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Secretary
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Eng. Ana L. TorreSantana

Deputy Executive Director
Puerto Rico Highways and Transportation Authority
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Eng. Héctor RLaureano

Bridge/Structure Engineer
FHWA, Puerto Rico and USVI & Florida Divisions
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Eng. Anabel NMerejildo-Santiago

President
American Concrete Institute (ACl), Puerto Rico Chapter
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Dr. Didier M. ValdésDiaz
Puerto Rico LTAP Center

A Director, Puerto Rico LTAP Center

A Professor, Department of Civil Engineering and Surveying in the
University of Puerto Rico at Mayaguez

A Principal Investigator on SEMPACT at the University of Puerto Rico at
Mayaguez

A Site Director of the SAFERSIM University Transportation Center at the
University of Puerto Rico at Mayaglez

A Principal Investigator on NICRUPRM
A PhD in Civil Engineering from The University of Texas at Austin

A Master of Science in Traffic and Transportation Engineering from Cauca
University, Popoyan, Colombia

A BSCE from La Gran Colombia University, Bogota, Colombia
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INTRODUCTIONN T EVERYY DAYY COUNTSSANDD
EPIC? IINITTTANITTE:

Dr. Didier M. Valdés-Diaz

Director, Transportation Technology Transfer Center
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-Every Day Counts

Innovation for a Nation
on the Move

s Is the FHWA program to advance a culture of innovation in the
transportation community. (Source: FHWA)

s EDC is a State-based model that identifies & rapidly deploys proven, yet
underutilized innovation to:

s shorten the project delivery process
s enhance roadway safety

s reduce traffic congestion

5 Integrate automation
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EDG7 Innovations 2022024

Nighttime Visibility for Safety

The nighttime crash fatality rate is three times the daytime rate. Enhancing visibility along
corridors, intersections, and pedestrian crossings can help reduce fatalities. This initiative
promotes traffic control devices and properly designed lighting to improve safety for all users.

EPDs for Sustainable Project Delivery

Construction materials such as concrete and asphalt have environmental impacts during
their life cycle. Environmental product declarations, or EPDs, document those impacts. This
tool helps States support procurement decisions and quantify embodied carbon reductions
using life cycle assessments for sustainable pavements.

Next Generation TIM: Technology for Saving Lives

Over six million crashes a year in the U.S. put responders and other vulnerable road users at Rethinki ng DBE for DeSIgn-BUl|d
risk. Next-Generation Traffic Incident Management programs promote emerging technologies

such as emergency vehicle lighting and queue warning solutions. These and other tools can Many disadvantaged business enterprise program procedures do not adequately address

advance safety and operations to mitigate incident impacts. design-build contracting. New practices are available to support the effective integration of
program requirements to help small, disadvantaged businesses compete for design-build
Integrating GHG Assessment and Reduction Targets in contracts.

Transportation Planning Strategic Workforce Development

Transportation is the largest emitter of greenhouse gases in the U.S. This initiative provides
resources to help agencies quantify greenhouse gases and set goals to decrease motor
vehicle, construction, and life-cycle emissions through planning and project development.

The demand for highway workers is growing, and emerging technologies require new skills.
This innovation helps stakeholders improve their ability to identify, train, and place highway
construction workers. The focus will expand to rural and Tribal communities to increase
career opportunities.

Enhancing Performance with Internally Cured Concrete
(EPIC?)

Cracking in concrete is a limiting factor in achieving long-term concrete performance. Internal
curing mitigates shrinkage cracking and has the potential to substantially extend the service
life of concrete bridge decks and enhance the performance of pavements and repairs.

Initiatives selected to-be implemented in Puerto Rico
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Enhancing Performance with Internally Cured Concr
(EPIC)

A Cracking in concrete is a limiting factor in achieving long-term concrete
performance.

A Internal curing mitigates shrinkage cracking and has the potential to substantially
extend the service life of concrete bridge decks and enhance the performance of
pavements and repairs.

A This material-level technology can be employed in any concrete mixture with an
adjustment to mixture proportions.

AUse  pre-wetted  lightweight
aggregates, which have a high- "%
absorption capacity and are
naturally compatible with
common concrete production
practices.
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Eng. Ana L. TorreSantana
Puerto Rico Highways aidansportation Authority’RHTA)

A Deputy Executive Director

Puerto Rico Highways and Transportation Authority
A FederalLiaison Office Director

Puerto Rico Highwaysand Transportation Authority

A Champion of the EDC initiative Enhancing Performance with
Internally Cured Concrete (EPIC)

A Oversees and provides support in the implementation of best
practices for the project delivery for the Puerto Rico Highway
Program(PRHP)

A Master of Engineering in Civil Engineering (MECE), Polytechnic
University of Puerto Rico (PUPR)

A Bachelor of Science in Civil Engineering (BSCE), University of
Puerto Rico at Mayaguez (UPRM)
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Eng. Ana L. TorresSantana

Deputy Executive Director
Puerto Rico Highways and Transportation Authority

Federal Highway Administration

4
?Depcﬂn’ml of Tonsportation ﬁDC TnANsponv'lyAﬁ'%ﬁ ‘\@ X" AtkinsReéalis =SEGARRA M CEMEX ? -----

EUCLID CHEMICAL -



Round 7 Every Day Counts
EDC7 Innovations(20232024)

EDC Innovation PRHTA Champion FHWA POC

STEP, Reducing Rural David Ramos (PRHTA)
Roadway Departures, Lighting  Ashley Vargas (Metric Grace Diaz-Estrada
Improvements. Engineering)

Nighttime Visibility
for Safety

Next Generation Smart emergency vehicle
TIM: Technology for lighting, digital alerts, UAS,
Saving Lives debris removal tools.

Lissette Lugo (PRHTA)

Josué Cruz (CMA) JC Rivera

Enhancing
Performance with
Internally Cured

Internal curing increases

C 0 n c r redis@ces to early ATES Ly LSS (PRI

José M. Lépez (Atkins) Hector Laureano

Concrete (EPIC2) cracking.
EPDs for An EPD is a transparent, third
SUStagﬁ?\I’ErpmJeCt party verified report used to Sheila Sanchez
(Environmgntal communicate those impacts (PRHTA) Andrés Alvarez
Product from resource use, energy, and Zaida Rico (CMA)
Declarations) emissions.
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Every

Day

Counts

EDC7 Innovations(20232024)

Q

US Department of Tronsportation
Federal Highway Administration

EDC-7 Innovations (2023-2024)

Nighttime Visibility for Safety

The nighttime crash fatality rate is three times the daytime rate. Enhancing visibility along
cormdors, Intersections, and pedestnian crossings can help reduce fatalities This initiative
promotes traffic control devices and properly dasgned lighting 1o improve safety for all users

Next Generation TIM: Technology for Saving Lives

Over six million crashes & year in tha U S put responders and other vulnerable road users at
nsk. Next.Generation Traffic Incident Managemen! programs promote emerging lechnologies
such as emergency vehicle lighting and gueue warning solutions These and other tools can
advance safety and operatons to mitigate incident impacts

Integrating GHG Assessment and Reduction Targets in
Transportation Planning

Transportation is the fargest emitter of greenhouse gases in the U S This intiative provides
resources to help agencies quantify greenhouse gases and set goals o decrease motor
vehicle, construction, and life-cycle emissions through planning and project development

Enhancing Performance with Internally Cured Concrete
(EPIC?)

