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ABSTRACT

The development of the most important chemical admixtures lor rcady mixed concrete is examined in the

prescnt paper. :

Water reducers, and in particular superplasticizers, arc used (o producc high seregnth and/or durable concretes
exposed Lo very aggressive environments.

New acrylic polymers are available 10 manulacture low slump Joss rcady mixed concrcle. Thercfore, less
sirength change should occur with respodt to the required icvel because the addition of extra-water on the job
site should be reduced or completely avoided. -

Morc reliable air void systems to procduce frost rosistant cotgrete are necded: plastic hallow microspheres
instcad of air enirzining agents could be used provided that more coonomical materials will be available,

"Extended” or “super” retarders have been developed for re-use of returncd plastic concretc or treatment of
truck wash waler in order 10 [acc-up 1o Lhe environmental concerns.

More rescarch efforts should be devoted in the coming years to produce effcctive and relizble alkali-agpregate
expansion reducers and corrosion inhibilors for reinforced concrete structures exposed to the risk of cracking,

I INTRODUCTION

Admiqures are ingredicnts other than waler, coment, and aggregate added to the concrete balch during fs
mixing.

Chemical admixtures are generally tised in small amounts and most of them are water soluble or cmulsificd
products. According 1o this definition chomical admidures are cxclusive of [ibcr reinforcement, polymer
addition, expansive agcats, and mincral additions such My ash, slag and sitica fume.

The most important chemical admixiures include watcr reducers, retarders, accelcrators, air-entraming agents,
alkali-aggrepate reaction inhibitors and enrrosion inhibitors.

There has beea a continuous development of chemical admixtures as cvinced by published literature (1-6) and
the relevant activity involves mainly cement and material scicnfisis.

2 WATER REDUCERS

Plasticizers and superplasticizers are chemical admistures which can be used either 10 inerease the workability
of Liesh comercic a1 a given mix composition (Fig. 1/A) or (o recduce tha amount of mixing water of conerete for
given workability and cement content, so that the watericement (w/c) is reduced (g I/B)}. According to a more
appropriatc lerminelogy, in the latter modc of ns¢ these chemical admixtures should be called water redocers.

There is an other mode 1o use these admixtures, involving reduction of both water and cement, 50 that
workability 2nd strength of the concrete containing admixtures are similar (o those of the control conarete {(he
1/C). Whea uscd in this way, these admixtures act as cement savers and therclore arc capable of reducing the
drying shrinkage and creep or the heat of hydration, a property that is vscful for concrcting in hot climates or
MASSIVE SICLUres.

The main difference between plasticizers and superplasticizers is in the extent sather than i the type of their
performances. The slump increasc at a given mix composition is abot 150-200 mm for the latter and about 50-70
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mm for the former. On the other hand, a superplasticizer is capable of reducing waler requircmenls at a given
siump by about 20-30%, whereas a plasticizer can reduce water contenis by about 5-12% only.

Since the wic is the most important paramcter aflecting the main propertics of the concrete in service {strength,
durabilily, ete.) more clfecting chemical admixtures, which arc capable 1o reduce the wic without sacrificing the
mix workability, will be needed in the Tulure in constructions where concrete with high performanees
characteristics will be required. From this point of view, plasticizers arc expected 1o be progressively replaced
by superplasticizers and new synthetic polymers will be (esied to attain 10 cheaper admbaures, improved
slump-loss performance, increased water reduction capability.

Special and high performance coneretes will be required to altain 10:
—  high compressive strength (40-70 MPa) or ultra high strength (70-120 MPa);
—  high durability against aggressive eavironments such as in oflshore structures, ocean sea floor tunnels;
—  special characieristics for repairs or ulifizziion of wasic malcrials and solidification of hazardous

miaterials in coment mixes. N

Presently, the most important available superplasticizing admixtures are based on SMF {sulfonated mefamine
formaldehyde cordensate) or SNF (sullonated naphtalenc formaldchyde condeasaice) in form of a 40% aqueous
solution. Both ar¢ able Lo (rarsform a no-slump conerele inlo @ sclf-leveliing mix with a slump increase of about
200 mm. Rowever, slump-loss may redece the benelicial effect ar the lime of placing. and thisis 2 practical fimi(
particuiarly in ready-mixed conerete.

