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ASR Challenges

ASR leaves concrete in such a
weakened condition that normal
stresses become fatal, stresses that
otherwise would not destroy the
concrete.

Concrete Products, April 1996

Strategic Highway Research Program, Washington, D.C. 1991




OCCURRENCE OF ASR IN THE UNITED STATES
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ASR Reactivity Factors

= Most vulnerable parts of a concrete structure
are those exposed to a warm and humid
environment.

= Repeated drying and wetting cycles is more likely to
develop excessive ASR than concrete stored at a
uniform content

s Excessive ASR occur in concrete embedded in moist
soil, such as basis and foundations




Preventive Measures

There are four basic levers to
control ASR in concrete:

e Use non-reactive aggregates

* Control the total alkalis in concrete
* Keep the concrete dry

* Use supplementary cementing materials




Effect of FA composition on ASR : calcium
content

=O=No Fly Ash
25% Fly Ash
==30% CaO

-t 22% CaO

== 14% CaO
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== 6% CaO

Age (Months)
The efficiency of FA in controlling ASR tends to increase as :
— FA content increases (whatever the FA composition)

— calcium content of FA decreases




Effect of Slag content on ASR

=0O= Control
== 25% Slag

=/ 35% Slag
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== 50% Slag

Thomas & Innis, 1998
== 65% Slag

Limit (CSA): Exp < 0.04%
Age (Months)

The efficiency of Slag in controlling ASR increases
as: Slag content increases




Current State Spec

= Test aggregates by ASTM C1260
= If aggregates are reactive:

» Use low alkali cement

= Use slag cement, fly ash or silica fume and test in
accordance with ASTM C1567 (MSMT equivalent)

= Switch to non reactive aggregates




Test Methods

Most test methods
involve:

1. Manufacturing mortar
bars or concrete
prisms

2. Storing either in a
moist room or in high
alkali solutions

3. Storing at standard or
high temperatures

4. Measuring expansion




Test Methods - ASTM C 227
Potential Reactivity of Cement
Aggregate Combinations

= High alkali cement used to make mortar bars

= Length change tested at 3 and 6 months
(expansions of .05% and 0.10%, respectively)

= Not good for slowly reacting aggregates




Test Methods
ASTM C 1260 - Potential Alkali Reactivity of

Aggregates (Mortar Bar Method)

Mortar bars stored in high alkali solution at high
temperatures

Length measurements taken over a period of 14 days
Expansion less than 0.10% - Innocuous?

Expansion between 0.10 and 0.20% - May or may not
be a problem

Expansion greater than 0.20% - Deleteriously reactive
May give false positives and false negatives
Some researchers feel that 0.08% is a better limit

Does not take into account the alkalis of the
cementitious materials




Test Methods
ASTM C 1567 - Test Method for Determining the
Potential Alkali Silica Reactivity of Combinations of
Cementitious Materials and Aggregate (Accelerated
mortar Bar Method)

Mortar bars stored in high alkali solution at high
temperatures

Length measurements taken over a period of 14 days

Expansion less than 0.10% - Innocuous?

Expansion between 0.10 and 0.20% - May or may not be a
problem

Expansion greater than 0.20% - Deleteriously reactive
May give false positives and false negatives
Some researchers feel that 0.08% is a better limit

Does not take into account the alkalis of the cementitious
materials




£
o

If AMBT vs CPT data fall
within this range - the AMBT
may be used to evaluate
preventive measures

L
o0

S
o

<
=

<
(§)

&
w
z
(@)
bt
=
=
M
P>
-
R~
=
L
z
<
=9
P
=

S
(=




Test Methods
ASTM C 1293 - Test Method for
Determination of Length Change of
Concrete Due to Alkali Silica Reaction

Concrete prisms cast and placed in high alkali

solution

Measurements made out to 1 year

Expansion must be less than 0.04%

Does not take into account alkalis of the cement




Test Methods

g ASTM C 295 - Petrographic Examination of
Ageregate for Concrete

m Field Performance




el Fluorescence Test

e Spray uranyl acetate
solution on exposed
surface

e View under
ultraviolet
1llumination
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SBUIRRENT STATE OF ASR
VIFFIGATION AND MSHA NEW
REQUIREMENTS




What's New in 20 Years?
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What's New in 20 Years?




