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TIU AP?LICATION OF AIR INTRAINi4ÁNT TO CONCRETE 
IN THß CORVALLIS AREA 

CHAPTîR I 

IN11RODUCT I ON 

ixtensive studies of air entrainnient In concrete 

have been conducted by var1ou3 laboratories for a nuruber 

of years and today, after many 1ong-t1ìie service tests, 
the beneficial properties of air entrainment are universal- 
ly accepted. Air entrainment has become ari important in- 
gredierit in concrete mixes and is specified in niost federal 
and stato constructions, However, here in Oregon, unless 
specified by contracts, its use is very 1irnited This 

thesis is an attempt to determine why air entrainment in 
concrete is not more extensively used locally and supply 

inforniation which would lead to a better understanding 
of its use and advantages obtained therefrom. 

Air entrainment in concrete is deliberately intro- 
duced, minute, well dispersed air bubbles. It is 
introduced for the purpose of improving the orkabiiity in 
the fresh concz'ete and the durability in. the hardened 

Initially air entrainment was obtained by the foa- 
ing of concrete with the addition of soap up to one per 
cent by weight of cement in the concrete mix. An early 

reference to this typo of concrete may be found in the 



Pzoceed1ngs of the Anierican Concrete Instlttite ot 1926 

(16). Today there are a great mimber of commercial air 
entraining agents, and the cost of air entrainment in 
concrete is no more than one to two cents per cubic yard. 

In general, air entraining agents can be classified as 

follows: 

L 

2. Animal or vegetable fats and oils, their fatty 
acids and soaps. 

3. Alkali salts of suiphonated organic compounds. 

The beneficial effects of air entrainment are 

generally recognized in the concrete industry as evidenced 

by the following statements of several outstanding 
authorities on concrete. 

According to L. E. Andrews, Portland Connt Associa- 

tion (1, p.1k: 

The most important single development in 
concrete technology of the past two decades is 
the application of air entrainment to the x 
for the improvement of durability, workability, 
uniformity, and other important features. 
R. F. Blanks of the U.S. Bureau of Reclamation (2) 

Wo know that air entrainment in concrete 
improves the durability of concrete, improves 
the workability of mix, permits a saving in 
material and time, reduces the passage of 
capillary water, reduces temperature rïse in 
concrete, increases the strength of lean 
concrete, permits the use of poorer graded 
aggregate, reduces bleeding of concrete, reduces 
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segregation during transportation, reduces ex- 
panslon resulting from alkali aregate reaction. 
C. E. uerpo1, Chief or Concrete Research Division 

of the Waterways Experiment Station (17, p.L96) stated: 
Air entrainment in concrete......will 

greatly improve the quality, appearance and 
placeability of all types of concrete. 
The performance records of 34 concrete test roads in 

five northeastern states are described by C. . Andrews 

(1, p.1) in his report, "Record of Experimental Air 

Entrained Concrete 10 o 14 Years after Construction." 
By introducing air Into the coflcrete, many small 

bubbles are formed which act as elastic ball bearings. 
This gives a lubricating effect to the mix ìch will 
result ifl an increase in sluip and placeability. The 

Increased workability pernits a 10 to 15 per cent redue- 
tion in water content, which in turn decreases shrinkage, 
bleeding, and water gain. The resulting concrets is mors 

cohesive with less tendency towrd segregation and honey- 

combing. T(J.iS imprcved workability is particularly im- 

portant for harsh agregates lacking in LInes and for 
crushed rock and manufactured sand. 

Proper amounts of entrained air improve the dura- 
bility of concrete. Some of the causes resulting in the 

deterioration of concrete are alternate cycles of freezing 

and thawinr, of wetting and drying, of heating and cool- 
ing, chemical attack of corrosive agents such as sulphate 



waters and alkali soils, and detrimental reactions between 

cernent and agregate. Proper anounts of entrained air In 

concrete Improve the resistance to all of these detrimental 
effects. Perhaps the most severe of these conditions is 
the disrupting effect of repeated freezing and thawing. 
Some concretes suffer severe damage from as few as five 
to ten cycles. iith the use of air entrainment, this 
condition may be improved four to five times and many 

times by a factor of ten. The reason for this outstanding 
improvement is not completely understood. One explanation 
that has been offered Is that air bubbles serve as 

reservoirs that accorrxmodate the expansion resulting from 

the freezing of water wIthin coricr'ote. As the freezing 
of the water within the capillaries progresses, the ex- 

pansion pressure Is relieved by förcing the excess water 
into the air bubbles, where the expansion during freezing 
can occur without disrupting the concrete. then thawing 

occurs, the air compressed in the bubbles îorces the 

water back into the cap11aries. Thus the bubbles continue 

to serve their purpose during repeated cycles of freezing 

and thawing. Much of the improvement in the resatance to 

the other types of disintegration mentioned is the result 
of the improved placement made possible by the better 

workability of the air entrained concrete. 
Compressive strengths may or may not change by 

entrained air, however, it no proper adjustment is iade 



In mix proportions, a reduction in ztrength may usually be 

expected. Because of the increased volume and the Improved 

workability, th.e mlx should be readjusted and in many cases 

the loss of strength i1l be small if any. This Is 

particularly true with the leaner tnixes and with coarse and 

harsh agçregates; with those mIxes it Is necessary to add 

excessive amounts of iater in order to gain sufficient 
workability for placement. The net result for mixes with 

1.ss than four and one-halt sack cement per yard is 

usually an increase In strength. On the other hand, rich 

mixes with fine sands and inherently good workability 

without air entrainment, are improved less by its use and 

strength Invariably suffers. 
Contrary to popular belief, the entrained air 

bubbles do not Increase the tendency of water to seep 

through the concrete. On the contrary, experimental 

evidence shows that this oroperty IS Improved. This Is 

true because the air bubbles are not interconnected and 

there is less chance for channeling to develop in the 

concrete because of the better cohesiveness and lack of 

bleeding resulting from the use of entrained air. 