When 2 concrete mix must be transporied for a long time, particulurly in hot weather, it should keep as most
as possible the initial shomp level to avoid the practice of redosing the conereic with waler above and beyond
that required in the mix design. Resuhis of investgations of rotempered concrele indicate that many of the
propertics of the hardened conerete (strengih, durabifity, abrasion resistance, cle.) arc signihcantly affected,
since retempered concrete docs not perform as well as concrete which has not been relempered (7). However,
slump loss is un-avoidablc becavse of the intrinsic requircment for coment mixes which should set and harden
in 2 relatively short time. Therefore, a right and proper compromise would he a zcro-slump-loss concrete mix
for 1-2 hours. By using traditional supcrplasticizers based on SNF or SMF polymers it is nol easy 1o achieve this
target because in general slump Joss is higher In Lhe superplasticieed conercte with respect 1o the corresponding
plain mix at given inilial stump.

Several methods have been adopied Lo control the rate of slump loss. One method is 1o add the superplasticizer
at the point of discharge but there are some practical problems associated with this approach. For instance, the
concrete into the truck-mixer before the superplasticizer addition would be Loo stifT al the placement when a
high-quainy concrete, (with iow wic), should be produced. Morcover, dosiag the superplasticizer at the work
site eonsumes ton much time and docs nol allow ar accuraic control of the final shump and admixture dosage.

Other melhods to control slump loss inctude adding a higher than normsl dosage of superplasticizer or using
some (ype of reiarding admiaure in the formulation. However, there arc some limits in this approach, because
sometimes the final cffect is 10 produce concrele with un-acceplable low carly sirength or 1o zggravate more
serioushy slump loss. For instance, stump loss accompanicd by a surprisingly quick sci may be recorded by using
retarders such as sugar, sucrose, ¢orn syrup or calcium Jignosullonate (8). The coment content, as well as the
chemical and mineralogical composition of cement, play an importani role in determining such a singutar slump
loss although the detailed mechanism is not clear: it scems that the content of C3A, gypsum and alkali, as well
as 1he form of calcium sullite used as sct regulator, can affect the rate of slump-loss.

Also redosing the superplasticizer at different intervals of time has been sugeesied (1) (o réduce slump-loss,
bat this method appears 1o be not adways casy 1o be adopled in praclice. Morcaver, the total dosage of
superplasticizer, as well as the relative cost, cannat be kept under control according 10 a given plan.

Therefore a new superplasticizer is required which by sl is capable 10 maintain the slump for 2 long period
of time (at lcast 1-2 hours) independently of Lhe temperature, or the type and content of cement. Some reeent
devclopmicnts in this direction will be discussed in the present paper.
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Fujia ct ak. (9) have devcloped a polymer {with ester, amides and acid anhidrides as functional groups) which
by itself is not sofuble in mixing water ‘but, under the alkaline enviroment formed in the aqueous phase In contact
with ccment, is slowly transformed inte an aqueous soluble product having a superplasticizing effect, The
mechanism of this method is based on the principle that Lhe effectivencss of superplasticizers is significantly
reduced by rapid adsorpuion in the carly periods of cement hydration.

Fukuda ot al. (10) Mitsui ct al. {11} and Yamakawa ct al. {12} have examtined the stump loss performance of 2
commercial superplasticizer which has twa dillerent components: $NF polymer acting immediately as dispersing
agent and 2 reactive polymer (in form of an insoluble precursor) as a.slump loss reducer. The OH anions
generated by coment hydration attack the ursoluble reactive polymer. This is transformed into 3 water solubic.
dispersant which contributes to the stabilization of the dispersion and reduces slump loss. The slump loss is
negligible up to 60 min (Fig. 2) with dosage of superplasticizer in he range of 1.5-3.5% ({by weight of cement)
which appears (o be much higher than the normal dosage (195). Because of the negligible slump loss, boih the
required workability at the work site (160-200 mm}) and Lhe designed 28-day compressive strength (43 or 54 MPa)
can be attained with very small quality variation (Fig. 3} since retempering of concrete with additional water on
the work sile is avoided. This means that also ready-mixed concrete can be manufactured under quality controls
approaching those adopted in the industrial proctss of other construclion materials such as steel, polymer,
ceramics, clc. :

Mitsui et al. (11) cxamined the performance of a bicomponcnl superplasticizer, based on the combined action
of 2 SNF polymex as dispersing agent and a copolymer, (with sulfonic and carboxylic functional groups), as slump
loss reducer. The authors have found negligible stump loss at temperatures in the range of 10-30°C vp to 60 min
with dosage of superplasticizer of about 1-2% in concrele withoul sikica fume and 2.5-5%in Lhe prescncs of silica
fume. -

