
5/16/2012

1

Green Binders Technology
ACI Fall 2010 Convention

October 24 - 28, Pittsburgh, PA

Jason Weiss is a Professor of Civil 
Engineering at Purdue University. He is 
actively involved in research on cement and 
concrete materials. He earned a B.A.E. from 
the Pennsylvania State University and an 
M.S. and Ph.D. from Northwestern 
University in 1999. He has been involved in

research on early age concrete, internal curing, and improving 
the performance of concrete. 

Oct 2010, Pittsburgh De la Varga, Castro, and Weiss Slide 3 of 26

Internal Curing Concepts in Mixtures 
Containing High Volumes of Fly Ash 

Igor De la Varga, Javier Castro, Dale Bentz, and 
Jason Weiss

School of Civil Engineering
Purdue University

ACI Convention
October 24th- 28th, Pittsburgh, PA

Oct 2010, Pittsburgh De la Varga, Castro, and Weiss Slide 4 of 26

FHWA Project on HFVA

Columbus Indiana

• Goal is to reduce the clinker content of concrete 
used in transportation structures

• Class C 
concrete bridge 
requires 
390 kg/m3 of 
cementitous

• Current limit 
of 20-25% 
fly ash
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Project Thought Process

• Thought process is that the base mixture (0.42 
w/c) can be modified to obtain similar early age 
strengths to satisfy contractor concerns

• As a result lower water to cement ratios will be 
tested with 1:1 FA volume replacement 

• However we are questioning the true need for 
many of these high early strength requirements
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Design Matrix Investigated

• Reference Mixture (INDOT – BASE CASE) >> 0.42
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Early Age Compressive Strength 
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Autogenous Shrinkage

ASTM C1698
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Impact on Autogenous Shrinkage

w/c = 0.42

w/c = 0.30

w/c = 0.30 
40% Fly Ash

w/c = 0.30 60% Fly Ash
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From FHWA/DOT Perspective

• w/c – 0.42 and w/c -0.3 - 40% ash have equivalent 
1 day strength but have a 40% reduction in CO2

per yd3 of concrete

• w/c – 0.42 and w/c -0.3 - 60% ash have equivalent 
7 day strength but have a 60% reduction in CO2

per yd3 of concrete

• Does not even consider improvements in other 
properties like reduced transport
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What Causes This Difference

• Reducing w/c, lower internal 
RH corresponding to higher 
autogenous shrinkage
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Impact of HVFA on Microstructure
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examined using vapor desorption
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• Higher w/c has a higher 
proportion of larger pores 
(samples age 6 days). 

• Fly ash system shows a 
higher proportion of larger 
pores than a plain cement 
system

• Increases RH

r

 cos2


Kelvin-Laplace Eq.

Impact of HVFA on Microstructure
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Impact of HVFA on Microstructure
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What Else Do We Know

• Fly ash has greater long term chemical shrinkage 
than opc

• Fly ash takes
longer to react 
and requires 
longer curing 
times 

• Internal curing
beneficial
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0% 20% 40% 60% 80%

0.45 X X X X

0.42 X X X

0.36 X X

0.30

Design Matrix Investigated

• Reference Mixture (INDOT – BASE CASE) >> 0.42
• Internal Curing is Discussed for These Cases
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IC Mixture Proportioning

• LWA: water reservoirs that 
release water at the 
appropriate time (after set)

• Hypothesis:  All Chemical 
Shrinkage water is replaced

• Bentz (1999) equation
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Impact of IC on Compressive Strength
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IC Improves Strength 
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Impact on Hydration 
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Isothermal Calorimetry
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IC and Autogenous Shrinkage
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Impact on Restrained Shrinkage

ASTM C1581
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Impact on Restrained Shrinkage

• Lower initial rate of shrinkage in fly 
ash samples

• Lower stresses developed in the 
samples at early ages

• However, as the chemical 
reaction and chemical shrinkage 
develop more slowly and to a 
higher extent, fly ash is more 
likely to crack at a later age

ASTM C1581
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Impact on Thermal Shrinkage

• Insulation Chamber (Zircar) provides 
Semi-Adiabatic temperature Profiles

• High temperature reached at lower 
w/cm

• 40% fly ash mortar depicts the same 
profile than 0.42. However slight 
delay is observed. Lower 
temperature reached 
by 60% fly ash
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Dual Ring Test

• Both expansion and shrinkage 
stresses are assessed in restrained 
conditions

• Temperature control through water 
bath and insulation chamber

• Residual stress developed over time 
reduces reserved stress or cracking 
capacity

• Less residual stress developed in 
internally cured fly ash samples
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Dual Ring Test

Reserve 
stress
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Benefit of Internal Curing
On Reduced Transport
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Summary

• Examining HVFA mixtures to reduce CO2 per cubic yard of 
concrete 

• Concerns over low strength addressed with low w/c to 
more efficiently use the cement

• Higher internal RH in fly ash systems. 

• Fly ash systems have less initial autogenous shrinkage but 
this increases at later ages 

• Internal curing can reduce autogenous shrinkage and 
cracking

• Additional IC benefits due to reduced transport

Oct 2010, Pittsburgh De la Varga, Castro, and Weiss Slide 28 of 26

Acknowledgment

• Federal Highway Administration, FHWA.

• Indiana Department of Transportation, INDOT.

• Expanded Shale, Clay and Slate Institute, ESCSI.

• Pankow Laboratory at Purdue University.


