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Dedication

The present legislation of the Civil EZngineering Le-
pertment of Michigan Ctate Collezge reqguireas that this
peper be oleseiried as a "thesis.,” Therefore, it seemed
only fitting thet I investigeste the eforementioned deno-
tetion, and ssoertein the extent to which this peper
qualifies as such,

The ¥ebster's Collegiate Dictionary, 5th Edition,
which hae deen my faithful eompesnion for the past four
years, was my source of reference. #¥ithout further comr
ment, I quote from this source, "thesie~~-1, A proposition;
specif,, a boaitiou or proposition which a person edvenoes
and offers to maintain by argument., 2, A dissertation
presented by a candidate for a degree or diploma-<--,"

It deceme appearent when I had resd these lines that my
faithful compenion had agsin deen my salvation in a time
of need.

There ia 8 story molded within these lines, a story
of tyranny end oppression, of bitter etruzggles, climaxed
by suocessful conquest, In years gone by, a prospective
graduate, turning to his diotionary for the mesning of the
very word whioch I have just defined, found but one defini-
tion, "theeis----pa proposition which a person edvanoces and
offers to maintein by srgument,” What terrific chagrin 1%
must have heasped on the many who were oonfronted with the

titenio task of approaching this insurmountsble estteinment,
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The irony of suoocessfully fmoing four yecrs df oonatant
oppression only to be struck down with one laat orushing
blow!

Fortunately, there sre those stalwart Joan-of-Aros
who do not shy awey from giants, dbut who fight and fall
that others might surmount their bettered dbodies to detter
strike the fatel blow, To these martyrs I bow dowa,

How the bells must have sounded, and the joyous echoes
of leughter and hilarity filled all Christendom on the day
the gates were finally felled and the crowds came surging
in, The day the bdook was again opened and the viotor's
hand firmly wrote the liberation of posterity, “"thesipe=~-
a dissertation presented dy a student for a degree or
diploma-ee=, "

So, t0 the memory of those brave sduls who struggzled,
fought, and perished that I might submit my thesis as a
true fulfillment of the obligation which the word now rep-

resents, I hereby dedicete this endeavor,

Respeotfully,

f%,_c;@%%@_.
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Preface

The thesis, es epplied to a osndidate for a degree,
may be thought of es having several different connotations.
One, the materisl presented by a student who has endeavored
to offer s new theory or idea, to present a new design or
method, or solution to an existing or fioctioious prodlem,

A seoond, is the report of a student who has set sbout to
investigate a theory or idea, a design, or a method, ia
order to determine 1te soundness or possible felaoiee. A
third oonnotation is the material that is edvenced by a
student who hes attempted to offer new evidence on a sub-
ject of whioh there is little information, or possidbly e
great deal of oonflioting informetion., This paper does
not qualify in any of theese catagories,

It wes my intention merely to inveetigete the conorete
field, attempt to get some vague idea of what current pro-
gress is being made in the conorete field, to stimulate my
own interest, and in genersl to further my own very vegue
knowledge of the sudbject, There hes deen little effort on
my part to attempt any solutions, to formulate any definite
opinione, or\to doterﬁino the so>undness of any material
which hes oome to my attention in regsrds to the sudjeot.
In order to express a worthwhile opinion, a person should
be thoroughly femiliar with the subjeot under contempletion.
This was not end oould not de eschieved for such & dbroad
subjeot in the limited time evailsdle., Ocoesidnally, an

opinion is expressed, but these are generslly for purposes
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of olarity, end in sll ocases may be subject to consideradle
alteretion,

Approxiwetely two hundred issues of sbout twenty peri-
odicals were oanvessed for material pertinent to the sud-
Jeos, 1In eaddition, thirty letters were written to various
manufecturers and other possible sources of information
with rather gratifying resu}lts, There were, homever, sev-
eral spurces of information which oould not be exploited
for one reason or sndsther in the time afforded.

Five weeks were spent in gathering information from
ocurrent perisdicsls, and an additional week in rezding the
material received by mail. Approximetely three woeeks were
spent 1in organizing the materiel end eetting it down in
the order in whioh §t now sppears., The required time of
eighteen hours per week to be devoted to the thesia, was
emply fulfilled,

The manner in which the meteriel is organized warrants
some comment., The emount of meterisl under each heeding
and sub-heading is entirely dependent upon the amd>unt of
material found in the periodicsls canvaseed, This does not
infer that the sudjects of the greatest importance are
necessarily those in whioh the greatest amount of meterial
appears, Some of the more etartling discoveries may be
merely mentioned under the "Miscelleneous” hesding. Eowe
ever, the topics moet exploited in the laet few years with
the greatest emount of succees, are necessarily represented

by the grester emount of material. It 1s alasd very possible
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that severel important recent developments in the conorete
field received no mention, /sgsin it is only because they
444 not appeer in the ourrent periodicsls oanvassed.

In order to oope with the aize of the subjeot chosen,
it wed necescary to provide some limitations, and to meke
some omisgsions., Any information dealing with the desigan
of standard saend=-gravel mixes or their proportioning was
not oconaidered, eince it was felt that this materisl was
of a oomparatively minor neture. This limitation was also
applied to oonventional reinforcement deaign, except in the
instences where the novelty was such as to remove the de~
sign from its conventionasl claseification, There hus deen
a great deal of work done with waterprooafing applicetions,
end psints for oonorete, in the paet few years. These
were also omitted because they sre extraneous to the actual
oconoreste ingredients and their design,

Some topios that I hed plenned to encounter in my
reading were found strangely ebsent., <toil-cement concrete
was sceroely mentioned, snd there was also very little
mention of bituminous-gement combinetions, except for the
esmall seotion herein included,

An attempt has been made to> oredit the materisl in-
oluded to its proper souroe, HLowever, in the event thet
seversl sources oovered the same topic with about the same
oompleteness, nd reference is listed, Also, someé averages
were oaloulated on items from differeant sourcea whioh had

slight varisnoe. Xo references2 are listed for these figures.

r



The eveluation of the verious materiesls and methods in-
oluded ere in meny cases those of the meznufacturer, ead
are neoesearily quites one sided. It i8 rather diffiocult
$0 obtain & clear picture of the exact worth of these
materials or make acocurate comparisons, by oomparing very
opinionated reporta. A great deal of the 80 called "faots
and figures” of the manufecturer which appeered to be
obvious exegrerations or special osses, were Omitted; or
if inoluded, the source was slao given,

The enormity of the topic ochosen has necessiteted a
very greut degree of inoompleteness hoth in the nsture of
the materisl inoluded, end in its organizetion, Lowever,
a great desl Of knowledge was soguired.from the endeavor,
end my interest was very greatly stimulated, Therefore,
the purpose of the undertaking was fulfilled. Ferheps
at some future dste the suthor cen present a more compre-
henaive and complete report, Conorete ie definitely an
interesting subjeot, snd one whioh is certainly worthy

of future study.
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LIGHTWEIGHT AGGREGATES



The Lightweight igoregate Fleld

The lightweight eggregate field ie perhape the field
in which the greatest strides are bdeing made today, and
the field that mey have the grestest effect on the future
deaign prinoiples of bdbuildings both from en enzgineering
and an erchitectural standpoint.

Lightwelght eggregates sre not new, They have been
known aince the time of the Romene. They have been used
for construotion purposes in southern Germeny and other
parts of Europe for many years, Lowever, their introduc-
tion into this oountry 1e relatively new,

The conorete masonry industry wes the first to reslize
the edvantrges of 8 lightweight scgregste in their products,
with the chief eaving seen in the esse of handling which
oould be efforded, 1In 1946, the production of lightweight
bloock reached 386,389,000 8 x 8 x 16 inch ecuivalent units,
es compered with 583,718,000 of the heavier veriety, or
approximetely 41% of the total dbloock output,

Homever, the most recent developments of lightwelght
sggregates have been in the monlithic field where great
succees has been achieved, principelly on the west ooast,
where natural sggregate is readily sveiladle. So great
have been the savinge and advantecges of lightweight oonorete
in projeots already oompleted, that it threstens to super-
cede stone and gravel conorete in this part of the country

almost entirely.
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Lightweight eggregates, in general, offer the advan~
tages of reduced deed load, esse in handling, heet insula-
tion, end sound edsorption qualities end inoreased earth
quake resistance. On the other hand, they present the
problems of floating out of the sggregate, bleeding, and
an inoreased oost fector. The adventages have been found
to outweigh the disadvanteges, exoept where long haulege
will make the 008t feotor prohibitive. OCpecific advanteges
and disadvanteges will be discussed for each sasgaregate in
turn, as there is a wide renge of ocharsoteristios in the
different oclescee and specific eggregates.

The lightweight aggregate field promises t0 offer a
keen rivalry between the ingenuitiees of egarezate produoers
end procesedrs, Formerly, with atone snd gravel aggsregates,
the local outfit had much the adventege, since the freight
charges constituted the only principle difference in prioce,
a8 the mining and processing of the materisl was on s rela=- .
tively staundardized basis, Now, with e whole new field of
egaregates opening up, and new methods of processing belng
developed, producing better products, there promises to be
some intere2ting ocompetitive marketing, 1In fact, thie com-
petition hes already begun.

Aocording to Stuart H. Ingrem (Faesesdens, California
mining engineer), "4 lightweight eggregate, in order td> hold

a merketing position, should have these qualificationas”



(1)
(2)
(3)
(4)

(5)
(e)

(7)

De well graded in size
Have minimum voids to be filled with morter
Eave go0o4 oompressive strength

Be firm, 8o that partiocles won't dbresk down in
hendling

Bond well with cement and be inert

Must not be affected by westher, time, moisture,
ingseots end fungi

Be as 1light as possible ( to be economical, should
not be more than 50% of the weight of rock or
gravel, or weigh less then 50 pof.)

Lightweiszht eggregates may be olascsified into the fol-

lowing olesces:

(1)
(2)
(3)
(4)
(8)

Aggregates of volocenio origin
Miceceous materials

Expanded oleys snd shales

By-products of menufecturing processes

Vegetable fidvers

Eeoch olaes will be discusced in turn with its variosus

group members,
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I'umice

Foremost among the natural lichtweigzht agzregates, now
in the prooess of rapidly inoreassing production, is pumice.
Frofessor Reymoné E, Cavia of the oivil engineering depart~
ment, University of Celifornia, has desoribed pumice as
having "real potentiaslities™ in the lightwelzht agaregnte
tield.28 Tumice has proved itself in reoent yeurs to dbe of
great value, and the demand hes inoressed tremendously in
the past twd or three years,

Fumice hes bdesn defined es an acidio, voloanio glasse,
produoced from & granitio megma during exploaive volcanio
orupuon.22 Pumice, a glassy froth, honeyoombed with e~
longated parallel cavitiss, is formed as geses are released
from the lasve particles es they o6ool to aolidity.12

Essentielly, pumioce is oompored of oomplex amorphous
silicetes of aluminum.zz A typioal snalysie of a pumice

ore ie given in the sccompanying tsble ( table 1)1

S111ce (d1oxide) 72%
Alumina 14%
Potessium oxide )
& Sodium oxide 7%
Calcium oxide .
& Megnesium oxide 2.5%
Iron oxide 1.0%
Loss on Inition Ze5%

Table 1.1 Components of & typlocsl pumice deposit.



Fumioe is found neer the surfsce of the earth with
l1ittle or no overburden, TLeposite are in leyers of varying
thiockness, which would epparently be governed dby the fre-
quency, duration, meznitude, and type of volcenio sction of
the particular volocany from whioch the deposit has originated.
Ceposite in Sashington vary in depth from 2 feet to 14 feot
with 6 feet being an average deposit (see Table 2).6 Othery
states have somewhat larger deposite, with 10 feet to 2B

fest beinz a common deposit in New Lexico,

Laterial Lepth {inche
Silty soil 13
Buff c¢olored pumice 2%
Sand 3
Gray pumice 3%

(older layer)

Sil%, sand, and rock
fragments 4

Table 2.° Typioal pumice deposit in Washington.

Due to its volosnic origin, pumice deposites are oon-
fined to western states with volcsnio or formerly voloanio
mountaina. Pumice deposits are found in Eishop and Im-
yoken, California; Pend, Oregon; Sante Fe and Aldbuquerque,
New Mexioo; and near Mount St. Helene and Glsoler Feesk in
Wdashington, Other deposite héve also been loosted, Kew
2exioo probedbly ocontains 40% of the nation'e pumice supply.1

It is interesting to note that all volceanos 4o not have
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pumioe deposits, M ts, Baker, Rainier, snd Adams in eshing-

ton, for exemple, sre apperently devoid of pumicc.e

FYumice hes been known since the time of the Ramana.zz
It has been used for polishing, as an adbresive, and in
puzzolanio oements to0 inorease the resistence to penetra-
tion and corrosion by fresh or sea water, and provide long
continuous ege hardening of sonorete, However, this has
been on a relatively smell socale es compsred to the huge
quantities in use today.

The first use of pumioce as en sggregets, of any impor-
tanoe, was the building of several ooncrete ships for Norld
Jar I.13 However, it wes not until 1940 that the huge
strides in the production and use of this natursl volocanie
material begen to be mede. Iroduotion has probsdly doubled
in the lest five years,

California produced 7,170 tons of pumice and pumioite
(discusced later) in 1926. This was used almost entirely
es an adrasive, In 1946, the seme state produced 109,191
tone of pumice end pumioite, with over 90% being used es an
azgregate in the duilding 1ndnstry.22

The use of pumice in the manufacture 5f conerete bloocks
hae aocounted for the major portion of its utilizetion in
the past, Blooks have been produced from pumice asgaregste
58

under a lerge number of trrde names, such as: IYyrolite,

Fumalite, 1
¥hite Leva Elock, eto. lLowever, pumice 1a now

being used in place of regular stone mixes 1n on=-the-Jjob

monolithio pourings, and in prefebricated panel production,



in doth ocases with great success.

Pumnice haa nesrly all of the eldvanteages 5f an ideal
lightweight esggregete, It i light, hsa high ineulation
properties, is of uniform quality, is incombustidle, end
hea a surfecs texturs to which plaster reedily adheres,

In addition, 1t requires little processing prior to actual
use a3 &8n epgrerate} it 18 relatively strong; end it is
engily mined.

The weight of pumice egsregate ronges from 25 to BB
pounds as found in ite natursl state of gradation, It is
found 4in sizes up to about one inch, bdeing very nearly of
design mix gradation, Kowever, it is usually soreened and
very often orushed to meet specificstional demsands.

