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MICHIGAN'S EXPERIENCEE IH THE USE OF AIR ENTRALNING MATERIALS TFOR
CONCRETE PAVEMENT CONSTRUCTION

Michigan's experience in the use of sir entraining materisls in concrate

pavements dates back to the construction of the Mlchigan Test Road during
the sumrer and foll of 1940. The Michigan Test Hoad was constructed in
cooperation with the Federal Works fAgency, Publie Works Administration on

M 115, between U3 10 and K €6 in Clare and Osceola countles. Two types

of zir entraiping materisla were included in the construction of thig test

road, These alr sntraining meterials have the ability to impart to & con-
crete mixture certain physical gualities which make the concrete highly
reaistant to scale. On the basis of the results obtained from the subse-
quent dursbility studies associatad with the test road, the Michigan State
Highway Department now requires that an air entraining materiel be used on

every concrote pavement project. This paper is cencerned primerily with

the studics and experiences which have led the Depsriument to zdopt such =
specification with the view of reducing scaling or progressive dislntegra-
tion to a minimum znd thereby incresse the etonomic 1life of concrete pove~

ments in Hichigan.

THE SCALE PROBLEM IN mICHIGLN

f One form of concrete deterlorstion prevelant in Hichigan iz surfsace
gealing and subseguent disintegration from the surfuce downward. In 1939
a survey of concrzte pavements on stete trunk line highweye in Michigan

revealed that approximately 6.5% of the total pavement surface hod sealed

in varying degrees as follows: B6.3%%1ight to mediun surface scole, and
0.2% heavy scale to progressive disintegrzstion. Typical exzmpleg of such
gealing types are illusirated in Figure I. Other stales in corrssponding

elimatic zones have experlenced similar scaling conditions. This condition




has become more apparent as the use of chemical salte has incressed for
the removal of ice from pavements, The unsightliness of scaled areas,
the necessary subsequent maintenance snd the added possitility of Ffurther
deterioration lg of ilmmedizate concern to the highway engineer.
Consequently in 1939, an investigation of gealing, to determine its
¢euses and methods of prevention, was incorporated into the resesrch pro-
gramn of the Michigan State Highway Department as & definite project under
the title of "Durability of Concrete". The investigation was dedicated to
the establishment of certain fundamental principles in concrete construc-
tion and to correlate certain laborstory studies with constructiecn wethods
in order to develop more durable concrete pavemente. To obtain this end,
the investigation wag divided inte two sepafate studies: firat, a labora—
tory study of concrete durcbility as relsted to scaling; end sscond, the
censtruction of & specisl pavemsnt for field observaticons which is widely
known asg bhe durability project of the Michigan Test Road,/(;mn(
N The laboratory durability study was necessery in order to svaluate the
various materials involved in the construction eof the durability preject,
and to détermine what effect these materials would heve upon the dssign and
physical characteristics of their respective concrete mixtures. Also the
Jdaboratory study wasg used ito supplement the field study. Only those phases
- of the laboratory study intimately essociated with the durability project

and the subject of this paper will be discussed.

FIELD STUDY -~ DURABILITY PROJECT -~ MICHIGAN TEST ROAD

The natursl appreoach to the scaling problen has been to find waye znd

means of improving the gquality of the conecrste. In this respect the problem
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resolves itgelf into several phases: firgt, the scguisition of certein
inowledge concerning the phenomenon of scaling; second, the ilmprovement -
of the quality of the concrete constituents; third, improvement of work-
menghip a8 related to the finirhed product; fourth, the improvement of
concrete by chenging its charecter; and £ifth, by the application of sur-
face trestments. AlL of these factors have been considercd lo some degree
in the scope of the resgearch progrem perteining to ths duesbility project,
“. The dursbllity project was constructed te furnizh s fleld laborstory
for the purpoge of observing, under service conditions, cortain important
fuctors relevant to current highwey construction Dr&cfice which might be
in some monner ossoclated with scullng, or which might, when properly con-
trolled, incrmgsn the resistonce of the concrete to scaling. The factors
receiving major congideration werc proportioning snd grading of apuregates
with definite recognition of ths materizl passing the 200 mesh; the rela-
tive offect of additives, including botb physical and choamicsl varieties;

the effect of notural cement blends snd cements produced vith grinding zids

g alr entraining materials; snd the relstionshlp of filnishing operations
and curing methods to scaling.

