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One of the most recent problems encountered

in concrete work has been surface scaling. During

the last few years much research has been done

toward solving this problem, and a solution has

been found in the form of entrained air in concrete.

Recent results from numerous tests made during the

past few years have shown that entrainment of air

will enable the concrete to resist scaling without

endangering its other characteristics to any great

degree.

The Michigan State Highway Department has

been and is doing much reSenrch in this subject

of air entrainment, and their laboratory equipment

and reference library were made evnileble for my

use. Since the study of air-entrainment in con-

crete is a very broad one, my studies were confined

to one air entreining agent, Vinsol resin, which

.3 the most widely used agent at uresent.

A library study of Vinsol resin itself was

first mede, end then the pronerties of Vinsol

resin cement concrete (i. e., workability, strength,

bond, mixing time, end pronortioning) were inves-

tigated by using library references and literature

furnished by the Michigan State Highway DepartMent.
J



The next and nrimnry objective W1_s to develop a simple,

accurate, and precticolr.rfltod of utter”1n1r the air con—

tent of concrete. Although eir-entreining meteriuls are

‘t .L-

used by the Michigan btete Highway136n1rtnent in road con-

struction, there had been 1o sinnle and accurate field

method yet develoned for determinine the per cent of air

entrnined in the concrete, this per ce1t being required

to be within a specified range. The nrocess used by theJ.

‘l I l-

licnigm. State E1'1vov Depertnent at the preo;nt time to

check the er1ount of air in concrete has been to find the

unit weight of tee f1e 11v ni_xed conc1cte treated with

11r—entrcinjr” m1terinls and compdre ft with the unit

veieht found in the lnborntory using

method f froo1o10n115. A loss i1 veirht nor cubic foot

of about five pounds thrn usinp sir-en.reinin; materials

was 00:31dored sotis1nctory, and corrections for the loss

in Weight were undo by adding or subtractinfi send from the

mix. However, the result; jound in ,ho lnborutory usin“

1 a .1 q o J. l

the uo1tnr--voims metncu e1d not tnke into account a small

percentage of voids which were present due to the use 01

Vinsel rCS1n cement in the lbor1toory de‘trnindtionS, end

4.1, 4.1.-. :. .-,.' 1.1. -1 . 1,- .- _ 1-1 ,... .z -- v

tvds owe etUil loss in «lehb m'y edsilv nuve vxrled iron

1,. 4.1., .. ‘4. ' .i ' . v ,. .1. _,v-. .v_-,\ _' r. 9 t. 1 .' 1-11 11 '1 ,... -.«.

'tuer citriceoixr l lx1ss. trnnlt/1 o1 1l1is 1fltclr1-1et,:1d tiite

— \ , -~.-,v- - fi ‘ r- V. P —. —: ‘ r ' -' — :‘ J- ,— v v ~ :1 -—. a q . .. a - ~ ~ 3 , ~

(‘J'Zthjl (,5 C3 = ’ .'_.[k C' tz‘t‘t u D «1’01, f I- 1-- f - L f .C 1Q "t mi“?

1 1 .' - 4.. . 1 ° A 1.1. -1..- .- -. ,. -, , .4- -. J. .9 . - _ -7.

to -miocruiifie ru1o n.11. 717'(1,LUC141 ln_t1n:c1etn1 Lfbkfl? e F (brow;

I'V " nI _' w- 'T _. 4-! o 1 _‘ _ ‘ .‘ '1' ,‘ . ,fi .1,

a,411,£-11 01 one $Wfib;M3Ct 111d.t1et31 JpKIO. 1testtlts <11 iuis

librc1y and laboratory studies are conteined on the follOK-
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The Law York state ILQL.1y Division bLilt thirteen

experincntal sections of concrete hicthy in l”59 in in

rffcm1 to find an anSW1r to tle surface scaling problcm.

