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The purposeful .incorporc.tlon of uir in concrete as a ineans of 

improving its phy.:.dcal f.J.ropertiPs ha,q long since passed throush the experi-­

mental ~;tage, ancl the principle of air entrninment is no\·.: bC~nera.l.ty acceptec~ 

and widely used in concrete pr·actice. Considerable information on air~ 

entra:Ln:ing concrete haf_~ been v;r.itten. Th:L~~ mat(;r-ial is ·~d.doly scattered 

through engineering periodicv.ls and. procl.'~edtugs of technical societies, 

which rnakeB i'L mont difficult for the avera&,c engineer or. layman to acquire 

a general knowlr~dge of the ;:lubj ect w.ithout considerablP time-consuming 

reference ·~rork. 

This papl~r has been ~·.rritton to mer:;t the need :f'or a concise presenta­

tion of a;).0roved practice in the mat\Uf'acture and handling of air~entre.ining 

concrete and of the pr.LncipleE.~ involved. It i~1 thn hope of th.e author that 

the information contained. heroin wiLl br,1 of c;en•cral intereet to the l<,yman 

and of value and as:Jistt.mce t1.) t:~nrineers \·/hO hav~~ not had the opportunity to 

become fully informed on this nmc ph£cse of concrete practice. Those v1ho 

seek greater deta:Ll on the subj set ·:.•ill find the at.tcccbe:1 bibliof,raphy of 

material a help. 

The ._:.rork d1.:3cusses the pr:Lnci.p1etl oJ' a'i:c en·CraL·lH~ont in relation to 

materials, mix deni1;n and control of the manufactured product. Important 

factors asnociated Yrith th~"~ hQ.ndl.i.ng and placing of air-entraining concrete 

produced by convontioniJ.l or rf:'ady-mixed l!lethoC:_,s necees.:.cJ::·y- for successful 

results ctre included. Rt:;su1tr· a1~1d c:x:p8r.L~nc~::s from many studies and fi~ld 

installatimis are also presentedo 



The purposeful entrainment of air or gas in different types of mate­

rials for beneficial resons is an old art. Common examples are the 

leavening of flour productp, tln:oueh the ;;eneration of carbon di.oxide by 

bald.ng powder admixtu.re8 and the manufacture of ice cream by means of 

mechanical agitation. The entrainment of ai:c in concrete for tbe purpose of 

creating more d1.1rable etructures was discovered only a little over a decade 

ago through the concerted action of many r.ssearch q,encie:;. At that time 

engineers ·were v:i.ta1ly concerned with the p1:oblem of concrete deterioration, 

especially in rer)p(~ct to DG.alin[; and oubt:-e~.1",1E>nt dinintegr::.:..tion of concrete 

pavements. 

:±_he Principle of Air_Entr':'.~!l!!l.<Cl1t 

The principle o.f air ent:r.~a_i.nnv:mt consists qf introducing into the con­

crete mixt1.1re e. def:Lnite quantity of air in e;wess ef that normally found in 

standard concrete. However, unlike the air :in ordinary concrete, this addi-· 

tional entrained air must exist in the form of minute, disconnected bubbles, 

uniformly distributed throu2_.hout the concret(:; mat~s ~ 1Joncrete in vvhich air 

has been entre,ined in this m~mner i~.1 common1y 'berme(1 h~i-~-·-I'n~J:!ing· Co~tno 

Effect qf J2}trained J.}i.r on ProJ2Q].'t~£L.Q.2g£rste: · The physical 

propert1es of both the pla~Jtie an,d hs.rdened concrete are mc-cterially altered 

by the presence of thi.s entra-.Lned a:Lr because of the condj_ tion in ;;hieh it 

exists 0 .Fol"' example, ..L"'reshl;y mi:;:.::ed concrete is more plan tic, possesses 

better workability, L,nd can be lKcndled with lcsrs sugre§,ation than ordinary 

concrete. li'urth(:n"'more, the a~pearance of nur.fa.ce .. ·.::lt,I3X' o:r ·,-,rater gain in the 

concrete is practically eLiminated, thu.rJ greatly red.ucing the time interval 

between mixj_ng and fini.'3hi.n.g operations. The hardened concrete possesses 



remarkable resistance to ~'Jcalint, Cb,used by the chlo:ride sal.te: UE~Gd in ice 

control.. Air-entraining concr·cte is also lJiC:hly ir:~pBrviouc~ to moi::~ture ~ 

Concrete strengths are decreased s~ightly in proportion to the increase in 

air content. Setting propert:Ler3 Ol' early strength gain are not affected by 

norm;ocl air contents at pouring te;nperatur'-"S abo·ce freezing (10). 

effect of the entra1ned ai.r 'l.s a function of tbe number, ,,ize und munnsr of 

distributJ.on of the air bubbles rather than on total volume of air alone. 

Through micro~Jcopic ann.lysis it i.:-; inrlLc.=d~ed the:t the ~ma1l air bubbles 

which apparently cline; to th0 sand pa:ct:L'cles act as flexj.bJ.e, inert fine 

aggregate vrhich tenclc; to lubricate the concrete mc,ss, thus accounting for 

the marked improvement in plQ,sticit;y and \-;orl{cibilit~y of air-sntrE . .dni.ng con-

crete over that of standard portland cement concrete. The chemical effect 

of the air-entraining m&teria1 J.tcelf has been proven to be incon.se11,uential~ 

In rospBct to reductiort in b1r~~~ding and ''iater e;~d.n, it is br.;;.limred 

that the presf;;ncc of the numerous '.':ell--d.i.sp:-·r::·ed air· bubb1.e,s tond.s to immo-

biliz,e the mixing V/ater· throu;·h adsorption on the G.J.:::· bu.Jl J.:;B, and by inter-

rupting the continuity of v~-atcr chanr;.Glf.~ or· (~·cpilla:ciet: ·,·J~.d.ch have a ten-

dency to form through di2placement or !:'eadju,:~;tment o.f the ingredients in the 

1 f•n\ 
fresh concrete during ?)J_accment \J.v,~ ~ 

Furthermore, the contributlon to c3urccbi1ity in considered due to the 

possible lu1,;er water-cement r~l.tJ.o, 1ncr(~Ei3e\.:1 imporviounnens of the concrete 

because of the closing of the Y-rater channelE.:, and to the action of &ir voids 

changes and expanr;ion or h;,crJ.ratLl.Lc )ressuree of "atcr ih<on turning to ice 

(10) (17). 



Jlllethods of Entra:Lning_Air i~Q2!!££~te 

At the present time air is entrai.ned in concrete in definite amounts 

by means of organic compounds generally kno•m as Ai£-.!':c~tr~i.ni.lli'. Admixture"~. 

These materials lower the surface tension of the mixing ;;ater thus caurJing 

it to foam easily and consequently entrain ai.r tmder the mechanical agi ta­

t ion of the mixer. 

Air-Entraining Admixtur!'.~' Air·-entraining admixtures which have been 

successfully employed to d01te are. chiefly those which are soapy in nature 

and whose inherent foaming action is independent of any subsequent chemical 

action v:ith the cement. Examples of this type are neutralized Vinsol re8in 

(NVX) and Darex. 