The amount of entrained ai? for best results should 

generally be kept between 3 and per cent of the total 

volume. With less than 3 per cent, the full benefits of 
workability and durability may not be obtained, and 4th 



more than 5 per cent, the strength will definitely suffer. 

The optimum amount for any particular conciition will 

depend on type and size of the aggregate used. 

In corisiderat.ion of the experienee over the past 

decade where air entrainment has been ext.enslvely used, 

it is apparent that nearly all typos of concrete work 

will benefit by its e. 
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CHAPTER II 

THE USE OF AIR ENTRA I]NENT IN THE CORVALLIS AREA 

In the Corvallis area, air entrainment was little 

used, if at all, prior to l9I7. Except in a few construe- 

tions, the majority of concrete placed is obtained froi 

one or the other of the two ready-nix concrete plants in 

Corvallis. 

Prior to 191i7, neither of the two plants had used 

air entrainment in any of its concrete. Since this date, 

one plant has encouraged Its use, the other has only used 

it when requested by the cutorner. As a res1t, today 

less than one-half of the coicrete used contains air 

entrainiiient. 

During the period wrìlle this thesis was in prepara- 

tien, no air entrainment was used in any concrete construe- 

tien work on the capus, and difficulty as experienced in 

finding enough jobs from wMh to collect data. 
One of the objectives of this hesi was to detonine 

why some contractors refused to use entrained air and 

others wore indifferent. To this end several of the local 

contractors were interviewed and the following paragraphs 

are typical of their reactions. 

HAir entrained concrete hardens fast, thus finishing 

becomes difficult nd impossible," said one contractor. 

Another made the following comment, "Air in concrete makes 

the concrete harden very slowly, The time we used it, it 



didn't harden ail day." 

"I am satisfied with the concrete i am getting; I 

don't know anything about air in coacrete, was typical of 

many answers reeeived. 

"AIr in concrete will decrease the strength," said 

some of the contractors. 

An engineer in charge of the construction of a new 

plywood plant when asked whether or not air entrainment 

was being used in the concrete, made the statement that ho 

had never used it, and, as a tter of fact, had never 

heard cf air entrainment in concrete. 

The Oregon State College prysical plant expressed 

the view that there is no adventage to be gained in u.sing 

air entrainment In concrete for small-sized sobs. Air 

entrained concrete had been used only once ifl the past 

is years In a .ass construction where the reason for Its 

use was to take advantage of its increased volume. 

Some complained that when air entrainment was used 

bubbles were formed on the surface. The accumulation of 

bubbles and then formation of an oily surface behind the 

trowel made finishing operations difficult and imperfect. 

An analysis of the foregoing statements shows that 

the negative critIcisms fail into three general types. 

1. Strength is unpredictable, 

2. Difficulty in f inishlng operations is encountered. 

3. No advantage iS seen to be gained. 



The first criticism Is justifiable and does result 
when there is a lack of control over the amount of air 
entrained. ulte often concrete test cylinders are found 

to have as much as 10 to l per cent air. Such hli 
values of air may reduce the strength of concrete by one- 

half. 
Although lt is apparent that some finishers claim 

difficulty in finishing concrete with air entrairnent, 
many others interviewed have expressed no dlffi1ty in 
finishing operations. 

Clearly, the last criticism Indicates a lack of 

knowledge. 

In contrast to negative statements which have been 

stated above, those in the Corvallis area who have been 

and are using air entrained concrete are satisfied. For 

example, the Third Street overpass on highway 99-W north 
of town, which was recently built by the Highway Department 

contained 2 to I. per cent air; throughout the constxuetion 
close control of the air content was maintained. This 

project included considerable amount of hand finished 
surface. The results In both the fresh and In the 
hardened state were very good. It is the policy of the 
State Highway Department to specify the use of air 
entrainment in all of its constructions throughout the 
state. 



CHA?ThR III 

XPERINENTAL ORK 

An experimental test program was established in an 

attempt to obtain information which would help to 

eliminate these negative attitudes. Field tests were made 

on production batches. Observations as to workability and 

the reactions of the construction crow were made in addi- 

tian to slunip, air content, and strength tests, Laboratory 

tests were made paralleling the field tests using the same 

materials and air entraining agents under more controlled 

conditions. 

The materials used in the laboratory work were the 

same as those presently being used by the two local 

ready-mix concrete anufacturers. Both plants u.sed the 

same brand of cement, Orezon Portland Cement, however, the 

air entraining agents were different; one used Darex, the 

other Airite*. Willaxnotte river aggregates were used by 

both plants, although the individual gradations were not 

the same. Since the two plants use different mix pro- 

portions, it was necessary in this report to keep the data 

separates and reference is made to Plant I and Plant II. 

Darex Air Entraining Agent manufactured by Dewey and 
Aliuy Chemical Company. 

