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EDC 7 Enhancing Performance with 
Internally Cured Concrete ╔╟╘╒

WELCOME REMARKS



Eng. Eileen M. Vélez-Vega 
Secretary
Department of Transportation and Public Works
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Eng. Ana L. Torres-Santana
DeputyExecutive Director
Puerto Rico Highways and Transportation Authority
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Eng. Héctor R. Laureano
Bridge/Structure Engineer
FHWA, Puerto Rico and USVI & Florida Divisions
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Eng. Anabel N. Merejildo-Santiago 
President
American Concrete Institute (ACI), Puerto Rico Chapter
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Dr. Didier M. Valdés-Díaz
Puerto Rico LTAP Center

ÅDirector, Puerto Rico LTAP Center

ÅProfessor,  Department of Civil Engineering and Surveying in the 
University of Puerto Rico at Mayagüez

ÅPrincipal Investigator on SEMPACT at the University of Puerto Rico at 
Mayagüez

ÅSite Director of the SAFERSIM University Transportation Center at the 
University of Puerto Rico at Mayagüez

ÅPrincipal Investigator on NICR-UPRM

ÅPhD in Civil Engineering from The University of Texas at Austin

ÅMaster of Science in Traffic and Transportation Engineering from Cauca 
University, Popoyán, Colombia

ÅBSCE from La Gran Colombia University, Bogotá, Colombia
7
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INTRODUCTION TO EVERY DAY COUNTS AND 
EPIC2 INITIATIVE 

Dr. Didier M. Valdés-Díaz
Director, Transportation Technology Transfer Center
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ǒ Is the FHWA program to advance a culture of innovation in the 
transportation community. (Source: FHWA)

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

ǒ shorten the project delivery process

ǒ enhance roadway safety

ǒ reduce traffic congestion

ǒ integrate automation

9



Previous EDC RoundsTechnology Programs in FHWA

Every DayCounts (EDC)

State Transportation Innovation 
Council (STIC)

Local Technical Assistance 
Program (LTAP)

Funding Opportunities through 
Demo Projects
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EDC-7 Innovations 2023-2024

Initiatives selected to be implemented in Puerto Rico
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Enhancing Performance with Internally Cured Concrete 
(EPIC2)

ÅCracking in concrete is a limiting factor in achieving long-term concrete
performance.
ÅInternal curing mitigates shrinkagecracking and has the potential to substantially

extend the service life of concrete bridge decks and enhance the performance of
pavements and repairs.
ÅThis material-level technology can be employed in any concrete mixture with an

adjustment to mixture proportions.

ÅUse 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. Torres-Santana
Puerto Rico Highways and Transportation Authority (PRHTA)

ÅDeputy Executive Director
Puerto Rico Highways and Transportation Authority
ÅFederalLiaisonOffice Director

PuertoRicoHighwaysand TransportationAuthority
ÅChampion of the EDC initiative Enhancing Performance with

Internally Cured Concrete (EPIC2)
ÅOversees and provides support in the implementation of best

practices for the project delivery for the Puerto Rico Highway
Program(PRHP)
ÅMaster of Engineering in Civil Engineering (MECE), Polytechnic 

University of Puerto Rico (PUPR)
ÅBachelor of Science in Civil Engineering (BSCE), University of 

Puerto Rico at Mayagüez (UPRM)
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╔╟╘╒ IMPLEMENTATION PLAN IN PUERTO RICO

Eng. Ana L. Torres-Santana
Deputy Executive Director

Puerto Rico Highways and Transportation Authority
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EDC Innovation Description PRHTA Champion FHWA POC

Nighttime Visibility 

for Safety

STEP, Reducing Rural 

Roadway Departures, Lighting

Improvements.

David Ramos (PRHTA)

Ashley Vargas (Metric

Engineering)

Grace Diaz-Estrada

Next Generation

TIM: Technology for

Saving Lives

Smart emergency vehicle

lighting, digital alerts, UAS, 

debris removal tools.

Lissette Lugo (PRHTA)

Josué Cruz (CMA)
JC Rivera

Enhancing 

Performance with 

Internally Cured 

Concrete (EPIC2)

Internal curing increases

concreteôsresistance to early

cracking.