Fumice is generally white to grey in oolor, although
newer deposita may be of various odlore,

Pumioe sbaorbe oonsiderable water, and may require as
high es five days t> become 1nundated.1 It muat, therefore,
be saturated before or during mixing. Several methods of
presaturating the aggrezate have been used, including:
spraying the agsregate es it stands in piles} presatura-
ting the esgzregate in a mixer prior to esctusl addition of
osment; or sotual eddition of extra weter to the mix to
oompensete for the ebsorption, Either of the former methods
is to be preferred,

One of the important alventeges of pumice is its very
high i{nsulation property. A pumice conorete will heve

ebout six times the insulation ebility ae ocompared to a



congcrete uaing regular stone or gravel as an eggregste.
Teble Bzzgiveo a feirly representative idea of the "K"
feotor ( thermel conductivity faector) of well proportioned
pumioe mixes,

nE" feogor
(Btu/sq. ft./in/°F/nr)

Compressive
strength (psi) Pumice oonorete Rogk oongrete
3800 2.25 13.00
3000 2,20 12,50
2500 2415 12.00
2000 2,00 11.50
13500 1.95 11.00
1000 1.8% 10,50

Table 3.22 Thermal conductivity of typicel pumice
and roock conorete mixes,

The Albeguerque (L.X.) Grevel Froduocts Company has
couducted meny tests on pumioce oonorete, They have dis~-
oovered1 that worksble mixea cen be Gesigned os eusily and
with the some scientifio approsoh es so=-caelled hard rock
conorete; that pumioe concrete definitely rfollows the water=-
cement ratio law ro? strength,

Ap 18 the oase with most lighitweight ugygrexaics, pumice,
because of ita lichtness, has @ tendenoy to flost out of the

1
mix, producing segregetion and dbleeding, It 18 recommended,

therefore, that the mix be kept zn dry aes possidle (with a
slump of 2 inochea or loss) and that no troweling be done

until the mix has partially set; even then dusting should
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precede finished troweling. I'ozz5lith (discussed later)
has deen added succesefully to prevent bleeding snd in-
crease uorkabtlity.l
Fumice conorete oan be desisned for s oompressive
strength up ts about 3500 poi.gz Thies is largely depeand-
ent upon the gracdetion of the sgzregate and the water
cement ratio, of ocourse, The lerger sizes of pumioce
aggrogete have the lighter weight but the finee have the
greater strength raotor.1 The addition of fine pumice
in inoreasing quantities will give inoreased strength at
the expense of an increase in weigbt.ga Sand has been
acded to oorrect for the fineness mpdulus and inorease

the t:treng,t:n;“I

however, it $00 sacrifices weizht for its
strength goin, Addition of fine pumioce is said to aleo
give less permesbility to water and greeter oorroeion re-
siatance to see water, frech water, and organio acida.az
If pumice were melted down, it would have about the
speoifioc gravity of granite, or 2,4 t> 2,6, The hardness
18 5.5 t> 6.0, the same as the feldepzaras and almoet a#
hard as quertz which is 7.0.1
Frofessor LCavie, of the University of Califoraia,
olaims that pumices oan be improved s grest desl by heat
trestment, to reduce absorption in pumice ooncrete, end
%0 inorease its strength.ea However, the demend for
pumioce without this treatment is, at the present time,
great endugh that the extra expense of this heat treat-

ment s not warranted,



The Fumice Aggregate Seles Corporetion, of ilbecusrque,
K. ¥, (most modern and one of the larger producers of pumice)
hes sponsored the testing of ite eggregute et the University
of New Yexico, and the Fittsburg Testing Leboratory of tan
Franoiaoo.l Tests have elso been oonduoted et the Univer~
sities of Texss, Oklahoma and California ( to mention a few),
These tests have 8o fer indicated, that pumice conorete has
equal sheer, bond, end tensile strength with that of con-
ventional conorete.1

Table 4 gives s oomparison of the unit weights of
etone and pumice concretes for desired strengthe, and elso

e oompariaon of the ocement required to obtain these strengztha,

In each case a well graded mzaregate mix is inferred.

Compression Unit weight Cement required

desired ( por) (saoks?yd)
(pei) pumice rock umige

3500 110 1595 7.8 6.5
3000 102 152 7.0 6.0
2500 $0 150 6.5 5.5
2000 87 143 6.0 5.0
1500 75 145 5.0 4.0
1000 66 142 4.5 3

Teble 4.22 Comparisdon of unit weights and oement required
for pumioe and rock oonorete mixes

That the strength of pumice conorete inoreases with
age is fllustrated in tests performed on pumice ships of

%orld Her I whioch have been since hroken up, These teste

(X=}



8ave strengths of 8,000 pasi, when standard oylinders were
out from the droken hnlln.2 This is believed to de due in
pers to the puzzolenioc asction of the pumice sggregate, plus
e more ocomplete hydration due to the porous nature of the
ageregate,

Fire and heat resistant tests have dbeen conducted on
pumice produots with very good reeults, »a an example.1
the Uteh=1dshs Concrete Pipe Company oconducted tests ac~
oording to0 A.S,T.M, Specifications on e eoncrete b®look
wall made of their product (whioh hes pumice &8s sn aggre-
gate.)

In the first teat, the inner face of the wall was
brought to 2000 F, in four hours under a loed of 80 pai
et all times. In another test, the entiire wall was plaeced
in 8 ges furnece and heated to 1700°F, in one hour. A
fire hose was then aprayed on the wall immediately. #hen
the wall was 0501, it wes loeded to 160 psi, These tests
were performed sucocessfully with no feilure resulting.
Bumerous other tests have proved that pumice conorete will
meet all the atandard requirements of heat resistsnce.

Pumice has other characteristiocs which add 8o its
desirability, It ocen be sewed, nalled, and drilled with
1i%tle more 4ifficulty than wood., Pumice oconorete ie also
vermin proof, which is an important property in statee
like Californis, where termites osn be & menaoe.51 Fumioe

eonorete has grester eocdustio cuelitiee than regular oon-

‘"



orete, In sddition, conorete made of pumice hes a greater
ebility to take e changze of sheps, or reeist stress without
orecking, than regular oconorete; i1ts modulus of elastiocity
18 between 750,000 and 1,500,000 as oompared to between
3,000,000 end 4,500,000 for conventional oonorete.51 This
is especially important in parta of the couatry sudbject ¢o
sarth queskea, such as Californias,

Aotual oost comparisons of pumios eggregste and regu-
lar aggregate are rather difficult to meke and are sudbject
to loocal oconditions and priocs trends. There is, however,
some aveilable data that will serve as an approximate com=
perison,

The averasge o6ost of pumioce sgzregate at the quarry in
California in 1946 waa 32,70 per yerd ee compared to $3.65
per yerd 4n 1926."32 The price of pumice sgaeregate delivered
at the job site in los ingeles from California mines in 1947

renged from $3.75 to (4.50 per yard,l

‘dapending upon the
kind of haulege and the presence or lack of terminal facili~
ties. This was opposed to & 0ost of $2.40 for regular sand
and gravel egsrcgates.

The fumioe Aggregate fales Corporation guotes & price
of §2,50 ta'sz.ao ( depending on quantity) plus freight,
with a 10% 4iscount for payment within ten days of the
invoios.

It would appear, at first, that the additional ocosat

of pumioe asggregate would render it a luxury. Actually,
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however, the savings in steel and dead weight snd the in-
sulation and other properties that are sfforded, make its
use desirable in a great many cases.

In small buildinge, espeocially ian the precast punel
oonetruction type, the lighter weight cuta down the lebor
by providing greaster eaes of handling, This is also true
of lightweight blook units, Insulation ie aleo m=aved, or
e saving im fuel and comfort can be reslized,

Fumioe asuregate hes been used on meny large and
smell housing projeocts in the Celifornia snd Kew Kexico
ereas, The Federal Government has built large housing
facilitieas of pumioce conorete at Imyoken, Californies
( Revel Ordinance Teat Station), end at Albuguerque, B.Bé.1
A 100-aore subdivision 15 miles east of los Angeles, known
as Hugheston Keadows, 48 deing duilt employing gunited
pumice concrete.

However, i1t will be seen thet these projects are con-
fined to areas in the almont immediete vioinity of large
pumice deposits, where the freight charges have ndo apprae-
oiadble effect on the cost of the sggregate, For housing
projeots, the use of pumioe will probably be oconfined to
1008l or semi~locel projects., Competition from other
lightweight aggregstee in other aress 5f the gountry be-
ocomes t00 strong as the freight chargee inorease, The ad~-
ventages of little processing, esse in mining, and probebdbly

a 1ittle better quality, that pumice hes over other



eggregates, beaomes overbalanced by freight ratee as a
certain distenace from the quarry is reached,

The edveantages 5f using & lightweizht eggregete in-
orease with the heizht of a bdbuilding, for, in eddition to
the sdventsges already mentioned for a smaell dbuilding,
there are the ndded sdvanteges of seving in steel, saving
in form work (lighter farms) and greater earthqueke resis-
tance ( inoressed etrength to weight ratio) where this is
important,

A greet many lerge buildings sere being duilt, or have
been duilt in the last 3 or 4 yeare with proven cost ssvings
in addition to other advantages,

The $377,000 Jackson County Memorial Iospital et iltus,
Okdahoma was designed using pumice sggregate dbecauee 1t
would efford en anticipated: (1) 50% reduction of freme
dead lo8d; (2) 455 reduction of reinforocing with the same
live load ospacity; (3) greater heat insulation value} (4)
end the sound ehbsorption cuslitiee receseary in a hospital
deaign.1

The 31,800,000 Telephone Company building 1in Los An=
geles resulted in a net esving of $18,000 through the use
of pumiece oonorete. This was in eddition to edvantegea
elready mentiosned for lightweight egrregate atruotnrea.l

The Generel Petroleum Building and the Frudential Life
Insursnce Euilding which ere beinz oonstructed in Los Ln-
geles at about £7,000,000 eplece, expect to seve between

10 and 12% of the cost by using pumice conorete, vermioullte
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eggregates, beoomes overbalanced by freight ratee as a
certain distance from the quarry is resohed,

The advantages 5f uaing a ligzhtweigzht aggregete in-
oreate with the heizht of a bduilding, for, in addition to
the adventages aslready mentioned for a small dbuilding,
there are the added sdvanteges of saving in steel, saving
in form work (lighter forms) and grester earthqueke resis-
tance ( inoreseed strength to weight ratis) where this i»
important,

A great many large buildings sre bdeing duilt, or have
been duilt in the last 3 or 4 yeare with proven cost sevings
in addition to other advantages,

The $377,000 Jackson County Memoriel Hospital et iltus,
Okldahoma was denigned using pumice aggregate bsgsuse 1t
would efford en antioipated: (1) 50% reduction of freme
desd 1o8d; (2) 45% reduction of reinforoing with the sume
live load cepacity; (3) greater heat insulation valuej (4)
end the sound ebsorption quelitiee receseanry in a hospital
doaign.l

The 31,600,000 Telephone Compeny building in los An-
geles resulted in a net saving of $18,000 through the use
of pumice oonorete. This was in addition to edvanteges
elready mentioned for lightweight egrregate structures,

The General Petroleum Building end the Frudential Life
Insursnce Euilding which are deinz oconstructed in Los 2n=-
geles at adout £7,000,000 epiece, expeat to sasve between

10 and 12% of the ocost by ueing pumice conorete, vermioulite



eggregateas, beaomes overbalanced by frelght ratee as a
certain dietance from the quarry is reaohed,

The advantages 5f using e lightweight eaggregete in-
oresss with the heizht of a building, for, in eddition %o
the adventages already mentioned for a small building,
there are the added sdvantages of seving in steel, saving
in form work (lighter formse) and greater earthquake resis-
tance ( inorensed strength to weight ratios) where this i»
importantg.,

A great many large huildinges ere being dbuilt, or have
been built in the lest 3 or 4 yeare with proven cost ssvings
in addition to other advantagea,

The $377,000 Jackson County Memorial iospital et iltus,
Oklahoma weas demigned using pumice sggregate begsuse it
would efford en antioipated: (1) 50% reduction of freme
dead 1loed; (2) 45k reduction of reinforcing with the same
live load capacity; (3) greater heat insulation value; (4)
end the sound ebsorption quelitiee ceceseary in a hospital
deaign.l

The 21,600,000 Telephone Company building in loa An=-
geles resulted in a net esving of $18,000 through the use
of pumiee ooncrete. This wae in addition to edvanteges
elready mentioned for lightweight egrregate struoturea.l

The Cenerel Petroleum Building snd the Frudential Life
Insursnce Euilding which ere beinz oonstructed in Los 2n-
geles at about $7,000,000 epiece, expect to> save between

10 and 12% of the oost by using pumice oonorete, vermioulite
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plaster, and ganaral lightweight conatruotion.al

The $8,000,000 Michelson Reseerch Laborstory at Im-
yoken, California wes built with pumice oonorete with a
great saving beinc realized.l

Eowever, it 1s my opinion, that, slthough pumice 1is
bsing shipped by the ipzregete Cales Compeny alons t9 over
twenty etates,ao its use will eventuslly be oconfined to the
¥eest and Southwest elmost entirely, es the new local esggre-
gates now coming onto the msrket in lerger quantities, bds-
gin to tske over in their owa looel,

In the Couthwest, pumice appesrs destined for greater
usage, and cities such as Log Angelee mey reeort to the uae
of pumioe almast entirely, with the exception of foundations

end roads, which account for ebout 20% of the conorste used,
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Famieite

rumicite is chemiocslly similar to pumice, dut is
different physioslly. It is also known ag "volosanloe ssh"
or "turr."51 It is & very fine send, made of minate pare
ticles of glass whioch have been deposited either by wind
or water, The partioles have been defined as "atomized"
by volcenio explosion, Particlee ars small and sngular
in shepe and heve en abresive looking contour,

Due to the lightnese of the fine particles, they sre
treneported grest distences from their volosnio origin,
There are states, such es Kensas and lebraska, where con-
siderable pumiocite 18 found end little if any pnmio..sl

Fumicite has for meny years been used s en abrasive
in the msnufacture of sbreeive sosps, household cleansers,
end scouring powders.sl It 1a rather eoft end frail and
has little use a& an egsregute, exocept a8 a placster agzre-
gate, or in other uses whers insulation and not strength

govern} L2
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Iamioite

Fumicite is chemioslly similsr to pumice, dut is
different phyeioelly, It is also known as "volocanio esh"
or 'turr."bl It is @ very fine sand, made 5f minate pare
ticles of glass which have been deposited either dy wind
or water, The partiocles have been defined as "atomized"™
by volcenio explosion, Particlee are small and shgular
in shepe and heve en abraesive looking contour,

Due to the lightnese of the fine particleas, they sre
treneported grest distences from their volocenic origin,
There are states, such es Kensas and Nebraska, where coan-
eiderable pumicite 18 found end little 1f any pnmioo.51

Fumicite has for many years been used as an abrasive
in the msnufseoture of sbrasive soepe, household ocleansers,
and scouring powdere.51 It 1a rather eoft end frail and
has little use &t an egzregeate, except a8 a placter agzre-
gate, or in other uses whers insulation snd not strength

governi 2
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Famioite

Fumicite is chemicslly similer to pumioce, dut is
different physioslly, It is also known as "voloanioc ash"
2T "turt."bl It {8 & very fine scnd, made of minute pare
ticles of glass which have been deposited either by wind
or water, The partioles have been defined as "atomized"
by volcenio explosion, Farticlee ars small and angular
in shepe and have en abresive looking contour,

Due to the lightneses of the fine particles, they are
trensported grest distences from their volcanic origin,
There are states, such es Kensas and Nebraska, where con-
sideredble pumjioite 18 found end little if any pnmiooobl

Fumicite has for meny yeare been used 88 an adbrasive
in the msnufacture of ebraeive soaps, household cleanssrs,
end soouring pondera.51 It 18 rether soft end frail and
has little use a8 an eggsregeate, except as a plaster agzre-
gate, or in other uses whers insulation snd not strength

govern; 2
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Terlite

rFerlite is a natural hard voloanic roock oosntaining
some internsl wator.51 It ia found near the voleanic oore,
1s inert and hes a speoifioc gravity of 2.4. +hen orushed
end heated to a high temperature, it exfolistes $o about
ten times its normal size and will weigh from 8 to 16 pof.

It has deen found edvsntsgeous to preheat the orude
perlite, for too sudden e heating explodes the material
and produces too many rinea.lz By preregulating the temp-
ercture in the preheater, an elmost sized final product
can be obtuinod.s The expsnding heet rance 1s from 1400~
2600 ¥, [erlite has deen expanded in horizontal, vertiosl,
and inolined stationary and rotary type rurnecea.22

Txpanded perlite is light and rather frail; however,

1

it has exocesllent ineulation proporuea.61 Table B 8 givea

the thermal oconduotivity faotors of verious perlite mixes,

Volume
mix Lensity Thermal

perlite-ocement (pof) Corductivity

8 - 1l PT 4 «843

7 - 1 5.4 «6857

é - 1 27.1 «693

S - 1 26,2 <726

expsnded

perlite ;'2: 0e39 = 0049

agegregate ¢

1o58¢ ecrth

£11) —=-s 19

Tabdble 5.18 Density end thermal conductivity of verious
perlite mixes,
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Perlite is used in precast slabs, dlooks, floor fill,
fireproofing, and plaster. It makes &8 g50d4 insulation
plaster with more placticity than sand plaster., TIerlite

oonocrete has a strength ss givea in Tahle 6.18

Valume mix Compressive strength
_herlite-cement )
3 - 1 1730
5 = 1 918
7 - 1 560

Table 6.18 Compressive strencths of various
perlite mixes ( typicel)

Terlite ooncrete will weich between 53-55 pof. First
attempta at expanding perlite in the United :-tctes date
back to sbout 1940, elthough it was expended and used in
Germeny prior to 1925.22 There sre now some thirty oom~
panies involved in dsveloping perlite egzregete in Cali-
fornia alone., Two of the largest perlite producers are
the Continental Besic Materiale Company of Chula Vista,
Californis, and the Perlite Corporetion of smerice.”

