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INTRODUCTION ' B

' One form of concrete deterioration prevgl@nt in Michigen, as well as

L
)

'in other states in corresponding climatic zones, it surface scaling and

subsequent disintegration from the surface downward. This condition
has bhecome more apparent ag the use of chemical salts has increased
for the removal of ice from pavements. The unsightliness of scaled
areas, the necessary subsequent maintaﬁance and the added possibility
of further deterioration has been of wvital concern to highway enginsers
for yearg and the subject of conslderable research. This problem has
led, within the last few years,to a concerted program of research in
vwhich many agencies have participated, including certain federal def
partments, several State Highway Departments, cities, portland cement
nanufacturers, as well ss the Portland Cement 4ssociation.

The aim has been to develop a concrete more durablg to frost
action‘and which would have high resistancé to theraction of chloride
salts as they are now used on our highways and streets.

Preliminary studies in air entrained concrete started in 1985
when FNew York Stéte gongbructed sgeveral experimental pavements to de-
termine methods of increasing thelscale resistance'of concrste pavements.
Inzluded inltheir studles wers many different brands of Portland Cement
used alone and blended With natural cements with and without fatty mat-

eriels. Alsgo they experimented with portlend cement ground with beef

tallow, fish oil stearate and Vinsol resin.

 On the basis of the results obtained from their studies with air
entraining materials from 1255 to 1939 there was starfed in 1940 con-
siderable research work on this subject by different State Highway De-

partments, cement manufacturers and other interested agencies.-
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The results qf investigations by the several agencies have demon-—
strated conclusiveiy that concrete having excellent durability and high
gcale resistance can be produced by incorporating into the concrete mix-
turg pro?er amounts of minute uniformly distributed; but disconnected
zir bubbles. In addition, the entrained air inrthe concrete produced
better workabilitywqf the concrete and eliminated excess surface water
or bleeding which materially reduced the time interval between mixing
end finlshing operations.

This paper presents the significant facts pertaining to the usze
of girrentrained concrete in highway construction resglting from the
many studies on this subject and including the experiences of the Mich-
igan St&terﬂighway'Deparﬁment in the use of air entrained concrste dur-

ing the last four years.



FACTS_CONCERNING ATR-ENTRAINED CONCRETE

At the present time air is introduced into thg plas?ic concrete in

a practical way by mesns of certein organic materials which are either
added direct;y to the concrete bétch at the mixer or interground with the é

. cement.clinkei-during the process of cement manufaéture?ﬂ The product [
produced by'the latter method is lmown as air-entraining ﬁortland cement . ;

;,l:ﬁ'ﬁgﬁhods of Entraining Air in Concretes

The air entreining materisls which have been investigated and tried

experimentelly in verying emounts may be grouped into several classes: (1)

mineral oils:; (2) enimal or vegetable fats or oils; (3) wetting agents and
(4) patural resins.

Mineral Qils. Mineral oils were not added intentionally to increase

air voids and thus durability of concrete. They were introduced into the

: p I
cement by accident through leakage of bearing in some types of grinding P it
machinery. The discovery of the fzct that the presence of sm=ll amounts

’of this oil in the cement incressed the durabilitj of the concrete was

greatly responsible. for the trend of research in this field.

Animal or Vegetéble Fats. Small additions of snimal or vegeteble

fats or olls have been made to poriland cement for years, for purposes

of obtaining "waterproof products® and as grinding aids. They are more
effective in produciﬁg air volds than the mineral oils. Beef tallow is

the more common of these materials.

Wetting Agents. Wetting agents or foaming agents of which there are

a great number, have been used with considerable guccess to entrain air in
concrete, The most extensively used material of this group is a commercial

and patented product called Orvus, menufactured by the Procter & Gambie Soap

Stad e

SR : o . :
Co. Thig is a sulphated fatty alcohol containing sodium larryl sulfate as //”< ]
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the active ingredient.--Orvizs is procurable in paste or powder form and must
be dissolved in water to form a solution of desired concentration. This

2
H

solution is added at the mixer.

Natural Begins. Natural.resinf{products from wood have been used oc- X
casibnally as grinding aids in cement mills,rwhen &dde& in proper amounté
continuously, it reéulted in a very effective air-entraining cement. The
resin with‘which magt éxperienca has been had and from which resulis are
mogt consistent is Vinsol resin.

EVinsol resin is & hard; high melting, dark colored resinous commer-
cial product manufactured by the Hercules Powder Company under patents which
have been dedicated to the publiec use by the Company. It consisgts substan-
tially of the petroleum—hydrocarboh insoluble fraction of & coal-tar hydro-
carbon extract of pine wood.

It is available as a finely ground non-caking powder or in emulsion

form. Chemcially Vinsol resin is an impure sbietic acid in powder form.

