been an instructor for PCA and NRMCA training programs.

Charles K. Nmal, PhD, PE, FACI, Is Manager of Engineering Senvices at BASF Construction
Chemicals, LLC, a leading manufacturer of specialty construction chemicals headquanered in
Cleveland, OH. His duties include providing ip fc guidance in the
rieting of and high concrete

concrete problems. He is also acively involved In high-pedormance concrete technology
transfer activities. He is a past member of the ACI Board of Direction and Educational Activities
Committee; past Chalrof ACI Committess E701, Materials for Concrete Construction, and 222,
Cormosion of Metals in Concrete; and a member of numercus ACI, ASTM, and POl committecs.

Celik Ouryildirim, FACI, is a Principal Research Scientist with the Virginia Trinsporiation Research
Counefl in Charlottesville, VA, a division of the Vinginia Department of Transportation (VOT).
He received his P in civil enginesring from the University of Virginia. He has been conducting
research in concrete technology for over 30 years. He is active in ACI, ASTM International, and the
Transpartation Research Board (TRE). Oryildirim Is a past Chair of the TRE section on concrete
and member emeditus of TRE Committee AFN10, Basie Research and Emerging Technologies
Related to Concrete, He is an instructor in civil engineering at the University of Virginia and Is a
registered professional engineerin Virginia.

Paul ). Tikalsky, Phi, PE, FACI, is the new Dean for the College of Engineering, Architecture
and Technology at Oklahoma State University. He recelved his BS In civil and emvironmental
engineering at the University of Wisconsin at Madison and his M5 and PhD in structural
engineering at the University of Texas st Austin, He serves on FHWA's High-Performance
Concrete Implementation Task Force and its Concrele Pavement Oversight Group. He has
recefved numerous awards, including Uwah Engineering Educator of the year, and |s a tmined
ABET Progmm Evaluator.

Michelle Wilson is Director of Concrete Knowledge at the Portland Cement Association {PCA),
where she is responsible for PCAs education and training progrmams and technical products
covaring concrete technalogy and cament manufacturing. Prior to foining PCA In 1999, she
worked for Construetion Technology Laboratories. She Is a member of ACI Commitiees 201,
Durability of Concrate; 301, Specifications for Concrete; and 311, Inspaction of Concrete, She was
awarded the prestigicus AC| Young Member Award for Professional Achievement in 2008 and
recefved her BS In architectwral enginzering from Milwaukee School of Enginesring, with an
emphasis in struciural engineering and concrete malerials.
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ementitious Materials for Concrete
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FHWA/ACI Seminar Overview
One-tay seminar

This seminar, presented under a coopefative agreement between the Federal Highway
Administration (FIWA) and the American Concrese Institute (ACD, will refresh and extend the

mizterfals wed b make conoete.

The presenters will dearly explain the athibutes of variows cementitious materials that affed

design, and

hiydration processes

Lecation » : hoth

personnel selec and spedfy the proper camentitious materials for a particular project and
help construction personnel understand and prepara for the fleld behavior of concrate mixtures
ing various cementitious materials. In addition, a Local representstive will provide an
il OF the partioular practices and 155ues that are most cimmon In thi geographlc aria.

Afacility of your choosing contai

Who Should Attend

DOT engineers, chil engineer:

will hitlp deesign

The variety of topics covered ma ke this seminar beneficisl to » broad range of attendess including

testing specfiers,

Gontinuing Education

GRS : Topics to be covered

®  Cementitious and
Pozzolanic Materfals

®  Cement Manufacturing,
Process & Properties

®  Cementitious Materlals
Specifications.

B Hydration Mechanisms

B (oncrete Properties

B Irfluence of Cementitious
Materiats on Concrete

B Reglonal Issues

® Future Trends

e

US. Department of Transportation
Federal Highway Administration

construction supenvisors, QA QC managers, inspectors, contactors, and concrete producers.