The Builders Supply Company of lhoenix has mixed
red-blaock volosnic cindera with perlite resulting in a
econcrete bloock that is oheaper snd etronger (not to mention
hoavior).e |

It 1s much cheeper to ship perlite in its originel
state to kilns loosted in the vioinity where it 1a to be

used, since the freight rates #ill de reduced. 4 zdod



grade of crude perlite oould te purchesed et about ¢9.00
per ton at Los Angeles in 1947 (ocost of expanding not in-
oluded).22 The 698t of expanded perlite aut this time
ranged from about ;4,00 to ¢13.50 per oudio yerd.gz 4
will de noted that, due to the processing necessary, and
the fact thet perlite deposits, so far, have been found in
remote areas, that perlite ims priced oonsicderuble higher

than pm1°e ° 1
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grade of orude parlite ocould te purchesed et adbout §9.00
per ton at Los Angeles in 1947 (ocost of expanding not in-
oluded).22 The 693t of expanded perlite at this time
ranged from abhout ;4.00 %5 ¢13.50 per cubio yard.zz It
will be noted that, due to the processing necessary, and
the fact that perlite deposits, so far, have been found in
remote arcos, that perlite is priced oonsicersble higher

than pumioe.11
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Obsidian

Obasidian is a rook of volcanic origin whioh hes 6s-
sentially the same ochemiocal anslysis as other volecsnio
ores (see Iumice, tebls 1). Obeidian is very aimiler to
perlite ia meny waya.ze

Yhen heatsd, a product weighing about 20 pof 1s pro-
duoced which is strong and posesses a thermal conduotivity
ihlch is comparable to the beet insulating materials on
the market today.

The aggregste has bdeen given the trade neme of Con=~
tinentel Basio Material, or "CDL" es e trade mark. It 1s
being prpduoed by the Continental Basioc Msterisls Corpora-
tion of Chula Vieta, California, from two deposits doth

24 yp to 1947, these were the

loosted &t Beatty, Neveds.
only two deposits of thie rock known to exist,

Conorete made with obeidien is claimed to heve equal
strength with thet of oonventisnasl conorete and atill weigh
less than osne helf as much, It is further olsimed, that it
will give without oreoking when subjected to ovorloads.a‘

The use of this meteriel is etill in the embryo stege
as yet. It has proved very succeseful in its icitiel eppli-
oations, and it does appear to have definite rozsibilities

for future ueago.28



Soorie

Soorie, or neturél cinders, are derk oolored, volcanio
clinkere, a little toucher snd somewhat harder thean pumioce,
Eowever, they ere coneiderably heavier than moet lightweight
azrregaten,

Aoocording to F. Sominer tEchmidt, Consulting Xining &Ene
gineer of California, who hes done coneiderehle research on
the sudbjeot, "they do not have 2 field in whioch they exoel,
and they make no oosntrivution to the science of lightweight
aggregates."bl

They sre being used at present in the manufacture of

oored floor slesba and blocks by FEdrer D, Otto and Son, of

Albuguerque, Few Nexico.
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Vermisulite

Vermiculite is a miosceoue materiel which expends
updn eppliostion of heat to &9 muach as 30 times its ori-
ginal volume, The dried ground osre is sudjected to adbout
1800° F, for 4 to 8 peoonds, sfter which 1% weighe between
6 and 12 pof. The minute mioce leyers expand like the paszss
of e dook,

Vermioulite was first marketed from a Coloredo depoeit
in 1916,1°
the principal end actually the only large scale production

It 18 sleo mined in Eorth Carslins. However,

of vermiculite ie near Libdy, ﬁontana.lz The trade name
of expendsad vermisulite is Jonalite,

Until 1940, the ohief use of this materisl wes as a
loose rill insvlstion, However, todey it ie being uesd
ir lerge quentitiee es an sgerexcte in eomorste for fire-
proofing stevl, erd ue an aggrecate in oonoretes end
plasters for insulstive end ecouetio purpoaes.so

Vermiculite oonorete end plaster were ussd in the oon-
struction of the Yerosntile National Bank Building of Calles,
Texas for fireproofing ateel fremework and ceilinge, and es
a fill for ocellular steel floars.l2 Dead 1l0sé was reduoed
by 16,634 tone, resulting in a saving of 1,880 touns of
ateel eocording to iulter ., Asheaohlezer, the srohiteot.

The Alexite Tngineering Civision of the Alexencer Film

Co., Coloreds Springe, Coloredo, sells expanded vermioulite

22
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in bdags under the trace name I'eér Alex, at an equivelent
prioe of ebous §9,00 per yerd F, 0, B, Coloredo Springs,
This oompany aslsd manufaotures nailesdle lightweight drioka
of vermioculite and perlite which eell loocally for $50 per
1000 made with & 5-1 mix and meeting all locsl building
code requisitses,

There is &lso the threat of a foreign vermioulite
source giving ocompetition to the loosl produot.25 The
totel output of & vermiculite mine in northern Trensveel,
Africa, has been contracted for by an Ameriousn compeny.
Thie company stated that the ore waes of s much higher grede,
and in addition, labor ocoets in Africen mines are about
1/20 of the Americen lebor ocosts.

The 1947 output of this Afriocen mine wsas expected to
reach sbout 25,000 tone; end efter americen machinery hed
been installed, the production wes expeoted to jump %o
sbout 180,000 tons, The total Ameriocan procuotion in 1046
wes 75,000 tona, It is not known exaotly how closely these

figurea wers fulfilled,
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Eaydite

Haydite 18 & lightwelght, dburned shale or cley aggre-
gatc.56 It is ground to a maximum size of esbout 1} inohes,
and heated slowly resching s temperesture of about 2000:F..
et whioh the osrbon content oxidizee forming gases, which
result in the aggregate taking a light cellulsr structure.
It 18 then orushed and screened to size,

Heydite oconcrete will develop strengths of 4000 to
5000 pei, and weighs between 100 end 110 pcr.al Due to
its oellular neture, it should de presaturated defore use,

Haydite hss been used rather extensively for sbout
25 years with proven adventagea.56 Tests on haydite have
been oconduoted by praoctically every engineering society
and university in the oountry. It is one of the oldest
lightweight eggregates on the market todey. Haydite was
used extensively during ¥orld #er II in the duilding of

oonorete ships, %6

1n 1930, there were two liocensed manufacturers of
Haydite aggregate; today there are cighfjlg located in:
Keneas City, Miseouri; St. Louie, Missouri; South Fark,
Ohio} Deneville, Illinois; Buffslo, Kew York; San Rafeael,
Californiaj Toronto, Csnada; and Bothell, #eshington,

The Carter-faters Corporation of Kansas City, Kiseouri,
hes set up a new plant on a 65-acre trect, and are mining

end prooessing & 75-100 foot seam of ehalo.l9 Operations
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inoclude: atripping the overdurden, dlasting, loading,
ocrushing, storage, dburning, o6d0ling, orushing end soreen
grading,

Burning is done in oil-fired rotary kilns 6 x €60 feet,
with a 40-minute travel time for the shale through the kiln,
The materiel emerges as a olinker at 2.150NF. and cools for
10 days defore being ocrushed and graded,

An 8 x 8 x 16 block of Haydite weighes £5;7, snd has a
minimum ocompressive strength of 1000 psi with good sound sb-
sorption, end heat insulating properties.

The Carter~-faters Corporstion is now experimenting with
Heydite in precast units, Other oompenies are already pro=-

dueing these units successfully.
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Rocklite

Rooklite 1s a product meanufactured et Venturs, Csli-
tornia88 from a shele having a water content both ohemiocally
end physiocelly combined, +When heated to 2506’?., the ex-
pension of the water puffs the material snd oontrol of temp-
erature gives & more or less oontinuous surfaoce ooating to
the pertioles.,

Rocklite is orushed before heating, end the different
8izes heated separately, thus preserving the skin ooating.,
Thias 18 a particular adventage and the result is an agare-
gate that will require less cement and provide greater strength
than an sggregate which ia ocrushed erterfaxpanoion.

Rooklite 18 capeble of developing s conorete of over
6000 pai end has low abdbeorption qualltien.ae It is somewhst
heavier than pumice end is more expensive due to the heat
treatment and inoresszed orushing expense over that of pumies,
It ia a very desirsdble lightweight agsregate where high

51
strength is required end insulation and ooet are secondary.
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Sinterlite

The Stearns Manufsoturing Company, Incorporated, of
Adrien, M¥ichigcen, have developed a lightweight eggregcte
from rly-aah.20 Fly-ash ies & coel =2h still oontaining
some undburned ooal, whioh, when mixed with clay, shale,
earth, or slag, can be burned to produce a very satisfao-~
tory lightweight aggregate, which they have called Sinter-
lite,

The durning takes place in a specially designed ma-
ohine. The basio unit of this TUinterlite machine oonsiats
of an automatio ocontinudously roteting pan.27 The raw ma=
terials, mixed with e small amount of fuel, ere fed to this

pen end sintered,



Alrox

Airox ies made of diatomacesus earth which ias sudb~-
Jected to two heat treatments ¢o provide a silioca coating
on espongy struoctural fragments with a hard interior., 3024
strength is obtained up to 6000 psi with a weight of 113
por.61 The process, however, has not been adle to com=
pete i{n the genersl duilding program because of ite high
produotion ooat.61 It was first prepared for end apon-
sored dy the Maritime Commisaion for ship duilding pur-
poaes during ¥orld Yer II.51

The Air-Ox Company, of Los Angeles, producers of
Airox have now developed a cheeper product using en 51l
impregnated diatomacedua carth.zo The matericl is ocal-
ocinated, expanded, asnd is atomized with an exterior olay-
like ooating, It is egein durned giving a strong, synthe-
tio coated aggregate weighing 88 pof, with strengths up

to 4000 psi in e standard mix,



Lite Rook

The Empire Building Muterial Company, of Portlend,
Oregon, is menufacturing s lightweight szgregate blook
ander the trede name Lite Rook.21

Lite-Rook is en expanded shale product, The shale
is dlasted from a shale mine near !ortland, orushed to
2} inoh maximum size, expanded, and pulverized. Expansion
tekes place in an oil-fired rotary kiln 6 x 60 feet,

Lite~Rook aggregate weighs 9 pef efter expsneion, and
en 8 x 8 x 16 block made of this meteriasl weigha 234,

Empire olaims that their product is of grester strength
then pumioe blook, end still retains all of the adventeges
of insuletion, nailability, eto.,, present in a pumioe dloock .

The prioce of lLite-Rock block is slightly above that of

pumice block.
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Celocrete

Celoocrete 42 a lightweicht egaregate produced by the
Celotex Corporation of Chioaga.54 Celoorete wes marketed
under the name Pottsco for a numher of yesrs by the Celotex
Corporation,

Celoorete is en expsnded blast furnace sleg. By a
patented process, molten slag is converted into & haréd,
touzh, cellular, ennesled maee, which, when orushed and
greded, oan be mixed with cement and waier, end will form
a ohemicelly inert conorete.

Celoorete ia £0ld to various manufacturers of building
units throughout the country. Celoorete dlooks, 8 x 8 x 16,
weigh between 26§ and 294 and have the ususl sadvantsages of
lightweight units,

Celoorete blooks sre eo5ld very extensively end have a
pleasing, attractive surface esppearance, iHowever, the
availebility of celocrete sggregate is now limited by the
faot thet its production ie fer behind demand.
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Corcrete Tlenk

The Conorete I’lenk Company, lnocorporeted, of Jersey
City, New Jersey, has, for several years, turned out a
conorete plenk oconsisting of herd c¢oal cinders, and corushed
blest furnece esleg, as an eggregstes, &nd portlend cement as
the cementing ingrcdiont.sz

The plenke weigh the egquivelent of abous 75 pef, end
oome in 2-inch and 2 3/4-inch thiokneesses o2f varying lengthe
and widtha, They ere reinforced doth top and dbottom with a
mesh of welded steel rods,

The actual compreseive strength of the material 1s
850 pai with en inoreesse due to the reinforcing rods present,

The planks ere not considered es fireproof, dut oean
opﬁo under the fireproof cododes in many oities, if ueed in
conjunction with vermiculite plaster.

The planks have seversl advantages including: good
insulation end sound properties, roteproof, form worﬁ can

be seved, planks can be bailed,out and eawed, snd e reduo-

tion in decd losd oan be reslized,
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Vegetable Fibers

The Univeraity of Michigen has mede over 8,000 tects
on 225 4ifferent lightweight materiale that may be suitable
for building purposes, when mixed with portland cement and
amall quentities of certain inexpensaive ohemicale.sl

The light, strong fiders bind the conorete and also
contribute lightness, dbulk, and insulative properties. The
chemioals are added to lessen the amount 5f cement, prevent
shrinking, and inoreesse etrength., For fiber materials,
peenut hulls, cotton stalks, rice and whest etraw, ocora-
stelks, flax shives, end sawdust oan be uead.sz Among
the best fibers are materiesls obtsined from northern jaok

o2 Frocessing these

pine and winter-cut popple or aspin,
w5048 oonsists of a single grinding operation., The teats
have shown that these fibrous conoretes ere exceedingly
preoticsl for farm structures, where the rew materisls are
readily availedle,

One of the disadvantnges is that many fidbers requirse
speciel preparstion to remove harmful Juioea.sz The juices
in ordinary ferm wastes, such es strew, end cornstalks,
ususlly oontein sudbstenoes that ere harmful to the set of
the ocement., It is not 4ifficult to remove these substences,
but the special treatment requires a certain amount of time,
The mixers on the market at the present time sre not en-
tirely setisfactory either, for mixing theee fibroue gub~-

stences.,
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Slebs made of fibrous concrete weiched from 1/3 to
1/2 that of reguler gravel=gand oonorete.32 Two inch
boards of thé néw material showed, in the tests, elmost
as grest an insulation vslue 28 tad layers of Celotex
between plywsod fecinxa, and having = thiokness of
elightly over two iaches.

Clabs of insulative conorete will not durn, dut will
ohar when exposed to intsnse heat.sa In use, the new ma-
terial will probsbly be caet into slahs, and fastcnead over
the dbuilding freme, It ia claimed that these alads, pro-

perly msde, will bde non-rotting, and termite proof.



Turissl

Turisol 18 & lightwelght, precrst sladb emsloying a
minerelizec orgenic sggregate, Chemicelly mineralized
w504 shsvinze sre combhined with portlend cement, end
moulded ints modulsr slads, dblocks, snd tiles, to meet
e variety of uses in bhuilding construction.sa

Luriadl units weigh adbout 80 pof, cre rire reeistant,
insulsting, sound ebsorbing, and inert, These units are
not subjeoct to attsck by mould, fungi, rets, or termites,
end are unaffected by moisture,

Durisol, Incorporated, 1s e very new company and is
completing the first of nine pronosed plents at Beekon,

Xew York, st & cont of $500,000.,°° Durisol originsted in
this oountry a short time sg5 in a smsall plasnt at Aberdeen,
Marylend.35 However, Curisol hes been used successfully
for meny yeers in Switzerlend and other Euronean gountries
“"for all typea of construction,”

Durisol units sell for from .30 = .40 per sguare ft.
for the plain type, end from §.80 = ¢,90 far reinforced
units, ooated with + inch of white oement, These rates

ere F,0.,E, Beukon, New York, or Aderdecn, !éarylend.53
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Corsl Concrete

Good quality conorete was succeasfully made during
dorld War II with coral and sea water.34 This was done
o Bermuda, where fresh water was not svaileble, end where
there is none of the ordinary rock usually employed in
oonorete meking,

The National Bureeu of ttenderée and the oement in-
duetry hed oonducted resesrch on the use of sees water for
mixing ooncrete, It had dbeen found, thet sodium and other
ohlorides would not induce oorrosion, that sulfides might,
dbut thet these were present in very small quantities only.