.y

When the acid comes in contact with the portland cement and water it forms k) i

a calcium salt of abietic acid which has the characteristics of soep, and )i

a8 such, févors thérentrainment of air in concrete during mizing operations.
Vinsol resin has been used in different forms for air-entraining pur-

poses, fifst, it is_most commonly obteined in powder form and s such, must

be ground with the cement for best performance as an air- entraining material.,

Thisg method is used more extensively than7any other at the present time.

Sodium Resinates made from Vinsol resin in combination with sodium hfdroxide

are available in powder form and when diesolved in water the solution is

addedﬂat the mizer. Anlemulsion containing Vinsol resin is also'avaiiable

cémmercially for airrentraininglpurposes. This‘material.is also added at

the mixer.
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Gag Generating Agents. In addition te the orgaﬁic materials; certain
.gas generating agents es aluminum powder and hydrogen perdxide have bheen
employed with considerable success to produce air voids in concrete,
The‘aluminum powder reacts with the caléium and alkali hydroxides.
produced during the hydrolysis of the cemenﬁ to form hydrogen gas which
is trapped in the concrete to form air voids; Hydrogen peroxiée in the
presence of.metalicmoxide decompoges completely’to water and oxygen. The
liberated oxyéen produces air voids in the concrete.
At the present time, Vinscol resin is the only alr entrzining materisl

recognized in official specifications of the American Svelety for Testing

Materiels and of the Federal Covernment.

ENTRAINED ATR IN CONCRETE

Research amnd field experience at the present time irndicate that for
the best results for pavement concrete, taking into consideration, scale
resistence, durability, and strength, are obtained when the reduction in
weight is between the limits of 3 to 6 pounds per cubic foot, as compared
with concretelof_tﬁ% gsame propértions and consistency msde with the parent
portland cement conteining no air entraining materisl. This drop in_weight
per cubic foot is equivalent to approximately a 2 to 4 percent air content
respectively;j’No appreciable improvewent in durability is gained by going
beyond the upper limit. In fact, a considersble reduction in strength is
exeprienced as the air content ie materially increased. The present trend
is to keep the air. content as low as possible.

Expérience indicates that thé opbimum quantities of air entreining mat-

erisls of the different classes which must be used per szck of cement to ob-

tain the desired drop in weight or proper air conmtent is approximately as
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.follows:
Mineral 0ils 0.04 to .06 per cent
Animal Fate & Oils 0.C1l to .C3 per cent
Wetting Agents (Orvus Paste) 0.005 to 0.025 per cent

Vinsel Resin (In Portland Cement) 0.025 to 0.045 per cent

The amount of entrained éir in a concrete mixture is reflected by a
reduced weight per cubic foot. Therefore, it is possible to measuré the
air content of g ébncrete mixture by the simple unit weight determination.
The unit weight determination provides a practical field method for check-
ing the air contént of the concrete as placed as well as the yield value.
ther.metﬁods are being developed to f&cilitate easy and accurate deter-
mination of the air content of concrete mixture both in the 1abofatory and

in the field.

The amount of entrained air in & concrete mixture incressed with the

quantity of air-entraining material, with the slump of the conerete, with

the leanness of the mix and with the mixing time. Experience has shown that

optimum results are obtained with the quantities of air entraining materisls

spec¢ified above when the cement content of a mixture is between 5 and 7 sacks
per cubic y%érd, ﬁhé slump approximately 2 inches and mixing time 1 ﬁinute. ;}é
It is imporiant to contfol.concrate.mixturES within these limits, in order
to aveid unnécess&r& reduction in strength without gain in durebility and
posgible construction difficulties.

The introduction of air into the concrete mixture results in an increas-
ed volume of morfar cauged by the bulking effect of the entrained air. MNore-

over, the fatness of the mortar makes any additional volume of mortar un-

necegsary. Therefore, in designing air entrained.conérete mixtures, the
volume of mortar per unit volume of concrete should be miintained the seme
; {iﬁ%§ . ag for normel concrete mixtures. This can be done by adjusting the quantity

of eand and water content. Thus it 1s possible to maintain standard cement




factors, avoid over ssnded mixtures and alleviste the tendency towards re-

P

duction in strength.

CHARACTERISTICE OF ATR-ENTRAINED CONCRETIE

The introduction of proper amounts of well distributed minute air
bubbles into a concrete mix apparently decreases the particle interference
of the concrete aggregatés thereby greéfly iméfoving the workablility of
the treated concrete over that of normal concrete with the same aggregates
and proportions. The resulting mixture has-an extrere fatiy appeasrance
gimilar to aﬁ over sanded mixture. Segregation and bleeding are practi-
cally eliminated. Ag a result there is little free water on the surface
to facilitate or delay the firishing operations. Therefore, it is neces-
gary that finighing opératians be completed with & minimum of delay or elee
drying of the surface will hinder proper finiching. Extreme fluctuatlons in
- temperature and relative humidity and wind velocity will influence the fin-
iehing characteristics of the air-entrained concrete.

