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The rngincering Frvndation convened a recearch conference on

§ "Rapid Construction o’ Concrete Dams," which was held at Pacific Grove,
Cslifornia, on l-7 March 1970. Session IV of the confercnce was cone
ceined with special cruents and adnixtures for rapid cencrete dam
construction., Mr, Bryant Mather, Chief, Concrete Division, was roquested
to p.oopare the paper on adnixtures for presentation at this session;
bowever, he was unable to attend tho meeting and vresent it, It was
nresented in his gbsence by Mr., J. M. Polatty, Chief, Fngirzering Mechanics
Branch, Concrete Iivision. On the last day of the conference the nartici-
pants approved a resolutioa which rccommended that the papers, originally
prepared as the basis for off-the~record discussions, be published. Tha
manuscript vas, therefore, referred for approval for publication io the
Cifef of Engineer: aud such approval, subjcct to c:riain comments, was
grmted on 20 Hay 1970.

Directors o the Waterways Experiment Station during the preparation
and publicatici of this paper were COL Levi A. Rrown, M™E, and COL Ernest D.

Peixotto, C”. Technical Direcclor was Mr. F. R. Broa..
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A IXTURES:
by
Bryant Hathees=:

Introduction

1.1 The purpsse of this Confercnce is to investigate, in depth, design
and constraction procedures for reducing tre cost of concrete dams., This is
a izomec-zbat more restricted purpose than that of the International Comaission
on Lorge Dams, vhich is: "To promote ond coordinate improveacnts in technicel

'rejaem'ch, design, construction, maintenance; and operation of lerge ciams.}."
Hore simply stated, the objective of ICOLD iz to contribule to the construc
tion ad operation of good Guws. The objective of enginecring, os it reiates
to conerete for wse in dams and eppurtenant vorks, is to jnsure thet the
conerete 50 used is good concrete. Good concrete is concrete thot posscases
the neressory levdds of the properiies appropriate to the service demanded
oi 3t at ats vames an ats usei'm 1are plus & “"Lactor of satowy" or "f'actor
of imorance® sufficient to merit and recoive confidence, It is nobt goud

engincering to require that conerete have wmecessarily high levels of .

#* Prepared for pezsentation es Papor 2, Session IV $eciel Cement end
Adnixtures for Rapid Concrele Daa Construction at 1970 Enginccring Foundae
tion Resecarch Conference, "R=pid Construction of Conerete Dums,® Azilonar
Conlercice Grounds, Pacific Grove, California, 3 tarch 1970; pressated by
Jonnes M, Polatiy, Chief, Mngiucering Mochuenies Brinch, Conereie Division,
Ue S, Aray Engincrr Yateruays Experincot Station, Vicksbuvg, Hississippi,

#3: Chief, Crnere
ags
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3mportant propertics or eny particular level of irrelevant properiies,

especialily when, as will almost alurays be the case, the inclusior of such

requirecments incrcases the initial cost, It is, of course, obviousiy not

good enginzering to fail to requirc--and hence usually not obtain--conerete

-

that docs develop the necessary levels of fmportant propertics.

1.2 Concrete ir. not a static, constent, wchanging matcrial, As

initially mixed, it is a suspension of solid iam'ticlcs in 2 liquid, There-'

after, it evolve: inlo a relatively rigid solid that will develop predict.

gble levels of many different propertics depending on tho properties of

the constituent materials vwsed, .heir proportions, the practices employed

in production, and the environuent of vubscquent matunration and exposurc.
P s

As designers and builders of dams end appurte.mt works develop data on
what are the relevent properties of concrete and vhat are the vecessovy
quality levels of these proporties that the concrcle must possess in order
to render the desired sorvice we 211 times in its wseful life, the concrete
tecrnologist will perfect the techniques needed to irsurve that the proper

»: 'erlals, proportions, and prectices erc required and obtzined,

*.3 Yhe stzte of knowledg: has nol yet progrcssed to the point vaere '

the czoigner knows whal he ncsds, nor can the conerete technologist, with

precision, predict the particvier levele that vill be “eveloped in the

[
WO
v
i

properties of a .;iven concrete in a given enviromment. Ve do not yet have

adequate methods of quantitatively evadoating the poertinent properiics of
the enviromucnt ond tue significance of differentie-and chauging-—~levels of

these properiics on the maivration and exposure of cuviercte therein,
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Propertics of Conerete

