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Sinopsis: Las técnicas normalizadas para determinar oS pardmetros de contenido de ait gynopsis: The standard techniques for determining the air void in ai

en concretos con aire incluido son costosas, consumen tiempo y son subjetivas. Ademas wncrete are costly, time consuming and subjective Furtlr:e\:ﬁ—l\ parameters in air entrained
estas son técnicas para el control de la calidad ya que 1as medidas se hacen en el concrefo iechniques since the measurements are made on .the hard sl q”f'_i‘/ffv control/
endurecido, el cual no puede, obviamente, ser modificado. Este trabajo describe unanuev aviously, be modified. This paper describes a new a;'_ ened concrete which cannot,
técnica para asegurar la calidad, que se ha desarrollado para permitir determinar los iasbeen developed to allow the same parameters tc; SUZW Soe e technique which
mismos pardmetros en el concreto fresco mientras atin esté plastico. La técnica involuca | Mieit still plastic, thereby allowing mixes to be m d": etermined in the fresh concrete
la dispersion de los huecos de una muestra de mortero del concreto en un liquido visceso molves dispersating the void from a mortar sam Ieof| lsd' if necessary. The technique
Las burbujas en el liquido ascienden con velocidades que son proporcionales a su tamao | Te bubbles in the liquid rise at rates proportm:m ? the.cor'}crete into a viscous liquid.
y, mediante el monitoreo del volumen de aire que asciende en funcién del tiempo, s wiume of air rising as a function of time, the air {'}dt eifasize a”d'.bV monitoring the
parametros de los huecos de aire (volumen de aire, superficie especifica y factor ¢ | SUface and spacing factor) can be deter;nined w'\;ﬁ! pacameters (a!r volume, specific
espaciamiento) pueden ser determinados aproximadamente en 30 minutos. Ademas l2 | Eeinique is automatic and provides a more objecti : (;n approx. 30 min. Moreover, the
técnica es automatica y aporta una determinacién mas objetiva de los parametros g tan do the same standard tests. Iective determination of:air¥oid parameters

huecos de aire que los ensayes regulares.
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INTRODUCTION

When concrete is exposed to repeated freezing and thawing, the resultant expansion

and contraction of the pore solution can produce internal stresses which are sufficient o
crack and spall the concrete. It has been shown [1] that a system of fine air voids wel
dispersed throughout the cement paste can provide space for the water to expand intoa
it freezes and, thereby, reduce or eliminate the internal stresses. The air void systemss
usually provided by the addition to the concrete mix of an air entraining agent. These att
normally organic compounds, such as vinsol resin, with long straight molecular chas
with a hydrophobic group at one end and a hydrophilic group at the other. The effectd
the hydrophilic group is that the compound is soluble in aqueous solutions while tfe
hydrophobic group reduces the solution’s surface tension. This makes it easier for airy
pe mixed into the concrete and for bubbles to form without coalescing.

onstrated that, for good freeze/thaw resistance, the voids shou
voids larger than this do not contribute to0 the frost
(ie. the surface area to volume ratio) should be 22
en the voids should < 200um. These valuesaré now
Questions have recenty
n, for exampt

y low water/cement ratios, but thatis L

Experimentshavedem
be in the range of 5 - 200 ym;
resistance [2]; the specific surface

mm" and the average spacing betwe
generally included in specifications for frost resistant concrete.
been raised about the necessity of these stringent requirements i

concretes containing pozzolans and having ver
the subject of this paper.

em, it is, of course, then necessary 0 pe able

e meets the specifications and a method of $0 G.Uim
In this method, the void system is quantitallV

While, theoretically, this s
umerts

Having specified an air void syst
determine whether or not the concret
is described in the ASTM 457: [3].
analyzed on a polished surface of the hardened concrete.
acceptable technique, it does have some serious disadvantages which may be en

as follows.

1. The concrete must be hardened by which timeitis too late to rectify any pr

ob1e¥ll$ ind
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Kol ; ’ ! _—
f;:u ntaingp;ﬁzaranon requires coring, sectioning, grinding and polishing. Thisis ti

costly and it is difficult to produce a representative sect.ion be::SaE;n 3

er

.f 7 es Il om he T ‘ I i i

3. The optical micrographic an is i
: alysis is both tedious and ti

rogr . time c i
;ir?;ic::tz:\strl]y,fjch% reliability of thg results is dependent on the ability g;‘ i;eren Poingetes
econ% : b|rs; y between voids in the aggregate and voids in th s
5 y. between glassy spheres in fly ash and voids in the paste kg

The fresh concrete air void analysi i
: f ' ysis technique was developed [4 i
: t
:?fofdmatlon as is provided by the ASTM 457 Standard Practice] I?'I . ;h_e S
jsadvantages of that procedure described above i

PRINCIPLES OF THE TEST METHOD

The air voi i
e Witt']‘iied::f:gg:: dlr; itr?z :;ersl; conzrete by the addition of an air entraining agent
! eleased into a viscous liqui i

dlowthe r i ir oriqi QU TEd, U o .
B r::::t:]fg ::]b?lles to retain their original size and neither coalegcgr:g: l(;SSiOI; e
B sizz (er bubt?les. The bubbles then rise through the liquid r;tegr?te
et according to Stokes Law) and enter a column of water ab i
- separ;t‘i/ of.the. liquid slows the initial rise of the bubbles and Er‘os":ie e
et on in time between the appearance at the top of the gol A
the column of watef.i.-lzeds rising from the same layer of the liquid. The bubbles riseL:hmn’ -
lbabalance. The chan;e ?nogizil::der : ?utllmerged o e e s att;zﬁgg
& : cy with time is monitored by com i
empt;ic;'ﬁ);;:fh ashthat illustrated in Fig. 1, in each 15's iﬁterv;ur;[g; ;’:e bubble size
f t.)zr:;a? t:jas:s of this empirical calibration, the recorded changeeirsw ?ueasured
e arae to the nu_m_ber of bubbles of different size. From this dativangv

parameters specified by ASTM Standard Practice 457 are calcuI:; td .