There are other flO·-called air--entraining materials Hhl.ch, in order to 

cause foaming, must be converted. to water-soluble soaps through their reac­

tion VIi th the hydroxides of the alkali meta.ls present in th<:J cement. In 

this case the actl<al amount of air-·cntra:Lning material produced v1ill depend 

not only on the amounts of these substances added, but also on the amount 

and availability of the alkali oxides pree.ent in the cement, Examples of 

this type are rosi.ns, flake Vinsol resin, and tl1e var Lou a animal and vege­

table fats and oils. Ther'e materials do not give consistent and u;tiform 

results, the amount of air entrained being unduly influenced by mixing t:Lme; 

therefore, their use is not encouraged. 

There are many ot.her materif:ls available Vlhich ho.ve the property of 

entraining a:Lr in concrete and may prove sath:factory if properly used, 

However, these ma:Ler:Lals sh.ould not be used unless it can be demonstrated 

through research and experience that they entrain the 13pecified amount of 

air without impairing the c;uality of the concrete. Either the flake or 
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neutralized form of Vinsol rE,sin and Darex have been approved for use by the 

American Society for Testing Materials in the. manufacture of air-entraining 

concrete. 

Flake Vinsol resin i"' a product of the Hercules Powder Company of 

Wilmington, Delaware, obtF.ined by selective extraction from pine wood and is 

composed chiefly of a mixture of various resin acids which combine with 

alkali to form soaps. So--called neutralh;ed Vinsol resin (sodium resinate) 

is made by treating the resin with commercial sodium hydroxide (caustic 

soda). Darex: AEA is a proprietary material manuf'actux·ed by the Dewey and 

Almy Chemical Company of Cambridge, lviar;saehusetts. It is deilCribed as a 

triethanolamine salt of a sulphonated hydrocarbon, Instructions for making 

a caustlc soda solu.tion of V:l.nsol "'''sin f'or addition tl t the mixer, and f'or 

the use of' Darex, may be found in Highway Research Board Bul.letin No., 15 

titled, "Use of Air-Entraining Concrete in PavementB and Bri.dt,et:" (i4). 

Any of the water s.oluble a'i.r-entrai.ning agentf mentioned above may be 

added to the batch at the mixer or ground with portlimd cement at the mUl 

to produce ai.r--entrain:Lng concrete, The amounts of.' the materials in solu·-

tion to be added will vary somewhat w.ith job conditic·1s, r.rand of' cement, 

the amount of entrained air desired, and the type of aj.r-entraining material 

used. So-called neutralized Vinsol resin and Darex hre water soluble soaps 

which can be used as an admixture at the mixer as \r,rell a.s in the manufacture 

Air-Entro.ininP; Portland Cement: ::>tanclard portland cement to v;-hich air 
~--·~----~-·--·-~··----~--

entraining materials have bcm1 added at the mHl ir; now procurable in two 

types designated as 'rypes IA and IIA and it> covered by American Society f'or 

Testin~ Materials SpecificEction, Der.;l.gnation C l'75--46T. \:he amount of air 



entraining material added at the mill is based on the quc.mti ty of air which 

the cement will entrain in a mortar under a definite set of conditions. The 

air content of the mortar whi..ch is prepared and tested in accordance with 

A .S.T .!Vl. method C 185-4 7T must be 18 per cent by volume vii th a tolerance of 

plus or minus ?i per cent. 

The mortar test is developed on the thesis t.bat there would exi:ot a 

definite relationship betHeen the 2ir in the mortar and the air in the con-

crete in the order of approximately 5 to 1. Experience indicates that no 

suc·h clear relationr;hip exists. Snch factoriJ as type of aggregate, amount 

of cement, consistency, water cement re,tio, etc., affect the characteristics 

of the concrete to the extent that the test is not reliable. Hov;ever, it 

does afford a control over the ar,<Oll!lts of air-entraining material to be 

used. 

compound admixtures containing, in addition to a recognized air--entraining 

ma.terlal, various types of accelerators and def1occulatore which make pos-

sible· the required entrain;nent of air ;;ith 1;1n accompenyi.ng increase in 

strength and bonding properties. The benefit to col'Ccete CJUGJ.i ty by the use 

of such compound .f.tdmi:x:tures is wol.l established, but the competitive nature 

!.lnd adverse effect of minor c,_uantities of certr:,in materl.a1s require the 

necesdty of adequate laboratory performance tests nnd field control. At 

the present time, admixtures of this type are added to the concrete batch at 

the mixer (lO). 

entraj_ning nat.uTal ceruents 1-dth standard portland cement Vi;ill produce a 

satisfacto:CJ' air--entraining eon crete. The blending is usually performod on 
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the basis of one part natural cement to five part a portland cement. Air-- · 

entraining natural cements can be purchased under A.S.T.J:Jl. Specification 

C 10--57 with the added requ:LrPment that they meet the mortm" test for air 

c:ontent stated above for air--entraining portland cement. In makinG tLe 

mortar test a blond of natural and standard cements in the proportions to be 

uscod in the ;,ork must be employed. 

!::, ir=fn t.!§J.ning Cem_qn t s 3~LJlJ"lmiz"-t.\3I.\l.§. 

Each method has cits advantages and disadvantages. Tho question of 

choice between the use qf an r.i:lJ:-.entraining cement or an air-entraining 

admixture at the m:i.xer -;;ill depend almost entirely on hoH the engineer 

wishes to control the y~~ork~ In either cane proper control methods muGt be 

provided to j_mmre a satisfactory end product ·at the mixer. 

Air-ent~··a.ining cements cont.aln a fixed amount of admixture ~r;hich can­

not be changed to compensate for excess C)r deficiencien :tn air content of 

the concrete. Hov1ever, variation in air content cr.n be controlled within 

certain limit.s by adjustment;> in (l!1e or morn of the variables VI)Ji.ch 

influence air content. Separate additions of air-entraining admi.xture1s may 

be made successfuLLy at the mixer to overcome defici.e1eice:: ln air content, 

and excessive aruounts of rd,r may b-:J recluced b;,r di1utinf~; the air-entraining 

cement v1i th standurd portland cement. 

Hhen an air~-·entral.ning admixture :Ls added at the mi.xer, prr:~cise con-

trol of air content car1 be <ezerci.sed by simpJ.y changing the aJUo\mt of air--

entraining ma-Lc,ri.£~.1 once the iTtix has been estal:)l.ished. 

Air-en·tiraining a.dmixturee may be added nt thfJ mixer by me,s,ns of a 

~~-orkman vdt.h the· haz;ard of mistake2 d.ue to tht.~ human e1emen't or by the 

:installation of an autom<".l tic dtspensing device of wbicf.t there are no%' 

... '7 --



several on the market. In either ease, a ·,;·nter solution containing the cor-

rect amount of air-entraining admixture must be prepared in advance in 

batchez of suffio:lent size to last for at least a day's pour. In cold 

weather the prepared solution must be protected against free,;ing. A1so 

measuring containerfl ox· dispenr>ing equipment muct be kept clean at aU 

times, since air-·entrai,ning materials have E~ tendency to accumulate on the 

equipment as used. 