Airite Aii ntraining Agent manufactured by Nanscot Co. 



concrete plant orders w'rìere the custoiter would not object 

to the use of air entrainment. easurernent2 of batch 

proportion2 as well as the manner of mixing were observed, 

recorded, and the trucks followed to the ob site. The 

workability and the finishing properties of the concrete 

were observed, the slump, unit weight, and air contant 

measured, and cylinder samples ror compression tests were 

taken. In addition to this, finishers were questioned 

in order to deternine their reactions to the mix. 

The field work was limited to five-sack mixes which 

includes over 90 per cent of the concrete used in this 

area. Field tests and observations were made at L5 dit- 

forent construction pours. Some difficulty was experienced 

in finding jobs where he customer would not object to the 

use of air entrainment, and the small number of rojeets 

during the off-season months when school w'as in session. 

Although the author observed the iiixes of each test 

batch reported in this thesis, no attempt was made to 

alter the regular mixing procedure in the plants. This 



procedure eonslsted of first putting 10 to 15 per cent of 

the total water Lar the mix in the mixer. To this, sand, 

gravel, and ceiient are added; on top of this more water is 

added to amount approximately to 90 per cent of total 

water for the mixe The material in the ready-mIx concrete 

truck is then given a rapid raixing (12 rpm) for one to two 

minutes after which the truck leaves the plant for the job 

site with a slow mixIng rate, varying between L. to 6 rpm. 

At the job site, if the mlx is Lound to be stiff, water is 

added to the required workabIlity, followed by a minute of 

fa3t mixing. 

In Plant I air entraining agent Is added to the 

water in the truck just before the aggregate is dumped in. 

While in Plant II it is poured on top of the aggregate 

just before adding to the mixer. 

Air content, slump, unit weight, and compressive 

strength were the principal properties determined; 

however, the following data were taken since they in- 

fluence the air content: 

I. Nix proportions 

a. Sand 
b. Pea gravel 
e. Coarse gravel 
d. Cement 
e. Approximate water eontent 
f. Air entraining agent 

2. Mixing time 

3. Number of revolutions of the mixer 
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Li.. Added water on the job site 

5. Temperature of air 

6. Temperature of conerete 

The slump was measurod by a standard slump cone. 

Sanpling concrete for the compression test and the curing 

were done in accordance with ASTM de3ignation C192 iEiile 

the compression test was performed in accordance with 

ASTM designation C39. These tests involved pouring 

concrete cylinders six inches In diameter and 12 inches in 

height, which were removed from the xiiold at the end of 2L. 

hours, cured in a moist room, and tested after 28 days. 

The amount of air was measured by the pressure 

method which was proposed by Klein and Walker (7, p.657), 

based on the principle of boy1e' Law. igure i on pago 

1L. snows the equipment and its accessories, In actual 

use it is easy to calibrate the equipment so that it 

directly reads the amount of air, with a small correction 

depending ori the type of aggregate used. The actual use 

of the equipment can be visualized b referring to figure 

2, page 15. The bowl is filled with fresh cccrete; after 

clamping on the cover it 18 fIlled with water to the zero 

mark on the graduated tube. The air pressire is applied 

to concrete to compress the entrained air. According to 

*A8TM, American Society for Testing Materials. 
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D0710t8 Law, the decrease i volume of the air will be 

Inversely proportional to te pressure applied to lt. 

Pressure Is applied to the concrets by pumping air an top 

or water until the gage Indicates a predetern1ned pressure 

which Is determined by calibration against a known volume 

of air. The contraction In volume of the air In the 

concrete is Indleated by lowered water level In the glass 

tube. Upon the release of the pressure, due to penetra- 

tion of soiie water into the pores of the aggregate, water 

stays below the zero mark. The apparent air content is 

the difference between the maximum reading and this last 

reading, as shown in figure 2 as (h1-h2). 

The actual air content is obtained by subtracting 

an aggregate correction factor from the apparent air 

content. This factor accounts for the compression of the 

air in the aggregates when water is forced into the pores 

by the applied pressure. Aggregate correction factor is 

found by the saLie procedure with a sample of aggregate 

In the same moisture eontent, amount, and proportions as 

they occur in the concrete. The readings with this 

equipment can be reproduced to the nearest one-tenth of 

a per cent. 

Field Work Results 

The relationship of amount of air entraining agents 

used and the amount of air obtained is shown in figures 
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3 and 13 orL pages 18 arid 19, for the two plants each using 
different air entraining agents. Both curves show a 

nearly linear increase in percentage with an increase in 
the amount of aíent used. A maximum variation of one 

per cent noticed in both curves is due to effect of other 
factors. The amount of air in the mix is affected by 

certain factors such as temperature, water content, nount 
and fineness of sand, variable gradation, time and manner 

of mixing, and so forth. 
These factors were measured and recorded but were 

impossible to control in the field in a practical manner. 
xtensive studies on this subject have been made and data 

are available for the various factors affecting the air 
content (13, p.522)(lL). 

The effect of air content upon the strength of 
concrete is shown in figures 5 and 6, pages 20 and 21. 
As might be expected, there is considerable scatter In 
those data. Strength is reat1y influenced by slump and 

other factors. The curves indicate from 1O to 200 psI 
reduction in strength for each per cent entrained air. 

The tabulated data from field tests are inclu.dod 
in Appendix A. 