Cracking in concrete 1s a limiting factor in achseving long-lerm concrete performance Intermnal
cunng mitigates shnnkage cracking and has the potential 1o substantally extend the service
life of concrete bndge decks and enhance the performance of pavements and repais

EPDs for Sustainable Project Delivery

Construction materials such as concrete and asphalt have environmental impacts during
their life cycle. Environmenta! product declarations, or EPDs, document those impacts, This
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View list of EDC-7 confacts A

EDC.7 Overview Video
Fact sheaet

EDC.T Summit

E_DC Rounds A

EDC-1(2011.2012)
EDC.2 (2013.2014)
EDC-3 (2015.2016)
EDC-A (2017.2018)
EDC-5 (2019.2020)
EDC-6 (2021-2022)

lf_uplications

EDC.7 Bassline Report
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https://www.fhwa.dot.gov/inn
ovation/everydaycounts/edc
7l

https://www.fhwa.dot.gov/inn
ovation/everydaycounts/edc
7/enhancing epic.cfm

Internally Curing Concrete
Produces EPIC2 Results |
Innovator | 2023 | September
/ October (dot.gov)
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https://www.fhwa.dot.gov/innovation/everydaycounts/edc_7/
https://www.fhwa.dot.gov/innovation/everydaycounts/edc_7/
https://www.fhwa.dot.gov/innovation/everydaycounts/edc_7/
https://www.fhwa.dot.gov/innovation/everydaycounts/edc_7/enhancing_epic.cfm
https://www.fhwa.dot.gov/innovation/everydaycounts/edc_7/enhancing_epic.cfm
https://www.fhwa.dot.gov/innovation/everydaycounts/edc_7/enhancing_epic.cfm
https://www.fhwa.dot.gov/innovation/innovator/issue98/page_01.html
https://www.fhwa.dot.gov/innovation/innovator/issue98/page_01.html
https://www.fhwa.dot.gov/innovation/innovator/issue98/page_01.html
https://www.fhwa.dot.gov/innovation/innovator/issue98/page_01.html

Every

counts
EDC7 Innovations(20232024)

URMAAIAL 1911 W WIS SIS gt Torarmmi 1 e o Losgag gy
in the concrede mixture distribute the curng water ihvoughout the concrete body As the
concrete loses water naturally due to continuad hwdralica or environmental exposure, wates
1s puled out of the ightwesght aggregate and creasss mternal cunng. This aliows
cementibous microstructure pores to be refilled before they become emply, avadng the

negative pore pressures that cause concrate to shrnnk

PR U A, WSS R i

Applications

Intarnal cunng is prmanily used in concrete hrdge decks where a reguchon mn shankage
coupled with ower-parmeabilty mixture dasigns can provide substantially improved
protacton to the steel reinforcement In paving and overays. the technology reduces the
magnitude of crack wwdths and curling dedormations and can be used to axtand the spacing
betwaen engnesrad points For patching and repar materials inernal curing minimizes the
potential for restraingd shrnkage cracking associaled with high cement condent medures
desgned to develop strength rapidly

Benefits

Versatility. intarnal cunng can be used anywhere fradibonal concrete is used i ollows the
noems of industral concrete production, making 4 accessible 1o any producer ak@ady Tamdar
with the slata of practica

Durabifity. Internal cuning mibgates shnnksge criscking Biat i parficularly problematic in low
waterto-cementitious materials ratio concretes. allowng construction with lower permeability
concretas to umprove durabdity

Cost Savings. Highar.durabiity concrete mixtures can iast sevaral imes longer than
tradtongl concretes, reducing the need 10 renabiliate or repiace critical eements such as
bndpea dacks dunng the design life of tha bridge, resulting In ka.cycle cost savngs

Embodied Carbon Reduction. Intamally cured concrate mixtures can be designad with
lowar water-So-cementitious matonia’s ralios and mncreased utiszabon of natury. waste, or
ahemative recyced cementibous products without reduced performance o ncreased nsk of
cracking

State of Practice

State departmants of transpartation (0OTs), local pubic agencies, and transit authonties
have begun implemanting mternal curng to mest ther neads

» Bridge Decks: New York State, Indiana. Louisiana, North Casolina, Oheo, and Utah
DOTs. Westom Foeders Lands Hglway Divesion, and 1he llincss State Toll Highway
Authonty

« Pavements: Kansas and Texas DOTs and the North Texas Tollway Authonty

« Pavement Patches: City of West Lafayette Indana Texas DOT and Michigan

municipalities

VWG DA UL g Y

Resources
Fact shoal

Subscribe to Enhancing
Ferformance with Internalty

Cured Concrete (EPIC?)

FHWA Concrate Cips
interngl Cuning Video

Expanced Snalo, Clay, and
Slste Instilute (ESCSE)
inteimal Cunng Videcs

NIST Inteenal Caring of
Concrata Information
Sources

Naw York State DOT
Standard Specfcatons

Raport on Indana DOT's
Canstriction of Brdge Decks
with Indernol Curing

National Concrete Pavement
Tecnhnology Cental Intemsal
Cunng Resources

CP Tech Center Givae
Specification for (nfermally
Cunng Concrate

Oregon Stafe Unwversity
nborrl Cunng Rosources

nnovaton Spotiight
Enhanong Parformance with
nornally Cured Concreta
(EPIC2) (2:31) 10423

https://www.youtube.com/wat

ch?v=b6WREFmacaM

https://www.nist.gov/el/materi

als-and-structural-systems-

division-73100/inorganic-

materials-group-

73103/concrete-0-0

https://cptechcenter.org/inter

nal-curing/

https://intrans.iastate.edu/ap

p/uploads/2018/09/IC quide

spec w cvr.pdf

https://www.youtube.com/wat

ch?v=gqwnj6j4g5d0Q

Renen v we
Page Last modfed on Oceber 6 2023

| Pomecy Paicy | Trmedian of Intsrmston Act 7 ORA) | Acramalutty | Weth Foluins & Natcoes | Ms Fear At | Aegant Wastn Frost st Abuss
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https://www.youtube.com/watch?v=b6WREFmacaM
https://www.youtube.com/watch?v=b6WREFmacaM
https://cptechcenter.org/internal-curing/
https://cptechcenter.org/internal-curing/
https://intrans.iastate.edu/app/uploads/2018/09/IC_guide_spec_w_cvr.pdf
https://intrans.iastate.edu/app/uploads/2018/09/IC_guide_spec_w_cvr.pdf
https://intrans.iastate.edu/app/uploads/2018/09/IC_guide_spec_w_cvr.pdf
https://www.youtube.com/watch?v=qwnj6j4g5dQ
https://www.youtube.com/watch?v=qwnj6j4g5dQ

Every

Day

Counts

EDC7 Innovations(20232024)

Baseline Questions (Due April 21, 2023):

1) April 2023 Baseline: “What stage of
implementation is the State currently at?