Tests both insiic and cu side the lHbcrttcry acre results

in'Vh:1ch concrete na£c H:
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to scaling than concrete in which was nSed either portlond

cesle*rt (31' oiflzer“ n rtru11. cc11c1rts :?l(HlO. l:

to the conclusion that the presence of 3“”11 fixounts of

grease or tut nus the cauSs Ff tho resistance of the r€;:ic -

tance of the concrete to freezing and that"

In stuclMs made dannQ the Vinter of lGSV—SG at the

research lfibOWLtory of the Univar.zzl Atlas Concnt Conjoiy,

the 1::tlsrdnUnisl cement blend Was afoin iiouldv to resist

mlrfsce scaling when used in concrete GEM snothcr ccnert in

which a SHill amount of fish-oil stesrste made from cod 0

give cvcn bettcr re:nlts.

all over the country.l
—J
o- ‘. J— .--.V-' ~r ‘,~‘-.A 4 A—

11 tile lT‘S I) f b‘». (;,-.'_l’8 , SCRfLC

have carried out comnrehensivc studies to find solLt Lons

W

to the scaling problem. These amencics include Eedersl

depdrtments, State hiphvny departments, cities, portl::nd

cc1ent monufncturers, and thc technicsl and research deport-

ncnts of the lortlsnd Cement A:.wocistion.

Lir-entrainingg flfj'iill'S truicn were crl are used in tests

are fish-oil steardte, beef tellow, orvu: and other Wetting

agents, and from a commercial pioduct lrncd Vinsol resin.

V:Ln.ol resin has been found to give as good results if not

better than the other agents and has the added adentege

that it is incorporated into the cement durinfi the manu—

facturing process and consequently does not have to be added

to the mix in the field.

r~entrdinnent will be}
.
J
I

The remainder of this stuoy of a

5
.
0

made considering Vinsol rosin as th rir ent::miningagent.



Vinsol resin is a product extrected from pine wood

and is believed to exis as such in Wood at the time

ex raction. It was developed by the Hercules yonder

pany Which has assigned it to the public. It may be

as the petroleum-hydrocarbon insoluble fraction of a

of

dei‘ine d

coal-

tar throcarbon extiact of wood. The name Vinsol resin is

a contraction of the phrase "very insoluble in oil", this

property being the first unique pronerty noted as compared

I

to other \ile resins and rosins.

3
‘
“

The reaction of vinsol rCsin With constituents of

portland cement and water are as follovs Ueneral state-

ments Will be used Since the nature of the tests is

1. It is highly saponifisble in a solutfion of

hydroxide.

2. It is present in a quantitv r-adilv soluble

complex):

sodium

in

the water-soluble alks_li (LarO % 190 normally

present in cement.

5. It is relatively insoluble in calcium hydro}:id,

and the saponifiable reaction with cement and Water

cannot be attributCJd to a sim1le reaction bet
J-TVI V

een

it and the ljjnaCl.stolVC d bv the :thttion or'WateI‘

to cement.

4. There is a possibility that the relationship of

water soluble alkali in a cement may have a bearing

0

on the effectiveness of Vinsol resin treatment of

that ccr1ent.

Other chemical nroperties of vins ol rC sin are:*

*Cement Durabilitv lrogram, First Interim Report, U.

Engineers, June 1948.

(1

o. Army



1. Contains apprjximntely

2. Contains coloring 1nntter

ensrdted

Is res stent to

WT

end renov

E34

u/I :7

which can be only partially

ed.

OXVUGD .

4. Con sins hydroryl Crouns Which are rcwcily acety—

leted.

5. Can be sngonified by means of sodium, potassium,

or enroniur 1vdro to yield WetCr soluble seeps.

6. Jan be convertCC to calcium, negresium, lend, and

zinc swlts ”thh are Water insoluble.

7. ill redct with nldehydes or their emnonia reaction

rroducts to form infusible and inseluhlc resins.

8. Contmins sbout 5.5] of nether"l Croup which does

not very WanciCblC :fron sinrle to sample.

9. It melting point (drop) *drias frCI;:1 ll)O to 115 C.

10. Anrooxi11te molecular WGlth is £50.

xlpyqyixiiyrte

A Micros

Teport, U. S. Army Lnginee

ifoln11llai

epic r'tLCHoutluncd in the

" (“

.JH'C

C.

1}.)

