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<he purpose of this thesis was to eccumultute &ll the
importent informction of the pest reluted to the entrsin-
nent of eir in concrete. 4s the study of air entrainment
is a relatively new subject, most of the work done on it
is scsattered in the vurious Lngineerins publications issued
at different times end thus uncoordinsted. Lhe gsuthor hes
tried to collect this scettered information and to give &
complete picture of gir entrainment so &s to be of we to
the Engineer and layman.

The improvements obtsined through the use of &ir
entreining concrete over thet of plein concrete are durability,
workaebility, density, resistance to sceling, end lack of
segregstion of the concrete iLgredientsﬁindicate the importent
pert they are coing to play in the science of concrete in
the future. ©The detrimental properties of the air entrain-
ing sgents results in the lowering of strength, as will be
discussed luter. This cen be eliminsted, to & lerge extent,

by the introduction of air et its optimum 1limit and by the

reduction of water cement ;atio.



I THEOLY OF AIR balRaILiwIN?

(a) and its effect on properties of concrete
(b) optimum sir coutent
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Tdu0rY OF AIR E.TRAINLGNT

alr entreinment is the process of purposeful intro-
cudtion of a definite quantity of air into the concrete
mixture in excess of thet normclly found in stenderd con-
crete., This additionzl air unlike the air in plain concrete,
must however exist in the form of minute, disconnected
bubbles uniformly distributed throughout the concrete mass.

Concrete mixtures posses naturally e high coefficient

Oof friction which is lessened reather inefficiently by
cement water paste. Iieither anguler greins of cement nor
the water have & lubricating value. The quantity of water
is limited due to the adverse effect of excess water on

strength, cohesion and durability. The guentity of cement

used is limited by factor of economy, heat generation and
columetric stability. Cement is generally used in excess
to increase plasticity which is detrimental to concrete
and & poor source
Spheroids

Spheroids &sre added aggregates. The development of
foem in concrete mixtures provides s lubricant of high
value. The effective spheroids of air range in size of

Ho. 16 to No. 20 sieve size. They constitute an added

aggregate in the mixture possessing complete flexibility

_9_:_ sha PO «

The introduction of spheroids reduces the internsl
friction of the concrete mixture and it allows the ingre-
dients to move and arranze easily with respect to each
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other. <Ihe foaming action of an admixture causing the
spheroids has thus a great lubricant value and avoids the
need of using excess cement to accomplish this purpose.
Thus cement is allowed to perform its mein mission of coat-
ing and cementing the rigid aggregate particles. The need
for using water ue a lubricant is also eliminated.

Aly Entrainment Supports Density Theory

The reduction of water (of convenience evaporable ami
migratory) gives us greatér concrete density. Purposeful
air entrainment achieves this best so it conforms to the
above theory.

Introduction of air (an extra fine aggregate of zero
coefficient of friction) results in lessened need for the
rigid fine ag;.regates in about the same volumetriec pro-
portion. fThe use of air ertraining agents should thus be
accompanied by & mandatory corresponding reduction in the
quantity of samd to avoid "over swnded” mixture.

The combined effect of the reduction in water (0.5-1.0
gal. /bag of cement) and of rigid fine aggregate results in
a mixture more resistant to the future migration of water.
These spheroids also serve as pressure relief (due to
hydrostatic pressure or crystal growth).

The effect of the air entraining admixtaxre on concrete
according to Wuerfel is & function of the amount and
econdition of the eir entrained i.e., number, size and
degree of distribution of the bubbles of air in the mortar
component of the mixture rather than on total volume.
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The chemical effect of these admixtures appears to be
limited entirely to the possible presence of types of
other than sudsing compounds, such as accelerators, defloc-
uletors, or gas-genersting agents. Teking only the sudsing
agent, the effect of entrained air is cumulative, as
indicated below:

a. The entrained air acts &s a very plastic and
stable non-reactive fine saggregate of high lubricating
value.

be Its presence permits & mirked reduction in water
cement ratio necessary to produce the desired placeability
of the mixture and

ce & reduction in the sand total sggregate retio
normally required by approx. l.3 times the amount of air
entreined: thereby reducing the total surface area of
rigid aggregate to be costed and lubricated by the cement-
water paste.

d. Reduction in W/C° effects a basiec increase in the
strength and durability of the cementing medium, and
the reduction in the total water present in the mixture
reduces the emount of excess water available for formetion
of channels through the matrix of the concrete; thereby
reducing permeability and bleeding.

e. Reduction in bleeding is incressed beyond that
affected simply by reduced W/C by immobilization of
additional water through adsorption on the &ir bubbles.
Reduction in bleeding results in diminished separation

-4-
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of the matrix from the under side of coarse aggregate
particles and in diminished flostation upward of laitance.

f. IFinally the numerous well dispersed sir voids
provide reservoirs for the relief of pressure crested in
concrete ceused by tempercture change and by the expansion
accompenying the transition of water to ice. Ilis contri-
bution to durasbility is reinforced by the reduced W/C end
lack of channelization of the metrix due to bleeding.

The entrained air is more closely related to the fime
aggregate than to any other component therefore the optimum
percentage of sir entrained should be a function of the
quantity of fine aggregates in the mixture rather then a
fixed percentege of the total mixture.

Behaviour of Entrained Air.

The presence of the numerous well dispersed gir bubbles
tends to immobilize the missirg weater through absorption
of the air bubbles and by interruuvting the continuity of
the water channels or capilleries, vhich have a tendency
to form through displacement or readjustment of the
ingredients in the fresh concrete during placement. This

fact reduces the bleeding or water gsin.

As the water cement retio is reduced the durebility is
increesed and the closing of the water channels results in
greater imperviousness. These agir voids relieve the
pressures caused by thermel volume chinges end expansion

of weter turning to ice.



Optimum &ir Content

<he optimum &ir cortent is comsidered to be 3-5 percent
by volume computed on the basis of the theoreticsal weicht
of &ir free concrete of the same proportion. This is
eir content at which it has been shown, that with the geain
in the scale resistance snd durability by the air entreined
concrete,there would be no serious loss in flexursal or
compressive strength.

Unit Weight of Concrete

The increase in the volume of voids retio from thsat
1 to 1.5 0/0 (normally) to 3 to 6 percent results in a

decrease of 3 _to 6 pounds per cubic foot in unit weight

of concrete,.
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1LETH0US OF AIR woTRAINLWLT I COLCZITE

Air is entreined in concrete by adding neterials to
the missing water which reduces its surface tension, ceus-
ing it to foam easily and consequently emtrsining air under
the mechanical agitetion of the mixer.

There are four methods of entraining air in concrete
vhich are discussed in detail as follows:

l., Air entraining sdmixture

2. Air entraining P. C.

3+ Compound air entreining admixture

4, Natural cements with sir entraining meterial

The above mentioned mechanisms whereby air can be
entrained in concrete are not the only one, and some people
contend as to their being the most satisfactory. Aluminum

end hydrogen peroxide have been used to incorporate air or

rather hyd rogen and oxygen, respectively, in concrete mixes.
These function by generating the gases instead of reaction
with constituents of the cement. They bear no relstion to
surface tension reducing compounds.

There is still another method of introducing air
above the normal smount, into concrete and thet is by use

of cement dispersing epgent. These are surface active

chemical compounds which are preferentiaslly adsorbed by
cement, endowing the cement particles with electromstic
charges which make them mutually repellent. These compounds
do not lower the surface tension of water to a marked degree
and do not form stable foams with water alone, although

-8-



what they may do in a cement suspension is something diffexr-
ent. They are not wetting or foaming sgents and would not

be applicable to those uses of wetting or foaming agent which
depend on surface tension reduction. The mechanism whereby
they entrain air is evidently not the same &s that of foem-
ing agents and is yet to be disclosed. It is suggested

thet it is relsted to increased effective surface area of

the cement and the finer effective size of the cement
particles in the dispersed state.

In addition to the foregoing materials the ones listed
below have been used in laboratory end in fields for the
purpose of sair entraining.

