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PREFACE 

This report includes a brief discussion of the procedures for 

testing air-entraininCT admixtures and the results of tests conducted by 

this office on 75 samples representing 15 brands or types of materials 

manufactured by 10 different producers. This work was conducted in part 

on samples submitted by field offices for testing in connection with 

proposed use on specific projects but also includes work done on samples 

which were obtained from manufacturers and tested in accordance with 

authority provided under Civil Works Investigations, Item CW 600. 

The investigation wao performed under the supervision of Herbert K. 

Cook, Chief, Concrete Research Division, Waterways Experiment Station. 'I1his 

report was prepared by E. E. McCoy and Bryant Mather. 
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Manufacturer 

1. Autolene Lubricants Co. 
Denver 9, Colorado 

2. Dewey & Almy Chemical Co. 
Cambridge 40, Mass. 

3. Hercules Powder Co. 
Wilmington, Del. 

4. Highway Emulsions Co. 
Dayton, Ohio 

5. A. C. Horn Co. 
LonG Island City, N. Y. 

6. National Aniline Division 
New York 6, N. Y. 

7. Newport Industries, Inc. 
Pensacola, Fla, 

8. Rohm & Haas Co. 
Philadelphia 5, Penna. 

9, Solvay Process Division 
New York 6, N, Y. 

10. Charles R. Watts Co. 
Seattle 7, Wash. 

11. Hopper Products, Inc. 
New York 17, N. Y. 

12. The Master Builders Co. 
Cleveland 3, Ohio 
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Product 

Protex 

Airalon 
Dnrex 

Vinsol resin(l) 
NVX 

Hichway emulsions fillA 

. Ayr-Trap 

Nncconal( 2) 
Nncconnl NR 
Nncconnl NRSF 

( -:i\ 
N-Tair \ .J( ~-) 
N--Tair R 

Triton N-100(5) 

Nytron 

Vee-Aire 

Portite( 6) 

Pozzolith(6) 

(1) Made into neutralized vinsol resin solution in the laboratory prior 
to use in concrete. 

(2) Tested as interground addition to cement only. 
( 3) Formerly known n s "N -Train." 
( 4) Formerly known as "N -Train R." 
(5) Not proposed by manufacturer for use in concrete. 
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(6). The manufacturers of these admixtures have requested that the perform
ance data of their products, as obtained for subject report, be ex
cluded from this technical memorandum on "Tests of Air-entraining 
Admixtures." Te st data on these admixtures are not included. 



TESTS OF AIB-ENTRAINING ADMIXTURES 

PART I: MATERIALS 

Admixtures 

Description 

1. The fifteen air-entraining admixtures tested in this investiga-

tion were proprietary materials, with the exception of admixture J, which 

is a laboratory-prepared solution of Vinsel resin. Knowledge of the 

composition of most of the admixtures is incomplete, and no information 

is available regarding the chemical composition of products A and B. The 

descriptions given below are grouped according to types insofar as data 

are available to indicate such relationships. 

a. Admixture A is described by the manufacturer as being a 
less expensive product than admixture C made by the same 
company. It was developed to meet the demand for an in
expensive admixture for use where air-entrainment is 
desired in concrete and where strength gain, for which 
product C is recommended, may not be a deciding factor. 

b. No information is available concerning the basic chemical 
and physical nature of admixture B. The manufacturer 
claims, however, that the product is, to a certain deQ,ree, 
selective for the amount of 3 to 5 per cent of air known 
to be beneficial in concrete; that is to say, a consider
able variation in the amount added to concrete may occur 
with relatively inconsequential variation in the amount of 
entrained air. Further, it is stated that the product will 
not deteriorate upon being frozen or upon standing, and 
that it contains no accelerators or setting time correc
tives. 

c. Admixture C is a widely used commercial product consisting 
substantially of a triethanolamine salt of a sulphonnted 
hydrocarbon. It is similar to the resinates in appearance 
and action, Havi!18 sulphonate groups, it is possibly simi
lar in some chemico.l respects to admixture Q or admixtures 
G, H, and I, which also contain sulphonate groups. Recent 
indications are that admixture C may be used in conjunction 
with the Vinsol-resin admixtures, where either has been 
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interground in the cement, to increase the air content of 
the concrete to the 81llount specified, though the present 
Corps of Engineers specifications for concrete construction 
do not permit such practice. 

d. Admixtures D, E, F, J, K, M, and P arc resin solutions. 
Admixtures D, J, K, M, and P are solutions of Vinsol resin, 
having various individual characteristics described below 
and possibly having other individual characteriotics that 
are not known. Admixture D is a 12 per cent solution of 
Vinsol resin. Admixtures E and F arc solutions of a simi
larly obtained pine product, but not Vinsol resin. Ad
mixture E is substantially a solution of sodium resinate 
produced from a pine wood product, the naphtha-soluble 
resin acids having been removed. It is prepared and dis
tributed in concentrated solution. Admixture F is essen
tially the same as admixture E, but is described us being 
more caustic, diluted, and "ready for use." 

