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Cne ot the most recent protlems encountered
in concrete work has been surface scaling. During
the last few veors i1wmch rescarch has been done
tovard solving this problem, and a solution has
been found in the fTorn of entrained oir in concrete.
Recent results from numerous tests nade durineg the
vast few yvears have shown that entrainment of air
will enable the concrete to resist scalins without
endangering its other charncteristics ta any great
degree,

The Michigan ©tate lizhway Denartnent has
been and 1s doing ruch research in this subject
of air entraimrent, and their lsboratory eouipment
and refcrence library vere made available for my
use. ince the ctudy of air-entraimaent in con-
crete is a very brocd one, 1y ctudics were confined
to one air entraining agent, Vinsol resin, which

is the most widely used agent at nresent.

)]

A library study cf vinsol resin itself weos

U

Tirct nnde, and then the vrorerties of Vinsol

resin cement concrete (i. e., worikobility, strength,
bond, nixing tine, =2nd pronortioning) wvere inves-
tignted by using librery refocrences and literature

furnished by the llichigan State lighwav Department.
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"he next and »rinnry objective was to cdecvelop a simple,

accurate, and »racticnl netiod of weternining the air con-
tent of concrete. Althou~h sir-entraining noterinle ~re

T

vsed b7 the lLichirasn tate iishway Devnnrtnent in road con-
struction, therc hnd beer no sirnle end accurate Tileld
ncthiod yvet develored for determinine the per cent of air

entroined in the concrete, this per cent being recuired

to be vithiin a s»ecified romre. The process ured by tle

—

Iichigon Stvate IMipghway Departnent at the precent tine to
chect thie amount of ~ir in conerete hos been to £ind the
unit weipslit of the freshly nized concroete trected with
air-entraining naterlials and ceonpare 1t with the unit
veisht found in the loboratory using the mortar-voids
method of Trovorvioning. A losc in velrht per cubic foot
of rhout five rounds vihen usings sirv-entroining rinterialc

~

was consildcred satislactory, nnd corrcctionc for the loos

‘?5

in veicht vere mnde by addings or subtracting sand froir th
mix., ovever, the results feund in the loherators ucing
the 1ortar-voides mothod did not *alze into account a oinll
verecentanse of voids viiich weore Hresent due te the ute of
Vineel resin cciirnt in the lobhoratory dotormirntions, and
chus e ccvusl loro In el LU vy e il have veried fron
the thcoreticnl loss., lesults of this T1lcld eltod vore
and are not sotlisfoctory and consesvoatly 211 of the lab-
ovotori werl oo Jlrceted boverd £l o oner Dhcld ravihiind
to dcoverniine actunl ndir contort T oeoncrete fter o 1ibrooT
araloln o of the svbjicet hnd hecon vwde.  Results of the
librery and Labecratoryr ctudics are contnined on tiie fellow-

.
i vores.



Slr-Tantraiiient in Concrote

Crie of the 1wjor »roblens encountered 1econtly in

hi-

]

wo .ol hee boen surlfacs sciling of concrete wavenmonte.
ourface ccealing, nmay be cauced kv gcevere frort ccetion,
dircet corlicotion of calceciw: chloride or otlcr s2lts t©o

rericve ice, or by consistoent onvlicotions of gronulnr nater-

icls inwresnated with thece solils,

WPTorte to verove lce i tlie wrinciisle congoe of seanling.

Icv yonde are o sepious traflfic hnzmord, ersccislly on bus

stors, intevsrctlons, grodes, ond curves vhere f00d traction
ic rceouired, and cromnt rewovel of the ice ic important. The
nethod of ice rorovel meot used ic anclicntion of salts ond,

~lthousn this nmethod acconwliches its purvose, 1t also sub-

icets the povenent to thae actions of Liec =clts oand o many

nore crelceg of Treerning ond thawing thoan nornally encountered

wlhien treated co, vhic surface of the pnvencnts utunlly cone
off i scales 1/16 to 1/4 inch in thieimere, lenving a roush
tl:r surface., lrocracsive ccole nioy thien tolie

»ploce, beling choracterized by continuc? cetcuisretior into
the peoverent alfter the mortar hins vorn off.

The scverity ond oxXtent of realing derend uron tho
anount of ©:0lts wicd, Ve Trecuenecy of orrliention, and how
.

the life of the concrcte the calts are onmlied.