The dursbility project wus constructéd in conjunction with &« comple-
;nentary pavement project for the study of concrete puvement design. The
two research projects constitute thoe Michizsn Test Heed. L map giving the
generzl locstion of this project {in the Stetsz) is shown in Figure 2. The
durability project is 7.7 miles in length. The locztion is ideal from =
atendpoint of aversge weather conditions in Michignn snd the length is

sufficient to reduce the vardables of construction to & minlwm for sach

factor invsstigated. The project was constructed under regular contract
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aﬁd construotién procedure using the Michigen State Highway Depsriment's
1940 plane and specificatioh; with necessary supplenentuals.

The cements used on the durability project inciuded two brunds of
reguler portland cement ag normelly used in the congtruction of concrete
pavenente in Michigan. Admixtures included the use of certain propristary
méterians known &g Plastiment, Pozzolith, Orvus snd Vingol reein. Natu~

2] cement, ground with end without the uge of celelum stearute ¢es also

included ze & blend with stondard portILnu gemaht,  Mineral fillers ond

natural fines were added in certein instshces to increase the density end
workability of the mix ond ag & possible Tfector in the reduction of scal-

ing. Mix deplgns included the reguler proportioning zg deterwined by the

matericl specificotions end the mortar veld deecign mothod of the dMichigan
State Highwey Deportuent. Short test sections 120 £, in ls sngth were in-

ciuded to determine the relation of scaling to methods of curing.
The resesrch information secured frowm the durability project may be
divided into four groups: Ffirst, informetion obtainad during construetion

»

second, observations under service; third, special {ield zocelercied scal-

ing studies; and fourth, luboratory durability studies on field specimens,

Congtructicn Obgervations and Data: The inforsation procursd during this
perind consisted of the following items:
1. folil surveys including soil density snd molsture content.

2. Meteorological observuabions.

A, Daily progress report including construction irregularities.

4, Wolsture content and temperatures of concrete on epecial sections.
5. Characteristics of concrete during placing.
£

8, blechanical anslysis of eoncrete to deteraine relative gegregation.

7. Special observations relative to finel finishing wethods sad curing.
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Observations in Servics: The relative value of the various fuctors uay

he predicted to a certain extent by laboratory tests and observaiions
during construction, but ths ultimate conclusicns uust be deternined by
obzervations mede under actual service conditions. Thersfors, it was
planned to meke periodic visual sxsminzticnes, together with mesgurement
of physicel conditions, for an indefinite period of time. Thege obsger-
vations will include a continustion of the measurement of moistubs coh-

tent, and tempercture of slab, but Tor the most purt they will be concen-

tratad upen the comparative extent of surface scaling due to the setion

of traffic and climatic conditions.

Accelerated Scalling Study: For & period of 5 Lo 5 years it was plennasd

7

to study or abserve certain sections of the durability projeect under the
acticn of ice and selte 1n an cccelerated menner. These geoling studies

have been completed, ai least for the present.

Laboratory Durability Studies: The leboratory program included a micro-
scople study of scale and its constituente, zs well as freesing and thaw-

ing of field gpecimens representing the same concrete mixtures and factors

m

asesociatad with the sealing stodiss, apd in addition, slellar freszing and
thawing tests on pavesent cores removed from the =ame test areas.
The complete descriptlion of the Michigen Test Hoad ss well eg cortain
&

- .

findings derived from it heve been published, (1) (2) (3), it is believed

(1) Michigan Test Roud Bulletin, Michizan State Highway Department,
July 1942.

(2} Investigatlonal Concrcte Pavement in Michigen, by J.#. Fushing,
Proceedings of Highway Resgeszrch Board, Vol. 20, 1940.

(3) Gensrasl Obgervationg on Concrete Secling by J.W. Kushing, Hoads
and Streets, December 1941,

-5 -



degirable to confine our attention to only those matters dirsctly na-

sociated with air entraining materials,

THE _EFFECT OF EHTRAINED AIR ON PHYSICAL PROPERTIES OF CONCRETE

1

Among the many different air entraining materials avallable for use
sre included fatty acids, wetting agents, oils snd resing. The two air
entraining materials which were gelected for study on the durzbility
project are = wetting agent called Orvus and a grinding zid of the re-
sinous type commonly known as Vingol resin.