Air -entrained concréte is ipherently more sticky than normal concrete.
Conseguently, steg;mshod floats and finishing tools have proven bettsr than‘
wooden ones. Unéér the same conditions it mey even be necessary to adjust
the transverse oscillations of the screed té its forward motion to prevent
a torn surface, Experience hés proven that the problems encountered are
simply those inpvolved in adjusting construction practice to the charscteris-
tice of the new concrete, and include no more radical changes than mightrbe
necessary due to many other changes which afe frequently encountered in joh
conditions.

Concrete strengths are decreased in proportion to the incfeasé_in air
content. The decrease in flexurel and compressive strengths corresponding

“to opbimum air contents is between 5 percent and 20 percent. In the design

;o—5=
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of air-entrained concrete mixes advantage mey be taken of such factors as
inereased volume of the morisr and inherent workability resulting from fat-
ness of the mortar to overéome excessive drop in strength values by increasing

ot .
the cement to saﬁﬁ\ratio and decressing the water to cement ratio. In prac- .

tice it is possible to reduce the sand 3 to 4 pounds per sack of cement and

the water approximately 1/2 gal. for same amount of cement.

CONSTRUCTION PRACTICE

In the field, the proper air confent in the mixture is detemmined by
checking the wnit weight. Any discrepancy between actual ﬁeight and design
weight per Cubié‘foot is ccrreéted by adjusting the amount of air/entraine
ing material added at the mixer or the quantity of the sand. In the case
of Vinsol resin cement the only adjusiment possibie will be in the quantity
of sand pef batch.

Certain construction procedures must be closely observed in order to

obtain meximm benefit from the ise of air“entraining materials, In the
Tirst place it is important that the water content be controlled to very
narrow limits. ~ The water conteﬁt of the mixture greatly influences the
amount of epﬁraiﬁed air which can be incorpcerated into the concrete. -Also

the mixing time should not exceed the normal time of approximately 1 min-

uhe, Prolonged mixing may cause excegsive air entrainmentl
The use of Vinsol resin cement reqguires special attenticn as to its
‘handling at the batching plant, especially so when furnished in bullk form.

Bacause it flows more freely than standard portland cement there can te

congidersble lozs in haﬂdiinaﬁat the plant or during the transportation of .-~
materials in the bateh trucks. It hes been found desirable té place the
cement between layers of aggregates in the batech trucks.

Calcium chloride in amounts up to 2% have been added successfully
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to air entrainimg concrete to facilitate paving operations during periods ™

of low air temperatures. The presence of the calcium chloride in the mix

[

tends to offset the inherént slow setting properties of air entrainéﬁg‘ :)(

T

concrete at low air tempergiures. In addition, laboratory test indicste
that calciuvm chloride causes an increassin strength at early ages, over
that of normel concrete poured under similar conditions. It has been ob-

served from actual experience in the field that the wWater content of the E
concrete mixture must be held at a minimum in order to insure normel con— |
) ) o "f,-';}'/;?g‘[ 1.;.;(,{(/ , o

gtruction operations in cold weather;iwhen caleivm chloride is used with

1

air entrained concrete.
: PART II
MICHIGAN'S FXPERIERCES IN THE USE OF AIR ENTRAINING MATERIALS

Michigan's experience in the use of air entraining materials in con-
‘erete pavemenis dates back to the construction of the Michigan Test Road
during the summer and fall of 1940, The Michigan Test Road was construct-
ed in cooperation with the Federal Works Agencj, Public Works Administra-
tion on M 115; between US 10 and M 66 in Clare and Osceola counties. In-

: ) _ 2
cluded in the test road was an investigation of S%aling, to determine its

X

causee and methods of prevention. The investigation was dedicsted to the
establishment of certain fundamental ﬁrinﬁipies in concrete construction
and to correlate certain laborabtory studies with construction methods in
ordér to develoP more durahle concrete pavements. To obtain this end,
thé investigation was divided‘into two separate studies: first, = labora-
tory study of concreste durability as related to scaling; and second, the
construction of = spécial pavement for field observations Wh;ch is widely
known a8 the durability project of the Michigan Test Road.

The durability project was constructed to furnish a field laboratory

for the purpose of observing, under service conditions, certain imporiant



factors relevant to current highway construction practice which might be

in some manner associated with scaling, or which might, when properly
controlled, increase the resistance of the concrete to scaling. The

factors receiviﬁg major consideration were proportioning an@qgrading

of sggregates with definite recognition of the material paéE;g the 200 e
meéﬁ; the relative effect of additives, including both physical and chem-
ical varietieé; the effect of natural cement blends and cements produced
with grinding aids as airﬁeﬁtraining’materials; and the relatiocnship of
finishing operations and curing methods o scaling.

The durability ﬁroject was constructed in conjunction with a comple-
mentary pavement project for the study of concrete pavement design. The
two research projects constitute the Michigan Test Road. A mep giving
the general location of this project (in the State) is shown in Figure=2s™ ;?
The durability project is 7.7 miles in lengih. The location is ideal
from & siandpoint of sverage weather eon&itions in Michigan and the length
is sufficient fo reduce the variables of construction to a minimum for =sach
factor investigated. The pfoject was constructed under regular'qontract
and construetion ﬁiecedure uging the Michigan State Highway Depariment's
1940 plahs and specifications with necessary supplementals.