The reduction In unit weight with Increasing air 
content Is shown in fIgure 7, page 22. Considerable 
scatter is apparent and the line drawn represents the 
theoretical reduction from the 150 pounds per cubic foot 
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with zero per cent air. It is apparent that many of the 

data points lie considerably below the theoretical curve. 

Laboratory work 

The purpose of the laboratory tests was to obtain 

data under controlled conditions which would reflect the 

influence of the air entraining agents. 

Mixes were niade in two separate groups using the 

air entreining agents and the materials in the sane pro- 

portions as used in each plant. À motor-driven mixer with 

a capacity of three and one-half cubic feet and a speed of 

18 rpm was used. Batches of 0.03 cubic yard were made to 

a three to five inch slump &iplicating the procedure used 

in plants as much as possible. 

ach batch was started with a clean, moistened 

mixer, and material was added to it in the following order: 

1. 1000 cc water 

2. Gravel 

3. Sand 

tk Air entraining agent 

s. Cernent 

The machine was started and water added until desired siump 

was obtained. The mixing period was five minutes. The 

same observations and measurements were made as in the 

field tests using the same equipment. From each batch, 

three standard cylinders for compression tests were 
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prepared arid tested at tho age of 28 days. 

Varied amounts of air entraining agents were used to 

obtain up to 8 per cent air content. In addition to the 

series of five-sack, similar tests iere made for four and 

six-sack mixes, Later a series of five-sack mixes as 

made using Airite instead of Darex with Plant I material. 

Laboratory Test Results 

The test results obtained fim laboratory tests are 

shown graphically on figures 8 to 1. Tabulated data are 

included in Appendix B. 

The effect of Darex upon per cent air content is 

shown in figure 8, page 25. The increase in per cent air 

is seen to be nearly linear with increasing amounts of 

Darex ixp to about 7 per cent air content. Ib is apparent 

that a concrete mix with a high cement factor will need 

more Darex. As the amoint of cement is increased larger 

amounts of Darex are needed to obtain the s ame auount of 

air. This is in ag . reemerit with rnanufacturer'8 suggestion 

of using ounces pr sack rather than ounces per yard air 

entraining agent. If per cent air Is plotted against oz 

per sack, all aata would fall on the saine curve as shown 

in figure 9, page 26. 

iìni1ar curves for Airite are shown in figures 10 

and li, pages 27 and 28, where the S&LiC relations are 

seen to exist, 
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It is interesting to note that when five-sack mixes 

are plotted on an ounce-per-sack basis, per cent air 

obtained from equal amounts of Airite and Darex is the 

same. See figure 12 on page 30. 

Figures 13 and 1I. (pages 31 and 32) are curves show- 

Ing relationships between 28-day compressive strengths and 

per cent air entrainment. The same eneral trend found in 

he field tests is seen to exist with the 1aboratox data. 

The slopes of the curves for the five-sack mixes are the 

same as for the field data, fiires 5 and 6, and are much 

more definite i thout the scatter which existed in the 

field data. The reduction in strength for each per cent 

air is seen to be about 10 psi for Darex and 120 si for 

Airite, 

When ad.itiona1 tests were made using Airite 

instead of Darex with aggregate from Plant I, it was in- 

teresting to note that the slope of the Airite curve was 

considerably flatter than that with Darex (Figure l, 

page 33k, and is nearly the same as when Airite is used 

with the material from Plant Ii, figuro 34, five-sack 

curve. 

The reduction in the unit weight with increasing air 

content is shown for five-sack mixes in figure 16, page 3Lj, 

to agree well with the theoretical reduction of one and 

one-half pounds per cubic foot for each per cent air. 
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CHAPTER IV 

DISCUSSION OF RESULTS 

In reference to f1re 3, lt can be seen that the 

manufacturer's recorimendatìon of one and one-half ounces 

of Darex por &ck of cernent, ithen used with local aggre- 

gates, dives 7 per cent air in the field. This could 

result in a reduction of strength of nearly 30 per cent. 

1th such a high percentage of air, there Is nothTn to be 

gained. Even for maximum &irabi1ity aIr content should 

norzaally not exceed L. to L.-l/2 per cent; 3 por cent air Is 

considered desirable. Note that the amount of Darex 

required to obtain 3 per cent air Is 0.5 ouncos per sack 

of cement In the field tests. It would seem, therefore, 

that one-half oì..mce of Darex per sack of cement would 

produce approxImately 3 oer cent air for nixes With more 

or less than five sacks per yard. 

SImilarly, figure 14. shows that the Airite manufactur- 

er's recomnendatlon of three ounces per yard of concrete 

;ives 14.-1/2 per cent air in the field. This amount should 

be reduced to one-half ounce per sack In the field to 

obtain 3 per cent air. 

Although the field work wis done entirelywithfive- 

sack mixes, one may predict that the variation of cement 

content would affect the amount of entrained air In a 

manner similar to the results of the laboratory specimens. 



It should be noted that the loss in strength with 

increased amounts ol' air, as shown by th slopes of the 

curves in figures 13 and 14, Is less with Airite in 

Plant LI than with Darex in Plant I. This is a point in 

favor of the Airit,e not only because of the high strengths 

obtained but also the lessening of the danger involved in 

poor controL The re8ults in figure 15 show that the 

Airite gives a better perforanee. Although a 1ixiited 

number of laboratory teste were made, it should seem ad- 

visable to investigate with Airite in Plant I. 

it is interesting to note the effect of the different 

aggregates used by Plant I and Plant II upon natural air 

content, Figures 3 and 10 show that when no air entraining 

aent8 are used at ail, Plant i mix averages i.!. per cent 

entrained air were Plant Il averages only 0.7 per cent. 