2.1 Concrete for use in larpe dems, es inicially mixed, must possess
& degrec of mobility and fluvidity, together with a dcgr:ao of cohesiveness,
so that as transporicd, handled, depusited, consolidated, and finished, it
can be discharged inte end out of the cont:ziners in which it is transported
‘and into its final position in the vork without excessive segresation and
can there be properly consolideied, and if necessevy, finished with the
cquipmexit provided to be us.:d for these oporations, After placemenl and
consolidation, it must wdergo eppropriate chenges at rales such that, when
called uwpon to resist londs o+ other environmeatal influences, it will have
the necessary lavels of the relevent properties vhen these arc needed, end
it mst uoderpo these changes without concurrently developing wndesirable
levels of other properties--such 2s excessively bigh interaal temperatvres.-
that ave harvaiful. For cxemple, vhen cenlilever--form~constiruction techniques
are uscd; the ~-ncvele in vhieh fora anchors ere cnbzdded nust develop
adeguate strength tc resist foru-enchor pull-out forces at the tiue the
freshly nixed conerate is placed in the poxt highor 1i€¢ end thereaftor ¢

loads bear on the enchors. )
Admixtores for Cencrele

3.1 My materdal; other than wvater, erpregaies, end hydraulice ceaent,
nsed &5 e ingredient of a cencrele nixture, edded to the brich fwmediztely
bafore or durinz ils niring, is, by dofinition, an odnixlvre,  Such mabtcridls,

vhen interground or interblended with the hydeanwlie coacat, are Ceserib.d

LERUTLTE
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es "additions" to the cement. The purposc of using an adnixtwre is to make
the concrete to vhich it is odded wore suitable for the pun;osev for which
it is made or available at lower cost. An admixture should not bz used
unless there are benefits to be obtuined that are worth the cost of so doing
and are benefits tha:t cannot bz obtained by other means,

3.2 Admixturcs con be and ere being used to modify virtually eny

property that concrete naturally possesses end ere also used to impart

properties it couwld not otherwise have. In somc coses, the effect is to

eh;mge the time at vhich th: concretle develops a given property to a given
degrez; in otler cases, a propert); is conferred that, without the edmixture,
could never have bsen echicved by the concrete mixture, Admixiures have
!  been used for at lecst 2000 years. Korcus Vitravius Pollio in the first
century A.D, set forth a specification for morizr that called for well-
. hydrated 1imz, marble dust, sand; end water, *to vhich i5 added eithc:
aog's Jord, curdied milk, or blosd.* %he two most widely used classcs of
prancts employed as edoixbuwres for conerete, orgenic chemical materiels
aad active mineral pouders (ponzolans), werc both kneim to end vsed by the
Renans in elussical lines,
3.3 Asong the effccts thal ore sought by the use of admixtures zre
tha followings
3.3.1 Aehievaannt of on carlier sething tine (acccluoraztion).
3.3¢2 Deley of setling Line (retucdation),
3.3.3 Achizveaent of cqual workability with Jouzr water cealent

Greter reduction),

. YTy

e
AT B g

kg bt it Rk 0 s

PR

i




3.3.4 Incorporaticn of a system of citrained air voids in the

. cement paste (ajxr entrainment).

3.3.5 Rewoval of excessive smovnts of air bubbles from the .

comont paste (oir detrainment).

3.3.6 Reduction of temperature rise due to cemsnt hydretion.

3.3.7 Reduction of expansion Cue to the allkali~silica or alkali.-

sarbonate reaction,

. 2.3.8 Reduction of permeability of conerete (permcebiliiy

reduction),

3.3.9 Inhibiiion or iendency of cabedded metal to corrode

(corrosion reduction).
3.3,10 Reduction of tendency of concrete to he weakened by
le:.-.;:hing.
3.3.11 Rednction of tendency of concrete to segregation and
blecding, *

3.3.)2 JYmproved cohcsiveness end plasticlty, capecially in

lou~-cenent content mirtures,

3.3,13 Reduction of cost of construction.

3.k The principel materinls wsed for these purposce ave a5 follows:

3.1 Accelerctors, The most widely used zecelerator is caleiwa
. = .

chloride, Other materials vhich sceclerale the hardining of mixtares of

portland ccuent el vator include othor soluble chlorides; &oluble corbon-
ates, aluminales, silicales, flwosilicales, and hydrexides; and sonc

