=W e
“w s s

R L SRy
i\‘l fl.

&("'\
(L,

a

»

e

#




THES\S




A Preliminary Study of Portite

as an Admixture for Concrete

A Thesis Submitted to

The Faculty of
MICHIGAN STATE COLLEGE
of
AGRICULTURE AND APPLIED SCIENCE

by
S. W. Curtiss

Candidate for the Degree of

Bachelor of Science

June 1948



THESIS

Q.



"The question u;perwmost in the minds of engineers
and contractors is whether the use of admixtures 1is

the cheapest way to sccure the desired results,"

Idward B, DBauer

2060221
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Introduction

The use of cementing waterial dates back to the time of
the anclent Egyptians, but portland cewmont, as known now, is
a comparatively recent discovery., The first modern develop-
ment of cewent began in the early l8th century., In loz4,
Joseph Aspdin, a bricklayer of Leeds, England was granted a
patont for a product he called "portland" cement for its
resemblance in color to & building stone found on the 1lsle
of Portland,

With tha discoverles of Aspdin and others, by the widdle
of the 19th century portland ceuent was advanced to basic-
zlly the sawe product it is today, It was first ipported to
this country in 1¢65, and manufactured here shortly after that
time, Since then the manufacturers have concentrated their
rescarch on new methods of production. The result has been
lovered costs of production and lowered selling prices, thus
greatly increasing the use and lwportance of concrete,

Originally, strength was the mwajor consideration in
good concrete, end the concrete mixtures were designed with
taat aim predowlnate, Ilowever, as concrete was adapted to
more and wmore uses, other requirements grew in importance,
Today, the durability, the wuriebility, and the econouwy of
the concrete are conslidered fully as laportent as the
strength, Strength, of course, wust always rcualn a very
important design factor., A means has been sougit, therefore,
to provide the nmost economical concrete wix that includes

the paxivum durabllity and worseblllity without sacrificing
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the desircd streuagth.

Researcih on this subject in tiae lust decude lud to tae
investigation ol the use of cdwlxtares inu cuncrete, AL tae
present tise there avre wany susixturces on the urket,
vather than atteupting to doscribe z2ll wdwixtures produced,
the author his cavsen to investigate the jpossibvilitics of
Just one, It is tihe jpurivse of tiig tihesls to conduct o
preliminary study of tiae goeneral precticability of Portite,
wanufactured by lopper Proaducts, Iuc, of Lew York Citye. in
view of the liwited tlue and fucilities, no attewpt will be
sade to verify all tiae clclus ade Ly the wenufacturer con-

cerning tiae perforusance of Portite,
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& brief buchground of the subject ¢t et 1s in orvder
to pive th: rouder a brocucr understanding of the purposae of
tiils thesls, The followling definiticn iIs uscd te clavify the
meuning opplied to sunixtures. An aukixture 1s delined as a
substance otlier than portlend cuient, aggregate or water thut
i1s used as an ingredicnt for concrete,

Jsuzally the puv;cse of ucing an adulxture 1s to m&dlfy
the progpectics of the concrets In such & way as to waie it
were suiteble for a glven Jube Unwer cevtalon conuitions, tae

use of a suaitavle adulxturs moy ic,ert uusivresble chavacter-

t

istics which carmuot be securcd as economically by other
motaods. It 1s cmyhusizbd, hovever, that no amoant or alnd
of audmixture should be consldered us o substitute for the use
of structurally scund well-graded cuncreting waterials or
gouu coucreting practice,

rrom tne tiue aumixtures were flest proscted for use in
conerete, twou schiouls of thougnt have arisen resaralng taelre
value,