{Choice — Pick One)
= Mot Implementad
p

EDC Enhancing Performance with Internally Cured Concrete (EPIC?)
. & : EDC-7 State of the Practice/ Implementation Plan Form

racilice/ ] endne i1Qr ro

[The below table is meant to provide a means to define the implementation stages that will be used
throughout the 2-years of EDC-7 deployment. These definitions are used when capturing your baseline,
progress, and final reports for each of the innovations and were developed to provide consistency
between states in measuring the deployment progress of an Innovation

= Workshops or Peer Exchanges

B Case Studies {2.9., Succassful deployments from other states)
[ Mo Assistance Anticipated from FHWA in Deploymeant

O our statz is willing to assist others

[ Other

&) FHWA Division Contact for Innovation:

Rivera Crtiz, Juan C. (FHWA)

<juan.riveraortiz@dot.gov=

D - - -
Review the Implementation Stage Definitions on Development Stage |I'I1P|EITIEI'IH|:I'DI1 Plan Activities
page 1 and select the appropriate stage for vour L] Demanstration Stage
istate. [ azseszment Stage Tal'get
[ Institutionaizsd Activity Mo. Description of Activity Completion Date
2) Current Status: Provide the current state There is a general concept knowledge of internally cured concrate
of practice o suppart the above selection. \within the concrete industry members. The State evaluated 1 Meeting with the local concrete producers association October/2023
Please note State DOT, local agency, and Enhancing Performance with Intemally Cured Concrete (EFIC) and
transportation pariners status. i it will i i ] i . .
p p determined that it will implement if as part of EDC-7 innovations. 2 Technical Training/Exchange March/2024
3) Goal: What is the State goal in two years? {Chaice — Fick Onej _ .
_ _ } L1 Mot Implemerted 3 Development of EFIC mix designs Julyi2024
Feview the Implementation Stage Definitions on
page 1 and select from appropriate stage. L] Development Stage 4 Filot Project December/2024
[ Demonstration Sia —
2 FrensiERen =eas 6 Assessment of the performance and adjusting any March/2025
Assessment Stage processes for full deployment
1 Institutionalized
4} Implementation Plan Activities: Provide the | The implementation of the Enhancing Performance with Infermaily
proposed activities the State and their partners |Cured Concrete (EFIC) practice by the imvolvement of the FHIAA,
intends to perform to attain their goal. iocal Concrete Industry and the Sfate. The focus will be in fraining, ) .
demonstrationfesearch, and assessing the performance. See Innovation Implementation Team Members
proposed implementation activities in the fable included in page 4. T Sonizna (FRHTA) | Jook M. Lo e
. a L. Torres Santana ose M. Lopez ns
) ﬂssimaqce MNeeded: What assistaqoe Can | & Training (e.g.. NHI course or ssff-directed modules) State DOT- antorresigdiop_pr.gov Josel. Lopez@matkinsglobal.com
the Innovation Deploy!nent Team pmw;e to = Technical Support on specific projectsfissuss FHVA: Laureano, Hector (FHWA)
help the State and their partners reach its goal T cu o ) hector laureano@dot. gov
within two years? Guidance Documents (Suggest specific needs below)
& Webinars on specific topics (Suggest specific topics below)

1 AtkinsReéalis



Implementation Plan

o

) e mE e E

October 2023 March 2024 July 2024 December 2024 March 2025
Meeting with the Technical Training Development of PilotProject Assessmenbof the
local concrete Exchange EPIQVix designs performance ~ and

adjustmentof any
producers

processesfor full
deployment ——

—

association

D
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Applications of Internally Cured Concrete

AReduction in shrinkage coupled with lower-permeability
mixture designs can provide substantially improved protection
Concrete Bridge RS the steel reinforcement. Increase the service life by 25 to
Decks 50 years.

N
Aln paving and overlays, the technology reduces the
magnitude of crack widths and curling deformations and can
Paving and be used to extend the spacing between engineered joints.
Overlays y
AFor patching and repair materials, internal curing minimizes
the potential for restrained shrinkage cracking associated
Patching and with high cement content mixtures designed to develop
EeveEEs - strength rapidly. )
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What We Are Working On?

s s e Quote
JJ Q14377
Caribbean Shipping Services, Inc.
Effective: 6/20V2023 Expures: 772012023 Page 10f 1

TO: CARRASQUILLO ENGINEERING SERVICES GROUP
JENNIFER MELENDEZ COSS
URB LUIS MUNOZ RIVERA CALLE CRISALIDA
LOCAL 4 BLOQUE M-25

GUAYNABO PR 00969
Q Puerto Rico & U.S 350 Chardon Ave. Suite 210
i 8 PR 00918-216 o b CSEL
is g o vimard nivson p;gn":",ngg 756-)?;\9"21[” REQ EQUIP: NA For booking of routing send email to: CSSL.
.S. Depariment i~ -,:,- 600
of Tronsportation Soo gl o pCS DESCRIPTION OF GOODS WEIGHT  CUBE  RATE PER  CHARGE
Federal Highway
Administration September §, 2023 Sl e CATANO TERMINAL to BAYAMON, PR
I NEPIY. BEley 1 1PLT PLAIN SAND - DELIVERY 2200 578 $2 80 cwt $61 60
HDA-PR 1 @ 48.00L x 40.00W x 52.00H
Mrs. Eilcen Vélez-Vega GOLD HILL. NC to JACKSONVILLE TERMINAL
Secretiry 1PLT PLAIN SAND - INBOUND 2200 578 $32670 1.00 FLT $326.70
Department of Trunsportation ad Public Works 1 @ 48.00L x 40.00W x 52 00H

Post Office Box 42007

San Juan. PR 00940-2007 JACKSONVILLE TERMINAL to CATANO TERMINAL

1PLT PLAIN SAND - OCEAN 2200 578 $7.82 CWT $§17204

’ § 1 @@ 48.00L x 40 00OW x 52 00H
Re: FY23 STIC Incentive Program Funds Allocution

Dear Ms, Vélez,

The Stare Transportation Innovation Council (STIC) proposal submitted on July 17, 2023, for the

() STALITE

-

‘ALIsROCKS ARE NOT CREATED
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Dr. Timothy Barrett
Federal Highway Administration

A Research Civil Engineer and Lab Manager of the Structural )
EURRUIII RUNWx ¢ HY | -Bagbéank HighiyReseatch LUN &
Center

A Co-leads of theEvery DayCounts Initiative: Enhancing
Performance with Internally Cured Concrete

A Specializes in concrete materials and structures, with a focus on
service life and sustainability

A PhD in Civil Engineering, Purdue University
A Master of Science in Civil, Purdue University
A Bachelor of Science in Civil Engineering (BSCE), Purdue University
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FHFC? INNOVATIIONY  ARCBESTTANDIOASEESTUDIESS

27 [ Photos: FHWA

Dr. Timothy J. Barrett

Federal Highway Administration

Federal Highway Administration
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EPIC? Innovation,
Projects, and Case

Studies

Tim Barrett, Ph.D.

Federal Highway Administration

e Puerto Rico EDC 7 Summit

San Juan, Puerto Rico
US. Department of Transportation February 2, 2024 Eve'ly D ?y fCO“rgr’T ts
Federal Highway Administration 0 arton O O



Internal Curing (IC)

NProcess by which the hyd
because of the availability of internal water that is not
part of t he i ACl €anerege Tevairtolegy .




Key Takeaways From Today

AMixture design changes are simple

Alnternal curing can be the belt to our suspenders when it
comes to cracking and enhancing performance in bridge
decks

AMany successful applications already in service

Let 6s make t his EPI C




Outline

1. Motivation

2. Reason for the Initiative

3. Mixture Design for Internal Curing
4. Internal Curing in Practice

Abbreviations

LWA: Lightweight aggregate SAP:  Super Absorbent Polymer

IC: Internal curing
wi/c: water-to-cement ratio (mass basis)




Motivati,on

Source: FHWA
Q

US. Department of Tronsportation

Federal Highway Administration



Cracking

Cracking Is a key limiting factor in achieving
acceptable long-term performance




Motivation from Current State of Practice

AASHTO LRFD Bridge Design Specifications, 9" Edition Excerpts

Design Life i Period of time on which the statistical derivation of
transient loads is based, which is 75 years for these
Specifications.