Free Resource Materials

W AQ 211.1, Standard Practice for Selecting Popotions
for Normal, Heawyweight and Mass Concrate

W AQ 225R, Guideto the Selection and Use of
Hydrulic Cemerits

W A0 232,2R, Use of Ay Ash In Concree

B AC 233R, Slag Cement in Concrete and Mortar

W AO 234R, Guide for the Use of Sl ca Fuse in Concrete

B AQ Education Bullétin B3, Cementitious Materfals
Far Concrete

W Intégratid Matirfals and Corstruction Practices
fior Corecrete Pavemenits (Chapter 4)

W Glossary of Terms (from ACI% websine)

cementitious
Materials
for Concrete

FHWNA/ACI
One-tlay seminar

Location »
A facility of your choosing

Registration:
Workshop:

Continuing Edu
A 0750

Faculty
Two of the following will be your instructors:

Duasrell F. Elliot, FACI, is a Technical Service Manager with Buzzi Unicem USA, Metairie, LA,

d b 30 yoars of i in the concrete ion industry. He is the Chair of
ALl Commitiee 217, Ground Slag in Conerele, and serves on several AC| committess for mass
concrete, materfals, cetification, and education, He was named an ACI Fellow in 1999, He
has servied as President of the ACI Louisiana Chapter. He is also an active member of ASTM
Intemational, serving on committees for comant, concrate and concrete aggregates, and concrote
pipe. He has been an instructor for PCA and NRMCA training progeams.

David M. Suchorski, PE, FACI, is Senior Technical Senvices Manager/Sales Manager for the Ash
Growe Cement Company, Des Moines, W, and has over 30 years of experience in the cement

and concrete industries. He serves on the ACI Board of Direction and is Chair of ACI Committes
308, Curing Concrete. He s also a member of several ACI commitiees for materats, concrete,
cenification, and education. He was named a Fellow of AC| in 2010. He has served as President
of the ACI Kansas and lowa-Minnesota chapters and s 8 member of the ACI lowa, Nebraska, and
Kansas chapters. He is alicensed professional engineer in Kansas and Wisconsin.

Pausl | Tikalsky, PhD, PE, FACI, Is the new Daan for the College of Engineering, Architecture
and Technology a1 Oklahoma State University. He received his BSin civil and emvironmental
engineering al the University of Wisconsin at Madisen and his MS and PhD in structural
enginesring at the University of Texas ol Austin. He serves on FHWA's High-Perfarmance
‘Concrete Implementation Task Force and Its Concrete Pavement Oversight Group. He has

ivied awards, i i Engineering Educator of the year, and is a trained
ABET Program Evaluatos.

‘Oscar Tavares has more than of 30years of knowledge and work experdence in the cement and
concrete industries. He is experienced in new plant start-up, possesses technical expertise in
manufacturing poriland cemenl, and has been involved In new product development and direct
sales. He presently nans his own consulting company, Innovative Altematives LLC, which provides
expentise and consulting services to the cemant and concrate industries. Tavares holds a BS
Dagrea in chemistry from the University of Texas a1 E1 Paso.




Performance Mixtures for S

ustainable Concrete
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Performance
Mixtures for

Sustainable
Concrete

FHWA/ACI
One-day Workshop

District 1 — Training Room B
122 E. Washington Avenue
Las Vegas, NV 89101

Tuesday, Sept. 26, 2017
Registration: 7:45 am.

Workshop. 8.00 am -4:30 pm

Continuing Edu:ation

e

To register for the
workshop, contact:
Mario C. Gomez, NDOT

Phone: +1, 385,650,
E-mail: mgomez@dot nv.gov

US. Department of Transportation
Federal Highway Administration

Workshop Overview
This Workshop, under a between the Federal Highway
Administration (FHWA) and nn:Amcmcnn Concrete Instiute (ACT, will facus on sv-‘as D0Ts can
take toward improving the quality of their
thoy want, While many associate Improved performance with |mcf ¥fe, other aspects such
a8 reduced maintenance, earkier opening 1o troffic, of improved sustainability will also likely
sl t factors. T will first L of

i and th state of testing methads for concrete performance.