Ana L. Torres (PRHTA)

José M. López (Atkins)
Héctor Laureano

EPDs for 

Sustainable Project 

Delivery

(Environmental 

Product 

Declarations)

An EPD is a transparent, third

party verified report used to

communicate those impacts

from resource use, energy, and 

emissions.

Sheila Sánchez 

(PRHTA)

Zaida Rico (CMA)

Andrés Álvarez

Round 7 Every Day Counts  
EDC-7 Innovations(2023-2024)
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Every Day Counts  
EDC-7 Innovations(2023-2024)

Å https://www.fhwa.dot.gov/inn

ovation/everydaycounts/edc_

7/

Å https://www.fhwa.dot.gov/inn

ovation/everydaycounts/edc_

7/enhancing_epic.cfm

Å 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/
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https://www.fhwa.dot.gov/innovation/everydaycounts/edc_7/
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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 Day Counts  
EDC-7 Innovations(2023-2024)

Å https://www.youtube.com/wat

ch?v=b6WREFmacaM

Å https://www.nist.gov/el/materi

als-and-structural-systems-

division-73100/inorganic-

materials-group-

73103/concrete-0-0

Å https://cptechcenter.org/inter

nal-curing/

Å https://intrans.iastate.edu/ap

p/uploads/2018/09/IC_guide

_spec_w_cvr.pdf

Å https://www.youtube.com/wat

ch?v=qwnj6j4g5dQ
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Every Day Counts  
EDC-7 Innovations(2023-2024)
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05

March 2025
Assessment of the 

performance and 

adjustment of any 

processes for full 

deployment

04

December 2024
Pilot Project

03

July 2024
Development of 

EPIC Mix designs

02

March 2024
Technical Training 

Exchange

01

October 2023

Meeting with the 

local concrete 

producers 

association

Implementation Plan
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Concrete Bridge 
Decks

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

Paving and 
Overlays

ÅIn paving and overlays, the technology reduces the 
magnitude of crack widths and curling deformations and can 
be used to extend the spacing between engineered joints. 

Patching and 
Repair Materials

ÅFor patching and repair materials, internal curing minimizes 
the potential for restrained shrinkage cracking associated 
with high cement content mixtures designed to develop 
strength rapidly.

Applications of Internally Cured Concrete

20



What We Are Working On? 
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Dr. Timothy Barrett
Federal Highway Administration

ÅResearch Civil Engineer and Lab Manager of the Structural 
EŰŊŔŰĲĲƖŔŰŊШxċĤŸƖċƣŸƖǃЯШ[cì ќƚШÑƨƖŰĲƖ-Fairbank Highway Research 
Center
ÅCo-leads of the Every DayCounts Initiative: Enhancing 

Performance with Internally Cured Concrete
ÅSpecializes in concrete materials and structures, with a focus on 

service life and sustainability
ÅPhD in Civil Engineering, Purdue University 
ÅMaster of Science in Civil, Purdue University
ÅBachelor of Science in Civil Engineering (BSCE), Purdue University
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╔╟╘╒ INNOVATION, PROJECT AND CASE STUDIES

Dr. Timothy J. Barrett
Federal Highway Administration
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EPIC2 Innovation, 
Projects, and Case 
Studies
Tim Barrett, Ph.D.

Federal Highway Administration

Puerto Rico EDC 7 Summit
San Juan, Puerto Rico
February 2, 2024

24
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ñProcess by which the hydration of cement continues 
because of the availability of internal water that is not 
part of the mixing water.ò ïACI Concrete Terminology

Internal Curing (IC)



Key Takeaways From Today

ÅMixture design changes are simple

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

ÅMany successful applications already in service

Letôs make this EPIC2!

26



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

w/c: water-to-cement ratio (mass basis)
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Motivation

28

Source: FHWA
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Cracking is a key limiting factor in achieving 
acceptable long-term performance

Cracking



AASHTO LRFD Bridge Design Specifications, 9th Edition Excerpts

Design Life ï Period of time on which the statistical derivation of 

transient loads is based, which is 75 years for these 

Specifications.

2.5.2.3 ï 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: 

Å a contemporary or future protective overlay, 

Å a future deck replacement, or

Å Supplemental structural resistance.