orpmic compounds such ¢ triclhanoloaine, Caleiua chloride can generally

A o8
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be used sofely in cmounts of wp to 2 percent by waipght of the cement, The
benofits of such use are greatest in u6ld veather, wnd at high temporatures
the effects uay ve detrimentzl, Calcium chloride should not be used vhere
stray elcctric cwerents are to be expected or ;n prestressed conerete
because of its tcxﬂe;xcy to proxmole corrosion of steel, Its usc mey also
sgprevate sulfote attack end the elkali-silica reaction. It 4s convenient
to mzke solutions in which onc quart contains one pound of calciua chloride.
3.h.2 Retorders, The coasonly used retevding adaixtures are
o::genic chenicals, generally lignosulfonic seid selis or hydroxyleted
carboxylic acid sclts or madifications thereof. At noraal tlemperatures,
used in norozlly recomwended amounts, the setting time of concretc moy be
extended 30 to 50 percent. GOreater delays of setting can be obtained by
using larger azounts. Reterders gre usuxdly used to cuwspensate for the
undesived eccelerating offecls of high plocesent temperatures, to avoid
cold joints, ond to avoid widesirsble effecis of displacenents end deflee--
tions duc to lozding of foras 'md supporis by subsequent conercte placeacnt,
¥hen retardation is obtained, improved consolidation may be achieved by
revibiation; vhen revibration is to be caployed, retexiation is required.
3.1.3 ¥ator redusers. The same besic kinds of materials that
are rotarders gre generally wzier reducers. KEeny water reducers gre
retzrdors u:at. have been chezically nodificd to sunpress or cmpensat:e for
their retlavding cffect. Water reducers have the property of inercosing the
workability (sizmp or flov) of ths concrete in vhich they ere used, Adven-
tage 1oy be taken of this effect $n eay of severyl ways: (a) a concrele

rixbure deficianl vorkibility co have ils vorkedbilily increased with

6
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no change in cement content or water-ccment ratio; (b) a concrete mizture
of adequate workability can have ité strength increascd.by reducing the
water~cement ratto and maintaining cement cont ent anc_l vorkability unchanged;
end (c) a satisfactory concrete mixture can be smadc; more economical by main-
taining the water~cement ratio and vorkability but reducing the cement
content or increasing the pozzolan to cement ratio. 1'}ate1' reducers are
necessary in the production of very high-strength concretes for which water.

cement ratios of 0,35 or lower are required, 5f the freshly mixed concrete

is to have the normally expected workability.

3.k Air-entre:i._nﬁng sdmixtures, The materials used as air-
entraining admixtures are those which make foam; they ere thus similar to
soapn snd detergents., They are generally deri%red from re-si.ns, fats, or oils.
The .primnry purpose of air entrainment is to protect the corercte against
'the demage it may suffer if the paste becomes s%zturated with uater and then
freczes, A mature portland-cement peste in vhich eir bubbles are present
with & spacang racvor ox U.UUB' an, or tess will not bs uamaged by ircezing
even if saturateds with water, The spacing factor is the average maximum
distance fron any point in the pzste to the nearest sir void, With acceptable
air-entraining admixiures, the air-void spacing factor will be within the .
.correct Jimits if the omount, of adr-entraining admixture used is such that
the freshly mi;ced concrete contains ¢ percent air in the mortar fract:ion
or 5-1/2 pex;ccnt adr in concrete conteining aggregate of 1-1/2 in, maximum

size, The anmount of air-entreining admixture required io produce the

# It is agswacd that the entreined-air volds are nol f£illed with waler,




specificd alr content will be greater at higher temperatures, in mixtures
containing larger proportions of fine materials, or vhen nevorials are
used thet tend to adsorb orgenic matorials. If un accepteble eir-entraining
admixture is used in an amount such thet the proper air content is developed
3in the freshly mixed concrele, tests have shomm that expulsion from the
concrete of a substents.al proportion (up to about half) of the total air
content by continued vibration does not significantly alter the air-void
spacing faector and, hence, does not destroy the protection furnished sgainst

frost damage.

315 I‘Lirudetr?jn:i.r}gjclm:txtures. Cases have been reported in
vhich concrete. mixtures made with certain materials, ecvecially certain
natural eggregates, contain considerably morve entrapped gas bubbles than
norn-lal. Such a condition greatly hampers production of air~cntrsined
concrete, since the gas bubbles that are present without sy air~entraining
"admixture ave relatively large and ineffective in providing frost resistance.
In other cases, 1V may be des:i:red to use & water-reducing or a retarding
admi_.xture that will entrain air, but not to have ajr en‘rained in the
concrgte. In these end similar cases a materiel such as itributyl phosphate-
is uscd e8 an eir-detreining admixturc to dissipate and expel the unwanted .
:bubblcs of air or other gas,