First In

C‘

\.J1, June 194-2, F(fave th follO‘.‘.'i1‘1g

results. A large nusg1lCr of DOVQCT sections of tWo unhy-

drdted cenCnts WCrC nsde to determine the form in 1mice

Vinsol resin existed in d dry cement as sni_ Cd frC” the

ill.. Cjturties 1verC; therlziqdc> o11'tHCJz1ss13_nti_u1 t?v1+ ‘Jin‘wnl

resir1eo1thru1 coeixy"the CM11Cnt TCCTtielC1313itE1:1 t“i11 resinyrus

film, or it occ rr C is 11i:1..utc indivieuil p'rtielcs scatterci

ifl1rfwn h n: if1e (7(1Kfl1t. “1R3 CNIid 11cc; CCn1l" bC‘ CEN?CIWWCC.'7EJ ,d

supvortgd the resinous film by: thesis, mnC oily tvo fldtCs

of "171211.101 1’67 111 1'Crc obsmvrn in all of t‘1C 1111.70.1*:th cezi'tcnt
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entrclnific W tcriuls is Cfcwllcnt than ccflfi°rtfi t9 a cor—
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rr‘“ ' . "'1 \. i ‘: '. . 4“ "‘1. x -“'P' x ,- -. in Q ~ 4-

iac incicace in \03Labllitv Jfly be tlglilnua by U. ,
.
.

'16; a~:;5711J7113-

ticn that the cir—cntraaininf n3ents produce woll-listiibuted

air bubbles which CJU;Ur to act 38 ball bccrin“s and decreafic

the pnrticlc interchcnce of thj concvete U33re3ates.

The effect of entraincd air on cc:isistency may be Shown

by the following simple tests.

If an air—antrainin3 a3cnt is UI:& in Q cancnt paste

tluaréz its rm) ijici'cru*e> ill plxict;:ici ty' 01‘ tile leSlUG. E%:is rucfir

be shown by ado in3 water to standnrfl portland ccmcnt and to

:01 ILSiE cemcnt. Their Eli;mticit as test d by obser-



thion is about the sa_ne.

It is, however, well es méflb ished th3t switriined air in

sand improves its workability, thus sugw:st:in3 that this

must be due to the action of this air in decreasing ysrticle

interference. Henry L. lennecy of the Devey and filmy Chemi—

cal so. substantietes this stetentnt with the following test.

Idcznt 31 samples of sedd xerc placed in three beekers,end

.'

the first saw le was then mixed vith veter, the result being.-

s. harsh mixture readily adheri J; to the sidoe wells of the

beaker. Hater plus an air-entraining ament was added to the

second Single and after the mixture vqs tnororrhlr il’od the

air was drawn out bv a vacuum, the result being the same as
1.

found in the t'3st of the first Shingle. Th» third sample was

treatel with an air-entreining agent in the same vvs as the

sec nd,senple, but the air was not Withdrdvn. The result

..,..1

was en extremely plastic minture.

since a;r-(ntreilnn“ agc:nts act principally on fine
L
-
J

Iergegete, or the send constituent of concrete, it fol

J_“

e air thenHthat lean mixes will entrain corresyondingly lle

rich mixes since they have a relatively high amount of fine

armrercte. Therefore, the englnt of entrained air are;;res-

sivelv diminishes with incremx infi celrnt content which infers

that a maximum cement content will be reached at \‘fl ' oh the

percentage of entrained air is so reduced thst no inurovc—

ment in consistency is obtained despite the presence of an

air—entreMni e3ent.
L)

Bond -- Edny invrtireiors have found that, in general,



decreases in bond strength var?
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tests by C. E. Hue

of the U. S. ungineers,

when an air-entraining agent was

(\r‘ (~11 .

however, showed a nué increase in

n

to the use 01 Hir-entr‘Wnng

showed a Oecrctue of 20% in bond st

air-entraininn materials.

hirin. tine -- Lrolongcd minim

carefully regulatefl. i nixinc ti:

be ample enough to incorporate
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ixyerinentel Results

.{1 f)

TE}ice 3::n3131 e11 (ai‘ 3111Ilrig, Elli 51(101137oft(: 'iIid Elljijfln? l i<;lci

method for determining the amount of air in concrete was

c
i
-

attacked by fiICt concifi node of deter—
_ +1.-,,1\ “-"1 -,,_.