Collepardi et al. (13) have studied the effects of a new waler soluble monocomponent copolymer (Carboxylated
Acryhic Ester or CAE) on the propertics of rcady-mixed concrele mixtures. This superplasticizer acts as both an
immediaie dispersant and a slump loss reducing agent. The concentration of the active CAE ingredient in the
agucons phasc of this superplasticizer is lower than Lhat of traditional NSF based supcrplasticizer (30% versus
40%). However, although both of these superplasticizers huve been used at the same dosage {1% by weight of
cement} and therefore with different contents of active polymer (0.30% /s versus 0.40% &/s), the CAE based
superplasticizer was more effective Lhan ihat bascd on SNF for the water reducing capability {wic = 0.43versus
0.47) as well as for the maintainance of the initial slymp level (Fig. 4A). The compressive streagth of the CAE
superplasticized concrete was higher than that of the corresponding concrete with the SNF based superplasticizer
al carly and especially at longer ages becanse of the lower w/c: the retarding elfect of the CAE superplasticizer,
which was beneficial i 1he reduction in slump loss, did not reduce the 1-day compressive strength with respect
10 the concrete containing the less retarding SNF superplasticizer {Fig. 4B). ’

Superplasticizers can be used 10 reduce the amount of mixing waler wilhout changing the cement content in

_ arder to reduce the wie and thercfore (o increase strength or improve durability. [n such a case, according lo a

morc appropriale terminalogy, these chemical admixtures should be called high-range water reducers rather
than superplasticizers.

Plain, reinforced or prestressed concreie struclures in generat do rot need z level of compressive strenpth
higher than 60-70 MPa, and compressive strength in the range of 30-40 MPa s usually requircd for many practical
purposes in the ficld of civil engincering. With the available high-range water reducers, even kigher levels of
strength can be attained because & reduction in the wit up Lo 035-0.40 can be casy realized. Therefore, it does
not scem that new and more effective high-range waicr reducers are needed for this specific purposc, at least in
the near future, When, for special purposes, very high streagth levels (up 1o 150 MPa) arc required, the combimed
addition of a high-range water reducer and silica fumc zppears o be successful in redecing the capillary porosity
of the cemeat matrix Lo 2 more significant extent. However, in such a case the smost important role is played by
the quality of the aggregate or the pasie-aggregale inicrlace rather than by the cement matrix porosity.

Even for durability purposes (when concreies: resisiing Lo froexing-thawing, sulphate attack, chloride
penciralion or carbonation must be produced), the availzble high-range water reduccrs arc capabie (o reduce

the w/e up tothe lowest Jevel (0.40-0.45) required for instance by American (14) or Eurepean (15) specifications.
“Thus, again, it docs seem that more effective high-range water reducers are needed for these purposes.

Perhaps, cement mixes with wic as low as 0.20-0.35 could be usclul 1o produce frost resistant concretes withou
air-calrainment. However, it has been found that air-satrainment is absolutely reqnil-'ed, particulary with low w.c
ratios, to produce durable portland coment concretes which are able to resist to the attack of CaCla nsed as
de-icing sall independently of the (reezing-thawing cffec (16)-

Superplasticizers can be used to reduce both water and coment 30 (hat conercte mixes are produced with the
same wic and at the same slump level. In such a case superplusticizers-are able to reduce the coment content.
Preseatly, the reduction of cement conlent by using the available chemical admixiures can be as bigh as 35%,
when higher than normal dosages arc adopted such as 2-3% by weight of cement. The reduction of the cement
content, apart [rom the cconomical reasons, can be reguired to change all the properties which are improved by
increasing the aggregale/cement at a given wic . Thermal strains, caused by thermal gradients generated by heat
of carly cemeat hydration, can be reduced by incroasing the maximum size of coarse aggregale, decreasing tbe
slump level and using water reducing admixures at a given wic. Evea the reduction i crecp and shrinkage strains,
which is particularly important in prestressed concroic structures, can oocur by changing the three above
paramcters in the same way.

Thercfore, the development of new and more cffective chemical admingures, which arc able to reduce 10 2
greater exient both the amouat of mixing waler and the cement content would be an useful contribution to reduce
creep, shrinkage 2nd thermal strains caused by heat of hydration.

Howcver, there is a limit in reducing the cement content al a given wic which depends on the concrele
workability. Mixcs that _i}avc t00 little cement pastc cannot be pumped and placed without scgregation. To
overcome this drawback, an exceptional reduction in the eoment content (through (he use of very high dosages
of superplasticizers) could be compensated by a proportional increase in the volume of {ly ash. Conscquently,
the Lotal volume of cement paste including fly ash, which determines the cheological properties of fresh concrete,
is not significantly changed. This approach in reducing the cement content bas been studicd by Mathotra {17).
The amount of heat per concrete volume untt, gencrated during the first week, is proportional to the coment
content and docs not sebstantially depend on the amount of fly ash. Therefore, more effcctive chemical
admixures in reducing the content of comeat, replaccd by an cquivalont volume of fly ash, could be
advantageously used in reducing thermal strains gencrated by heat of hydration in mass loundations or other
mass coacrele structurces, particularly when coarsc aggregate with very high maximum size (> 100 mm) are not
available.