Kany enginsurs arvgue taat sdwizxtures of auy form are not
wortiwhlle, They polint out t.e fuct that the wixer operutor,
or even a special hernd, must tede the tli.e to cdd tie sub-
stance at the mixer, In additiovn some meins wust be wade to
store, deliver the materlal to the counstructiin site, and in
some c&ses, even preyrare it 1n the proyer furm befors it can
be useu, Further, thove is the bisic fact thut it tuses

addlticnal wouey to buy the admixture,



The tusting en_lhser puints o4t tae fuct tant wony
adixtures teud to aecrecse tie witincte strengtih of the
slebe  Sluece strengta Lill alveys boe tas sejer design ructor,
tiils avgusent recelves Jastificbly steong suyjorte In orucy
to be trulyvpructicable any cdwixture ticct reduces tiawe strungth
of the harduencd concrete wust offer sufflcient cdvantuges to
warrant redesign of the wixture to recch the desived strength.

The idea of lnercasing tie geuscal utility or litTe of a
concrete structure, or of decrcasing the cuwount of labour
necessary in the wolding or tinishing jrocess sounds llke a
vagae prouise to many fielad engineerss Anyone vwio hes ever
woraed wita an experlenced concrete constructicn enginecr is
well aware of hils inherent suspiclion of new bullding tecinique
developed in the laboratory., Tials suspicion is readily
understandable, winen one couusiders tue fact that a good field
man works witin so woay different wixes, he fecls he coumpletely
understandas concrete, This prejudice nas lung been a strong
obstacle to adwixtures,

rrobably the greatest single objectlion to adwmixtures,
however, comes frow the group that conslders adwulxtures a
substitute for cecment or a proper mix., It 1s true thut
additional ceuent can provide wmuny of the advantages offered
by adulxtures, The general effects of increcasing the ceuent
ratio are: lncreased strength, worikcbility, impermesbility,
frost resisgtance, heat develoracent, voluwe change, and in-
creased surface crazing 1f the placed concrete receives much

wanipulation,



It cen readlly be seen, therefore, that an increase in
ceuwent content would not always be entively satisfactorye. 4n
aduixture, on the other hund, way be beneficlal 1n one or wmure
of the foliuwlug ways; it way lwprove the texture of the wix;
it nay have coewentlitious jpro;erties of its own; or it uay be
pozzolanic, It 15 with the tirst of tacse refineuents, this
thegis is wost conccrned. The most cowmon textural improveQ
aeits are achieved by increasiog the fines ovr by increasing
the eutrained air,

The apparent rosult of the lmproved texture 1s lncreased
durability, worxkability, howogenelty, and vaterproofness., Tue
need for incroasged duvablility is wost urgent in concrete that
is exposed to severe climatlc conditions., In nortiern states
many concrete paveweats, for exanple, have undergone surface
scaling caused by severe frost action, by direct applications
of flake calciun chloride or recs salt to rewove ice, or by
repeated applications of granular materials lipregnated with
these salts. Increasing public deuwand con higiwiay departwents
to keep roads open to traffic and to provide suafe traveling
conditions during winter months has in receut years led to
widespread use of such salts, a ypractice wiich hus been pri-
warily responsible for tae débelop;ent of tals scaling prob-
leu,

In the last few ycars a couprehengsive prograscl research
has been carried on to solutions to this situztiocn, A weuns
was sought to develop concrete vwhic: .ould Luve dgn resist-

ance to scvere frost acticn, and imuunity to tue zction of
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sodiws ehloride and caoleciuw chlovrlue s cumwonly ewnployed ou
rural reads &nd urban streets, It has beun couclusively
dexonstrated that concrete having excellent durcblility to
withstand such hzzards canh be produced with eir-entraining
asents,

An alr-euntrulnlng egent, when cowbined with ceneunt, weter,
and aggregates in tha process of oixing, introduces into the
resulting cuuacrete minute and well-distributed alr bubbles
and lcperts other characteristics not fowd in uormal concrete,