The presenters will then faciitate o discussion of the process of moving to performance
then break into groups to discuss what a performance

specification for their state would look Fke. Finally, specification i
experiences by other states and the steps needed for Implementation in the host state will be
discussed,

Who Should Attend

sons alfect panties ivahved in 8 project by & wide range
oy DOT engincers, pavement
and 1esting Iab persanned is highly recommended.

of parties will benofit the.

Topics to be covered

® Evolution of specifications and concrete technology

L} to advance

B Imglement issues

[ tes of fresh and hardencd ot
B Testing mothods for parformance properties.

L]

B Elements of a performance specifications

B Acceplance criterin

= Examples of fi

B Sicps

Free Resource Materials
® Skde handout
® ACI 329R-44, *Report on Performance-Based Requirements for Concrete™

Performance
Mixtures for
Sustainable

Concrete

FHWA/ACI

One-day Workshop
Location »

MNevada Department of Transportation
District 1 — Training Room B

123 E. Washington Avenue
Las Vegas, NV 89101

Tuesday, Sept. 26, 2017
Reg

To register for the
workshop, contact:

E-mail: mgomeo zérdot.nv.gov

Faculty

Cecll L. Jones is President of Diversified g Services, Inc., Roleigh, NC,
and has over 40 years of and materinks related to

Ha provides sarvices 1o chonts h specil doval 3
rezearch, suppart, training, and g | services.
Prior to establhing Diversified Engincaring Services, he worked weth the North \:mounn
DOT for over 30 years g from field

the position of State MMII’IGII Enqlnnr.wlln -

of the materials quality system for the Degx s so.ooo-mae

highway system.

Cecil received his BS il L i MNorth i ity and is a

beensed professional engineer in Norh Caroling. He is active in several prefessional
organizations induding ACI, AASHTO, and ASTM Intemational

Tyler Ley, FACI, has more than 16 years of the field of based
materiaks. He has worked 03 an engineer with a design consultant, construction contrctor,
government ngency. and as a professor, This practical experience blended with his
technical experntine has elevated both his teaching and research

His research focuses on studying the durability and construction of cement based
materiaks. His resenrch and state C test methods, and
pokcy changes. Some of th in hi h lab include: The Super
Air Meter, the Box Test, the Tarantula Curve, Pulpeure, Clags, and a new method to classify
fly ash.

Ley is a fellow of American Concrete Institute and the American Ceramic Society and

has received severn| national awards, including the NSF Carcer Award, the ACI Faculty
Achievement Award, and the Regents Research Award from Oklahoma State Universiy.

Paul J. Tiknisky, PhD, FE. FACI, is Dean of the College of Engineering, Architecture and

State Universa in civil and
o the L Macizan and his M5 and PhD in structural
engineering ot the University oﬂl:as at Austin, - FHWA's High-

Concrete Implemantation Tack Force and its Concrete Pavement Oversight Group. He has
received numercus awnrds, including Utnh Engineering Educntor of the Year.




elf-Consolidating Concrete

Self- ﬂﬂﬂSﬂliJﬂlllﬂ
toncrele

FHWA/ACI Seminar Overview

i This seminar, presented under a conoerat'\'e agreem ent between the Federal Highway
One-tlay seminar ZBim, pesenec naers e
personnél with a d concrete

(S00). The two peresensers sted below wil dearly explain how SCC can be used to produce betrer
and more durable conaete in transportation structures. In addition, » local representative will
Lecation » provide an overview of projects in the geographic ares that have used SCC and relste their
ExperlEnce working with the materfal,