3. RETARDERS

Admixturcs which lengihen sciting t1ime and workability lime are known as scf retarders or retarding
admixiores. Retarders are particularly wseful for concrcling in hot weather where the alicrnalive technique (o
facc up to this problem {ice addition to decrcase the concreie temperature) 1 morce cxpensive and may ot be
readily svailable at the work site. Aucntion should be fmid 1o the overdosage of retarders, unless speaifically
requircd, because in such a case the retarding action can be prolonged io the carly hardening process (1-3 days)
and consequently the demoulding of forms should be defayed.

Traditional retarders are substantially based on the same raw materials devoted to the manufactare of
plasticizers with different lormulation Lo enhance the relarding cllea (18).

Research efforts on the development of now retarders arc relatively few (19-22) and have been devoted 1o the
‘ms.e of "caended” or "supcr® retarders. Two special applications of these ncw retarders can be mentioned 1o
improve construction joints and ko re-vse relorned concrele.

The latier application is relmed (o increasing covironmental concerns and Testrictions regalating the disposal
of returncd fresh conercte as well as of truck wash water which are both considered to be hazardous wasic
accoreding 10 the classification of many covironment proleclion agencies (1). Thereflore disposal of plastic
concreic and truck wash waicr is becoming onc of the mas important problems for the ready-mixed conercle
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companies. The technique adopted to solve this problem is substantially based on the use of a stabilizer and an
activator, wherc Lhe stabilizer is a special retarder that suspends the cement hydration and the activator is an
accclerator thal reactivates the process. Depending on the stabilizer dosage, the returned concrete can be kepl
in 2 plastic state for hours or days.

4 ACCELERATORS

Accelcrating admixtures are chemicals which can inerease the rate of carly coment hydration and consequently
to reduce the scliing time or Lo increase the carly strength development at normal or low temperatures. This
cnables reduction in the caring and protection periods required to achieve designed strengths in concrete (23).

Calcium chloride has been used as accelerator [or a long period at least since the year 1873 (23). It is very |

cheap and effective as accclerating admixture. Howgver, since the presence of chioride ions in conerete can
promote the potential corrosion of the steel reinforcement, an alternative to calcium chioride is onc of the most
important largets for many rescarchers in the arca of chemical admixtores. Many soluble salts snch as
thincyanatces, thiosulfates, nitrites, nitrates, aluminates, cle. or rganic compounds such as tricthanolamine or
formates have boen tricd as ingredients for now admixtures which act as acctlerators and do nol promote
corrosion of sicel (24-27). However no siew admixiure is as cheap and performs as well as calcium chloride as
accelerator of cement hydration.

$pcciat accelorating admixneres can be considercd chemicals which activate the hydration of slag as hydraulic
cemeat in the absence of portland clinker. Activating admixtures for slags (28-32) have been proposed which arc
based on caustic atkalis, alkali silicate and alkali non-silicaie salts. Although hoy are very cffective in activating
slags, these chemicals can cause some problems such as efflorescence eflccts, increase in alkali-aggregate
expansion, etc. and morc research work is aceded 1o solve these problems.

ES AIR ENTRAINING AGENTS

Air cniraining ageats arc admixturcs which arc cupablc o form air bubbics dispersed throughout the cement
matrix that binds the aggregaic. A given value in the air volume (4-650) and a proper spacing {actor (100-200
pm) arc required o produce an adequate air bubbles system 1o proteet concrete from disnzplive stresses caused
by icc formation (33). However, Whiling and Stark (34) have Bsted 23 factors tha affect air entrainment and
therefore frost resistance of conercte. Variabililies in sand grading, cement composition, fly ash, temperature,
ctc. makc difficult 10 adjust the proper air volume to the required valuc deperding on the maximum size of coarse
apgrogate. Now air enlraining agents have been developed which are daimed to be superior over the usual vinsol
resin based products in term of evenly spaced air bubbles or more stable air volume (33).

A vcry intcrestimg and promising new method 10 produce frost resisiant conerete is based on the vsc of hallow
plastic microspheres with size in the range of 10-50 gm (36-39). The microspheres car be deformed and partly
destroyed by distuptive hydraulic pressure caused hy ice formation. However, the original voids into the hollow
plastic microspheres arc stifl able 1o provide cmpty escape spaces for the cxoess waler where freczing occurs.
This method appears 1o be more reliable than that based on the air entrainment, beeanse the dosage of plastic
microspheres is much more accurate than the formation of air bubbles.