The need for uursble concrete 1ls not, by any meauns,
liolted to paveuents ur to frost end salt vesistancoe Dur-
abillity of cuncrete is affected also by alternate Letbting and
drying, heating and cooling, capillary water, dejpusition of
salts by rercolating water, dlcsuiving of certuein proaucts by
the percolating wuter, and Ly lne dlssolving of the ceueunt by
certain aclds, The water-cewent ratlo of tihe wix influsnces
the juevruecblility of tae paste, and, in turn, the durability
of the concrete. An admixture, taereforg, that can effect-
lvely reluce the water-ceauat ratlo of the wlx, all other fue-
tors being equal, will definitely increase the durability,

At tipmes L1t say bLe desiveuble to luncrease the vorkability
of a concrete wixture (&) iIf the concrste 1s harsh because of
agsregate grading or aggregate characteristicsy (b) if thae
concrete wast be placed cround clusely sjacced reinforcewent
or in difficultly accesible sectious; (¢) wiers special wecns
of pluceizent are reguired, such as witi trowmle or puwping

wethods, The desired resalts wpay be obtuined by redesigning
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he mix or by tac uso of zaulxtures.

Altaough alr-entraining cgents are consiucred priwavily
for use becoase or their eftect on tile ddrabllity of concrete,
their efrect va the woraubility of lewuer wlxes 1s so pro-
asounced as to werlt wcention ws woriebilily ageunts, The
incorjuration of puwerous soall vell-ulstributed alir bubbles

n taz conerete acts as a lubricating wedium, generalliy
increcsing tue "futuess™ of the wix cad waracdly lwproving
the placucbility of otherwice havrsia cuncrete,

Certaln orgunic couioands o¢ wixtures increase tue
slum) of concrete of a given water coutent and, tiaerefore,
vecsinit conerete of & gilven sluap to be produced at a reuuced
water content., Tiaese ggents, in weny cwses, dou wuch to
increoase the worcoility of tie wiXx,

Admixtares caa varlously be used to lucrease hnomogeieity
cnd water;ruolness; and to decreage porvsity and ezbsourition,
blecding, aua segregations Tiese factors were grouped
togetiier because of the general correlatlon to oiie cid ah-
cther. In turn, tiese fuctors ere often relited to general
durability and worsubility. In svwe cuscs evon & well-des-
lgned wix falls to provide sutisfoctory coutrol over the
above factere,

Baslecclly, thesce adulxtures i.prove the wlx by lncreas-
ing the density of the councrete. They mey accouplish tals
by increasing tie fines, by aecrcasing tae vater content, by
increasing the fiuldity without incrazasing tae water, or by

a co.bination of these tecunigues,



Yrom the preceeding ruwalks, it can recully be seen
that adimilxtuares can be zn asset to councrete construction if
used intellijei.tly. The use of an auwlxture way lucrease
the cost of the conerete, Tucrefore, even though a gilven
adoixture may prouduce a desireceble eifect, the value of that
effect should be velghed agalnst its cost, Loreover, the
effect of a glven adwiiture can usually be obtained, at lcast
in scro degree, by other means or by other aduixtures.
flence, wiencver possible, the cost of an aduixture siould be
conpavred with that of alternate neterials or metiwds for get-

ting the deslrced vresult,



Descrirtion of Portite

Portite 1s a reddish bruwn liguid of cbout tiue consis-
teucy of light icachine oil., It is recuily soluble 1n water,
dissolving with very little agitation, Vhen rubbed between
the tin_ers, 1t feels very much lise licuid svep. Drying
souzew.lat sticky, it is recdily removed witih water, It is
sosiewhiat alkaline aad has a slight odur not unlice that of
fish coll, This odur is ot noticeaile in the finished con-
crete, and it dues not discoler tue wix,

Tane following is a deseription of the auvantages of tihis
product as claiced by tae wanufacturer, is wentiovned befure,
the autiior has made no attespt to substuntiate all these
claius, The authour has merely attewptced to forwulate an
unbiased prelininary study of this agent,

FPortite is described by ilop; er Products, Inc.r;ourated,
its manufacturer, as a stuble, neutral, organic cosound,
made and supplied as a concentrated liquid, In the recouw-
men.ied spount of 4 ouwces per bay of ceuent, it acts as a
piaysicel and disrersing acent to proeduce highly howcgerecus
cement wixtures and to briig out the best cualities incerent
In any zguregute,