» .
3.4.6 Pozzolens. The use of a pozzolen as en admixture in

concrete will normally permit the usc of a smaller cement content per

wnit voluse of concreto than would otheruise be required, In such cases
there usually vill bz a net reduclion in heat rise unless the tolal weight
of coment plug pozzolan is subsisntinlly greater thon the vieight of cement




that would have been used., There vill also norm2lly be a sovings in cost

of concrete materials. Concretes containing poszolans gencrally also will

have better cohesiveness end plasticity, less tendency to segregate and

bleed, reduced tendency to be weakened by lecching, better assurance of

long~time sustained strength and protection ageinst excessive expansion

_duo to alkali-silica reaction,

*

3.7 Temperature-rise rcduction, The temperatuwre rise exhibited E
at a point in & concrete mass after placement can be reduced by the use of o

aduixtures only 83 a sccondary effcet of the uvsc of a lower cement content

2 +ha Anvanadn Rev wvAabAd cwnAaw srat avessndnnnngan $halw ssna vanie AT Ave sana
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of reduced cement content or increased pozzolan-to-cement rztio, Pozzolans
generally pexmit use of lower ccment contents,

3.1.8 Alkali-exnansion reduction, Rescevch has suovm that internal

expansion of concrete resvlting from the chemicel rcection of the elkalles,
Nay0 and X0, with various forms of soluble silice and certain carbonate
rocks that may be prescnt in coucrete aggregetes mey be reduced by the

uso of admixturcs either of the pozznlan class or certain chemicals such

- as certain l'ithium szlts, Vhen aggregotes that are of such a nature that
they might veaet with alkalies to give deleteriovs expansions must be uscd,
the cement should be required. to conbain not more than 0.6 percent by
woight of al¥alies (porcentage Naj0 plus 0,658 percoentage X,0). The most
effective nethod of preventing ercessive cxp;'msi.on resulling from the
reaction of alkolies with rezclive cachonate rocks is insuring that rcactive
naterial in the dggregate 3.6 wiformly distvibuted ond comprises only a

sl percentage of the total aggregate used,

9




3.4.9 Permeshidity reducers. Meterials have been wmarketed es

admiztures that have besen deseribed es "waterproofers." Hany such materials

are of the nature of soaps, oils, or resins vhich ave water repellent wnd
may, by this method, retard the wetting of a concrcle or mortar by drops of
water that £211 on its swrface. Most ruch maberials » if employed for this
purposc, ara used gs surface appli.ations {o harduned concrete or mortar
surfaces, Admixtucees have not been found that will prevent the entry of
water into concrete or its treonsmission through concrete, Some adaixtures
vill, houever, reduce the pormeability of wortars end concrete to water,
Permcebility reducers ave mineral powders thob increese the solids contents
of leen mi.xtur.es end, if they are cementitious or pozzoleaic, resct to

produce additionz)l solids after they are incovporated in the concrete,

will not rvst if the metal i kept completely sesled from access to the
external covironment end the concrete maintains its normel alkaline state
(pH greater then 12). Vhere t:he possibility of corrosion erises from
inst}fﬁcicnt cover of concret_»e over the stec), this cannot be mitigeied

by t);;e usc of en adnixiure in the concrete except as the sdmixture nay -
reduce the permeabilily of the concrete ind, hence, increase the effective
cover. If, howcver, the possibility of corrosion arises from reduction of
the noraally ;ﬁ;otectivc chamicel nature of the concrete, then usc of )
admizturer to retard or inhibit corrosion is a possibility, Among the
materiale that have beon studied ore sodiva bonzoate, calciwa lignosul.-

fonate, stonnous chloride, md sediwa nitrite,

) 10
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3.4.11 Cost reduction, The use of admixlures may reduce costs

of consiruction and majntensnce in a large number of different vays, In
many cases, the use of admixtures will reduce the cost of the constituont
materials required to produce a wilt quantity of concrcte, for example, by
allowing concrete of eppropriate quality to be produced with a lesser unit
'_quantity of cement, In other cases, the use of admixtures will reduce the
cost of construction by permitting more econumical scheduling through modie
fic;atioq of time of selting of concrete., When, by the use of admixturcs,
the concrete is rendered wmore durable and better able to resist notentially

destructive environmental effects, maintenance and vepais costs are veduced.

Prgvi.ous York

4.1 In 1962 the Concrete Committce of ICOLD initiated work towerd the
preparation of "Recommenduations on Admixtures for Large Damsz.* In 1967 a
docwnent dealing with surface-active admixtures (air-ertraining admixtures
and water-reducing admixtures)' was gpproved and was published in 1968,

Tn 1968 the comaittee appointed two sdditiona=l task groups to deal respec
tively with i)ozzolans end slags and with accelerators and retarders. Drafts
of docunents in these areas have been prepared ond will be before the
committce abt its mecting in Hontreal in June,

L2 In 1943 the Amoricen Concrete Institute created Committee 212 on
Mmixtures vhich produced reports on admixtures ja 194k, 195h, and 1963,
It is significant, X believe, that the first scction of che latest report
(ACI Journal, tov 1963, pp 11:85~6) deals with "Econvaie Aspects of the Use
of Admixtures," I quote from this sections

11
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"Usc of an admixture may inerease or decrease the cost of the
concrete. The effcct of a given admixture con sonx;:timcs b2 obtained,
at least in come degree, by other means or by oiﬁ:he,v admixtuves,
Vhenever possible, the cost of an admixture should bes compared with
that of altornative materials or methuds for getting the desired
result, Conversely, the economic gainc possible chrough decreased
construction costs by the vse =f aduixturcs should also be considered.