e. Admixture J is the standard Vinsel-resin solution in general 
use at the Waterways Experiment Station. It contains 2l+9 g 
of Vinsel resin and 37.4 g of commercial sodium hydroxide 
in 2000 ml of aqueous solution (5, p 4)*. Admixture P is a 
proprietary solution of Vinsol resin, containing the same 
proportions of Vinsol resin and commercial lye as admixture 
J and probably containing no other active ingredient. 
Admixture K, prepared by dissolving a powder in water, is 
Vinsel resin in apparently more dilute solution, the amount 
required in tests reported herein being about three times 
the 81llount required for either admixture J or P. A chemical 
analysis of admixture M showed that it contained 10.43 per 
cent Vinsel resin and 1.74 per cent NaOH. This admixture 
was received in a condition ready for use, and the claim is 
made that it is a true solution that will not settle upon 
standing or upon being frozen. This claim wao substantiated 
in part by tests made in this laboratory. 

f. Admixtures G, H, I, O, and Qare detergents or dispersing 
agents. Admixtures G, H, and I arc different forms of the 
same product. G was interground in the cement, and Hand I 
were added at the mixer; I is more concentrated than H. 
The basic admixture is said to have foaming, detergent, and 
emulsifying properties. It is received as a white flaky 
solid, from which aqueous solutions are prepnrcd. Solutions 
of this admixture are said to be chemically neutral. 

* Numbers in parentheses refer to the list of references which follows 
the text of this report. 



g. Admixture 0 is a polyether alcohol used in 100 per cent 
concentration. This admixture is said to possess detergent, 
dispersing, and emulsifying properties but, so far as is 
known, has not been proposed for sale as an admixture for 
concrete. Admixture Q is an organic detergent vith 
inorganic salts which supposedly improve performance. The 
chief organic constituent of this admixture is a sulphonated 
petroleum hydrocarbon. 
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h. Admixture L is a dispersing agent containing calcium chloride 
and calcium ligno-sulphonate and is not sold primarily as 
an air-entraining admixture. Admixture R is the solution of 
a "stable, neutral, organic compound," stated to have dis
persing and air-entraining properties. The manufacturers 
of these admixtures have requested that the performance data 
of their products, as obtained for subject report, be ex
cluded from this technical memorandum on "Tests of Air
entraining Admixtures." Test data on these admixtures are 
not included. 

Preparation for use 

2. The admixtures were combined with the other ingredients of the 

concrete at the mixer in the liquid form in all but two evaluations which 

represented tests of an air-entraining addition interground with the 

cement. The liquid so.mples were received ready for use either without 

dilution, or in the form of concentrated solutions with instructions for 

dilution. Suitable solutions were prepared, according to instructions of 

the manufacturer, from the so.mples received in powder or flake form. A 

cloudy condition or distinct precipitate was observed in a relatively 

small number of the liquid admixtures upon standing prior to use, or 

during the interval of time between tests. Most of the admixtures were 

homogeneous as far as was indicated by appearance. 

Cement 

3. Type II cement from a single mill vas employed throughout, with 

the exception of two tests usinG cement with an interground addition. 
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All specimens for a particular test were fabricated from a single lot of 

cement. 

Aggregate 

4. The fine aggregate used was a clean, siliceous natural sand 

graded in conformity with the following limits, which are given by 

CRD-C 1, "Guide Specifications for Concrete Construction for Civil 

Works. 11
(
4) 

Cumulative Percentage byWeiRht 
Sieve Passing Retained 

No. 4 95-100 0-5 
No. 8 80-90 10-20 
No. 16 55-75 25-45 
No. 30 30 .. 60 40-70 
No. 50 12-30 70-88 
No. 100 3.5-10 90-96.5 

5. The coarse aggregate was crushed diabasic traprock, graded as 

:follows: 

Sieve 

1 in. 
1/2 in. 

No. 4 

Percentage Passing 

100 
50 

0 

6. All materials were prepared and weighed as prescribed in 

CRD-C 10, "Method of Making and Curing Concrete Test Specimens in the 

Laboratory." ( 4) 

Water 

7. The water used was tap water and the water content of both the 

plain and air-entrained concrete mixtures was adjusted to provide a 

2.5 ± 0.5-in. slump. 



PART II: TESTS 

Development of Test Method 

8. The testing of air-entraining admixtures for concrete was 

undertaken as a research project by the Central Concrete Laboratory, 

North Atlantic Division, Mt. Vernon, New York, in 1944 and yielded re-

sults which were published in the "Second Interim Report, Concrete 

Research" in July 1945.( 3) It is stated in this report that the data 

were considered an adequate basis for the drafting of a tentative 

specification and methods of testing air-entraining aclln.ixtures for con-
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crete. An appendix to the report, entitled "Evaluation of Air-Entraining 

Aclln.ixtures for Concrete," was consequently prepared, revised in February 

1946, and distributed by the Office, Chief of Engineers, as an inclosure 

to Circular Letter No. 4088 (Civil Works No. 58), dated 13 March 1946, 

subject: "Revised Concrete Guide Specifications." Several revisions of 

these procedures and criteria were approved and used in 1947 and 1948. 

A fully revised method, CRD-C 13-49 "Method of Test for Evaluation of 

Air-Entrainincs Aclln.ixtures for Concrete," after having been approved by 

the Office, Chief of Engineers, was published as a part of the "Handbook 
(4) 

for Concrete and Cement" in Aucsust 1949, and has been revised in 

September and December 1949. 