Afacility of your choosing
etk iee tan Who Should Attend
wl;"“nw: 8:00 2., Thevarfety of toplcs covered make this séminar beneficial 10 a broad range of atteéndees indluding
DOT engingers, civil engingers, materlal testing specfiers, profect
construction supenisors, QAT managers, inspector and concrete prod
00m|l'll.l|l'lg Educ ﬁﬂl’l :
Topics to be covered
W History and Baslc Qverdiw
B Swndardization Efforts and SCC Test Methods
B Materisls snd Mixture Propoioning Cone derstions
® Frish and Hardéned Propérties of S0C
W Applications and Economie Benefits of SCC
| SCCin Drilled Shaft Construction
W Constructibility Issues Formwork Pressum
W Specification Considerations
Faculty
Charkes Nasai, PO, PE FACI, is M-mlw oFt.urnesu rg Services at BASF Corstruction Chemicals,
LLE, = lesding chemicals in Qevelard,
H, His uuﬁ\es Include pmvfdrng rechnl‘nll.eada’sh[p and strategic guldance In the marketing o
d and high-perf; cOnerete problems,
He it also a civaly favodved in high oancrete transfor achvities. Haisa
Fellow of ACI; a past member nﬂhe ALl Board of Ditection and Educational Adivities Committee;
Past Chalr of AC] Ci Ero1 for Concrete Cs and 222, Comosion of

Metals In Concrede; and a member of other ACH, ASTM, and POl committees,

Anton K. Schindler, PhD, PE, is the Gottlieb Associate Professor at Auburn University where he
titachis coursis in engln@éng mitchanics, structura | disTan, and concriti materfals fn the Ciil
Engintiring Departmint. Hi réckhid his MS and PhO in civil ingin@ering from The Unfvirsity of
Texas atAustin, He s » member of TRE's Technical Committee AFN20, Properties of Concrete,

and 3 member of ACI Committees 2 31, Propenties of Concrete at Early Ages, and 237, Self
Consolidating Concrete. He was a panél member on NCHRP Projiect 1212 “Self-consolidating
concrite for precast, *He fsan acth ber of AQ, TRB,
ASCE, RILEM, 3nd ASTM 2 nd received ACI's Wason Medal for Conerete Materlals Research in 2006,
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Implementing PEM

- Agency dictates how the . Agency identifies
material or product is desired characteristics
formulated and constructed of the material or

- Based on past experience product

- Minimal/uncertain ability to - Contractor controls how
innovate to prOVide those

- Requires agency to have characteristics
proper manpower and skill - Maximum ability to
set to provide oversight innovate

- Reduced oversight
burden on the agency




Accelerate Implementation and Deployment
of Pavement Technologies

FAST Act Section 503 (¢)(3)

(B) Goals.- The goals of accelerated implementation and deployment of pavement
technologies program shall include-

(1) the deployment of new, cost-effective designs, materials, recycled
materials, and practices to extend the pavement life and performance and to
improve user satisfaction;

(i1) the reduction of initial costs and lifecycle costs of pavements, including the
costs of new construction, replacement, maintenance, and rehabilitation;

(iii) the deployment of accelerated construction techniques to increase safety
and reduce construction time and traffic disruption and congestion;

(iv) the deployment of engineering design criteria and specifications for new
and efficient practices, products, and materials for use in highway pavements;

(v) the deployment of new nondestructive and real-time pavement
evaluation technologies and construction techniques; and

(vi) the effective technology transfer and information dissemination to accelerate
implementation of new technologies and to improve life, performance, cost
effectiveness, safety, and user satisfaction.




FHWA Cooperative Agreement
with Iowa State University

Advancing Concrete Pavement Technology
Solutions

The purpose of the Agreement is to...

Deploy innovative technologies to improve pavement
performance

Develop and transfer new technologies

Deliver tools and guidance documents to States to
support the increased knowledge of concrete materials,
concrete pavement design, construction, and
maintenance




FHWA Cooperative Agreement
with Iowa State University

Funding
Federal Share — $6,994,330
Non-Federal Share — $2,331,445
Total Agreement — $9,325,775
Federal Funds Obligated — $1,398,866

Period of Performance
60 Months




FHWA Cooperative Agreement
with Iowa State University

Six Work Areas

Extending pavement life and performance

Reduction of initial costs and lifecycle costs of
pavements

Deployment of accelerated construction techniques

Deployment of design criteria and specifications for
new practices/products/techniques

Deployment of non-destructive testing and real-time
pavement evaluation techniques