“In evaluating an admixture, its effect on the volwne of a

givon batch should:-be noted., If adding the sdmixocure changes the

- s P N 3N
volima, ae ig often the cose, the chonge in the propeitics of the

concrete 'w.lll be due not only to dircet offects of the admixture
but also to the changes in the caouwnts (per unit volume) of the
' original ingredients., If the use of the admixtiure Jncresses ths
volume of the batch, the admixturve must bz regarded as effecting a

displacement either of part of the original mixture or of one or

enother of the basic inpradionts--cemont, oggregate, or vater, All
such changos in the composition of a unit volume of concrete must be

teken into account when tesiing the dircct effect of the admixture

jtself, end in estimating the ecst of the use of an adaixiure.

"The cost of handling ~n extra ingredient, and any effect the
usc of th;: edmlxture may have on the cost of transporting, placi;rg,
and finishing the concrete shouvld b2 taken inte accownt. Frequently
an admixture permits use of less expousive coastruction methods or

even of less exponsive struclural design se as 1o offsct ony incrcase

12
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of cost of materials attending the use of #n admixtuve., For exaample,
novel and cconomicel designs of structural units have been pred-
ic;.zted on use of retarding admixtwres that permit placing of con~
crete over extended periods in homogencous wnits of large size and
great volime, tilus minimizing. need for forming and the plaecing and
joining of separate units, Use of air-entraining and water-reducing
admixtures commonly makes possible the attaining of required physical
properties of lightweight concrete at lower unit waight,

"The evaluation of the cost of any given admixture should b2

oo ~eee) Alht alna? vr3+k 1A wnanklt ATl rw annannba 2w aovankd an
k " '\". t“:c r\‘“";ﬁ‘c v“:w“—‘- l"‘. e VAL Vabdter H“ﬁ Wobe W Whd A h VI A W VN A LA AL VA NS

under conditions simulating those cxpected on the job, This is
highly desirable since the results oblained are influenced to an

. important degrce by the chevauterisiics of the cement and wggrogate

and thejr relative proporiions, as well as by temperature, humidity,

and curing,”

.3 In August-Soptenbzsr 1967, in Brussels, the RILE{ vorking group

on Admixtures sponsored en International Symposiwa on Adaixtvres for Mortar
and Concrete, the proceedings of which, in eight volumes, have been publishéd.

The report of this vorking group includes the folloving:

"An admixt.m'e is any material that 3s added to the non :xally
accerted jngredi.cnts of mortar ond concrete dwring mixing in order
to modify certain propertics of mortars and concretes in their fresh
or haoxdened state, ur in their passcge from the fresh to the harlened

state,
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“Every adnixbure must have as its main action a definite purpose

in mortar or concrete. It may have ’simixltancous sccondary actions
vhich must also be specified, Admixiures perform their functions
principally by affecting physic:zl and pl:y§ico~cixcm5.cal actions, such

as surface tension, adsorption, thixotropy, colloidal state, deflocu-
lating effects, rate of reasction between cement ané water during .
setting and hardening, «ud combination with certain cement constituents,
Admixture actions of a merhenical natvre may also srise owing to the

addition of very wnall particles to the aggregate grading of mortars

e WWesN W VW P

*In generel, adnizture3 are to be used only whea the desired
propertics, vwhich are sought to satisfy the requirements of the work
" at hard with regard to execution, gaality and durabiliiy, cennot be

attained by adiusting the composition or the proncvtions of the basic

concrete or mortar mixture, Horeover, 3nformatisn should be availsule

not only with regard to the effect of the almixture on the main

property uhich it i3 decired to modify, bui ¢ise with regord to the

effects that its use may have on all the other properties of mortar
and concrete,

“It chould be rccognise=d that the mere use of en adaixtuve con

never coanensate for defects in the composition or in the preparction

of the mortar or concrete,”
vorking group classifics adiixtures as follois:

",  ADGTXTURSS WHICH FODIFY Tilk RWDIOGE OF FisH HORTAR AiM

COUCRETE,

1
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1.1 Vater-reducing admixtures,

1.2 Air-entraining admixtures. , .

l.3 WYater~reducing end eir-entraining admixtures.