The engineers in Bermuds obdtsined 8 coneideredle re-
duction in weter-cement ratio by using a pozzolanio (vol-
canic ash) compound in the mixture, Chemicslly, the com=
pound used wss oeloium lignosulfate, Its use reduced
water requirements by sbout 17% and reesulted in e conorecte

that tested over 4,000 #/1n%,
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Wood=-Wool Bloocks in Korway

The use of conerete blocks made with lightweight
aggregate seems tO b6 gaining in favor in Rorwa:,v.;"7 A
recent development 18 the use of "wood-wool™ with a ce-
ment binder for wall construction, placed within rein-

forced conorete frumes.

Sweden's Ytong

iweden is now producing a celular lightweight conorete
celled Ytong}ao A finely ground mixture of burnt lime end
burnt shale und sluminum powcer constitute the raw muterials,
The proosssed msterianls are then oured in an cutoolave,

Conorete having a unit weight of 44 pof will develop
over 800 psi with a K faoctor of 1.06, At a density of 28
pof Ytong has a compressive strengsth of 300 psi with e K

fsotor of .68,

Germen By-i‘roduct sggregate

Germeny has heen using a lightweight aggregate con-
sisting of a molten blaet furnace slag treeted with steam

12 Thie aggregate

and highly controlled, for many yeerse,
1# used for precaa’t hlocks, cest-in-place wells of houses

and for psnel £illinz of stssl fr=me buildinazs.
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Fodulized Fuller's Earth

A process was racently develasped in Vioridse whereby
Fauller's eurth is nodulized with water and processed in
rotery kilne.28 The prineiple ohbjective js %o produce a
lightweight sperepgute thet wi1ll rcquire no oruzhing ufter

manufacture,

Bodulized Lietomacecus Chale

4 reoent California development, dssed on the pre-
elzing of aggregate, is the nodulizing of an 511 impreg-

£8 A fine powder of high fusion

neted dletomeceous sheale.
ie used to> coat the particles and prevent their sticking

together,

kul=Krs "donder Blook"

The Mesrketioz Aasociation of Cuacinew, NMichigen hea
produced s duildinpg block made of wood fiher, specilel
mastics, and cement.aa The blocks are zaid to> have ten
times the insulation velue of commdn concrete blsocks and
are claimad to be saweble and naileble., Blookes sudjscted

to a2 960 ¥, dagree flamre for tio hours 414 nost burs.

I'srete Conorste Units

The Porete Manufacturing Company of North Arlington,
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Hew Jersey manufaotures a numbsr of lightweight precast
unite for floors and roofn.55 They have employed mineral-
ized w2924 ridvers and air ian different proportions to obtain

units for verisus nurnoses,
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PRESTRESSED CORCRETE



Introduction to Prestreassed Conorete

I'restressed ooncrete will seme dey be commonplaoce in
this ocdountry decause of the many advantages that it affords,
It was mentioned not long agd at sn A, C, I, Convention that
prestrecsed oconcrete wae the "big future” of the reinforoed
oconorete design riold.78 To date, little has been done with
prestressed conocrete in this country, with the exception of
its use in the construction of prestressed pipes and tanks.
This has been mainly due to> the ferot that prestressing re-
quires a multitude of small manual operations involving
great attention and close aupervision.va Aith lebor costs
a8 they sre in this oountry todsy, meny engineers have bdeen
frightened sway from the use of prestressing ia their de~
aigna, However, the United States has on no previoua 00~
cagion refused to recognize an improvement merely because
of an spparent obstacle., [Freatressed oonorete is destined
for great things in this ocountry, as engineers begin %o
suocesafully devise labor ssving devices for its economiocal
employmelit,

¥hat 18 prestressed oconcrete? Eriefly, it oonsists of
subjecting high strength rods or wires to initiesl atresses
before the conorete hes bdeen poured about them, +‘hen the
ooncrete hae dbeen poured, and has set, the stressing de-
vices are released, and the ooncrete is subjected %o a

preceloulated oompressive stress by the tension in the pre-

streseing rods or wires,



“hen s load 1s epplied to the prestressed ooncrete,
the ocompressive forces in the oonorete are merely reduced.
The design is usually such that, for any design loeding,
the conorete will never be taken out of ocompression,

The design principle is based on the following facts:
that small rods end perticularly steel wires snd cablea
ocan be demigned for very high teansile strengtha; that in
normal reinforoed oonorete design, a large part of the
oompreasive strength of the conorete is never utilized.
Tbo advantages of prestressed concrete sre, therefore,
rether obvious, end oan be outlined as below:

(1) In.e normal reinforoced conorete deaign, the
thickness of a slad ies determined by the shear and bending
moment for which it is designed, In a preetressed slad
design, the bending moment and shear are resisted by the
initiel tension in the preetressed steel, and the initial
oompression in the oconorete; and the slab thickness has
1ittle part in the design at ell., Thus, & sladb must only.
be designed thick enough to withstand the initiel ocom-
pressive stress imposed by the prestressing steel, provide
a suiteble bond for the prestressing wires, and provide en
impervious waterproof thickness. Conorete is therefore
reduced in quantity, with a subseguent reduction in useless
deed loed,

(2) Since the steel wires or csbles used can be made

with very high tensile strengths, snd since no steel 1o
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required to withatand tension, se no tenaion exists, a
reduction in steel ia therefore realized,

(3) Since the conorete ias alwaye in oompresaion,
oracka due to shrinkasge, temperature changes, etsc.,, cannot
develop, and a waterproof sled oan be iasured.

(4) ©Sinoe slabas can be mede thinner with the same
1ive loed oapeoity, more hesdroom will be sveilsdle in e
preatressed design,

(8) ¥ith no> fear of oracks developing, end less deed
weight present, longer spans oen be desirned safely.

(6) The faotor of sefety oan be reduced in & slebd
design, for even if sn unpredictadble overload should bde
surficient to induce tenaion in the conecrete of a slad
and oause oracks to develop, with the removal of the loed,
the oracks will close tightly and an impregnable surface
will sgein be present, |

From thase tremendous asdvantuges that preestreasing
offers, we may well say that prestressed conorete is the
ultimate in reinforoed oonorete design (4f 4t can be olassi-
fied as such), Therefore, how oan it fail to become an
integrsl pert of this country's future in oonstruction

design,
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Hietoriosl CSketch

Frestressed oonorete originated in “Turope and 1its
development haa practioceslly been confined to Europe up
t> the present time,’S

The Germans employed prestresced tie rods in arches
e8 early es 1928, In 1936, o river saperetion structure
of 220 feet was built by German engineers, a redical step
in the right direction, Luring the war, the Germans de~
signed and dbuilt many atruoctures employing prestressing
principles including the eovering of their submarine pens,

Two other ocountries have been instrumentsl ino the
| prestressed oonorete field, nemely: Franoe, under the
guidance of Xugene Freyssinet, and Belguim, under the direc-
tion of George Magnel,

In Frence, the famous Flougestil Bridge, with three
spans of 660 feet, a oombined highwey and railway bridge
of prestressed oconorete, was handed over to traffie in
1931, The success of this end other projects were inspira-
tion enough for Freyssinet, and he has since designed many
suoch dridges end structures, In Frenoe, about three years
ag2, Freyssinet ocompleted e highwuy girder bridge with a
span of 180 feet, and the phenomenelly shallow depth of
4' 27 at the center, It spane the Varne River in the
neighborhosd of Chateau Thierry. Five other such bridges
on the same syestem are in the process of erection or just

recently oompleted.



Professor George isgnel has designed numerous pre~
stressed railwey and highwey dridges with epans up to 66
feet in the vicinity of Brugsels., In 1944, l'agnel de-
signed several structures for carrying pipelines over long
spans,

The Swiss heve employed prestreseed concrete for a
number of short-span highway end railwey bdridgee, and for
galleries as & protection from evelanches.

Kany eirport hangers with spans of 150 feet or more
were bdbuilt shortly before, snd during the wer in several
Europesn oountries, as well as in Indie.

Irestressed oonorete has been used in this oountry
for ebout ten years in the construotion of large pipes and
tanks, Also, in the early 30's, the 230 foot arches of the
Rogue River Bridge in Oregon were built employing one phase
of prestressing, Jaoks were used at the orown to induce
compreesion in the ribe,

Frestressed beams have been tested in our labs, dut
their actual use has never come ebout, with the exception
of e warehouse recently dbuilt in Ciocero, Illinole, whioh
will be discussed later,

Fhiledelphia is planning t> dbuild a prestressed oon~
orete girder bridge employing high tension wires end using
modern prestresaing methods.aa whioch have besn employed
in Europe for some time, It will be the first of ite kind

in this country and oould provide the neoessary force Ior
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the constructiosn of similar projects in the near future,

At the September, 1948, meeting of the Congress of
the Internstional Association of Eridge and Structural
Zngineers held et lLiege, Beslgium, more than B6Q0 delegates,
representing 28 ocountries attended.a‘ It waa the first
such meeting since the Bsrlin meeting of 1936.

A prefabricated, prestressed conoretes feotory building,
covering 350,000 square feet, was one of several remerkabdble
dsvelopments reviewed and discuseod.e‘ The building, lo-
ocated ia Ghent, has 70 oot epans of prefabricated, prestressed
eonorete, and only half a dozen forms wsre used in the entire
building.

hbout B0 engineers and osntractors repreecating 10
gountries of this group, laid the groundwork for the formea-
tion of en International Association for Freatressed Con=-

orete.a3
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Prestresaed Conorete I'ipe

~-=-The Largest Freatressed Conorete Tipe on Regorde-

I'restrensed oosnorste pipe has deen manufactured in the
United States in fairly large numbers £or the laat decade
by severel companies, This pipe has ranged in sizes from
20 inches up to s large &8s 80 inches, usually acoompanied
by en inner steel liner,

However, recently Montreel, Canacda, let bids on the
manufzgoture of concrete pressure pipe for an intended new
and larger water supply intske from the St, Lawrenoe
River.Vl On the streazth of reports o5f the succesaful uase
of prestressed pipe in Furope end Australias, nstadbly those
built by ¥reyssinet in France and Rods patents in Austrelis,
tha Xontreel #ater Board tendered slternate designs~--the
conventional %type, and the prestressed typo.vo Bids on the
oonventionsl dsesign wers 50% higher than the one sccepted
employing the prestressed design,

The oontract weo swarded jointly to the Freloed Compsany
of Csnada, Ltd., and the Atlses Construstion Company, Ltd,,
both of Montreel, It oonsisted of the oonstruotion {(not
installetion) of epproximately 9500 feect of 84 inch pipe,
Using the preatress design, a saving of 800 tons of ateel
and 10% of the cemant was realized over the conventional
design, Faoh pipe section weighs about 18 tons, is 18 feet
long and 84 inches inside diametér. with walla 5} 4nches
thiok,.

The plant for making the pipe was ocompleted in May,



1946, snd the first pipe length was made in Deocemdber, 19486,
Diffioculty in odteining materisls and equipment delayed
operations until April 1947, when the scheduled produetion
of 3 pipes per day got underway.

The pipes are stressed with longitudinel and ocircum-
ferential steel, Longitudinal steel oconsiste of 12 pairs
of wires each .44 inches in diesmeter equelly spaced around
the perimeter and located in the center of the ocore wall,
These wires were given an initial astress of 70,000 pei,
which induced 188 psi in ths conorete. Thie would leave a
ocaloulated residual stress of 49,700 pai in the steel end
103 pei 1n the oconcrets after loes due to elastic deforma=-
tion, plastio flow, shrinkage, and bending induced when
supported by a sling at the mid-girth,

Ciroumferential reinforcing oconeisted of a continudus
spiral of #8 gege wire having an ultimate strength of
220,000 pei end wound on the conorete oore. It was aspaced
et +31 inohes on the flanges end .63 inches on the barrel,
and was applied under an initial strees of 725 pei in the
conorete. This would leave a caloulasted 108 pasi in the
oonorete, and 114,120 psi in the steel under full 50 psi
Bydrostatic pressure, and after the losses of eleetio de-
formation, plestic flow, and shrinkage had bdeen subtracted.

The actual plant leyout and the pouring methode em=
ployed are too lengthy to describe at this time, The longi-
tudinal wires were threaded st the top and the prestressing
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waes accomplished by elongeting the wires t5 a precelouleted
length (about } inoch) with a pneumstic wrench,

The oonorete used avereged well over 4500 psi, had
practiceslly a zero slump, and was vibrated into plaoce,

After stesm curing, the core passed to a turntable
where the ciroumferentisl wire was epplied, The turatadle
was geared to the preetreseing mechenism, which ren on
trecks parallel to the length of the core. As the table
revolved, the preestressing mechaniesm fed the wire through
e tension die, end at the same time moved up the vertical
tracks in syoronism with the rotation of the turatable., A
seoond geer was employed for winding the flange.

The unit stress in the wire was checked by a calidrated
torque wrench connected to the tension die, end aleo by
miorometer reading of the wire diameter,

After the wire had been wound, it wes gunited with
3/4 inohes of oconcrete with a mix proportion of 4 parts
sand, one part oement, and B% by weight of hydrated lime,
The gunite coet wae then oured and the pipe removed from
plant by orane to a storage yard, or the teating bed.

One pipe of every twenty wae subjeocted to a hydroeta-
tio test of 50 pel for 15 minutes, Not s esingle pipe
ahowed anj sign of leaksge or fallure,

The first pipe produced was sudbjected to verious
tests designed to approximate field and handling conditions,
After the pipe hed withstood all normal tests without

AT
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meesuradble defleotion, it was allowed to drop on a knife
edge st its midlength from various heighta up to 24 inoches,
The only damege noted was a local scoring of the surfeace
of the oo?erooet. The wire was no% out, and there was no
sign of failure of bdond between the gunite and the eon-
orete oore. Thia 1s quite remarkedle ase the pipe weighed
16 tons,

A 4% foot section of the same pipe wes then ocut out
ahd subjected to the A.,S.,T.M, dearing orushing strength
toats with excellent results., Failure occured at a loed
of 15,600 pounds/foot by clean bresks at the four quarter
points, The bond of the gunite ocover coat remained ex-
cellent, there was no spalling, and no flying of wire,

All of these teets had beea performed on a pipe section
employing only 800 pounda of steel as ocompared with esbout
3800 pounds in e coanventional deaigng truly, an impressive

material economy.
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FPrestreased Tanks

The Preload Corporation, the Canadian branch of whioch
has already been mentioned in eonnection with the Montreal
prestressed pipe project, has alao'denigncd some 850 tanks
for wat;r, sewage, 0ils, ohemioals, and other liquids with~
,in epproximately the last eight ycare.°° To my knowledge,
it is the only oompany %0 date in lNorth America, which has
the equipment end facilities %o undertake this tesk (other
oompanies have 4one such work using rreload methods and e~
quipment) end I am sure that it is the largest such dompany
if othera exiet, The Preload Company hes offioces in about
fifteen major oities in the United Statee and Canada.go

The average size of these tanks have been those with a

4 Freastressed wire is wound around

ospacity of 80-100 toct.7
the eiroumference of the tank with a patented wire winding
meohine, which is suspended from e vehiocle which travels on
traoks located on the top of the tank walls., The mechaniam
travels at adout 3 miles per hour and the wire is stressed
(by being drawn through & die) to 140,000 psi.

The largest of these tanks is loceted in Roockford,
I111no51is and several lerge tanks esre now being built for
the oity of Los Angeles, These projecta will be discussed

individually in some deteil.
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The World's Largeet Covered I'restressed Tank

Reoently oompleted at Rookford, Illinois, by the Ire-
loed Corporation was the world's largest prestressed covered
tank.’3 The tank.moasuron 167 feet duteide diemeter, and
has a ocepsoity of 5,000,000 gsllons.