Orvus is a wetting agent m&nuféctured by the Proctor and Gamble Sonp
Company for industrial use and it may be procured either in the paste or
powder form. it is & sulphated fotty alcohol containing sodium lauryl
sulfate as the active ingredient. Sufficient Orvus was addsd to the mix
te producs & drop in welght of 4 to 6 pounds per cubic foot of coancrste
of the ssne consistency and cement content withoubl the sddition of Oprvus.
The approximcete guantity of Orvus o give thig dealred drop in weight will
be between 0.02 ond 0.10 pounds per barrel of cement., This reguiremsnt
will vary to some axtont in accordance wilth the materlals used on any gl-
ven project. It was found that, for the particulsr muterisals used on the
durability project, 0.08 pounds of Orvus per barrel of cemsnt
duction in weight of approximately & pounde per cubic foot. The Orvug
paste wee dissclved in warm woler to form a solution of known concentra-
tion. The regquired asmount of the solutien per batch of concrete wos addad
to the dry materiels alb the skip.

Vingol resin is a hard, high melting, derk colored resincus material

manufactured by the Hercules Powder Company. It is cvailsble ws & finely



ground non-celing powder or in lamellar flokec. Chemicelly Vineol raegin
is an impure abletic acid in powder forn. VWhen the zeid comes in contact

1

with portland cement and water it forms = calcium sdlt of sbletic scid

o, s
LEVOrS he

which has the characteristic propertles of soup, and as such,
entroeinment of air during the mixing of the cencrete. Unlike Orvus, Vin-
sol regin must be added by nhﬁ cenent m@ﬁufactu¥er before or during the
elinker—grinding operation in order to achieve the proper results. On the
durzbility project twe cement menufactursrs futnished Vinsol resin portland

cement milled from the same clinker respectively os wes used in manufac--

turing standard portland cemsnt for the durability phojeout. he Vinsol

-

regin cenment wes manufoctured under specifications furniched by the Port-

.

land Cement Aggociution se followe: ~ "The cement shall be ground with

U.15 pounds (+ 20 percent) of pulverized Vinsel resin per barrsl uhich

X

should be wniformly added to the clinker at tiuwe of grinding.

m
L

The speci-
Fle purface of the cement cg deterwined in sccordonce with ALS.T.d. € 116-
38T shall not be less than 1750 nor more then 2100 squere cenblumehers per

23

gram", Meseuvrements of op in welght in the field showed that thie ape-
cification save the proper welghl drop of approzimaiely § pounds per cubic

foot for the materisals used on the project.

Physical Chorscteristics of Plastic Concrele:

The concrete mixturez resulting from the use of either of the two zir

entraining materiols (Orvugs and Vinsol resin) were very sgimilar in their

vhyseical cheracteristice during the plagtic state. The workshility of the
concrete with entrained sair wes decidedly better then that of norwnl port-
land cement concrete. Practlcally no ssgreguiion or bleeding was exper-

=

ienced. Streight edging and loating of the pluestic concrste containing
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entrained air was slightly wmore difficult then the standord portlsnd
cement concrete bscause Lt has an inherent charscteristic of beéoming
omewhat sticky. The conecrete mixture with entrained air haig the ap-
pearance of being fotty or over ssnded. I wos alee noted that its
finishihg characteristice wera lnflucnccn somewhet by extrems fluctua-

tions in bewperature cnd relative bhuridd ity at time of pouring.

Strength Chayscteristice of Ased Cohtrete:

During the congtruction of the durebility projesct 6"xIM couprassion
cylindars and 8"x8"xf4" beom specimens were prepared for subsequent

strength tests iu order to determine the effect of the various adaixtures

on the strength che

racberistics of the concrete. Average rogults from
these teste are ghown in Table T. The strength values are aleo conpared
on 4 percent hagils with those of the conecrete mede with stenderd portland
cenent No. 1. This particular brand of cement wep used oo o reference
throughout the project.