It is generaHy '"ccepticd that satisfactory scale resistance and dura-

b:i.,lity ca.n be obtained wi-thout seriour3 :Loss tn f1exurEJ-J. or compressive 

strength if the total air content of tbe eoncrete ifl maintained between 

~hrr,e and six pGr cent by volume computed on the bcwts of the theoretical 

weight of air· .. free concrete of the Bame proportions. Sinee the air content 

of ordinary concrete is normally around 1 to 1. ~i P''r cent, the increase in 

void content brought about b;, .. the introduced air i;ould correspond to a drop 

in unit weight of the concrete oi' frow. about three to six pounds per cubic 

foot. 

FACTOR$ AFFECTING Am CONTEHT' 
-~~------r---~-~·-··---·----~~-·-· 

The introduction of E.J.dd8d B.~r int,o a concreto mi:.g:ture necessi tatos 

changes in mix design and careful control of production if optimum resuHG 

are to be achj.eved. Almost every element tn concrete makin§;, whether of 

materia1s or processes, muf.:t novr be ex;.cm:Lned in tho JJ.F,.ht of its effects on 

air content, and conversely, ths effect of .the air content on processing of 

the mi:x: and the propertie~0 of tb\~ harzlened concrete. .For instance~ in a 

given mix, air~-entraj_w:aen.!~ Ni11 be influenced by the \Jater content, the 



effect being more pronounced in lean mixes than in rich ones. The amount, 

character, and grading of both fine and coarse aggre;"ate, the individual 

properties and amount of Celfient used, mixing time, method of mixing con·-· 

crete, concrete temperature, and the amount and type of <dr---entraini.ng 

admi.xture aU affect to varying degrees the quantity of' aix· taken into the 

mix. In addition, thCJre arG encountered during t)1e process of' manufacturing 

air-entraining concrete in the field nwnerous factors VJhich influence the 

quality and air content of tLe i'J.nic1hed product. Each project becomes an 

individual problem in concrl'ote m:i.x des:i.;:;n and control which rec,uires much 

more supervision than is necessary when v10r'Jcinr; with ordinary concrete in 

order to produce a uniform concrete mixturf:j Tl11.:sei:.ing specified design 

requirements • 

.QQ!:!_si stency of the !Vii,~ 

Wet mi:xE~s entrain more ai:c than d;cy, stiff mixes. Therefore, it is 

important that the consi.stc,mc:y of air entrained concrete he controlled 

within reasonable limits at. all times. 

entrain about 1 per cent more air than comr;;;-:,r£:t.ble concrete made ·,Ji th natural 

aggregate. Thi.rJ is probably due to the fac·t thEtt moro sand i.s required ~;ith 

crushed aggregates. 

11he grading of the flggreg.;rtes, espeeiall;-r the fine E,gbregate, has a 

lJlarked effect on tho am<mnt. of a:l.r entrained. \'lor:: by llalker (l.l), 

Kennedy ( 5) and from departmental studies indic'" tea tlw.t the amount of' No, 

50 to No~ 30 nieve size has the gi'~~atest influence on ni.r content. See 



Figure 1. Also there is indicated that particles par; sing the 100 mesh sieve 

may serve as air-entraining depressant, However, at prHcent no definite 

facts to thlrJ effect have been establi.p,hed. 

The ef'.feet of mixing ti.me on air content is unpredictable. Evidence 

(lO) (ll.) supports the fact that with the newer air-·entmining admixtures 

the air content rises slightly during the fl.rst few rd.nutes of mixing time 

( 3 to 12 minutes) and then decreases vvi:th additional mixing. However, after 

adequate mixing of thfl concrete thf: change in a;i.r content is not critical, 

'l'he total amount of air entrained is also a funetl.on of the brand of cement 

used. See Figt\re 2, 

'l'he temperature of the concrete at time of mixing has '" significant 

effect on the amount of air entrained. The amount o.f air entrained decreases 

as the temperature of the concrete increa.sell. A relationship of air content 

to temper[:J.ture b:;r Waltcer and Bloom (ll) in prE=)sented in Figure 3. 

Studiero have been made by Walker and Bloem (l.l) to deterwine what 

effect certain variations in proportions of' CJodium hydroxide to Vinsol resin 

v;ould havr~ on the air content and com1)ressive strength of the concrete, 

li.esultB from thdr work indicate that air content is increased as the weight 

of the sodium hydroxide approaclws thrc weight of the Vinsol resin. Beyond 

that point the material. ber;omes lesn active, due perhapfl to a salting-out 

action caused by thCJ excessive amount of sod.i.mn hydroxid$. This. fact is 

clearly illuetra ted l.n Figure 'h. 
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There is a slight reduction in air content as the result of vibration. 

J;t i~ biiJlieved that this is due in part to upward migration of th8 large 

voids and partial compresdon of the air content under fluid pressure. 

Laboratory studies by li'uerpel (lO) indicate that the apparent reduc-

ti9n in air cont8nt by vibration is not sufficient to be reflected in the 

durability properties of the concrclte. 

Effec·~ of DeJ2t):l_g£_Concr~L2J.!..)\ir_..Qor,~.~-W:. 

Laboratory experiments by Walker and Bloem (U) indicate that in high 

sections of concrete cont."ining <mtra:Llwd air, the air is parthlly com-

pressed due to the superimposed conCJ."ete and that there is no apparent move-

nwnt of the air from the bottom to the top of the iJection. 

In the design of air·-·entre.ini.ng concrete, :Lt i.s customary onl,y to 

make certain changes 0r a.d,juwtments in the ordinary concrete mix necessary 

to insure the speci.fl.ed air content and oth~r desirable propert:l,es of the 

.con<;!rete with the lea~'t sacrif';Lce :Ln str<,ngth. Md.hods of adjuoting pro-

portions of the mix vary among dif'fer·ent llllers. f'eatures common to all, 

however, are reduction in vrater content and sand content. 

The entrained al.r in a concrete mixt,Jre materially reduces the amoU!)t 

of water rec,ui,-r,d to give thEo equivalent s;:Lum:J of a concrete mixture r;cyn-

taining no purposeful entratned air. This reduction in rec1uired mix:\.ng 

water effects a reduction ip the water-·cement ratio which in turn is no 

doubt responsible for the increase in the strength, imp<e;t')aeability and 
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durabilit;r of the mortar G.nd reduct:i,m1 in bJ.,;eding" Within limits the 

requ:i.red mixing water can be reduced at~ the ai:c content iD increased. 

According to Cordon (ll) tLe wa,t;;-::r content of an a-vt'.:ruge concrete mi:~ may bo 

8 poundc p(~;r cubic ye.rd with angula:c aggregc:.te fo1· e:;1ch per cent of air 

entr~:.inr:;d e In norma]. pruet.icc 'Nitb a1.2-entro,:i..ning concrete the water con--

tent is reduced from l/2 to J. gall<nl per sack of' cn.ment. 