The main Emit in the use of plastic miernspheres appears to be the high cost in companison with that related
to air cotrainment.

6. ALKALI-AGGREGATE REACTION INHIBITORS

The alkahi-aggregate reaction (AAR.) inhibitors are chemical admixaures which should be capabie of redocing
the cxpansion of coneretc caused by A AR, The most known methad of mitigadag the cffcc of AAR. isto
incorporate paoolans or slag andfor 10 reduce tha alkali cortent in the mix. However, a reliabic method of

utilizing reactive aggeegates has not yet definitely found and the problem is expected to become more important
in the future because of the shortage in sound aggregates all over the world,

Therefore, the possibility of using chemical admixturcs to reduce the cxpansion caused by A.A.R. has been
taken into consideration in the early "50s, and recently there has been a resurgence of interest in the dcvelopmcnl
of chemicals to inhibit the expansion caused by ALAR. (1),

The chemicalsthat have been propoesed te inhibit the expansion caused by ALA R, Include maialy salts of lithinm
(abont 1%} and barium {about 2-7%) besides other organic and inorganic compounds. However, these chemicals
are cither very costly (lithium salts) or inconsisient for their performances and may cause advcrs: side cffecis
such as strength loss, ete. {40). .

Conlradictory explanations on the mechanism have been suggested for lithium carbonate as AA R mhibitor:
lithium silicates would be produced in form of either soluble silicatcs on the surface of reactive aggregates without
causing swelling (40} or insoluble lithium silicates (hat are not imbibed by water and therefore reduce swelling
{41). More recent investigation (42) do not conlirm the acecptable performances of lthium salls in redueing ihe
A AR expansion and would indicate that othcr chemicals such as sodivm sificofluoride or silane are more
cffective as A.AR. irhibitors. )

Becanse of the above [imited data, that are even contradictory each’other, more research is rcqmrod to find
effective, rehable and cheaper chemicals [or this type of admixtarcs in view of the growing interest in wifizing
even apggregates which are polentially alkali-reactive.

1
7. CORROSION INHIBITORS

Corrosion inhibitors are chemical admixtures which should decrcase or provent the reaction of the
reinflorcement with the environment and in particofar with the chloride salis penetrating through the conercic
cover and/or the CO; of the air.

Calcyum nitrite is perhaps the most popular corrosion inhibitor available on the rarket and has been proposed
to inhibit stecl corrosion promoted by chioride (40) as well as by carbonation (43). More recenily organic
products based on emulsion of butyl ester olcate have been propased as corresion inhibilors (44).

Berke and coworkers (43) have extensively studied the performances of ealcium nitrite and they have found
that this product ts an clfective carrosion inhibitor. On the other hand, Sakai and Sasak} (46) have found that a
nitritg-based corrosion inhibitor was effective only in 3-ycar exposure (ostis, whereas in 10-yoar exposwre tests
the degree of corrosion the reinforcements was higher in the presence of nitrite than when the admixture was

 not cmployed. Collepardi et al,, have found Lhat nitrite-based admixtures are nol effective as corrosion inhibitors

in concrete structures with cracked cover (47).

In view of these conteadictory results more rescarch offorts should be devoted in (he coming years o the
development of reliable and cffective chemicals as corrosion inhibitors, particularly for reinforced concrets
siructures exposcd 1o the potential risk of crackiag.

8. CONCLUSIONS

in coming years there will be an increasing demard for the development of conerete construction with speciat
performances that will be able to resist the aggressive actions of cnvironments, such as off-shore structares,
sewage pipes, underwaler concreting occan sea floor lnncels. structures exposed (o chemical and radiactive
materials. For the utilization of wasle materials and solidiftcations of hazardous by-praxiucts, special concrete
mixcs will be needed (1, 39). Moreover, special cement mines will be reguired for repairs of infrastructural
deteriorated conereic works such as dams, highways, bridec decks, ele.

For ali these appheations superplasticizers alone or in combination with mineral additions, such as fy ash or
silica fumne, will play a very important role. More effective superplasticizing admixiures with highcr capability in
reducing wic 25 well 2s shump Joss will be required 10 produce durable and high sirength concrete.
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More rchabie air void systems to produce frost resisiant concrete are also needed, and plastic b
microspheres instead of air entraining agenis could be used provided that more cconomical materials wif be

available.

New chemical admiaures, inciuding alkali-aggregate expansion reducers and corrosion inthibitors, will pe
required to produce more durable concrete structures, whereas new retarding admixtures for re-use of returneq
concrete will be required to face up to the environmental concerns and restrictions for the disposal of retumeqd
plastic concrete and truck wash watzer.

