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Using the Air Void Analyzer
for Real-Time Quality Control Adjustments
in the Field

Overview

Theair void analyzer (AVA) with
itsindependent i solation base can
be used to accurately evaluatethe
air void system—including vol-
ume of entrained air, size of air
voids, and distribution of air
voids—of fresh portland cement
concrete (PCC) on the jobsite.
With this information, quality
control adjustments in concrete
batching can bemadeinreal time
to improve the air void system
and thusincrease freeze-thaw du-
rability. This technology offers
many advantages over current
practices for evaluating air in concrete.

Concrete Air Void System Parameters

The air void system of concrete is critical to providing adequate protec-
tion from freeze-thaw damage in regions where freeze-thaw occurs.
Concreteair void system parametersincludetotal volume of air, entrapped
air volume, size of air voids, and distribution of air voids.

Total Volume of Air

Thetotal volume of air in concreteisoften the only factor that isregularly
tested in fresh concrete, but total air content does not necessarily provide
an accurate measurement of freeze-thaw durability.

Size of Air Voids

Thesizeof air voidsin concrete can be measured directly or expressedin
terms of specific surface. Specific surface isthe ratio of the surface area
of air voids to their volume. Smaller voids have higher specific surface.
Specific surface is an important factor in determining freeze-thaw dura-

bility.

Distribution of Air Voids

The number and size distribution of air voids in concrete is measured by
the spacing factor parameter. Spacing factor is a measure related to the
distance between the peripheries of air voidsin the cement paste. Of the
air void system parameters, spacing factor isthe most significant indica-
tor of freeze-thaw durability inthe cement paste matrix. Usually, aspacing
factor of lessthan 0.20 mm is preferable.



Air Void System and
Freeze-Thaw
Durability

Freeze-thaw cyclesareoneof thefac-
tors that contribute to premature
concrete pavement deterioration. As
water in concrete expands during
freezing, the pressure increases in
relation to the distance it must travel
to reach the nearest air void. The
more closely theair voids are spaced,
the less likely it is that the pressure
of freezing water will damage the
concrete.

Ensuring that concrete has an ad-
equate air void system with closely
spaced air voids can ensure concrete
freeze-thaw durability and also im-
prove sulfate and scaling resistance.
With adequate air void distribution,
the ice formed in capillary pores in
concrete during freezing will expand
into adjacent voids without causing
spalling and deterioration of the con-
crete.

Air entraining agents are added to
concrete mixtures to stabilize very
small air bubblesin the concrete mix-
ture in an attempt to minimize
freeze-thaw damage. However, the
air void structure can be adversely
affected during the construction
cycle, including through the use of
some high-range water-reducing ad-
mixtures and over-vibration.
Conventional tests of air in concrete
have not provided an effective
method of measuring the entrained air
during construction.

With the timely additional informa-
tion obtained through AVA testing,
improvements in spacing factor can
be made by increasing the dosage of
air entraining agent or water reducer,
by using a different air entraining
agent or water reducer, or by chang-
ing from an ordinary water reducer
to a midrange water reducer (at a
higher dosage).

Limits of
Conventional Tests of
Air in Concrete

Fresh Concrete Tests:
Incomplete Information
Two testsare commonly used to mea-
surethe air content of freshly mixed
concrete: the pressure method using
the pressure meter (ASTM C 231)
and the volumetric method using the
roll-o-meter (ASTM C 173). These
testsmeasuretotal volumeof air only,
not size or distribution of air voids.

Hardened Concrete Test:
Too Late for Adjustments
Until recently, the only method to
evaluate the complete concrete air
void system was by taking a sample
of the concrete after it has hardened.
The spacing factor and specific sur-
face are measured in the laboratory
using amicroscope and other special-
ized equipment (ASTM C 457).
Because the hardened concrete
sampleistypically taken aminimum
of 3 days after placement and there-
sultsaretypically not availablefor at
least two weeks, the results are ob-
tained too late to make adjustments
to the concrete mixture.

Research technician performing a
test using the AVA on theisolation
base

AVA Test: Timely and
Complete Air Void System
Analysis

TheAVA isarelatively new piece of
equipment that can be used to accu-
rately evaluatethe air void system of
fresh, plastic concrete. A concrete
sampleistypically obtained from the
jobsite and transported to a nearby
building for testing. With results in
under an hour (typically about 30
minutes), quality control adjustments
in concrete batching can be made to
improvetheair void spacing and thus
increase freeze-thaw durability.

Oneof thelimitations of the AVA has
been that it is a sensitive machine. It
has been considered usable only in
buildings, not in the field, because
vibrations, such as those caused by
wind or people movements, can have
a significant effect on the AVA’s re-
sults. The PCC Center at lowa State
University hasrecently developed an
isolation base that allows AVA test-
ing infield conditions.