'l, ,_ 
"lh·~lker and Bloem l. J.) hr:ivo deveJ.oped :i.nfo:r'mo.tion, as shovvn in .Figure 

S, concer<J:1ing the rAd.uction o.f m.ixlng water for cl.i..:'fe:cr:.•nt cetnor .. t content:~. 

reduced by approximate:Ly 1 p(-;r CiJD.t for 8<.:iC.b pe1' ceD.t Lncrease in en"tra.:Lned 

air up to at leact 8 P<~-n' cent vd.:t.J..-..out. any appr:·e.ci~:.ble ch;:-; .. nge in _slwap or 

'Jorkability (ll). Sc::; Figure 6 ~ 
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to allow for the decrease in water recluiremrmt for this type of mix, and the 

yield and void content are adjusted by reduci.ng the sand content so that the 

cement factor is maintained at fj. 5 sacks per cubic yard of concrete and the 

total. void content kept within specified l:Lmits. All of these original 

adjustmentro are made at the laboratory and are incorporated in the propor·­

tioning chart prepared for the Bpecific materialc.: to be used on a given pro-· 

j ect. The theoretical weight pm· cubic foot of air-free concrete is also 

given on the <:hart to faei:Litate computation of air content in the field. 

Further ad,justments o:f m:i.x proportion~3 may sometime0 be necessary after con­

struction has tJegun, but such adjustments r.hould :i,nvo.lve only minor changes 

in the desif)l quantitio<;. 

The ai,r content of a given concrete mix Ciln be determined only on the 

basis of actual trial batchss vith a.l.l materia.ls to be used. Major adjust­

ments of these trial batches may require control of other factors than sand 

content alone for optimum r·esul.tiJ, Such tests may reveal a deficient or 

excessive air content which would involve too great an adjustment in sand 

content, and would therefore compel a change of' air-entraining cement or the 

amount of air·-·entraining admixture. 

Vihen air-·entrainin§; adrnixtures arc added at the mixer it is possible 

to adjust the amount of air--entraining rnccteri.aJ for the particular condi­

tions under which U is v:o.rk.Lng at the time 1 or may be varied from time to 

time during the progresr; of the work as changing conditions rec1ui.re. This 

can be done to maintain the desi.·.ved a:l.r content Hithout changing the basic 

condi.tions of the m:i.xtur8. In the c?,;je of a:i.r·--entraining cements .it is 

necessary a.t times to ~.dd additional qwmtities of atr·-entraining materials 

directly to tho batch in ordclr to raise the air content to the desired 
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quantity. This can bA accompli:'.hed by adding small quantities of neutral-

ized Vinsol resin, or other vmter soluble air-entraining admixtures, in 

solution. Such conditions may be brought abmit by aggregate characteristicP 

or a deficiency in air--entraining material in the cement due to oxidation 

dt~ring the grinding procesc:, storing, and handling at the cement plant. 

It is a general policy at the present time to desig'n an air-entraining 

concrete mixture by retailoring the plain concrctf) mix to fit the new condi-

tions. It is believed, however, that in time the entrained air vd.ll be con-

sidered as a separate ingredient and a new desi(',n procedure will be 

developed accordingly to take into consideration all of the ingredients; 

cement, a.ir, water, sand and coarse aggrecate .. 

In the design of air-entraining mixtures the follO\Ii.ng works should be 

consulted: "Recommended Prac·bice for Design of Concrete Jill:xel1, 11 (A.C.I. 

Bridges, 11 (Current Road Problems Bulletl.n No. Ui, ;hgln:ay Research Board, 

May 1946). 

There are three basic methods for determining the air content of the 

plastic concrete. The first is lmor;n as the Uilit \Ieight or gravimetric 

method; the second, the divpls,cernent method; end the thhi'., the pressure 

method. Air content cf U;c: hard'·med C\>l:Crete may bu succossful . .Ly determined 

by the ccmera :Lucida method. 

Gravimetric Method 
---·~--.. ..--~__,..,.- .. ,' ---·-·-

In thi.s method thee ai+' content of concrete J.il determined by comparing 

the vmight per cubic foot of tho pla,stic mixtux·e v,i th tile theoretical 
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air-free unit weight in accordance with A.S.T.M. Method C 130-'14. The 

weight per mlit volume of the concretr, mu~t be known as well as the quanti-­

tiefl and specific gravHies of the ingredients. 1'he re0uHs of this method 

depend upon the accuracy d.th which the required data are determined. For 

examplfl, lack of precir;e knowledge of specific gravities and moisture con­

tentr; of t\le batch l0ad to relatively large errors in the results. 

Volumetcri~thod 

This method is described in A.S.'f.il!. h!Iethod C 173 and permits direct 

determination of air contcmt. It is necessary to determine the weight of 

the concrete per unit of' volume and on the displacement i.n water of a 

Yleighed sample of the concrete after el:Lmination of the entrained air from 

the sample Vlhile immersed in water. The volumetric method is also subject 

to common errors in mea,suremont;:l. 

Pressure M_ethod 

In thie- method air pres;:n1re is applied to £J ~-:_town volume of concrete 

and the reduction in volume measurecL E;ince th(~ air is the only compres­

sible ingredient in the concrote, the nmount of entrd.ned riir is readily 

calculated from a knov,•ledge of the preGsm·e apcolied and the reduct:Lon in 

volume. 

A special magnesium a1loy appnratus ha2- b2en developed to determine 

the air content by the pre{-Jp.ure method. 'I'he c pparatus is simwn in Fit;ure 7. 

The concrete is placP6. in +.~·w lo,·.:er part in tLr<Jo lt:..yr:n~s in the e,ame manner 

requi1·ed for the ;:)tn;:~dar·d yield test (.iLE..'l'.lii. :Oesigndtion C 138-44) ~ The 

top seetior1 i;; faetoned to the base e.nd water intro,2uced until the level is 

above the zero mark on the g1ass gage, then :-..td;juBted hy b1Geding to exactly 

the zero mark. l"ifteen pounds air pressure is applied by means of a bicycll;l 
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pump. Wh£ln pressure 1s steady, the water level is read on the ga;:,e. This 

value i.s the uncorreeted reading. This reading must be corrected by running 

blank determinations on both sand and coarse aggre[;ate to correct for poro-

sHy of aggregate (;rains. The BUm of those two values must be subtracted 

from the first reading to obtain correct gage glass reading. 

The percentage of air i.n concrf3te is equal to 

100 

The pressure method of determining air content is fully descrj.bed and 

illustrated by the originator of the idea in the June 1946 :Lssue of the 

A.C.I. Journal (11) 

The method involves the use of a ca.mera lucida ;,u ccnjunction with a 

suitable microscope. A can1era lucida 18 a mirrc1r (or pri.f.'.lr.ettic) attachment 

that permits the simultaneouo viewing of both. the epoctmen under the micro-

scope and an enlarged e .. rea on whi.ch the flctun.l microscopic ob~.;ervat.ions may 

be accurately traced. In this me.nn"r an enlarged tracing is obte.ined of the 

air Voids and aggregate particles in the suitably prept,red Enlrface of the 

concrete specimen, The method revnals the c.lJaract<Jristi.cE' of the air voids 

in the hc.crdened concrete including their s).ze, shape, and distri.bution and 

provide:.; a chock on any p:t>cv·ious rnethodr!. The work of Verbeck (l8) demon-

strates that the resc•.·i.t8 olcta:lm)d in "t'.H, detE·;:·,dnat:Lon of the air content of 

hardened concrete by this method ar,, in agreement with those obtained by 

other methods applied to the plastic concrete. Typ:Lcal.. air voids observed 

by this method are shown in Figure H. 