1. Animal or vegetable fats emd oils such as tallow
and olive 0il and their fatty acids such as stearic and
oleic acids.

2. A commercial product known &s Legro which consists
largely of oleic and resin acids.

3. Various wellirg agents such as the alksll salts
of sulfated and sulfonated organic compounds,

4. Water soluble soaps of resin acids and animal aemd
vegetable fatty acids,

5. Miscl., materials such as the sodium salts of petro-
leum sulfonic acids, etac.

Air Entraining in Portland Cement

There are two types of Standard Portland cement now
available, to which a certain amount of sir entraining
materials have been added at the mill., It is designated
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types IA and IIA and is covered by American Society for
listing materials spec. Designation Cl75-46T.

The smount of air that the cement will entrain is
based on the amount of entreining meterial added at the
factory and the conditions of the mortar to achieve this
volume are specified. The air comtent of the mortar which
is tested and prepared in accordance with A. S. T. M.
method C185-47T has to be 18 percent by volume with - 3
percent tolerance.

Although the ahove morter test is developed to give an
approx. ratio of 3:1 between the amount of air in the mortar
and in the concrete, but such relstionship is very diffioult
to be obteined,

Compound Air Entrsining Admixtures

These compound &ir entrcining agents are those which
besides their air entrsining properties, contsin varioua
types of accelerators and deflo-culetors. The addition of
these materials serves to increase the strength and bond-
ing properties. These types of admixture is added at the
mixer.

Natvral Cements with air Entraining Msterisls

Standard Portland Cement is sometimes mixed in the
ratio 5:1 to air entrained natursl cements and it seems to
produce a satisfactory eair-entrasined concrete. The natural
air entrained in natural cements must conform to the A. S.
T. e spec. Cl0=-37 and also meet the mortar test for air
content stated sbove for air entraining Portland cement.



as Alr sntraininz admixtures. iwo Lypes.

Air entrsining agents which have been successful are
of soapy nature. Lheir soapy action which is their natursl
quality hes nothing to do with any subsequent ection with

the cement., useutralized Vinsol resin (NVX) and Darex are

examples of this type.

The other types of sdmixtures used &s air entrsining
agents are those which develop their foeming action, only
due to reaction with the hydroxides of the alksli metals
present in the cement. In this case the amount of sir
entreiner produced is not proportional to the amounts of
these substances thet are added, but also the emount and
availsbility of the .mtural alksli oxides that &are present

in the cement. Rosins, flake Vinsol resin, and the verious

animel fats cen be stated as examples of this type. Oving

to lack of consistency in the results obtzined from these
tyoes where the amount of sir entrcined is unduly affected
by the time of mixing, the use of these products is not
recomrmendede.

There are many other substances which have the properties
of &ir entreining but unless the exact nature of their effect
on the quality of concrete has been proved through ressearch
and experience their use is not encoursged.

Flake Vinsol resin obtuined by selective extraction

from pine wood. It is composed chiefly of a mixture of
various resin ecids wnich combine with alkalil to form soaps.
Jeutrelized Virnsol resin (Sodium resinete) is mede by

=11~



tre=ting the resin with comrerciel sodium hydroxide (caustic
soda).

Darex (iLa) is & triethenolemine salt of & sulphonated
hydrocarbone (Further discussion follows et the end of this

peper end is under the heading of "supplementary lotes™).
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~nere is no _reut coul.rutive _:in in the w0 .ethods
of usine ac.aixtures, 1. €., thel of mizmin: it with the
cexent or wiring it <l trne wixer with the butch. It is
left to tre umginecer whichever nethod of cortrol e vicghes
to chosges Lle resudis would lLe catisfictory if »rozexr
_control hes been exercised.

+re wnou..t of ecir emtrziring nstericl serves e &
control when mixed &t the mixer if the mix has been
establighed.

In cese of air emtr:ining cements, trhe emount of eir
entrzicing reterial is fixed but if required, more of it
can be &dded in the mixer in cese of deficiency, and so
cen the cement rutio ne incre.ceds

this additi'onsl use of admixtures to meet a deficiency
is done either mechanically by means of &n autometic dis-
pensing device or menually hendled. A solution of sdmixture
with weter is keot ready and must be enough to lest for
one day's pour. ihis solasion .nust be protected aguinst
freezing in winter and the conteiner kept clesn at 11 times.

From the point of view of work in the field, it would
appear thet a more uniform guality of concrete is likely
to be produced by using air entraining Portlend cement,

then by edding the very smzll quantities of sir entraining

agents during mixing.
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The esmount of eir entrained in concrete has to be
kept &t the optimum limit ir. order to get the best results
from air entr<inment, therefore the proper design of the
mix to achieve this desired sir is of ultimete importeance.
All factors affecting the alr countent have to be carefully
considered, especielly the effect of Ww/C retio which will
be very marked in lean mixes than in rich mixes.

The amount, type and grading of the &aggregetes, type
and quentity of cement, mixing time, method of mixing,
temperature, emount armd type of sir entraining admixture,

8ll nave a great effect on the quantity of air entrsined

in the nmix,

Type end Greding of Aggregate

Consideration must be given to the nszture of the
aggregetes in determining the amount of air entrained. It

has been found that concrete mede with crushed stone or

slag will contsin sbout 1 percent more eir than comparable

concrete muade with rounded sravel. This can be accounted

by the fact thet more sand is needed when crushed stone is
used (Fig. 9) (Cordon).
The data used by Walker and Eloem for concrete using
two different Vinsol resin solutions are shown in Fig. 5.
Only a few tests have been made on coerse aggregsate,
but the limited data aveilautle indicate that the coarse
eggregate has little effect, except insofar as it affects
«-]6=



the amount of ssnd required. (Bloem &rd Walier).

Effect of Percentage of Sand on Air Content of Concrete.

(Vinsol resin added at the mixer in solution with HazOH,
43 parts water by wt. used for exp.)

Experiments run by ik. G. Gonnermen show thzt & reduction
in the percentage of sand in a mix caused the &ir content to
decrease. seducing the sand percentage from 40 to 22 per-
cent decreased the air content ag much &8 1lp percentage
points, the amount of reduction depending uporn the presence
or absence of Vinsol resin in the mix. The rate of decrease
of air content with reduction in percentsge of sand was
8lightly higher when Vinsol resin was used in the mix. The
results of the experiments also show that a reduction in
sand percentage can largely offset the reduction in flexurel
and compressive strength thet occurs when the same percentage
of sand is used with the sir entrasining addition as with
the concrete without addition. It is also observed that by

reducing the percentaze of send when the air entraining

addition is used, the strength cen be maintsined at apnroxi-

mtely the sume level as those for the concrete without the
admixture.

The Effect of Coarse A.gregate on Air Content.

As the size of the coerse aggregate used in concrete
increeses the optimum quantity of total air in the mixture
is reduced. From data aveilable (by iuerpel) the air
content of the mortar and the overall benefit to the concrete
can be maintained about equal, when the total &ir content
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is @&s shown below for concrete containing various sizes of

coarse aggregete:

Ce A, liaxX, 8126 1in inches Total Air %
3}(4 5.5
1 4,5
3 3.5
6 2¢5

Amount and Type of Cement

The qusntity of sgemt required to entrain a given
amount of &ir is influenced by the type of cement, also a
smaller amount of agent is required for lean mixes than for
rioch mixes. (Cordon Fig. 10).

Effect of Amount of Vinsol Resin on Air Content of Concrete

Mixes with Constant Cement Content.

It cen be seen from the results of tests run by
Gonnerman that the amount of air entreined in a concrete
mix may be readily controlled by changing the percentage of
Vinsol resin added. The ability to control the emount of
entrained air by the percentsge of Vinsol resin added in the
form of soap solution may at times be of considerable ad~
vantage since the air content for any given set of conditions
can be maintsined at the desired amount by gdjusting the
quantity of solution added to the batch. It has been observed
that .006 to .0l bercent of Vinsol resin is required when
edded in solution during mixing to markedly increase the
resistence of concrete to surface scsling and to freezing

and thawing.



nffect of lietio of Sodium H droxide to Vinsol Resin in Air

Content.

It has been found that Vinsol resin is not very
effective in entr:ining air when added to the betch in
powdered form. Therefore, it _.enerzlly is added in naOH-
water solution and the discussion follows below.

results of studies made by walker % 3loem indicate
the relationship of Sodium dydroxide to Vinsol resin and
the effect of certuin veristion in their proportions on
the &ir content and compressive strength of concrete. It
is shown that &ir coantent is increased s the wte of the
Sodium dydroxide approacheé the wte. of the Vinsol resin.
Beyond that the muterial becomes less sctive, due to e
saltiig out sction caused by the excessive emount of
Sodium dZydroxide (Fig. ).