¿ven though he aggregates are very similar, this dîf- 

ference may result fron the different gradation of the 

sands. 

The reasons why air entrainient is not beinß used. 

seetri to be due to the foliown factors: 

i. Lack of nowledge of its oxistence and its 

extensive use. 

2. Lack of appreciabion of the benefits to be gained. 

3. R3luctance to ehane. 

Li.. Prejudice due to some undesirable past experience. 
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Lack of knowledge is not due to a lack of information 

published on the subject. A list or references is in- 

cluded. Manuíacturers of concrete products have prepared 

pamphlets describing similar te st s Tinfortuna tely, the se 

do not reach the hands of those dealing with concrete. 

This thesis is not concerned with the benefits to be 

gained with respect to freezing and thawing. There is no 

question that in concrete which is subject to these candi- 

tians the use of air entrainment is a must. However, the 

other benefits to be gained from reduction of bleeding, 

segregation, honeycombing, water gain are in themselves 

important enough to make the use of air entrainment ad- 

visable in nearly all cases. 

Reluctance to change is a psychological factor. 

Many people are cautious about using something new, some- 

thing tha t they do no t 1mo w much about . They are content 

with the material they have been using end are skeptical 

of changes. 

Many people are prejudiced against the use of air 

entrainment. The strenth curves indicate the drastic 

reductions in strengths which can occur when the air 

content greatly exceeds the amounts normally used. Other 

factors can influence the amount of entrained air in a mix, 

such as storage of air entraining agents, which points out 

the importance of periodic checks in order to verify that 

the air content is being held within desirable limits. In 



a Í'ew 1nstanes, it wa noted that air entralning agents 

were added to the mix without too much consideration for 

accuracy. Since a variaticn of one-half omcø per yard 

of aIr entralning agent will cauae considerable change in 

the air contont, it would be advisable to install automatic 

dispensing equipment which will perxrit defInite acounts of 

air entraining agent to be added to each batch. Reduction 

in strength can bo reduced or eliminated by proper adjust- 

ment of the mixt Mix adJustment methods for air entmin- 

ment are discussed in the references (13, p.522)(iï. 

WIth regard to t1i criticiazi concerning hardening 

t1ne of concrete when using air entrainment, tere seems 

to b no undesirable effect, Air entrained concrets has 

the same hardening time as concrete without any air 

entrainment in it; however, cicrete with air etrainment 

will be ready for the finishing operations at a 

earlier time since air entrainment will greatly rethos the 

bleeding. 

In ordinary concrete, water bleeding to the surface 

delays the tine before finishing can be started. This lost 

time is necessary because the bleeding water must either be 

allowed to evaporate or to be reabsorbed by the hardening 

concrete beneath it. ThIs delay often runs into considera- 

ble overtime by the finishers. ì'any contrators have 

adopted the practice of applying dry cement, or coìent and 

fine sand, to the wet surface of the concrete pavement to 
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soak up the excess water, but this practice produces a thin 

layer on the surrace of the concrete, which later scales 

due to its different thermal and absorption properthus. 

Such conditions are reduced 1f not eliminated by the use 

of air entraining agents. 

Perhaps some of the complaints on slow setting were 

actually due to low temperature conditions ñere any 

concrete with or without air entrainment will be much 

slower in hardening. 

No difficulties in the finishing operations were en- 

countered in any of the air entrained concrete investigated 

in this study. In no case were there complaints about 

formation of bubbles or an oily surface behind the trowel. 

On the contrary, finishers were satisfied with the concrete 

and in some cases gave preference to air entrained concrete. 

It is quite possible that such undesirable conditions 

occur only with hii percentages of air, since none of the 

work covered exceeded 7 per cent. 

Although the problem of durability is not critical 
in the Corvallis area because of the relatively mild 

winters, nevertheless, äeterioration is cumulative and air 
entrainment will definitely prolong the life of concrete. 

When durability is not a factor, lt is recommended 

that the air content be held at 3 per cent which will be 

enough to improve the workability without sacrificing too 

great a loss of strength. 



Ti11$ reduction in strength would be less than that 

shown by the curves of this report if th mix were re- 
de$ìgrìed for air entrainment. If the ready-mix plants 
used air entraining concrete In their basic mix and 

considered non-afr entrained concrete the exception rather 
than the rule, experimentation would soon rexit tu the 

optimum proportions which would give the best strength 
with the necessary workability. 
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CUAi>TER V 

GONG LUS I ONS 

In considering the statements made br the users of 

concrete in the Corvallis area and based upon. ari analysis 

of results obtained both from field tests and. laboratory 

tests, the following conclusions have been drawn: 

1. The three major reasons hy air entrainment is 
not b5ing uaed in this area aro: 

a. Lack of knowledge 

b. Reluctance to change 

C. Prejudice due to past experience 

2. When air content is properly controlled, good 

results are obtained and consumers as well as 

finishers have no complaints. On the contrax, 
many prefez it to non-air entrained concrete. 

3. The uso of air entrainment in the Corvallis 

area is particularly beneficial because of 

the coarse nature of the sand being used. 