100 .... 
z l'l -, 

"' ~ ~ .. --' 
0 0: > .. .... ~ ; .. 
.... .... .., z "' z "' i 0 

)( 0: 

" !I' ... .,. ... 
0 .. 0 

"' "' "' " ... " ::> .. :;), 

d " --' 

~ 
0 

> > 
'!; 0 

,_ 
.._ z z ::> 

2 0 
a: .... .. .. 

·0 " .. 
5 ::> 

--' a: w 0 :;; "' > 

0 
0 2 4 6 8 10 

COMPUTED AIR CONTENT, PERCENT BY VOLUME IFRESII CONCRE 

3 ' 
... .... ,. 
~ 
a 
Q .,. 
~ 
~ 
~.'36 
0 
z 
4 
0 

~31 

... 
z ... 
U, 

~38 
~ 

SUlMP HELD ~·CONSTANT AT 4 INCHEJ • / (VARIED FROM 3 'TO 4}'1NCHES) 

R£MOULDING JIGS HELD APPROX. 
·CONSTANT AT 44 JIGS 

I/ (VARIED'FROM 39 TO 49 JIGS) 

/ 
/ . 

/ v ,. 
0.35 1.3S 2.35 3.35 ~1.35 5.35 6.35 7.35 

PERCENT, ENTRAINED AIR {BY ADS·. VOL.) 