2.5.2.3 1 Maintainability

Structural systems whose maintenance is expected to be difficult
should be avoided. Where the climatic and/or traffic environment
IS such that a bridge deck may need to be replaced before the
required service life, provisions shall be shown on the contract
documents for:

A a contemporary or future protective overlay,

A |a future deck replacement, or

A Supplemental structural resistance.

US Department of Tronsportation
Federal Highway Administration




Corrosion Based Service Life

Early Age

I
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e Cracking i -
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SERVICE LIFE .
Source: FHWA (after Tuutti (1982))
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US Department of Tronsportation
Federal Highway Administration
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The Causes Are Many

AConcrete Mixture Design
AStructural Design

AEnvironmental Exposure
ATemperature
ARelative Humidity

ACements

AChemical Admixtures
AConstruction Practices GOOSNBGKAYI odzi GKS
ABad Lucké the | ist goes on

Source: FHWA




The Effect is
Clear.

Age (years) when
more than half of
bridges likely have
Inherent cracking
In deck
throughout:

Data Source: NBI, 2022.
Deck condition (Item 58) rating of 7 (Good) or lower.

Source: FHWA




Puerto Rico?

5 Years on
average

Source: FHWA

Data Source: NBI, 2022.
Deck condition (Item 58) rating of 7 (Good) or lower.




More than
620,000
Bridges

Browse them all at https://infobridge.fhwa.dot.gov/




AASHTO T-4 Construction & T-10 Concrete Design Committees Supported

NCHRP Domestic Scan 22-01: Recent Leading Innovations in the Design, Construction, and Materials Used for Concrete Bridge Decks.

nNnDeterioration of concrete bridge decks due to
service life and increased the maintenance cost of bridge structures. Concrete bridge decks

deteriorate faster than any other bridge component because of direct exposure to environment,

deicing chemicals, and ever-increasing traffic loads. The magnitude of cracking and delamination

of concrete bridge decks due to corrosion is a major problem when measured in terms of

rehabilitation costs and traffic disruption. Steel reinforcement are often protected from elements
causing corrosion or replaced with alternativenon-c or r odi bl e mat eri al s I n

We all agree!

Q
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EPIC? Mission

Equip bridge, materials, and construction engineers with the
knowledge and tools to design, specify, and implement internal
curing into practice.




Internal Curing (IC)

i . ..j . | . idr‘
' of—the—m-—Xx1 ng water




Solution:

Refill the
emptying pores
that cause
shrinkage from
an internal
source.

4

Normal
® Aggregate

Water Filled
® Inclusion ] Uncured Zone [l Cured Zone

_ % 1
S -
w A
\ W
-~ N
v -

20+ years of R&D, 400+ research products.
The science is clear, internal curing works.

Source: FHWA




Current Practice:
Just Replace Some Sand.

Prewetted

Lightweight
Fine
Fine Aggregate Cementitious Ag greg ate

_ 10-40%
F)|a|n Replacement, typ.: = = = EP|C2

-\
‘a” \
\

Intermediate \\
Aggregate
In Optimized

Mixture
Coarse

) ) _ Aggregate
Volumetric Mixture Proportions




Dry SAP Hydrated SAP

Super Absorbent 7
Polymers (SAP) ci @
‘Cre w» (@i
AConcept from o | (D ) c .
O / . ,
Jensen & Hansen < @ + N oroes!
(2001) ? Net \)’vor
ASAPS typically Absorption driven by osmotic pressure
absorb 10-100x
mass in fluid
ADose bag of dry o '
y @ Hydrated
powder and done, ' . ”». —
In theory P ——
1 2 [In] Source: FHWA

(&EDC - U
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Where Should IC Be Used?

All Source: FHWA

Q
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1. Bridge Decks

Structures that
need enhanced
service life.

US Department of Tronsportation
Federal Highway Administration




2. Repairs
-High Early Strength
-High-paste Content

Elements or
mixtures that have
high shrinkage or

cracking potential.

Source: FHWA




3. Pavements

-Low Curl
Performance
-Extended Control
Joint Spacing

Any element
where reduced
shrinkage adds
desired

performance.

US Department of Tronsportation
Federal Highway Administration




Advantages of Internal Curing

AWorks automatically

ACompatible with current concrete practice

ASimple modification to concrete mixture design proportions
ANo modifications to structural design process
AEconomical

AUnlike some things in construction, it's hard to forget to do

AWorks automatically




Performance Benefits

ASubstantial reduction in total cracking potential

Almproved resistance to:
A plastic shrinkage
A drying shrinkage
Athermal shrinkage or gradients

AContinued and extended hydration of cement

ACreates potential for very high durability concrete with mitigation of |
cracks typical Il n traditional Nhi

ASecondary benefits such as improved alkali silica reaction resistance

e

S Department of Tronsportation
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Percentage of
Bridges,

Less Than 10
Years of Age,

Deck Condition
Rating of 9

New York was the first to institutionalize,
nearly a decade ago.

&R,
ﬁw AR
\ A<

@

Source: FHWA

Data Source: NBI, 2022.
Deck condition (Item 58) rating of 9 (Excellent Condition).

A

48

US Department of Tronsportation
Federal Highway Administration



Puerto Rico?

72 bridges >

Percentage of Bridges
Less Than 10 Years of Age

O z . with Deck Contidion Rating
07
54% O / N at | )

75
50

25

0

Source: FHWA
Data Source: NBI, 2022.

Deck condition (Item 58) rating of 9 (Excellent Condition).

Q

49
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Life Cycle Cost Analysis

Internally cured, high performance concretes
have been estimated to reduce lifecycle cost b
29-70% compared to control

al. (2010), G al. (2014), Wang et al. (2019)




NEnough with
Me What

US Department of Tronsportation
Federal Highway Administration




Mixture Proportions for Lightweight Agg.

Bentz & Snyder (1999) Typically:
Supply 7 Ib of water per 100 Ib of
. O ¢0 ¥ cementitious (CS = 0.07)
U H =
h Y&%o
0 : Cement Content (Ib/yd?)
6  Chemical Shrinkage U r . Mass of LWA (oven dry basis)
(Ib water / Ib cementitious) %0 LWA Absorption (%)

| Degree of Hydration (%) Y Saturation Factor (%)

m US Department of Tronsportation o2

Federal Highway Administration




Spreadsheet Design

Developed as a part of the report for INDOT implementation.

Available for download:
https://docs.lib.purdue.edu/jtrp/1574/
APPENDIX H. Mixture Designh Worksheet.xlsx

&];

Webinar training module available now!

A0

AMIi xture Designo Tal
A Plain mixture design (input)
A Internal curing properties (input)

A 1C mixture design (output)

o

Susrch FHNA

Enhancing Performance with Internally Cured Concrete
(EPIC?)