Suboontraotor on the job waa the Jack Construotion
Compeny of Kensas City, s slipform specialist. Employing
8 foot high steel slipforms, the entire wall was poured
continuously in 75 hours, The slipform prinoiple consiats
of jacking specisl forms graduslly up the wall as sodn as
the oonorete below has set up. One inch jack rods spaced
20 feet apart were employed for this purpoee.

The wall wae prestressed with both verticel and oir-
ocumferenticl steel, The vertiocel prestresaing was scoomp~
1ished dy pleoing .31 inch rods in slots left in the poured
wall et two foot oenters and applying the required stress
using espeocisl turn duckles,

The horizontal prestressing was accomplished by applying
180 miles of #8 piano wire using the Prelosd prestressing
mechanism already mentioned., The wire had an initiel dia-
meter of .182 inches and after being drewn through the pre~
stressing die, the wire was reduced to a diameter of ,142
inchea, One layer of wire was epplied to the entire 30
foot height of wall, a second layer ocovered the bottom two
thirds of the wall and a final lsyer wes placed on the
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lower third of the wall., A gunite coat was applied after
eaoh leyer., The initial oonorete wall has a thickness of
18 inohes which wes incressed to 18 inches after guniting,

The %op two feet of the wall was wound with five leyers
of prestresaing wire., It is intereeting to note that thias
prestressing was suffioient to raise this # esore, 4 inch
oonorete dome oover £ inches off of the dome forms,

The foundation for the wall had been trowel finished
and ocoated with emulsified asphalt to permit free latgral
movement of the wall after the prestressing wire had deen
epplied., The Jjoint was then ceaulked end filled with a
permanently plishble mestio.,

The oost of the project, exoluding excsvation and

baockfill amounted to £2.75 per gallon of storage capacity.
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Prestressed Digestion Tanks for Loes iAngeles

The Pacific Bridge Company s presently engegsd in
perhaps its largest oontraot employinz the Preload method,
The contract calls for the oconstruotion of 18 prestressed
conorete digestion tanks having s cepacity of 2,500,000
gallons oa‘ch..'6 The tanks are part o5f an asotivated sludge
plent being duilt for the oity of Loes Angeles, and located
near Cegundo, Celifornia.

The tenks are 110 feet, 11 inches inside diameter and
have a wall thiokness of 20} inches and a height of 34 feet.
Each tank is equiped with 2 conorete roof dome of § inohes
thickness. The prestreesing is carried out in the seme
manner as that elresdy described for the Rockford project,

Work was started on these tanks April 12, 1948, and

is expeoted to de completed in March, 1949.
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fnglend's First Freatressed

Caat~in-Flace Highwey Bridze

¥ork was redently completed on Englasnd's first pre-
stressed ocast~in-plece highway bridge over Hodb Hole drain
et Fishtort, near Eoston, Linoolnahire.eo The bridze has
e span of 74 feet with an 8 inch roadway slad incorporated
on 43 inch oonorete deck girder beams, Five girders
spaced at 4} feet carry the prestressing osdbles,

The cedles eonsisted of e one inch diesmeter dodbined
oért and twelve .2 inch high tenaile steel wires. A totel
prestress of 26 tons was fnduced in eech oeble imparting
138,000 psi to the prestressing wirea, The prestressing
was sufficient to induce an estimated 2000 psi ocompreasion
4n the dottom of the girders, and 100 psi in the top flaonge
of the girders. This will be suffieient to just oountersot
the full design moving and statisnary live loed.

The prestressing produced a 3/8 inch ocember in the
bridze besides the 4 inch deuzd load oamber whioh had been
allowed,

The work followed the Freyssinet methods snd employed
Freyssinet prestressing equipment es well., England hes con-
structed atructures of minor importance of prestressed ocon-
orets for a number of yearsj; however, like the United ltates,
they have not kept paoe with the radicsl deaigne of Frence

or other European nstions.



Orly Field Runway Hear Taris

Preatressed Conorete-designed by Freyssinet

One of Eugene Freyssinet's most recent projects weas
the oonstruotion of an airstrip et Orly Field near Pariu.el
The runway 18 1400 feet by 200 feet and is incorporated
alongeide of regular conventional strips where a compariasn
oan be mads, The rumway is 6 3/8" thiock and osn stand a
loed 19 times greater thsn s oonventional reinforoed con-
orets etrip of the ssme thioknese Or is equivelent to the
strength of a oonventional etrip at least two feet thiock,

The entire runway is made up of one meter sguare pre-
canf blooks ueing a 1:2,2:2,6 oonoretes mix with a water
cement ratio of 3} gallons per bag of cement,

The slabs are laid on a 14 finch deep oonsolidated
foundation with @ maximum bearing of 100 pei. The 14 inch
foundetion is oovered with 2 inchea of fine eend end is
topped with asphalt paper,

The interesting part of the design, is that the entire
strip is laid out with diegonal joints, in order to give
prestreseing in two directions ueing uni-direstional pre-
stresaing oables., The diasgonal joints are sepereted with
roller bdearings to insure es nearly full etress trenefer
a8 poseibdle,

The transverse osbles were lasid between the dne meter
blooks, They coneist of thirty parallei 4 4nch diameter

steel wires with an aversge ultimate tensile strength of
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280,000 pasi. The csbles were dipped in esphalt and
wrapped with heavy dbuilding paper. At the edge of the
strip, the 30-wire oebdles were gseparated into three strands
and anochored by pinohing them between Freyssinet patented
interlooking eones,

The osbles were tightened in steps up to 128,000 psei
imparting a stress of 4,750 pai 5 the conorets,

Ia order to withetand the pressure in the longitudinal
direotion which would be imparted whea the cables were re-
lessed, end butresses 6 feet wide running the full width
of the runway were constructed.

Freyssinet oclaims that his 6 3/8 inoh runwsy will
carry severel simes the weight of the largest plane ye%
built. Becauss of its thinness, temperature stresses are
reduced to a minimum, Under very hesvy loade, oracks may
develop, end, in fact, are desirable, since the orascke will
incresse the flexibility of the concrete, ensbling full use
of the foundation support, without large dbending momente.
The tension in the oables sutomatioslly olose the oracks

oompletely when the load ia removed.



imerica'e First ['reetresced Floar.

hbout two years ago in Cicero, 1llinois, imerice's
first preatressed project wae oompleted.79 It was in the
form of & floor for e waerehouee owned by J. i, KOoebling
Sons,

After 18 months of service, the floor has shown no
signs of orescking, when under miocroscopie examination, even
though subjected to loeds estimated at 1000 psi (sevean times
the oontact 1loed of the largest airplene.) The losd is in
the form of large rolls of ceble resting on wooden rollers,

The floor ia 968 x 144 feet in size, and 1s bduilt
without jointe., It oonsiats of a 3-inch prestrecsed alad
pleced on a 9-inch reinforced oonorete dause. The base ia
topped with a patented surface material to obtsin a emdoth
finish., In eddition, a 1/32-inch film of parsffin was
epplied end a leyer of oopper ocosted bullding paper was
placed face down on thie pareffin surfsce, This waas de-
signed to keep the coeffiocient of friotion between ,30 and
«38 end sllow fres movement of the prestressed slab over
the base,

The slab ia prestreesced in two directions. The bresdth
of the slab is prestressed with eeven wire strande of gal-
vanized wire, having an ultimate etrength of 45,0004 each
or 161,000 psi, These strands are placed midway in the
slad end wrapped with paraffin peper tubes to preveat
dbonding with the oconorete. The length of the sladb 1
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prestressed with two layers of No. 6 bridge wire placed
4% inches on eenters horizontslly, also wrapped to prevent
bond,

ATter the conorets had been poured end hed set suf=-
fioiently, the strended wires aoross'the breadth of the
slab, which had been febricated in two pieces, were pulled
together by speciasl jacks at openinga whioech had becn left
et the center of the slaed, The outer ends of these wires
were bonded in the conorete. ¥hen the conorets hac bdbeen
streased to edbout 650 psi, the wires were oclumped together
and the jacks removed,

The wires running the length of the sled were anchored
in the conorets at one end and jecked egainst steel plates
at the other end, W#hen the conorete had deen stressed to
about 700 pai, the nuts were placed on the threaded ends
of the wires and drswn up egainst deering plates. The
Jaoks were then removed,

After 1} years of eervice, the longitudinal wires
were tested and were found to heve lost 73% of their ini-
tiel stress, the transverse wires had lost 9}%. Tests
were made by placing concentrated loads up to 36,0004 on
an area of 63 aguare inchee dirsctly over a oonstruction
joint of the base slad., A deflection of .05 inches was
noted. #hen the loed wse removed, no permanent deformation
had taken plece.

The 00st of this initial prestreseing projeot wes more
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than that of a eonventionel design, Lowever, the greater
durability snd low maintainance cost were held to justify
the extra first oost. It was built as e trieal edaption

of prectressed oonorete o highways and airplene runways,



e ie e e aieemey



Frestress Bond

It might be wondered as to the ocapability of the
bond between the stretched steel wires end the conorete
being sufficlient to maintain the initisl stress in the
wire., This 1a probadbly one of the things that would give
the most concern to the novelist in the prestressing field,

It hes been proved conolusively in hundreds and thous-
ande of teats thst sufficient bond can be obtuined without
a great deal of trouble., ©Sweden hes found in its tean years
of rather extensive use of "piano wire conorete™ that the
quality of the bond is dependeat upon the following
reetoro:75

(1) quelity of the oonorete

(2) working of the conorete in the form

(3) strength of oonorete st relesee of wire

(4) type of ocuring bdefore usnd after releesce

(8) prestress of the concrete

(6) diameter snd surfece propertiee of the wires

(7) @istridution of the wires in the conorete

The breaking of a wire of s prestreceed tank, for ex-
anple, 1s 881d to only effect e few inches in the immediate
srea of the bresk, It may be better explained by reclizing
thet @ bresk in the wire will releesce ite tension et that
point, end the length will begin to decrease with a ocorres-
ponding inoresse in dismeter, It ie this inoresse in dia-

meter of the wire that, it is felt, 1a responsible for



pluggzing the hole and preventing further slip of the
broken ntrend.?‘ It 18 epperent that this phenomenon

is & very fortunate one indeed,
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FPrecast Conorete

Precast conorete units have dbeen mesnufactured for
many years in this oountry and have found a rather sizabdle
market, The wartime oconstruotion program was a big selling
paint for thess units, for they provide a muoh quioker
means of building erection than sctusl da=-the=jodb mono~
lithio oonorete structures, The poetwar boom in the
building industry sleo has provided a ready market for
precsst unite agesin principally on the strength of their
time saving adventagse,

There were many oompanies producing precaast units
before the war and the number has been many times multi-
plied in reocent years. It would be more than a big jodb
in itself to attempt to give & thoroughly comprehensive
piocture of the precast industry today. I shsll therefore
not even sttenmpt to mention the many types of unite now
being produced nor the companies produsing thess products.
1 have rather ohosen t> give a few ifllustrative examples
of a few of these precast unit developments, perhaps cover
tao or three of the more recen: end more formidadble con-
tridutions, and make some general statements odnoerning
these oontributions, which in most cases will be purely
my own opinions to be taken merely sa epeculative comments
by a very green speculator.

1 have slready mentioned that precust units are time

savers, This is generally true. To say that precest






s trucsturea are generally more or lese expensive than mono-
lithio structures would dbe impossidle, In some omses, pre-
cest units have proved to be many timea ocheaper and in
other oceses, the opposite is true. The economy factor ia
oontroilcd by such things as: t¢ype of unit, type of struo-
ture, time velue of erection, availadbility Oof suitadle
monolithic aggregates, height of structure, labor costse

and efficiency, number of structures to de built, eto.

It will be seen that eodsnomy is oontrolled in general by
lo0al, end speoific oonditiona, and thst on no two pro-
Jeots will this faotor be the same, or very sften nearly

the 8sme,



The Large Struotural Units of the
Cementstone Corporation

of Pittsburgh

Perhape the greatest contridution to the precast
type of oonatruotion has been made by the Cementstone
Corporation of Pittsburgh, This ocompany manufactures
precast units for the complete framing of duildings up
to four stories in hoight.loa These units inoclude columns,
girdere, deams, roof, floors, and walls.

The aumber of shapeas have been standaerdized and simp-
1ified to ocut Adown on cost and inoresse the design eimpliocity.
However, these atandsrd shepes are being made over a large
range of sizes to cover a multitude of uses, Special de~
sign tables have been devised to further simplify the de-
signers prodblems,

The precast units asre cast in adjustadle steel forms
to fulfill the eize requirements, The reinforoement is
welded into a rigid ocage hrefore the form is poured, snd
all ateel ends which may anpesr at the surfece of the oon-
orete are coated with Monel metal to prevent rust. The
oonorete used is very rioch--8} naoks of cement per oubie
yerd--and is pleoed with a slump of 2 inohes znd vidbrated
both dnternally and externally. The units are steam oured
for three days and develop a strenzth of 5000 pei during
this time, The 28-day strength of these units is 7000 psi.

The units are hauled to the job site dy truck and



ereoted dy orane, Connections are made by patented dowel
end pipe asleeve conneotiona, or with bolts, Precast ocon-
orete breckets are bolted to the columns for supporting
the girders; and precest "U" ghaped bdraokets are dolted
to the girders for supporting the floor Joiata.loo

All units sre designed for handling as well as for
their struotursal runction.101 Frecest girders, joiste,
end elabe ere designed as gimply supported deams uaing a
working etreas of 2250 psi for conorets and 20,000 pai
for steel,

In addition to standard duildings, Cementstone shspes
bave been epplied to stenderd precest grendstends, small
bridges, eirport hangars, and other projcota.99

It 18 oleimed that Cementstone dbuildings can be erected
sa chesply aa structurael steel unproteocted, and for at least
20% less than steel fireprsofed, or poured-in-place coacrete.
The winter time saving is even grester. The oompany esti-
mates the practieal economio disteance from the faotory for
Cementetone struotures at 200 miles, eslthough Cementatone
units bave been shipped by rail rfor consideradly longer
distences oa e competitive ocoet baris.

The erection time of Cementatone units is very short.
The freme of a two story dbuilding in Fitisdburgh with a
rldor aize of 110 x 120 feet was erescted by a orew of eix

9
men and & orewler orane in 13 working days.
¥ % & & % %X » 8 % X%

Venturing s little ocommentary =t this time--~it does



seem that these unites 6ould be an up and ooming design
feature, that oould de expanded to other munioipelities,
It 48 sppsrent to enyone who has had socesion to odbe
serve lebor in the rield in the laest few years, that the
tradesman is not doing the erfficient and productive jod
that has been expeocted of him in ths past. This exieting
condition ia the reault of twon facte: <first, that the
building trades have not kept their treining or apprentioe
syatems in stride with the incressed construction progrems,
fearing thast, by expanding their trades, their own posi-
tions would bHe weskened, especislly in the event of an
eoononic o0ollepse; second, that plentiful jobs have mede
the tradesman lese ooncerned about the seourity of hie
Job, since the fear of his bdeing "fired"” for 1nerrioieqoy
hes been very greetly reduced, Therefore, by odtting down
our lebor t> the very minimug, sliminsting all the deborate
form work whioeh a monolithiec structure entailas, we ere
sudbsequently inoreasing our efficiency ané also accocursoy.
It 18 aleo true that ooneorete poured in the fisld e
effeoted by many variable conditions such as: weather,
poor form work ( resulting from poor lumber, awkward loca-
tion, or labor inefficiencies and inscouracies), over or
under mixing, varisble slump, improper vibretion, hap-
hazard reinforcement locstion, and often improper curing
conditions., By eonfining the pouring operation to the
1desl settinge of a precasting plant, it seems reasonable

to> expeot thet the resulting conorete units are much more
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liable to be up to design epeoifications, Realizing this,
the safety faotor oould be reduced by assuming larger
working etreesses, with the units still remeining on the
safe side, It does seem in the light of these arguments,
that the precast system does have definite economic and
etruotural advantages, .