REFERENCES

w

Lny

10.

iL

13,

14

M. Collepardi, V.S. Ramachandran, "Effect of Admixtures”, Proceedings of the 9th International
Congress on the Chemistry of Cement, New Dehly India, Vol. 1, Theme I1I D, pg 529-570 (1992).
Proceedings of the Intern. RILEM Symy. on "Admixiares for Concrete, Improvement of Properties”,
Barcelona 1990, Ed. E. Vasquez, Chapman and Hall, London {1990).

V.5. Ramachandran, "Concrete Admixtures Handbook. Praperties, Science and Technology®, Noyes
Publications, Park Ridge, New Jersey, USA (1984).

Third CANMET/ACT Intern. Conf. on "Superplasticizers and Other Chemical Admixtures in Concrerz”
Otiawa 1989, Ed. V.M. Mathotra, ACI, Detroit, Michigan {1989).

M. Collepardi, The World of Chemical Admixtures in Conerste” Proc. of the Congress "Our World
in Concrete and Structures”, Singapors, pg 63-72 (1993},

M. Coliepardi, "Advarces in Chemical Admixtures for Concrate”, Proceedings of the Enginecring
Foundation Conference "Advances in Cement and Concrate®,Durham 1994, Ed. M. W. Grutzeck and
S.L. Sarkar, ASCE, New York, N.Y. pg 257-291 (1994).

$. M. Anderson and R. L. Carrasquillo, "The Effects of Witholding Mixing Water and Retempering
on Properties of Concrete”, Res. Rep. 117-1, Center for Transportation Rescarch, The University of
Texas at Auvstin, USA (1988).

K.T. Green, "A, Setting Problem Involving White Cement and Admixture”, Transportation Research
Record, N* 564, 21-26 (1976).

A_ Fujie, H. Tanaka, M. lizuka, "Slump Control by Reactive Polymer Dispersant”, Rev. 39th General
Meeting, Cement Association, pg 72-72, Japan (1985).

M. Fukuda, T. Mizunuma, T. Izumi, M. lizuka, M.M. Hisaka, "Slump Control and Properties of
Concrete with a New Superplasticizer, 1: Laboratory studics and tests methods”, Proceedings of the
Intern. RILEM Symposium os *Admixteres for Concrete. Improvement of Properties”, Chapman &
Hall, London, pg 10-19 {1590).

K Mitsui, H. Kasami, Y. Yoshita, M. Kinoshita, "Propertics of High Strength Concrete with Silica
Fume Using High Range Water Reducer of Slump Retaining Type” in "Superplasticizers and Other
Admumaures”, Amer., Coner. Inst. SP-119, pg 79-97 (1989).

C. Yamakawa, K. Kishtiani, I. Fukushi, K. Kuroha, "Slump Control and Properties of Concrate with a
New Superplasticizer. II. High strength in sity concrete work at Hicariga-Oka Housing project”,
RILEM Symposium on "Admixtures for Concreie. Improvement of Properties™, Chapman & Hall,
Londen, pg 94-105 {1990).

M. Collepardi, L. Coppola, T. Cerulli, G. Ferrari, C. Pistolesi, P. Zalfaront, F. Quek, "Zero Slump
Lass Superplasticizer Concrete” Froc. of the Congress "Our World in Concrete and Structures”,
Swngapore, pg 73-80 {1993).

ACI Committes 201 "Guide to Durable Concreie”, ACI Manuval of Concrete Practice, Part 1. (1991).

-363-

15.

16.

17.

18.
19,

31.

36.

37

Europcan Prestandard ENY 206, "Concrete. Performance, Production, Placing and Compliance
Criteria™ (1992).

M. Collepardi, L Coppola and C. Pistolesi, "Durability of Conercie Structures Exposcd to CaCla-
Based Deicing Salt”, Proc. of the Third CANMET/ACI International Conference on Durability of
Concrete, pg 107-120, Nice, France, May (1994).

V.M. Malhotra, "CANMET Investigations Dealing with High-Volume Fly Ash Concrete”, CANMET
Report MSL 92-6 (R) "Advances in Concrete Technology” pg 433-470 (1992).

M. Coflepardi, "Water Reducers/Retarders”, Chapier HI, pg 119-210, in relerence 3.

Anonymous, “Chemical System Puts Hydration for Hoors or Even Days”, Concrerc Construction, Vol.
12, pg 51-54 {1990).

K. Ho, T. Tzkcuchi, "Application of the Super Retarders™, Sement Konkurito, Vol. 471, pg 31-37 (1956).
H. $hiba, “Super Retarders for Concreic®, Konkurio Kogaku, Vol. 26, pg 50-54 (1988).