Tests vere nwde with solutions with the ratio of the
sodiua hsdroxide to the resin virled frow l.1 the usuul
recomuend.tion, to 5.0 <he smount of Vinsol resin was
kept &t 0.009 vercent of the cement. LThe results of the
data &re shown in Fige. 8. It &pcvesrs, for most of these
tests, the ectivity of the solution increased up to the
point where the weight of the sodium h;droxide about equsled
thet of the Vinsol resin useds Deyond this point the
solution wus less active, probebly due to & "sulting out
ection™ caused by the excessive amount of the sodium hydroxide.

Consisfency of the liix

mxperience shows tnet the wet mixes entrain more sair

*



then dry, stiff mixes. Lherefore it is important to keep
this espect in view &t &11 times «nd keep within reasonable
limitse.

Effect of lixing Time on Air Content

There is no definite relation set up so between the
time of mixing and air content. It has however been shown
with the newer sir entreining admixtures that the amount of
air content rises slightly during the first few minutes of
mixing time (3-12 min.) &nd then decreases with additional
mixing. <he total asmournt of air entrsined is also fuuaction
of the type of cement ucsed.

Tests on the effect of mixing time on concrete carried
out by ielker & Bloem show thut no differences in results
were found when three air entraining agents, i. e. flake
Vinsol resin, sodium resinate (N.V.X.) and Darex were used.

The following is the table of results obtsined:

Concrete without Concrete with
Mixing sdmixture admixture
time Compressive Compressive Air
Strength Slump Strength Slump Content
6 98 97 94 93 94
12 . 100 100 100 100 100
30 98 4 : 96 74 86
90 98 35 101 ‘ 35 58

Although the data are too few to draw conclusion still

it can be seen from the results of the slump tests, as well

as measurement of sir content, that for this mixer, 12 minuteg

were the adequate time of mixing. After this, both slump
and air entrained were decreased by edditional mixinge.



BEffect of <Temperature of the Concrete on Air Contente.

It has been shown by experiments that the amount of sir
entrained decreases &s the temperature of the concrete rises.
Figs. 6 and 7 show results of tests made by iiessrs. 35tan
walker and belmar Bloem on concrete using Vinsol resin,
sodium resinate and Darex &s sdmixtures. By controlling
the tempersture of the ingredients, concrete was mixed
which had temoeratures after mixing, ranging from 46 to
106°F. It can be seen from Fig. 6 that in each admixture
the amount of eir entrained decreased &s the tempersture of
the concrete increased. Fige. 7 shows the amount of &ir &s
a percenteage of the amount at 70°F. It is interesting to
note that inspite of using different admixtures and the
different amounts of air entr.ined by the quantities of
them used, 8ll points fell on the same curve. The amount
of air entrained at 50°F. wes 150 percent and st 100°F.,

77 percent of that to 70°F.
Effect of Vibration on Air Content.

Vibration causes a slight reduction in air content.
This is believed due to the compressive action of the solid
particles on the voids which are pushed upward. otudies by
Wuerpel indicate thet the arwarent reduction in air content
by vibration is not sufficient to be reflected in the dura-
bility properties of the concrete.

The phenomenon of the reduction of entruined sir due to
vibration is explained by C. E. Wuerpel who relates it to

the nature of the voids formed in plein concrete and in



purposedly entrained &ir. The &ir entrsined in plain
concrete is presept usually in large voids of sufficient
volume to devslop enough buoyasncy, causing a rapid upward
migretion under the influence of vibration. There has been
little evidence of the buoyant force of the voids formed.
by the sudsing agents which are very rinute and widely
spread, on the other large upward movement of air voids is
noticeable to naked eye in plein concrete under the influ-
ence of vibrations. The epparent reduction in air content
in concrete with edmixture may be attributed to the loss
of large bubbles of incidentally entrapped &ir typical of
plain concrete, which are &lsgo presort irn eatresined concrets.
This reduction in epparent air coutent may be due partially
to shrinksge of the concrets, eveporation of moisture, &and
by partial filling of some of the air voids.

In spite of the fact that there is reduction in air
content due to vibration, the extent of the reduction is
not of an alarming nsture as to affect beneficial properties
of concrete.

Effect of Depth of Concrete on Air Content

Experiments by Walker & Bloem indicate that in high
sedtions of concrete containing entrained eir, there is
apparent movement of the eir from the bottom to the f0p
gection because the air is partielly compressed due to
superimposed concrete.

Columns of 6 inches in diameter and 4 ft. in height
were molded for the experiments. The concrete was pleaced



in 12 in. "1ifts" each of which was rodded 25 to 30 times

as required in mélding 6x12" cylinders . After the concrets
had hardened, the column was broken into four pieces and

the air content of these computed. There was a decresase

in the indicated amount of air with distence from the top

of the column. It appeers that these differences were due
to the compression of the 2ir due to the weight of the
superimposed concrete; Tnis contradicts the stetement made
by some writers that trere is no movement of air from the

bottom to the top section for the method if placement used.
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LrrnCl OF muiidlwD AIR O THE SURseLGTI A.D DURLABILITY CF

EADENZD COuCrRTA

it hes been found thut entrained gir in the normal
eamounts of 3 to 6 percent exercises a greet eifect on the
strength and durebility of concrete.

It has been &lso erperienced thet the compressive
strergths have been increesed up to 6j for lean mixes con-
teining less then 5 a/sacks per cubic ysrd, while ordinsrily
each percentsze increase in the amount of air in plein
concrete reduces the compressive strength by 3 to 4 percent
and flexurszl strenzth 2 to 3 vercent. ©The sbove effect on
the mixes of the entrained air hes not been definitely
understood.,

nffect on otrength

It is shown by virious experiments trat 11 flexursel
strength of concrete is reduced from 2 vercent to 3 percent
and the compressive strength from 3 to 4 percent for esch
1l cercent increese in the emount of gir over thet which
exists in plein concrete. These comparisons are based on
the fact that the emount of concrete used is the seme and
thet the perce.ti;e of send and semount of weter have been
reduced to the ninimrum to get setisfuctory —orkebility.
ihis snows & reduction of 12 percent in flexursl strerngth
end 1€ percent ia compressive strenzth for corncrete coxntuin-
ing 6 percent of totul alr oo coux.red Wil »lain concrete

conteining 1 ow:cent of cire &altzouch this reduction in

- B=



strength his to be given considerstion in Aesizn, et it
hes been pointed out by the dye ilesesrch Blxrd, thet in
Bridge design, with the high fector of safety edopted,
the strength developed is fer higher then the minimum
requirerent, and the compurstive gein in dursbility and
vworkability offvet the 18° percent loss in crushing
strength.

The thickness of the =slab mey be increased if it does
not core up to the egtabliched vslue of mod. of runture
of 550 1lbs. psr &qg. inch &t 14 d&ys &s the minircum require-
ment for flexurel stren.th.

Decresse in ~tren .th with the &wntreinment of iir. (Cordon)

The strength of the concrete decreeses uniformly with
incresses in air content of the fresh concrete &s shown by
Fige 64 ©The decresse gmounted to 125 psi. sbout 5,0 aversge
for esch 5 of gir entrained at const. water cement retio by
weicht. Also at W/C held counstent as shown in Fig. 6a, the
same reuuction in strength for each percent of air entrained
for the higher constent w/C .65 as for the lower constant
7/C of .45. iinen the cement content is held eonstsnt, and
the water cement ratio is reduced through reduction in water
content as a result of the entreined air, the change in
strength for each percent of air is not constant and ranges
from & slight increase for mixes of low cement content to
about 20C psi. reiuction‘for each percent of air for mixes
of high cement content. It is &lso observed that there is
little sdvantsge keening the cement content constant when



using more than 6 ssacks per y=rd, since the reduction in
strength &s the eir increscsel is &bout the same &s thet
for content W/Ce

Fig. 1 shows results of tests msde by liessrs. welker
and Bloem of 7 and 28 day compressive streng,th S of concrete
containing 4.5, 6.5, and 6.5 sacks of cement per cu. yard.
Vinsol resin was edded in emounts of 0, 0.005, 0.0.0, 0.015,
end 0.020 percent of the wt. of cement, resulting in air
contents up to about 9 percent. It will be seen that for
the 5.5 and 6.5 scck concrete, stren-th was reduced as g&ir
was entrained. ¥or the lsen mixes (4.5 sack) the strength
was slightly increased for air cortents up to about 6 per-
cente Lhis bereficial effect on the lean mixes, it seems
reasonable to suppose, was due to the improvement.in work-
ability=-in spite of the fact, that according to ususl
standards, the air free mix was workahle.