Technology transfer and information dissemination




FHWA Cooperative Agreement
with Iowa State University

Work Order Procurement Requests (WOPRSs)

WOPR No. 01 — Recycling and Reuse of Waste
Products

(Work Area 1 — Awarded)

Technical Guidance on Use of Reclaimed Fly Ash and
Natural Pozzolans

Use of Construction Byproducts

Use of Recycled Concrete Aggregate in Concrete Mixtures
Industrial Waste Byproducts




FHWA Cooperative Agreement
with Iowa State University

Work Order Procurement Requests (WOPRSs)
WOPR No. 02 — Performance Engineered Pavements
(Work Area 4 — Pending ISU response)

Performance Engineered Mixtures (PEMs)/AASHTO PP84
o Guidance on PEM and QC

Precision and Bias Statements




FHWA Cooperative Agreement
with Iowa State University

Work Order Procurement Requests (WOPRS)
WOPR No. 03 — Reduction of Costs
(Work Area 2 — Pending FHWA submittal)

Preservation Strategies and Technologies

Rehabilitation with Concrete Overlays

Continuously Reinforced Concrete Pavements and Overlays




What More Is Needed?

Construction?
Safety?
Non-destructive technologies?

Design criteria?




Research Needs

TRB AFN 30- Durability of Concrete
Chair- Gina Ahlstrom

Image: Pixabay

What would you like to see brought forward through TRB
as a research need?
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Statistical Analysis of Materials (SAM)
and Percent Within Limits (PWL)

ROBERT CONWAY, PE, CCM
SR. PAVEMENT AND MATERIALS ENGINEER
(A FHWA, RESOURCE CENTER

US. Department of Transportation

Federal Highway Administration
Office of Infrastructure




Concrete Acceptance for Durability

» How do we accept concrete? [’

o Slump

o Temperature
o Air

o Strength

o Thickness

o Ride

» How do we adjust price?
o Strength

Image: Pixabay




Concrete Acceptance for Durability

We are getting what we

are willing to accept.

» We're getting strong
concrete.

« We're not getting durable
concrete.




Concrete Acceptance for Durability

Quality Control

Selective in material sources
Superior workmanship

Additional Cost

SERRRERLERI D

LOW BID




Concrete Acceptance for Durability

We are always going to get

what we are willing to accept.

o Ask for durability

 Incorporating Durability Quality
Characteristics for Acceptance

» Adjusting Payment Based on
Durability Quality Measures




Percent Within Limits

» Efficiently captures mean and standard
deviation in one quality measure

X - mean
s - standard deviation




Recommended Quality Measure

» Percent within Limits (PWL)

specification
limit

specification
limit




Current Portland Concrete Cement
PWL Acceptance States

Abbreviation-State % Contractors tests in acceptance decision HMA % Contractors tasts in acceptance decision for PCCP
fired layer

N ]

b Ay

, Contractor test results with F& t tests for HMA using 2 minimum of... 3, Contractor test results with F& t tests for PCCP usinga

N il

¥ X

<, Qualify sampling and testing personnel HMA 2} Qualify sampling and testing personnel Concrete

N il

Y ¥

%, PWL/ PD type specifications for payment for HMA? %, PWL/ PD type specifications for payment for PCCP?

N T

Y i}

L 500 km 1 @Gk, BpenStraatMap centributors

Map source: hitps://www.openstreetmap.org/copyright

1

]
c
H
o
T 8g
@
o
E
=
@
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Abbreviation-State
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Establishing PWL Spec Limits

State S SAM

n
Pop. Range

Pop. Median
Population Mean p
Population Variance ¢®
Pop. Stand. Deviation o

Freq

0,04

26

0.01to 0.46
0.1g
0.1864
0.008021
0.089559

Calculated S0 PWL

Sa M Mumber

0.2a

If 90 PWL = Upper Spec Limit

90 PWL: 1 Limitz=1.28

Z = {Mean - Spec. Limit)/Std. Dev.
Spec. Limit = Mean + (Z * Std. Dev.)