It might alss be quite practical to incorporate a
lightweight eggregate into oertain of the precast units,
such as the floor, wall, and roof peanels, with a saving
in transportation and design desd loading with inoreased
insulation value, Frestreseing might alad be made eppli-
oable to these precest units, with a saving in stesel, dead
load, end hendling ooste, if the extra lsbor cen ever be
Justified.

1 definitely feel that the precest unit has a pro-
mising future, althdugh I em sure there ere those who are
of just the opposite opinion, It is true that the time
saving element may not oontinue to be as large a selling
point as it has been when thinzs settle down; dbut, the
economy factor seems to be gaining, and this is always a

sure sales promoting item.,
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Large I'reoest tlads

Normao Inocorporeted, a Los Angeles building ooncern,
is conetructing a large number Of duildinge employing large
precaat alaba.g5 Thess slabs, whioch are often largs enough
to form one side of a room, are oast with sluminum window
and d4o0or casings embedied ia the oonorete,

The slabs oonsist of a lizhtweight perlite ooncrete
poured betwsgen layers 2 standard conorete reiaforced with
wire mosh, The perlite is obtained from a pluat operated
by the Great lakes Carbon Company and looasizd at Torrence,
Celiforaie.

The Normao plant is loceted et I'usnte, and had a caps=-
oity of 4 oomplete houses peor day in 1947 with each house
requiring about 38 slebes., This inoludod ull interior and
exterior walls and roof. Houses were ev:ilsble in s
variety of different designa,

In 1947 each house, having a floor area from 600 %0
1140 square fcet, wge ereccted ocomplete with all plumbdbing,
lights, etc., and a twd car zarazxe for from $5200 to {9200,

This price epvlied for medium $o large housing projeots.
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lightweight Frecsst Fanels

A weet coust firm, Euttress anud ioeClellan lIneorporsted
of los ingeles hes developed a process in which wall panels
and other preceat units, such &8 roof slebs, deums and
rigid frumes sre poured horizontally using low ourbe-like
rorms.gv These units are poured at the job site, often
using pumice as en agpregste, and erected with a orene,
Tanels are troweled or broomed for the desired finish,

teel plates are inoorporated on the edze of the wall
slebs for welding to steel c¢olumna or to each other, and
dowels are left protruding from the edces of the panela
if conorete columns are to be used., All jointe ere grouted
efter esrection,

Using thie precest method for standsrd duildings, wall
costs are eestimsted et £.75/8q., ft, as compered to $1.10/eq.
ft. for brick or £1.35 = $1.50 for poured ocoucrete,

0n a standard warehouse building of about 10,000 8ge. ft.
and of truck height with aversge lighting, plumbing, painting
and a wood roof, the quotation is $3.,75/sq, ft., which can
be reduced to $2.80 ag, ft. on jobe of 40,000 to 60,000
feet; with a oonorete roof, quotations ere {4.50 to $3.00.



Conorete « Gypsum I'recaszt Units

In the oconstruction of s new nylon plant at Chattsnooga,
Tennessees, the du Font Company used a precset - gypsum oon-
orete unit for the wall construction at a coet compersble
with that of briok.g6 The wall oconsisted of a 4" core of
gypsum blook between goncrete facings, end strengthened
with a2 1light perimeter ber meth,

The inside wells were poured on Krafte-peper leid on
eonorete, The ocdonorete weas poured with zero slump and the
steel mesh vibrated into plsce, The pre-wetted gypsum tile
wes next leid on thie sleb and the outside of the sledb
poured. A finish coat of grout + inch thiock wes herd steel
troweled in place, the edges %00led, and the surfooe tex-
tured with e heir pushbroom. The penels were then cured
for 7 dsys under wet blenkets, The finiehed panels weighed
65 paf and sversged 80 equare feet in area, Under ideal
conditions, one orew plaoced 2700 asquare feet in one day.

The finished building hes & very pleasing eppearance
with very g924 insulsting quslities,
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Pouring Conorete Houses in A Big wWay

The need for large scale housing unite in the war and
post-war eras started a lot of wheels turning in the heads
of a lot of engineers; the outoome-~a lot of idess, some
good, some not 8o good.

7hat was sotually needed was a quick, ohezp, efficient
method of furnishing subatantial, edéquate housing facili-
ties; snd fulfilling these requisites on a competitive
basis, Of course, for some time there were almost enosugh
of these jobs to gd> around, 8o the oompetition wasn't too
keen, However, a amart oontractor is always looking toward
the next job, and ususlly from s ocompetitive angle. Leaides,
there is always present the incentive to out down on ocosts
of a job elreedy under oontract, that is, insofar es speci-
fiocations will sllow;

A® lumdber begasn to get sosrser and poorer, many sections
of the ocountry turned to the uase of masonry units for
cheaper and fester house erection. Conorete blocks came
into use rether extensively until the dlook plants got be-
hind, and dricklayers became scareer. Monolithic house
pouring then msppeared, employing the use of various sized
penel forms that oould de moved from house to house. Howe
sver, the erecting and etripping of these forms still re-
quired oonsidereble time and lebor. Frecast units were
the next phase of economy, although ooneidersble lebor was

8ti1ll involved in their produotion, trensportation, and
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e reotion,

The engineera of R, G, Le Tournesu lnec,, a large con-
treoting firm of large construction equipment, came up re~
oently with a8 rather large idea for the erection of housing
unite on &8 lsrge soecle, A asimilar 1dea wes introduced dy
the Callan Builders, Ine.,, & contraoting firm of Fort
#ashington, Long Islend, These two ideas appesr to be
the ultimate in the lerge scale mass produotion of housing

units, A discussion of each of these methode followa,
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The lLe Tournesu Eouse

The Le Tourneau method of house building has been
employed for severel years, The method consists of pouring
a housing unit into large steel formas located at the dbatche
ing plant direotly under a conorets shute, snd transporting
the entire finished unit in one piece to the proposed
building site., A #pecially designed vehiole haes bheen duils
to cerry these unite, and is celled the Tournaleyer.

TO the inner form sre atteached ell of the necessaary
fixturee that ere to become en integrel psrt of the walls;
this inoludes door aend window fremeg s8 well as plumdbing,
and electriosl appurtenances, <Cteel reinforoing mats ere
next fixed in place, and the Tournelayer then deposits
the outer form over thet of the inner form, The units
ere poured in adbout one hour, depending on the size. After
about 16 hours, the Tournaleyer ploks the completed struo-~
ture and the outeide form up over the inside form, and
carries it to the dbuilding site, Lere the building is
properly positioned, and the outside form picked up over
the struoture end returned to be pleced over the ianner
form again for eanother pour. The batohing plent is usually
oentrelly locsted on the project, and the inner forms re-
main directly under the batchinz bin until the last house
is oompleted, without ever being moved.

Le Tourneau forms ocome in verioue eizes for both

pingle and doudble family dwellings, A typlcal doubdle

72



family dwelling oonsists of a 32 X 24 foot unit end an
18 x 24 foot unit, whioh are poured separately and con-
neoted with a oorridor.

Fumice aggregate is generaelly used for weight saving
and insulation purposes,

The Le Tourneau eguipment for thase projecte ias
lensed by the oompany on a lease-royalty buaia.llo The
eoonomio advantagee are said to oover projesis of 50 or
more unita, The Tournalayer has been used on many projects
in the Southwest inoluding the Murdoe Alr Force Baeo,lll
Lake lurdoo, Caeliforniaj lLos Angeles; end Corpus Christi,

Texan,
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The Callan House

On a 150=houss prajeot et Port Washington, Long Is-
land, Rew York, the Callsan Buildere Inoorporated of icne
hesset, Rew York are amploying larze eize elaborate forms
for pouring complets housing units., 45 total of 23 forma
is regquired to form all exterior and interior rooms, end
r>of gsbles, and chimney for a 900 square foot dwelling
with a 220 squere oot garags sttsched, The walls oonsist
9f three inch layers of conorete on either eides of a one
inoh thickness of insulation boaré, The novel feature {s
that all windows and door fremes, trim, and mouldings are
aotually poured of oonorete in one initial monolithic
unit. The forms ere given e high polish snd thoroughly
oiled between each pouring, so that the walls csn be
painted or papered directly without any plaster coat re-
quired,

The inner forma are first pleced on & 8ix inch insu-
lsted, and rediently beated floor, end erchored together,
A 6 x 6 inch meeh of #6 welded wire 3& plened on either
side of the insulation bdoard in the wsll forms. DIoor and
window fremes sre edditionally reinforeecd with ¢-inch rods.
Finally, the outside forme ere erected snd tolted to the
ocores through window and door openinzs,

The forme ere then poured with ready mix oonorete of
a 1-2-3 mix, 5 gallons per ssck, end with {~inch maximum

size eggregate. The cores are oollepsible end ere easily

74



removed, Of oourse, the size of the units makes the use
of a orane in the plecing and removel of the forms impers=-
tive, |

A oonorete shell is bduilt in two 8-hour days by ten
acn.lla It takee four men sndother week to complete a home
ready for ocoupsncy. Like the Le Tournesu system, this
type of house oan only be duilt economicelly in lerge num-
bera, However, it wes undoubtedly designed to more than
pay for itself in s single project. The cost on the Fort
fashington project wee olaimed to be 30% less than for

comparsble housee dbuilt in the oonventionsal manner.n3
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L£ir Entraeinment

Air entrainment of conocrete has been recognized and
accepted for the pest eight or nine yesre. However, the
prinoiple of air entrainment has actually been employed
for ebout twenty yeers unknowingly, through the use of
Portlend-natural eement blendn.lsv It was discovered that
a blending of a natural cement with Portland cement pro-
duced a more durasdle pavement surface, and the mixture
wae adopted by the highway depertmenta of several states,

It is not known exactly what causes this greater durability
in these mixtures, although it is now generally accepted
that eir entrainment is one of the principle faotors, It
has also deen proposed that the surface characteriestics
of a natural cement are such as to favor a greater water
retentivity, and henoce increase the fattineas of the mix,
Other materials were subsequently found to produce
air entreinment inoluding resin, beef tallow, Orvus (sodium
lauryl sulphate), steesrates and other soaps, greases, and
foam forming materials. As investigations became more
numerous and thorough, many of these air entraining egents
were dropped for the use of better and more economiocal
substitutes.
Yinsol resin, a by-product in the naval stores in-
dustry, wes probably the greatest swakener of interest in
air ontrainment.l37 It was discovered that small quantities

added to the ocement olinker to facilitate grinding ceused
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Sthe oement to entirain a considersble amount of air, and
to be more cohesive and fatty. Vinsol resin is still
used extensively today together with such other accepted
air entraining agents as Orvus, and Darex (a triethano-
lemine salt of sulphonated hydro-carbon).,

There ere asotually three methods of introduocing air
into oonoreto.137 One method is the use of such sudbstances
as sluminum or hydrogen peroxide, whioch form gases due to
a reaction with the oconstituents of the ocement. This me-
thod has bdeen used very little decause it has not proved
as effective, or esconomical as some other methods. A
seocond method, is the use of a dispersing agent., Aosually,
e dispersing sgent is capable of absorbing a somparatively
small amount of air, its principle function being to dis-
perse the cemeant particles, The dispersing sgent will bde
discussed later., The third method is the uase of those
subatances already mentioned--rosin, beef tallow, stearates,
Vinsol resin, Orvas, and Darex. These subatances, in gen-
ersl, are wetting agents or foaming agente, They ebsord
air by deoreasing the surface tensajon of water, and form
atable foams. It is these sudbetances that are gensrally
referred to when the term air entraining agent is employed,
and i1t is these substances whioch will be now discusased.,

For many years the advantages of eir entraining agents
were confined %o their use in preventing scaling and de-
terioration of highwey pavements., It is just within the

past four or five years that they have become generelly
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acoepted aa invaluable for uss in any conorete structure.
The use of air entrained conorete is probsbly in its most
rapid ateges of inoreasse at the present time. Xuoch pro-
greess 1s nlso being made in the further development of
air entruining sgents aund their applications.

It is generally reocognized that the durability of a
ooncrete road surface is governed by its ability ¢o re-
8ist not only the loed and the friotion of traffic, but
in partioculer she atresses introduced by changes in temp~
erature, with freezing and thawing being of special im-
portance. All eonventional oconcrets has a tendency to
segregate and bleed %0 varying degrees depending on several
variable factors, chiefly: oconsistenoy, water-cement
aggregates, the degree of mixing, and method and care in
plaocing. It is this Begregation, and bleeding that is
indireoctly responsible for the failure Of a pavemsent sur-
Te00 to withstend freezing and thawing cycles and traffie
friotional wear. #hen bleeding ococurs in a plastic con-
orete, minute channels are left in the interior of the
hardened oconorete, and provide en entrance for water at
the surfase, Upon freezing, the water exerts a detri-
mental stress on the eurface of the concrete that can bde
further enlarged by traffioc friotion. The result ie e
deteriorated pavement.

The sotion of an eir entraining egent on a concrete
mix 18 to cause the mix %o aebsord air which beoomes a part

of the msss in the form of millions of tiny, even mioro-
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8 copioc air cells distriduted throughout the mix., These
tiny eir oellas, because of their greater surface erea,
immobilize the free water in the plastic oconcrete therebdy
greetly decreasing bleeding and the resulting chennels.
The combination of fewer chennele snd the disconnected eir
eelles in the hardened oconorete, minimizes the opportunity
for water to move into the surface. Furthermorse, if some
water 40es get into the air cells, there is apace enough
for ioe orystals to expand, which greatly decrecaes the
dangers from temperature ohangc.l21

Air entrained oconorete also has greater resistance
to attack dy ohemiocals. This is egain principally due to
the faot that bleeding 1s reduced, for if the reslistance
of a pavement to water absorption is incressed, the harmful
ohemiocals cannot be oarried by the water into the concrete
pores,

An air entreined concrete has ocongideradbly grester
workebility and plesticity. It ies thought that the eir
perticles eot somewhet like water in meking the mix mobile.
A reduotion in the amount of weter reguireé of from ¢ to
1 3/4 gellons per seck can be realized.las

In i1ts epplication to other than its use for highway
pavemsnts, the sdventages of its greater increscsed worka=-
vility meke it highly desirsble. In sdéition, 1t gives
e very pleasing appesrence free from the streskedness and

surfsce irregulerities often inherent in a conventional
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non~eir entrained mix, Vibration can aleo be cut down
to a minimur,

The umount of air which is desirsble t5 be entrained
in a ooncrete is generally specificd ss from 3 to B percent
by volume, A concrete with an sir oontent less then this
amount, begias to loae ite effective properties, while a
sonorete containing over the specified percentage of eir
will begin to lose its atrenzth with little advantageous
gain in workability.

It haa been found that the air entreiniag abvility is
governed by many factors other then the amount of air
entrsining agent prsassnt. Commenting on air entrained
conerste, John Chumbers, a Chlcago oity eagineer racently

statod,lz6

"The sdvantuges of alr sntrained conorete for
scale pravention an etsel paving subjeoct to de~icing chemi-
ocals hce heen proved oonclusively on city streets. s wish
other strsst znd highway dspertments, however, Chicago's
department of streets has axperienced difficulty 1in con-
trolling the air oontent in conorste----- " Yor this rea-
son, with the air entruining =agenia on the market to date,
1t 48 gensrnlly oonsjdered batter to add the egent at the
mixer rather than purchace the cement which bus kad the
nzent alresdy added, where the siza of the Job warrsnte

the extra ecxpenss. This hus bseen socented by the faot

that different brands of eir entrained cenent aftaen 3ive

&ifferent percentages of entrzined nir. Chioago has



sucoessfully used Derex purchased in 55 gallon drumas ready
t0 use, for air entraining purpoacn.12°

It has been found that the grading of the fine aggre-
gate has & oconsidereble effeot upon the emount of entrained
air. In general, fine aggregate entrains more eir than
coarse aggregato.lal Eowever, the finer sands, partiocularly
those passing a #100 mesh sieve, tend to serve as air en-
training doprenaanta.l26 The emount of sand in the #30
and #80 mesh class seems to have the greatest control over
She aotual amount of eir cntrainod.lzz There is some con-
flioct as to the sotual effect of the grading of the aggre-
gate on the amount of air entrained., The majority agree
however, that this effect is slight if not negligidble.