- KN R 2 - N N e - K NN s pe L . N : :
Recultos from senling are nuceh vorce 1f the calts arce oonlied

belfcre the conerate is ohout Tour venrs cld. Alter thatb
tine “he ceoncrete is elTecveld concidcreohly loocs hy anili-






Crne thoeoms < o now oolie ol cetr the conereve 1o taat

the uce of there o2lts on ceonerete maveents dvrings vinter

ventlier tends to Intiroduce colutleonz into the suirfocco volds

vhich, vien cubjeeted to Treczing ond thaving, produce
crvetnls vhicelh: have o crosrentive ~etion Ao
tac curlince curucture hdic o has Lo o~oceend ToTonvlyook
~ol-or Toooiors Ctevor i oo VA o R S I SR Sb At

"

irvcortorec, WUt rirec Uhcre heve been ra Sofinite veoults
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SOOI ounnecenenry .
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Jtudics of the senliv wvolley onn o Lol oenle wore

ctarted in 1308 by the Devor o Ll Cheriical Conveenyoin
conncetinon vwith the asrlication of 2 conbined alr-entroining
snd dicwercine aoent b ] T conercte.

Coorcrati
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thc econcreve cauged sreat irvyrovenient in the duranilive of
1 P T 4 1 Ty P parr S anpe - R - . N PR
Elie conecreve. At ors T Troenine ond b Denernitve vore

ctroroth caused resonren on this rrehlet to be cucnonded.

e Tevwr Yor'n state il ooy Division bullt thirtecen

(3% T
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crineriental sccetions of concrete 1ishvrayy iy 2570 in on

¢

crfort to find an answrr to ti.e surfnce scnline problail.
reots bothy ineilc nd outside the laboratery rnove recsults
o ndnture of o ccertodin oo turnl

in vhicii conecrete mnade i

ccrent ond other vortland colents shoved ¢ranter resis



to scoling thian concicte in vwiich woo uced cither portlond
cerient or other rnotural cenents elone., ater ctudico led
to the cornclucion that the
rrecse or Tat vwas the crnuse of the recictlnnee of the recic-

tance of the concrete to freering and thauing action.
In ctudles mnade dur’svr the vinter of 1uE7-358 at the
rescarclh laboratory of the TUniversal Atlnoo Cerent Corang,
the vortlarnd-notural cerient blend was arnin found to resict
curface cealins vhen uced in concrete ond ~nothor cenent in
vihiclhh o cniall svcount of fisl.-oil ciheny-t

rove cven boetier recults.
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In the l-cst fow yenis, snencices the ecounvry

nve carriad ouvn cormrehensive studies to find solubtions

to thie ccnling prohlem., These afencles include Federal
departrients, Ctate Highway derpnrtments, citics, sortland
ccrent monufacturers, ond tlic technie~l and rescarch derart-
he lortland Cenent Accociotion.

Sir-entraining acents vidiel vere 2rd are uced in tests
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exrnte, beel tellow, orvus and other wetting
agents, and Trom a cormercial. ©yoduct nrned Vinsol resin.,

vineol resin hos been found to give as ;ood results if not
better thrn the other ements and hns the added advontoge
thet 1t 15 incorrporated into the cernent durin- the ronu-
facturing »roccose and conscouently does not have to be added
to the nix in the Tield.

The rennincder of this studv of air-entrainment will be

rnde corsldcring Vinsol resin as th alr envryaining agent.



Tircol resin dis s proauct extracted from pine wood
and is believed to exist os such in vood 2t the timc of

ztraction. It was develoned by the Ilercules i'ovider Uorm-

nany viich hos ascirned it to the public. It mnr be detined

\

as the petrolcun-hydroccrton insoluble fraoction of a coal-
tar hvdrocorbton exitract of vood. The narme Vinsol resin is
a contraction ot the phrase "very insoluble in oil", this
proverty being the first uniaue »Droperty noted as coupmared
to other rine resins and rosins.

"he reaction of Vinsol recin with conctituents of

portland cciient and viater are as follovs (meneral state-

nents will be used since the nature of the tects is comnlex)

1. It is highly sa»onifisble in 2 solution of codium
hyrdroxicde.

2. It 1g nrczemt in a cunntity readilv soluble in
the wnter-coluble alkali (120 £ 1750) nornnlly
prescent in cenent.

3. It is relatively incsoluble in calciwl hydroxide

and the saponifiable reaction vith cernent and water

cannot be attributcd to a cimple rcaction betiween
it and the line dicnolved by the acdition ol water
to cerent.

)

4, There 1is a poceibility that the relationship of

vinter soluble =2lkali in a cement nmay have a bearing

on the effectivencss of Vinsol resin treatiient of
thiat ccnent.