The data in Table I show a decided drop in sbrength charucteristic
‘of the concrete contoining sir entraining meberials, ag compared bo
normal portland cement concrets. The Vinscl resin comagt on AN SVersge
gave better strength characteristics than the Orvup materisl. Tet with
but one exception the flexursl strsngth of ths concrete contiining Orvus
or Vingel resin wes balow gpecificatlon reguirements by & considersble

i

amount., Thig narked differeunce in strongth values may ke attributed to

the high #ir conbent reguired in the concrete and to the ingbility of
the engineer to consistently contrsl within defindlte limits such factors

g woter content, uniforn gradation end workmonehlp throughsubt the con-

gtruction of the project.
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TARLE I

SUMMARY GF CONCRETE STRENGTH DAT!
COMPRESSTON STHRFENGTH FLEAURLL STRES GTH%¢

_ BFxIZY Cylinders Corses &7 Beams 8Yx3Vx24"

Mzteriel Cement ¥ Days 23 Dave 20 Months 7 Day 25 Days
p.s.i. % Var.® p.s.i. % Var.®  p.e.i. % Vaps® Mod.of Rup., % Var.®  lnd.of Rup. % Var.s
. DeSade D.S.4.
Crvus 1 2608 74 B2 1 35H2 74 389 g2 562 30
Orvuas 2 2324 85 857 84 820 7 425 75 802 85
Vinsol Resin 1 2845 50 3367 84 4010 75 508 83 - 529 75
Vinsol Hesin 2 ZE80 101 3391 87 5420 . 151 58 102 771 110
Standard 1 Z54E 100, 4537 100 5275 100 587 100 702 160
Standard 2 2337 30 4587 180 62300 123 B4g a8 859 G4
Specification 2530 550 850
Strength
i Percent Variations Based on Standard Cement Ne. 1
#% By Three Point Loading Method £.8.T.M. Desigrnaticn € 78-3%



In order to further evaluste the merits of the alr entroining ma-
terialg incorporated in the test road and to judgs the relative per-
formenice of the resultanit concrete in sgervice, certain durabiliity studies
were mede, including sccelersted sealing tegts on the glab surfece and
the freesing and thawing of field specimens as well o2 core segmentes.

1

Aceelerated Scaling ftudies

a9

The aceslersted sealing studies congisted of expoﬁiﬂg test penols

i

of the pavement surface on the durability project to the scetion of ice
gnd coleiun cliloride under controlled conditions
The {irst and gecond of the serice of scaling studies wore completed
during the winter months of 1040-1941 and 1941-1942 reapectively.
Originally two test methods were smployed to ascertsin the resistance

of concrete pavement mixturce to caleiuwm chloride atiuck. The methods

have been designoted as methods VAW and "BY, Method V4" was discontinusd

2]

after the first year's study because it wes found that me tﬂDC BN gnve

G

more zecelerated results snd was better adepled to control procedure., In
test method "A" a 10 percent solution of eslclum chloride o»f 174 iuch
minimun depth woe applied and zllowed Lo remcin in place § daya. At the

end of this period the solution was removed, the panel flushed, ond wster

applied to

)
4

depth of 174 inch. After the water hnd frozsn, the ice wup
melted by an cpplicstion of & pounds of flake calcium chloride per arsa.
When the ice wag decomposed, the slush wag removed from the Teot aren, the
surface was flushed and ollowed to rest eome dey belors baginning the nexd
cycla.

Tast srea "B" recelved & Jifferent {reatment. Water was applied to

the tegh ares znd allowed to freeze over night., The followlng uorning

- 10 -




the lce was

rate of 5 pounds

removed from the test ars
applied to the fest aren

On the bagis of the quantity of

each test area,; 1t was

would be sufficient to

Each test orea wae

wag formed cround the perimeter of this ares of

ey

fine the

Iastrated in Flgure 3.

At the end of eszch fraezing and thawing

valopad during the cyecle wa
with
grid the aix
1y .

Puring the £

panales vere cateblisghed for ec

subiected to test ns

k,

second seasgon's sbudic
vaated only on the test

comnporative etudy whers

the resistence

ued on bthose sectiocns under

melted by distributing

JE
£ 4nda

produce approximately s 10 porecent

congtructed

waber and cslelum chloride seolutlons.

surfeace could be measured guilcl

hod WAN
o8 CDﬂ‘UCth in 1841-1942, test method "B" we

=g perteining to those

reasong: fir
observations; and second,

of the concrete to scaling.

i calcium chiloride over the crea at the
When the ice wus Jecoumposed, the glush was

the surfoce was flushed, Fresh water wus

and the freezing end thawing cycle repeated.

watér resulting from the melted ice in

caleulated thet 5 pounds of flske calcium chloride

solution.