The cemenis used on the durability project included two brands of
regular portland cement as normally used in the congtruction of concrete‘
pavements in Michigan. Admixtures included the use of certaln propristary
materials kmowm as Plastiment, Pozzolith, Orvus and Vinsol resin. Natu-
ral cement, ground with and without the use of caleium stearate i&aé also
included as a blend with standard portland cement. Hineral fillers and
natural fines were added in certain instances to increase the density and

workability of the mix and a5 a possible” factor in the reduction of secaling.
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,féﬁécification gave the proper welght drop of approximately 5 pounds per

Mix designs included the regular proportioning as determined. by the mater-
ial specifications and the mortar void design methed in the Michigan State

Highway Department. Short test sections 120 ft. in length were included

to determine the relation of sealing ﬁo methods of curing. : ,)Ra

The two air entraining matEriais which were selected for study on
the durasbility project are a wetting agent called Orvus and a grinding
aid of the resinous type commonly known as Vinsol'resin.

Sufficient Orvus-was added to the Mix to produce =z drop in welght
of 4 to 6 pounds per cubic foot of conecrete of the came consistency and
cement content without the addition of Orvus. It was found that, for
the particular materiasls used on the durability project, 0.06 pounds of
Orvus per barrel of cement gave a reduction in weight of approximately
5 poﬁnds per cublc foot. The Orvus paste was dissolved in warm water
to form a sclubion of known concentrstion. The reqﬁiredramount of the
solution per batch of concrete was added to the dry materials at the
skip.

On.the durability project two cement manufacturers furnished Vinsol
regin portland ceﬁ;nt milled from the same clinker respectively as was
used in ﬁanufacturing gtandard portland'cement for tgé durability project.
The Vingol resin cement was msnufactured under specifications furnished
by the Portland Cement Association as follows: - "The cement shall be
ground with 0,15 pounds (+ 20 percent) of pul%erized Vinsol resin per
barrel which should be uniformly added to the clinker at time of grimding.

The specific surfece of the cement as determined in accordance with 4.S.T.MN.

C 115-%8T shall not be less than 1750 nor more than 2100 square centimeters ﬁhsxzm

_cubic foot for the materiale used on the project.
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JPhysical Characteristics of Plastic Concrete:

The concrete mixtures resulting from the use of either of the two air
entraining materials (Orvus and Vinsol resin) were very similar in their
physical characteristics during the plastic state. The workabilily of the
concrete with entrained air_was decidédly better than thet of normal port-
land cement concrete. Practically no segregation ¢r bleeding was exper-
isnced. Streight edging and floatigg of the-plastié concrete containing
entrained air wag slightly more_difficult then the standard portland
cement concrete because it has an inheresut characieristiC'of becoming
somewnhat sticky. Tﬂe conerete mixture with entrained air has the appear-
ance of being fatly or over sanded. It was also noted that its finish-

-~ ing characteristics were influenced soméwhat by extreme fluctuations in
temperature and relative himidity at time of pouring.

Stréngth Cheracteristics of Aped Concrete:s -

During the construction of the durasbility project 65112“ compreésion
egylinders and 6"x8%"x24" beam specimens were prépared for subsequent strength
tegt in ofder to ‘debormine the effect of the varioﬁs admixtures on the
strength charactefastics of the cancrete,l Aﬁerage results from these
tegts gre chown in Teble 1. The strength values are also compared on s
percent bagis with thos§ of the concrete made with standard portland ce-
ment No. l. This particular brand of cement was used as a reference
throughout the projéct.

The data ianable I show a decided drop in strengbh characteristic
%if the concrete containing air enfraining materials, as compared to nor-
‘mal por#land cement concrete. The Vinsol resin cement on AN average gave
| better strength characteristice than the Orvus material. TYet with but one

exception the flexural strength of the concrete containing Orvus or Vinsol

~10~ -



SUMMARY OF CONCRETE STEINGTH DATA

b

CORPRESSTION STRENGTH FLEZURAL STRENGTH:¢

_ : 12 Crlinders Corag 8¢ Beams AY"x3Mx24".
Material Cement 7 Days 28 Doya 20 Menths 7 Days 28 Days
p.s.i. % Var.¥ p.s.ic % Varo® pes.i. % Vars®  Mod.of Rup. % Var.®  Wod.of RBup. % Var.®
L ‘ pP.8.%, n.8.1. -
Drvus 1 2608 74 3723 al BGHz 74 339 89 562 g0
Orvug 2 2324 85 387 84 2820 71 425 75 802 86
Vinsol Resin 1 2845 80 agay B4 4010 75 508 89 529 75
Yinsol Resin 2 5550 103 3991 87 B420 o1 , 578 10z 771 110
Standard 1 5543 100 4537 100 5375 100 - 587 1090 702 100
Standard 2 2857 80 4597 100 8800 123 5485 o8 659 © B4
- Spscification 2500 550 850
Strength

¥#* Percent Variations Based on Standerd Cement ¥o. 1

LYRY]

#3#t By Three Point Losding Method A.3.T.M. Designation ¢ 78-32
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resin was below specification requirements by a considerzble amount. This

marked difference in strength values may be attributed to the high eir

cpnteﬁt required in the concrete and to the inability of the :éngineerlto i
consistently control within definite limits such factors as water content,
uniform gradation and workmenship throughout the construcfion of the-@ro-
jeck.