Other chenical properties of vinsol resin are:*

*Cenient Durability lrogram, First Intcrim Pevort, U. O. Aruy

Engineers, June 1942,
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ns as»roxinntely 5L of rosin,

},—o

1. Contal
2. Contains colorins mntter which can be only partially
sencarated and renoved.

e

3. Is recistant to oxyvgen.

}_4
A
~t

4. Cortains hyvdroxvl grouns vhich arce raadi acetr-
lated.
©. Can be cavonificd by mears ox sodiwi, potassiun
or ~mmoniwt hvdroxide to vield vater soluble sonnc,
6. Can be converted to cnlciwn, mognecium, lenrd, =nd

zine glte vhiech are vrater insoluble.

(@]
n

7. U311 react vith aldehydes oy thelr eruvonla reaction
rroducts to forml infusible and incclunhlce resins,

2. Contnins ~bout 5.5 . of methox—l croup which docs
not vary an rccicble fromn sample to somnle,

. . . 0 o .
9. Itc nmelting noint (drop) varicc frem 1107 to 1157 C.

10. Anr-roxinnate nolecular weight is 400.

11. Avoroxinate Torvmmlais C2VHS005°

A icroscomic study, outlined in the T'irst Interin
Report, U. S. Arny Iincirecro, June 1042, gpove the following
results. A large nuwiber of povder ccctions of tvo unhi-
drated ccinents veore rmade to determince the fory in vhiieh
Vincol rcoin exicted in a dry conert oo ehiscd from the

mill. Ctudies were then nrde on the ace it

o othat Vincol

(.—4-

LI A s .
'

in either co~to? the cerent ~orticles with o thin resinous

£iliy, or it ocecurr ¢ as mirute individunl orticles cerntterced

hioushont the cocent, Yilo ovid neo enul” he obzerved vliceh
sunyported the resinous il Lysotihcols, ~nd orly two flaies

of Vincol rerin vwiere obsorved in cll of the univdroted cencnt



rovder scenvions crnvoined,  Dhe Toch Tt evin o unnoltered

o . . i P . e
ceicrt Indicated Ule piobabillity tint coin cmligts
ceowwlter ed poarticles digserinatod tlharoushout the cement.,

e anount of Vinsol resin din these coments

and the rtoarticles =re so videlv sceoattcred thnt it ic rencon-

cble thnt T olinuld cceur cnly ocencinneliy in the tnimll
- Ay B DN S A ~- 2 s e b e
crceinens ured Tor nicroscelic exminstions, 10 othel

evidence of its wrerfence vas cetectad under the micwroScopc

e e . et e
lth mepnifications os hish os F40001."F

et of nlr-entrai:vent 1lu connecroete 1s oo follove:
bl

Vorlability -- orliabhlility of conerete mnade wWith olir-

Iri~n: »terinls 1s erer Llert viien eomrercd 0 2 cor-

rez onding mirt uoing standnrd cortland ccornient,  The frech
corercte 15 colcgive, sornw, .ot stieln, ~nd hns o fathy

aoroaronee, but niny be Linndled, ccerected, and Tinisched

209

cosily vith sone olipght cann-ces in thc rrocent methods usad.

The incicacge in voriability iy be evlalned by the accwain-
tion thet the air-corntrainin: acents vroduce well-dictributecd

air bubbles wihich appear to cct 28 boll becrinrs -nd decrease

trhe pnrticle interference of the conciete argresates.

o
0
s
o
e
g
[

The efivect of entraninecd air on consisbency mar b

D thie following sinple teots.

)

I cn air-cntraining acent i urcd in o conent naste

there ic no incrence in »lacticity of the puste. Tiiis mny
be svovn by adding vater to standard portland cencnt and to

Vincol rosin cement. Their nlacticity cs tested Ly obser-



vation is about the sane.

It is, hovever, well estnoblichied that entrained air in
sand imwroves its vorkability, thus swicesting that this
must be due to the =~ction of this air in decreacins narticle
interference. Ilenry I.. ilennedv of the Devey and Almr Chenli-
cal vo. substentintes this statenicont vith the following test.
Idcentical sannles of sand vere nlaced in thrce beallers, ond
the first comile was then mixed vith veter, the result beling
a harsh nixture readily adhering to the cide valls of the
beaker. ater nlus an alr-ertraining aoent was acaed to the
sccond sviyle and after the nixture wae thorouchly rized, the
QAT Was dravn ouu by a vacuwl, the recsult being the sane n2s
found in the tost of the Tirst sanvle. The third sample was
treated with an alr-cntraining noent ir the cone v as the
scecond sawple, but the alr was not withdravn. The resuvlt
vas on extrenely plastic mixture.