Contacts

Internal curing Increasse concrete's resistancs fo early cracking, allowing the ———2

production of nigher-parformance concretes that may tast mors than 75 years. Tim Barrstt

FHWA Turner-Farbank
Highway Rosearch Center
{202) 24633422
Timothy.Barrett@dot.gov

Mike Praul

FHWA Office of Infrastruciure
{207) 5124917
Michasl.Praui@dot gov

Robert Conway

FHWA Reszource Cenlor
{202} 5060538

Robert.) Conway@dot gov

Reggle Hoit

FHWA Office of Sridges and
Structures

{202} 36645

Reggie Holt@oot gov

Resources

Subecribs to Enhancing
Parformance with Intarnally

Cured Concrsts {(EPICY)

u=ad n concrele bey

snbility mixtwe deo

de=igned

Benefits

NIST Inteeral Canng o

rele is used. || folaws the te Infoer n

Versatiiity. inermal cunn e
n - any producer aiready

. making

famiar

Durabiiity. &1t



https://docs.lib.purdue.edu/jtrp/1574/
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?filename=7&article=3088&context=jtrp&type=additional

Step 11 Enter Plain Mixture Design

Plain Mixture Design Legend
w/c 0.420 LWA Input

Materials Weight | SG (SSD) Volume, ft*

Cement 2.869

GGBFS 0.000

Fly Ash 0.000

Silica Fume 0.000

Sand 8.321

Coarse Aggregate 1 10.490

Coarse Aggregate 2 0.000

Water 3.798

Air 1.620

pD 27.098

(&EDC

Input concrete mixture design
parameters incells
(orange highlighted)

US Department of Tronsportation o4
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Step 21 Enter Internal Curing Properties

Input concrete mixture design
parameters incells
(green highlighted)

Internal Curing Properties

LWA Absorption:

LWA Desorption:

LWA PSD Specific Gravity

20.0%
85.0%
1.750

Cement Factor 564
Chemical Shrinkage: 0.07
Degree of Hydration 1

PSD LWA Replacement 279
SSD Sand Replaced 414
% Volume Replacement 30.7%

<This is 24 hour design absorption
<If unknown, use 85%

<This is 24 hour pre-wetted surface-dry
specific gravity for preliminary design

‘O in AASHTO TP139-20)

US Department of Tronsportation 55
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Step 31 Internally Cured Mixture Design

IC Mixture Design

Materials Weight | SG (SSD) |  Volume, ft°
Cement 564 3.15 2.869
GGBFS 0 2.99 0.000
Fly Ash 0 2.64 0.000
Silica Fume 0 2.2 0.000
Sand 936 2.6 5.769
Lightweight Aggregate 279 1.750 2.552
Coarse Aggregate 1 1800 2.75 10.490
Coarse Aggregate 2 0 2.75 0.000
Water 237 1 3.798
Air 0 0 1.620
)) 3816 - 27.098

US Department of Tronsportation 56
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Admixture Dosages?

Similar to reference mixture,
anticipate minor adjustments only (if any)




Time to Batch?

Batch Size, 1,,ﬂ:i3

LW Specific Gravity Day of Batching

9
£ This accounts for changes in specific gravity if 24 hour design

absorption is exceeded

Design SSD Weight based | Design S5D Weight to be Target Batch
Materials on 24 hour PSD Input Day of Batching, Tested Ag.gregate Weight, Targ.et Batch
] 3 3 Surface Moisture, % 3 Weight, Ibs
absorption, |bs/yd lbs/yd Ibs/yd
Cement 64 564 5076
GGBFS 0 0 0
- ) Fly Ash 0 0 0
ABat c h i Msgatme 0 0 0
Tabl Sand Q36 Q36 8661
LWA 279 318 3096
Coarse Aggregate 1 1800 1800 16508
Coarse Aggregate 2 0 0 0
Water 237 237 1358
Air 0 0 0
= 3816 3855 34699
T T T

This is preliminary design
based on 24 hour absorption
and is used to get mixture
approved

This mixture goes into
batching system

Surface moistures

measured in the field on

day of batching

This quantity should come out of
batch plant

Fill in the

boxedjcells

(color
shaded)

(&EDC
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Mixture Design for Super Absorbent Polymers

After Bentz & Snyder (1999) Typically:
Supply 7 Ib of water per 100 Ib of
O ¢0 ¥ cementitious (CS = 0.07)
%0 For previous example, need about 2 Ib/yd3

for SAP with 20x absorption (2000%)

0 : Cement Content (Ib/yd?)

6 Y  Chemical Shrinkage L Mass of SAP (dry basis)
(Ib water / Ib cementitious) %o SAP Absorption (%)

| Degree of Hydration (%) Y Saturation Factor (%)

m US Department of Tronsportation 59
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Keys to Success

1. SAPs must be well dispersed

2. SAPs must absorb water (pore solution)
A Structure Composition

A P.artlcle Size oy @ » ‘ Hydrated

A Time Dependency pri g
A lonic Concentration of Solution e ' H‘

3. SAPs must desorb at appropriate RH ’ @ [in]
A Osmotic vs Capillary pressures

Source: FHWA

&EDC I
— . Federal Highway Administration




What if the SAP does not swell?

A0.42 wic, 25% Paste Content

AFor a SAP w/ Absorption of 15 g/g
Water for Internal Curing ~34 Ib/yd?

Alf not absorbed by the SAP, net
Increase in w/c to 0.484

Note: Agg in SSD Condition

Amount | Amount
(kg/m°) | (lbslyd®)
Cement 310 523
Watenn 130 220
IC Water*| 19.9 33.5
FA 916 1546
SAP| 1.32 2.23
CA| 1107 1868

US Department of Tronsportation
Federal Highway Administration
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Absorption Test

ANo standard at this time, but
one has been drafted and
proposed

ACommonl vy
test

call ed t

The SAP shall be evaluated in accordance with the Teabag test per the procedure given in
the Appendix of Weiss et al.*. The Teabag test must be conducted using a simulated pore
solution®. To make simulated pore solution, add the following chemicals to 1.0 liter of
water, mix well and maintain at 2022°C temperature:

Chemicals NaOH K804 KOH Ca (OH);
Weight (g) 16 7 18 0.08

Source: Lange et al. (2021)

(&EDC

APPENDIX

Recommended Standard Method of Test for

The Absorption of Superabsorbent Polymers for Use
in Portland Cement-Based Concrete Systems

Internally cured (IC) concrete is most commonly made by replacing a portion of the fine aggregate in
concrete with prewetied Ightweight fine aggregate (LWFA)L however It can also be made by using
superabsorbent polymers (SAPs) [1]. Currently, there are, 1o the best of the authors’ knowledge. no SAP
materials on the approved materials ksts for DOTS. The enginoor shall roquest the domonstrated ability

of the SAP 10 absord pore fluld and 10 know the absorplion capacity (the provisional tost method s

provided in this appendix). The engineer should also request information demonstrating the use of the

SAP 1o maintiin a high relative humidity in the concrete while not negatively impacting typical properties

ko compressive or flexural strength, volume change, transport properties, or freeze-thaw resistance of
ﬁcmow The SAP wla be demonsirated o be able 1o Boa'd 10 the concrete, &spersed

iy a g

Source: Weiss &

E Montanari (2017)
|
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https://cdn-wordpress.webspec.cloud/intrans.iastate.edu/uploads/2018/09/IC_guide_spec_w_cvr.pdf

Implementation

US Department of Tronsportation
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20162020 Minnesota
2016 lllinois Tollway
2017 Ohio

2017 North Carolina

2019 FHWA Federal
Lands

using
Prewetted LWA

e e PP PR BEBEPE YL AP
FFIFFrFIF G PI I

2008¢ 2013 New York
2010 Indiana
2013 Utah
2013¢ 2014 Indiana
] 2014 Kansas
B ndge DECk 2016 Louisiana
Installations 2016 lowa
W S

0: West Vlrglnla Oregon, Missouri, Mlchlgan Nebraska, Texas, Virginia
|

SI NODK NBLIR2NIaz o6dzi y2dG &Sid AYLIM

R
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SAP?