Temperature has a very definite effeot on the adility
of conorete to ebsorb air. A high temperature will cause
a deoresse in the air absorbed by as much as £ or 3% over
a range of 35 to 60 degrees T,

In the use of air entrained ooncrete on the building
of a bridge over the Chesapeake Ship Canal, duilt with
PCA assiatance, it was discovered that the percentage of
air entrained was direotly affeocted by the temperature of
the mix, type of mixer end time of mixing, porosity of the
constituents, and the consiatenocy of the mix.]'z8 Factors
such as time of mixing in trensit truoks, and type of
transit-truck had no effeot on the entrained air within
normal time limits. I% was aleo discovered that, using

eir entrained cement, in whioh the air entraining egent
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hed been interground with the cement at the factory, that
the control of air content was most eeaily esccomplished
by oareful control of the mix consistency. For slumps of
1% to 2 inohes, the eir content could be kept within
alloweble limite., For e 3-inoch slump, the sir entrainment
ran ss high as 2 percent over the maximum allowsble, A
‘1% to 2 inch slump was found to bde still quite workabdble.
Authorities of this project oconcluded that addition of the
air entraining agent at the datohing plant would have been
more advisabdble,

The air entrained in a oonorete mix causes bulking
end an inoreesed volume. This volume change makes it
neoessary to ocompensate the mix to maintain the desired
cement content, Because the entrained air greatly improves
the workability and inoreases slump, the mix is usually
adjusted by reducing the sand and water contents.

With the mix so adjusted, the conorete made with air

.entreining oement generally has a higher strength in leean
oonorete where a considerable reduction in sand and water
can be made, and slightly lower strength in rich concrets.

At a recent ACI convention, 1t was atated thet the
approved air entraining agents reduce the atrength of an
average design mix by about 200 psi for each one peroent
of eir content. A new agent was also disocussed which had
been tested and required only half as much water in the

mix as with spproved agents, with no lose in atrhngth re-
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sulting, It wes reported to be of en expansive type and
being considered for approval. It was also mentioned that
Vinsol resin erd Derex would not corrode steel, and that
these agents cananot be premixed with caloium chloride or
herd waters, even though such comtinations can be success-
fully carricd out in the mixor.1

The decrease in the strength of an air entrained oon-
crete 1a eccompenied by s decreeee in dond end flexural
strength of the mix. ‘'hese decresees ere, within e rea-
soneble degree of eccuracy, sbout of the ssme percentegs as
the loss in compressive atrength.127

About three years ago, an air meter was devised by
W, ¥, Klein, s former cement ocompany offloisl, end Stanton
kulker, direotor of engineering of the National heady Mixed

132 tnis meter hes been & great aid

Concrete Association,
in the determination of the percent of air entrained in a
mix, It is a greet improvement over the former method of
computing the air content from the epecific gravity of the
mix iugrediente and the quantity of ingredients in the mixg
snd a later method known ss the Kook method which consisted
of determining the amount of weter reguired to displece the
air in the mix.

The Klein-Walker method utilizes Eeyle's Lew which
stetes that the pressure at a constant temperature varies
as the volume occupied by the ges. In a conorete mix, the
aggregate, oement, and water are reletively inoompressible;

however, the air entrapped in the conorete will be ocompressed
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acoording to Bayle's Law, A oontainer of fixed volume
is filled with oconorete in three layers with 25 roddings
of each layer. The surfsce ia then struck off, A re-
servoir is oclamped to the top of the bucket and filled
with water to a certain height, Air is pumped into the
portion of the reservoir ebove the water until a fixed
pressure is esteblished. The change in height of the
water column indiocates the compression of the air in the
conorete and is read directly in peroent of air meters
now being produced similar to the Klein-ialker type.

It 18 felt that the air euntreinment principle will
eventually be used almost universally, to some grester
or lesaer degree. The air entraining agent that will
finally beocome recognized as having the better gualities
is posaibly still undlescovered.

O 4



Cement Diepersion

In a mixture of Portland cement and water, the indivi-
dual partiocles tend to group together and form floes, This
is due to a certain smount of adhesive quality possessed by
the particles of which there is present no eounteractive
repellent force., However, if a suitable dispersing sgent
ies introduced into the mix, the floes will ecquire like
negative chargee and will be repelled from each other, re-
eulting in a well dispersed medium. This action is essen-
tially what takes place when a dispersing sgent is added
to oonorcte.132 In eddition, a certain amount of eir is
absorbed gt the surface of the mix; although this emount
of air is genereslly below 3% by volume, or below the range
of what are generelly considered ae acceptable air en-
training agents.l37

The aotion of disperesing agents has been known and
used in other industries for many yeara.laz In the tire
industry for exsmple, the dispereion of carbon black in
the rubber is a very velusble sotion indeed, inoreasing
the wearability of a tire meny times., The dispersion
principle hae also been used in ceramice, dyes, paints,

and other productsa.

It wae about 19 yesrs ago when a suitable dispersing

agent for conorete was diaoovered.laz This material ia

caloium lignosulphate, a derivative of lignin, ths sub-
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stance found in the cells of wood. 4about $0C pounds of
lignin are found in every ton of wood wasate.

The principle dispersing sgent now being produced and
used extensively throughout this &nd other eountries, is
rozzolith, & product of tie Meeter Builders Company of
Cleveland (also Buffelo and Toronto). Pozzolith has been
msnufaotured since 1933 and has culoium lignosulphate as
a buse,

Uispersion of a cement increesses the effectiveness of
the cement by increceing its surface erea, and releaees
the water that is normally trupred in the c¢olloldal
groupa.lsv The workability is aleo inoreesed by this
asction, in addition to the action of the air which is en-
trained in the process. A reduction in the mixinug water
can therefore be realized. =x1ls80, due to the greutsr ef-
fectiveness of the cement, the atrength of the mix is in-
oreased, as compared to a deoresse with an air entrained
oconcrete.

It is claimed that the percentage of entrsined air
in a Pozzolith mix remaine fairly oonestant regardless of
the varieble oonditiona which normslly effect en air en-
trained oonorete.l32 Of course, a change would be less
noticeable with the amaller amount of entrained air present.

It 18 difficult i1f not impossible to ocompare the merits
of an air entrsining sgent, and a dispersing egent., Both

are to be deeired in ocontrolled amounts, and en egent whioh
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which would ect in & dual capacity would seem to be the

most desirable. The manufacturers of Fozzolith ¢lsim that
their produot ucts in such e capacity., There are pesasibly
other muteriuvls whioh are more effective, or will be when
they bdecome recognized.

tozzolith has been mentioned in conneotion with ita
use in pumice concrete to improve the workebility, and de-
orease bleeding in connection with the Prudentisl Insurance
Compaeny building in Los Angeles. Pozzolith hes been used
on thousands of etructure3137 such es: the Matilija Lem in
0jei, California (40,000 ocudbiec yards of concrete); the Foley
Bros. Building, Houston, Texas (50,000 cubic yards of oon-
ocrete); the oonorete used in oonstructin the lergest bull
ring in Latin Americe et Sports City, Mexioco; the General
Motors Office, Havana, Cuba; Sears Roebuck Store, #eshing-
ton, D, C.; Shemrock Hotel, Houston, Texas; etc.

Pozzolith sells for about $.15 per pound (.6 pounds
being normslly used to a beg of cement) or contributes e-

bout eix percent to the ooet of a oconorete mix.
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Gunite

Gunite is the material whioch 1s spplied with the cement
gun. It oonsiats of cement end a fine eggregate (usually
sand) intimately mixed with water under pressure, snd ep-
plied from a nozzle under pressure.

The cement gun is & machine manufactured by the Cement
Gun Company of Allentown, Pa., It consiste of a hopper-like
machine into which the dry mixed aggregate and cement raw
meterials are fed, a rubdber hose through which the mixed
materiel is forced under pneumetic pressure, and a mixing
and spplicetion nozzle, where the hydration of the material
takes place. The hydration is accomplished by water deing
forced by high pressure jete to the center of the nozzle,
and the dry material paessing through these estreems of wator}‘g
The emount of mixing water is oontrolled at the nozzle, and
can be determined by the appearance of the surfece to whioh
the gunite hes been applied,

The ocement gun was menufactured by Carl Ackely, the
Africsn explorer, as a means of filling the inaide of the
fremework over which his animal skine had been atretohcd.151

The cement gun was first used commercielly by a few

reilroeds in 1911 and has been employed in inoreasing quen-

tities since this dste. It has lately found several new

uses to which it can be adapted.

A sand-gement gunite mix ias usuelly specified in the
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3:1 to 43:1 proportional mix class. When applied by a
skillful operator, within a normel pressure renge, and
with the proper consistency, e 28-d4ay strength of 6000
psi oen be obteained, Gunite is generelly applied in con-
junotion with a wire reinforocing mesh. 1940 Joint Com-
mittee Specificetions have recommended practice relative
to proportiontng, consistency, and reinforcement design
for pneumatically applied morter mixes.

One of the principle advantages of the ocement gun
process is that coatings can be applied to surfaces without
the necessity of form work. This edvantege beocomes greatly
sccented when the surfsce has en irregulsr shape such that
a very elaborate system of form work would be otherwise re-
quired. Being applied under pressure, gunite can have a
much dryer oonsistency, and a greater penetration ability
then a oconventional conorete mix. The pressure application
has a tendency t5 producs a more dense and quite waterproof
mortar, with a greater fireproofing quality than oonorete
of the same thiokness.

The ohief drawback to a gunite application is that
there is a considerable loss of the meterial due to rebound
which introduces an extra cost faotor.

Gunite haa bsen used extensively in the repair, re-
olamation and renovation of 514 concrete and masonry build-
ings, staoks, tanks, canals, tunnels, etc. It has also found

ugege in the fireproofing, insuletingz snd waterproofing of
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various struotures. The espplication of gunite directly
to the soil for canals, irrigation ditches and swimming
poola heae proved edequete and economiosl.

hAmong the new uses to which gunite has been epplied,
is 1ts use in connection with prestressed wire for con-
orete tanks and pipes,go which has already been discussed.
A discussion of gunite in connection with steel panel

house construction, and in dry block masonry walls will
follow,

The economy of using gunite cennot be discussed in
generel terms. For many applicatione it is the only
prectical answer, especianlly in its use 1n odnnection with
the repair of deteriorated staoks, dams, tunnels and other
structureaj in the encasement of steel; and ss a coating
over prestressing wires for tanke and pipes. The use of
lightweight agzrezate instead of sand mixed with cement
mey give gunite a new field of usefulness.

There asre et present approximuately & dozen companies
which specialize in gunite work exclusively and on a large
noalc.lal Two of the larger of these firms are the Na-
tional Gunite Contracting Company, and the Gunite Conorete
and Construction Company, Both of theee companies have

several branch offices throughout the oountry.
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Cteel Panel Gunited Houses

The Steel Building Unite Corporetion of California
he®s developed s hydrsulioc loom which weaves pencil steel

142 The

into structural panels for use in house erection,
punels oonsist of two lsyera of ateel in the form of mats
consisting of 3/8-inch rods running verticelly at 16-inch
centere, end i-inch rods running horizontally at the aame
epecing. Eeoh met 48 further atiffened with diegonals
from every other joint and the two mate ere welded apart
with 3/8-inch spreasders at each joint., The hydrsulie loom
provides initie) tension in the steel 85 that ell conneoc-
tions are tight. An 8 x 20 foot unit can be produced every
thirty minutea.l4l

The entire house is assembled using these panels, in-
ciuding the interior wslls end the roof. The extarior wall
punels ere suprorted by pouring & l4-inch foundation wall
sround them, and the remaining panels are tied to these
wall psnels. Kext, the door end window openinga ere out
out and the frames and the condulte are layed in plece,
Flywood forms are dbuttoned t> the inside of tho wall panels
for a portion of the house and gunite i3 sprayed azainat
these panelsa in three or four coats to a thickness of 9
inohes, Leanwhile, the forms can be mdoved to another sec-
tion of the house., 4 lightweight aggregate is used in the
gunite mixzture on these California prajecis.

The use of tnis type of structure has beea 3d> far limi-
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ted to a few California projects, inecluding a 100-aore
subdivision aset of Ins Angeles known as Husheston Meadows.
However, the Steel Building Units Corporation is planning
to expand their idea to other parts of the oduntry,

Thia type of sonstruction ies said to out the duilding

time 1n half over aonventiosnal methods.
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Gunited Dry Bloock Wall

A recent experiment at Dellas, Texas, may prove of a
national 1nterest.l‘° The experiment was conducted by the
Pitteburgh Taesting Laboratories and the Southwestern Labo-
ratories, A wall of blosk was lald up dry and coasted with
e .8l-inch layer of gunite on one side and .92 inches on
the other. One nside of the wall was reinforced with steel
mesh, Another wall wes 1aid up with mortared joints in the
conventioral menner,

These walls were subjeoted to varioue test loadings.
Rith esch well resting on two supporte 42 inches apart,
they were loaded with concentric loade at the top center.
The plsestered dry-blook well failed et 11,500#; the con-
ventional well et 4,400#., Fach wall wes also subjected to
2 losding in the flat vosition. The conventional wall
Toiled et 2,08043 the dry leid gunite woll et 6,7707 .

The teets were so succegcsful thoet the city of Pslles
indiceted thet it would ocprrove the method, and the local
F.EA. Agency mude sprlicstion to its ¥ashington office
for spproval, There wes no econvmy Tactor mentiioned, al-
though it is asswicd that the gunite methoé would provide
¢ subetantisl deorccee in cost where the size of the jod
varranted the use of the equipment reguired. The method
would oertainly reduce the work of the brickluyer, if not
eliminate his need altogether. Tals could ts considered
an importent fuctor cousidering the grout shortage of

briocklayers in the country today.
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Building Economica

Arthur J+ Boase, manager of the structurszl and rail-
ways bureasu of the PCA, Chiocuago, has recently presented
several reoommendatious that will tend to yield a detter

181 I'{s recommendetions are

conorets at a Jower oJate.
these:
{1) the use of sir satrained sonorete
(2) the use of a oontrolled high strength oonorete
(3) proper vidretion
{4) the use of mechaniocal floats
{S) the use of orunea

(6) the employing of skeleton freming for duildings
over two gtories (rether than bearing walls)

(7) the use of precest unite

The #orld*'s Longest Reinforced

Conorete Aren Cpans

Further indicating taat this oountry is etill a fol-
Jower when it comes t5 oonorete design, is the interesting
feot that there sre 1% reinforced oonocrets arch spans in
the world that are longer than the longest which the United
States oan oxhiblt.lez The longest of these spans ia the
Sandoe Bridge loosted in Sseden., This bridge has & span
of 866 feet. The longeat such span in the United Ctates 18
the George ¥estinghouse Bridge locetad in Fitteburgn end
having a spsa of only 418 feet or leee thsn one haelf that

of Cweden's glant,



KEew Jobaite Conorete Testing Method

The oity of Fort ‘iayne, Indiena uses a rather novel
means o5f teeting conoreta szumpled et the jabelte.laa A
semple of 500 to 3000 grame is obtuined from each pour on
the jJob and 1s secled and teken to the olty ladorstory.
The sample is tested for moisture oontent, and then droken
down and sud jected to & soreen analyais, The city claims
thet they osn odbtain the 28 day satrength of the conorete
within 200 pai, and the water content within } gel/ou. yd.

The oity performs these tests for all of its projeots
send at a fixed fee for privste individuals desiring the

information.

Comfort Conorete

A hew gonorete mix hes been introduoced resceatly to
improve the softneen or resiliency of concorete tloora.184
The oonorete oonsiste o an ordinary mix with some asphaltio
emulsion asdded, and is called "coafort cd>norets.”

hlong this line, the Airnericsn Bitumule Company of lemn
Franoiscoo has recently introduced a colloidel esphalt o¢on-
orete admix produot whieh they have named Hydrapel.las Ay~
dropel is added to regulsr conoréte in the quantity of 13}
gallons per aaok.