30

Motivation from Current State of Practice
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Corrosion Based Service Life

Source: FHWA (after Tuutti (1982)) 

Maximize

Early Age 

Cracking



The Causes Are Many

ÅConcrete Mixture Design

ÅStructural Design

ÅEnvironmental Exposure
ÅTemperature

ÅRelative Humidity

ÅCements

ÅChemical Admixtures

ÅConstruction Practices

ÅBad Lucké the list goes oné

32

ά9ǾŜǊȅǘƘƛƴƎ ōǳǘ ǘƘŜ ƪƛǘŎƘŜƴ ǎƛƴƪΦέ

Source: FHWA
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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.
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Puerto Rico?

5 Years on 
average

Source: FHWA

Data Source: NBI, 2022. 

Deck condition (Item 58) rating of 7 (Good) or lower.

0

25

50

75

Bridge Age When 
Median Deck Rating 
is 7 or Lower, (Y)



35

More than 
620,000 
Bridges

Source: FHWA

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

ñDeterioration of concrete bridge decks due to corrosion of steel reinforcement has limited the 
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 alternative non-corrodible materials in new structures.ò

We all agree!
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Equip bridge, materials, and construction engineers with the 
knowledge and tools to design, specify, and implement internal 

curing into practice.

EPIC2 Mission
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ñProcess by which the hydration of cement continues 
because of the availability of internal water that is not part 

of the mixing water.ò

Hide the curing water inside the concrete when you make it.

Internal Curing (IC)
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Solution:

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

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

Source: FHWA Source: FHWA



Current Practice: 
Just Replace Some Sand.

40

Water

Cementitious

Coarse 
Aggregate

Fine Aggregate

Air Prewetted 
Lightweight 

Fine 
Aggregate

Plain EPIC2
10 - 40%

Replacement, typ.

Volumetric Mixture Proportions 

Intermediate 

Aggregate

In Optimized 

Mixture
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H 
2
O

K 
+

Na 
+Ca 

2
 
+

ÅConcept from 
Jensen & Hansen 
(2001)

ÅSAPs typically 
absorb 10-100x 
mass in fluid

ÅDose bag of dry 
powder and done, 
in theory

Super Absorbent 
Polymers (SAP)

Source: FHWA
[in]

Dry

K 
+

Na 
+

K 
+ Na 

+

K 
+

Na 
+Ca 

2
 
+

Polymer

Network

Crosslink
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-
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Absorption driven by osmotic pressure
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Where Should IC Be Used?

All Source: FHWA
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1. Bridge Decks

Structures that 
need enhanced 
service life.

Source: FHWA
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2. Repairs
-High Early Strength

-High-paste Content

Elements or 
mixtures that have 
high shrinkage or 

cracking potential.
Source: FHWA
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3. Pavements
-Low Curl 
Performance
-Extended Control 
Joint Spacing

Any element 
where reduced 
shrinkage adds 
desired 

performance. Source: FHWA



Advantages of Internal Curing

ÅWorks automatically

ÅCompatible with current concrete practice

ÅSimple modification to concrete mixture design proportions

ÅNo modifications to structural design process

ÅEconomical

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

ÅWorks automatically

46



Performance Benefits

ÅSubstantial reduction in total cracking potential

ÅImproved resistance to:

Åplastic shrinkage

Ådrying shrinkage

Åthermal shrinkage or gradients

ÅContinued and extended hydration of cement

ÅCreates potential for very high durability concrete with mitigation of 
cracks typical in traditional ñhigh performance concreteò

ÅSecondary benefits such as improved alkali silica reaction resistance

47
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Percentage of 
Bridges,

Less Than 10 
Years of Age,

Deck Condition 
Rating of 9

Data Source: NBI, 2022. 

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

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

Source: FHWA
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Percentage of Bridges 
Less Than 10 Years of Age 
with Deck Contidion Rating 
Equal to 9, (%)

Puerto Rico?

72 bridges

54% Ó 7 rating

Data Source: NBI, 2022. 

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

Source: FHWA
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Internally cured, high performance concretes 
have been estimated to reduce lifecycle cost by 

29 - 70% compared to control

Life Cycle Cost Analysis

Sources:  Cusson et al. (2010), Guo et al. (2014), Wang et al. (2019)   
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ñEnough with the Pitch, 
Tell Me What I Need to Knowò

All Source: FHWA
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Mixture Proportions for Lightweight Agg.

