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Sumary

Tha effect of two very common vater reducing admixtures were studied. The
first are it's 4 Traditiomal type admixture, the secord one it's a symthetic
polymer type. Samples of Fortland cement paste and ooncrete with and

without admixture has been prepared at ToOL temperature.

The effect of admixtures an the hydretion degree, the capillary porosity,

the morphological soucture and the strength of cement paste waTe examined.

A decrease of capillary porusity and increase of strength is ‘oirtained by using
admixtues. The effect is highen for the synthetic polyser aduixture.
Moreover the hydratien of tricalciun silicate is arcelerated by the presence
of admixtures, mly by an increased dispersion of solid particles. The
composition and morphology of hydrated cement are rot modified by the addition |
of admixtires. The effect en strength and paste porosity is mostly caused by
reduction of water—cement ratic and in a smaller degree My a greater _hydvatim
degrea. :

The affect of admixtures on compressive strength, shrinkage, pergeability, and
suiphate resisterce of conerete were also studied. In particular, synthetic -
olyner admixture causes a higher campressive strength increase also in a very
Flowable conrete. That may be because besides to cut down mixing water, this
acmixture pediuces bleeding alse in very fluid concrete, so assuring a better
adhesion between aggregates and cement paste. Using admixtures a reduction of
shrirkags and permeabilicy, and higher durability were abtained. Obviously
the higher effect is produced vhen using symthetic polymer admixpme.

Introduction

It is mll—hﬁn that a reduction in the sarter/cement ratio (wic) gives Tise
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to an lmprovesent ineachaxmdaﬂ&nclumcteria‘ticscfﬂsmdmedcamte.
Nevertheless, for a given system of campaction, when the quantity of mixing
mtuismdnedbelwacmmlm,ﬂnﬂmﬂityoftm fresh concrete
issomd\rsdtﬂtcmpletecmc:imism:possihle,andﬂmmchmiml
properties of the concrete diminish as the wic ratio is reduced.

This is schematically illustzated in Fig. 1 where curve C represents completely
compacted concretes ang curves A andt B represent the behavieur in practice of
comeretes which are compactable to a different extent. The behaviour mprese.n
tedby curve A can be altersd to that illystrated by curve B, by improving vi-
bmtmn efficioncy andfor by realizing a more flowable concrete making use of
additives. In other words, the addition of water-reducing additive can result
in a double improvement in the concretae: tmfustudmtaamdmummttm
mixing water; trmsecmdtathej;measedﬂmbﬂityandmfmtoaasier
p]ar.‘ea.bi.lity.

This article deals with the mﬂmcfnomter—muﬁarflm.dﬁymgad-
d;nvesmtrmpmpartizscfmxﬂar\dcﬁmntpanearummte- the first ad-
ditiveisofﬂnmunmltype,mmsmdssampmductmemly
imtroduced on to the rarket, mﬁngaﬂuidifyinspmumnsimbwsfﬁter
than the first, Using the latter product it is possible to prepare the sa-cal
led "rhecplastid concretes (1,2}, that iz, comnmete which are extremely flowa-
ble (slump®320 cm) but which at the same time, are plastic, very cahes:fwe, amd
haredly segregable (bleedting capscity £2.x10 ).

Experimental procedure

Varipus concrete mixes were pmparedal.lusinghiﬂv-smngthmamicm
{conforming t the I[talian Standardsjand containing 300 ¥g of cement and 1936
¥g of d&ry aggregate per cubic metre of concrete. The percentages of fine ag-
gregate (0-5 m) medium aggregate (§-1% wm) and large aggregate (15-25 mm)
were 37%, 38% and 30% respectively.