wince alr-centroining ascnts oct princinalliy on fine

j -

arcregate, or the s2nd constitucnt of concrete, it fol

)

that lean nixes will entrain corrces ondinsly rore alir than

N

rich nixcs cince they hnve a reilatively high ansunt of fine

egrresate, Thereforce, the nnunt of entrained air orosres-

sively dininicshces with increncins ceient content vhich infers

that a maxinum cament content vwill be reachicd at vwhich the

. a

pereentage of entrained air is co reduc thast no iwprove-

..

rient 1in consictency is obtained decrite the rrecence of an
air-entraining asent.

Bond -- Inny investigntors have found that, in reneral,



-

decrcnces in bond strensth var: divcetly as dcereances in

<.

conpressive strengvh. Ilovever, a correhencive serices of
tecsts by C. F. Vuerpel revorted in the irst Interim keport
cf the U. &. Ingineers, June 19472, shovs no decrease in bond

when an ailr-entrainine agent vas oresent.. These tests,

hoviever, shoved a 207 increase in conprercive ctrensth due
to the use of alr-entreining naterials,., Tests by llennedy

showed a decrence of D2 in bond strensth due to the use of

air-cntraining nnterinls.

Mixing tine -- Yrolongscd mixing causes eXcesc olir-
entrainicnt, ~nd conscousntly the time ol mixing should be
carefully rerulated, o riixine tine of 14 minutes clhiould
be aple encoucsh to incorporate all of the rcecuired air into
the nix.

wtrength -- Intraliwrent of alr causes & decrease 1n
dencity and consecusrntly a d-crease in strencth--tencile,
conorcensive, and flerural. The cir-entraining agents then-
selves 1127 be detriiental to concrete thus cousing o further
reduction in strensth. hic dis indicnted by the fact that
viith certain acoente, rich mixes vhich contoin lecs entrained
alr than lcan mizxes shovw the snne doeercacse in strencth. Lx-
planetion for the larme decroense in strenoth due to entrained
alr is thot bulkines of the ortar duve to the inereascd air

content hne an elfcet €inilar to that obtained vhen additions]

vinter is acdded to the i nrodncing the sere consistency by

K]

bulking. The reduction i1 ¢hierngth hi8as been found to be {ro.
15 to 20 ner cent vhen the vater hoes been roduced o thot

the conerete will ove a concistconey conmareblic to thnt oF



corncretc mnde in the abocice of an air-entrainirg asont

when the acont uced couses a -4 Der cont inercase in voluue

of cir econtert. 1t identical vat-r-cormernt 12tio, the »re-
scnece of an alr-cntraining in tre amount nny
cauce decrenses in ofrensth of os el as 40 to 60 »cr cent.

'

sroncrtioning or Desisn of 11iX -- The cernt conbon
per unit volwrie of concrete vill decrease sThen alr-entroin-

ing acents nre uscd due to the buniiking c¢iffect coused by

in strenstl cnuvoed Ly Increnced oir content by naintoining

the crne ceonent content per urnit volune in ~lir-entroining

portland caonent concrete as is uscd In concrete mnde with

cu . come of the

standard nortlan
tost cblrensth ig recovered, thie incrense 1n c nent ceon

ner unit voluwnre v ill cruce a docrenfe in the cmount of adir

o

nd thos lesren the durability cw-liti- o of the conercic.

cirecificentions i1l & toavding vreticr o naintain the sone

PPN ~ an - oy o ode R PR <9 - - A -~ - [P & =
cerient content or not, bult slnca corcieto ¢itrensths in

-~ -3'- ~ ~ oy
1\.’-"3."," N T
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¢l v ired chrencths, the docrence In

strengtih due to vhe decrroac

volurie enn encily be nlrordod

-y - = - - N - . A Ne) N “ enel BN L
horocroromitately 0.0 onllons Ter onclo of conert ity thie
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B N P B | R T R R
IR VR v 1&
e~ LEPON P TP PO TN
ne dnerecsel iy cortent
~ e =19 o 2. 2 = ~ 1.
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Twosevinental Tlesults

The problen of finding an accurntce «nd sincle fiecld
ncethod for doterrininge the ~ncunt of air In concrete was
attaclzcd by Tirct connlidering thice bacic cthods of deter-
nining scirv-entraimient: (1) by volunetric neasurenents,