Upper Spec Limit
Calculated 0.30

0.28

(1 44
(.44




Establishing PWL Spec Limits

State R

n
Pop. Range

Pop. Median
Population Mean p
Population Variance o?
Pop. Stand. Deviation ¢

124

0.03 to 0.58
0.21

0.21
0.00824667
0.050811178

State R SAM PWL

If 90 PWL = Upper Spec Limit

90 PWL: 1 Limit z=1.28

Z = (Mean - Spec. Limit)/Std. Dev.
Spec. Limit = Mean + (2 * Std. Dev.)

Upper Spec Limit
Calculated 0.33

0 002004006008 0.1 0.120,140.160.18 0.2 0.220.240.260.28 0.3 0.320340.360.38 0.4 042044046048

State T SAM

n

Pop. Range

Pop. Median
Population Mean p
Population Variance o*
Pop. Stand. Deviation o

Freq

Gu02
03
0, 04

21
0.1to00.285
0.15500
0.16976
2.3464E-03
0.048439363

Calculated 90 PWL

N R O )
oo = S B B~ o

0.11
0,15
0.21

SAM Number

If 90 PWL = Upper Spec Limit

90 PWL: 1 Limitz =1.28

Z = (Mean - Spec, Limit)/Std. Dev,
Spec. Limit= Mean + (Z * 5td. Dev.)

Upper Spec Limit
Calculated 0.23

0.28
g
1
2




Establishing PWL Spec Limits

State U SAM

n
Pop. Range

Pop. Median
Population Mean p
Population Variance o*
Pop. Stand. Deviation o

Freq

-0.03-0.01 0.01 0.03 0.05 0.07 0.09 0.11 0.13 0.15 0.17 0.19 0.21 0.23 0.25 0.27 0.29 0.31 0.33 0.35

190

0.01t0 0.45
0.16500
0.15921
4.0569E-02
0.063693533

If 90 PWL = Upper Spec Limit

90 PWL: 1 Limitz=1.28

Z = (Mean - Spec. Limit)/Std. Dev.
Spec, Limit = Mean £ (Z * Std. Dev.)

Upper Spec Limit

Calculated 0.24

Calculated 90 PWL

SAM Number

State VSAM

n
Pop. Range

Pop, Median
Population Mean p
Population Variance o®
Pop, Stand, Deviation o

173
0.0-0.64
0.18
0.20
0.015
0.124

SAM PWL

If 90 PWL = Upper Spec Limit

90 PWL: 1 Limitz=1.28

Z=(Mean — Spec, Limit)/Std. Dev.
Spec. Limit = Mean £ (Z * 5td. Dev.)

Upper Spec Limit

Calculate 0.35_

0,34
a7

1
(.45
.
0.55




SAM Data Analyzed

State n Mean Std Deviation Calc U[.in:r
Spec Limit

R 124 0.21 0.0908 0.33

S 86 0.19 0.0896 0.30

T 21 0.17 0.0484 0.23

L 190 0.16 0.0037 0.24

W 173 0.20 0.124 0.36




PWL Benefits

¢ Quantifies how much of the material received
was within contract

e Average and Spread of test data in a single
quality measure

e More Accurately Characterizes the Quality of
each Lot or Population of Data

e Methodology to Adjust Price Based on Quality
Received




Pay Factor (%)

Payment Plan with 5% Incentive

33
120
. PF=0.5PWL + 55 AQL
0 20 40 60 80 100

Estimated PWL



PWL Hypothetical Pay

SAM PWL at 0.33 Upper Spec Limit

Hyp()thetical L :‘5“1 Dev  Qu ' n d2 x PWL PF
payment scenarios | '

PWL Spec with S S S S S
upper specification
hmlt fI'OIIl pllOt 023 "004879 2.13179° 5 223607 0 100  105.00
population

027 005508 114993 3 1.73205 0.00206 97 103.55

0.20 0.03 433333 3 1.73205 0 100 105.00

025 0.09381 08528 5 2.23607 0.26l163 79 94.58




SAM Data Analyzed

o EES

UNTBRY .
Map source: https://www.openstreetmap.org/copyright s
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Implementing PWL