A concrete mixt uas prepared having a w/c ratic of 0,57 and a slawp of 10 au
measured by Abwams core. Other concrete mixes were also prepared having the
same slump but having w/c retios reduced dus to the presence of the additives.
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The first additive, &, was of the maditioral type <oniaining an hydroxylated
product (type & and class 5, according to the ASTM classificarion Cadul; the
sacond, B, was a product containing a hydrocarken  symtethic polymer with sul-
phanic, aminic, carboxylic and hydroxylic groups (Fheowac). Lastly, using this
latter product, a fourth concrete mix was prepared having a very high flowabi-
Lity (slump = 20 ) but at the zame time ‘be:i.ng vary cohesive (bleeding capaci-
ty = 1.8 x 1073}, Table I shows the properties of the four types of corcrete
mix and the real w/c retics of their corresporsling cement pastes, calculated
by taking into acocunt also the water absarbed by the aggregates {0.02%). At
the same time, four pastes of cemert and of Tric2lcium silicate were prepared,
with ard without additives, and with the w/c retios as irdicated in the last
ceolum of Table I,

The coneretes and pastes were oved at 20°C and at a saturated vapoar corciti-
ans, The results registered wers: (a) the strengths at 1,7 and 28 days; (b) te
degree of hydration and the hydrolysis calcium hydrexide (3) enly in the trical
cium silisate pastes; {c} the capillary porosity by mercury intrusiom (4 in
the mement pastes; (d) the permeability of the concrete miwxes; (e} the espansion
of comeretes in a solution comtainding 20 g/l of sodium sulphate ; (£} the shmin
kage of the corcretes; (g} the morphology of the hycrated produsts  (5) using
the Scanning Dlectron Microscope (SEM).

Discussion

Table II illustrates the results of the campressive strengths of the cement pa-
stes, It can be seen that the use of additives caused an increase in strengths
especially in mix Mo, 3 comtaining the synthetic polymer and having the same
congistency as mix Ho. 1 without additives. Tt should be noted, however, that
the ircreage in strength is not only due to the redirtion in the w/c ratio; a
camparison between mixes No. 2,3 and 4, and mixes No. 5,6 and 7, respectively,
demonstrates that even at equal w/c ratias, with the pr\:sence af additives, sli
Eh‘tly higher strenghts are obtaired.

Table ITT jllusirmtes the hydrolysis caleium hydroxide and the hydrated Cy5a 3
* Coment Chemistry Motation is used: C = Ca0; 5 = Si0z; H = Ey0

~
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toth referred to | g of initial anydrous C5S. From these values, the /8 molar
ratio of caleiun silicate hydrate {C-5-H), wes calculated. It can be seen that

the degree of hydration is actually of the order of 5-10% higher in the samples
containing the additives. This explains why even at equal w/c ratics, the stre

ngth is slightly higher in the mixes containing additives (Table II). It is pmo
bable that the increase in the cegree of lydration can be ascribed to the majar
dispersion of the cement particles.

The composition of C-§-h observed in the presence of additives, and evaluated
by means of the mular retio €/ (Table III), is substantially equal to that
obtained in the ahsence of additives provided that the comparison is made bet-
ween samples having the same w/c ratio, On reducing the w/e¢ ratin, it is seen
that the C/S molar ratic increases, thus conferming the results obtained by
Brunausr et al {6). A5 well as their composition, also the morprology of the
hydreted products is independent of the presence of additives, The SEM mi croge-
aphs in Fig. 27 show the morphological structure of O35 and cement paste with
and without the syrthetic polymer add.{tive.