In order to further evaluste the merits of the sirrentraining mater-

ianle incorporated in the test road and to judge the relative performsnce

of the resultant concrete in service, certain durability studies were Jg
made, including accelerated scaling tests on the slab gurface =znd the ) :

freezing and thawing of field specimens as well as core segments. %

Aecelerstbed Scaling Studiess

The accelerated scaling studies consisted of exposing test panels
of the pavement surface on the durability project g% the action of ice - l
and caleium chloride under controlled conditions.

The first and second of the series of scaling studies were completed
during the winter mOnihs qf 1940-12471 and 1941-1942 regpectively.

Originally twojtest methods were employed to ascertain the resistance

of concrete pavement mixtures to calecium chloride attack. The methods

have been designated as methods VA" apd "BY, MNethod "A" was discontinued
after the first year's sbudy because it weg found that ﬁethod.“B" gave
more sccelerated results and was better adapted to contrel procedure. In-
test method "A" a 10 percent solutioﬁ of calcium chloride of 1/4 inch

minipum depth was applied and allowed to remain in place 5 days. At the

end of thig period the solution was removed, the panel flushed, and water

spplied to a depth of 1/4 inch. After the water had frozen, the ice was

Ty e

melted by sn apolication of 5 pounds of flake calcium chloride per‘areae

A
i
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ﬁhen the ice was decomposed, the slush was removed from the test area; the
surface was flushed and allewed to rest one day before Eeginning the next
cyéle. |

Tegt area "B" reesived a different treatment. Water was applied to
the test area and allowed to freeze over night. The following morning
the ice was melted by distributing calcium chloride over the aresa &t the
rate of & pounds per area. When the ice was decomposed, the slush was
removed from the test area and the surface was flusghed. TFregh water was
app}ied to the test ares and the freezing and thawing cycle repeated.

On the bagis of the guantity of water reéulting from the melted ice in
each test ares, it was calculeted thet 5 pounds of flake calcium chloride
Woﬁld_be sufficient to produce approximately a 10 percent sclution.

Each test area was constructed 3 feet wide and 12 feet long. & dyke
was formed around the perimeter of this area of sufficlent height te con-
fine the water and caleium chloride solutiong. The test panels are il-
lusgtrated in Figure 51

At the end of each freezing and thawing cycle the amount of scale de-
veloped during theﬁcycle was determined by superimpoging over the test
area a steel mesh grid withkoéenings 12 inches equare. By means of the
grid the smount of scaled surface could be meagured quickly and accurate-
1y. |

During the first series of scallng studles ih 1940-1941, two test
panels were established for each factor studied. One test pznel was
subjected to test method "&" znd the other to test method "B". In the
second deason's studles condcubed in 1941-1942; {est method "B" was re-
peated only on the test areas pertaining to those certain factors under

comparative study where it seemed advisable to repeat the scaling observ-
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ations for two reasons: first, to verify or check the results of the first
ceason's observations; and second, to correlste the age factor with the
reéisténce of the concrete to scaling. Scaling tests were discontinmued
on those seclions under observstion which showed sebnormsel tendencies to-
werd gscdling during the first season's test, and on other sections which
were believed to be of insignificant value to the research program.

The most significant fact Brought‘oﬁt by the accelerated scaling
studies was that the air entraining meterials, Orvus and Vinsol resin,
produced & concreté which was highly registant to scale, This fact is
clearly shown by the data presented im Table II. Figure 3 contains il-
Justrations of the relative condition of the different pavement surfaces
after a definite number of freezing and thawing cyeles.

Freezing and Thawine of Field Specimens:

During construction of the durebility project representative semples
of concrete were molded into 3'xf"x18" beams for further examination in
conjumetion with the scaling studies. The beams were subse-uently sub-
jected to accelerated freezing and thawiné tests in water to determine
their relative reszstance to disintegration by freezing and thewing action.
The progressive deterioration of each specimen was measured by change in
vélue of Young's modulus found by the sonic cr dyramic method. The inform-
ation sought wag concerned primarily with the effect)of the air entraining
materisls on the durabiliiy characteristicé éf the conecrete, as compared
with standard construgtion, |

The freezing and thawing cycle consisted esgentially of a 24 hour
period in which the Speciﬁens were frozen in waler over night and thawed
thé pext day,‘ A ‘sonic reading was taken at the end of each five or ten

eycle period to observe and record the progress of disintegration .
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TABLE IT

COMPARATIVE RESULTS FROM SCALING STUDIES

Yonr - T 15401041 1041194

Material Cement, Cycle % Scale _ Cycle % géqle
:Drvus' ' 1 - 5 0 % 0R 0
orvus 2 Y 0 % 04 0
Vinsol Resin 1 52 0 * 93 0
Vinsol Resin -2 35 0 w04 0
Standard 1 55 61 41 100
Stendard 1 15 100 9 100
Standard 2 21 100 22 100
Standard 2 27 56 7 100

#1942 studies contimuation of studies on 1241 panels.