1.t Plasticising mineral vowders.

1.5 1locculating or thiciening admixiures.

1.6 Vater-retaining adniztv ss.

%2, AVHIXTURES YHICH MODIFY THS IR COBTERT OF ORTAR A16> COHCKETE,

- 2.1 Air-entraining adnixinres.

2.2 Air-detraining or enti-loaming admixtisres,

2.3 Osz«fnvaing sdmivinrae

2. Poar-forming aduixiures,

*3. ADMIXTURES WHICH HODIFY SETTIRG AtD HERDENTIK,

3.1 Sect-vetarding admlxtures,

3.2 Set-zcecelerating ednixtures,

3.3 Admixtures uhich accelorate hevdening.

®h, ADAIXTURES YHICH PRODUCE EXPAUISTON Ii FORTAR AD CONCRETRE.

"5, AD{TXTURES VHICH YHPROVE THZ RESYSTAHCE T3 PIYSICAL, ACTIONS,

5.1 Frost-resisting edmixturcs.

5.1 Air-entraining ednixtuves.

' 5.12 Admixtwras_wvhich_accelerate setting end havdening,

S,2  Anti-freesming admixturess

Se3 MWater-rasisting admixtures.

531 Perucability-rceducing admixtures,

5.32 Hator-repclling admixtures,




"6, ADMXXTURES YWBXCH IHPLOVE THE RPSISEUICE T M:CHAHICAL ACTIONS,

"Te ADALXTURES WHICH JHPROVE THE RESISTANCE T) GHELICAL AGTIORS.

7.1 Corrosion~inhibitianz admixiures,

7.2 Adwixtures vhizh modiry aikali-azgrepate resction.

7.3 Admixiurss vhich medify avtack by agsressive chouleals.

%8, AULIXTURES SIIGH BITTOVE THE RESISTAICE 10 B’!OLOGICAL ACTIONS,

"9, ADHIXTURRS VifiCH HONIFY THS COLOUR CF HORTAR AND COHCREYK.

COJ.CURTHG ADHIXTURES,"

Specific Anovlicatins to Dan Ceastructicn

5.1 In "Research for Civi) Works - A Prograzs Report® (Office, Chief

of Engineers, Dec 1968}, the folloving ere shom 2§ reductions in cost,

" rclating to the employment of adaixiures in conercte.

Problen or Study Solution or Resuly Sgvings

Low Cement Dontent Concrete

The hydration of ceaant produces Laboralory studies oX mixture  $10,600,(00
heat shich is not readily dissi~ proportioning established that,
pated in mass cencrete, The priverily through the usc of
teuperature change producad by entrained air in an applica~
this heat and -subscquent cooling tion in vhich it had not previ-
is 2 czuse of cracking vhich ously coisiderad, it wus possi-
inpairs the Suructural integrity ble to seduce the cemenl content
of hydraulic structuves, Mrtiice~  of nass concreta as much as 30
more, ccucnt is the rost expen- por cent without impairing its
sive ingredieat of conerete, quality.

Any saving of coment without

sacrifice of quality produces

a substzatial financial benefit, -




Problea or Study

Cemont Roplacencnt Mate

Portlaud cement iz tho wost ex-
pensive ingredient of concrate,
L significont soving in the cost
of coucrete would be realized if
a portion of tha ceacnt could be
replaced by a less expzasive

5 cerientitious material without
sacrifice of quality,

%
A
&
[

Solution or Result

rials

A iaboratory investigation es~  $9,600,000
teblished the velidity of using

peazolans zad special cenents

as partial replaccient for port~

land cemeat and produced a worke

&ble Speciﬁcd.tion for purchasing
pozzolans,

Usa of Concrete Admixtures

-~ § . To cvaluate the clains of pro-

- ducers of chenlical ednixtures
intended to rotard the setting
of: cecn®, incrazse wovrkability
of concrcte, end provide other

Specifications have been Intengible,
developed to esswe relia- kssures usage
bility, end guides produced  of only those
for liwniting usa to instances edmixtures

vhere real benefits will viich will pro-

benefits, o:ist, duce poiier
- conerete,
s Pre-Placed Agsregate COncreto

Bzcanse of shrinkage during sot.
ting end difficully of placing
. in restricted regions, convene
tional concrete is not alwoys
entiroly satisfcetory for such
epplications &g enbadiont of
] sboel spiral coses in poitor-
o houses, construction of plugs
. to closs temporary sledces
g throuzn dias; and wndoryater
construction, or for najor re-
pair of concrete structures,