Limited
documented
Installations
right now

’
}Yll-znols
LTb way

Superabsorbent Polymers in Concrete to Improve Durability

Project 18-02R

Year

Location
Germany
Denmark
Belgium
China

Wallls
Wall Panels
Bridge Deck
Rail Bed Slal

Q
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Common Specification ltems

1. Replace a minimum quantity of normal fine aggregate with
prewetted lightweight aggregate
AMass basis or percentage replacement

2. Prewet the aggregates for a minimum period of time
3. Achieve a minimum absorption at the time of batching

4. Implemented in high performance class concrete (HPC)

Awlc < 0.42
ABinary / ternary cementitious system




Lightweight Aggregate Specification

AASTM C1761*

ACovers aggregates for internal curing
APrewetting of aggregates

ATesting

AMixture proportioning

A Specifies use of 72 h absorption.

Some have used 24 h for design, which
ensures specification in practice is met

AAverage change in absorption from 24 h to Source: FHWA
48 h soak is ~7%

@DC *Specification not required per Federal statute or regulation. e }

US Department of Tronsportation
Federal Highway Administration




Why Lightweight Aggregates?

j I nternal Cur @ §f B fedee boeis @ NEF Y
o104 1 A 1 L -
£
% 9 & -
(]
>
: 9 G4 -
@®
o
x 8 .
Source: FHWA
ASTM C1761: The lightweight aggregate shall 8 . . - . - .
release at least 85% of its absorbed water at 94% 0 2 4 6
relative humidity. Source: MO 1S T U T e ( Bniadi/engo)

<" Data: Castro et al., (2011) Q
US Department of Tronsportation 68
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Aggregate
Soaking

ATypical preparation:
A 48 hr Soak (m|n) Source: Barrett et al. (2015) | Source: FHWA
A 12 hr drain (min)

ASurface moisture [y ST,
variability | )
th_roughout day is - Example Specification:
MinNor NYSDOT Standard Spec8571 A
A?/al’labl!l}l]y_ COI,I;neS‘.l e Moisture properties covered
rom within the pile — in ASTM C1761

|tse|f Source: FHWA




Donot WESIE e

Your supplier can (likely) deliver prewetted
aggregates upon request!




Moisture Properties

Moi St ur e : =@ fSiunfi e Dot al

0.6 G 2 [ 2 [ 2 [ 2
z . I
© 0.5 & -
>
£ § -
L5 o -
(&)
(<b) - s
:: 0.4 5 -
LLI -
0.4 -
Source: FHWA o i
Absorbed water in LWA used for IC, required for batching 0.3 5 ' ' ' I ' ' '
0 5 10 15 20
Surface moisture is free water and counts in w/c cource: EHwa D naccounted for (34)rface

] R
@m US. Department of Tansportation 71
oy Y
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Aggregate Stockpile Turning & Sampling

X 7 T
e U e < G Properly rolled pile prior to

sampling

Source: FHWA

Sample about the entire pile,
guarter prior to testing




Moisture Testing Methods

ASTM C1761 Paper Towel Method:

Pat the aggregates dry until
sandcastle falls over.

Source: FHWA

AASHTO TP139-20 Centrifuge Method:

Spin LWA at 2000 rpm for 3 min.

Source: FHWA

(&EDC I

Federal Highway Administration




Aggregate Moisture Testing

B |

w o8, - 2
. - - pyh [ -
RGPS e ST
W s RS e e | (j‘s»:ﬁp.,_"«i,‘_.-j
J e B e R ek

s L e Y :
W [ PN s R

Source: FHWA Source: FHWA

Aggregate moistures measured on the day of production.

Dual burner propane portable camp stove allows twice the samples tested in
a fraction of the time compared to electric hot plates.

(&EDC ® -

Federal Highway Administration




Batch Computer

Aggregate Moisture Corrections

Encountered challenges with
batching software include:

ASurface moisture thresholds
AHard coded maximums in software

ABatch weights not matching inputs

ADue to approximation of moisture
correction calculation from total
moisture

AJog precision (under/over batch
LWA)

Operator know-how goes a long way

(&EDC

Source: FHWA




Batch Computer Note

All of these challenges have solutions and they vary between
different batching systems.

*The key Is that these Issues are best identified and addressed at
the trial batch, not the day of the pour*

~>Manual batching during trials will miss things.
Recommended minimum of 5 yard loads for automated batching.

I E————
&EDC I
— . Federal Highway Administration




Fresh Testing Remains the Same

ASTM C231 Type B Pressure Meter works without issue
LWA in IC may increase the aggregate correction factor from ~0.2 to 0.4

Source: FHWA




Pumping

APumping not found to
have effect on IC
(and vice versa)

ABest practices of
pumping concrete

still apply

AFreefall causes air
issues

ADelays in concrete
supply causes pump
issues

Source: Barrett et al. (2015) Source: FHWA

R

US Department of Tronsportation
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Finishing

AFinishing compounds and
evaporation retarders are
mostly comprised of water

AThey are meant to be used
sparingly as needed and not
worked into the surface layer of
paste while finishing

Source: Barrett et al. (2015)

@
(&EDC ?
N, W

Federal Highway Administration




Curing Practices

AStandard practices employing
wetted burlap and plastic still

apply
AMet hods empl oyi I

convenienceo cal
surface scaling issues later -~




Performance

US Department of Tronsportation
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Compressive Strength

o wec [ icec ACompressive strength
may vary by small
amounts in individua
trials

AVariation as a class of
concrete not significant

Alf employing HPC,
typically much stronger
than designed

Compressive Strength (ksi)

T 1 T J T |
37 14 28 56 91 365

Age (d)

o= m

IC HPC: Internally cured, High performance concr

Source: FHWA Data: Barrett et al. (2015) HPC: High performance concrete

(&EDC ® -
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Youngos EIl ast |

8000
AModulus of elasticity follows code &
expressions for conventional 3 6000+ -
concrete %
AThis is not lightweight concrete 2 '
(a:l) é 2000 = -
ATypical unit weight ~135+ Ib/ft3 g
AASHTO LRFD C5.4.2.4-4 N20%
" A S S
Source: FHWA Vf o (Vksi) Data: Barrett et al. (2015)
@

(&EDC
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Tensile Strength

1.00 | | | . |

. ATensile strength follows code

E

i -

B, 0.75- ) .