5 feet wide and 12 feet iong. A dyke

sufficlent height Lo con-

The teoat panels are 11-

cycls the amount seale de-

determined Ly superimposing over the test

oprnings L2 inches squure. By means of the

<1y =nd accurate-

af scaling studics in 1940-1941, two test

h factor ehtudied, One test ponel was

and the other to test method ®BY., In the

£ e~

cortain factors under

soened advisable to repest the scaling observ-

st, to verify or check the resulfs of the

to correlate the age foctor with
Sesling tests were dlscontin-

obgervatlion which showed sbhnormsl tendencics



toward scaling Zuring the first season's teste, ond on other sactions

which were bellev 4 to be of ineignificunt value to the resesrch pro-

The most significant fact brOufnt out by the dceelerated gscaling

studies wes that the ailr entralning meterials, Orvus and Vinsol resin,

produced o concrete which v

clearly shown by the data presented in Table II.

=)

highly resistant to scole. This fact is

Figure 3 conteing il

lustrations of the relative condition of the differsant pavement zurfsces

after o definite number of freezing and thawing cveles.
g H o

Freezing end Thawing of Field Specipens:

During construction of the durability project representative sauples

of
conjunction with the scaling stud

jec

conerete were nolded into BB 15" heoms for furt

fa2a. The besns were

tad to accelerated freezing snd thawing tests ta 1

her examiaation in

subgaguently sub-

ctersine bthelr rele-—

tive resistance to Adlsintegration by freezing and thauing action. The

£

of Young's modulus found by

sought wa

1

progregsive deterioration of esch specimen wos messur

concerned primarily with the effect of ths

ed by chinge in value

bhe sonic or dynamic method. The informetion

2ir entrsining mm-

teriels on the durebility charscheristice of the concrete, g compared with

standard construction.

Method of Fxposure te Freezming and Thawing: The spec

ilmens were placed in

specially designed rubber contoiners having & wall thickness of 5/18 inches.

Suf
depth of 1/4 inch. 'The ratis of water in the contein

concrete by welght was approximately 0.11.

ficlent water was

added to the containers to cover

the spscimens to &

or to the anount of

The number of contsainers in

sny one freezing comparbment and the quintity of liguld in the freezing



TABLE II

COMPARATIVE RESULTS FROM SCALING STUDIES

Year T540-1541 —igdTen
Materi&l_ Cemen?_ :Gyc}e. % Scale‘ .: ycle % Sca;e
Orvus 1 33 0 # 93 | 9]
Orvus 2 ai 0 W 04 0
Vinsol Ragin 1 53 0 * 33 | 0
Vinsol Resin 2 5% 0 * 94 0
Standerd 1 33 81 41 100
- Standard 1 13 ) 100 9 100
Standard 2 21 100 32 100
Standsrd 2 27 58 7 1380

* 1942 studies continuation of studies on 1941 penels.

~
o



bath were adjusted mo that, when the cowmparitasnt Wes fully charged, the
level of the freesing liguid was approximetely equal to that of the water
in the containers.

Thé freszing iiquid wa.s glyderin diluted with water. The rubher con-
tainers were placed in ithe freeging compartment in such & manner that «ll
sides of the containers were in contzel with the freezing liguid and that
circulation of the liquid would not be impeded. 4 charge in esch of two
freezing comportumente consisted of approximately 18 besms. Such a cherge
constituted sbout 75% of Full load cepacity of the freezing unit. The
specimeng in the refrigerator unit are illustrated in Figuré 4.

The freezing unit wes uwsuslly chargsd during the afternson of one day,
allowing the specinensg io freeze over night, and then removed the next
norning for the thawing period. This procedure constituted & freczing
snd thawing Cyble of 24 hours curation.

At the beginuing of the freesing cycle, the bteaperature of the freecz-—
ing Liguid was -20° #2°F rising to & maximum tempercture of + Z0°F under
full load, The temperaiurs upon rewoval of the specimens weg aporoximate-
1y -LlooF.

it the end of the freezing period, the containers with the frozen spe-
cimens were rewoved from the refrigsrator and placed in & water bath ot a
temperature of 20°F to 100°F until the ice around the speciiens was con-
pletely melted., The water wae then drained from the contziners, the spe-
cimeng turned end for end in the cont&iners; and fresh tep water ut o
terperature of spproximately 80°F added to the containers to proper level
after ahich the specimeng were allowsd to resch equilibrium in «ir ot a
room bemperature of approximately 75°F.  The total time requlred for com-

plete thawing was epproxlmately 6 hours.