ὓ ȟ

ὅɇὅὛɇ‌

Ὓɇ‰

ὅ:  Cement Content (lb/yd3)

ὅὛ: Chemical Shrinkage 

      (lb water / lb cementitious)

‌ :   Degree of Hydration (%)

ὓ ȟ :    Mass of LWA (oven dry basis)

‰ :        LWA Absorption (%) 

Ὓ:               Saturation Factor (%)

Typically:

Supply 7 lb of water per 100 lb of 
cementitious (CS = 0.07)

Bentz & Snyder (1999)
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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 Design Worksheet.xlsx

Webinar training module available now!

ñMixture Designò Tab:

ÅPlain mixture design (input)

ÅInternal curing properties (input)

ÅIC mixture design (output)

53

https://docs.lib.purdue.edu/jtrp/1574/
https://docs.lib.purdue.edu/cgi/viewcontent.cgi?filename=7&article=3088&context=jtrp&type=additional
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Step 1 ïEnter Plain Mixture Design

Input concrete mixture design 
parameters in boxed cells 

(orange highlighted) 
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Step 2 ïEnter Internal Curing Properties

Input concrete mixture design 
parameters in boxed cells 

(green highlighted) Ὃ  in AASHTO TP139-20)



56

Step 3 ïInternally Cured Mixture Design  
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Similar to reference mixture, 
anticipate minor adjustments only (if any)

Admixture Dosages?
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Time to Batch?

ñBatchingò

Tab!

Fill in the 

boxed cells 

(color 

shaded) 
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Mixture Design for Super Absorbent Polymers

ὓ
ὅɇὅὛɇ‌

‰

ὅ:  Cement Content (lb/yd3)

ὅὛ: Chemical Shrinkage 

      (lb water / lb cementitious)

‌ :   Degree of Hydration (%)

ὓ : Mass of SAP (dry basis)

‰ : SAP Absorption (%) 

Ὓ: Saturation Factor (%)

Typically:

Supply 7 lb of water per 100 lb of 
cementitious (CS = 0.07)

For previous example, need about 2 lb/yd3 
for SAP with 20x absorption (2000%) 

After Bentz & Snyder (1999)
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Keys to Success

1. SAPs must be well dispersed

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

Å Particle Size

Å Time Dependency

Å Ionic Concentration of Solution

3. SAPs must desorb at appropriate RH
Å Osmotic vs Capillary pressures

Source: FHWA

[in]

Dry Hydrated
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What if the SAP does not swell?

Å0.42 w/c, 25% Paste Content

ÅFor a SAP w/ Absorption of 15 g/g 
Water for Internal Curing ~34 lb/yd3

ÅIf not absorbed by the SAP, net 
increase in w/c to 0.484

Cement 310 523

Water 130 220

IC Water* 19.9 33.5

FA 916 1546

SAP 1.32 2.23

CA 1107 1868

Note: Agg in SSD Condition
Amount 

(kg/m
3
)

Amount 

(lbs/yd
3
)
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Absorption Test

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

ÅCommonly called the ñtea bagò 
test

Source: Lange et al. (2021)

Source: Weiss & 
Montanari (2017)

https://cdn-wordpress.webspec.cloud/intrans.iastate.edu/uploads/2018/09/IC_guide_spec_w_cvr.pdf
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Implementation

All Source: FHWA
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Year State # of Bridges Cracking Service Life

2008 ς2013 New York 17 Ҩ ҧ

2010 Indiana 1 Ҩ ҧ

2013 Utah 2 Ҩ

2013 ς2014 Indiana 6 Ҩ ҧ

2014 Kansas 3 Ҩ ҍ

2016 Louisiana 2 Ҩ ҧ

2016 Iowa 1 ҧ

2016-2020 Minnesota 9 Ҩ ҍ

2016 Illinois Tollway 12 Ҩ ҧ

2017 Ohio 1 Ҩ ҧ

2017 North Carolina 1 Ҩ ҧ

2019 FHWA Federal 
Lands

3 Ҩ ҧ

Bridge Deck 
Installations 
using 
Prewetted LWA

Also: West Virginia, Oregon, Missouri, Michigan, Nebraska, Texas, Virginia
wŜǎŜŀǊŎƘ ǊŜǇƻǊǘǎΣ ōǳǘ ƴƻǘ ȅŜǘ ƛƳǇƭŜƳŜƴǘŜŘΥ /ƻƭƻǊŀŘƻΣ ²ƛǎŎƻƴǎƛƴΣ CƭƻǊƛŘŀΣ Χ
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SAP?