$.2 The work rzlated to these savings vwizs Goscribed &3 folloiss

"Low Canicnit Content llass Conerete.

tion costs und erocking causcd by codling from elevated temporatures

produced by cenent hydrztion, nass conerete sheuld contain a wini-

mta of ccuent consistent ulth strongth, peraeability, snd durcbility

A lcboratory investigation,  $17,300 anaual)
viilch included tostis of full
scelo nodels of portions of
hydesnlic structuces, cstobe
lished the velue of the pre-
placed eezrezate nethod of
construction, On goua pro~-
ccls savings in excess of
200,000 have been realized
by its uss, In other pro-
Jeets it h2s bLazen used, even
though nora cxpcnasive, to
ivprove the pcrforaence of
the structwre. The figure
shovn is the net saving,

To rcduce initial coustrue~
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requirciacnts, Kixtwre proportioning stuvdies coupled with strength,

pem obility, ond durchility testing denonstrated that appx oﬁmatcly
30 percent of the previocusly specificd unit a.‘omxt., of cement per

unit volume of c¢oncrete could be eliminated in future construction.

The primary facf,or vhich permitted this savings vas the usé of entrained
elr in mass concrete. In cstablishing the velidity of the savings per-
mittcd, it woz necessary to develop eppropricte procedures for testing
rass conerete for durebility and permcability,

*Use of Pozzolans in Hass Concrete. Pozzolens ere not in them-
selves cemontitious but will react with the lime produced es & hydras-
tion product of portland cewont to fora cemcntilious compovnds, The
most cownon poszolin is flyash, the residue froca braning poilerzd cord
in thamel poner plants, Some naturcl materials, mostl - in the westeran
part of the cowmatry, erc also poszolenic or bLzcome pozsolanic efter
burning end grinding. Since pozzolins ere chosper then cement end
generate less heat, their wse a3 a partial replacerznt for cement in
nass concrete is oltractive. Rescerch siows thet thelr wse is practicsl

- end & vorkable end relizble purchiase gpecification has baen developed,
Pozrolans mre now uidely vscd in the ficld, A rccemt loboratory .
experinent involves the use of oaly onc bag (9 1b) of cement per cubic
n;rd of conerete uith rodatively lerge cuovnts of pozzolan, I this
developnent con be epplicd successfully in futwre construction, sub-

il
bl g

stential monctary sovings will resvlt, Test blocks typieally S x10x 20 §. -
£t 3n size (.2 nede, oposed ovt of doors, end cored by disaed deilling

ATl

equipacnt to yicld spzeinens for detoild liboratory testing end
exination,
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*Une of Rciurding end Vater Roducing Admixtures, Cheap
chewicals froa the paper industry and other sowrces are used
extensively in structural conercie construction to control sei~
ting time, increcess strength, and reduce t:hc gaounl of mixing
water and cemen.t required. Application of such 2duixtures to
the very lou cement factor mass concrete used by"the Corps of
Eagineers is currently being studied. If a reduction in coment
or .a reduction in the ratio of cement to pozsolen is po.,;'sible,
financial savings will result.

*Portland Blasi-~Furnace Slag Cement. Information was developed
vhich domonstrated that high quality concrete for hydramlic struc-
tures can be produced with portlend blest-furnace slag ceaent es
well es with portlaend cemeni, This finding has itcreased the
bidding options for contractors and, in certzin market areas; 3s
resulting in lover bid prices.”

5.3 In this ceme rcport,. future concrete rescarch was described in
these vords.

*Concrete. Huch of the research in mass concrete vwill continue
in the future, 3 it has sn the pest, Lo be concornad with Leopera-
turc probleas resulling from hydration of cemcut., At present hydra-
tion of c‘c:nent is studied under isotheraal conditions, and Wra-
ture rise in concrete is studicd under sdiabatic conditions. The
inforaation, houaver, is enplicd to conditions, which are ncither

isotheramal nor zdisbatic., Hore Informntion is necded Lo make

19
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possible accurate predietions of temperature rise wnder field
There is a pressing nced to determine the effect of