_— A=



The results from the freezing snd thawing tesis on the field specl-
rens as presented in Table [¥] indicete guite definitely thet the cir
entroining meterizls Orvus and Vinsgol resin imparted to their respective
concretes the ability to reslst dislufegration by freezing snd thowing
setion to & greater degree than that possegsed by standerd concreve wix-

tures,

Freezing and Thewing of Core Specimeng:

A comparative durability study of core samples representing the various
conerele mixtures smbodied in the durability project was nade in conjunc—
tion with the sccelerated scaling studies and the lsborctory freezing and
thawing tests on molded field specimens. In conducting the core study
three objectives were in mind: first, to gather additiconsl date of value
in evoelueting the fuctors under consideration in the durability project;
agcond, to obgerve the relative durability betweon the Lop and bottom of
the pavement slab; and third, to determine the comparative‘merits of
freesing and thswing concrete in & calcium chloride solution as compzred
to freezing and thawing in tap water.

The corss were rceioved from the povement sisb 4 months after complet-

ing pouring operations on the dursbility projoct, incidental to the De-

partment's routine core check procedure for ascertaining the thickness of
the povement slab. Becauge of the large number of test arecs involved in
the study only one core from each test section was selected to represent

~the concrete in freesing and thawing. Companion cores from the ssme test

arsas were used to check pavement thickness and to deteradins the compres-
alve strength of the concrete. At the time of conducting the tests on the

. A o
core spocimeng the conerete had sitzined an age of Z1 months.

- 15 .




TABLE III

COMPARISON OF RESULTS FROM FREEZING AND THAWING STUDY

" CYCLES OF FRERZING AND THASING

Age 5 Monthe Age 1 Year .

Matsrial - Brand Spec. 50% Red.  100% Red. 50% Hed.  100% Red.

Cement ‘ Fo, in  MHed, in  Mod. in Hod, in  fied,
Orvus 1 3 45 80 40 90
Orvus 2 4 30 62 30 100
Vinsol Resin 1 2 45 780 —_— —_—
_ Vinsél Rasin 2 4 47 75 25 80
Standard 1 2 30 60 20 85
Standard 2 4 32 55 - 1b 75
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Each core uged in the durability study was cut fransversely inteo
three sections approximately 2 inches thick representing the top, middle
and bottom portion of the pavement. The top and bottom sections were
further divided into two equal segments. OCne segment from the top and
bottom of each core was reserved for freezing and thawing in a 10 per-
cent solution of calcium chloerids, The'remaining segments from the same
cores were frozen and thawed in tap water fof cbmparison with the calcium
ehloride trewtment. The middle section of each core was retuined for

absorption and permeability tests.

Preezing and Thawing Tests: In conducting the freezing and thawing tests
on the core segments, the same freezing and thawing cycle and equipment,
se employed for the sonic beem sgpecimens and previousily described, were
uged. The gpecimens frozen and thawed in the 10 percent caleium chloride
solubtion were kept in the solution during the entire freezing and thawing
cycle. The calcium chleoride solution wag checked for concentration after
gach five cycles and thoroughly agitated at the beginning of each freezing
perind.

At the end of each five or ten cycles of freezing and thawing, the spe-
cimens were removed from the rubber containers, wiped off snd visuclly ex-
amined. The specimens were examined in particular for indications of scale
development on their surfaces and failure of hond between mortsr and aggre-
gate., The visual inspection was supplemented by noting the gound or ring
given forth when the specimen wap struck lightly with a haemmer. The test
was conbinued to the point where the speéimen had totally disiniegrated as
evidenced by complete crumbling of mortar or when the conerete could be

easily broken apart by light tapping with a hammer.