9. The 1946 method required tests with two different cements at 

either 4.5- or 6.0-ba13s-per-cu-yd cement factor and required strenGths 

(compressive, flexural, bond-to-steel) of air-entrained concrete to be 

at least 100 per cent of those of similar concrete without air. These 

strength requiremento were changed to 90 per cent in 1948, and in 1949 
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(CRD-C 13-49) they were changed to 85 per cent, and tests were required 

to be run only at the 6.0-bag cement factor. The coarse agGregate to be 

used in the test concrete was changed between 1946 and 1949 from a 

grading up to the 1-1/2-in. sieve to a grading up to the 1-in. sieve 

only. Other provisions of the method have remained essentially unchanged. 

It is interesting to note that the procedures set forth in the appendix 

to the Second Interim Report formed the basis of the "Tentative Methods 

of Testing Air-Entraining /\.dmixtures for Concrete,"(l) Designation 

C 233-49T of the .American Society for Testing Materials, 

Laboratory Conditions 

10. Laboratory temperature varied over the approximate range of 

65 to 90 deg F, and relative humidity from below 40 per cent to as high 

as 90 per cent, during the three-year period in which the tests described 

herein were conducted, It has been found that the amount of admixture 

required to produce the specified air content in the fabrication of 

standard concrete specimens for aggregate-soundness tests varies with the 

temperature, a lesser amount being required on cooler days. The effects 

of atmospheric variations on the production of uniform concrete arc be-

lieved to be ncc~ligible when compared with the effects of other permissi-

ble variations, such as those in slump and air content, 

Concrete Mixture De sirsns 

Cement content 

11. Thirteen of the 15 brands of admixtures tested were tested 

in concrete of 6.0-bag cement factor, and 10 in concrete of 4,5-bag 



cement factor. Eight brands were tested in concrete of both cement 

factors. 

Sand content 

12. All air-entrained concrete mixtures were designed with a ratio 

of sand to total aggregate by volume 4 per cent less than that used in 

concrete without admixture. 

Water content 

13. The difference between the water-cement ratio of the air-

7 

entrained concrete and that of the comparable mixture without admixture, 

was recorded as a reduction in gallons per bag of cement, and was also 

calculated as n percentage of the volume o~ entrained air. 

Concrete Batches 

14 • A similar batch without the admixture was made in parallel 

with each test batch containing an air-entraining admixture. All batches 

were 1.5 cu ft in volume and were mixed in a 2.5-cu-ft mixer in accord

ance with the provisions of CRD-C 10( 4). 

Tests on Plastic Concrete 

Consistency 

15. Slump determir.c d in accordance with CRD-C 5, "Standard Method 

of Slump Test for Consiotency of Portland-Cement Concrete, 11
(
4 ) was 

recorded as slump in incheo, and was required to be 2-1/2 .± 0.5 in. 

Slump wao considered to be constant. The requirement of a slump of 

2-1/2 .± 0.5 in. wns met by regulatin13 the amount of mixing water. The 

specificationo governing rodding and determination of slump were adhered 
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to rigidly in the preparation of test bntches of concrete both with nnd 

without entrained air. 

Actunl unit weight and air content 

16. These properties were determined for each batch of concrete in 

accordance with CRD-C 7, "Standard Method of Test for Weight per Cubic 

Foot, Yield, and Air Content (Gravimetric) of Concrete. 11
(
4) The air con

tent was recorded in per cent and required to be 4.5 ± 0.5 per cent. Air 

content within the specified range was achieved in all the evaluations 

with the exception of two, results of which nre included in the tabula-

tions and graphs presented in this report with appropriate notntions. 

These evaluations were considered to be of interest from the point of 

view of detecting the effects due to the entrainment of a somewhat execs-

sive amount of air. The results from these two evaluations were not 

combined with the other results where there was a question involving the 

uniformity of datn, or where any erroneous interpretation wns likely to 

result. The entrairnncnt of the specified amount of nir in concrete was 

the only criterion for the proper amount of an ndmixture to be used. The 

quantities recommended by the manufacturer sometimes agreed closely with 

the amounts actually required, but in general the recommended qunntitics 

served only as rough guides during the making of trial batches. The 

amount of entrained o.ir was considered as n constant. However, it is 

noted that since a tolerance of± 0,5 per cent is permitted, a variation 

of approximately 20 per cent might occur in the mnount of air. Such a 

v2riation would be reflected in the values for: reduction of volume of 

water exprcoocd as a percentage of volume of cntro.ined. air, which arc in-

eluded in tables 1 and 2. It is believed that expressing the reduction 
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of water as a volume percentage of the. amount of air entrained represents 

the effect of the entrained air on the water demand more effectively than 

merely indicating the water reduction in terms of water-cement ratio in 

gallons per ba13. 

Bleeding 

17. Bleeding was determined for each batch of concrete in accord

ance with CRD-C 9, "Method of Test for Bleeding of Concrete, 11
(
4 ) and was 

recorded as a per cent of the bleeding of similar concrete without air 

entrainment • 

Tests of Hardened Concrete 

Specimens 

18. Test specimens were made from concrete both with and without 

the admixture under test, except in the case of specimens for freezing-

and-thawing tests, which were made only from the concrete containing the 

admixture. The total number of specimens fabricated for each evaluation 

of an air-entraining admixture was 27, of which 12 were cylinders and 15 

were bemns. 

