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Why is this talk important?

We need every tool to produce the best
concrete infrastructure possible.



Why is this talk important?

The day before something is a
breakthrough, it is a crazy idea.

- Burt Rutan



What are Alternative
Cementitious Materials (ACMs)?

Cements with different chemistries than
portland cement (OPC)

Can be made with lower CO, emissions

Used as repair materials for decades



What are Alternative
Cementitious Materials (ACMs)?

Can have radically different behavior/properties
than OPC

Hydration, microstructure, property
development, and durability poorly understood



/2 T calc = no calories

lower calofes e~ taste ¥  no sugar
s5 from natural sources 5 :

OPC ACMs



Fast Facts!

CAC — Calcium Aluminate Cements

Fast setting!

Microstructure is not stable! You will see
strength loss after 60 days.

Used for rapid construction of air field
pavements in Europe during WWI|



Fast Facts!

CSA — Calcium Sulphoaluminate Cements

Very fast setting

Rapid strength gain

Magic things happens when you combine it
with latex



Fast Facts!
AA — Alkali Activated Binder

100% fly ash or slag

Properties are very dependent on materials
used

Low carbon footprint!!!



Up to 40-60% reduction in CO,, by using ACMs instead of OPC (1:1)
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How are we going to do this?

Current ¢
Understanding \
of ACMs
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4 Alternative Binders Investigated:
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Discussion

Strength is great but what about durability?




Shrinkage Basics



Shrinkage Basics

Watch out for the CAD Monkey!



Shrinkage Basics

Watch out for the CAD Monkey!




Chemical
Autogenous
Drying



Shrinkage Basics

type of o
, timing cause
_shrinkage
Chemical hours |free water consumed by hydration
Autogenous days hydration taking water from pores
Drying months |water leaving pores from drying



Mixture designs

Concrete mixtures with a w/cm = 0.40 and a 4”
to 6” slump with 2 h to 4 h initial set time were
developed.

These were used for drying shrinkage testing.

An equivalent paste from these mixtures were
used for the other tests.



Shrinkage Testing

Chemical shrinkage
ASTM C1608
(Dilatometry method)

Autogenous shrinkage
ASTM C1698
(Corrugated tube
method)

Drying shrinkage
ASTM C157 (Linear
drying shrinkage)

Photo credit: pitt.eduUPMML



Chemical Shrinkage (mL/g cement)

Chemical Shrinkage Results
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Chemical Shrinkage Relative to OPC
(% Difference)
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Autogenous Shrinkage Results
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Autogenous Shrinkage Results

PC (%)
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Drying Shrinkage (microstrain)

Drying Shrinkage Results
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Drying Shrinkage Results
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In summary...
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What does this mean?

» The AA, CSA, and CAC showed a lower amount
of autogenous and drying shrinkage than OPC.

» Less strain should mean less cracking and/or
curling and warping



What does this mean?

» These same ACMs have an increase in
chemical shrinkage in comparison to OPC.

» Based on limited concrete and paste testing
no detectable damage occurred at

w/cm = 0.40.

» Lower w/cm mixtures and different levels of
restraint should be investigated.



Why does this happen?

The pore structure may give us some insights.

We investigated the ACMs with a new technique
that can tell us about how ions move within
them.



Overview of Computed Tomography
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Overview of Computed Tomography
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Water on top Kl solution on top

Khanzadeh Maradllo and Ley, CCC, 2017
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Why does this happen?

At the early ages the pure CSA and AA seem to
have an interconnected pore structure that
allows transport in and out of the sample.

The CAC seems to have a microstructure that
allows less transport than OPC.

The blend seems to have a similar performance
to OPC.



What does this mean?

Things that are good at reducing autogeneous
and drying shrinkage may not be helpful in

keeping outside chemicals from penetrating into
concrete.

When you have a strength in one area then it
can be a weakness in another.



Freeze thaw performance

Bulk Freeze Thaw (ASTM C 666)
Scaling (ASTM C 672)



Mixture Design

640 Ibs cementitious
1700 |bs granite coarse
1200 Ibs natural sand

Synthetic AEA
6” slump
2h — 4h set time
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Discussion

CAC and CSA2B needed less air and CSA2
needed more air to pass ASTM C 666

CSA2B with a 0.35 w/cm seems to pass freeze
thaw testing regardless of the air contents.



OPc Mm3c

6.4% air after 50 cycles 3.8% air after 50 cycles



CSA2

7.2% air after 25 cycles
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Scaled Mass oz/in?
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Scaled Mass o0z/in?
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Discussion

CAC increases scaling with increased air content

CSA2B with a 0.35 w/cm seems to pass scaling
test regardless of the air contents.



CAC

Pros Cons
Low ion penetration Loses strength
Low shrinkage Cracks
Poor scaling




CAC

Where should it be used?
Tropical marine environments
Dry climates

Where should it not be used?
Freeze thaw environments



CSA

Pros Cons

Low shrinkage High ion penetration
High strength

Great freeze thaw with
polymer and .35 w/cm




CSA

Where should it be used?

Pavements in freeze thaw environments
if latex and w/c =0.35
Dry climates

Where should it not be used?
Places that you want to protect
reinforcing steel from salts



AAl

Pros Cons
Low carbon footprint Poor scaling
Low shrinkage Poor freeze thaw
High ion penetration




AAl

Where should it be used?
Dry climates

Where should it not be used?
Freeze thaw environments

Places that you want to protect
reinforcing steel from salts



What does this mean?

ACMs are not best to use in all environments
but they have outstanding advantages in certain
locations and situations.






ACMs are tools

ACMs may be the right use in all environments
but they can have outstanding performance in
certain situations.

We need to embrace all of our tools!



A look into the future!ll

Blends of OPC and ACMs to get high early
strength and certain properties.

Decrease shrinkage
Improve ASR performance
Decrease ion penetration



What else have we done?

» Corrosion
> ASR

» Sulfate Attack
> Carbonation Stay tuned for

> Fatigue more results!!!!



| need your help!!!

» We are trying to document field performance
of ACMs

» If you know of long lasting structures that
have used ACMs and you have details about
the mixture design, etc then please let us
know.



Conclusions

» The CSA, CAC, and AA showed improved
performance in autogenous, and drying
shrinkage for the mixtures investigated.

» The AA and CSA at the early ages seems to
have an open microstructure that allows vapor
out and ions into the sample.

A strength can be a weakness!



Conclusions

» All of the ACMs showed poor performance in
freeze thaw or scaling.

» CSA2 + latex with w/c = 0.35 showed
outstanding performance in freeze thaw
testing.
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Why didn’t we talk more about cracking?

» Cracking is a complex phenomenon that is a
balance of strength, strain, and creep.

» We do not have a handle on this for OPC and
so predicting this for ACMs is a little
premature.

» We have characterized the strength and strain.
The next step is to work on creep.



Durability Factor
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Discussion

The SAM Number and spacing factor are related
but the relationships are not the same.

This means that the SAM Number can be used
to predict freeze thaw durability but different
SAM Numbers would be used for different
ACMs.
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