The oonpany olaima thet thair product has these advan-

tages:
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(1) 1improved cement dispersion
(2) reduced water abasrption
(3) 4inoreased shoci ahility or resilienay

(4) oomplete yroteotioa from alkaline, salt or
destructive gas attack

Tue compauy claims Fydropel eun be used advantageously
for pavements, sewage plant strustures subject to sulfide
or gee gorroeion, and £ioors of all kinds, 4 steel ball is
seid to bounce 2} times ae high on plain oonorete &8s on

Hydropel conorete, indiceting its reailiency or softnees.
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Conorete Floors Foured in Reverss Order

A llexican civil enginesr hes eucceeded in developing
a aystsa for pouriue conorete floors from the top down,
Manuel Gonzales Flores of Kexico City ozme up with the idea
end 41 a preotical epplicetion of hia principle, a conaider-
adle degree of sucoess wea achieved,

The syatem was deviaed for pouring ooncrete floors for
e steol frame duilding, The steel framework 1a first e-
reoted in the usual menner. Assuming a flat conorete roof,
the roof forme are susponded from vertiocsl rods whioh are
oonnected in some edjuatoble manner to the steel framework
above, After the conorete hee been poured and has suffie
ociently set, the vertiosl rods are loosened end the duild=
ing 18 lowered by ensuczh of the rods to keep the form to=-
gether., Sinoce the rods must paes through the floor which
has already bdeen poured, wsdden spodla are set in the form
around the rods, These spools are later remdved and the
holes grouted., After the form has been lowered to> the po-
sition of the top floor, the rode are again secured in
place, and the floor poured. The remaining floore ere
poaured in the ssme menner from the top down,

The advantoges of cuch a system ere rather obvious.
The ssme forms can be used for every floor without the
necesnity of tearing them down end resesembling them a-
gain., This not only saves time but it also suves on

material. for the oontinual stripping end reassemtling of

Q7



formes is herd on them, Another advantegs is that after the
first pouring the building has been provided with a roof
protecting the workmen from inclement weacther., This 18 a
parsiculsarly advaatazeoua feature for localities shot have

e great deal of rsin certnin times of the year., The ecsnomio
aéventcoces would, of couree, be limited ts5 multi-atory

buildinge having certain types of freming,
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Reinforeing Steel in Bundles

In moat ordinery reinforoed conorete beszm or girder
deaigns, there is ample room in the dbeam t0 space the re-
inforeing st@el, at the specifioetional sepersting diatsnces
required for proper dbonding with the oconorete, without the
necessity of endarging the aize of the beam t0 ocarry this
spaced stesl, However, it is quite often the case, that a
beem is loaded in such a menner that this enlargement be-
ocomeés apparently neoessary., It is in these instences that
i1t may often be eoonomical t5 locate the ders in dundles
and theredby reduce the size of the deam in width and
dopth.177 It 1a, of ocourse, necessery to enchor each bar
of these bundles firmly to compensete for the loss in dond.
This extres enchoregze is not elways praotically possidle
but in many oases it oan de done without difficulty.

A small dridge in 7Fhetoom County, ¥sshington, employed
bundle reinforoing snd made possible the use of beams 7%
inohes thiok, where 11} inohes would have been required with
normal epaoingi s similer but smsller saving wae alsd rea-
11zed in the depth of the beam, The beom span wes 60 feet,

The large sczle use of bundle bars wss employed in
the design of the (uitandinha Hotel in Fetropolis, Brazil.
Reinforeing bundles were used in rigid frames of 100 foot
span, over an ice skating rink incorporated with the hotel,

with a consideradle saving,
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Heat Control of Lerge Concrete Maszes using Ice

In 1939, in the building of eeven dume for a hydro-
6leotrio plant ia the larz Mountains of Germeny, it was
decided to use orushed ice to counteract the heat generated
during the early stnges of esetting. This wes believed to
be the first use made of ice for such a puu'posao.]""2 The
success of this projeet is not known.

Since the time of this ecrly experiment, it has deen
definitely ectablished thai, except in ean exceptionally
large mass of oconorete, preocooling the mix with ioce will
keep the conorete within safe temperature limits during
the setting period, and prevent shrinkege m.'aolus.]""2

Ioe 1s now bdeing employed in the construotion of the
Davie Dam, on the Colorado Hivor;lvo and the Fort Gibason
flood control and hydroeleotric dem on the Grend River
near Muskogee, Oklahoma.

The Fort Gibson Dom is & $32,800,000 project and will
require sbout 500,000 ocubio yarde of iced conorete. An
10e meking plant has been eet up and oconsists of three ma~
chines each with s 48-inch diameter freezing unit, These
units heve a total dally capacity of 180 tons and furnish
135 tons of ioe (2" x " oylindricel pieces) end the re-
maining tonnege of cold water for use in mixing oonaorete
for the dem, It has been found that 162%f of ice edded

%o each ocubis yard of oconorste will lower the temperature

of the mix from 98 F, to 83 F.171
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The refrigeration plent at the Devis Dem consists of
three maohines each with a 34-inch dismeter freezer uaitg,
supplying 60 tons of oruched ice per day., The 108 ia con-
veyed on belts to5 the adjscent batching plant and weighed
for proper proportioning.

As muoh as 400# of 10e 1a odded to each four yard dbatoh
to keep the temperature of the conorete within limitgs~--~-
80°F when plnced.l”’® %ith the air often reaching 110°F in
this part of the oountry, the conorete often reaches 170°F,
It might de pointed out, that the ice has, of course,
melted by the end of the mixing period, so that no aotual
ice goes into the dam as suoh (the effects that this would
have are apparent).

These iloed mixes eliminute the use of cooling pipes

running through the dam, and prove cheaper and more effeotive.

101



Ixpanding Concrete

A French engineer, K, Dassier, olaims that he has
develored a cement oapable 9f producing a oontrolled ex-
paaaian.lvs He has published & series of articles ex-
plaining his cement in the French Journal, "Genie Civil.”

The expending oement consiste of e portland cement
base, sulfo-sluminate ocement, and a powdered blaat furnsoe
slage. The sulfo-aluminate cement is the expanding egent,
and the blast furnace slag is the stebilizing or oontrolling
egent. Expanaion tekes fifteen days and requires moist
ocuring for thias period.

The effeot of the expanding erkent on the reinforced
concrete 18 to place the reinforcement in tension end the
oonorete in oompreesion, or sort of s aelf induced pre-
stressing effect. This ection decreates the diagonal ten-
sion oconsiderably end inoresses the strength of the slad
to as muoch as 1000 psi in 60 days in ectuel teste madse,

The expansion is caused by the growth of the sulfo-
aluminate orystals, which ere usually needle sheped. It
remains t5 be proved that this resotion can be adequately
ocontrolled to prevent continued expension on extenaive
weethering, whioh would have disastrous effects on the

strength of the oonorete. Fowever, it 1is definitely a

thought worth mentioning.
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Roek Products

7. Pumice Plaster
Rock Products My '47

8. Steam Plua Hot Air for "Preshrinking"
Rock Produocts Ag '47

9. Floating Conorete
Rock Products My '47

10. Lightweight Aggregate
Rook Produots S '47

1l. Manufaoture Perlite Concrete Block
Rock Products O '47

12, Lightweight Aggregates 7in liew Attention
Architectural Reocord J1 '48

18, New Trends in Conorete
Rock Products

14. Concretse Lumber
Roock Products Mr '47

15. Lightweight Aggregate Plant For Sale
Rook Products Mr '47

16, Sell Lightweight Aggregate Plant
Rock Products My '47

17. Engineering Eews Record Reports
Engineering News Record D 30, '48



18, From the Movies to Lightweight Aggregates
Rock Products 0O '47

19. Modern Plant Makes Lightweight Aggregates
Engineering Newes Record S 16, '48

£20. Invite Machinery Manufacturers to Tell about new produocts
Rock Products My '47

21. Meeting Big Demand for Lightweight Units
Rook Products O '47

22, Non-Metallies
Roek Produots D '47

£3. Soorie for Conorete Bloock
Rock Produots J1 '47

24. Making Conorete That Floats
Roek Produots My '47

26, Vermioulite from Afrioca
Rook Products N '4%7

26, Sewabdle Blook
Rock Products N *47

27, Hew Lightweight Aggregate
Rook Produots N '47

288, Lightweight Aggregates for Conorete
Roock Producte Ap '47

29, Lightweight Roof Slabs
Rock Products S '47

30, Ytong~A Swedish Lightweight Building Unit
Rock Produocts Ag '47

31, Prudentiasl Insurance and General Petroleum Buildings in
Los Angeles now wunder Conatruction
Architectural Record O '48

32, Lightweight Conorete is Termite Proof, Cheap
Scienoce N, L. Je 23, '48

33, Wood Conorete
Rock Products O '47

34, Conorete from Coral
Soienoce N. L. F 9, '46






36, Kew Products
Engineering News Record D 16, '48

$0. Material furnished by the Zonalite Company of
Chicago, Illinois

51, Pumice as a Lightweight Aggregate, by F, Sommer
Schmidt, published by American Institute of Mining
and Metellurgical Engineers

Pudb, Oot. 2‘. 1947

52, Material furnished by the Conerete Plank Company of
Jersey City, New Jersey

63. Material furnished by the Durisol Company of
New York City

54, Material furnished by the Celotex Compeny of
Chicago, Illinois

55, Material furnished dy the Porite Manufaocturing
Company of North aArlington, Hew Jersey

56. Material furnished by the Carter-Vaters Corporation
of Kansas City, Missouri

57. Material furnished by the Pumice Aggregate Sales
Company of Albuquerque, New Mexico

68. Material furnished by the Kraftile Company of
Hilea, Celifornia

59. Material furnished by the Sante Fe Pumioe Company
of Sante Fe, New Mexioco

60. Materiel furnished dy the Pumioce Producera Assoociation
of Albuquerque, New Mexioo

ok ¥k R kA ARk kK

70. Reinforced Conorete Pressure Pips Manufectured on Two

Levels
Rook Products F '48

71. Prestressed Pipe ¥ithout Steel Cylinders
Engineering News Record Je 24, '48

78. ing 60 miles of Prestressed FPipe
Leyine Engineering Newa Reoord My 13, '48



73.

74.

75,

76.

77.

78.

79.

80,

8l.

e,

83.

8s.

86.

90.

95.

Wordd's Largest Covered Prestressed Tank
American City S '48

High Stressed Wire in Conorete Tanks
Engineering News Record D 30 '43

#hat ¥111 be Prestrese Loss Due to Creep?
A.C.I. Journal D '48

Preatressed Concrete Digestors
Contractore snd Engineers Monthly Jea '49

Merry-Go-Round Machine Applies High Tensile Steesl Wire
to Prestressed Conorete Tanks
Construction Methode Ja "44

Prestressed Conorete
American City S '47

Jointlese Frestressed Floor Resiste Heavy loeads in
Werehouse
‘Engineering News Reoord Ja 6 149

Prestreesed Ceet-In-Flace Conorete Bridge
Engineering Kewa Reoord K 11 '48

Prestressed Concrete for Runways
Enginearing News Reocords S 16 '48

Editorial
Engineering News Record D 30 '48

Structural Engineering
Engineering liews Record T 16 '48

Struoctural Engineering
Engineering News Record KN 4 '48

Notes on Prestressed Reinforced Concrete FPipe
Ameriocan City N '48

New Runway Laid
A.C.X. Jounal D 48

Material furnished by the Prelosd Corrorstion of
New York City

oo ok KK 3 AR Ok o o oK K K KR OK

Building Houses Using large Preocast Slabds
Rook Products Ag '47



96,

97.

98.

$9.

100,

101.

102,

108,

110.

111.

112,

113.

120,

121.

Insulated Precast Conorete #all Panels Prove
Economical Substitute for Briok
A.Cel, Journal D *'48

Precast Method Eliminetes Vertical Forms
Architectural Record N '48

Precast Frame for Two~-Story Plant Erected Like
Struotural Steel
Arohitectural Record Ag '47

Preosst Conorete Building
The Constructor J1 '47

Speeding Up Construction with Large Struoctural Units
Rock Products N '47

Cementstone Precast Construotion
A.C.I. Journal N '48

Cementstone Units
Architectural Record Ja '48

Materiel furnished by the Cementstone Corporation of
Pittsburgh, Pennsylvania
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This is the House the Tournaleyer Builds
American City My '47

On the Job with Tournalayer
Architeoctural Record Az '48

Conorete Houses Cast in Box Forme
Construction Methods 0O '48

#hole House Cast Like Toy
Popular Science N '48

Mok ook K K 6K O s K X K R Rk

Highway Researoch Fngineers are Urged to Translete

FPindings into Practioe
Engineering News Record D 23 '48

Alr Entrained Portland Cement
Arohitectural Record C '46



122,
123,

124,

188,
126,
127,
128,

129,
130,
131.

132,

133,

137,

140,

Sand Grading Influence on Air Entreinment in Conorete
A, C.I. Journal N 48

Influence of Size Greding of Sand on A{r Entrainment
A.C,1. Journal N '48

Effect of Entrained Air on Concrete Made with So-oelled
"Send-Gravel" Aggregates
[\oCoIo Jounal 0‘ .‘8

Air Bubbles Improve Quelity of Conorete
Soience N, L. O 26 '46

Alr Entrainmment Control Teat Project Completed in
Chicsago

Effeot of Entrained Air on Bond Strength of Concrete
Concrete Ja '49

Innovations In Bridge Pier Concorete
Engineering News Record Fedb 5, '48

Concrete Problemes and Progresa Discussed st A.C.I.
Convention :
Znginecring News Record Mr 4 ‘48

Protection of Conorete from Attack by Alkali Soil or
Sea Water
Engineering News Record N 11 '48

Controlling Quantity of Entrained Air in Conorete
Conorete Ap '47

Cement Dispersion and Air Entrainment are Important

ia Good Conorete
Soutbwest Builder and Contraotor Je 13 '47

Portland Cement Dispersion dy asbsorption of Calcium

Lignosulphete
Industrial snd Engineering Ghegio}ig
e

Materiel furnished by the Master Builders Company of
Cleveland, Ohio
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Dry Rook Panel Shot With Jet-orete Promises New High
Strength Weall



141.
142.
143,
144,

145,

146,

147;

170.
171.

172,

178.

177.

179.

181,

Hydreulie Loom Weaves Reinforoing Mate
Construcotion Methods D '48

Now They're Weaving Houses
Fopular Mechanice D '48

Clever Design and frection Speed Texss Fair Structure
Ingineering News Record S 9 '48

Low Cost Thickener
Engineering and Mining Journal S '47

Cement Lining Large Mains in Plece Using Pasumatio
Frepsure
lleter Horks Engineering Ap 30 '47

Low Cost Irrigation Flume Cover
Engineering liews Record My 13 '48

Wintertime Guniting at the Soo
Engineering Kews Record Je 10 '48

'BR EFR S PEERELTE T ETY ¥ ]

Admixtures Combat Alkaeli Resoction in Davias Dam Concrete
¥ngineering News Reocord Ja 20 '49

Review of "Ioced Conorete"
AOC.I. Jaurnal D *48

Ice in Mix Freocools Conorete for Dams
Compressed Air Magezine Mr, '48

Expending Cement
Rook Products My '47

Bundle Reinforcement Saves Materiesls
Ingineering News Record Ap 1 '48

Pouring a Building from the Top Down
Populer Mechanios J1 '48

Stretohing the Conorete 3uildinz Dollar
Engineering liews Record 0 28, '48






l8z2.

183.

164,

185.

Contractor Meets Close Lesign Tolerances in
Building Long-Span Conorete Arch Bridge
Civil Engineering Ja '49

Diasect Your Fresh Concrete
Lmerican City D '46

Floors of Conorete
Better Homes and Gardens N '48

Make Inproved Conorete with this Admixture
Americsn City J1 '48
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