Compressive strength 

19. Specimens were tested at 2- and 28-days age, in accordance 

with CRD-C 14, "Standard Method of Test for Compressive Strength of 

Molded Concrete Cylinders. 11
(
4) The average compressive strength of a set 

of three specimens of air-entrained concrete was reported as a percentage 

of the average strength of a set of three specimens of similar concrete 

without entrained air. 
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Flexural stren8th 

20. Beam specimens were tested at 2- and 28-days age in accordance 

with CRD-C 17, "Method of Test for Flexural Strength of Concrete (Using 

Simple Beam with Mid-Point Loading) . 11 
( 
4) The average flexural strength 

of a set of three specimens of air-entrained concrete was reported as a 

percentage of the average strength of a set of three specimens of a simi-

lar concrete without entrained air. 

Resistance to freezing-and-thawing 

21. Beam specimens were moist-cured for a period of 9 days, and 

tested for resistance to accelerated freezing-and-thawing accordinG to 

CRD-C 20, "Method of Test for Relative Resistance of Concrete to Freezing 

and Thawing (Rapid Method) • 11
(

4) Results of this test were recorded as 

the relative dynamic modulus of elasticity, after 200 cycles of acceler-

ated freezing-and-thawing, in per cent of the initial dynamic mod.ulus at 

9-days age. 

Bond-to-steel 

22. Tests for bond strength of the concrete to reinforcing steel 

normally are made only when the admixture is proposed for use in rein-

forced structural concrete and since most of the projects were not of 

this sort, tests for bond strength were not made in sufficient number to 

permit analysis in this report. 
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PART III: RESULTS 

23. The results reported herein represent tests made on 370 batches 

of concrete, from which 738 cylinders and 900 beams were cast. The 

descriptions of the admixtures contained in Part I are arranged so that 

the different brands are group~d according to type. Little information 

is however available concerning the composition of some of the admixtures, 

hence it is not feasible to tabulate or attempt comparison by general 

types; and individual admixtures rather than types are compared herein. 

Tabulation of Data 

24. The results of all tests are presented: 1n tables 1 and:2 whi~n

follow the text of this report. The pertinent data from each evaluation 

of an air-entraining admixture are listed in table 1 according to brands 

of admixture and further grouped according to whether the cement factor 

of the concrete was 4.5 or 6.o bags per cu yd, 

25. Table 2 is similar to table 1, but for convenient reference 

only maximum, minimum, and average values are tabulated for each brand of 

admixture and each cement factor. Where three figures are grouped in a 

vertical column, the top figure is the maximum, the middle figure the 

average, and the bottom figure the minimum, for all tests of that particu

lar brand and cement factor. In the column for brand designations, a 

figure is placed in parentheses beside the letter representing the brand 

to indicate the number of evaluations made of material of that brand. 

26. The test data reported in these tables include the following: 

a. Air content. The third column, "Per Cent Air," gives the 
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amount of air as a percentage of the total volume of con
crete. Ordinarily the figure in this column would be 
within the range 4.5 + 0.5, but in two instances air con
tents outside the prescribed limits have been entered, 
with appropriate notation. 

E_. Admixture demand. The fourth column includes values for 
the ronount of admixture required expressed in terms of 
milliliters of solution of admixture per bag of cement 
except that, in one instance, the admixture wns interground 
with the cement and the omount is therefore expr~ssed as 
per cent by weight of the cement. 

£• Water demand. Data pertaining to water demnnd occupy four 
columns of each table, the first column listing the wnter
cement ratio in gallons per bag of cement in the plain 
batches for each evaluation, and the other three listing 
figures representing, in different forms, the reduction in 
water resulting from the use of the air-entraining odnix
tures. The second column of this group gives the reduction 
in water-cement ratio in gallons per bag of cement, and in 

-the -next -the -reduction is shown ns -a percentage of water
cement ratio in gallons per bag. The last colum..~ of the 
(S!'OUP contains values for the reduction in water in terms of 
percentage of entrained air. This manner of indicating 
water reduction tends to illustrate the extent to which 
compensation was achieved for the increase in volune of the 
mortar due to air entrnim:ient by the decrease in volUl~c due 
to water reduction. It should be renembered in this connec
tion that the sand content also was reduced 4 per cent. 

d. Other tests. The data contained in the six remaining 
columns of each table are the results of tests for bleeding, 
strength, and durability. The bleeding of the air
entrained concrete is expressed as a percentage of the 
bleeding of similar concrete without air entrainment. The 
results of strength tests are percentages obtained in a 
similar manner. The final column contains results of the 
freezing-and-thawing tests; in this column the modulus of 
elasticity after 200 cycles is given as a percentage of 
the initial modulus of elasticity at 9-days age. 

Admixture Demand 

27. Admixture demand, determined as the number of milliliters of 

an admixture required to cause +.he entrainment of the specified 4.5 ± 0.5 

per cent air, was quite variable. As little as 22 ml of admixture B were 
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used in 4.5-bag concrete, and as much as 230 ml of admixtures Hand K 

were used in 6.0-bag concrete. In general 35 to 50 per cent more admix

ture was required in 6.0-bag concrete than in 4.5-bag concrete. Varia

tions in the amount of admixture required of os much as 100 per cent were 

observed in tests of a single admixture. No significant problem in hand

ling or use was occasioned by an admixture being very concentrated or 

very dilute. Greater care was required in measurlng the more concentrated 

solutions, and the measurement of the nore dilute solutions, due to bulk, 

required soL1ewhnt less attention. .AI:J.ounts of the order of 100 ml were 

handle.~ conveniently in that corrections on a percentage basis could be 

made with facility when the entrainment exceeded or fell below the 

specified amount in trial batches. 