S expressions for conventional

@ 0,50~ I concrete

5 AThis is not lightweight concrete
2 0.25- . (a=1)

%-

(7p)

AASHTO LRFD C5.4.2.7 N20%
1 1 1 1
0 1 2 3 4 5

VF ¢ (Vksi)

Source: FHWA Data: Barrett et al. (2015)

(&EDC e
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St

Modified
ASTM C157 -

Mi Xt ur e
@ HPC
- | C HP

Shri fekdage

Los s

Tot al

Ma s s

1 I I I -12
0 7 14 28 56 90
Ag &)

Source: FHWA
Data: Barrett et al. (2015)

(&EDC

Mi Xt ur e
@ HPC
== | C HP

Not recommending for specification

5
Ag &)

6 90
Source: FHWA
Data: Barrett et al. (2015)

R
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NHead t
Comparison

Cracking after
1 Year
of Service

O

Source: FHWA

Cr ac ks

AN

)

Convent




Shrinkage Cracking Performance

1.25 -
—— 1.00 = =0.3
£ |e
_ _ S, 0.75-
Cracking Substantially fz 02 7| 3
Reduced 8 o0.50-
S
© - 0.1
O 0.25-
0.00 = 0.0

0

Age (month)
Source: FHWA Data: Lafikes et al. (2020)

R
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Thermal Cracking Performance

20 | I I I I | I | I I TR I | I | I T TR I | I | I I TR I |

Temperature (°C)
o
I

RS S i o . X . —
W ST . ~ = o e

All Image Sources: FHWA

-10 - e ow —&— Shelbyville, IN - Max [~
T -- @ - Cheviot, OH - Max

o Shelbyville, IN- Min | Internal curing lowers the coefficient of
--O-- eviot, OH - Min .
'20 UL I UL I UL I LI thermal eXpanSIOn
11/10/14 1117114 11/24/14 121114 12/8/14 ] _ )
Date bata: Bartett (2015) Higher resistance to thermal cracking

(&EDC ® -
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Estimated Service Life

= Conventional //
-2
S .
Oe, .
; 0.0 7% I / | C HP ES_“mated -
05 L Mixtu  Corrosion Initiation
— . sl Service Life:
o ————r—m
,fg | A 3

- 4 60-90 years

@0.0 2= = .

~3 to 4.5x Increase

I ||
90 120
Source: FHWA Ag@ enr Data: Barrett et al. (2014)
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EPDs

Environmental Product Declarations are becoming the norm,
consider asking about internally cured concrete

Industry-wide baseline anticipated in 2024




On-Demand Webinars

Theory & Mixture Lessons Learned
Performance of Proportioning for In NY, IN, and LA
Internally Cured Internally Cured

Concrete Concrete



https://usdot.zoomgov.com/rec/play/Teac7QqIqOjhR5CSQlxOIM9XAmKqpiJkE-0wsl43S-zoEYy2U8Tw7ujH_qbuxlN7WHfv5LnKj95YPDbU._tlxlv7yKeXpu5uW?startTime=1676574333000
https://usdot.zoomgov.com/rec/play/g8A8-KVzDWtwIjybyAe009zwOmGojDCpFu0UcE9iA9983srpOKipq6E5pxr31zRWvH2p-K3Rhavz7Ryo.eKeK0bK4Mpi_EkZ3?startTime=1676578167000
https://usdot.zoomgov.com/rec/play/cTjSzdMLsdQuEuSvGrTOLyOFAq2kaYKL4y9gJ6c4kt2PjkQha-SWzxUOXLDjnuqnXFVAtxm20xBp6E6g.r9hK6r0OfXLUYoVh?startTime=1676584875000

Keep Informed

(&EDCNews

. \\eekly Newsletter Bi-monthly Newsletter

DSG 2y @2dz2NJ Y20AfS RSOAOSH ¢SEG &

https://www.fhwa.dot.gov/innovation/

R
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https://public.govdelivery.com/accounts/USDOTHFL/subscriber/qualify?commit=Submit
https://public.govdelivery.com/accounts/USDOTHFL/subscriber/qualify?commit=Submit
https://www.fhwa.dot.gov/innovation/

Disclaimers

Except for any statutes or regulations cited, the contents of this presentation do not have the
force and effect of law and are not meant to bind the public in any way. This presentation is
intended only to provide information regarding existing requirements under the law or agency
policies.

The U.S. Government does not endorse products, manufacturers, or outside entities.
Trademarks, names, or logos appear here only because they are considered essential to the
objective of the presentation. They are included for informational purposes only and are not
intended to reflect a preference, approval, or endorsement of any one product or entity.

Q
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Questions / Comments Please?
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Eng.RubenSegarraMontelara
Segarr&ngineering and Consulting Group, PSC

A President ofSegarra Engineering and Consulting Group, PSC.

A Member of the College of Engineers and Surveyors of Puerto
Rico.

A Member of Institute of Civil Engineers of Puerto Rico (IIC).
A Member of International Concrete Institute (ACI).
A Member of the Puerto Rican Association of Concrete (APC).

A Bachelor of Science in Civil Engineering (BSCE), Polytechnic
University of Puerto Rico (PUPR).
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Eng. Ruben Segarra-Montelara
Segarra Engineering and Consulting Group, PSC

Q

US Department of Tronsportation

97




EXPERIENCE OF USING LIGHHTT WE GHATT

ng.RU
Segarra Engineering and Consulting Group, PSC
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Lightweight ConcretesShips
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Raw IMatefial:Shale
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Raw NMaterial:sShale
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Aggregate Properties

ADry Loose Unit Weight: <45 pcf

ACompacted density: <62 pcf when measured by a one point
proctor test (ASTMDG698)

AAngle of friction: > 40 degrees when measured in a-aiial
compression test

AMaximum LA Abrasion loss (ASTM-831) shall be <30%
AAbsorption: 9 to 15% (ASTM 27, 24hr)

APH: between 6.5 and 9.0

ASoundness: 3% max loss Magnesium Sulfate method (ASTMS8)
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KenviTe |

50%
Lighter than

Normalweight
Aggregate
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Applications

AStructural Lightweight Concrete
ALightweight Masonry Units
AAdhered Veneer Cast Stone
AGeotechnical Fill

AHorticultural

Alnfiltration / Pervious Concrete
Alnternal Curing
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PUMPING KENLITE™
LIGHTWEIGHT AGGREGATE
CONCRETE 60 STORIES
FOR A NEW
NORTH AMERICAN
PUMPING RECORD WAS
NO TALL ORDER

The 300 Harth LaSalle Building is a recent
addition to Chicano's Windy City Skyline.
Consiructed on the north shore of the
Chicago River, the building is a
Impressive monument to sustainbllity.

It is the tallest of any LEED Gold
pre-Certified lightweight concrete
structureas, in North America and probably
in the Warld.

KENUTE® lightwsight aagregate concrets
was selected for the elevated floors to
minimize the weight and te achieve the
required fire ratings. Reduced energy
costs will be realized immediately and
throughout the lile of the stracture due to
the superior thermal resistive properties.
More than 25,000 cubic yards
of KEMLITE® lightweight concrete was
pumped through a single stage pump.

Applications

A 300 N LaSalle is the tallest building in North
America to have concrete placed with single
stage pump.

A Designer used LW Concrete for weight
reduction, fire ratings, and insulating
properties.

Designed for
TOTAL PERFORMANCE

B8 Kentuckiy > SOLITE®

1797 Coral Ridge Road + Brooks. KY 40109
(502) 957-2103 + www.kenlite.com

A 1t originally was designated as a Gold LEED and !.;-
after completion it was designated a Platinum |
award due to the low cost of energy demand.

KENLITE® lightwelght aggregate concrete
comhbines sustainable. structural,
insulating, and fire resistance qualities in
ong construction material while taking
the load af of your building plans,
however tall the order may he.

A When considering UL ratings a-3nch
lightweight concrete deck offers same
protection as 4-inch normal weight.
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De In colmenn de Diazlite, Oy
“Livjunita™ le trae ahora .) L ~~,_~‘
=S0 S
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S
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Al construir...

({CUAL BLOQUE
PREFIERE UD.?