~ 17 -



The cycles of freezihg and thaﬁing necessary to obtain complete dis—
integration for each concrste segmeﬁf have been sumsarized in Table IV,

The results in Table IV are further proof indicative of the superior-
ity of concrete with entrained air fo resist deterioration by freezing
and thawing actlon as compared with conérete without the entrained alr.

dnother sighificant fact indicated by the data is that with but few
exceptions, the concrets segmgnts_representing the top of the pavement
were less durable than those representative of the bottom of the pavement.
This ig true for either methed of freezing end thowing., However, the var-
istion in durability of the top and bottom segments from the mixtures con-
teining Orvus or Vingol resin was considerably lsss than in the casec of
stenderd concrete.

In genersl, the data also indicate that the reletive durability of
the varioug concrete mixtures was not affectéd by ths method of tast.

Only the rete of deterioration wes changed,

CONSTRUCTION PROCEDURE WITH AIR ENTRAINING MATERILALS

On the basis of the encouraging results obtained from the durability
studies associated with the test road, the Department authorized in 1941
the construction of § concrete pavement projects containing Orvus as the
air entrsining materdal., At thati $ime Vinsol resin portland cement was
not resdily available for pavement construetion. The 6 projects totsled
approximately 18.5 milez in length.

The first of the gix projects constructed in 1941 was of &an experi-
nental naturs lnvolving the use of Urvus with limestone aggregsates, both

fine asnd coarse. In the peet §ichigen had experlenced considersble scaling
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TABLE IV

COMPARATIVE RESULTS FROM CORE STUDY

Haterial Brend CYCLEE FOR DLSINTEGRATLOW
of 10% Calcium Chloride Water

Cement Top Bottom % Var. Top Bottom % Var,
Orvus 1 140 208 - 52 205 205 0
Orvus 2 55 130 - E8 110 200 ~ 45
Vinsol Resin 1 145 186 - 22 175 170 + 3
Vinsol Resin 1 185 1865 + 13 - 200 200 0
Vinsol Resin 2 130 165 ~ 21 205 00 +
Vingol Resin 2 120 145 - 10 215 200 + 03
Standard 1 Y B85 - %l 120 135 - 11
Standard 1 B .78 - b5 120 195 | - 38
Standerd 2 50 35 + 43 80 110 - 27
Standard 2 45 70 . ~ 56 70 1%5 - 48
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from these materials; fhe Orvus admixture seemed to reduce the harshness
of the concrete mixture, improved its workability, eliminated bleeding;
snd no scallfag was obtalned from sﬁbsequent accelerated scaling tests
similar to those conducted on the test road.

?rom 1941 umtil the‘yrGSent tine, there have been constructed apnroxi-
mately 75 miles of concrete pavements containing Orvus. During the swmmer
of 1943 Specificafions for Viﬁsoi,resin portland cement were officiazlly
recognlzed by the American Soclety of Testing Materials end by the Federal
Government. Consequently the vafious cement merufnoturers prepared them~
selves to furnish Vingol resin cement for highway construction upon requeat.
There are now under construction approximately 20 miles of such pavements.
Some of the reasons for the preference of Vinsol resin portland cement ares

1. The Orvug material plus labor cost to handle it is an item of ex-

pense te the contractor, whereas Vinsol resin portland cement is
furnlshed to the contractor at the same cost ag standerd portland
cement. |

2. On account of the personnel influence in the method of bandling

Orvug there wag encounbered some difficulty in obtaining uniform

mixtures.

o3
P

Recently it was noted that the Orvus materizl appesrsd to vary in

quality from time to time which influenced to a certain extent the

vield and air content of the mixture.

4, In cold weather hot water is necessary to dissclve the Orvus and
keep it in a fluid state.

On the'project, Orvus was dissolved in water to produce a sclution of

known concentration so that a one quart messure of solubtion per bateh of
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materials would Contain the proper ameunt of Orvug to produce the required
drop in welght. The Orvus solution wes added at the skip but in some cases
permlesion was granted to add it at the batching plant.

Concrete Mix Desien with Alr Fntroining Msaiterisls:

In designing the concrete aixture to contaln an sir entraining moterisl
the fellowing procedure is generally followed. The propertiocns for o ston-
dard portland cement mixture sre determined under the Departument's rsgular
procedure using the mortar void method and employing & comsistency of 1 1.2

to 2 1/2% slump. The relative water content is then reduced to meintain

A

the game slump when 2 certain quantity of air entrsining mutericl ls used.

o

®

In tho case of Orvus, .02 to .10 pounds per barrel of cement has been found
to work sctipfactorily for Michigan's sggrepsies, while for Vinescl resin
cement we find that 0.15 1 20% pounde per barrel of cement ie giving degired
resulte, The drop in welght per cubic foot of concrete ie held between 3
end 6 pounds.