For 5 percent added air, the percent change in strength

is &8s shown in the following table.

Cement sacks per

Cues Vdo 7 deys 28 days
4.5 -9 4
5.5 =12 ~-16
6.5 -17 -20

There is &lso & close relsationship between the entrained
eir and compressive strength reflect not only the effects
of the &ir but also of the water used which has to be re-
duced in order to achieve same consistency. The authors

and other writers have suggested that the air affects the



strength exactly as so much water. 1his gives a good basis

for desizn purposes, althougn not being true.

Fig. 2 shows 28 days comprecssive stronzths plcotted in
relationship to the gallons of water plus air per sack of
cement, Curves derived by interpolation from the original
data, are shown for O, 2, 4, 6, 8 percent of sair. The
slopes of these curves decrease as the percentage of air
increases.

Fig. 3 shows conventional water cement ratio strengths
relationship for the same dzta &s used in Fig. 2. It may
be seen that concrete containing 4 percent air end having
a specified strength cen be obtained by reducing the water
cement ratio about 1 to 1% gallons per sack below that
required to produce the same strength in normel cement
concrete.

(Corden)

ae ihen W/C is held constant, the compressive strength
of concrete would be reduced spproximstely 200 psi. for
each percent of air entrained in the fresh concrete by
Vinsol resin. (This value does not epply where accelerators
are used in combinstion with the air entraining agent.)

Fige. 6.

be ihere thé cement content is kept constant the conunge
in strength ranges from practically no change for concrete
of low cement content to a reduction of zrourd 200 psi. for
each percent of air entrsined for concrete of high cement
content. Fig. 6a.
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ce The modulus of elesticity of an average concrete
having the seme water cement ratio and the same aggregate
grading, will be reduced approximetely 105,000 psi. for
each percent of air entreined in the fresh concrete. Fig. 7.
de The ratio is not significantly affected by the
entrainment of eir.

Effect on Liodulus of BElasticity

There is & decrease in the modulus of elasticity when
air entreining concrete is used. Fig. 7 shows the difference
in the decrease of mod. of elasticity when using different
sggregates. The slopes of the regression lines correspond
with the average of 8ll tests, and at the same water cement
ratio & loss of approximetely 105,000 psi. stetic modulus
of elasticity for each percent of air entresined cen be
expected for average concrete mixes.

According to Gonunerman there is a decreasse in the
modulus of elasticity of about 3 percent for each percent-
age point increase in air content of the fresh concrete.

Effect of Air Entreined Cement on the Resistance to Freez-

ing and Thawing Action.

The &ir entrained cement posses greater resistence to
freezing and thawing action.

FPig. 9b shows the effect of Vinsol resin on resistance
to freezing and of limestone sand concrete as the result of
experiment run by A. T. Goldbeck on limestone send.

Fig. 48 shows results of tests by He J. Gonnermen with
13 air entraining rfortland cements, eight of the cements



were ground with .05 percent of beef tallow and five with
«05 percent Vinsol resin. Included in the tests were
norm&l Portlanrd cements from the seme plarts that furnished
the air entreining products. It is clear from the curves
of durability tests that the cements ground with tallow

end Vinsol resin gaveegually good results. It is also cleer
that when the air content was increesed only & relestively
small smount over that of the concretes made with the normel
Portland cements, a very great improvement in resistance to
freezing end thewing was obtained. CThis wes indicwted by
the low expancion, small reduction in modulus of elesticity
end low logs in weight for &ir contents slightly ebove
those obtained with the normal FPortland cements which were
generally less than ebout 1 percent. Concretes having sair
contents of gbout 3 percent (An increwuse of sbout 2 percent
over tnat of normel fortlaend cement concrete) showed about
&S 004 resistance &s those vith higher air cortents. ALir
contents in excess of about 55 (above ootimum linit) should
be avoided, bececuse they cre asccompenied by & considersble
falling off in stren_th, without &ny cournenssiing guin in
recistaerce to Ifreezing and thewirg.

Zffect of wintrcined air on icule nesistarce

It hus been shown by so meny exneriuwents in the
leboritories and observation in the field thet ertrsined eir
in concrete increcses its resistance to sceling due to
chloride selts used for ice control &nd by frost action.

Pollovins are some of the results of experiments on



accelated sculing studies corducted.

Photosrephs taxen by Goniterien showing the top surfeces
0f typicel slebs conteining normel Portland cement and air
entrained Portlund cerents from experimentel projects after
they hed been subjected to &s many as 375 c;cles of the
surfsce sceling test speck very high of the vilues of air
entrcinment. The specimens conteining the eir entruining
Portlend cements showed only slightly, if any sceling after
200 to 375 crcles of this severe test, whereas comvenion
specimens without the sir entreining eddition showed serious
scaling efter 40 to 75 eycles. Lhese results are typicel
of many others obteined during the past 10 jears.

wethod of uveluating Dursbility.

The progressive drop in dynemic modulus "E" is measured
after supbjecting the specimen to freezing and thawing action,
and is in terms of the nuuwber of freezing and thawing cycles.
A sonic sappsretus is used for this purpose.

A redio freguency oscillator furnishes power to s
driving mschanism which in turn vibrates the speciman. A
radio loud spesker sdapted to this purpose and there is also
& pick up which receives the vibrations that are transmitted
from the specimen, and pass them to & vacuum tube volt meter.
The voltmeter indicates the nstural resonance of the concrete
by maximum deflection of the dial hand. The frequency st
which the dial is vibrating is shown on &nother dial. Xnow-
ing the frequency and constants of a certain specimen, the

dynamic modulus can be calculated by using the following

3=



formula:
E:Kdﬂz
ES modulus of elasticity. +/sg. K= constant depending
on dimension of specimen, mode of vibration and condition
of restrasint,

= specific grevity
2% fundamental frequency cycles/sec.

Effect of Cement Content and Air Entreaining llaterial on

Dursbility. (Wuerpel results).

Influence of viater Content on Durebility. Figure .

Effect on Volume Changes.

Studies made by Wuerpel show that & change was brought
about in the normal shrinkege and expansion charecteristics
of concrete by the use of air entrsining agents.

Bulking lkffect

Bulking effect of the entrained air causes an increased
volume of concrete, so quantity of materiels thsat produce
one cubic yard of concrete when normal cement is used will
yleld more then that with air entreaining cement. It is
necessary to compensate for this increase in yield by
adjusting the mix slightly so as to meintsin the desired
cement content. woDecause the entrained &ir greatly improves
workability cheracteristics and increases slump, the adjust-
ment of the mix should be accomplished primerily by redue-
ing the sand and water content.

Effect of Air Content on Durebility

Freezing and thawing action results in the loss in



weight, expesunsion of concrete and drop in modulus E.
The influence of sair on these three factors is shown in
Fig. by Gonnerman.

Miscel, Facto:s

It has been found that abnormsl air conterts improve
the durebility of concrete containing either mediocre or
2004 limestone but there is no appreciasble improvement
in durability when the concrete contains check aggregates.

Effect on Bleeding (iater Gain)

By using &ir entrained cement we caen reduce the emount
of water gain, generelly celled "bleeding".

Bonding rroperties Between Concrete and Steel

It has been shown by the work of Wuerpel and P. C. A,
that the strength of bond between concrete and steel is
not materially affected by the use of air entrasining
materisls provided the mix is properly désigned and con-
trolled! end the air content kept within 3 to 6 percent.
The data also indicate sir entreining admixtures when used
in concrete having & ceneat content cf 6-0 bags per cu. yd.
enables the concrete to achieve at lesst parity with plain
concrete.,

Wuserpel also mentions that the introduction of air
entraining sgents of optimum quantity in reinforced concrete
reduces the bond of concrete to steel by not greater than

10 percent, but the uniformity of the bond incressed. This

advaentage of greater uniformity offsets completely the
slight reduction in bord strength and on the whole the
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reinforced concrete 1s benefited.