'condit".ons.
temperaturc on creep of concrete. Recent work in Europs and Israel
suggest that creep increeses as a result of teaperature fluctuation
regardless of vhich way the tcmperature is changing. These firdings

need to be clarified and their application tc mass concrete hydrwlic

stractures cvaluated.
.’ *The ficld of chemical reactions belween cement end eugregates,
once thcught to be non-existent, requires edditional study., Ihe
reacticn between coment elkalies and certain siliccous rocks is
now well uwnderstood. The reaction involving dolomitic carbonate
rt;cks is now uwader eclive investigation, A reactiocn in vhich uon-
dolonitic carbonate rocks participate has recent)y been discovered
by personunel at the Yatervays Erperdrent Station. The Snplications
of this discovery ere not yet knoun., A ccaent-aggregate reesction
involving na"u':a.rials. in the Ransas-Nebraska area has been evident
Lo yeors, vul it is nol yet wnderstoed, The Corps of Engincers

builds structures in ell the arcas in vhich these reactions have

e

bocn observed,
agpregates, there are phy :ical reactions which arer ¢ well undt;r-
stood. Althouch cemcnt paste end g¢ggrepate have been extensively

*In addition to t'. chesical reaction betuween cesent paste :ad
s'udicd cparately, little is ‘mown about the nature of the bond

baetucen these tuwo tasic couzprnciats of conerciz, This bond is a

key factor both in the probleas of sbrengih and cerecking.
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WExpansive cements mzy have a bright future in the concrete

industry. They have been proposed both for compensating for

shrinkage of concrete and for chewmical prestressing of concrete

members. Only shrinkage compensation has received much attention

in this country‘. Chemical prestressing might offer a means for

solviag the problems of cracks in concrete structures.

"PFew rcally significent changes in mass concrete construction

techniques have occurred in recent years. Such proposals &s gang

Vibrators end precast concrete forms should be investigated., Im-

proved field testing techniques are also needed, There is, for

exsmple, no accepted method for measuring the workebility of mass

concrete,

WDeformations, stress, stroin, hydrostatic pore pressures,

and tonperature changes in massive concrete slructures will con~

tinue bo be measurcd. With this information the designer is gble

to improve and refine design critoria and techniques,"

Promisine Uscs of‘ Mm xbures to Reduce Cost

Srvasverrens

end Incrcoase Spoed of | (‘on.,t.nmtﬂ on of Goicrate Lam 13 -

6.1 From the material reviewed up to now in this paper, it is

clenr that, by the use of admixturcs, ncarly any desired propertly of

-

concrete may be modified at least quantitetively-~in cither direction--

and, in some cases, affected qualitatively as well. The increascd usc

of edmixtures thercfore depends essentimdly solely on knowning vhat

propertics and vhat levels, -quantitatively, of these properilies ere

»
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desired and then straightforvardly cvaluating the economics of the casc.
How much is it worth to increase or decrcase a given parameter by a given

amount, and can this be accomplished more eccnomically by using e given

»

amount of a given admixture than by any other means? In addition, there is

a:lways the 'quest.i.or{ of simple alternative solutions to the present set
of requircments, i.e., we now require concrete of given proporties, ve
now obtain this concrete by~th'e use of given ingredients, can we by
different methods involving use of cther admixturcs or greater amounts of
gdmixtures produce concrete of these sume levels of quality in these same
propsrtics more econouically,

6.2 In this latter casec, w&rk at the Waterways Fxperiment Staotion
has shoun that, et least in the laborelory, it is possible. to produce
6~in. eggregate mass concrete with 73 1b of cement por cubic yard, having
a water content of 117 1b per cubic yard, that has en adiebalic tewpera-
ture risc of only 17 degrecs F in 2F days and dovelops a 90-day coupressive
strenglh of 3000 psi. This x;artic\nar mixture was proportioned to contain

three different admixtures: It contazined 116.5 1b per cubic yord of a

pozzolen (fly ush), 242 ml per cubic yard of an ajr-entraining admixture-- -

which gave en gir conlent of 6.k percent in that portion of the mixture
passing the 1-1/2 in. sieve, and 0,50 percent by weight of the cemend
plus pozzolan of a water-reducing chemical admixture of the lignosulfonate
class. The slump was 1-1/2 in. This is an exumple of results to be
obtained when no parti.cular'changc in requircments is involved.

6.3 In connsction with the plamiing for this meeting, Hr. Janes D.

Piper told me of vork being done at the American Cewont Corporation,
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described to him by Mr. Walter H, Price in which by the use ot an admixture
a concrete containing 1/2-in, maximum size aggregate requires about the same
emount of water to produce a _3-.’m. slump as is normally required for con-~
crete containing 6-in, maximum size aggregate: The concrete containing the
1/2~in, aggregate can be continuously mixed in a pug mSll mixer and satis~
factorily pumped through pipe. For use in a concreté dem, the pipe could
be refrigeratgd and the concrete spread over the top of a block by moving
the pipe or a hose attached to the end of the pipe. No vibration would be
required to level the concrete, which has a comparatively high one-day and
ultimate strength. Because of the low water cortent, the unit weight of

the concrete is about the same as for 6-in. maximum size eggregate concrete.
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