. The results from the freezing and thawing tests on the field gpeci-
mens &g presented ip Table 111 indicate quite definitely that the air -
entraining materials Orvus and Vinsol resin imparted to their respective
concretes the ability fo resist dlsintegration by freezing and thawing
action to a greater degree than that possessed by stardard concrete mix-
tures.

Freezing and Thawing of Core Snecimens:

A comparative durability study of core s&mplésrrepresaniiﬁg the various
conerete mixtures embodied in the durabllity project was made in conjunc-—
tion with the accelerated scaling studies and the laboratory freezing and
thawing tests on molded field specimens. In conducting the core study
three objectives were in mind: first, to gather additional data of value
in evalusting the factors undsr consideration in the durebility project;
second, to observe the relative durability between the tqp and bottom of
the pavement elebj; and third, to deterﬁine the ¢omparative merits of
freezing and thawing concrete in a esglcium chloride sclution as compared
to freezing and thawing in ﬁap water.,

The cores Wef; removed from the pavement sleb 4 months after complet-
ing pouring operations on the durability project, incidental to the De-
P§%tment‘s routine core check procedure for sscertaining the thickness of
the pavement slab. Because of the large number of test areas invelved in
the study only one core from each test section was selected to represent
the concrete in freezing snd thawing. Companion cores from the same test
areas were used to check pavement thickness and to determine tﬁe compres-
sive Strengih of the concrete. At the time of conducting the tests on the
core specimens the concrete had atiained gn age of 21 months P

- - FEach core used in the durability study was cul transversely into three
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, The results in Table IV are further proof indicative of the superior-

ity of concrete with entrained air to resist deterioration by freezing

aﬁd thawing action as compared with concrete without the entrained air.
Another significantvfact indicated by the date is that with but few

exceptlons, the concrete gegments representiﬁg the top of the pavement

were less durable than those representative of the bottom of the pavement.

Thie is true for either method of freezing and thawing. However, the var-

iation in durability of the top and bottom segments from the mixtures con-

taining Orvus or Vinsol resin wag conSi&erably less than in the case of

- gtandard concrete. |

In generel, the data aleo indicate that the relative durebility of

the various concrete mixtures was not affected by the method of test..

Only the rate of deterioratiom was changed.

Limestone Assresate Concrete with Alr Entreining Materis)

On. the basie of results obtained from the durability ctudies associsted
: 4 ;
with the Michigen Test Road it was decided to_égﬁeriment furtber with the />ﬁ

eir-entraining materials by using them in concrete made entirely from lime-
stone aggrégates;? Coﬁsequently, Project M 786-28, C2 located ou ¥-94 in the city
of Manistique, Schooicraft county was chosen for conducting the experiment
with limestone aggregates.
The purpose of this Work'was.an attempﬁ at improving the cobjection-
able characteristics of stone sand in conecrete, such ag bleeding, poor
A workability, éifficult finishing snd excessive scaling by the addition of
an air.entraining material with and without sdded fines.
The project was constructed with limeétone aggregates obtained from

the Inland Lime and Stone Company qﬁarries located at Manistique, Michigan.

Orvus, air-entraining materisl, was added in specified amounts approximate-

; - | 6=
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TABLE IIT

COMPARISON OF RESULTS FROM FREEZING AND THAWING STUDY

R . CCLES OF THERAING AND THAWING |
‘Age 5 lonths .. _hege 1 Year ;

Material Brand 8pec., 50% Red. 100% Red. 50% Red. 100% Red.

: Cement No. - in  Mod. in  Mod.. in Mod. in  lod.
Orvas 1 5 C 43 80 40 50 i
Orvus 2 4 a0 62 30 ' 100 J
 Vinsol Resin 1 2 45 80 . o |
' Vinsol Resin 2 4 47 75 25 80
 Standard 1 2 50 60 20 85

) Standard. 2 4 32 55 15 75

T~ 18 -
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\sectipns approximately‘Z inches thick representing the top, riddle and
bottom portion of the pavementl The top and bottom sections were further
divided into two equal segmenis. One segment from the tﬁp and bottom

of each core was reserved for freezing and ﬁhawing in a 10 percent solu-
tion of calcium chloride. The remaining segments from the same cores
were frozen and thawed in tap water for compariSOn.With the caleium
chloride treatment. Tﬁe middle section of emach core was retained for
absorption-and permeebility tests.