This product does have a definite tendeucy to reduce the
required water content by increasing the sluwp of a nor.al
mixture, Reuuction of thne water-cewent votio is recognlzed
as being conddclve to councrete lurrovevet,

vue of the advantoges of a reduced water coutent is a

reduction in the jercents,e of sharincage. Shrvinkage muy be



Portite-iuproved concrete being placed for floor of

new garage to house U. S, Post Office trucks at

Yonkel‘s, N. Y.

an ilmportant consideration in the design of large sections or
precise work, In wany cases, consistently swaller shrinkage
anq greater climatic stability would perwit fewer expunsion
Joints 1in the design of the structure,

Concrete, with the subject added, does have 1lncreased
workability from the workman's viewpolnt. The wix has a
Jelly-like aj;pearance or buttery consistency. All tests made
in thils study were with a coustaut water-ceuwent ratio for the
sake of comparison, It was noted, however, that the water
content very well could have been reduced in the uixes con-

taining the aduixture witiwut loss of workability., The
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sluars were fronm 1 to 2 inchos greater thon these of the

The Lovara Tosting Leberatorles, novarvd, Loew Jerscy,
reported detinite alr entraii.ent characterictics in ticlir
toshs ana excal.sation of Dertite for i) er Pruducts.. The
entraincent of elr woeuld be ao lLaportaant contributing factor
to the locreused woraablility and cotier veiinesents to concrote
veousht by thils motericl,

Another advantage 1s grectev hiceogeuesty with no Gusting
¢l the concrete suriace, Letlee Lotcenal physicel bolaice,
aud viviuclly no sogregaticn. The test cylinuers pade in
connection with this reyort scened to verify this. After
ruptare, the internal struct.re of tie cyllnders was closely

xenioed under & noghifying glasse It was found that the

[&]

aiyles containing the test liquid siwwed sove uiiforw de-

&

[ &]

wosits of fines on the lavger sectlons of course aggregate

~

tian in the noroel wix sacples.

hen reguirced, absolute integral wateriroofrness is
clel ed by tha use of 8 owces of Portite per bog of ceue.at.
It i3 «lov re;uted to have the projerty of unusual auhesion
to brick axd old concrete, but these chavacterlstics were
beyond the ccoj;e of thls thoslse They were weantlioned worely
to i:oclude thoe full range of 1ts uses,

But wore iuportant to the builder are the steteuwents
hat the ggent is iwn-contenlncting, won-ivritating, uvn-
toxic, unveactive, dess not affect the tlue of set, and has

no bad aftor effects., Also, ths lewark Testing Laboratories
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reported that bond to steel was appreclably increased, while
absorption and porosity was definitely decreased,

liegardless of the advantages of an aduwixture, a con-
tractor should first determine its econcuy of use, The wan~-
ufacturer points out the econocuy of this produet by ewpha-
sizing siwmplicity of use and high effeciency, It entails no
speclal handling, is concentrated in foru, and stable in

storage., Further savings are wade by its ease of use

Driveway at Refined Sugars and Syrups plant at

' Yonkers, N. Yo Local ground and chewical con-
ditions had always caused serious surface diffi-
culties. rortite-iuproved concrete lald 1in 1946,
showed no slgns of deterloration over one year

later,
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increased ease and speed of placewent of the cuncrete, aud
easier a:xnd qulcier finishing, Furtier discussion of tie
ceonowy of the ageiit way be found farther along in tiis
report,

Because of unfvrtuiate results in the jast, 1t would be
wlse to investigate the effcct of any adiixture cousidered
for use ujpon the ultiuate strengtn of the structucrs. Irre-
gardless of other beueficial changes an agent way give to
concrete, if 1t requires counter-active lucreascs of cewcut,
the resulting cost may walke its use prohibitive, 1t is for
this rezson the author deterw-.ned to check the effect of
Portite on the cou;resslve streuagthr of the butceh., Tue fol-
lowing portion of this reyort is devoted pricarily to sicple

strengtn tests.
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Laborutory Tests

The laboratory teusts wade in cunmectloa witih tuls study
vere cumaritively simple and brilef, since thls vas & jreliu-
inary stu.ly aloed at dovestijoting thae jracticability of tils
rroduct.