Water Demond 

28. Water reduction generally and in many specific instances was 

correlated with increase in strength, but not significantly with durabil

ity. The 2vernge reduction of water in 4.5-bag mixtures wns 15 per cent, 

and in 6.0-bacs mixtures was 11 per cent, without mnrked vo.riation. Water 

reduction was calculated also in terms of the volune of entrained air as 

per cent. Thus it was considered that the space occupied by the entrained 

air was nade available at least in pnrt by the reduction in the amount of 

mixing wo.ter, or that entrained air wns oubstituted directly for wc.ter. 

The air, having at least as good fluid characteristics ns water and better 

lubricating or cushioning properties, permitted the fabrication of con

crete having the some workability as concrete prepared without entrained 

air. The loss in strenGth due to the inclusion of air as an inert 



14 

low-strength material, or aggregate, was compensated in many instances, 

as is shown in the discussion of strength tests, by the gain of strength 

resulting from the reduced water-cement ratio. 

Bleeding 

29. ·Bleeding was reduced by an average of 44 per cent in 4 .5-bag 

concrete and 60 per cent in 6.0-bag concrete. All admixtures in 6.0-bag 

mixtures satisfied the criterion of a 35 per cent reduction in bleeding. 

All except admixture J in one test and admixture B in two tests of 4.5-bag 

mixtures satisfied the same criterion, though one test using admixture B 

satisfied this criterion. 

Compressive Strength 

30. Ten admixtures were tested for compressive strength at the ages 

of 2 days and 28 days in 4.5-bag concrete, and 13 were tested in 6.0-bag 

concrete. All except two admixtures caused increase of strength in 4.5-

bag concrete when average values are considered. The highest average in

crease was 16 per cent, and the greatest decrease in strength was 9 per 

cent. All admixtures except one caused decrease in strength in tests of 

6.0-bag concrete. The greatest decrease was 17 per cent and the average 

decrease was 10 per cent. 

Flexural Strenr,th 

31. The same admixtures that were tested for effect on compressive 

strength were tested for effect on flexural strength. All except admix

tures 0 and A caused an increase in flexural otrength, in testo of l~.5-bng 
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concrete, with very oignificnnt increases of 22 nnd 29 per cent caused by 

admixtures P and J, respectively. Four admixtures had little effect on 

28-day strength of 6.0-bng concrete and nine admixtures caused decreases 

in strength up to 13 per cent. 

Resistance to Freezing-and-Thawing 

32. Thirteen afu!lixtures were tested in specimens of 6.0-bag 

concrete for resistance to freezing-and-thawing; 12 admixtures satisfied 

the criterion that test specimens shall retain 80 per cent of the initial 

modulus of elasticity after 200 cycles of accelerated freezing-and-thawing. 

Concrete containing admixture 0 was not satisfactory in this teot. Only 

five out of the ten admixtures tested were satisfactory in tests of 

4.5-bag concrete. Admixture 0 again gave the least satisfactory results. 

Admixtures K, J, P, and B, also failed in tests of 4.5-bag concrete, 

though giving satisfactory results in 6.0-bag concrete. 

General Findings of the Investigation 

33. It was found in general that water reduction was permitted as 

a result of the use of the admixture. Bleeding was reduced in every 

test; however, only a general correlation between water demand and bleed

ing could be obtained. It appeared from the results of the tests that 

the loss in strength that ordinarily would be expected because of the 

entrainment of air was compensated to a considerable extent when the 

amounts of water and fine aggregate were reduced. Compressive and 

flexural strength specimens generally showed gain of strength when an 

admixture was used in the leaner mixtures, but lost strength in the richer 
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mixtures. The effect of the use of admixtures on the reoults of freezing

and-thawing tests of 6.0-bag concr~te was satisfactory with one exception. 

Not so great a degree of satisfaction was achieved by the use of admix-

tures in 4.5-bag concrete; approximately half the admixtures tested were 

satisfactory according to the criterion for this test. All tests con-

sidered, the results tend to show that the effect of an individual admix-

ture, rather than being simply that produced by the entrainment of air, 

is the resultant of multiple effects, some of which may be more pronounced 

than others, depending upon features of the mixture design. These results 

are generally in accordance with those found by other investigations; for 

example, those conducted by Bloem and Walker( 2). 

Criteria of Evaluation 

34. A particular lot of an air-entraining admixture is considered 

to be acceptable for use in civil works construction projects of the 

Corps of Engineers if the results of the tests conform with the require-

ments of par, 8 of CRD-C 13, "Method of Test for Evaluation of Air

Entraining Admixtures for Concrete, 11
(
4) Limitations are placed on five 

properties: bleeding, compressive strength, flexural strength, re-

sistance to freezing and thawing, and bond-to-steel. No data on bond-to-

steel are included in this report. The test results in tables 1 and 2 

may be compared with the referenced criterio.* Such a comparison 

* Data from tests of 4.5-bag cement content concrete are not considered 
in this paragraph since criteria do not now exist for test results 
on other than 6.0-bae cement content concrete, Admixtures D and G, 
tested only with 4.5-bag concrete, are therefore excluded from this 
evaluation. 
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yields the following results: 

a. Admixtures A, B, F, H, K, M, P, and Q were uniformly satis
factory. 

b. Admixtures c, E, I, J, and 0 gave test results which failed 
to comply with the criteria in the following respects: 

(1) Admixture C. One out of 22 tests failed to develop 
adequate compressive strength at 28 days. The average 
of all tests was satisfactory. 