Limited 
documented 
installations 
right now Year Location Application Shrinkage Service Life

2006 Germany Walls Ҩ ҧ

2008 Denmark Wall Panels Ҩ ҧ

2011 Belgium Bridge Deck Ҩ ҧ

2014 China Rail Bed Slab Ҩ ҧ

Source: Lange et al. (2021)



Common Specification Items

1. Replace a minimum quantity of normal fine aggregate with 
prewetted lightweight aggregate
ÅMass 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)
Åw/c < 0.42

ÅBinary / ternary cementitious system 

66
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Lightweight Aggregate Specification

ÅASTM C1761*
ÅCovers aggregates for internal curing

ÅPrewetting of aggregates

ÅTesting

ÅMixture proportioning

ÅSpecifies use of 72 h absorption.  

Some have used 24 h for design, which 
ensures specification in practice is met
ÅAverage change in absorption from 24 h to 

48 h soak is ~7%
Source: FHWA

*Specification not required per Federal statute or regulation. 
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Why Lightweight Aggregates?
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Internal Curing Efficiency: EfficientLess Efficient

Data: Castro et al., (2011)

ASTM C1761: The lightweight aggregate shall 
release at least 85% of its absorbed water at 94% 

relative humidity.
Source: FHWA

Source: FHWA
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ÅTypical preparation:
Å48 hr soak (min)

Å12 hr drain (min)

ÅSurface moisture 
variability 
throughout day is 
minor

ÅVariability comes 
from within the pile 
itself 

Aggregate 
Soaking

Source: Barrett et al. (2015)

Source: FHWA

Source: FHWA

Example Specification:
NYSDOT Standard Spec 557-3.01 A

Moisture properties covered 
in ASTM C1761
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Your supplier can (likely) deliver prewetted 
aggregates upon request!

Donôt Want to Soak?
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Moisture Properties

Absorbed water in LWA used for IC, required for batching

Surface moisture is free water and counts in w/c

0.35

0.40

0.45

0.50

0.55

0.60

0 5 10 15 20

Unaccounted for Surface Moisture (%)

E
f
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e
c
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i
v
e
 
w

/c
m

Moisture Definition: SurfaceTotal

Source: FHWA

Source: FHWA
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Aggregate Stockpile Turning & Sampling

Sample about the entire pile, 

quarter prior to testing

Properly rolled pile prior to 

sampling 

Source: FHWA

Source: FHWA
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Moisture Testing Methods

ASTM C1761 Paper Towel Method:

Pat the aggregates dry until 

sandcastle falls over.

AASHTO TP139-20 Centrifuge Method:

Spin LWA at 2000 rpm for 3 min.

Source: FHWA

Source: FHWA
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Aggregate Moisture Testing

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.

Source: FHWA Source: FHWA
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Batch Computer 
Aggregate Moisture Corrections

Encountered challenges with 
batching software include:

ÅSurface moisture thresholds
ÅHard coded maximums in software

ÅBatch weights not matching inputs
ÅDue to approximation of moisture 

correction calculation from total 
moisture

ÅJog precision (under/over batch 
LWA)

Operator know-how goes a long way Source: FHWA

Source: FHWA
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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.
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Fresh Testing Remains the Same

Source: FHWA

ASTM C231 Type B Pressure Meter works without issue

LWA in IC may increase the aggregate correction factor from ~0.2 to 0.4
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Pumping

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

ÅBest practices of 
pumping concrete 
still apply

ÅFreefall causes air 
issues

ÅDelays in concrete 
supply causes pump 
issues

Source: FHWASource: Barrett et al. (2015)
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Finishing

ÅFinishing compounds and 
evaporation retarders are 
mostly comprised of water 

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

Source: Barrett et al. (2015)
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Curing Practices

ÅStandard practices employing 
wetted burlap and plastic still 
apply

ÅMethods employing ñwater of 
convenienceò can lead to 
surface scaling issues later

Source: FHWA
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Performance

All Source: FHWA
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Compressive Strength

ÅCompressive strength 
may vary by small 
amounts in individual 
trials

ÅVariation as a class of 
concrete not significant

ÅIf employing HPC, 
typically much stronger 
than designed

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

IC HPC: Internally cured, High performance concrete
HPC: High performance concrete
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Youngôs Elastic Modulus