Thermal Properties

Experiments run by Wuerpel i:dizate that the presence
of the distributed eir voids in air entrasining concrete
do not materially reduce the rete of heat diffusion when
the amount of entrained air is within the optimum limit.
average thermsl diffusivity values in sq. feet per hour
of concrete without air emtraining sdmixture was 0.035
and when the sdmixture wss used became 0.,034.

Effect on Workability. (Cordon)

The workebility of the &ir entreined concrete is im-
proved &8 the amount of eir entrained increases. Due to
the increase of slump thereby permitting a reduction in
we er content as shown in Fig. 3 (Cordon). The workability
was found to be better than that of the concrete of lower
air content as measured by "Power's remolding appartus”
vhere slump is held constant through reduction in cement
end water. Irig., 5 shows that the worksbility of a mix
mede with nstursl essregates &rd contuining 3% &ir with a
13" slump is sbout equsl to thet of & mix conteining 1% air
with a 3" sliump, even though the cement content hes been
reduced.

Effect on Uniformity of Concrets

Homogenuelty is greetly increased b; use of air entrain-
ing agents in concrets.

Studies made by Kennedy bear out the fact thst homo-
genueity is closely related to bleeding. The less bleeding
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te more uniforw the concrete from top to bottom. 4As air
entrainment reduces bleediny, it is reasonable to believe
that homogenueity will be increased.

Air Entreinin: Concrete for llassive Ltructures. (./uerpel).

Using air entreining concrete in large concrete
structures employing lean mixtures end lerge size sajgregates
(ebove 2" max. size) duervel has brought out interesting
informetion from lebe studies. Lhe totel smount of eir
entrained can be less than thet in pavements due to re-
duction of mortar contert due to the presence of lerge size
aggregates. It was also shown thet the total eir content
of 2.7 percent in & lewn concrete mix contuining 6 inch
agregate is compereble so fer as the morter constituent
is concerned to & totel eir content of 4.0 rercent in a
ozvement concrete conteining 1% inch g grejetes. The
procedure of firnding the unit weight of mscss concrete by
~@t screening chould not be followed cs it will give vron
rezults, beccuse & considercble cnount of euntreined eir
would be lost. «w 2 cublic foot sewiure is recoanpenied to
fird the uait wei_ nt.

=ir ertraine¢ concrete cen be runped with excellent
results erd &z _00d &3 sturnderd corncrete. There would
be & normel clunp loss 1 to £ iacher ver 1,000 ft. of ripe.
.

e &VETrc

e slwup ot the miver is 4 inches using 5-6 by
alxesse  Whe rewely, throuch the sipe ol covcrete irproves ite
workability br ceounpectior wrd relezze of re nloztic concretle
ag it peoses trrouch the oHine. wir content iz not cifected
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I N EPUPvS SO S R I G S

wffeet onm Ldxins winoer necuired

Chinges in desi n of concrete huve to be edonted when
eir estroining ¢oenls ere used inorder to crrive ot comperable
stren.;th velues to those of ordinery councrete. The fuactor
that is given most comnsiderution is the water reduction of
weter and serd content.

bue to the introduction of air entrezining s.,ents, the
slump of « concrete mixture cean be kept et & desired velve,
in spite of reducins the amount of water that was first
used to get thet value. The reduction in water cement rstio
in turn causes en increase in strength, impermesbility and
durebility of the mortar end reduces the bleeding. The
water content of an everege corcrete mix mey be reduced
epporxe. 6 pounds per cu. ydeo with rournded aggregeate accord-
ing to Cordan, and 8 pourds per cu. yd. with enguler aggre=-
gate for euch percent of air entrained. The ordinsry vractice
is to reduce the water content from % to 1 gillon per seck
of cement when sir entreining concrete is used. Fig, 2
(Cordon).

according to walxer &nd Bloem, the requirements of
mixing water sre reiuvced &s air is entracined. Irig. 4 shows
the amount vhich the mixing water n2y be reduced for different
cemenv contents, with the reduction expressed &s & percentsage
of the volume of air entrsined ia a unit volume of cconcrete.

The diagrum shows thut the reduction in mixing water
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renged, for the 4.5 sack concrete, from 74 percent of the
gir; for the 2 percent of eir to 48 percent for 8 percent
of geir; Xr the 5.5 sack concrete, the range was from 52
percent to 32 percent; and for the 6.5 sack concrete from
35 to 23 percert. This indicutes thet &s more &ir was
enitreined it becsme progressively less efficient in reduc-
ing mixing water; also, the &ir wuas progressively less
efficient as the cement content was increased.

Lffect of Ssrd Content on Alyr Entrsinment.

The sand content can be generelly reduced by &nproxe.
l, of weight of total sgzregate for eech percent increase
in entruined air up to at lesst 8,0 without any epprecicble
chenge in slump or workability. Fig. 4.

Kach percent reduction in sand permits & 2-5 lb. per
cubie yard reduction in weter in addition to thet meitioned
before.

Effect of Air Content on Yield.

Lhe increase in yield due to the using of entrsined air
can be checked by reducing the sand content of the batch by
3 to 4 percent of the combined weight of the fine and coarse
aggregate, or 1 to 1.3 times the amount of air entrained.
The coarse esggregate should be reduced if there is a tend-

ency for the concrete mixture to become harsh.



quelity of the Ingredients.

The type ¢f aggre-ate used must be proverly controlled
as to quality. Air entresinment will not improve the qualities
of concrete in vhich poor e gregate have been mixed. The
aggregate must be of medium or good quality before any of
the benefits that are connected to the use of air entrain-
ment cean be realized.

lioisture Condition of the A_gregate and Concrete.

It has been found thet aggregate whose pores were
saturated with moisture after being used in the concrete
caused & decrsuase in the resistuacs of the specimen to freeze
acd thew test, ae compered to using aggregates which were

in & relstive dry condition before mixing. Therefore, it

is important that the water should be kept at the minimum

in order to obtain a reletive impervious concrete.

Air Entrsinmemt with Cslecium Chloride.

It has been found by laboretory tests that the addition
of Celcium Chloride in smounts up to 2 percent, added at the
batch either in solution or dry form, increases early
strengths without decressing the effectiveness of the air
entreining meterial. Fig. 19.
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VII., .87H0D0S COF LIBASURING AIR CONTENT IN PLASTIC

AxD HARDELLD CO.LCRLTE.
a, Determinztion of sir in plastic.
be dVeterminetion of hsrdened concrete.
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Grevimetrie l.ethod.

inis is elso called the unit weight method, and is
perforrned by comperirg the wt. per cubic foot of the plastic
mixture (zir entreined) with the theoretical air free unit
weisht in accordance with A. 5. T. il uzethod Cl38-44. e
heve & precise knowledse of the specific gravities, moisture
content of the ingredients used, and also the weight per
unit volume in order to errive gt accurete results.

rercent of air= Theoreticel unit wt.=-mecsured unit wt.
x 1CO

Lheoreticel unit wte.

Ae Se Us ll. Des. (Cl36=44) assunes tiet the Aifference
between the unit weight computed from the arsolute volume
of the cement plus water plus u.gregete &nd the unit wei: ht
determined with the freshly mixed concrete is due to the

genount of entreined gir in the mizxe.

Volumetric Liethod.

It is & method by which we can measure the amount of
gir entrained directly end is described in A Se To lie
liethod C173. The weight of the concrete per unit of volume
hzs to be determined and the displacement, in water of a
weighed sumple of the concrete after elimination of the
entrained air from the sample while imaersed in water. This
iw.ethod is open to errors in mecsurement and is also tedious
of execution. rrors may result from failure to remove &ll



the ertruined air. In spite of thece errors, it is still
considered to be & basicelly sound method.

Pressure lLiethod.,.

The &ir content in concrete cen also be meesured by
the reduction in volume when an externsl known pressure
is epplied to it. The smount of sir can thus be esasily
determined since this is the only compressible ingredient
in the concrete,

There is & special magnesium &lloy epparatus developed
to determine the air content of this method.