(£) measurert nts by veliphing, and (3) ueling chenicnal means
of renlocing or dravins ovt L

The firet procodure tricd voo to soe 1T the 2dir could

o’
o

forced out by boilin~. The moin nroblem ot first ves

4. [T S 4 E R )

0 prevent the flash setvting ol the concrete under the

c+

influence of heat. This vas accomnlished by boiline o
nixturc of concrete and vetor vith three trianls vhowing 1o
apperent sctting of the concrete. lovever, the lentth of
time ne=ded to bhoil the concrete and the inconvenicnce of
supnlying enus Leat in the £icld were prohibitive, and
tiiis mevhod vas abandonad,

A comparicon of methods wcings voluetric neacurcnents
and ne~ourencnets by velshing choved that a method using
voluuetric mennurenents wvould be nore accurate, recuire
a sucllor anount of ecuinrient, and rotuire ccuinment less
delicate in nnture Lhods using neacuvrenents by vels
ing.

After mueh thourhit ond roference reading, a trial
nethod ving €hoscn vhich voo Dosed on the sace principle as
the A. . T. . nethod for deternining the air content of
concrete, this principle beiny; the replacing of the air in

the concrete by inundating the conciete vwith water and s



ing the mixture, the ailr voids then being theorctically
filled vith vater.

Toulnnent uvueed In this riethod consisted of a cvlin-
drical container viich could be nade airtight; a gagsing
device to neasure vhe height of a licuid surface, and gra-
duates to meacure the amnount of water uscd,

A container vags desigrned vwhich earpproximated the one
used in the A. H. T. I, nmethod and consisted of a cylin-
drical container made of a twelve inech lengsth of i'ive inch

standard nipe vit

H‘
b}

o circulnr base veldced on one end, a

rubver gasiket, and a clawing device. A hoolk game for

m

reasuring the heirht of the licuid surface vwoe also designed.
Since the above ecuinmuient viias not available at once,
it was decided to uvse a bituminous still of arsroximately
one liter capncity and run tests on a rnortar in an attenwvt
to prove the accuracry of the nethod. Whe ¢till consisted
of a cylindrical container viaich could be nnde airtight
with a quick clanping device, =2nd a hcok gape vas also made
and uvsed to neacure licuid levels.
The proccdure uscd in rvnning tests with the mortar
1. The container wns Tilled to the toop with roddcd
rorvar and veiched, (This is done to provide a
checlk on the experimental results ond would not
te

) .

Part of the nortar wvns then taken from the container

be done in the Tield tecs

20
.

until the container was aprroximately thrce-fourths

full.
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e curfrce of the rortar voco.-then leveled, and
a £ilm of viater vas oprread ovesr the surface by
neans of a pivcte o as to disturb the curface of
the mortar as little as peoesible viren additional
water wns added.

4., A knovm cuantity of viater wnas carefully cdded to
the contents of the container until the tin of the
cace point just broke the surface of the vater.

5. The container vas cealed and turned end ovecr cnd
and rolled Torty tiies, and then the procecss was
repeated thirty tines.

6. The container vos then op:ned ~nd the woter level
rais«ad to the g2re noint by adding 2 krovn awount
of viater. Uince the a2ir voids in the nortar were
theoretically Tilled by the wﬁter vhien the nixture
v.ag shalien, the last cddition of vnter reuvrescents
the amount of air in the rortar.

7. The ghaizing »rocecs was repeated until two cubic

centimeters or lecs of vater was needed to bring

the vater level un to the gase point. If the con-

)

triner is cshalten as opecificd in step five, the
mix will not have to be shalten a sccond tine.

s L] (74
!

isht tests were un using a mortar having 2 1:3
certent-snnd ratio and a 0.9 vater-corment ratio. A test on

—

this nizx using a vnter-cernnt ratio of 0.0 cave noor recults

due to the nix being vors diryv and uwavorizeble, Data on unit

w

vreights nnd svecific gravities of the nntericls uscd were

obt~rned from the records of the Lichisran State Hirshway



Departient. wiford emd (soturated) videh haz a bulk she-

cific avity of 1.792, o parent soccis

absorrtion Trctor of 1.1%0; ~nd .ctcookey otondard portland
cenent vith o bulin suwecific rravityr of 1.506 ~nd a:»narent

-~ ] pmpe oy mp S Aea e N ey Ty vyt e AT v Sy T RS
shecitTilic gravity of Z.1% vere the niaterinls uvend in the mix

The cenent mnd s8and vere rizod, oid then the vater woo adde

and vixod., i of @i

alloved to stand for thrre minutes beforce the tect begnn.