• FIGURE 0. EFFECT OF SAND CONTENT ON AIR 
ENTRAINMENT (CORDON). 

~~~~~~~~lo.. FIGURE 5. EFFECT OF AIR AND CEMENT CON­
ON REDUCTION IN MIXING WATER (WALKER-BLOEM). 

Air Content -0.5% 

Concrete 
6sks. per cu. yd. 
Slump 3-4 -in. 

Air Content - 21.4% 

Air Content - 4.0% 

• .ollll ..... llllilio. FIGURE II. TYPICAL OBSERVED· AIR VOIDS IN HARDENED SAND 
MORTAR AND CONCRETE BY THE CAMERA LUCIDA METHOD (VERBECK~ 



1 

FIGURE 7. EQUIPMENT USED TO DETERMINE AIR 
COI'JTnH 



Additional data by the Portland Cement ABsociation (S) concerning the 

effect of entrained air content on flexural strength is illustrated j_n 

r'igure 10 • 

It if; generally coneeded that by the proper use.> of air-entrained mate­

rials and proper design of the concrete mixture it is not neceesary to 

sacrifice strength materially, c.ither in flexure or in compreseion, 

It should be stated that these strength relationsh;Lpn do not neces-· 

sarily hold in all caBes, especially when a ntrt0ngth acc"'lerat:Lng agent is 

used in conjunction with the air-entrainlng material. 

To meet design strength requirernents when air~entraining concrete is 

used, three courses are op'm to compensate for loss in c'trength: either 

increasing the dimen2lons of tht,, structnre or adding additional cement, or 

by the use of compound admixtures. Howevcc:r, in Ecny case experience indi­

cates that for maximum results the cenwnt content should not exceed 7.0 bags 

per cublc yard. In many instances the high factor of safety which is 

employed in concrete desit;n vrill allow for suc:h strength reductions in view 

of the marked improvement in both durability and uniformity of the concrete 

which can be expected by air entrainment. 

Effect of EntraiJl9~9:.._['_."b£.....2!l. Scale Resi.§._~§..n~ 

Numerous field studillS have dmnonstrated beyond question that the 

entrainment of air in concrete greatly Jncreases itfl resistance to scaling 

due to chloride salts employed for iC\l control purpoc:es and hy frost a,ctlon. 

Figure 11 shows a series of photograph:; of sect:Lons of concrete pavements 

constructed VIi th a.nd without air entrainment. 
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As pointed out in the beginning, entrained air in the normal amounts 

of 3 to 6 per cent exercises a profound influence on strength and durability 

properties of the concrete as compared to standard portland cement concrete. 

A detailed discussion of the moet significant changes which take place in 

this respect will be cov-ered in the following toxt. 

Effect of Entrained A:i.r on (2tr_§EfJJl 

For normal concrete mixes containing 5.5 sacks per cubic yard or 

better, there is a definite decrease in strength as the a:i.r content 

increases. Experience ind.icates that each percentage :i.ncrease in the amount 

of air which exists in plain concrete VJill reduce the comprcs8ive strength 

5 to 4 per cent and fl.e:;mral strength 2 to 5 per cent. For the lean mixes 

containing less than 5 sacks per cubic yard the>co is ~v-idence (U) to show 

that compressive strengths are sJ.ightl0> i1wreased ,. 
-'-or air contentB up to 

6 per cent air. 'rhis beneficial effect on lean mixes j_~ not definHely 

understood. See Figure 9. 

-.---- ~.-"c· --. 



Of further interest is the relat).onship between air content and scale 

resistance of th<~ concrete which is given for two types of aggregates in 

~'igure 12. 'rhe graphs clearly indicate that the optimum air content in 

regard to <:cale resistance is approxirnately 3 per cent. Greater amounts of 

. . d b t l'ttl 'd't' 1. f't (lfl) a:1.r pro uce u, ~ __ e n.a J, .J.ona_ oene.:1 ~, ~ 

Iucreased resistance of o.:tr-entraining concrete to freezin&. and 

thawing action has bcHlt) repeatedly demonstrated in field and laboratory 

studies by many resear<;:h agenci<;>s. The nosultn from these studies will be 

found throughout the literature on air.--cntrtJ.ining concrete. 
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ance of concrete to freezing a:nd 'Gllawing action ir1 gene:r·£,lly accomplished by 

measuring the progJ.~es.sive drop in dynamic modulus 11 E11 in tr:Y.rmD of nwnber of 

freezing and thawing cycles. The dynamic modulul" is determined by a Honic 

apparatus, siwi1ar to that shown in Figur'e 15~ 

~Phe son:ic apparatus conc.ists essentially of fou:c major parts ao iJ..lus-· 

tratecl in Figure 15. A raci:Lo frt'KtUency osc.illator (A) furnishes power to a 

driving m13chani.sm (B), which in tux·n vibra:!;es the specimen, The driving 

mechanism (B) usually con;:~ists of a radio loud GpeakHr adapted to this pur"-

pose. Vibrat:!.on~; in the spscimou are transmitted through the pickup (C) to 

a vacuum tube vo1t met.er (D) whi.ch indicates the na-Grrrr;;.l resonance of thr:; 

concrete by ma.x:lrnurn deflection of the dial hando Thco frec1uency at whicll the 

specimen j ~' 
-~ vibrating i?. shovm I){J, bhe died. '") \ J::l_j . I-i' th~: f:cey_uen<:.y end cer-·-

tain constants for the Gpecimtm t:tre knOi·l.n, t.he dynamic mol~u:luf:~ cr.;.n be cal.-

') 

kdNf..· 

vrhere :E~ - modulus of elasticity, lb ~ pe:c cq ~ in. 

1-c ··- c.on~-tHnt de)endlng on. dl.mensiorw of npec:imen, 
m:Jde of vibrB.tlon and eondi t:Lons of restra.J.nt 

d ;:Jpecific &.;ravi ty 

N .... fundamental fr~-;qum1.cy of vibration, cycles 

_Ef f e c -~_.::?.:1~.J2f::.~~~:"flJ:_S;:'..Y.:~l.t~cn_t f:!Jld:.....!.li.f::-::~2!-.k~~-~~-*-~:}~g Mn :!!.t§.£i-£l~52!l.Q~ab ili ty: 

Thr; results of studios by {~ue:q)eJ. (10);; as ~:~!lov:n J.n Figure lt1_, illustrate 

the influence of ;,:~uch factors B.S cemt:'nt cont-::JJYL .:;n'3 type of' air-entraining 

admL-<tu:res or d1J.rr~b:L1ity as me.tisured by dyna.m:i.e 1~;~ 



FIGURE 13. TYPICAL SONIC APPARATUS TO MEASURE DYNAMIC MODULUS "E'' 
(ABOVE). METHOD OF FREEZING SPECIMENS (BELOW). 



The curve for specimens contiiining no entrained air is designate?d by 

letter "P". 

Inf'lUJ>;!.l9.LOf Vlat":cU_QE!.!@~_Jlli..l!_urabilt_\;;y_: Further, in the same 

studies there is shown the influence of variation in water content on dura-­

bility of concrete containing entrained air. This is illustrated in Figure 

15. 



thawing action on durabi.lity is manifested hy losr.l in weight, expansion of 

the concrete, and drop in modulus E. 1'h" influence of air content on these 

I c) 
three factors is clearly brought out by Gonnerman ''' , as shown in Figure 

16. The graphs bring out very cleax·ly that the optimum air content for 

desired results is approximately 5 per cent. 

There are many :factors contributing to lack of dur(o.bili ty in concrete 

which air entrainment vd.JJ. not coi'l'Oct. 'the most outstanding are associated 

with: (l) proportioning methods; (2) placing and handling problems; (5) 

structure design and environment; (t1) quality· of thCJ ingredients; and (5) 

moisture condition of' t.be aggregatoi1 and the concrete. These factors will 

be discussed briefly acl a reminder that they must not be overlooked in the 

manufacture of air .. ·entrai.ning concrete. 

Pr~!2Q!::li2Ping ~~~J:l.Odf!: The lack of adec1uate proportioning methods, 

handling, and weighing oquipmnnt retmlt in variations in batch weight, mois-

ture content and grading o:f the aggregates, all of wbich contribute to the 

production of' non-uniform ba t.chec' of concrete. 

f;Lac!)me,lt I!:.c?Jll§gg: The consistency of' the concrete may be changed 

due to .~.eaky water c:c,uipment or by vlill:ful addition of water by workmen to 

make concrete more workable. Improper placmnEcnt, tlprev.d.ing, and handling 



in forms may result in segrecat5.on, INater gr:..in,_ lamination, ;;;.nd non--uniform-

i.ty. l"ini.shing and curing mc••thocl.s need carc.fu:L consideration . 

.§:\,D.!S'_tu~ Deslgrl___!:C_nd J1J.y_t_ror!J!tenJ:: Improperly des:i.gned and con­

structed .i oints permit seejpage of free water into th8 structure, which will 

ultimatGly cause excesr:li.ve saturation o.f the adjacent concrete and sttbst~­