H, Shiiba, 5. Honda, "Effect of Super Retarding Admixtares on Concrete Construction Joints Under
Various Conditions", Fukuda Daigaku Kohaku Shuho, Vol 39, pg 93-102 (1987).

V5. Ramachandran, 'Aomlcralc;rs', Chaplcr I, pg 54-115, in reference 3.

W.I Brook, R.A. Beckicy, H. Farzam, *A Non-Chiordc Accclerating Admixture {for Class CF Fly Ask",
Concrete International, Vol. 12, ppr 51-54 (1990).

T. Kuroda, T. Golo, S. Koboyashi, "Chiaride-Free and Alkali Metal-Free Type Accelcrator™, Concrete
Association Japan Rev., pg 194-397 (1986).

K. Rear, D. Chir, "Noa-Chloride Accelerating Admixtures for Early Compressive Strength”, Concrete
Iaternalional, Vol. 12, pg 55-58 (1990).

S. Tachihata, H. Kotani, V. Joc., "The Effcct of Tricthanolamine on the Hydration Mechanism and
Strength Development of Skag Cement™, Silic. Ind., Vol. 49, pg 107-112 (1984).

H. Andersson, HW. Gram, J. Malolepszy, 3. Deja, " Alkali-Activated Slag” Swedish Cem. and Concr. Res.
Inst. N° 1-88, pr 104 (1988). _

K. Byfors, G. Klingstedt, H.P. Lehtonen, L. Romben, "Durability of Concreic Madc with Alkali-
Activaled Slag”, 3rd Intl. Conf. on "Fly Ash, Silica Fume, Slag and Natural Pozzolans in Concrete”,
Amer. Conc. Inst. SP-114, pg 1420-1444, Editor: V.M. Malholra {1989).

QLE. Gjorv, "Alkali Activiation of Nonvegian Biast Furtnace Stag”, 3ed Intl. Conl. on *Fly Ash, Stica
Fume and Natural Pozzolans in Conerete”, Amer. Conc. Ins. $p-114, pg- 1501-1517, Editor: V.M.
Malhotra {1989).

B. Talling. "Effcct of Curing Conditions on Alkali-Activated Slags”, 3rd Inil. Conf. on "Fiy Ash, Silica
Fume, Slag and Natwral Porzolans in Conevetc”, Amer. Cone. Inst. SP-114, pg 1485-1500, Editor; V.M.
Malhotra {1989).

B. Talling, J. Brandsteir, "Present State and Fiure of Alkali-Activated Slag Concretes, 3rd Int. Conf.
on “Fiy Ash, Silica Fume, Slag and Natural Pozolans in Coneretc”, Amer, Conc. Inst. SP-114, pg 1519-
1545, Ednor V.M. Malhoira (19%9).

LW Dolch, “Air entraining agents”, Chapicr V, pg 269-302, in reference 3.

D Whiting, D. Stark, "Control of Air Content in Concrete”, NCHRP Report N° 258, Trans. Res. Board,
Washingion, pg 84, May (1983).

T.A: Weigel, LP. Mohsen, D.J. Hagerty, "A Study of Somc Aspects of Micro Air Entraining Admbaurcs in
Fly Ash Concreic”, Proceedings of the Inicrn, RILEM Sympasium on "Admixtures fo Concrele.
Improvement of Praperties”, pg 578-582, Barcelonn, Spain ( 1990).

H. Sammer, "A New Mcthad of Making Concrele Resistant 10 Frost and De-Icing Sall”; Betonwerk
Fertigleil-Technik, Vol. 9, pg 476484 (1978).

5. Tavano, "Reinforced Concrete Resistant to Frost and De-tcing Sali: New Developments™, E'Edilizia,
Vol. 10, pg 737-740 (1988).

A Vanhancn, "Air-Entraining Agents for Frasti-Resistance of Conerete”, Laub. Repori N° 73, Tech.

Res. Centre, pe 73, Finland (1980). '

~364 -



e - L Bl L L

39.

41.

2,

43

45,

47,

M. Collepardi, "Superplasticizers and Air-Entraining Agents: Staic of the Art and Future Needs™, Proc. of
the Congress “Concrete Technology: Past, Preseal, Future?, S. Francisco, California, March (1994),

Ed, PX. Mchia, ACI, Detroit, Michigan, pg 399316 (1994).

N.P. Mailgavanam, "Miscellancous Admixturcs™, Chapter IX, pg 480-557, in refcrence 3.

M. Ohama, K. Demura, M. Kakegava, "inhibiting Alkali-Aggregate Reaction with Chemical Admixture®,
8th Internationat Conference on "Alkali-Aggregate, Reaction™, Kyolo, Japan, pg 79-106 (1987).