The concrete to be tested is placed in 3 layers in
the lower part in the same manner as is required for the
standard yield test (A. S. T. ii. Des. Cl38-44). The two
sections are Jjoilned and water introduced until the level is
sbove the zero mark in the glass gage, then adjusted by
bleeding to exactly the zero mark. An air pressure of 15
lbs. is applied by'means of a cycle pump. d4+he water level
is read when the pressure becomes steady. ihis will be the
uncorrected velue. Blank determinations on both sand
and coarse azggregate should be run correct for perosity of
aggregate graims. The sum of these two values must be sub-~
tracted from the first reading to obtein correct gsge glass

reading. The p of air in concrete= Vol. of air x 100,
Vol. of concrete

Camsra Lucida liethod for Determining Air Content of Hardened

Concrete.

This method involves the use of camera Luclida in con-

4B



Junotion with a suiteble microscope.

A cemera Lucida is & mirror (or prismstic) attachment
thet permits the simultaneous viewling of both the speciman
under the nicro~scope sand an enlarged area on which the
actual nicroscopic observetion may be accurately traced.
In this manner an enlerged tracing is obtained of the air
voids and eggregate particles in the suitable prepared
surface of the concrete specimen., This nethod shows the
air voids the hardened concrete and also their size,
shape and distribution. <There it can be used &s a check
on the previous methods.

Method of Vetermining Entreined Air in rresh Loncrete.

This method is used by State Highway Commission of
Indiana both in the laboratory end in the field and is
quite simple &nd accursete. It is based on the eguation

Percentage of air= (7-1)100 in which 1< unit weight
of the air free concrete, agd A% unit weight of the conorete
containing air. The above equation is &applicable regerdless
of the method of employed for determining sair content. The
determination of A is msde by the same procedure &s that
employed in the yield test (cement content) using a 0.5 cu.
ft, cast aluminum yield bucket. T is determined by mesasur=-
ing the volume, by displacement in water, of a sample of
fresh concrete of known weight. The apparatus used consists
of the yield bucket and a nook gage which converts the device
into a pycometer the volume of which is celibrated with
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water of known tempersture (0.452 cu. ft. in Teble 1l). The
necessary data and computations for the complete air determin-
ation tests consists of four weighings, five subtractions,
three divisions, and one multiplication, &8ll very simple to
do. Lxsmple is given in Column 1 of iable 1.

After A is determined the operator removes concrete
from the yield bucket until approximstely 30 1lbs. remgin
(line E, Tsble 1). 4Hfter weighing (line D) sufficient
water is added to inurndet{e the sample completely. The
hook gage is set in position and water added until the
"Dimple“ in the water surface breaks. The hook gage is
then removed and the gross weight obtained. From this line
D is subtracted to obtain line E, the weight of the water
to fill the pycnometer to the hook gage point. The weight
of the water is converted into cubic feet, recorded in line
G, and subtracted from the calibrated volume of the pycno-
meter (line V) to obtain line H, the absolute volume of the
condrete sample in cubic feet. T is then obtained by divid-
ing the weizht of the simple (line E) by its absolute volume
(line H) obteining as shown in the example 154.64 1bs. per
cus ft. The formula (E-A)100 is then used to compute per-

T
centage of air which is recorded in line P.



Table 1l-- Foxii USzD BY IuiwruClUx IN THE FIELD, SCTATE HuY.
COLLISSICH CP ILDIALA.

Al COLiwn® onPOaT

Contract lLio. Project Wo. Section 194

Test Number 1 2 3 !

Wte of container and 3 cu.

ft. concrete §5,0C0
Wte of container, empty,
clean amd dry 10,000
Wte % cu. ft. concrete 75,000
Wwte 0f 1 cu. ft. concrete 150,C00 A
Wwte Of cortauiner and
concrete sample 40,000 D
Wte of conteiner, empty,
clean e&nd dry 10,000
«te Of concrete sample 30,000 B
Wte 0f container concrete
semple and weter to gage
point 56.10
Wte. of contziner snd con-
crete sample 40,00 D
wt. of weter to fill con-
tainer to gsuge point 16.10 P
VWol. of water in cu. ft. F_
230 0.258 G
Calibrated vol. of conteiner
&t the hook gage point 0.452 \4
Less Vole. of weter=-=-cu. fte. 0.258 [¢]
Absolute vol. of coucrete szmple
in cu. fte. D.1%4 H
wWwte 0f s01lid concrete on zir free
besis t_ 1b. per cu. ft.
Fol 154.04
wir content= L-a x 100
i 2.00 P
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;0difiel lorter voids iethod

_kodified mortar voids method 1s cuite suiteble for
desiyn of concrete with gir entrsined in it. The reletive
water content, en emviricel fector used in the design, is
reduced from 1.215 to l.15 to &llow for the decrease in
water required for this type of mix. The yield and void
content ere adjusted by reducing the seand content so that
the cement fecoor is izept at 5.5 sacks per cu. yd. of
concrete &nd the totel void coutent kent within specified
limits. Tnese adjustuents are msde &t the leboretory and
used in the proportional chart preptred for the specific
ne.teriels to obe used on a given yroject. The theoretic wt.
of the air free concrete is e2lso given on the chart to
fecilitate computetions of eir content in the field.

It is possible to &djust the amount of gir entrsined
to thaet required in both ceses, when air entreining cement
is used or when tne admisture is added &t the mixer. In
case tne air content can be raised by adding more of the
air erntraining materisls directly to the betch when sir

entreining cement is used.
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£.020-0I0lilug L DHIDS

l. uneed for Proper Controle. <The propnortioning methods

must be cerefully taken into considerction in order to get
& uniform batch of concrete end so must be the handling and
weighing equipment. Lhis will avoid vuariation in moisture
_content and greding of the &pgreguates.

2. Imoproper placement, spreading and handling in
forms mey result in segregetion, weter gain, lamination,
and non~uniformity. Ceareful attention must also be given
to finishing and curing methods.

Y. FProper considerstion should be given to the
locetion of the concrete structure with respect to weter,
dreinage facilities and general working conditions in order
to get & durable structure. Complicated forming and place-
ment of reinforcement steel should not be designed, because
in case of poor workmanship, it might result in inferior

finished product.



LIXTIHG OPERALIOLS

Use of Autom.tic Cispensing devices for the
admixture

1ix edjustment

Constructional practice



lalie CPLaalI0LS

menufacture of Air Entraining Concrete.

There are three types of menufacturing concrete, site
mixed, central mixed and transit mixed concrete.

Site mix can be practised through a mobile concrete
paving mixer and stetionary mixing plents &t the site of
structures where the corcrete is transported directly to
the forms by manually operated bugcgies or by pumping methods.

Certrel mixed coucreve is thet which is manufactured
at a stationary vlunt amd transported over a considersable
distance by meens of eagitating or non-asgitating truck
equipment.

sransit mixed is referred to concrete which is comp-
letely mixed in transit by specially designed truck mixers.

8¢ The site mix offers & very ~ood control and
inspection of concrete manufscture. One minute is con-
sidered a good mixing time to obtein optimum sir content,
while more time has to be given to smaller stationary mixers.

b. The air entrained concrete can be mixed at & central
mixing plant end transported for & period of 90 minutes with-
out any effect on either the sir content or the slump. Dump
trucks and truck agitators have been successfully used to
transport the mixed concrete to the point of delivery. The
mixed concrete cen also be transported in truck mixers,
opereting at agitator speed. The good spped for truck

agitetion is 2 rpm.



e 4Yrangit mix procecure is not recommended for uir
entreining concrete &s no definite control can be exercised.
The following &re the main objections to it:

l. Due to change in consistency with distance,
time of haul and time of discharge the &mount of water
used hes to be in excess of thest in the given design
to compensate for drop in consistercy.

2. The air content will also vary.

3. 1Iwo trucks would be required for handling con=
crete and both won't give uniform results.

4, Complicetions arise due to delay in traffic.

5. Grester difficulty in smooth runninge.

automatic Dispensing Equipment for Air Entrsining listerisls

iost cement mills use sutomstic dispensing equipment
in the manufacture of eir entrained cements nowadays.

A metering device 1s necessary when air entraining
meterials are added at the mixer in order to get accurate
results. Such dispensing equipment can be bought in the
maxrket .

Adjusting the liix to leet the Desired 4ir Content.