BLOQUE LIVIANO
PARA RELLENO DE PISOS

El bloque mas alto es un 50% mayor y pesa menos que el otro.

Esta hecho con el Nuevo Agregado Liviano.

DIAZLITE

Este nuevo Blogue, hecho con el Agregado
Liviano Dinzlite, sustituye ventijosamen-
to a los otros blogues que se han venido
usando para relleno de pisas v que no es-
tan disponibles ahora en ¢l mereado, El
nuevo Blogue para Relleno de Pisos; de
Diaglite, si eata a la venta, Es TAN LIVIA-
NO v de TAN BAJO COSTO como €l gue
Ui, ha usiddo hasta ahora, Y ademds, lo
of rece:

MAYOR RESISTENCIA
IMAYOR ECONOMIA!

Debido al nyevo Agregado Liviano Dige

Los dos bloques tienen la misma solidez y resistencia, pero
el bloque de 12 pulgadas de ancho y mas liviano, hecho con
Diazlite- que sustituye ventajosamente a los demas agrega-
dos-, le permite a Ud. construir usando meneos cantidad de

lite, este bloque es mucho més resistente y
porfo tanto le da mayor economia; yi que
le evita el desperdicio de los blogues que
se rompen en bn manipulgeién,

Gracias a Diazlite, ya es posible usar en los disefios y en la

construccion el Bloque Liviano para Relleno de Pisos. Pidalo

blogues . . . y asto representa:

MENOS COSTO wn fa labor mamual de colacacidn
#l reducine la cantidad de blogues; el cbrery irabs-
o mis rhpida, rinde mds ¥ M canss messs.

MENOS COSTO #1 poder coiocar pacaden comple-

1% ain tener que suspender & DHabajo DArd BaDetat
I8 soldificacion e s juntas enbe ogue

MERQS COSTO porque al reducirse ta canticee ow
Blogues, e redoce tambdn ol nimon du juntas v
30 usa MeNOs mertene.

MENOS COSTO on ol manejo del tlonue: 3l bajarie
del camitn, 8l mowrin sl ob ¢ al Nevaclo al
nlbadl

MENOS COSTO porque con Incan estas wantajes
|n oben 54 COMbIVYD wit menoe Hempa

o su suplidor.

Nuevo Agregado Liviano DIAZLITE

Elsborado en Puerto Rico

Para muyar informacion, con mucho gusto y sin costo
ni compromiso .lgﬁbh mﬁ!mm lﬁ: : Aﬁﬂfsl‘-
MACIN y Wsesoram — sl como o
— necesarios para omploar ol “Diaslite” y benefl- NUEVO AGREGADO LIVIANO
elnrse com sus ventsjas. Solleiielos . por

g o By pursesaioond S TR DIAZLITE

Elaborado en Puerto Rico.

ADEMAS, los blogues hechos con Diaziite ofrecen 3 veces mis
resistencia al paso del calor y hasta un 200% de aislamiento
al paso del ruldo . .. [y éstas son sélo algunas de sus molti-
ples ventajas!

Construya desde ahora con MENOS COSTO, usando el

Co mnsctiniinn QUMLK § b 43l W comprorian Wi
b miienos tem (e mtemacen y swsoreee
oo come o dats Veen i

o Dvaitite y baeseticiore
Lo berbho, quw o
b L Tuettes Digsing
o caln Merpnal e
e, PR NN Te AR

ritt, ealle Murginal, An
OTRA CELDA MAS EN EL PANAL DE EMPRESAS DIAZ  Piedras. Teléfono: de(w.
Conslgsien en TOUCH.UITE CONCRETE PRODUCTS. INC — Barrr Matienss, Trajitle Alts Tek 7090445

Comtigalen we TORGH LITY CONCRETT PROOUCTY, INC — Bawrie Mationm, Triln At Tel 7855404
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Applications

AVA HospitalT OPA
Building, San Juan

AFacilities expansion of
three more levels

AGeotechnical
restrictions for heavy
structure

A Concrete Slabsover
metal deck
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Applications

AJoinof Rio Puerto
Nuevo & Margarita
Channel

A Geotechnical Fill

Rosano Canalesi® I3
A il ¥ <

‘*5'\‘\ ¥Escuela Nemesm

vg ! Ig|e3|a de Dios
J f‘PentecostaI Milen it i ?‘"
N -
i Administration office)
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VA Hospttals OPABuilding sSansduan

AWalsh Group

AStar Ready Mix
A4,000 yd3
AJT LLINEBIPES (dry)
A4,000 psi at 28 day
AW/C=0.50
APump Mix
AS wlWlEG 20 G




AAggregate Import Managemen
AKentucky Solite ‘

ATransportation by: Trains, barge #
and open top containers, trucks, &
plant site

AConcrete Trial Mixes

AConcrete Fresh Testing
AWet Unit Weight
AAir Content (ASTM C173)
ACompressive Strength
ADry UnitWeigth
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VA IHospitals OPABuilding sSan.duan

o s SRR Y
AAggregate conditioning ! \*"

ASoak for 24 hours
AKeep wet all the time
A Absorption water adjustment

AUnit Weight during concrete
production at plant and field
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VA Hospttalr OPAanlﬂm SSamuhman

ACompressive strengths were
over 6,500 psi at 28 days

ACompared to Normal Weight
Concrete, compressive
strength gain was over 18%
higher consistently

AAir Content in the mix was in
the range of 4% to 6%

AWet Unit Weight 110 to 115 pcf £
AAverage AiDry UW 106 pcf
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EPOGEN,AMGENIuncos, PR

AStar Ready Mix
A20,000 yd? |
AUW Target = 120 pc
A4,000 psi at 28 day o
AW/C=0.45 e
APump Mix L 7
A wlWEG2 G G
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GSAH=ederakButlding Hato Rey, IPR

AProfessional Ready Mix
A10,000 yd?
AUW Target = 115 pc
A4,000 psi at 28 day |
AW/C=0.55
APump Mix
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VA Caribbean-iHospitabSeismie San JuanPRR

AProfessional Ready Mix
A3,000 yd3
AUW Target = 120 pcf
A4,000 psi at 28 day
AW/C=0.45
APump Mix
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Internal Curing

Process by which the hydration of cement
continues because of the availability of internal

water that Is not part of the mixing water.

ACI Concrete Terminology (ACI CF23)
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Internal Curing

Alncorporation of a water curing agent into its concrete mixture for the
purpose of promotion of hydration.

AProvides increased internal relative humidity, hydration, strength |
development, reduced shrinkage and cracking, reduced permeability,
and increased durability. Results in improved early and long term
strength, less corrosion of reinforcing and reduced warping and more
dense Interfacial Transition Zone.

AThe accepted agent for Internal Curing is preconditioned, saturated
surface dry, absorbent lightweight aggregate sand (LWAS). Lightweight
coarse is also used.
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External Curing Internal Curing

Sprinkling, Wet Burlap, Ponding, Fogging Saturated Lightweight Aggregate Sand
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Internal Curing

does NOTFREPLACH

External Curing
and Protecion

15-Mar-2023 07:06
+17.949970,-66.139682
WWTP, Guayama
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Internal Curing

Q

{ . P
US.Department of Transportation @C TRAN:FI’%.‘I'?"IA!AAI'YI%: h\® .'l At I( i ns Réa l i S

Federal Highway Administration




Internal Curing

Pore structure of lightweight aggregate
that when saturated, functions as water
filled reservoirs necessary for more

complete hydra