Previous t. the strength test a sluple cxn)erisent wus
conducted showing the presence of and general efivet oi air
entralning rroperties. &Siwmllavr saw;les ¢f the sand, uscd as
fine ag rcgate in the stren,th tests, werve jpleceu in tavee
identical bearers, Suouyll water vas auded to all tuves
beaizers to mane a narsh, scsl-mubile mixture. Portlte vas
added to the scecound and third beacers, wita sucticn apjplied
to the second beaker to withdraw tie air, As a result; the
first wixture was harshj the second wixture, contalnlng sand
and vater plus the aduwixtare winus alr, vias also harsih; but
the taivd mixture, cuntelnlng said and water plus the adwix-
ture with any aivr it produced reseining, wes noticeably wore
plastlc,

Thus, it seecms that eitrained alr in sand luproves its
rlacticity., It would seew that thls cctlon is due to a re=-
duction of jparvrticle interference, Thls luprovesent would,
slillarly, veact pri.arily upen the szid coustituent oi con-
crete. It 1is readily seen that lean wixews will entrain cor-
resronclngly wore ele than rvieh .ixes since the fiue aggregate
is in velatively aigh jru,ourtion to the total., Therefore,
as the ceuent content incvcases, tie advauntage galued by tue

use of au alr entraining sageut decreeses, The need for



imyrovewent in co:..sistency 1s decreaced by the acticn of tle
sur; lus cesent, wille the percentzge of alr entralied decruascs
with the decrzase 1n total ;roportion of sc.d,.

Conseguently, when so few test cylinuers aro uzade, it is
desireable to maie thes of a near-cverage ricinesse In a
probles of the scrt there ca.u be oily twe variables, Une of
tne variables is the éonstituents, naturally the cther is tae
result which would be the dependeant variable,

Sirnce tuls adwixture was advertised as & waler-reducliny
agent, was known to entraln alr, aud the couparative strength
was the un<nown; it was declded to veary ouly the quantities
of admixture used. A veluction of the vater-ceuwsit ratlo
will generally ihcr;asa the stre..gth, but .any alr-entralio-
Ing cgents tend tu decreuse that iluportant itcu,

Two siceve analyscs were conduacted on buth the fine a:d
coarsw ajgregetes, and an average value was tawnels Al Lver-
age of two dry-rodded unit weight weasarecents gave a unit
welght for sand of 107.5 powuds jer cuble foot and a unit
weight for gravel of 101,55 powids per cublic foot,

Several trials sboewaed tiaat the wlx that would nest
nearly arrrvoach a theovetical yleld of 5.5 baygs of cezeunt
per cubic yard as well as good grading wes & wix of 135l
by volume with a water-ceaent ratio of eijuat tenths, or a
mix by weight of 1:2,06:35.51 with a water-coeuent vatioc of
fifty three one huudredths,

Cne slu:p test was made for each differeht percentage

of adwixture., zach cylinder tested was wade in a seperate
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batchh to serve as a check ou errors,

Since tiac degree or wor.ability varies to scoe exteunt
with the ulxing tile, 1t vas i.portant to neep tie wixing
time as ncar constant s jossible, iach batch was unlxed by
hand for 2 to £z minutes, at which tiwze tho wurkability
secwed to recain cunstant,

All of the eyggregate needed for the test was sjpread out
and allowed to air dry over nignt, Corvectivns were uwade for
the wolsture conte.t of both fiue and coavse agiresate,