quent deterioration under .freezing and thawing acti.on. Design features 

·which nece~;sitate complicated forming and pl~:lCmnent of reinforceinent steel 

may encourage poor workmanship i.n plae.ing the concrete in the .forms, thus 

resulting in an i.nfeL'ior product. 

The location of the structurE: vdth respect to Wt:.l"Ler, drainage facili-· 

ties and general working conditions arE• iF<portant. factors in obtaining a 

durable structure. 

Q~1i_~y_...Qf tho Ingr,Q.Sl.:JJ.m:bl; Proper attention munt be paid to the con­

trol of quaU.ty, se}.ection and use o.f the in~,redients. The physical proper­

ties of aggrega'tr:;s .from different. sources ar6 suff:Lctently different to 

affect the resistance of concrete to frec;c•<i.n;., and thmring action. Portland 

cements also re.<lCt diff<Crent:Ly under accel<orated woathering tests, 

02..:i:S~KfL..£.1)1)di'li;?.i.U).f the:....£l.[!;Z£.:':'Jli.';.~£..5!E§.._Cons:g,~: .It is now a well 

known fact tho:l;. conCrete made vv-ith many agf)~'(::[;<:ites contatning small pores 

thoroughly saturated h<'s disrup-ted ·to e. greater extent under .freezing and 

thawing action than ·when the aggregates are pvt :iJ.'l. the concr'ete in a rela-·· 

tively dry concli'tj.on. Also, any concrete will break down more rapidly under 

freezing and th!lHing ac"t.i.on v:hen nea.rly saturo.tod riith watero Thus it is 

important to keElp water av;ay from the concTeto, or m<dm ;i. t as nearly ;i.mper-

vious aD possible. 



All of these factors are int:i.matd;:" acsociated with, and dependent 

upon, adequate inspection and controlo SpecifJ.ca:LJ.ons and control measures 

are of li ttl'> value in the matter of obtaining durable concrete unless 

qualified personnel are avaH.able to cmforcG them and they in turn are 

insured the full cooperation and backing of their administration. It is 

evident from experienc'o that inefficiency e.n1$ indifference are perhaps the 

greatest V/eaknesr.es at the present time in the manufacture of quality 

concrete. 

1'he introduction of the principle of air entrai.nrr:ent has done much to 

l.mprove the durability propert.ief.l of concrete and mi ti.gate to a certain 

extent tbe serious offects of th;~ factor::; ouLU.ned above Q Hov:ever, it is 

ever more ;lmperative that adequat<J control be exercised in all cases to 

insure that the amount of pU'l.'flO'leful.ly entrained air J.s within the de(lirnd 

Umits. 

EFF'l'ZCT OF AJ;H ENTHAINMEN'f ON OTHER PR.OPFl1TIEf· Of CONC.RETE ·-.---·-. ·-----····-... --............. - ......... ...-.-.~_,........,._ __ ....,.._~·~---~-~· . 

In addition to improving the du.rabili'Gy propertiee of concrGte, the 

entrained air haz. a marked effect UJJOn other properties of the concrete of 

vital interest in concrete design and constrnction problems. 

So-called blecd:ing t,.1l" Y{ate;r.• ga:Ln associated v.rith plain concrete is 

greatly reduced by tt.•3 pn;sm1c;e r.>f the ron trained a.i.r. This is ({Uite obvious 

in concrete pavement operation$ where at times lnsufficient water on the sur--

face results i.n difficult nni.shi.ng. 'rtH' wat·Jr. ga:Ln at the top of tall con-

cret•' sections is markedly reduc<c1d <md the stratification of aggregates at 

pour levels is practieally eliminated when air--entraining concrete is used. 



In general, laboratory studies (ll) indicate that air-entraining admixtures 

reduce bleeding of the plastic mixture by at les.st; 40 per cent of that 

resulting from the use of plal.u concrete. 

Effect of Air Entrainmrm.t on U!fif'2ll~.!.JY.._qJ_...Q.o.J;lcr:§}.£ 

Exporience i.ndicates that air entrainment tends to increase the homo­

geneity in concrete. Freezing and tha.v;ing t(ostr; on core sections from the 

Michigan 'l'est Road dur<.<bility pro,iect definit-ely indicate that the top por-

tion of the pavement has approximately the samn pbysica1 propertiet1 as the 

bottom por·ti.on, v1hich is not genera1J.y true fo:r the pavement not. containing 

air-entraining mn terirAls. See Table II, pr<' sen ted pr<wiously. 

Kennedy (U) in his study of this subject proGents data which also 

bear out this fact. He show·s that homogcme:L'ty is as,;ociated w;i. th bleeding. 

1'he less bleeding the more uniform the concrete f:rom top to bottom. Tlm~., 

since air entrainment reduces bleed:i.ng materl.ally, it is logice.l to assume 

that homogeneity in the concrete \TL.ll result from :l ts use. E'e<; Figure 17. 

Uf_ect. of Air ElltrC!inJ!llmt or.LJ..?JU!!!£...9h>;.l}.[<;'~ 

Laboratory f.•tudie~. by Wuerpel. (lO) indi.cate that the ~cmtrained air 

exel•CiS<?ll no mate:rie.J. influence on the nonn~1l.. shrinkage and expanston 

che.re.cterilltics of the concrete. 'PheBe Hndlngs a:r.e somewbe.t substantiated 

by field measm.·tements of slab movenwnt t!U 1ong sections of concrete pavement 

cor1ta:i.ning air-ent:raini.ng materials associated wi.th the Michigan Test Road. 

Bondinf?' P:rq,R_~:rtiEl;;S_~_Iif: . .'.k\~.~n Concrete €;!J.~~·-J3tee.'~ 

Work by Wuerpel (lO) and the Portland Cemcmt Association supports the 

fact that thEl t>t:rength o.f bond betv1een conc:rete and steel is not materially 

affected. by the use o.f air-entraining materials, provided the mix is 

-25-·· 
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properly designed and controllm1 and the air content of the concrete kept 

within the normal limi.ts of 3 to 6 P''r ccmt. 

J'hermal J]'_gper_tie§. 

Studies by Wuerpel (l.O) indicate that the presence of tl1e distributed 

air voids in air-entraining concrete do not materially reduce the rate of 

heat diffusion when the amount of <"ntra:Lned air is within the limits for 

best results in concrete. Averccge thermal diffusi v:L ty val nell i.n square fec'lt 

p,er hour of concrete without a:\.r-entrain1ng a.dmixtures was 0.035, and 0.034 

11hen admixtures were used. 

EFFECT OF AIH ENTRAINi1iEN~' ON DUIV~BILITY OF AGGEEGATES ________ _,_ __ ..,... __ ,,_,_.._......., __ __,_ ___ .... ___ ....,_, __ ,__.,. _________ ~---.. -....---
There is. evidence (.5) (lti) to support the faet that pur;:>osefully 

entrained air in concrete ten,cls to incr·erJ.se th" duJ·abiJ.ity characteristics 

of good or bad aggregate:'!. Evidence to thic; effect, based on recent labora--

tory studies by the Joint High\·tay Resear.ch J?roj ect a.t Pu1·due, 1s ~;hown in 

Figure 18. 



EFFF.CT OF AIR ENTR11INiJiENT ON CONCRETE MADE WIT!! LIMESTO~N""g-'J""iG:.::'G~RE. GATE -·---· ---. _.,....,...._.. .. - .. ...........-··~-·---·--...·-··-,-·····-------------· 

It has been conclusively demonstrated in laboratory and field experi-

ments conducted by the Michigan State Highway T.kpartment and by the National 

Crushed Stone Associ.ation (lJ.) that ai:c entrainment in concrete containing 

limestone aggregat<;D, both coarGe and fine, materi8.lly improves its 
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durability and resistance to scaling. See Figure 20. It also improves such 

objectionable characteristics as excessive bleeding, poor workability and 

difficult finishing. 

In connection with the USfl of. air--en tnd.ning concrete fox· massive con-· 

crete structures employing lean mixtures and large si~e aggregates (above 2-

inch maximum size), y~·uerpel (J.O) has brought out interesting information 

from laboratory studies. Because of the reducti.on of mortar content due to 

the presence of the large size ar~~gregate, the total araount of entr.s.ined air 

need be less t.han in pav~)mentG. Tt was dmnonstrat.~d that a total air con-

tent of 2. 7 per cent in a lean concrete m.ix containi.qg 6--inch aggregate is 

comparable, insofar as the mortar constituent ls <;oncerned, to a total air 

content of 4.0 per cent in a pavem•mt concrete containing 1·-1/2-inch aggre-­

gate, 

In dDtermining tl1e unit woj,ght of mass conc;reto the us"\,.tal procedure of 

wet-screening the mix to remo-ve the large size aggrei:;at'" to permit the use 

of standard contc.tiners should not be follovF:;d be;cause erroneous results Viill 