ÅModulus of elasticity follows code 
expressions for conventional 
concrete

ÅThis is not lightweight concrete 
(ɚ=1)

ÅTypical unit weight ~135+ lb/ft3

AASHTO LRFD C5.4.2.4-4 Ñ 20%

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

AASHTO LRFD C5.4.2.7 Ñ 20%

ÅTensile strength follows code 
expressions for conventional 
concrete

ÅThis is not lightweight concrete 
(ɚ=1)

Data: Barrett et al. (2015)Source: FHWA
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ñDryingò (Total) Shrinkage

Not recommending for specification

Modified 

ASTM C157

Source: FHWA Source: FHWA

Data: Barrett et al. (2015) Data: Barrett et al. (2015)
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ñHead to Headò 
Comparison

Cracking after 
1 Year 

of Service 

Data: Wang et al. (2019)Source: FHWA

Conventional

EPIC 2

Open to Traffic, Not Surveyed

Open to Traffic, Not Surveyed

Cracks
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Shrinkage Cracking Performance

Data: Lafikes et al. (2020)

Cracking Substantially 
Reduced 

Source: FHWA
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Thermal Cracking Performance

Internal curing lowers the coefficient of 
thermal expansion

Higher resistance to thermal cracking

All Image Sources: FHWA

Data: Barrett (2015)
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Estimated Service Life

Estimated 
Corrosion Initiation 

Service Life:

60-90 years 

~3 to 4.5x increase

Conventional

Source: FHWA Data: Barrett et al. (2014)
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Environmental Product Declarations are becoming the norm, 
consider asking about internally cured concrete

Industry-wide baseline anticipated in 2024

EPDs
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Theory & 
Performance of 
Internally Cured 
Concrete

Mixture 
Proportioning for 
Internally Cured 
Concrete

Lessons Learned 
in NY, IN, and LA

On-Demand Webinars

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

Sign up for EDC News and Innovator
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DŜǘ ƻƴ ȅƻǳǊ ƳƻōƛƭŜ ŘŜǾƛŎŜΗ ¢ŜȄǘ άCI²! LƴƴƻǾŀǘƛƻƴέ ǘƻ псуомм

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

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.
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Thank you

Questions / Comments Please?
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Eng. RúbenSegarra-Montelara
SegarraEngineering and Consulting Group, PSC

ÅPresident of Segarra Engineering and Consulting Group, PSC.

ÅMember of the College of Engineers and Surveyors of Puerto 
Rico.

ÅMember of Institute of Civil Engineers of Puerto Rico (IIC).

ÅMember of International Concrete Institute (ACI).

ÅMember of the Puerto Rican Association of Concrete (APC).

ÅBachelor of Science in Civil Engineering (BSCE), Polytechnic 
University of Puerto Rico (PUPR).
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EXPERIENCE OF USING LIGHT WEIGHT 
AGGREGATE IN PUERTO RICO

Eng. Rúben Segarra-Montelara
Segarra Engineering and Consulting Group, PSC
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EXPERIENCE OF USING LIGHT WEIGHT 
AGGREGATE IN PUERTO RICO

Eng. Rúben Segarra-Montelara
Segarra Engineering and Consulting Group, PSC
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Roman Pantheon
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Lightweight Concrete Ships
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Raw Material: Shale
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Raw Material: Shale
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Expansion Process: Rotary Kiln - 2,100 ºF 
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Aggregate Properties

ÅDry Loose Unit Weight:  <45 pcf
ÅCompacted density: <62 pcf when measured by a one point 

proctor test (ASTM-D698)
ÅAngle of friction: > 40 degrees when measured in a tri-axial 

compression test
ÅMaximum LA Abrasion loss (ASTM C-131) shall be <30%
ÅAbsorption: 9 to 15% (ASTM C-127, 24 hr)
ÅPH: between 6.5 and 9.0
ÅSoundness: 3% max loss Magnesium Sulfate method (ASTM C-88)
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Applications

ÅStructural Lightweight Concrete
ÅLightweight Masonry Units
ÅAdhered Veneer Cast Stone
ÅGeotechnical Fill
ÅHorticultural  
ÅInfiltration / Pervious Concrete
ÅInternal Curing
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Applications

Å300 N LaSalle is the tallest building in North 
America to have concrete placed with single 
stage pump.  