There is definitely less bleeding and seggrega- 

tion, particularly ihen used with high slumps. 

1ven when durability Is not an important factor, 
air entrainment is recommended in all mixes 

because of its improvement on workability. 

L. No diffleulty was observed in troweling air 
entrained concrete alt ìough the finishing 



operations must normally be started 
sooner. 

. The amounts of air entraining agents 

recommended by manufacturers cannot be 

relied upon. Experimental tests should 

be made to determine the amounts necessary 
for optimum air content. These tests indicate 
that the manufacturer's recorendations when 

used locally give detrimental amounts of air 
and that the proper amount to be used is 
considerably less than that recommended. 

6. If air entraining agents are added to concrete 
with no change in the mix proportions, a loss 
of streneth of 150 to 200 psi may be expected 
for each percentage of air. 

7. Since relatively small amounts of air entrain- 
Ing agents are used unless care is taken in the 
batching, small variations or inaccuracies In 
measurement result in considerable variation 
of the resultinc air content. 

8. Airite appears to give less strength reduc- 
tion than Darex when used with either plant. 

9. Per cent air content cannot be accurately 
calculated in the field by measuring the 
unit weiit of concrete. 
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SUGESTION 

1. The normal mix should contain about 3 per cent 

air unless largor amounts are specified or its use 

specifically prohibited. 

2. Darex and Airite both givß optimum proportions 

locally Jhen used in amounts of one-half ounce per sack 

cement. 

3. In. order to maintain reasonable control over the 

percentage air periodic checks should be made. 

1. The use of automatic air entraining agent dis- 

persing equipment would 'eatly improve the control of' 

tI amount of air content. 

s. it would appear that Airlte gives better results 

with local aggregates, and it is suggested that Plant I 

investigate further the strengtha obtained with the use 

of the batches in. field work. 

6. An Engineering Experiment Station Bulletin 

should be published and made available to local concrete 

users, encouraging the use of air entrainment. 



BIBLIOGRAPHY 

1. Andrews, i. . Record of experimental air entrained 
concrete 10 to ]4 yeart after construction. 
Washinton, D.C. Highway research board, l93. 
23p. (Bulletin no. 70) 

2. Blanks, R. F. Harward lecture on cient and concrete 
technology. Chicago. Dewey and Almy Chemical 
Co., Aug. l90. (Dewey and Alriy darex air 
entraining agent billetin no.11 

3. Ertrained air in concrete. American concrete 
institute journal, Detroit 17:601-699. Juno 
l9L.6. 

14.. Gonnerman, H. F. Tests of concretes containing air 
entraining Portland cements or air entraining 
materials added to batch at rier. American 
concrete institute ourna1, Detroit i:L77. 
June ì9i. 

;. Gordon, W. A. Entrained air -- a factor in the design 
of concrete mixes. Denver. Bureau of reclama- 
tion, March 19L1.6. (L:ureau of reclamation 
materials laboratory report no. C-310) 

6. Kennedy, H. L. The function of entrained ctir in 

concrete. American concrete institute journal. 
Detroit l):92. June 1913. 

7. Klein, . H. and Stanton Walker. A method for direct 
measurement of entrained air in concrete. 
American concrete institute journal. Detroit 
17:67-668. June 19L6. 

8. Kileger, Paul. Effect of entrained air on strength 
and durability of concrete made with various 
maximum sizes of aggregates. Proceedings of the 

ìiighway research board. Washington, D.C. 31:177. 
1952. 

9. Mack-herson, D. R. Methods of entraining air in 
concrete. American concrete institute journal. 
Detroit 15:52Lj.-529. June 19i4. 

10. Menzel, C . A. Procedures for determining the air 
O)tent of freshly mIxed concrete hy the rolling 
and pressure methods. Proceedings of the 
American society of testing materials, 
Philadelphia L7:3-55. June l9L17. 



BIBLIO3RAPi1Y (COiTINUi'P) 

11. Powers, T. C. Void spacing as a basis for producing 
air entrained concrete. Âtnerican concrete 
institute journal, Detroit 2S:7Li-76O, May 
19L. 

12, Poìors, T. C. The air r quireTrient of frost resistant 
concrete. Proceedings of the highway research 
board. WasLinLton, D.C. 29:18L, 19L9. 

13, wayze, M. A. Air-entrainment a11s for changes In 
mix design and mixing practice. American 
concrete institute journal. Detroit 1:522-S2L. 
June 1914f. 

34. TuthIll, L. R. Information and instructions for use 
of air-entralning admixtures In concrete. 
Denver, Bureau of reclamation, March 19L.6. 
(Bureau of reclamation, rateria1s laboratory 
report no. O-307) 

l, IhIte, A. H. and Bateman, J. H. Soaps as Internai. 
water proofings for concretc. Proceedings of 
the American concrete institute. Detroit 22: 
35, 1926. 

16. Wuerpel, C, 1', Laboratory studies of concrete 
containing alr-entrainthg athnixtures. American 
concrete Institute. Detroit l7:3O5-39. 
February 196. 

17. Wuerpel, C. ki. AdditIon of air entraining agent at 
concrete mixer advocated. Civil Engineering 
16:!96-)98. November 19L.6. 