If a trial batch shows that the sir content is not
within a permitted range, say 3=6k, it may be possible to

adjust it by changing the sand content, teking &t the same

time into consideration avoiding an over sanded or under
sanded mixture. If the difference is not too grest it can

be removed by drying or adding a little water. The air con-

tent mey &lso be increased by increasing the mixing time,



which is very effective wnen the cement h.s been grou:ud vwith
pmwdefed or fleke Vinsol resin. Blending in pluin Portland
cement may correct excessive eir due to long continued mix-
ing.

Constructional Eractice

Air entrained concrete is more sticky due to its
greater plesticity &and cohesiveness as compared to plein
concrete, with the result tnct it sticks to the screed of
road finishing machines and thus tears the surface. This
is more true in cuse of richer mixes. Lhis cen be corrected
by increasing the number of transversal oscillstions of the
screed per foot of forwurd motion. sSteel tools rave been
used for finel finishing in some cecses. There igs little
or no bleedirg (water gein) betvween the initiel screeding

erd finel hend finishing, it is necesscry to keep &1l finish-

is]

irg operestions well up benind the mixer, particulerly in

hot dry or wirdy weather.



A SUPlonslllad o2ia3
Ge LUSTEX Aua B
b. otewart Field w~vemonstretes Velue of air
satreinzent (oxiract)



~

~ 7 oC ot e : Ve wea -
.{ cids s onde Lo dle L.l ..a.u.{

Lo e s . -y -
Lueadavd 2000l Ll 2 0I0LS B
R

:.-,D ...)'.;'L IRVENONN

Dorex e

inis 1s en eir entr:inin- sgent e nufuctured, developed
end prodaced by Dewy end Zlmy Chemiec.l Lo. and is now belrng

used in the menufectare of cir ectreining cerent cnd &
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&
eddition ¢t the mixer on field construction jobs, ot ready
mixed co.crete plaents &nd in councrete product nlants. This
neteriel wes origilnslly intended &s & compenion product to
TDa; thet is &5 an eir ertresining cgent &rd _rinding aid
for Portlend cement.

Principle of geuge water addition is most favorable
ernd easy uetbod of controlling the air content. Ilieasure-
ment of the entrsined eir is by meking unit wt. determin-
etion on the .r.en concrete and so the smount of extreained
air con be sdjucsted as to the regquired need.

Lir content cffects richness of mix, water content or
slump, greduztion and percent of seand.

Dares Liia is delivered in & neutrel solution resady
to use.

Buiching methods neve been developed to dispense
accurately any predetermined guentity of this solutione
wuantity rigid in each batch is snell, in moct concrete it
amounts to from one to one and one helf fuild ounces per
sack of ceument, |

with 5,0 eir entreinment using Darex AbA either &s an



interground ingredient of the cement or as a gauge water
addition, there is not the loss in strength generslly
associuted with air entreining concrete.

Teble 1 gives results of field tests mede on ready
mixed concrete. 01his shows the reduction in water content
with the use of Darex AEA with no change in slump. The
reduction in water together with the Darex AEA scts to
increase the strength of the cement paste so as to offset
the strength loss which neturally results from the inclusion
of air in the concrete. The table also shows the gain in

strength which may be expected for mixes leaner than five

sacks of cement per cubic yerd and that for the richer

mixes, the strength loss is reletively small,

EFFsCT OF DAREX AEA ON COLCRETZ COMPLmSSIVE STRENGTHS
(Typicel Data)

Sacks Ww/C Slump Weight Compressive strength
Addition cement by inches cue. ft. 7 deys 28 days
Cle yd. Vite

Darex ALA 4,05 «610 2.00 144.6 2766 3930
lione 4.40 «710 3.50 152.1 1580 2400
-Darex AEA 4,60 636 3.00 146.6 2480 3540
None 4,93 «602 2.00 150.0 2640 4495
Derex AKA 5,06 «522 2413 145.0 3130 4450
one 5.53 «D75 3.00 152.1 3075 4850
Darex ALA 5.53 «510 3.00 145.0 3100 4930
None 5.79 « 550 2,00 1563.0 3120 4600
Darex AEA 5.87 «483 2.00 174.0 3365 4670
lione 6.00 «530 375 147.5 2940 4730
Darex AEA 6.00 +490 3.25 143.6 3225 4875
None 6460 «496 5.00 152.9 3600 6300
Darex ABA 6.50 467 4,50 147.7 3650 5270

Production of concrete pipe by the temp method it is
desireble to neve a small amount of plasticity in order to



got better compaction and also improve its appearance snd
lowver absorrvion. <“he improvement in compaction diminishes
the dengexr of collapse of the green pipe during the stripping
operation. Too gresat plasticity is also undesirzble as the
mix becomes mushy and tamping sticks are broken, thus hinder-
ing production. The amount of air entrsining agent required
is about one half the amount used normally and it is desir-
eble to change the quantity eaccordingly to changes in sggre-
gate grading. In the Packerhead process, the emount of air
entraining material used is &pproximetely twice &s much as
would be used.normally. +ne use of Darex AEA could give
sharper corners and edges on the pipe. It also reduces the
sucking action which is of grect help in stripping opersations.
Tne pasticising esction of the air entr.inment agent enables
the concrete to flow more reasdily around the reinforecing

wire so that dislocation of the wire is minimized.

The use of Dsrex AiA in building block results in
improved surfaece texture reduced absorption, increased
strength and elimination of green breakeage and culls, thet
ordinarily are the result of advzsrse cherges in saggregate
graduation. larger quuatities of the entraining agents
are used the&n ordinary, and the optimum quantity determined
by eactusl performance.

The edvanteges of using Darex Auh in the ménufacture
of case stone &re:

l. Grester plesticity resulting in better filling of

the mold.



2. neduction in bleeding and segregution.

3. Gretter dursbility of the finished product.

STEWART FPILLD DEMOLSTRATES VALUE CF AIR BLORLINLELNT.
(An Lxtract)

Stewart field is the U, S. lilitcry acedemy's airfield
at Westpdéint has shown the benefits of air entrasining con-
crete s used by Corps of Engineérs for all the complete
jobe HEighty=two percent‘of &ll paving which equels 1,29
million sguere yards of concrete and three auxiliary air-
ports contain over 500 thousand sqe. yards of paving of
which 62 percent is concrete. Ailr entraining egents were
used in &l1ll these four serodromes except for & smell »nortion
of stewert Field,

A typicsl cubic jyard mix consisted of 6-1 sacks of air
entraining cement; 1142.9 lbs. of s&nd; and ecual amounts
of two sizes of gravel (1 inch and 3/4 in.) or 1003.5 1lb.
with 5 gullons of water per sack of cement, this mixture
yielded an @irless volune of 25.98 cu. fts The tuneoreticsl
wte. of the concrete at this yield was comouted to be 153
l1bs. per cubic foot. +he ectual measured wt. per cubic
foot wes 146.9 1b. meking sctuel yield 27 cu. ft. With
these &ygregutes, the smount of sir wes found to be 4 per
cent by veight.

Tne agzregates used, loceal sand and gravel, Long Islard
send and crushed stone; and menufectired dolmitiec send and

locel _revel., air entraining cement used met the rederal



Specificetion th.t the cement be trested with Vinsol resin,
in &n gmount not less then 0.025 percent and not more tlan

0.045 percent by vwte. of cement.

Average Compressive otrengths °
1944 works 7 deys 3182 psi 559 psi
1944 vorks 28 days 4611 psi 700 psi
1944 works 90 days 4769 psi 741 psi

® Lvers.e flexurel strengths.

Lhree ©6x1&" cylinders and three 6x6x28" beams were
nede for ewcn dey's run.
Adv. fasir entrainmernt:
1. better workebility with stone, ss&nd used.
2. Practicslly no bleeding
e Only normal finishing operations were reguired.

bDegigsin Yetuils

Puvement design for & 8-6-6-8 cross section for eech
25 ft. strip the thickened edge nein; attained in a distance

of 3 feet {rom the lonzitudinal ton-ue £1d zroove construction

joints. A4t longitudinel experslion joiuts end ot outside
runvwcy edges, the edgse thickness wus eltiined in o one lane
thickuaess or 12; ft.

