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* According to ASTM C33, over 60% of the U.S. is within severe weathering regions.

« Air-entraining agent is an effective admixture to improve the freeze-thaw resistance — p
of concrete. Modesste [ 5 &
Neghgitie [FRE] ASTM C33 '
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1. Overdoes cement to compensate for strength loss

2. Other potential long-term durability issues (Restoration and demolition)

3. Rejection in the field due to specification non-compliance
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The same is true for air content. There are concretes that must be air entrained, but that is based on the exposure
class of the concrete; mainly for concrete exposed to freezing and thawing. Calling out the exposure class for
each concrete application or class of concrete on the project will invoke the necessary air content requirements.
Air entraining decreases concrete strength, which means increased cement content to maintain the same
strength level. For instance, a 10% increase in cementitious materials content for 4,000 psi air entrained concrete
compared to non-air entrained concrete of the same strength would roughly translate to a 9% increase in carbon
footprint for the concrete. NRMCA
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Super lightweight microspheres (EC) ‘ ‘ Optical microscope image ‘ Scanning electronic microscope image

Polymeric microspheres used in this work are denoted as EC
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Microsphere AEA Characterization
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* The as-received EC is wet, the average adsorbed moisture content is 95.64%.
« The dosage of EC is presented as the [[IEE AR Rea 0. For example, EC1.5% (or E15) equals the mass of wet EC is 1.5% of the cement.
. For example, AEAL.5 (or A15) equals 1.5 fl 0z/100 Ibs cement.

* The dosage of AEA is given as the
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Hydration Properties
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Moisture releasing of EC particles results in an ‘internal curing’ effect, leading to a higher hydration degree
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 Pressure method (ASTM C231) cannot reflect the entrained air contributed by EC particles

« The volumetric method (ASTM C173) can be used to determine the air content of concrete air-entrained by EC
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Compressive Strength
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* 1% increase of entrained air by AEA results in 7%-8.4% compressive strength reduction

« The compressive strength of EC concrete is
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« ASTM C666 specifies terminating the test after 300 cycles or after the relative dynamic modulus reaches 60%

« AEA concrete maintained the highest relative dynamic modulus, but the modulus value was low.

« EC concrete showed a comparative relative dynamic modulus to that of AEA concrete, but a higher modulus value
« EC concrete showed less mass loss than EC and Ref. concrete
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Micro-CT Characterization

Zeiss Xradia micro-CT scan

Scanned raw data

Sample scan
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Micro-CT Characterization
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Micro-CT Characterization
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« Without air entraining, the Ref. specimen showed a significant void number increase after freeze-thaw exposure
* AEA specimens showed void number increase after freeze-thaw exposure and unevenly distributed void size
« EC specimens showed fine and evenly distributed void, which is favorable for freeze-thaw resistance
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Conclusions
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O For air-entrained concrete with similar freeze-thaw resistance, achieving the same target strength using microspheres can reduce the
amount of cement required.

0 The compression method (ASTM C231) does not accurately reflect the entrained air from EC. However, the volumetric method
(ASTM C173) effectively measures the entrained air by EC

O With 2.5% and 3.5% EC additions, after 300 freeze-thaw cycles, the relative dynamic modulus remains comparable to that of
concrete with 6.5% and 10% entrained air through traditional AEA.

Q After 300 freeze-thaw cycles, EC-entrained concrete maintains a higher dynamic modulus value and experiences less mass loss
than traditional AEA-entrained concrete.

QO EC-entrained air concrete demonstrates a more uniform air void distribution compared to traditional AEA-prepared concrete.
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