Y. Sakaguci, M. Takakura, A. Kitagawa, T, Hor, F, Tomosawz, M. Abe, "The Inhibiting effect of
Lithium Compounds on Alkali-Silica Reaaction™, 8th laternational Conlerence on "Alkali-Aggregate
Reaction™, Kvolo, Japan, pg 229-234 (1989). o
C. Alonso, M. Acha, C. Andrade, “Inhibiting Effcer of Nitrilcs on the Corrosion of Rebars Embedded
in Carbonated Concrete™, RILEM Symposium™ Admixtures for Concrete. Improvement of Properties™,
Chapman & Hall, London, pg 21-228 (19%3).

C.K. Nomai and P.D. Krauss, "Comparative Evalustion of Corrosion Inhibiting Chemical Admixtures
for Reirforced Concrete”, Proc. of the Internationzi Conlference "Durability of Concrete”, Nice, France,
1994, Ed. V.M_Mathotra, ACI, Detroit, Michigan, pg 245-281 (1994).

N.S. Berke, M.C. Hicks, R. J. Hopes and P.G. Tourncy, "Usc of Laboratory Techniques to Evaluate
Long-Term Durability of Steel Reinforeed Concrele Exposed to Chloride Ingress”, Proc, of the
[niernational Conlerence *Durability of Concrete”, Nice, France, 1994, Ed. V.M. Malhotra, ACI,
Detroit, Michigan, pg 299-330 (199%4).

K. Sakai and Sasaki, "Ten Year Exposure Tesl of Precracked Reinforeed Concrete in 2 Marine
Environmcnt’, Prac. of 1he Internutional Conference *Darability of Concrete”, Nice, France, 1994,

Ed. V.M. Mathotira, ACI, Delrot, Michigan, pg 353-370 {1994).

M. Collepardi, R. Fratesi, S. Moriconi, L. Coppols, C. Corradenti, "Use of Niurite Salt 2s Corrosion
Inhibitor Admixture in Remlorecd Concerelc Structures Immersed in Sca-Water”, RILEM Symposium
"Admixtures [or Concrete. Improvement of Properiics”, Chapman & Hall, London, pg 279-288 {1990).

-365-

CONTROL
CONCR
MiIX .

WITHOUT
ADMIXTURE

.(WATER REDUCTION])

TO REDUCE W/C RATIC

A

HIGHER

| WORKABILITY

SAME
STRENGTH
DURABILITY AND

-OTHER

PROPERTIES

B

HIGHER
STRENGTH
DURABILITY &

| WATERIGHTNESS

SAME
WORKABILITY

C

LOWER DRYNG
SHRINKAGE,
CREEP AND
THERMAL STRESS
(CAUSED BY
HEAT OF
HYDRATION})

SAME STRENGTH

DURABILITY AND

WORKABILITY

Fig. 1 - Schematic disgram illustrating the effect of plasticizers and superplasticizers

on the properties of concretes with these zdmixtures.




Bk e e

" —
s T

CAE (0.30%) ~ ~=

£
- 150
o
£ =
= 100-
£ -
%- ¥p)
50 -
5 SNF (0.40%)
w
0 ! 1 1 1 1
wor © 055 A 045 = 035 0 30 60 90 120 150
AGITATION TIME, min
% 30 60 :
. o
TIME, min a.
=
Fig. 2 - Slump-ioss curves with a new bicomponent superplasticizer {10). . 60+
= CAE
5 e el
250 = _
. Z SNF___,
E 00 [0
N -~ lw - ay /AN 2
% W ., H&fs‘m \ ‘b 3 4 ! “%Q‘. . o 5
3 150 = -
@ | w W/C :
. 100, l > /
g 70 DESIGNED STRENGTH: | 54 MPa g s 0.43
3 ©43 MPa
E 50 I'. . .. 1~ - - Py lé . 0-47
% ® o frae oot Tk L N ‘-' W AN o
w y U LI Y L WY 1
e y T a'lk Med % = 28
= 4 b | n o _on
@ %0 reawy i Q
E ] A A Wﬂﬂ"’f & CURING TIME, days
Q L !
& 40 1 2 3 4 5 6
DAY OF TEST RESULTS Fig. 4 - Slump-loss (A) and compressive strength {B) at 21°C of superplusticized concretes with OPC
and CAE or SNF polymer based admixtures. The figures on the slump loss curves indicate the
percentazes of the superphusticizer active ingredient by weight of cement {13).
Fig. 3 - Slump and 28-day compressive strength of 49 concrete batches produced in 7 different days (12). 368 -

-367-