(2) Admixture E. One of two tests failed compressive 
strength at 2 and 28 days; the average at 2 days com
plies with the criterion, the average at 28 days does 
not. 

(3) Admixture I. One of two tests failed compressive 
strength at 28 days and flexural strength at 2 and 28 
days but the avernc;es in all these cases were satis
factory. 

(4) Admixture J. The tests for compressive strength at 
28-days aGe failed to comply with the criterion. 

(5) Admixture O. The concrete failed to show adequate 
resistance to freezing and thawing. 
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TABLES 



Table 1 

SUMMARY OF TEST DAT.A 

Water Reducti~ 
Cement Entrained Amount Water Content Air-Entrafiiirig Compressive Flexural 
Factor Air, Admixture Plain Concrete ~nt Used Stre~e streWhe DFE at 

Admixture BLCu Yd Per Cent Re9,uireda Gal.LB~ ~L~ Bleedi!!Sd 2 Days~Days ~2Days 200 c~1el 

A 4.5 4.9 55 7.6 1.05 13.8 48 53 100 91 120 93 87 

A 6.o 4.4 85 5.6 0.5 8.9 34 45 91 90 91 101 91 

B 4.5 5.~ 32 7.5 1.1 14.7 41 84 134 109 134 107 33 
B 4.5 5.0 22 7.5 1.1 14.7 49 77 121 114 113 106 90 
B 4.5 4.3 35 7.55 1.15 15.2 59 40 115 119 111 lo4 76 

B 6.0 5.0 42 5.6 o.6 10.7 36 40 85 102 85 93 92 

c 4.5 5.0 27 7.0 1.0 14.3 44 47 108 108 123 105 89 
c 4.5 4.8 30 7.0 1.0 14.3 46 38 125 117 130 101 86 
c 4.5 4.5 30 7.0 1.0 14.3 49 47 129 114 132 101 90 
c 4.5 4.9 7.0 1.0 14.3 45 102 148 
c 4.5 4.8 40 7.5 1.1 14.7 51 50 136 150 
c 4.5 5.0 28 7.5 1.1 14. 7 49 60 132 114 134 103 88 
c 4.5 4.7 30 7.5 1.1 14.7 52 41 128 138 
c 4.5 4.8 35 7.55 1.15 15.2 53 32 112 130 
c 4.5 4.9 55 7.7 1.2 15.6 54 43 129 118 118 123 84 

c 6.o 4.4 63 5.4 0.7 13.0 47 34 100 114 
c 6.o 4.5 60 5.5 0.7 12.7 46 49.5 112 126 
c 6.o 4.5 75 5.5 o.6 10.9 39 48 100 lo4 
c 6.o 4.5 66 5.5 0.7 12.7 46 50 100 100 
c 6.o 4.8 100 5.5 o.6 10.9 37 31 105 114 95 
c 6.o 4.8 60 5.5 o.6 10.9 37 35.5 108 122 97 
c 6.o 4.9 40 5.5 o.6 10.9 36 50 100 100 100 100 93 
c 6.o 5.0 35 5.5 o.6 10.9 36 24 100 106 97 
c 6.o 4.6 40 5.5 o.6 10.9 39 16 100 100 
c 6.o 4.8 40 5.5 o.6 10.9 37 39 100 100 
c 6.o 4.5 35 5.5 o.6 10.9 39 23 lo4 113 
c 6.o 4.8 35 5.5 o.6 10.9 37 23 lo4 100 113 101 95 
c 6.o 4.8 40 5.5 o.6 10.9 37 23 100 105 
c 6.o 4.7 40 5.5 o.6 10.9 38 27 100 102 
c 6.o 4.8 40 5.5 o.6 10.9 37 26 100 101 
c 6.o 4.6 40 5.5 o.6 10.9 39 34 100 lo4 
c 6.o 4.9 70 5.5 o.6 10.9 36 34 100 100 
c 6.o 4.8 60 5.6 o.6 10.9 37 30 101 100 
c 6.o 4.2 55 5.6 0.55 9.8 39 36 100 97 99 101 87 

See notes at end of table (Continued) 



Table 1 (Continued)_ 

Water Reduction 
Cement Entrained Amount Water Content A1r-Entrain1n8 Compressive Flexural 
Factor Air, Admixture Plain Concrete :.El!ent Used: Stre~e Stre~e DFE at 

Adlrdxture B/Cu Yd Per Cent Requ1red8 Gal/Bag Bleedingd 200 C;yoles:f GB L£:&.rc 2 Days:2Days ~2Days 

c 6.o 4.3 43 5.6 0.5 8.9 34 37 96 87 102 85 95 
c 6.o 4.2 55 5.6 0.55 9.8 39 32 93 82 105 93 95 
c 6.o 4.3 43 5.6 o.6 10.7 34 51 96 86 124 96 94 