ed:
* air volume in voi i
oids of diameter < 3.0 m
. mjio <ady

volume % of concrete and as volume % of paste) PR O Wi

spacing factor (in mm)

specific surface (in mm™)

These par
am
Om"neartraverz;e;ﬁehave been calculated to correspond to those that would be obtained
b tions hend thasl:l:remen‘ts ona plqne surface of the hardened concrete makin |rtu;
this equal to 2/3 0:‘ thSTM 457_ prgctlce. namely (i) that the average measured Cghorg
SPacing factor, that th: \::ijgsve;}r'd dlllar?ett]er and {ii) for calculations of specific surface
it ooy z e all of the same si
Points of a regular cubic array. esizeiand thatitheyarcilocatedat the
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In addition, the data can be presented as (i) a graph of cumulative fraction of voids (3
% of concrete) versus the true void diameter; (ii) a bar chart of the actual void volume s
% of the paste) in different ranges of void diameter.

TEST PROCEDURE

Samples can be taken at any time, for example, at the batching station, on arrival a
the construction site or after placement and compaction. To determine the air void
parameters corresponding to those obtained on a core of the hardened concrete, the
sample should be taken after final compaction. The procedure is non-destructive,
however, because only a very small amount (20 ml) of concrete is removed and this can

easily be immediately replaced.

A sample of the mortar fraction of the concrete is taken from a representative areaf
the concrete by inserting a wire cage into the concrete under vibration. This causes th:
mortar to enter the cage while excluding all aggregates larger than the wire spacing of 6
mm. A syringe is inserted into the mortar in the cage to withdraw a 20 ml sample for

analysis.

The sample is injected from the syringe into the special liquid in the bottom of a riser
column, illustrated schematically in Fig. 2, and the computer control is started. T
computer immediately (i) sets the balance to zero, (i) causes the mortar to be gently
stirred for 30 s to release the air voids into the liquid and (i) monitors the balance

readings.

In the early stages of the measurement, the size distribution of bubbles arriving at tfe
buoyancy recorder range from a few mm down to a few um but, for each succeedi
period, the maximum size of bubbles decreases as all the larger bubbles have already risé!
to the top of the column. This is illustrated schematically for four bubble sizes in Fig. !
whereas, in practice all bubble sizes must be considered.

The measurement procedure continues for 25 min which has been demonstrated tobe
an appropriate time period to give air void parameters comparable to those obtained byt
ASTM linear traverse method with acceptable accuracy (typically + 10%). While voidso!
diameter < 7um will continue to rise after this period, neglecting them is found to ha¥

a negligible effect on the results.

RESULTS

ulated fof

The total air content and the void size distribution of the sample are calc g
e follo

the measurements of weight change as a function of time. From these data, _th :
parameters are calculated: (1) the total air content; (2) the air content in voids < “’d'
< 1mm and <0.5mm as a volume % of both the concrete and the paste; (3) the spe

surface and (4) the spacing factor.
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Unlike the linear traverse metho_d where the number of voids counted is of the order
Dfaf ziw::jr;?refd, t'lt;.e numlber of voids involved in the measurements by present method
isof the of millions. Itis not, therefore, possible to mea indivi

: ! ' ; sure the bubbles in
and present then_1 in a detailed histogram for each 20 um size range as is th:“::frl:aewt/
practice ‘f(:]r («tjhe linear traverse method. Instead, graphic representation of the results is
sccomplished by plots of the cumulative fraction of voids in ten different size ranges as
avolume percentage of the concrete, and by the fraction of the voids in these size ranges
f ;:mpgrceé\etgge of the cer:ent paste volume. Examples of these plots are given in Figs
and 5. use a specific volume of air represents a far i ‘
' _ _ ‘ greater number of voids
small diameter than it does of voids of large diameter, histogram in Fig. 5 is usually fair?;

flat rather than the exponentially decreasin
i ) : g form normally observed in the li
fistograms of "number of voids in different void size ranges". T

COMPARISON WITH ASTM 457 LINEAR TRAVERSE DATA

sam;:feg?:frh:?:g:hziirgk,tﬂ\tfe bars were cast from different concrete mixes. Five
rete tests were taken at 10 cm intervals f :
After the bars were hardened, five im i e Sl
- pregnated, polished cut sections fr
pepared and analyzed according to the ASTM 457 Rl
: rocedure. The agr
iese two sets of data, illustrated in Fi i il
; ig. 6, is within £ 10%. Similar comparativ i
3 . - - 3 e
ae currently being carried out within the European Community and at szal Uni\?;‘rjgiltis

liebec City, and the results of i igati
: of these investigations should be available within the next
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Fig. 2. Schematic representation of the riser column.
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Fig. 1. Typical distribution of bubbles obtained from air entrained concret
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Air void content in cement paste: 15.4%

Volume of air voids as % cement paste

.
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Fig. 3. Schematic representation of the air void distribution for 4 air void diametersinfo Fg.5. Histogram of the amount of air (as avol%-oF the paste) in-ditferent void size
¥ diftoront periods of sampling of the bubbles arriving at the buoyancy recorder. Lges.
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Fig. 4. Cumulative air void volume in concrete. STM 457 procedure and the fresh concrete air void analysis techniques.
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