The vresults of these tests apjear in tabular form on

the following peges.
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| Material == | TFine Aggregate
Date April 22, 1948
Type of shaker Machine
Time of shaking 15 minutes
Weight of sample 1000 grems
Total Total ‘Total Fractional
Sieve weight percent percent percent
retained retained passing passing
First Sieve Analysis
| # 4 7.8 gms. 0,78 % 99,22 % 10.01 % |
 # 8 107.9 gms.| 10.79 % 89.21 % 19,34 %
| # 16 301.3 gms.| 30.13 % 69.87 % 20,95 %
# 30 510.8 gms.| 51.08 % 48,92 % 30,18 %
| # 50 812,6 gms,| 81,26 % 18,74 % | 16.33 % |
# 100 975.9 gms.| 97.59 % 2.41 % 2.41 %
Passing | 1000.0 gms.| 100.00 % 0.0 % 0.0 %
Second Sieve Analysis
# 4 4.6 gms. 0.46 % 99.54 % 10,37 %
 # 8 108,3 gms, | 10.83 % 89,17 % 18,92 %
# 16 297.5 gms. | 29.75 % 70.25 % 20.99 %
# 30 507.4 gms. | 50.74 % 49,26 % 29,34 %
# 50 800.8 gms. | 80.08 % 19,92 % 16,95 %
| # 100 970,3 gms. | 97,03 % 2,97 % 2,97 %
Passing | 1000.0 gms. | 100.00 % 0,0 % 0,0 %
Average Sieve Analysis
 # 4 6.2 gus, 0.62 % 99,38 % 10,01 £ |
# 8 108.1 gms. | 10.81 % 89.19 % 19.13 %
| # 16 299.4 gms, | 29,94 % 70,06 % | 20.97 % |
# 30 509.1 gms. | 50.91 % 49.09 % 29,76 %
# 50 806.7 gms. | 0,67 % 19.33 % 16,64 % |
| # 100 973.1 gus, | 97.31 % 2,69 % 2.69 %
Passing |1000.0 gms. | 100,00 % 0.0 % 0.0 %
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Material Coarge Aggregate
Date April 22, 1948
Type of shaker Manual
Time of shaking 25 times
Weight of sauple 3000 grams
Total Total Total Fractional
S8ieve weight percent percent percent
retained retained passing passing
First Sleve Analysis
1 390,0 gms.| 13,03 & 86,97 &£ 80,42 %
8¢ n | 1003.6 gms.] 33.45 & 66,55 % 25,34 §
2w | 1763,8 gns,| 56,79 % 41,21 % 40,26 %
# 4 2971,4 gms,| 99,05 ¥ 0,95 % 0.88 %
| Passing| 3000,0 gma.| 100,00 % | 0,0 £ | 0,0 § |
Second Sleve Analysis
1" 39349 EB8. 13.12 % 86,88 % 16,18 ’
5w B879.,1 gmse| £9.30 % 70,70 % 25,63 %
Yo w | 1654,0 gms.| 55,13 % 44,687 % 43,77 %
# 4 2967.1 gms.| 98,90 % 1,10 % 1,10 §
Puging 3000,0 gms, 100,00 % 0.0 ’ 060 ’
Average Sleve Analysis
lmn 39242 SWSQ 13.07 % 86!93 g 18.51 z
374 m | 94l.,4 gus.| 31,38 % 85,62 % | 25,58 %
e s [1708.9 gus.| 56,96 % 43,04 % 42,02 |
# 4 2969.5 gmws,| 08,98 % 1,02 £ 1,024 |
Pasling 300000&0 100,00 /"5 0.0 ’ 0,0 s




Characteristics of iix

Cylinder nuuber

Cewent, graus

Fine Aggregate, grais
Coarse Aggregate, grams
ater, grans

Portite, graws,

Portite, ozs./bag

Average Slwiop, inches

workablility

Segregation

Listribution of Aggr.