Freezing Thawing Testgs

In conducting the freezing and thawing tesis on the core segmenis,
the same freezing and thawing c¢ycle and equiﬁment, ag employed for the
sonic bean specimens and préviously described, were used. The specimeng
frozen and thawed in the 10 percend caleium chloride solution were kept
in the solution during the entire freezing and thawing cycle. The cal-
cium chloride solution was checked for concentration after easch five
cycleg and thoroughly agitated at the beginning of each freezing period.

At the end of each five or ten cycles of freezing and thawing, the
specimens were réﬁovad from the rubber containers, wiped off and visuzlly
examined. The specimens were examined@ in particular for indications of
scale develppment on their surfaces and fzilure of bond between mortar u
and aggregate. The visual inépection Was suppleménted by noting the
sound or ring given forth when the specimen was struck lightly with &

hammer. The test was comtinued to,the point where the specimen had

totally disintegrated as evidence by complete crumbling of mortar or when ><:
the concrete could be easily broken apert by light tapping with a hammer.

The eycles of freezing and thawing necegsary to obiain complste dis-

@W ‘ﬁg«) integration for each concrete segment have been summerized in Tsble IV.

15~



TABLE IV

. COMPARATIVE REBULTS FROM CORE STUDY

Material Bfand ' © 7 CYCLES FOR DISTNTEGRATION

of 10% Calcium Chloride fizter

Cerment Top Bottom _%_Var. Top Bottom % Var.
Orvue 1 140 éoé . B2 205 208 0
Orvus 2 55 170 -8 1.0 200 - 45
Vinsol Resin 1 145 136 - 22 175 170 + 3
Vinsol Resin 1 185 165 + 13 200 200 0
Vinsol Resin 2 130 185 - 21 205 200 + 03
Vinsol Resin 2 130 145 - 10 215 200 + B
Standard 1 - 45 85 .~ 31 120 135 -1l
Standard 1 35 78 ~ 85 120 185 - 8
Standerd 2 50 35 b 43 80 110 - 27
Stendard 2 45 70 - 38 70 85 - 48
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iy .05 per barrel of cement throughout the entire project. In the north
half of the pavement only, silica dust mas added in addition to "Orvus"
at the rate of 11.81 pounds per sack of cement.

It was observed that Orvus alone reduced considerably the hlesd-
ing so typical of stone sand projecte and slightly improvad the erka—
bility of the concrete over that of untfeated stone sand projects. With
the use of fines (Silica Dust)'infadditioﬁ‘to the Orvus; there seemed to
be & complete lack of bleeding and the worksbility of the mixture was
materiallj improved.

Bl

srpae indicate that the concrete in . bedth czses

Beam tesiz om

was up to specification requirements both for 7 days and 28 day periods.

The pictureé in Figure illustrate the charscter of the concrete
containing Silica Dust and Orvus.

Accélerated Scaling Studies

The tést panels for scaling study were 3 feet by 12 feet so con-
 structed to hold a iayer of water 1/4 inch deep over the surface of the
concrete. The téﬁ% procedure ccnsistzég;af freezing of water at night

and thawing during the day with an applicetion of 5 1bs. of calcium

chloride per test area. The test was conducted in the seme manner as

described under Michigan Test Road Studies.

Results of Tests

At the completion of sixty-six cycles of freezing and thawing conduct-

ed during the winter of 1941-1942, there was no indication of scaling either
in the section conbaining Orvus or the section containing both Orvus and

T? - 'Silica Dust. Recent visual observations reveal that no surface senling has

@il taken place during the 1ife of the project.
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PAVEMENT CONSTRUCTION WITE- ATR ENTRAINING MATERIALS

On the basis of the encouraging results obtained from the dursbility -
étudies assoclated with the test road and other projects, the Department
authorized in 1941 the construction of 6 concrete pavement projects con-
taining Orvus as the air entraiﬁing materiel. At that time Vinsol resin
portland cement was not readily available for pavement construction.

‘The B projects totaled approximately 18.5 in length.

From 1941 until the present time, there have been codstructed approxi-
mately 75 miles of concrete pavements cenfaining Orvus. During the summer
of 1943 gpecifications for Vinseol regin portland cement were officially
recognized by the American Society of Testing Meterials and by the Federal
cherﬁmeﬂt; Gonsequently'thé variocus cement manufacturers prepered them-
selver to furnish Vinsol resin cement for highway construction upon re-
quest. There are nogfunder construction approximately EO.miles of con-
crete pavements. These pavements are being constructed-ﬁith Vineol resin
cement .

With the advent of vinsol resin cement, the ?ractice of adding air

entraining materials at the mixer has entirely ceased in Michigen. Some
. . £ oA - vt L
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factors which have led to its=sbam
A

ﬁ{bf Gfﬁu;'airxentraining materisl ,;/X<i

45 as follpw?é | i

1. The Orvus material plus labor cost to handle it is an item of

| exbense to the contrattor, whereas Vinsol resin portlsnd c§ment
is furnished to the contractor at the same cost as standard
?ortland cement.