The rceodire ng ocutlined ohove vuns thwen followed, nnd the
drnta on the succect n, oo v oathered,

Dliceouncic:
AL ncrdurci et verae veliw otrice, ond coubecuentll no

correcuics od to be rode Tor e voriation I velure of

vaber Jue to chinncoces in boolerniture,  Voluieltric reasurenents

of voter viere aceurate to ithiin one sralr oy leso due to

- BT 2 vy AT e e e B ney - T~ s R b
by the rond.  The averanc por cent of cntralncd clr in the

o -

conerebe in Ulie first Tive tests Touund by exuverincntation

.

dnine

sl e - _— . 4l - 1 - 2 RN ~ . N -
vas aoproziinitely 80 whiile thie averase for the rom

tects vas asproxiniately 455, The hisher percentagse of ~ir

N

found in the first Tive tesits vrobably duc to the Tact thnt

the sand uced in tihese tests vas not caturated, and con-

d to bo con-

I_lo

scoucntly the oiverinental resulis nsy be fo
Sictent and rouvroduceable., Thie riethod uscd to checeir the

xperinental results vas to conpute the ebhsclute volwiwes of

he rceovlte of thooe {ive toste A1l ved from 40 1L-ooh thrce



irst Vol. of subsccuent . by Vol. of
Teeat Addition Tratbed T ix Acditions Trtrained ir

1 174 cc. 606 cc. 3%k ce. 4,90

[av)
[

.7 673 S 2.060

[
}_J
i~
>
91|
Q
}.—-I
[o2]
H
(@)}
(W)
L]

IS
l_l
™
0
L]
‘n
o)
~2
@3}
C_ﬂ
1
(W1}
[3aN
H o2}

5 174 SIRIE 8.0 5.C1
6 177 703 816} o.12
7 173 702 )3 £.56

G 171 709 34 4.60

“t. of Vol. of Avpparent Vol. Vol. of ¢ bv Vol. of
Test L=z iz of 17ix Intr. Alr ntr. Adr

1 =010 ¢r. 008 cc. O79 ce. 29 cc. Se0

2085 055 656 a0

Al
A
.

i
Ay

3 20606 BN 206 o el
4 2059 aNTe &G3 &0 2
5] 10007 _IorS 71 57 4.08™

6 2085 D08 S 10 1.10
7 S066 Ju6 S-S 6 0.60
o 2040 2.3 Eo4 14 1.54

*Very dry niz.

D
[6¢)
[30]

Apnparent opecific Gravit: = 2.



the materials nsed in the nix and fron this to Tind the ab-
sclute voliww:e of the niix. T'voil theeo results the abcolute
(¢r arparcnt) svecific pravity of tle iz vaos comnputed (as

shovn belovr).

Apparcent Toecific Gravity of llortar:

vielent Sbsclute Vol
(£2.) (cc.)
iater RYate! 568
Cerent 650 C50/%.12 = 03

8o
-
(@)

“and 1.0 “uﬁb/r.bb =

3578 gr. 1477 cc.

Apverent ©n. Cr. = 2378/1477 = 2,269

The weirht and voliwiie of the nix verc kxnowmn, nnd the
arpnarent (or absclute) volune of the mix was Tound by di-
viding the veight by the aroarent sivecific gravity of the
nix. The diffcrence of the measared volwie and the apparcnt
volune dividead by the measuwred volwie pav: the rer cent of
alr in the mortir. The results obtained by this methnd vere
alvays lowver than the experirmental results,viilch gove the
impreceion that more air than is normally found in a nortar
was incornorated due manioulaltion or from somne other source.
The arount and vifFor of mixing varied due to the fact that
it vas done by hand, bub this cvidently did not effect the
consistencv of the results. The nethod of clhecxing vas
acsued to be satisfactory since those results and the ex-
perimental results were in anpsroxinmntely the cane ratio for
each test (commensating for the Tact that ihe lzost three

-7

tests were node vith catarat.d sand). Since the percentoges






of entrained air as deteriiined in the checlking procecs vere
influenced greatly by the absolute svecific gravity of the
mix which was in turn detcrmined hv the absolute specific
gravities of tlie materials usced, the latter werc investi-

gated and comnputations nade asswniinge the masiinum and nini-

¢ fravities of the nmaterisls. The variation in

e

mun speelfl

A

the percentagse of air in th:e nortar vas plus or ninus one-

half of onc per cent., Consecuently, the possibility of

-4

error in the abgsolute specific gravitiecs of the naterials
vas lgnored.