Trersverse exosusion joints are wpaced every 100 ft.,

with intermedic te exoancion joints of the dummy type sspced
on 20 ft. ceuters beirg cut one quarter of the pevement
depth exceot on 1944 vork where trhey vere cut to & depth

of one third of the sleb thickness. Lll expansion joints
heve %/4 inch non-extending filler. uLransverse expension

b=
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Joints nave &s losd transfer units 1 inch pelin round bers,
24 inch long s)rsced 12 inches on centers. Eelf irnch deformed
tie bars 30 inches long set 30 inches sapurt were used in the
Joints longitudinsl dumny joints edjecent to longitudinsl
expension jts. and the outside edges of the runweys.
fremolded bituminous fiber ribbor. 1/8 inch x 1} inch,
was used in lorngitudinel dummy Jjoints in 1943 construction.
+his prsctice wes dropned due to light spelling along this
type of joints. ©S»elling occurred when the top of the
ribbon was below the surfece of the.cancrete end not when
it was above ur levelled with it.

neinforcement

o reinforcement was used in eny sleb except for small
apron ereas amou:nting to less than 1.
Subsoil

Gruvel blanket with & minimum depth of 12 inches was
laid ard compascted due to poor supporting quslity of the
subsoil. DBearing tests on this vrepared subgrade using a

30 inch diameter plate showed an aversge be&ring strength

of 35 psi. at & 0.1 inch deflection.

Construction Equipment

Betcnes aversged 30 cu. ft. &nd trensported from centrel
plent to pavers in two and three bstech ceanecity trucks.
liixing water wes supplied by tenk trucks. Lhe batching
plant wes equipped with & 365 bbl. bulk cement bin and weigh=-
ing hopper (screw conveyor cud bucket elevator) and e 150,
ton three compartment azg. bin with weighing hopper.




Production

For 342 sversge daily vroduction wes 600 cu. yd., max.
846 cu., yd. “his equivalent of 1200 linesl ft. end 1700
linesl feet resp. of 25 ft. wide sleb. Concrete wes

vibrated along the sideforms and the joints.

Use of Color Pigments on Air Entrsinment.

Color pigments made from iron oxides can be used
successfully with sir-entruining without any loss in
strength, durcbility or scele charascteristics of the con-
crete. onxperiments run by the Lationzl Vrushed Stone
Association show thet &ir entrainment in concrete contain-
ing limestone &gyregates both coarse end fine, materially
improve durebility snd resistance to scaling. Fig. 20.

It also imorcves excessive bleczding, poor workability and

difficult firnishing.

applicution of Air Entrained Concrete.

Air entrsined concrete has been used to great adventage
in generel concrete work such as foundations, wells, paving,
gsidewalks, slipform work, granite, and in concrete pipe and
block.

iWain experience in the use of air entrained concrete
nas been in the field of pavements, however excellent resis-
tance to alternste freezing and thawing indicates that it

should prove advautageous in the construction of bridges.



wmol 2a0Capu s FOLLD,.nD BY CuiDOJ

The following describes the test procedure sdopted by
Cordon for &ll the results shown in Fig. « In the 102
concrete mixes & range of slumps, water cement rstios, eir
percentages, brands of cements and types of sggregetes were
included. The percent of entrained sgir used wes fourd by
absolute volume method and was en independent variable through=-
out the entire investigetion, and the amount of &ir in each
set of 6 mixes was varied by increments of 1 percent from
&pprox. O to 6 pevrcent. Agent was sdded to all mixes to
obtain & pre-estepblished percentage of air regardless of
the amount of agent required. A standard solution of

Vinsol hesin wess made before the mixing program started,

end this supply wes used throughout, with the exception of
12 mixes in which another commercail sir entrsining agent
w&as usede.

Mixing Procedure

All the mixing wes done in s 1% cu. ft. tilting lebor-
atory mixer with & mixing period of 5 minutes. The follow-
ing was the chearging sequence:

l. ©One helf of the mixing water and sgent,

2. sand, grevel and cement combined,

3y remaining half of mixing water ard agent.

The eir entraining egent was combinéd with the mixing
water before introduction into the mixer. 4After the mixing

period, the mixer was discharged into a large pen and re-
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worked with a shovel. The following tests were made on
each batch of fresh concrete:
Slump test == ASTL Des. ((143~39)

Unit weight == A31M Des. (138=44)

"Powers semolding Test for Workability"

| Three 6x12 inch cylindefs from each batch were tested
for compressive strength, AST.I Des. (C192-44T), and elastic
properties.,

wodificetion and Afjustment of standsrd Computations

Teble 5 of the ACI Stendard hecommended practice for

the desizn ot concrete mixes cen be slightly modified for

eir entrained concrete by including the following information:
a. neduce the sand percentege by one for each percent
of air entrecined.
be Xor &ir entracined concrete, reduce the water cortent
8¢5 1lbe for well rouzxded neturel sgyzregate and 10.5
1b. for snguler sggregate for each percent of eir
entreined.
c. For the seme w/C retio reduce strengths shown in
teble by 200 psi. for esch percent of &ir entrained
in concrete.

Computation of Trial iiixes.

We cun very easily modify the triel mix computations
es outlines in the recomuenrnded practice end &llow for entrained
eir by siuply tresting the air es ecnotiier ingzredient of thre
concrete mix wnich replaces an equal volume of &.irezate.
ire szwple computations shown on »=ges o057 and 658 01 the
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ebove mentioned stenderds cen be modified s follows:
(Assuming 3, &ir)

Ceuwent content?net woter content 305 . 575 1lb. per
viater cement rutio 0.53

cu. ydeo 575 0e.l12 sacis per cu. d.
$4
sbsolute voluane veter = cerent uter contort -

crent content 205 %4

_ 5 7.61 cu. ft.
£28Ce _TuVIT) X OZed bued EelEnozed

sur o cu. yde coscrete

atzolute vol., zir  percent eir x cu. ft. per cu. d.
of concrete

absolate vol. of totol o _rezute 27 - tbse vol,
(vaser ceuent) = wos. volume of air 27 - 7.&l-
Oebl - 183.38 cus fte per cue. yde of concrete.

L%

[ONY]

2

abzolute voluue of sand percent sund x sgbsolute vol.
total tgupregate s 042 = 16430 - 7.72 cue ft. ner
cue. yde 0of concrete.

absolute volume of coirse & .resate. abse vol. totel
egpregute - absolute volume sand < 18438 = 7.72 -
10«60 cu. ft. per cue. yd. of coucrete

cand content - absolute volume X so. gravity x o2.4
7072 X 2.65 X 62.4 1,277 lbt pf.‘r Clle :')Tdo Of
concrete

Coarse &yzzregete content 10.00 x 24556 x 62.4 1,696 1b.

<

eér cue. yd. 0of corncrete
J

Triel wix proportions 575 : 1,277 : 1,069
575 575 575
£¢95 say 1l LeZ: 5.0

o - 1: 2422:

Computution of wir Content

For mortar conteining soep forming meteriels Asila Des.
(C173042%) "test for eir content of concrete" is not re=
comnended. 4he best method is 4siil Des. (C138-44) vhich
esswies thaet the difference betheen the wiit wt. computed

-04~-




from the sbsolute volume of the cement plus weter plus
teoreztate end the unit weight determined with the freshly
mixed concrete is due to the smount of entrained sir in
the mix.

The percentuzge of air (ZTheoreticel unit wt. - weasured
unit wte x 100

theoreticael unit wt.
Using weignts computed in the foregoing trial mix comp-
utetion, the percent air can easily be determined as follows:

(lieasured u.it wt. 142.7 1b/cu. ft. )
wt.
Theoretical unit weight weight cement + weight water+ agg.
solid volume of cement * water +
v cement

575 + 303 + 2973 _ 3853  147.1 1b.
27 = 0.81 ' 2019 cu. ft.

and p air 147.1 = 142,7 x 100 . 3.0 per cent
147.1

Desionetion 24 of the U. S. Bureau of keclamstion concrete

menual outlines a general method for the computution of per
cent voids based on the actual mix parts of eny combination
of cements, wster and sggregate. Sollowing is simplified

form of the method described:
1 - W/C = BA 190y

Percent agir_ 100 = g¢ GA where
62.4 Pt
Py~ Total parts (cement, aggregate, water) in mix (by
weight).

PA- Parts of sggregute (by weight).

Gg - ©vpecific gravity of cement

GA = Specific gravity of eggregate

W ° uieausured unit wt. of fresh concrete

W/C » Weter cement retio 1b. per cu. ft. by weight.
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