A PPk ND ICiS 

Á Field Test Results 

B. Laboratory Test Results 



* 0961 ¿c;t-- _9 oL tlL o 001 O 009 /t t 
oo gc:t 09 /t t9 9 o oot 9t OO ?/t t 

-- t1TE ;'9 9 s ? O L 01 OL tl /i i 
O211 t(t 9;; 

'i 
L 99 

¿9 
0L 9 t 

2t 
91 OO 

S 
t 
t 9I L 0L ot t OO 

01161 O1t L1? /t t9 oL O Lt 009 t( t 
Ot9 tt tT9 S C Lt fJ c%T i - 

E t 
O9 11TE '9 O L1 OO O OO i 
Ot9t LI g /t L 99 19 OOt 99 ?t 

Ci 
000t 

11 

11/C 

11/C QO9 Clii 611 9 6 O O?t 6 0119 
o$? ¿Ci /t 

li/i 
ti gL og o - -- 

CC 
- t 

il 

11/C 
11/C s6t 9Ct t ? 9L 9L o 92 oL 

o6i 1111t ? /i L 99 09 Ot 9 ?i 0001 
o -- - 9E 9 9 O 1? 9 - 

otC ÎTt 6t ti/C 9 9t Ot O 9? O9 C 
oL6 't1fTt C 09 O 66 ti OOC t 
-- Cru t'a: ; O Ot t - 

11 

-- 911t 'C 9 ¿ Oil 09 09 9 0011 C 

-- 911! £C L gS 1i 011 6Ce g ()09 11 

oçC? 1111t ¿ 9 O O 09 Ot o11C C' 11/i 
ooC 1111r CI 9 09 O 116 91 O9 'C il/i 

Oi9 911t 9'O 9 oç Ct t o11 i 
O6tC 611t t 0t O 009 '11 

ooC LÌI 9'O 9 OES O 0i O 009 

ju'o/qtiuoo 'UT UTi qi toaçr /zo 
ry % ouoy qo jo GUI UTfl jo 

duxrtt Ae .Xp UT TS 'uTzu 
poppy jo 'o peppy rçy 

pesfi t10 x'y xGic5 XIWQ I 1.Utd 

inI isu: cniii 'i r'iivs 

y TIQNddV 



APPk1'DIX A 

TABLE II. FIW TST EiESULTS 
Plant II, 5-Sack Mlx 4gritU 

Water Water 
Air Added No. of Added 28-day 

Entrain. Sise in Mlx. Rev at Temp Slump Unit Comp 
Agent of Plant Time ol Job Air Coic lu % Air Wt Strength 
oz/yd Batch lb min Mixer Site 0F0F In. Cont Ib/cuft pal 

o S 500 26 19; LO 58 60 5 C.7 ]49 2670 
o S $00 26 19 LO 58 60 0.14. 19 -- 
i 14. 320 3 l2 60 58 68 6 2.1 ]47 230 
I L. 320 

14.00 

20 110 
1L6 

140 7 72 
67 

6 1/2 2.4 1t 2390 
I 29 o 7 i. 247 2L90 
2 3 1/2 2 30 iSO 60 63 70 6 1/2 2. lL3.5 21L0 
2 280 30 150 60 63 70 3 1/2 3.9 1L2 2380 
2 320 ,Q 272 10) 66 72 6 1/2 2.0 115 2360 
2 1 3/Li. 160 19 107 20 83 83 ! 3.0 lLi. 2000 
2 14 t O :43 188 60 7 7L. 8 2,6 138 1760 
3 ; 00 Lj9 259 0 57 69 6 3.L. ]42 2230 
3 s L1.65 29 1]4 L0 OL 76 6 1/2 5.1 133 1580 
3 3 300 30 125 20 83 69 6 t.8 41 -- 
3 14 320 28 118 60 82 68 6 1/2 L,8 lL1 -- 
3 3 3/14 280 25 190 L.0 70 62 ¿ i.0 - -- 
3* 3 300 17 154. O 7L. 66 7 I.5 -- 
3 5 j_0 38 206 25 52 68 7 5.5 ]35 1710 
3 320 27 1L1j. 60 58 66 6 3.7 1L.k 22L0 

2 12 136 0 6 5.6 1L4 2L90 
3 300 11L. O 68 62 5 1/2 5.8 139 2050 

* Small truck (3 cu yd) 



TAßI III. IAORATORY TEST RESULTS 

Plant I, L-ack Mix Darex Air intraining Agent Used 

Air 26-day 
Entrain. Temp Slump Unit Comp 

Date ./C Ratio Agent Air Cono in Wt Strength 
Poured pal/sk oz/sk °F in. Air lb/cu ft psi Yield 

12/31/ 10.2 0 70 70 5 1/2 1.5 1L17 1720 1.00 
12/3l/ 9.I. i/is. 70 70 L. 1/2 3 1L5 1830 1.01 
12/31/ 9.0 1/2 70 70 L. 1/2 L. 114. 