The experimental results mayr be said to be nwore correct
since mortar is usuclly ascuned to have a larger percentas:
cf air than a concrete virich usually has a little over cne
ner cent air content. Ilowover, the resulte obtained by the
nethod uscd for checiing g£ive avyrroxinotely the ceone alr

content in ncrtar thnt 1s found in concrete. This may be

"

4 to be true since tile rmortar isc usually assunied to £ill

[

a
2ll of the voids found in the concrete, and consequently the
alr content of nortar wvould be the air content of the con-
crcte. lio definite ancver, however, can be given to explain
thie inability of the above mnethod of cheeiting to agrce with
the expcrinental results despite the consictency of the lat-
ter.
Conclusions:

The cxverimental procedure uscd gives consistent re-
sults, but since the nethod used for chnecizing nroduces cor-
respondingly lover results, the exrerinental percontages

found may not definitely ascsumed to be the correct percent-
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ases o air in ine nwortar.

Since tests on the nortar ¢id not £ive very conclusive

desirned

~a a1 a .
recsults, =
antaratus chovn at

The tenting wroce ure uscd vas ¢ inil-r to £t used

in the rovtar taots and wags os follovn:

L. The contairner v

el of

clheclzing rmurpores onlyv--not veirled
icld sethod).

I3 0 1~ R g . .
2. o Fnovon oeorcunt of

contnriner until th
b the hool: IREET S I
. ™e convainer v then scnled and turncd end over

end and rolled tuent:: vincen, ond then the rrocens
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500G ZIGTGGC L O Sl delCrlLoa A SUe) varce 1%
o~ SR B B T B TR I,
follo al y  UotC 1IaIT w1l rot hewve o he chialicn o

.
By

.o T e
DOl L,
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oG bootbe to e run oun

e e A=Y [URT U B ~ - I I E . D N T I ~ie - - R
eShod, het the yeolhtz frol thiozo Loots voie eongino
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A4 hove boon nreiferred.
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Peviig o bull gooeilMie sanvitn ol 1.TE4 , Lpoorent Sroelifice
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o Lty ol LLVO, ad Liron ctor of 1,155, The golid

motoerinlo were Ciroct niisod,

boten it oy oone ond one-rald lct stond
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ountlin:zd nbhove vo.o Lhen icllowc, o»d the dnbta om thie cue-
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it the method ueedfor eheciuing these
results produced theoretlcenl nevceontarses vwhich checlzed the
eXooriziental Tercentases in enclt ense, altho wh in each case
the thecrctical pereeontaces wers clichtly low. The niethod
uced For checliing the experinontal results vwas the sone as
vng uscd to ciieck the arnount of clr in the mortar, =«nd con-
scoucntly the method will not be revieved., Conputationrs

) . ~ .

Lor findins the abeolute sypecilic gravity of the mix ere



T Tl 01 ¢oilcn: ik

Tirsd Vol. of subsecuent ) by Vol. of

Tcst Addition Tested 1'1ix Additions Introined Adr

1 1385 cc. o595 ce. 45 ce. 2.005

2 1382 23908 4.3 1.724

3 1300 2480 41 1.653

Checl:

Yt., of Vol. of Anparcnt Vol. Vol. of ¢ by Vol. of

Tcet Iix Tl of lix mntr. Air Intr. Adr

1 56E8 gr. 2505 cec. 2050 cc 45 cc. L3879

ol 7 r

5708 aa9 cob7
lnd (o) ') € ) 3

5018 2480 AL

Apparcent Unecific Gravity
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licted brolovr.

U)solxrte

Celrh ‘f Ry

Cenent 1006 1ens/5.018 596

007 DRG0 /0 .60 = 1114

Gravel AFLE ABLE/507 = 1528
Qrnd rr. ocDS ce.

Soparent Jvecific Gravity = 9Z09/3005 = 2.450

K5
]

In order te incure catlisfactory results, botiy the Iine

and cosrss acorecate vere thorouslhily sotureoted with vater.,
The sond wos ooturatad oo dnws beilore the teste vieroe to

ored in sirticnht cans for the tvo doy period

+

be run and ot
a0 23 to boe fure thnt the vater vas thorousiily incorrornted
in the sand. The cone nicthod ves ucscd to deteriiine vhoen

the £2nd had renched the saturotion »oint and consisted of
tuipine a ¢amele of sand into a container shaned like the
frustrwn of a cone oven at both ends and then removing the
cone to scec vhether the swple vedld keep ite shape. inter
a8 added or subtiracted until the connacted sannle was such
that the outer edrcs of the tor surfnce crunbled leaving

the rest of the ton surlnc: intact. The cosrse o rernte
vas irmerced in vater for tvo doys and then irmediately
used in the mix without surlace drrine. Corrcetions ior the
anmount oi surifece vintelr on the coarse arnrenate vere tiere-
fore nnde and a»nlied to the rnilx desiru.