D 4.5 5.0 50 7.55 1.15 15.2 51 55 lo4 96 100 106 85 

E 6.o 4.3 Bo 5.5 o.6 10.9 41 46 82 88 94 97 
E 6.o 4.8 54 5.5 o.6 10.9 37 46 ill 80 99 94 93 

F 6.o 4.3 130 5.5 o.6 10.9 41 57 99 92 116 102 92 

cf!, 4.5 4.6h .o~i 8.0 1.0 12.5 48 44 100 101 101 112 88 
~ 4.5 6.7 .013,,;i 8.0 1.1 13.8 36 47 100 110 102 112 91 

II 6.o 4.7 230 5.5 o.6 10.9 38 41 90 91 105 95 94 
II 6.o 4.2 210 5.6 0.55 9.8 39 40 93 86 93 100 91 

I 6.o 4.7 228 5.5 o.6. 10.9 38 51 96 94 90 89 93 
I 6.o 4.2 190 5.6 0.55 9.8 39 35 97 84 84 84 93 

J 4.5 5.0 51 7.7 1.2 15.6 53 67.5 119 ill 125 129 59 

J 6.o 4.4 65 5.6 0.65 11.6 44 39 87 83 97 87 92 

K 4.5 4.8 100 7.6 0.85 11.2 39 34 114 105 122 112 49 
K 4.5 4.5 105 7.6 0.85 11.2 42 51 
K 4.5 4.8 180 7.7 1.2 15.6 56 68 129 114 123 110 49 
K 4.5 4.7 130 7.7 1.2 15.6 57 65 119 112 126 115 63 
K 4.5 4.7 135 7.7 1.2 15.6 57 53 116 113 125 102 49 

K 6.o 4.3 16o 5.6 0.55 9.8 38 43 89 87 98 89 92 
K 6.o 4.4 230 5.6 0.55 9.8 37 55 101 86 98 86 89 
K 6.o 4.3 120 5.6 0.55 9.8 38 40 97 97 89 85 93 

M 4.5 4.8 30 7.1 1.0 14.1 46 57 120 101 127 100 87 
M 4.5 5.0 28 7.55 1.15 15.2 51 51 116 116 117 101 80 
M 4.5 4.5 28 7.55 1.15 15.2 57 61 lo4 112 
M 4.5 4.6 28 7.55 1.15 15.2 56 64 109 110 ill 106 81 
M 4.5 4.:z: 26 7.55 1.12 15,2 54 64 ill 121 115 105 82 

See notes at end o:f table (Continued) 



Table 1 (Continued) 

Water Reductipn 
Cement Entrained AI!lount Water Content Air-Entrainin,g Compressive Flexural 
Factor Air, Admixture Plain Concrete ~ent Used Stre~he- strengthe DFE at 

Admixture BLCu Yd Per Cent Required a. GaILB~ Gl3L£AirC Bleedingd ~2Dys 2 Days 28 Days 200 C~lei/ 

M 4.5 4.6 26 7.55 1.15 15.2 56 55 123 125 82 
M 4.5 4.8 50 7.55 1.15 15.2 53 52 129 129 107 lo4 83 
M 4.5 4.6 46 7.55 1.0 13.2 48 55 106 95 
M 4.5 4.9 Bo 7.70 1.1 14.3 50 36 128 ll8 lll 80 

M 6.o 4.4 45 5.5 o.6 10.9 41 35 100 103 
M 6.o 4.8 50 5.5 o.6 10.9 37 25 100 100 
M 6.o 4.4 105 5.6 0.5 8.9 34 47 88 85 90 94 95 
M 6.o 4.2 50 5.6 0.55 9.8 39 27 101 92 lll 108 91 

0 4.5 4.7 100 7,6 1.0 13.2 47 57 109 lo4 98 ·77 2 

0 6.o 4.9 125 5,5 o.6 10.9 36 51 llO 88 99 87 3 

p 4.5 4.7 40 7.7 1.2 15.6 57 64 123 105 124 122 60 

p 6.o 4.2 45 5,6 o.6 10.7 42 36 98 89 lo6 94 94 

Q 6.o 4.7 65 5.5 o.6 10.9 38 42 87 88 99 89 90 

Notes: a In milliliters per bag, except as noted. 
b Water reduction in per cent of the amount of water required in simil.lp" concrete without air-entrainment. 
c Water reduction in per cent of the volume of entrained air. 
d Per cent of the bleeding of similar concrete without admixture. 
e Per cent of strength of similar concrete without admixture. 
f Relative modulus of elasticity after 200 cycles of freezing-and-thawing, in per cent of initial modulus. 
g Admixtut"e interground in the cement. 
h Excessive air entrained. 
i Per cent by weigkt of cement • 



Table 2 
I 

SUMMARY OF AVERAGE TEsr DATA WlTB: MAX1MlJM 
AND MINThf™ VALUES GIVEN WHERE M:>RE '.ffiA.N ONE TEsr WAS MADE 

Water Reduction 
Admixture, Cement Entrained Amount Water Content Air-Entraihing Compressive Flexural 
and No. of Factor Air, Ad.mixture Plain Concrete Agent Ue~d d stre~he Stre~he DFE at f Evaluations B/_Cu Yd Per Cent Reguired8 Gal/_Bag ]jh_~-~ Bleed!~ 2 Daye2 Daye 2 Daye 2Daye 200 C~lee 