2. On account of the personnel influence in the methed of hand-

ling Orvus there was encountered some difficulty in obtaining

~ uniform mixtures.

iy L
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5. Recently it was noted that the Orvus material oppeared to vary
in quality from time to time which influenced to a certain ex-
tent the yield and eir céntent of the mixtwre.

4. In cold weather hot watef is necessary fo dissolve the Orvus
and keep it in a fluid state.

On the project; Orvus was disgolved in water to produce a solution
of known concentratiop_so that a ope_quart neasure of soluiiOﬁ.pe; batch
of materisles would conﬁain the proper amﬁunt of Orvus torProduce the re-
quired drop in weight.. The Orvus solution was added at the skip but in

some C&EeSs permissioh was grante& to add it at the batching planty

Concrete Mix Design with Alr Entraining Materisls

In designing the concrete mixture to contain an zir entraining mater-

ial the following procedure is generally followed. The proporiions for

a standard portlend cement mixture are determined under the Depsrtmentis
regular procedure using the mortar void method and employing a consistency
of 1 1/2 to 2 1/2" slump., Thé relative wafer content ls then reduced to
maiptein the same slump when é'Certain quantity of air entraining meterial
is uged. In tﬁe case of Orvus, .02 to .10 pounds per barrel of cement
has been found to work satisfactorily for Michigan's aggregates, while
for Vinsol resin cement we find that 0.15 + 20% poﬁnds per barrel of
cement is giving desired results. The drop in weight per cubic foot of
concrete is held between % and 6 pounds. The mix design is based on a
4 pouna drop per cubic foot. |

In the field, the proper air content in the mixture is determined
by checking the unit weight. Any aiscrepancy betwsen actual weight and

design welght per cubic foot is correct by adjusting the amoﬁht of Orvus
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added, or in some cases the Orvus content has remained fixed and the gquantity
of sand changed. In the case of Vinsol resin cement the only adjustment
ﬁossible will be in the quantity of send per batch.

Certain construction procedures zre clogely observed in order to
obtain maximum bemefit from the use of air entresining materials. In the
first place it is impértént*that the water content be controlled to very
narrew limits. The weter content of the mixture greatly influences the
amount of entrained air which cen be incorperated into the concrete.
Alsd the mixing time should not exceed the normal time of spproximately
1 minute. Prolonged mizing due to ppor cordination‘oﬁ\opération conditions
are avoided as muck as possible to préventigiélé;tr;;;;;nt. ,f><i

Since the use of air entraining admixl‘iures materially shortens the
 time interval between placing end finighing, the concrete mixer now be-
comes the controlling factor in production instead of the finisher, as in

Pl '\{
the case of plain concrete mixepsw— , 7

=20
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SRAARY

) The material presented in this report concerning air enmtrained
concrete in general and in particular the experienées of the Michigan
State Highway Department in the use of zir entraining materials as
assoclated with the Michigan Test Road and other pavement projects,
indicate the superior cualities of concrete contalning a certain
amount of entrained air over that of standard portland cement concrete.
Concrete containing entrained air within definite limits pessesses
remarkable resistance to‘surfdce gcaling, as wéll as unusual resistance
to disintegration due to freezing and thawiﬁg action.

Concrete with entrained air also possesses durirg the plastic

gtate, better workability than normsl concrete and prectically no

segregation or bleeding are experienced. However, ite finishing char-

achteristics are somewhal influenced by exireme fluctuations in alr tew—
perature and relative humidity. Also, there is a tendsney for the con-
crete to become sticky and thus cause troubie during straight edging and

floating operatibns, These difficulties mey be overcome to a certain ex-~

tent by proper manipulation of meterial gquanitities and finishing operations.

At the present time it is an inherent property of concrere with en—
trained air tc have lower comprességg%and flexural strengths than normal >xi
concrete. This reduction in strength, under properly controlled‘condim
tions, is not considdred a sefious facior in highway construction because
i : in general concrete wirengthe usually exceed design requivements., It is
believed that this condition will be minimized in the future by the proper
adjustment of present concrete desi%éémeﬁhods to include air-entraining

materials.

—21-
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An air entraining material ground into ithe portland cement at e
the mill is preferred oﬁer adding slr entraining meterials st the mixer
for se#eral reasons, the mogt important of which is that it eliminstes the
personal influence at the mixer resulting in a saving in qperation costs
and providing some assurance that the mixture may be more uniform in
cuality. 7-

Certain construction procedures must be closely obserﬁed in order
to obtain-maximum benefit from air entraining meterials espécially with
respect to water content and time of’mixing.

It is generally aekgowledged that the ﬁse of alr-<entraining materisls
in concrete pavement construction is a distinet step forward in the deve-
lopment of better highways for the future and indicates the successful
solution of just one of the many problems confronting the highway engineer
today. The Depariment, recognizing the advanbages to be gained by this
new‘develppment, now reguires that airientraining materials be used on
every new concrete pavement prdjecﬁ in Michigan constructed under its

jurisdiection.

22w
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