Fig. 3 shows the polymer additive influence on the cumulative pore size disri
buticn, in the, 1-0,01 s vange, in the cepent pastes after 3 days curing. Simi-
lar effects were obtained for the other curing perisds . The rangs examiped is
that which eontains the capillary pores, and is very important because these
determine the permeability, and the durability, of the concrete (7). If a compa
rison is made between pastes of the same consistency (wie = 0,44 without additi
ve and w/o = 0,30 with additive), a large reduction both 'in the toral porosity
and in the pore diameter can be cbserved, as is illustrated by the inflection
of the curve at much smaller diameter values For those samples countaining the
additive. Again, at equal w/c retios, the presarce of additive diminishes the
total porosity, and the pors diameter: which is, at least, partly attribucable
to the higher degrss of cement hydration (Table ITIY. Analogous effects, though
to a less marked degree, are observed when the "traditional” additive is prese-

nt. -
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Fig. 4 shows the pevmeability of concrete iy fumction of the Time. It can Se

gbsarved that when additives are present, the permeability is greatly reduced.
The effect is particularly noticeable in the concrete mix% gemtaining the poly-
mer based additive. This must be ascribed t the reduction toth of total poro-

sity and of the pore diameter.

Tr should be taken imto accourt, however, that all the concrete mixes regard-
less of their warkahility were vibrated to the pint of camplete rompaction
{entragped air less than 1%). Therefors, the differences in permeability must

-be ascribed only to the differences in w/c ratio and, to a less degree, to the

percentage of hydrated cement. In site practice, however, the permeability of
the concrete can be higher than that determined under laboravory corxlitions
due to the diffiealty of placing, and of centrel of the amunt of vibration.
From this poimt of view, the ™rhecplastic” cuncrete eeamined in this work (s1lu
mp = 20 om; bleeding capacity = 1,5-10‘3) behaves in a decidedly better manrer
than others since, due to its sasier placing properties and the scarce segreg
tion, the cancrete structure depends much less on the care taken over [TOper
compaction, thus beroming more horogenenus and resembling more the laboratory-
-produced mix. ' :

The reduction of permeability leads to an increase in the durability of the
coricvete, as is shown by the curves in Fig. §, which illustrates the volume in
crease dve to sulphate attach in function of the time. The concretes were cured
7 days and then immersad in The sulphate solution. The lower the w/o ratia,
the less parmeable is the concrete 10 aggressive solutions, and therefore the
less is the sulphate attach which the concrete undergoes.

Alsa, the Tesistence To freezing and thawing cyoles increaszes when the additi-
ves examined in this work are present. The effect is much rore notable in the
case of the polymer-tased additive, e_sper::'.a_u)r if it is used in cmjlmction
with an air-sntraining additive.

Table IV illustrates the shrinkage of the conerete mixes, cured for 7 days ardl
then exposed for 3 and 6 months at 3 relative hunidity of 85%. The results ob-
X
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tained detonstrate that the use of additives leads to a retuction in shrinkage.
The greater the reduction in the w/c Tatio the greater is the reductien in sty
inkage, this being of the same order as that which appears in the literature
dealing with analogous corcrete mixes without additives, bt with different

wic maties (7).

Fig. & shows the compressive strength of the concrete mixes in function of the
time. The increase is particularly apparent in those conerete mixes containing
the synthetic polymer—hased additive, arriving at values of 100% for concretes
of equal w/ec ratio, and of S04 for those whth different slumps. Also in this
case, as has been seen in the case of permsability, it should be roted that the
strength increases of "rheoplastic” comerete prepared on the ob site are hi-
gher than thoge obtained when this same concrete is prepared in the laboretory
Thiz depends on the fact that if, in prectice, one passes .fn';!_name.fficzi.-
ent vibration system (curve B in Fig. 1) to a less efficient ene (curve A in '
Fig. 1), the resulting effect is negligible in the case of a "rheoplastic™ con
crete, while it is much more marked in a "normal" concrete. Rurthermore, the
low segregation axhibited by "rheoplastic” concrete, assures a greater "homoge
neity" of the concrete properties throughoat the structure, swhich is of impar—.
tance to the prmjec;: angineer particularly when dealing with high-rise structu

s,

Conclusions

The reduction of the w/c ratic by the use of fluidifying additives gives rise
to an improvement of all the properties of the cement paste and, therefore, of
the hardened corcrete; strengths increass, capillary porosity, pore diameter,
permeability and shrinkage all decrmase, and durability increases. The sffect

ig particularly noted when using the high-power fluidifying additive recemtly
introduced onte the market. In this case, however, it is preferable to use the
characteristics of this adlirive partly for reducing the w/c ratio, and partly
for increasing the flowability of the Fresh corerste, Thia makes iv possible

to cbtain on the job site an excellent concrete of constant quality. In practi
cem, the improvemerts in the concrete properties obtainable in the laboratory
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cannat alvays be systematically translated into _job practice because of the dif

ficulties of placing and ecompaction control.