Bubblesrising from the blue,
viscous AVA liquid



AVA Technology
Description

- The AVA is a portable device that
comesinacarrying case. TheAVA
should be operated on a stable
counter or deck. (The PCC Center
isolation base is described under
AVA experience.)

- The AVA riser cylinder is mostly
filled with water. A blue AVA lig-
uid with known viscosity isplaced
inthe bottom of the cylinder. Each
test requires 200 ml of liquid.

- A percussiondrill isusedtovibrate
awire cage into fresh concrete.

- Mortar (excluding aggregatelarger
than 6 mm) fillsthe cage.

- A syringe is used to extract a 20
cm® mortar sample from the cage.

- Themortar isinjected into thevis-
cous, blue liquid at the bottom of
the AVA riser cylinder.

- Thesampleisgently stirred for 30
seconds.

- Air bubbles are released from the
mortar and rise through the viscous
liquid and then through the water
in the rise cylinder. The rate the
bubblesriseat isafunction of their
size—larger bubbles rise faster
than smaller ones, according to
Stoke'sLaw.

- The bubbles collect at the top of
the cylinder under a buoyancy re-
corder bowl attached to a balance.

- Thebuoyancy of the bowl changes
over time as air bubbles accumu-
late. The weight change over time
isrecorded for 25 minutes or until
no weight changeisrecorded for 2
consecutive minutes. The arrival
rate of air bubbles indicates their
size. Their volume is calculated
from the weight change.

- The AVA is used in conjunction
with alaptop computer. Computer
software uses an algorithm to de-
termine the specific surface,
spacing factor, and entrained air
content.

AVA Experience

Since 1999, the Federal Highway
Administration has used the AVA on
concrete paving projects in a num-
ber of states. About half the projects
that met air content specificationsus-
ing conventional quality control tests
(measuring only total air content) had
air void spacing factors outside ac-
ceptable limits for adequate
freeze-thaw durability.

In response to premature joint dis-
tress determined to be caused by poor
air void spacing, the Kansas Depart-
ment of Transportation began using
theAVA in 2001. The cost savingsfor
three 20012002 projects was esti-
mated to be over $1 million. In 2002,
the Kansas DOT developed specifi-
cations based on the AVA,
establishing aminimum total air con-
tent correlated to amaximum spacing
factor of 0.25 mm. The AVA is now
used in Kansas for prequalification
of concrete mixturesinthelaboratory
and verification of themixturesat the
jobsiteaswell asfor random checks.
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In 2004, the PCC Center custom-de-
signed itsMobile Concrete Research
Lab to provide amethod of using the
AVA in the field without being af-
fected by vibrations. A portal was
built in the floor of the mobilelab to
accommodate the AVA. A three-
legged stand is lowered through the
floor portal to rest on the ground. A
weather shield surrounds the base of
the stand. The AVA sits on adeck on
top of the stand within the lab. The
AVA is protected by the trailer but
does not touch the trailer. This pro-
videsamethod of obtaining accurate
AVA results in the field for more
timely, convenient, and cost-effective
quality control.

T a—
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View of the weather shield from the exterior of the PCC Center Mobile
Concrete Research Lab
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Concrete Research Lab



on top of stand, place AVA on top of deck.

Implementation Benefits

- With AVA results during construction, real-time ad-
mixture adjustments can be made that can
dramatically improve the air void structure and thus
the freeze-thaw durability of the concrete.

- AVA test results provide more complete concrete air
void system analysisthan conventional fresh concrete
testing, which measures only total air content.

- AVA test results correlate closely (within 10%, based
on Kansasresults) with results obtained on hardened
concrete using ASTM C 457.

- The AVA provides its test results in a more timely
manner than concrete core tests so that real-time ad-
justments can be made.

- The AVA isolation base alows AVA testing on the
jobsite, which equatesto time and cost benefits over
transporting the mortar sampleto abuilding for AVA
testing.

AVA setup procedure in the PCC Center Mobile Concrete Research Lab: convert
counter, remove floor portal door, lower weather shield through the floor portal,
place three-legged stand on the ground protected by weather shield, place deck

Additional Resources

Introducing the Air Void Analyzer (AVA): A Focus Technology
of the AASHTO Technol ogy |mplementation Group.
Washington, DC: Technology |mplementation Group,
American Association of State Highway and Trans-
portation Officials, 2003. http://www.aashtotig.org/
focus_technologies/avalrelated _documents/
introduction_brochure.pdf.

Magura, Donald D. Air \oid Analyzer Evaluation. Report
FHWA-SA-96-062. Washington, DC: Federal
Highway Administration, U.S. Department of
Transportation, May 1996.

Priority, Market-Ready Technologies and Innovations: Air
\oid Analyzer. FHWA-HRT-04-068, HRTS-03/01-
04(1M)E. Washington, DC: Federa Highway
Administration, U.S. Department of Transportation,
March 2004. http://www.fhwa.dot.gov/rnt4u/ti/
airvoid.htm.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