be obtainedo The wet~screc:ning procE:sr.> encourages the 1o~'s of considerable 

amounts of e11tx·ained a:Lr. When aggregate" exceed ;; inches in diameter, a 

2-cubic foot mear.urr:; is rccornJllCnded for unit 1•tsight determinations. 

The manufacture of concrete falls tnto t.b:rc'E' categories; namely, site-

mixed concrete, central~mixed concrete and tranr3it-mixed concrete. Site-

mixGd concrete may include the~ mobile concrete paving mix,"rs and stationary 



Figure 20. Influence of en trained air on Beale resistance 
properties of concrete made with limestone aggregates. 
Project M 75-28,C2 1 M.s.H.D. 



mixing plants at the site of' structures vrhel'8 the concrDte is transported 

directly to the formE\ by manually operatild buggies or by pumping methods. 

Central-mixed concrete is that which is m1"nuf'actured at a stat,ionary plant 

and transportr;-;d over a consid.erable dist,:£Lnco by means of agitating or non-

agitating truck equipment. Transit--mixed concnote refers to concrete which 

is completely mixed :l.n transit by specially dcsie,nccJ truck mix;,rs. 

Si t•o-mix plantE offer no unusual problems in tbo manufacture of air-

entraining concrete. In fact, they a:re tO bE~ dosix·E;d becausE: b~~ttor control 

and inspection of concrete manufactux·e cnn be aehic:nredo 

In concrett~ pavement mixers of curr.(~Jnt der:dgn)l optimum air contents 

can be ~.ttainecl in a mixing t,j,me of one minute vrhich Hl consistent with 

adequate mixing of the J.ngredients, Smaller stationary mixers requirfo 

longer periods of tim(; and some Etanda.:cdization of mixing operat.tons is 

usually necessary in o.rder to obt.ain satisfactory ai.r contents. 

f'Ull1P..9.~ 0Q.!!;'2rete.: l'her<l is evi.dcnce that 1.d.r-entrai.ned concrete has 

been pumped with cxc8ll.ont results on many F'Oj ects ( 5) Vagaries resulting 

from th:t s tyrx~ of vroJ:k hsv-:~ bucn no moi·e tl::an thoE-:8 experienced with stand-

ard concrete, A r•lump loss of 1 to 2 i.nchc.s per 1,000 feet of pip0 is nor-

mal. Average clump o:t the mixer is 4 incheF u~:;ing 5-B bag; mixes. Experi-

E~nce :l.ndica"Les that \JOt'kabillty in i.mprov~1d by compaction and release of the 

pla.st:i.c concruh' as :L t nausE s ttu·ough the pipe. Ai.r cont,,nt is not affected 

by F\.:unping oporationG ~ 

CentraJ. ... Jvd.xed Co'!crcte 
·-·~··-··~--·"'""'-~----·--- .. --

Ai~·--ontrai.ning concrete mc>y be complc;t0ly mtxed v.t F.t cent.J.'c.tl-mix:Lng 

plant and tranGported for rJeriods up to 90 minutes v1ithout any significant 



effect on eitb.ei' the amount of air entrained or the slump (11). Truck agi-

tators as Vlell as open top dump trucks have been used successfully to trans-

por·t the mixed concrete to ths point of a.,,livory. Truck mixers operating at 

agitator speed can also be employed for transporting thg mixed concrete. 

Standard practice indicatl1s that '2 r.p.m. i<J suffici<ont for truck agitation. 

The entrained a.ir dor,El not e1iminato entirely the eegregation and packing of 

the concrete in non-ag:i.tating hauli.ng rJqui;:nnent. 1'herefore, agi tatint; equip-

mont should be GJnployed when at c;.:n pos.s:Lblo. 

E'rom oX;?erienct;;s of the Department, as Y..-el1 ac from those of others 

( 12), j_t is evident -Lhnt truck mixc;r opure:tl:Jrw are not adaptable at the 

pr.·esent tinw to the cmccessful manuf.'acturo of air·-cmtraining concrete. This 

is due to the fact that the process in .itilelf cannot be successfully con·-

trolled from tho moment th<e materials are int.roduc,,d i.nto the truck mixer 

until the time that the concx·ete llac; been dir.lcharged on the job. The 

reasons for this aro as follows~ 

1., rrhe con::•it3tenc;y of the:; mix ch.ang;es 'vd.th distance, time of 
hti.Ul and tJ.rn~~ of d.LJCharge ~ 1J:ll"wref'o:co .1 .it is Uf~Cessary to 
add v;atur in excess of that ca.L!.cd fo.c in the w.ix design 
to compenGate for d:cop in conf1:brt.enc;y o 

2. The air ccmtcnt v;ill vary Iii th the above conditiom; as 
well as vri tb the numbf.:J:t' of revolut.Lon,'-'3;. npeed of mixing 
and mixing characteriBtios of tho truck-mixar oquipment. 

D ~ A p:t'oj c~ct of normal si::;e will rl~quirt; tho u;:.H~ of several 
truck-m:ixero of rrLich no t-v;o un1ts r:ill have id,:mtical 
mixing charr::~cteri:::;tj.cs or Oj;Jerators. In E~ddi tion, their 
physical oondi tion ·,;ill vary considerably, 

4. DeJ.a;;s in t:i.me of haul da,, to t~c'affi.<' condit:Lons, forced 
de1a;ys J changes in r·ou.t(JS, e-tc o, complicate control 
possibilitj.os ~ 

5. :Oiffercmt celrrr;;nts and air-entraining m~~t":;:d.als react di.f.~ 
fcrently in tl~eJJ.t-J.Lt··~m:i.x OlX~rationf.\., 
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6o Ver"J ferv plants have r:~ufficient materials, sto:ragej facili­
ties and capacity to handle large projects without inter­
ruption in service or bunching of the truck units. 

Specifications for ready-mixed concrete have been approved by the 

American Society for 'rQsting Materials, Designation C 94-47'1', and should be 

followed where concrete is provided in this manner. 

AU'J'OMATIC DISPEN~OING EQUIPMl'A\fT FOR AIR-ENThAINING MATERIALS ....... - ___,_-.,-_.,.. 

At the preuent time U ts <'! foreeJOlle ccmclusion that <ell eement mUls 

are using automatic di.spensing equijJment in the manufacture of air-·cntrai.ning 

cements. 

When air-entraining materials are added at 'the m:lxcl", a metering 

device is Gssential i;o 'the accuracy and succese of the operation. Dis-

pensing equipment is now ava.il.abJ.q on t.he market or C<ill roasily be made 

locally for ur;e in l"ead;)'-mixed concrete plants or on pavement mixers. 

Several such devi.ces have been described by Kaufman (11) and Brickett (ll) . 

Even though specit:.l.l precau't,ions ar·.~ foJlovmd in the lal·~oratory to 

def.lign an air·--entrainiug concretn m:L:xtu:r>s -~ th0re r.:l.:rc~ lll..UUeJ·ous factors 

encO\mtored (luring th.e manufacturi.ng proces10 >1hi.ch influence the quality and 

During the~ proportioning, manufacture', end flni.t,hing of the concrete 

the f'ollcvdng factor~~ mv.st 1JG eonsid~:;red: 



1. Variation in batch 11eights due to faulty condition of 
weighing apparatus. 

2. Va~·iation in moisturD content of aggregates in each batch 
due to stock piling conditions. 

5. Variation in grading of the E.ggrogaterJ also due to stock 
piling conditions. 

4. Addition of excess water at the mixer dtw to lccaky water 
equipment or to dGl:iberatcly sat:l.~;f'y tho Yio~ckm0n' s desire 
for easy Yfortabili ty. 

5. Improper placing and sprel'tding whi.<eh could cauee local 
segregation of thcJ mix. 

6. Improper coordination of the striJmoff and finishing 
screed of the finishing machine and longi.tudinc.l float. 

7 o Excessiv·e hand finishing. 

8. Inadequate c1u·i.ng procedure;J. 

All of i;hese factors rnc,y bo contro1le;d to a great degree by enforcing 

specifications rigorously as the ,iQb progrosr3es~ 

Air·-en·t:,raining concrete h~;.s a number of peculiarities vvhicb necess.i-

tat.e minor eflanges ip constr,:tction prc:.ctict. J:l.,or exmup1e, the resul t:l.ng 

mixture has an 0xtrernel.y fa,tty appcar~.:mce simil<lr to that of an over sanded 

mixtur(). There is little free c;ater on the c:·urfacc to facilitate finishing 

operations. On thiil account it is neces;Ji.cr~' on pe.ving projects to keep all 

finishing oporat:lons V/811 up behind thEe mixer, particularly during hot, dry 

or windy weather. The concrete is in!J8j_'8ntJ.y· more sticky than ordinary con-

crete. Consmjuently, stec,.l fi.nish:Lng toc,J.s have proven better than vrooden 

ones. 

In summary) experience has provnn that, tbu p:robloms encountered in the 

use of ai r.,.·ent.ra1ning concrete ru·(~ simply those invo1 Yed in adjusting 



construction practices to the chanccteristics of the' nEm conCrete, and 

include no more radical. chan(',es tha.n might bEl necessary due to many other 

changeG which arfi frec1uently encountered in cu:rrent j oh conditions. 
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