Iing ofllhb bflilo Ah(
I
)

mining :irentrainntnt (l) by volumetric WPQSUTCHCRto

--

(2) measurenynts by weighing, and (a) ucing cnenicol means

"
\

be forced out by bOIlinr. fine main firoblen at first roe

J_ 0 3‘. J‘ 1

tJIt 01 tnfiz coIMIIetxa NINicr iflie
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to prevent the Ilosq S€t
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influence of heat was “coonnlihtd bv boiling al I

MiXbUTC of concrete and voter vitn three trials vnoving no

apparent setting of the concrete. Iowever, the lenfith of

time needed to boil the concrete and the inconWInollce of

suyplying enough heat in the 1M 1d teIc prohibitive, end

this Wctmod Woo Mbnflor'l

Il cornxtriscml oi‘knetfluuos IlCllI} VCJJDEéiBYlC IleanIFLIeIYtS

and nenurencnts bv teifihing showed that a method us ing

volumetric meocuIenents would be more accurate, require

a snxollxgr eixnznt (If e<133D‘vwlt $Hfli rtmnliro cwgui.“‘cni;1lcss

1
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delicate in n pure vhdfl MLIIooo aging me¢curemcnte bf_
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Izletl'lod was chosen V‘iicn Iros hose :‘1 on tho sane ptinciile as

the A. S. T. M. method for deteImini3x the air content of

concrete, this princ inle bein: the replacing of the air In

't}1e concret €21)7 inundatirg;iflne concrete with.vmflxfl?zn1‘ soak—



ing the mixture, the air voids then being ‘heoretically

filled with water.

Equipment used in this method consisted or a cylin-

drical container which could be nede airtight, a gaging

device to measure the height of a liquid surface, and gra-

duates to measure the amount of tater used.

A container was de11zntd 1hich sttroxjveted the one

used in the R. S. T. M. method and consisted of a cylin-

drical container made of a twelve inch lcn;th oi i‘ive inch

stenchird pipe with u circular bflSG welded on one end, a

rubber g:1sket, and a clamping device. A hook ease for

necOLrin the height of the liquid surface was also designed.

Since the above ecuipment was not available at once,

it was decided to use a bituminous still of approximately

one liter capacity and run tests on a mortar in an attempt

to prove the accuracy of the urcrol The still consisted

of a cylindrical container which could be made airtight

with a quick clamping device, end a 1mm1 gage was also made

and used to measure liquid levels.

.8.

tests wit
m

he procedure used in running 1 the mortar

l. the c01itdiner was filled to the t0p with roddcd

mortar and Weighed. (This is done to provide a

chec1: on the exocrimnttd.1 results and would not

be done in the Tield tests ).

,
O

9
‘

\ O

yert of the mortar was then Wken from the container

until the container vus REPTOXiMOtBlY three-fourths

full.



‘7‘ ': (~-
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The surface of the mortar was-then levele_, and

a film of water xas spread over the surface by

)cte so as to disturb the surface of

the mortar as little as possible when additional

water was added.

.1

A known quantity of water was carefully added to

the contents of the container until the tip of the

cage point just broke the surface of the water.

The container was sealed and turned end over end

and rolled forty times, and then the process was

repeated thirty times.

The container yes then opened and the water level

we gape point by adding a known amount

of water. Since the air voids in the mortar were

theoretically filled by the water when the Mixture

YES shaken, the last addition of water represents

the amount of air in the mortar.

The shaking process was repeated until two cubic

or less of water was needed to bringC
I
]

centimeter

the water level up to the gage point. If the con-

tainer is shaken as snecificd in step five, the
.L

mix will not have to be shaken a second time.

ht tests were run using a mortar havinfl a 1:5

cement—sand ratio and a 0.9 titer—cement ratio. a test on

this mix using a WHtOT-CCNLEt ratio of o.e gave poor results

due to the air being very dry and unworkable. Data on unit

*e ight s

obtained from the records of the hichigan State himhwav

and specific aravities of the material.