What's New in 20 Years?

2015 - Mustang GT




AASHTO PP65-11

Strd Practice for

Determining the Reactivity of
Concrete Aggregates and Selecting
Appropriate Measures for
Preventing Deleterious Expansion
in New Concrete Construction

AASHTO Designation: PP 65-11
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AASHTO PPo5-11

= Identify potentially reactive aggregates

= Select preventative measures to minimize risk




[dentify Reactive

@ Field Experience

= Min 10 years, same cement a

= Cores, petrographic analysis

= Agegregate Petrographic AI- : - :""';—L.r |

- reactive?
= ASTM C1293 Concrete Prism Test (CPT)

= Concrete prisms, 1 year results
= Expansion under .04% = innocuous
= PP65 recommends as most reliable aggregate test




Preventative Measures

= Avoid Reactive Aggregates

B Performance: Use chemical or mineral

admixtures (SCM’s) and test for expansion
Prescriptive: Limit amount of alkalies in mix

design

Prescriptive: Dosage of mineral admixtures
(SCM's) based on aggregates, structure, etc.




S SCM's or Chemical Admix

= Propose strategy: mix design with SCM or
lithium dosage or low alkali cement

B Test with ASTM C1293 CPT

= Acceptable if expansion less than 0.04% after

= Test with ASTM C1567, 14-day AMBT
= Acceptable if expansion less than 0.10% , AND
= Good correlation between AMBT and 1 year CPT




BIR293 and C1260 Compared

If AMBT vs CPT data fall
within this range - the AMBT
may be used to evaluate N
preventive measures
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Limit Alkalies in Mix

= Low Alkali Cement: <=0.60% NaO,equiv

= Better Approach: Calculate Mass of Alkalies
per cubic yard

m Three levels: 5 1bs, 4 1bs, 3 1bs




Plescriptive SCM Dosages

Reactivity of Aggregates- Moderate, Highly,
Very Highly reactive

Exposure conditions - Dry, Wet, Exposed to
seawater or deicers

Structure Class - S2 sidewalks; S4 major
bridges and tunnels

Prevention Levels: minimum dosage of fly ash,
slag, and silica fume




NEW MSHA Specification

= Test Aggregates using 1-year CPT and 14-day
C1260 (AMBT) every 3 years to determine

Reactivity Class and reliability of C1260.

Reactivity Class ASTM C 1293

R0 Expansion < (.04

R1 0.04 Expansion <0.12
R2 0.12 Expansion < (.24




Mitigation Option 1
Rrescriptive SCM Dosages

SCM Cement equivalent 0.70< Cement Equivalent
Replacement  alkalis <0.70 alkalis < 1.00

R1 R2 R1 R2
Class F Fly Ash 20 25 25 25+

Slag Cement 35 50 50 S50%*
Slag and F Ash ok ok 3 3k s 3k

* The alkali content of the concrete shall be less than 3.0 Ib/yd?
** Fractional combinations of SCM’s used together must equal

or exceed 1.




Mitigation Option 2
Pregualify Mix with Testing

= Test proposed mixture using ASTM C1567.
= Acceptable if expansion is less than 0.10% at 14
days.

& Assumes good relationship between 1-year
prism test (CPT) and 14-day C1260 test
(AMBT).
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;-q ualify Mix with Testing

Mitigation Option 2

Expansion in AMBT at 14 Days (%)
C1260

1.0

0.8

0.6

If C1260 vs C1293 data fall within
the shaded area,
- C1567 may be used to evaluate
preventive measures
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BIR293 and C1260 Compared

If AMBT vs CPT data fall
within this range - the AMBT
may be used to evaluate N
preventive measures
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Mitigation Option 3
Prescriptive Alkali Limit

= For RT aggregates only, limit mass of alkalies to
3 Ibs per cubic yard.

= Only use cement alkalies
& Class F dosage range: 15% min to 25% max




Questions?

® Henry Prenger, P.E. -

= Hank Keiper, P.E. -