1L2.5 
1580 
1560 

1.02 
1.03 12/3l/5L 9.L. 3/Li. 70 70 5 i/li 5.5 

6.8 1/2/5 8.5 1 61 62 L 1/2 110 1L90 1.05 
1/2/55 9.0 1 1/2 63 62 5 8.0 139 13Li0 1.10 



Ai-±KDIX B 

TthL IV. tA1ORATQRY ThST EESULTS 

£1ant I, -ack Mix Darox Air Entraining Agent Used 

Air 28-day 
Entrain. Temp Slump Unit Comp 

Date W/C Ratio Agent Air Cono in t Strsnth 
Poured gal/sic oz/sk in. dr lb/cu ft psI Yiid 

12/3 l/5L.. 7 . O 70 68 3 - i48 28 70 1 00 
l2/3l/L. 6.714 l/14 7L. 70 2 1/2 3 lL7 2Th0 1.01 
12/30/53 6.2S 1/2 75 68 2 3/Li L.5 lL5 2863 1.02 
12/31/SIi - 1/2 70 68 3 1-k0 - -- -- 
/28/L. 6.1i. 3/L .71 70 3 L.7 341 2300 1.05 

12/30/53 6.25 1 7L. 69 2 3/Li. 6.1 1Ll 2360 1.05 
5/28/5L. 5.72 1 1/2 71 69 5 1/2 8.0 137 1650 1.08 
12/31/53 6.23 2 7L. 70 7 1/2 8+ 136 1395 1.09 



APP1NDIX B 

TAk3LE V. LABORATORY T3T RESULTS 

1ant I, 6-Sack Mix Darex Air intraining Agent U$ed 

28-day 
kntrain. Temp Slump Unit 

Date w/C Ratio Agent Air Cono in ït Strength 
Poured gal/sk oz/sk 0j4' O? Air lb/cu ft psi Yield 

12/31/514. 6.92 0 71 70 I 1/2 1.3 150 3L100 1.00 
LJ19/L. .88 i/ 79 72 3 3/L4.. 2.5 349 3100 1.00 

6,25 1/2 77 72 L 

t. 

1/2 
1/2 6.2 

lii7 

1112 

2850 
2580 

1.02 
1.055 Lj2o/5L. 5.92 1 77 72 

1/21/51j. 5.83 1 1/2 80 7L. t. 1/2 7.9 139 2320 1.08 

Vt 
o 



APPENDIX B 

TABLE VI LABORATORY TEST RESULTS 

Plant Ii, L-5aek Nix Airite Air Entraining Agent Used 
Air 28-day 

Entrain. Temp Slump Unit Comp 
Date w/C Ratio Agent Air Cono in wt Strength 
Poured gal/sk oz/yd °F In. Air lb/cu ft psi Yield 

l2/29/Li. 9 O 67 6 0.6 )48 2000 3. 

l/2/. i 67 70 3 1/2 2.2 li7 19(5 1.00 
l/2/L. 8.2!. 2 71 70 L.2 lL5. 1700 1.O1 
l/L/5L. 7.5 3 75 71 5 .3 1L.3 1650 1.033 
l/L/SLj. 7.L. L. 76 72 5 6.L4. 1LO l6!.O 1.058 

7.0 5 76 72 5 7.2 139 1610 1.062 

V' 
-J 



APPJNDIX J:S 

AßLE VII. LAJ3ORATOFY T1T RESULTS 

---- II, S-back Alrite Air Entran1ng Agent Used 

Air 28-day 
Entrain, Temp Slump Unit Com.p 

Date w/c Ratio Agent Air Cow in Wt. Strength 
Poured ga1/k oz/yd tu. Air lb/cu ft si Y131d 

12/29/53 8.O5 o 67 65 3 0.7 l:43. 2700 1 

12/29/3 6.8 1 82 72 2 3/Ii. 2.1 348 2L4O 1.002 
12/28/53 6.6 2 80 io 3 L.O 1t3.1. 2300 1.03 
12/28/S3 6.8 3 76 72 3 5.1 )42 2260 i.oL.5 

12/29/S3 6.8 
4- 

70 70 3 1/2 5.8 1l2 2180 1.OL 

12/29/53 6.8 78 69 L1. 1/2 7.0 139 1920 1.07 

V' 
r'.) 



ANDIX B 
TABLE VIII, LAJ3ORATORY ThST RESULTS 

Pir!: II, 6-Sackì'Ux Lirite Air Entrairiing Agent Used 
. 

Air 28-day 
:ntra1n. Taip ;:1Un1p Unit Comp 

Døte w/c Re10 trorit Air Cone in % t StreL2th 
¿oured gai/k oz/yd O OI Air lb/cu ft s1 Yield ----- -_- 
l2/29/ 7.' 0 67 65 L. 0.8 iSO 3360 1 

JILJ ;.3 I 80 72 6 1.6 iSo 3260 1 

J1L/. 2 80 70 L. 2.9 ]47 29LO 1.02 

ì4Jl5/54 i; 3 79 7Z4 1 3.6 1) 2880 l.03 

l%/5II_ L.85 ¿ 79 7I. 3/ .O lt3.$ 2510 l.OL5 
.2l .; 76 Th. Li- 5.3 1LJ.2 2670 



A-PiNDIX B 

TABL IX. LABORATORY TEST rtiísuLTs 

Plant [ 5-Sac!; I1x Airite Air Entrain1n Agent Used 

Air 23-day 
:atrain. 1erip Slump Unit Jomp 

Date W/C Eatio kgent Air Cono in Stx'ength 

Poured gal/sk DZ/yd OF 0F in. Air lb/eu ft tai Yield 

RIAl 1 70 63 3 3 1L7 2320 1 

1/3/55 7.37 2 70 6L. 3 3.6 IL6 2720 1.005 
1/3/55 .10 3 71 66 3 t.5 1J5 2630 1.0? 
1/3/55 7.26 L. 71 65 2 5.8 113 2610 1.03 

1/3/55 7.35 5 71 65 3 6.3 1t1 2L.80 1.02 


