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Air-Void System in Fresh Concrete

a5

Tyler Ley, P.E., Ph. D
Assistant Professor
Civil and Environmental Engineering
Oklahoma State University







Acknowledgements

Oklahoma Transportation Center
CP Tech Center

Portland Cement Association

Texas Department of Transportation



Why do we add air to concrete?

What do we want in an air-void system?
Current measuring technigues

The ideal measuring technique
Ongoing work

Conclusion



~ Why Do We Add Air to Concrete?

o Air-entrained bubbles are the key to
the freeze-thaw resistance of concrete

« Smaller bubbles are more effective In
providing freeze-thaw resistance than
larger bubbles






What Do You Want in an Air-Void System?
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» Case B has a lower spacing factor and a higher specific surface.
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 |* Volume of air provided is the same for both circumstances.



What Do You Want in an Air-Void System?

]°® Volume of air provided is the same for both circumstances.

|- Case B has a lower spacing factor and a higher specific surface.



Current Measuring Techniques



Current Measuring Techniques

PCA photo

ASTM C 231



moisture | percent ASTM C 231

aggregate description content | saturated | correction factor
(%) (%) (%)
ovendry -1 0 0.4
river gravel |stock pile| -0.68 68 0.3
SSD 0 100 0.1
ovendry -4.5 0 1.8
limestone  |stock pile| -2.5 56 1.5

SSD 0 100 1

natural sand |stock pile| 1.02 59 0.25
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ASTM C 231 ASTM C 173



PCA photo PCA photo

ASTM C 231 ASTM C 173 ASTM C 138




PCA photo PCA photo

ASTM C 231 ASTM C 173 ASTM C 138

These only measure volume




Photo courtesy of lowa State University

Air Void Analyzer

Volume
Size Range
Distribution



AVA 2000 to AVA 2000 A
ASTM C 457 human to human*

A Distlehorst and Kurgan, 2006
* ASTM C 457

Maximum Expected Error
(95% Confidence Interval)

air content specific surface spacing factor
43
20 24 27



Publications on the AVA
 Wang, 2008

— Collected data from a large number of AVA
runs from Kansas, FHWA, Michigan, and
ran some of their own tests.

— Regression analysis was made between all
parameters

— Volume of air < 300 um shows a
correlation with frost durability

— Viscosity of the blue fluid has a major
Impact on results




- What If...
« Quantify air-void system instantly in
fresh concrete
* Investigate a sample of significant size
e Economical
* Field ready
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- What If...
o Quantify air-void system instantly in
fresh concrete
* Investigate a sample of significant size
 Economical
* Field ready
 faster than a speeding bullet

| = More powertul than & locomotive
 Able to leap buildings in 3 single bound
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Measurement of In Situ

Air-Void Systems
« uCT Scanner

 Hover Meter
(Modified Pressure Meter)
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What can we do with it?
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What can we do with it?

e Surface Triangulation
— Solid/Void Volume
— Surface Area/Volume Ratios
— Void Size and Dispersion




uCT Scanner

Capabillities:
Specimen size Voxelsize  Time
(mm x mm) (um)  (minutes)
1x1 1.4 30
2x2 3 30
60 x 60 20 480

Cost: $275K




- What If...
« Quantify air-void system instantly in
fresh concrete
* Investigate a sample of significant size
e Economical
* Field ready




s SWhapife: o
o Quantify-air-votd-system-instantly-in
“freshconcrete- 30 Mminute scan +
6 hour reconstruction and analysis
e Investigate a sample of significant size
e Economical

* Field ready




e What If '

 Quantify-air-votd-system-instantlyin
ity 1l
+freshconcrete- ) Minue sean ¢

6 hour reconstruction and analysis

. ot wr )

e Economical 2 mm x 2 mm is not likely significant

* Field ready



ARt Lo 5
- Quantify-air-void-system-instantly-in
—fresh-cm"rcrete— 30 minute scan +

6 hour reconstruction and analysis

. E - | 2 mm x 2 mm is not likely significant




Hover I\/Ieter
(I\/Iodlfled Pressure Meter)




430 in3













increase
/ pressure to 15
e psi above
atmospheric

O @ P fluid pressure =

- atmospheric







P,V,=P,V,




Concrete Cured at Different

- Pressures












S




E 6 - /wood rosin
D)
o
()]
£
Z 4
9
e
3
— 2 \ —
@ synthetic
o [ [ [ [ |
0 10 20 30 40 50

curing pressure

synthetic AEA 47 mL/100 kg cm WR 81 mL/100 kg cm spacing factor = .16 mm

wood rosin AEA 49 mL/100 kg cm WR 44 mL/100 kg cm spacing factor = .21 mm




 What if we used the uCT to solve the
mysteries of the Hover Meter and then

use this new technigue to quantify our
air-void systems in the field
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- Whatlf...
« Quantify air-void system instantly in \/
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« Quantify air-void system instantly in \/
fresh concrete
| * Investigate a sample of significant sizci/
 Economical

* Field ready \/

I{WE (MAY) HAVE A WINNER!



 New technigues are needed to

guantify the air-void system in fresh
concrete

" |+ uCT can be used to investigate the
air-void system in fresh paste

* A Hover Meter (modified pressure
meter) shows promise

|+ Researchis needed to use a uCT to
Investigate the Hover Meter further







Other research with the uCT
e Insitu freeze thaw tests

» Autogeneous healing of cracks
 New characterization of fly ash







Questions???
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