'
3

' used wereL
l
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testS'was approxinotely'4n‘2. frie higher percentage of air

ggooably due to the fact that

the sand UCCIJ 'n these tests was not saturated, and con—

seguently the exnerimental results nsv be said to be cor—

sistent and TCUlUQHCu le. The Ire.hod uscd to check theC
)
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exper’mental results was to compute the absolute volumes of
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the materials used in the m1x and from th:s to find the ab-

solute volune of t1e mix. From those results the absolute

- n 1 “" \ V',‘ . ". ~~ .n 3 " "7‘ ‘7 ‘ To: —" 1r 1 '1'.\ ~ ‘\ _«

(or 8&7?1 Mt} s ec1fic bIonty 01 the “in tas COMyutbd (as

si‘town belOW) .

Apparent Specific Gavltv of Hortar:

L

.eight Absolute Vol.

(5 ) (00.)u

0

Y; I; {.1 {’1 E- r :17) :38 r‘ EB

Cement sec coo/5.12 : 205

r
"1

I
t
"

'
1

0Sand 2310 “ode/(.60 =

 

5378 gr. 1477 cc.

Apparent 33. Gr. = 3578/1477 = 8.289

The'weight and volume of the miZ‘WGIG kn “n,and the

apparent (or absolute) volume of the min was fourd bv di—

viding the vcight v the apparent syecific Gravity of the

mix. The iiffnrcnce of the measured volume and the apparent

volume divided by the measured volume gave he yer cent of

air in the mortar. lac results obtained by this method were

always 10“."563‘1’4011811 the e::1_v<r3*“ontl 3”€.uu1to,’\7111011 {gave the

impr ssion thet more air than is normally found in a mortar

was incorporated due manipulation or from some other source.

The amount and viror of mixing varied due to the fact that

it no.3 done by hand, but this evidently did not effect the

consistency of the results. The method of checking‘was

assumed to be satisfactory since those results and the ex—

perimental results were in approximately the same ratio for

each test (compensating for the fact that iho lest tliree

tests were NRQG with :atu1e d sand). Eince the norcentsges





of ent111ned air as determined in the checkiIg process were

influenced {gieatlv bv the absolute specific gravity of the

mix 1h1c1 was in turn determined by t}1e absolute specific

J-1

EffiVitiOS Of the materials use1, the latter were investi-

O

gated1nd corruu.tions made assuming the 11151311111111 and 111111-

mum specific gravities of the materials. The variation in

the percentage 01“ air in the mortar was plus or minus one-

alf of one >:r cent. Conseuuently, the possibility of

error in the absolute specific gravitis of the materials

was ignored.

Te €XJLT!H€HU1 results may be 8?id to be more correct

since mortar is usually assumed to have a larger percentage

of air than a concrete which usually has a little over one

per cent air content. however, the results obtained by the

method used for checking give approximately the same air

content in neitar that is found in concrete. This may be

said to be true since the mortar is usually assU11ed to fill

111 of the voids found in the concrete, and consequently the

air content of mortar would be the air content of the con-

crete. ho definite DJYtT however, can be g::iven to e2g ain

the inability of the above method of checking to agree with

the experimental remults des11te tae consistency of the lat—

ter.

Conclusions:

The experimental procedu_re used gives consistent re-

sults, but since the method used for checking produces cor-

resnondingly lower results, the exyerinental percentages

found may not definitely assumed to be the correct percent—
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sonnblc dcrrce of accuracy, it is deSirud Jnot a

norc accurate dctcrhinati01 than estimation of the

amount of foam be found since one or two cubic
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ference in tho rofivl

concrete as cthrnincd by this nothol.
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container (to hook pm;

8801 0.5 cc.

three tests)

container (to top) . = 908:k0.5 cc.

container (minus cover) = l744.8:t0.05 gr.

Concrete.

container (to hook gafic) S?CO:£O.5 cc.

container (to top) = 5878:£O.5 cc.

container (ninus cover) : 15.656:ku.03 lb.

= 7L$Bifigr.



 

The apparatus for determining the

air content of concrete is shown above.

From top to bottom is shown the

clamp, cover, rubber gasket, container,

and hook gage.
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The apparatus for determining the

air content of concrete is shown dis—

_ssembled above.

Separate parts are
q

rubber gasket, (C) container,

and (
‘Y D

L ) hook gage.

(A) clamp, (B)

(D) cover,
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