A 'l) 4.5 4.9 55 7.6 1.05 13.8 48 53 100 91 120 93 87 

A (1) 6.o 4.4 85 5.6 0.5 8.9 34 45 91 90 91 101 91 

5.9 35 7.55 1.15 15.2 59 84 134 119 134 107 90 
B (3) 4.5 5.1h 30 7.5 1.12 14.8 50 67 123 114 119 106 66 

n- 22 7.5 1.1 14.7 41 40 115 109 111 lo4 33 

B (1) 6.o 5.0 42 5.6 o.6 10.7 36 40 85 102 85 93 92 

5.0 40 7.55 1.15 15.6 54 60 136 118 150 123 90 
c (9) 4.5 4.8 34 7.3 1.1 14.7 49 44 125 114 131 108 87 

4.5 28 7.0 1.0 14.3 44 32 102 108 123 101 84 

5.0 100 5.6 0.7 13.0 47 51 lo8 100 124 101 97 
c (22) 6.o 4.6 52 5.5 o.6 10.9 38 35 101 92 107 96 94 

4.2 35 5.4 0.5 8.9 34 16 93 82 99 85 87 

D (1) 4.5 5.0 50 7.55 1.15 15.2 51 55 lo4 96 100 106 85 

4.8 80 5.5 o.6 10.9 41 46 111 88 99 97 93 
E (2) 6.o 4.5 67 5.5 o.6 10.9 39 46 96 84 97 96 93 

D 54 5.5 o.6 10.9 37 46 82 80 94 94 93 

F (1) 6.o 4.3 130 5.5 o.6 10.9 41 57 99 92 116 102 92 

6.7h .013~11 8.0 1.1 13.8 48 47 100 110 102 112 91 
rfi (2) 4.5 5.6 .Ol25i 8.0 1.1 13.1 42 45 10.0 105 102 112 90 

~ .0~1 8.0 1.0 12.5 36 44 100 101 101 112 88 

4.7 230 5.6 o.6 10.9 39 41 93 91 105 100 94 
H (2) 6.o 4.4 220 5.6 o.6 10.3 38 40 92 88 99 98 92 

4.2 210 5.5 0.55 9.8 36 40 90 86 93 95 91 

See notes at end of table (Continued.) 



Table 2 (Continued) 

Water Reduction 
Admixture, Cement Entrained Amount Water Content Air -Entraining Compressive Flexural 
and No. of F7ctor Air, Admixture Plain Concrete /Agent Used Stre~he stre~he DFE at 
Evaluations B Cu Yd Per Cent Reg,ulreda Gal LB~ GB£~ Bleedingd 2 DayaT Daya 2 Daya 2Daya 200 Clcleaf 

4.7 228 5.6 0.6 10.9 39 51 97 94 90 89 93 
I (2) 6.0 4.5 209 5.6 0.6 10.3 38 43 96 89 87 88 93 

4.2 190 5.5 0.55 9.8 38 35 96 84 84 84 93 

J (1) 4.5 5.0 51 7.7 1.2 15.6 53 67.5 119 lll 125 129 59 

J (1) 6.o 4.4 65 5.6 0.65 11.6 44 39 87 83 97 87 92 

4.8 180 7.7 1.2 15.6 57 68 129 114 126 115 63 
K (5) 4.5 4.7 130 7.7 l.l 13.8 50 55 119 111 124 110 52 

1+:5 100 7.6 0.85 11.2 39 34 114 105 122 102 49 

4.4 230 5.6 0.55 9.8 38 55 101 97 98 89 93 
K (3) 6.o 4.3 170 5.6 0.55 9.8 38 46 95 90 95 87 91 w 120 5.6 0.55 9.8 37 40 89 86 89 85 89 

5.0 8o 7.7 l.15 15.2 57 64 129 129 127 106 87 
M (9) 4.5 4.7 38 7.5 1.1 14.7 52 55 116 116 113 103 82 

1+:5 26 7.1 1.0 13.2 46 36 lo4 101 95 100 80 

4.8 105 5.6 o.6 10.~ 41 47 101 92 103 108 95 
M (4) 6.o 4.4 62 5.6 o.6 10.l 38 33 97 88 101 101 93 

Ll 45 5.5 0.5 8.~ 34 25 88 85 90 94 91 

0 (1) 4.5 4.7 100 7.6 1.0 13.2 47 57 109 lo4 98 77 21 

0 (1) 6.o 4.9 125 5.5 o.6 10.~ 36 51 110 88 99 87 3 

p (1) 4.5 4.7 40 7.7 1.2 15.6 57 64 123 105 124 122 6o 

p (1) 6.o 4.2 45 5.6 o.6 10."( 42 36 98 89 106 94 94 

Q (1) 6.0 4.7 65 5.5 o.6 l0.9 38 42 87 88 99 89 90 

Notes: a Milliliters per bag, unless otherwise indicated 
b Water reduction in per cent of the a.mount of water required for normal concrete 
c Water reduction in per cent of the volume of air 

CJ.j d Per cent of the bleeding of similar concrete without ad.mixture 
~ e Per cent of strength of similar concrete without admixture 

...... f Relative modulus of elasticity after 200 cycles of freezing-and·:thawing, per cent of initial modulus 

Cl' 
g Admixture interground in cement 
h Excessive air entrained 

CJ") i Per cent by weight of cement 