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

ÅIt originally was designated as a Gold LEED and 
after completion it was designated a Platinum 
award due to the low cost of energy demand. 

ÅWhen considering UL ratings a 3-inch 
lightweight concrete deck offers same 
protection as 4-inch normal weight.  
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Applications

ÅVA Hospital тOPA 
Building, San Juan
ÅFacilities expansionof

three more levels
ÅGeotechnical

restrictions for heavy 
structure
ÅConcrete Slabsover

metal deck
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Applications

ÅJoinof Rio Puerto 
Nuevo & Margarita 
Channel
ÅGeotechnical Fill
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VA Hospital тOPA Building, San Juan

ÅWalsh Group
ÅStar Ready Mix
Å4,000 yd³
ÅӅШΝΝΤ±3 pcf (dry)
Å4,000 psi at 28 day
ÅW/C=0.50
ÅPump Mix
ÅΣњШÉũƨůƓ
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VA Hospital тOPA Building, San Juan

ÅAggregate Import Management 
ÅKentucky Solite
ÅTransportation by: Trains, barge  

and open top containers, trucks, 
plant site

ÅConcrete Trial Mixes
ÅConcrete Fresh Testing
ÅWet Unit Weight
ÅAir Content (ASTM C173)
ÅCompressive Strength
ÅDry Unit Weigth
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VA Hospital тOPA Building, San Juan

ÅAggregate conditioning
ÅSoak for 24 hours
ÅKeep wet all the time
ÅAbsorption water adjustment
ÅUnit Weight during concrete 

production at plant and field
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VA Hospital тOPA Building, San Juan
ÅCompressive strengths were 

over 6,500 psi at 28 days
ÅCompared to Normal Weight 

Concrete, compressive 
strength gain was over 18% 
higher consistently
ÅAir Content in the mix was in 

the range of 4% to 6%
ÅWet Unit Weight 110 to 115 pcf
ÅAverage Air-Dry UW 106 pcf
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EPOGEN, AMGEN тJuncos, PR

ÅStar Ready Mix
Å20,000 yd³
ÅUW Target = 120 pcf
Å4,000 psi at 28 day
ÅW/C=0.45
ÅPump Mix
ÅΣњШÉũƨůƓ

118



GSA Federal Building тHatoRey, PR

ÅProfessional Ready Mix
Å10,000 yd³
ÅUW Target = 115 pcf
Å4,000 psi at 28 day
ÅW/C=0.55
ÅPump Mix
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VA Caribbean Hospital Seismic - San Juan, PR

ÅProfessional Ready Mix
Å3,000 yd³
ÅUW Target = 120 pcf
Å4,000 psi at 28 day
ÅW/C=0.45
ÅPump 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 CT-23)
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Internal Curing 

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

ÅProvides 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.

ÅThe 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
Sprinkling, Wet Burlap, Ponding, Fogging

Curing 
20mm
Penetration

Full Slab
Curing 
with
LWAS

Internal Curing
Saturated Lightweight Aggregate Sand
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Internal Curing

does NOT REPLACE

External Curing 
and Protecion
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Internal Curing 
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Internal Curing 
Pore structure of lightweight aggregate 
that when saturated, functions as water 
filled reservoirs necessary for more 
complete hydration  
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Internal Curing 
BENTZ FORMULA for

Quantity of LWAS to Substitute for Normal Weight Sand 

MLWA = mass of dry fine LWA (kg/m3)
Cf  = cement content (kg/m 3)
CS  = chemical shrinkage of cement (g of water/g of cement)

m͈ax = maximum expected degree of cement hydration
S  = degree of saturation of aggregate (0 to 1)

L̞WA = absorption of LWAS (kg water/kg dry LWA)

For actual mix design
test with a 3-point curve to decide 
an amount of LWAS to substitute 

for some of the natural sand
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Internal Curing 
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EFFECT OF LIGHTWEIGHT FINES ON 
MODULUS OF ELASTICITY
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Puerto Rico Concrete Industry Challenges

ÅAvailability of lightweight aggregates
ÅImports vs Local Production
ÅTransportation
ÅHigh Costs

ÅStockpiling at batch plants
ÅLCC Analysis
ÅTechnical education to all parties involved
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Gracias por su atención
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