(atter breaking)

Surface of cylinder

(after set)

rPulling” of gravel

(in rupture)

1 &2
5,720

7,020

1,0c6

Cood

Slignt

Varied

oooth

worual

S & 4
25009
5,720
TyUd
1,006
o7

Very good

negligible

uniforn

vuocoth

Norwal

5 &¢

o]
-

L
-
S
L

PNy

1,0c6

13.5

Very good

negligible

Jniform

Smooth

korwal
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Comrressive Strength

Cylinder Portite/Dayg Force

7 day strength

1 -0=- 52,039
2 -0~ 51,3030
3 4 o0zs. S86,JJ0
4 4 " 00,3929
5 g " 64,000
6 g n £5,530

Istimated £8 day strength

1 - T35 750
2 -0 76,520
3 4 ozs., 87,000
4 4 " 04,000
5 g £6,009
6 g $7,750

Average 7 day strength

1L&z2 -J= 51,759
5 & 4 4 028, 57,009
5 & 6 g n 64,759

Avercge esticated 28 day strength
1 &2 -0= 77,605
O & 4 4 0zs. 65,590

5 & 6 g n GG, uT5

lbs,
n

"

n

lbs,

”

lbs,

lbs.

n

Streagth

1,611 m
2,052 M

1,000 "

£,268 W
Ey0l?7 M

2,800 pesel,

2,707 "
5,078
2,002 M

3,305 M

S,46 M

1,834 pes.ie
2,020 "

2,865 M

3,050 M

5,456 M
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Conclusions

Vitain tihe scuju of tacse tests cundyacted as o jurt otf
this re;urt, the zgent shcved sallicoent corlit to varvaut
furtier study of its cajabil-ties. It not only did uot ve-
dguce tie ultluwcte struigti in cudptussioil, buat actually
swwwed an lucrease fur tils avticular wixe. Tiue w.xture,
even witiout auy waultica of acuixture, vius desiznued by jpro-
jer, accejpted wetiuds, The aduthor does not belicve that wuy
admlxture siivuli be used as a substitute for gooed desipgn
techiiques.

ith tne auditiocual strecgth fa“en intu cuvusiueration,
the results of a test wade with reauced wuter-cuntent and
reduced ce.ent raetlo would bo tho next netucal step in tae
investijation of the precticavility of tuls product, it
would be Interesting, lndeed, tu swe 1f tae nouriwal steeagth
aud the added woreaebillity and reuuced water counten:t cuuld
be waliteined in a leciior wixture, Tiat i3, replace a sualil
auount of cce.ent with the awsixture,

A thevrstical exuaple of tie cust of using Portite ajp-
pears on tie fellowlng ;age. It woula be 1lujcssible to ob-
tain accurite cost figuves without adetevuining tie size aua
location of the wera as well es the cost and availabliity of
all ingredients, Transjuertation costs filgure so higaly in
thae cost of botn the ceuent anud tue uggregate only a cuvwjar-
ative figure can be obtained for the general c.st of tue
agent, It is readlly apparent, therefore, that under one

set ¢f condlitions, unly, are theue figures correct,
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Illustrative Exawjle

Yield

Ceuwent, 1 sack of ud lbs. 04 _ = UediG cu, ft.
del x 6Z.4

Sa.zld ‘U X 2.66 ; 10624 n n
Z.60 X Uked

Gravel 94 X ©e5) = 14l " oM
LelD X UZe4

ater, 6.7 gale O X 6,08 = LeB "* W

C2.5
Absolute volume of one-sacs batch - 4,506 . n

fuantlites Required for One Cubic Yard of Concrete

Cemont = _27 _ = 5442 sacks = 1.53 bbl. = 4.0 1b.
4,5c6
Sand = 5.42 X 94 x 2,86 = 1,457 lbs. = 0,726 ton

Gravel - 5,42 X U4 X 3,51 = 1,788 lbs, = U.£04 ton
Vjater :: 5.42 x 607 X 8.33 ; :)Og lbs. : 6603 U.S. galg
Portite = 5.42 % 4 = 21.68 ozs.