In the field, the proper air content in the mixture is determined by
checking the yield. Any discreponcy betwean acctual weight and design
weight per cubic fool is corrected by adjusting the amount of Orvus added,
or in some cases the Orvus content has reméined fixed and the quantity of
send chenged. In the case of Vinsol resin cement the only adjustment pos-
sible will be in the guentity of sand per batch.

Certain construction procadurss must be closely obzerved in order to
obtain meximmm benefit from the use of air entreining matericls. In the
first place it is im@ortant that the woter conteni be controlled to very
narrow limits. The weter content of the mixturs greatly influences the

gmount of entreined sir which can be incorporated into the concrete. Alse
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the mixing timelshould not .exceed the normal time of approximately 1 minute.
Prolonged mixing mey cause excessgive air entraloment.

The use of Vinsol resin cement requires specisal attentipnlas to ids
hondling at the batching pléni, especially so when furnished in bulk form.
Because it flows more freely thon standard portland cement there can be
conplderable loss in hendling at the plant or during the transportuation of
materials in the bzbch trucks. It has been found desireble to pluce the
cement: between layers of aggregates in‘the boateh truck to prevent such
losses., When it is necesaary to add éalciuﬁ chloride to the concrete con-
taining Orvus during periods of low temperctures the setbing properties
~of the concrete, as influenced by the presence of the calcium chloride,
are not materially changsed provided the amounts of water and Orvus sre
naintainsd at their proper values.

Siﬁce the use of air entralning admixtures muaberislly shortens the dlme
interval between placing and finishing, the concrete mixer now becomes the
controlling fuctor in pfoduction ingtead of thg finieher, ag in the case

of plain concrete mixers,

[l
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The data discussed in this report concerning the experiences of the
Department in the use of alr entraining meterials ss sssocizted with the
Michigan Test Road and the laboratory stwlies on conerets durability in-
dicate the superior qualities of concrete contalning = certain smount of
entrainad air over that of standsard portland cewent concrete. Ooncrete
conteining entroined air within definite limite possegses remarksble pe-
slstance 1o surface scaling, as well zs unupucl registanee to dicintegra-
tion due to freezing and thowing action.

Conerete with entrained air also possesses duriug the plastle state,
better workebility than normal concrete and prectlcslly no segpregation
or blesding sve experienced. However, its finishing chorvecterictics wre
gomewvhat influenced by cxtreme fluctustions in alr temperciure aﬁd rela-
tive humidity. Algo, theres 1s a tondency for the conerate to becoue sticky
and thus couse trouble during straight edging and flssting operstions.
These difficulties may be overcoue 1o & certain extent by proper monipula-
tion of material quantities and finishitg operations.

At the vpresent time it is an inherent property of concrete with en-
trained alr Lo have lower compresgion and flexural strengihs thorn norwal
concrete., This reduction in strength, under properly controslled condi-

-

ticns, is not considered & serious fuctor in hdghway constructisn beciuse

in generszl concrets strengthe uswally execeed design reguirements, Lt is
believed that this condition will be minimized in the future by the proper
sdjustnent of present concrete design methods to include air entraining

materizle,



An slr entraining woterial ground into the portland cement of the mill
is preferrad over adding oir entrelning meterials at the wmixer for seversl
ressons, the wost important of which is that it slininetes the personal
influence at the mixer resulting In 2 saving in speration costes and pro-
viding gome assurance that the nixture may be more uniform in quality.

Certein construction procedures must be closely ohserved in order o

obtain moximun benefit from air entraining materials especially with res-
pect to water content and tims of mixing.

it is geﬁarally acknowledged that the uge of alr entroining wuterisls
in concrete puvement comstruction ils a distinet step forwerd in the deve-
iepment of better highwaye for the fubure and indicates the successful
solution of jﬁst one of the many problens Conffanting the highwry engineer
tnday. The Department, recogunizing the advantages o be gsined by this
new development, now requires that air entraining materials be ueed on
gvery new concrete pavement prcject in Michizon constructed under its juris-

diction.
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