O,

Contractor is successful if they can control
variability and target within limits

Quality Characteristics

Population of Test Data

PWL Training

Specification Development
Individual PWL Training/Meeting

Calibration




Consider PWL and Concrete
Acceptance for Durability

Durability Quality Characteristics

« Optimized Gradation Acceptance Test

« Dowel Placement and Alignment MIT Scan-2
« Super Air Meter Acceptance Test

« Water/Cement Ratio Acceptance Test
« Surface Resistivity Acceptance Test

« Thickness MIT Scan T3

 Ride Quality
« Strength

———
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FHWA Performance Related R
Specifications (PRS) for Concrete Pavements

U.S. Department of Transportation

Federal Highway Administration

Office of Infrastructure Research, Development,
and Technology
Turner-Fairbank Highway Research Center
6300 Georgetown Pike
McLean, VA 22101-2296

Matthew Corrigan, P.E.
Construction Research Engineer
Turner-Fairbank Highway Research Center
Infrastructure Analysis and Construction Team
matthew.corrigan@dot.gov
(202) 493-3365

R
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FHWA'’s Construction Figeg,
Specifications Whiteboard Video (8:03)

https://youtu.be/-FfTOUflIbfF4

17 .


https://youtu.be/-FfOUfIbfF4

Federal Highway Administration Research and Technology

Coordinating, Developing, and Delivering Highway Transportation Innovations

PRS Definition

“QA specifications that describe the desired
levels of key materials and construction
quality characteristics that have been found
to correlate with fundamental engineering
properties that predict performance”

Source: Transportation Research Circular E-C137,
Glossary of Highway Quality Assurance Terms

@ https://highways.dot.gov/research/ 40
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Performance Related Specifications (PRS)
compare design expectations to what was constructed and pay
for the product accordingly.

Performance Engineered Mixture Design (PEMD) and
acceptance is a process that that optimizes pavement
performance goals and environmental conditions while allowing
for contractor innovation and properly assigned risk and reward.

Performance Engineered Pavements (PEP) initiative unifies
several existing performance focused programs under a single
strategic program vision. The vision seeks to incorporate the
goal of long term performance into the design, construction and

materials acceptance of our nations pavement infrastructure.
R

UsS. Department of Transportation
Federal Highway Administration
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Concrete
Performance Engineered
Pavements (PEP)
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| Design \ Mixture Design Assurance (QA) 7 Acceptance
| S o (PEMD) .
. = )

__——

Construction >
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Concrete Pavement PRS

Workshops & PRS Shadow Projects

« FHWA provided support, training, & resources
for PRS shadow projects (aka "PRS-Shadow”)

» Performance tests, specifications, tools, etc.

* Concrete Pavement PRS Workshops
« June 2019

 DOT participants: ID, IN, MI, PA, UT
* Next Workshop — date tbd

Seeking Additional DOT Shadow Project Participants!

Contact Matthew Corrigan at matthew.corrigan@dot.gov

Q

US. Department of Transportation
Federal Highway Administration
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PRS Software

E PASSPave™

D ) A \(L_"\lfl""‘x _Jﬂ\i—ﬂ V) =d

[\ "PASSFlex = A 'PASSRigid

@ Forave” [ Feowar

o https://highways.dot.gov/research/
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S TURNER-FAIRBANK
r HIGHWAY RESEARCH
= CENTER

Thank Youl!