gxausple Costs
Cement = 13,00 x 1,50 = L3.99 per cu. ydo

Gravel = $2.25 X O.tUd = 42,01 " n n

Total without Portite $le46 n omom

Portite = 0,020 X £€1,60= (0,50 n n n

Total with Portite = 7s86 w w o m

In the above illustrative example, the cost of
Fortite, used in 4 ounces per sack doses, would
be ©£),50 per yard or 6.,7% of the total cost of

sll other 1ngredients,
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Illustrative Exawjle

Yield
Ceument, 1 saci of w4 lbs, - 04 = V.46 cu, ft,
ded X 6Z.4
2,60 X k.4
LoD X CZ.4
vater, 647 gal, o7 X L,08 = Ul " M
C2.5

Absolute voluwe of one-sacs batch 4,506 0 n

Guantites Required for One Cubic Yara of Concrete

Cement = _27 _ = 5.4%2 sacks = 1.93 bbl. = <.5 1b.
4,006
Sand = 5442 x U4 X 2,86 = 1,457 lbs. = 0.728 ton

Gravel = 5,42 X 04 X 3,91 = 1,788 1lbs, = U.E04 ton
Viater = 5.42 X 6.7 X 8,83 = O0% 1lbs, = 6.3 U.S5e gal,
Portite = 5.42 % 4 | = £1.68 ozs.

Lxawple Costs

Cement - (3,00 x 1,89 WYY per cu. yd.

Land = $2.0U X 0,729 - vledu M " n
Gravel = L2480 X O.LUd = 42,0k " " "

Total without Portite = .46 ®n n m
Portite = GU.025 x £1,68= (0,50 ® ®n n

Total with Portite = T8 n wm m

In the above illustrative exauple, the cost of
Fortite, used 1n 4 cuances per sack doses, would
be £).50 per yard or 6.,7% of the total cost of

all other ingrvedients,



Thls study is by nu weaus a cosplete investigation of
tiue subject., 0On tie basis of tie caavacturistics of iortite
as dewvustrated by test or by obucevation, acswever, a fouw
general uscs of the prodact present thewscelves,

The advantage geined rass in an iaverse jrojortion to
the richuess of the mixture, As a cuinverss tueory, it is to
be expected that the agent wight well be a desiveable adiition
to a lean pixtuve that exhibited havrsn chacacteristics,

The watev-rcducing factor could be jut to govd uss to
reducs bleeding and to decrease the a.cuant of tice required
for flnishing wors. One contractor stated taat this wuter
reduction wade it poussible to trowel-fiulsh floors 2 to 23
nours earlier than before., OUn aun average pour for that
particular structure that weant a saving of apjroximately
¢ 1410 per yard in coucrete flulshing tlae,

The reductivn of segrepation 1s wost iwportant on those
Jobs where chutes are uscd. Tils cun uwean an apjreclable
lowering of handling costs. Furtaer, conéiderable effort
can be eliuwinated on lutricate furm pours by the increuased
wornability,

The reader will find no evaluaticn of these guallities
in the thecoretical exaxnple, o two Jobs would preseut the
sasie difficuttles, so no couparison 1s possible in the tiue
allowed, Theo suthcer suggests considevation of the use of
Portite in the danger of segregation our excessive labur
costs and tiue delays on finishing work, If subsequent

tests siew that thilg audidxture 1s a cunslistent alr-entraining
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agant, its field of use codld bke broadly ex; euded, It 1is
wholehcartedly recousenaed, taeccfore, that the subject of
tie alr-entral:iing ciwvactecistics of this ageut be cunsidered

28 a worthwiile futare thesls,
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The ovtlite uscd 1in tils ey erlient wus fucnlished by
Portite Division of Topyer rroducts, Iic., 12 Sast 4lst
Street, lew Yorx 17, Hew York, throagh the courtesy of wr.
Zdward T, Caisrbell. A1l ccouwent and agpregate was jprovided

by the cewment laboretory of uichigan State College.
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