As in the nortar, the minine vas done by hend and con-

e

sl

scquently varied in amount and vicor for each tect. The

B e PV

————_



variation in rizming, hovever, iiod no noticenble er:icct ujon
the resultc ~hich o h-ve boen due to the et thet the
rixzes viere cuite clomuw, 2lo oy nives vwore ucod to reduce
“end niiilre ont handline on

the Zincl reccocults eince 1t hos boen oo in ©osts In recent
years thet experirientol rescults in tects of aixr conteont in
concrete mre 1ove concictent or ro-rocduceable 17 the i is
slopuv and vor.inlle thnon 1f the mic €trrnis to Le drv ond
umoricable.

Conclucions:

Trperiviental rermlic cliev: that thie nmethod of finding

the 2ir contont of corncrate is saticfactery for ficld uce
due to its cimnlicivy and saccurccy. liovever, there -~re
oevident disadvantar-ce of this ricthod vihich heve bcen 1cund

during the exXperinentnal vwork, These ore lictod bolos

1. "hre ~rount o voter viideh is added iimicdi=atcels
~fter Uhe iz hine boon rodicd In T enntalincy

hzo heen Tound to he =0 lrrre = to rrue it »ro-
Dibivive to use graduates for neccuring the vater.
L 200 ce. graduats vvhich is the laryrect that can
be used ond ¢tilli saticfy the reculircrients Tor
asceurney is too ciinll to hiridle tlie wiount of vweter
reculred in a sort enounh 1ericd of tine. Therec-
Tore the vwater for the first addition hos to be
nencurcd br veisrting vhich vould recuire a2 balance
the Tield.

\

L e s . . o L
. otest usine Vinenl recin ecunt Iin the izl vras

v

run, and thro oir soace betiveen the 1licuid level
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Altionsn theee discdvontaaoes are all of irceort-ree

hnuld nreduce o

and the ton of the container vivien varics fror 00

to 150 cc. vns ol1o5t co

el filled vwith foan
in vvhich is anprevinately 8590 woter. Altoeoush the
volunie of this foein could be ectinated vvith a rea-
sonnhle derree of accurancy, it ic desiyred thet a
norc accurate dete:rmination than estination of the
~nmount of fonm be Tound since one or two cubic
cenbtineteors of veter can nolic on 2nprecinhble dif-
Terence in the rernltinse rorerntore oFf
concreve & CQocterninsd b tmis rethocd.
Theouse o the hao't oooe o n0 o meacuring device
rccuires thnt the container be kent 25 level os
roscible, ~nd that ruch core be ereryciscd vvhon
ueing e cnce. Adtlonsh this nietiind of 1weam
erceode the rogulrsnents as to a2ccur-cy, the care
vhiich st be exerelis 4 in kesnins thc eontoliner
level and retionliss mnlies a sinmnler nethod cof

meacurins desirenblno,

.

rrectinnsg and chansss in vhe o ulent and »rocedure

icicnt Tleld rvetlod for



the nir content i conciete vviiich is licsted in the A, . T

-

LI, svecifications and vhich 1o menviorne? in the nrecceding
noces of thiis rerort recently rovonlet o Picld method for

e -

Jeberiinin odr contert vidch vac brood unen the core rin-

3 - - ~ 1Y A [ (] T N al . U J [ J 2 5 2
ci»lern g nis A, O, T, method ond the oethod 2iscuisca

3 s . - v
Lo Lt eraneces e

-

1. e oenntoriner coneicts of

of ¢ etlv ore-tenth cuvbkic font enrnelity and an

Tnverved core v ith a ouedustod cwecoure vrojecting
1w Tion the conc. e invertced cone

is clwuaned to tic the crlinder to Lozl the

ot lete onnLe ner,

- “he one-=touth cubic Toot contaliner is fFivet filled

~n
.

o a A

Vit rodded conerete -nd, cince thie volwe is then

vos R

. e KR - PR Ra T - KR v
novi, the ooomunt ol lhe Tirct s

is nob recnired to e &movn vhiech ¢livinates the
. Loter levelo npe et in U
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