Sharing the results of Recently COm pleted
your highway research research |S aVaI|ab|e at

with the world
* https://highways.dot.gov/
research-resources
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Formation Factor, Calcium Oxychloride,
and Alkali-Silica Reaction (ASR)

National Concrete Consortium
Fall 2019

Luca Montanari

Infrastructure Materials Team
TFHRC




Index

Formation Factor (FF)

o FF measured on typical concrete pavement mixtures (AASHTO
PP84)

Calcium Oxychloride
o Validation and Optimization of AASHTO T365

ASR: Lab Tests vs. Exposure Blocks Performance
o Validation and benchmarking of: ASTM C1293, MCPT, CCT




FF and Bucket Test: Current Status

FORMATION FACTOR DEMYSTIFIED AND ITS RELATIONSHIP TO
DURABILITY

Jussara Tanesi, PhD., FACL (9 Luca Montanari, (i) and Ahmad Ardani, P.E.(i)

'WHAT IS ELECTRICAL RESISTIVITY AND WHY IS IT MEASURED?
Electrical resistivity is a property that indicates the material’s resistance to the passage
of electrical charges at a defined temperature. Concrete is a porous material and the
porosity in concrete consists of a system of nano- and microscopic pores, interconnected o
at different degrees. In concrete, resistivity is directly proportional to the resistivity of the httDS : / / rosap .ntl .bts 20V / view / d()t / 400/K1
pore solution, and inversely proportional to the volume and connectivity of the pores. This - -
means that:
* The more pores and the more these pores are connected, the lower the resistivity
(Figure 1).
« The higher the concentration of ions in the pore solution, the lower the resistivity.

In other words, concrete resistivity depends on the pore structure and on the pore
solution. While concrete resistivity measurements are used as a surrogate test by many
state DOTs and commercial labs for durability testing and quality assurance purposes,
these tests fail to capture the influence of the pore solution.

(a)
Source: FHWA

Figure 1. lllustration. Applied charges through concrete with a) high connectivity
and b) reduced connectivity between macroscopic pores.

(U

US. Department of Transportation
Federal Highway Administrati




FF and Bucket Test: Current Status

FF measurements and classification based on

AASHTO-PP84 guidelines
Paper submitted to TRB

o Different approaches studied to promote test reliability:
x Soaking time in bucket solution of 7d

x Soaking time in bucket solution of 56d

x Using estimated pore solution as the bucket solution (56d Custom)




FF and Bucket Test: Current Status
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M = FF calculated with
expressed and measured
pore solution resistivity

BT = FF calculated
assuming pore solution
resistivity = resistivity of
bucket solution




FF Factor and Bucket Test: Equilibrium

o Extending conditioning time (from 7d to 56d)

x Not successful in improving test reliabilityx

o Increasing the # of bucket solutions to choose from (to 2 / 3)
« Can highly improve the test reliability ‘

Impact on Test Reliability

Monte Carlo Distribution

# Bucket Solutions 1 2 3

Resistivity of bucket
solution [Ohm-m]

0.13 0.13 0.24 0.10 0.19 0.30

Data > 30% Diff 45% 14% 5%




CAOXY AASHTO T365 Optimization
Verification:

o Studying the test over a range of different mixtures for:
= Paste
= Mortar
= Concrete

Optimization (Reduction of test time and gas
consumption):
o Increasing the minimum temperature,

o Increasing the heating rate (with machine re-calibration)
o Extending the test to high T DSC




ASR
©)

Benchmarking MCPT (AASHTO T380) and
CCT to field exposure:

Paper submitted to TRB
1000 AASTM C1293 _©CCT (9 Months) ®MCPT
< ' _10.00 5 '
2 | g
8 1.00 I S 100 l
L L 28 oo, '.25'
o R APV |
-%0.01 8!‘&@ § 0-01;__-‘ —
I A : !
§0.00 bt et = 0'00000' 001 .|.....0..:10. 100 10,00
oo " ok ex%;ﬁsion (%)1'00 1 Test |% Agreement with Block expansion (%)
method | Exposure Blocks
ASTM a1
C1203
CCT 47
MCPT 76




Summary

Bucket Test and FF:

o Bucket test showed reliable classification of mixtures (TRB Paper).

o Reliability of test can be improved by adding more options for bucket
solutions (1 or 2)

Calcium Oxychloride:

o AASHTO T365 currently being validated and optimized over paste,
mortar and concrete specimens

ASR

o MCPT showed 76% of cases in agreement with exposure blocks,
better than CCT and ASTM C1293 (both showing under 50% cases in
agreement with exposure blocks)




Questions
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