Wren a very flowsble eorcrete (slump = 20 om) is used, it is necessary, even
at a low Ww/c Tatis, to keep the Dlesting and the segregaticn of the aggregates
within relatively low limits, as is the case with the so-called "rheoplastic”
ommerete, This is extremely important in garanteeing the "hemogeneiry" of the

_ sTructure, the adhesien between aggregate particles ard cemert paste and, fina-

1y, the protecticn of the reinforcing steel (B).
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TahleI—CcupositMai‘dpmpertiesoftjmmi_ma containing 300 ¥g of Fortlad

k]

cament and 1936 ¥g of aggregate per m af concrete.

Corcrete Additive - Slemp Bleeding wic w/e w
No. 1 (em) caparity  Comerete Paste
X - 10 4,0.10"3 0.57 o.ue
2 A (0,2%) 10 2.1707% 0.55 0.42
3 B (aw) 10 1.1:2077 0.3 .30
4 B (%) 20 1.6-1073 0.u8 0.35
sThese figures are calculated fram the ahsorbed water of the aggregates {0.02%)
»
e
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wAfzn/cs MENT
Fig. 1 Effect of water/cement ratic on the corcrete quality
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Table II. Camposition and strength of cement pastes.

PASTE ADDITIVE wie CCMFRESSIVE STRIMGTH (rG/n?)
ne 1 DAY 7 DAYS 6 DAYS
1 - 0,64 a5 38l Su3
2 - 0.42 91 wg2 - 530
3 - g.35 108 588 790
4 - 0.30 120 B1S 320
5 A Q.62 93 417 596
6 B 0.30 12 [ 1:1s] E38
7 B 0.35 112 €13 Bls

Table ITI. Degree of hydration and C/§ molar ratio of tricalcium silicate paste

with and without additives.

AGE ADDITIVE we DEGFEE OF FREE Ca(QH}z /s
HYDRATTON {g/g) HOLE
(z/g) ’ MOLE
3 - G.bu 0.49 0.22 1.72
7 - o.u2 0.61 Q.27 1.64
7 - 0.30 .58 .25 1.713
3 A Q.42 0.50 0.71 1.70
7 A a.uz Q.82 0.27 1.70
3 B 0.0 0.53 0.23 1.4
7 B 0,30 0,65 0.27 1.72

Table TV, Shrirkage (R.H.=65%) of concretes cured for 7 days.

CONCRETE seRDaGE 0ok
M. %0 DAYS 180 [AYS
1 10 B850
2 270 420
15 170 750
4 190 280
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Fig.2. Scanning electron micrographs of Cp5 and cement paste (w/c = 0.42)
Alx 3,000) 1 €3S eured 1 day without additive

B(x 3,000} : €35 cured 1 day with Fheomac
ofx 15,000} 1 cement paste cured 7 days without atditive

Dlx 15,0000 : cemernt paste cued 7 days with Fheamac.
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ENXPAHSION

Tisam - {monthn )

Fig. 5. Expansion due to the sulphate attack in Furction of time. The figure
on the curves shows the concrete mmmbers indicated in Table I.

§

COMPRESSIVE STRENGTH ll(y(...l

. TIMAE  (daeps }

Fig. b. Compressive strength af corcretes in function of curing. e Concrete
No. 1; #% Concrete No. 2; A Concrete Ho. 33 © Concrets N, 4.
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