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CAN CHANGES IN WATER PROPERTIES
IMPROVE CONCRETE PERFORMANCE?

INTRODUCTION

This paper reports the research over & soven-year
nerid, i which 3 goal was set up 1o develop an
seopvmical, pneompliicated and consistentiy
sebinble method that would significantly enhance
portiand cerment’s overall guality (riteria. The
research purposely began in an erg of past
techinology—the era immediately prior to the
development of synthetic admixtares, sach as air
emtrainraent, water reducers, plasticizess, super
plasticizers, micro-silica, ofc, Rather than

soddifring alvesdy-mixed coment, like many of
roday's admixiures, H was determined that the
most prommising media for enbancing the desirable
sroperties of portiand cement concrete was o
modity its mixing water,

I the ipitzal studies, adding natural ingredients
capable of enhancing the hydration abifities of
portiand cement was investigated. It was
determined that certaln ingredients increased the
effectiveness of the mix by providing water with
sxtraordinary molecular binding power which
would aliow more of concrete’s so-called water of
converdence io be utilized by cement bydration,
rather than be evaporated. This action reduced
capiffary sizes, making them comparabke to gel
pore sives, and creaied @ significant increase in the
concrete’s mpermaeability.

These amazing revelations led 1o the development
of z unigue “preconditioner” 1o mix in water that
veoraid provide extraordinary benefits to porthand
cernent conorete through improved conditioning
of the miving water. Research over the last five
vears with this mix water conditioner has proven
that it increases overall guality, performance and
wseful Hfespan of concrete, all of which means
concrete with presier durability,

WHAT MAXKES CONCHRETE A GQOD
CUONCRETE?

Gord concrete is durable comsrete, The durabiliy
of & Foaterial is that certain property which
inekicaios whether or pot the material will endure,
even though it eay pot be suljected 1o loads
sufficient to destroy it Durability of portand
cement conctete, then, is defined as its ability 1o
resist westhering, chemical attack, abragion, or any
other pracess of detetioration.

{rurable concrele retains most of its original form,
quality, and serviceability when exposed to various
types of environments. Darability is one of
COnCrete’s mosl Emportant properties since
cotcrete must be capable of withstanding
concitions 1o which it s exposed throughout the
wsefizh Bfespan of the structere. Darability can be
affected by factors such as alternate wetting-drying,
freezing-thawing, aggressive suifate exposure,
heating-cooling, water invasion, abrasion,
corrosion of embedded steel refnforcement or
other embedded materials, chemical contaminamt
reactions, alkabi-aggregate reactions, sali deposilion
Iy percolating water, dissobation of calchen
bvdroxide andfor certain other constituents by
percolating water, eto,

Finding a consistently reprodisciide way 1o
snprove e durabiiy of concrete, a5 well as
significanily reduce #Hs permeability, was one of
mwa main geals that would be achieved by the
steccessial developioent of 2 mix water conditioner,
The other goal was to consistently produce defect-
free, extraordinariiy finsly textured cement paste
whicit s capable of improving concrete paste-
agsregate contact rone areas, These areas are
largely dependent on paste and microstructure
quality and are known o be either the strongest or
weakest part of concrete.
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By preconditioning the water with the right
ingredients, these goals cak be achieved simply and
with minimal expense. {Other methods of
improving the performance and durability of
concrete, such as high performance concrete, ape
both expensive and complicated.) Ftowas also found
that concrete can be produced with o transition
between the aggregate and paste, This concrete

had virtualiy no plastic shrinkage cracking and
virtnaily no curing. Extensive laboratory sesting
indicated thal the mebo water conditioner’s
concepruil goals were consistently achievable,
without necessitating use of outside mineral or
chemical admiixturss, synthetic agents, waler-
reducers, or plasticizing agents.

WHAT ROLE RDOES WATER PLAY IN
CONCHRETE?

Waler is essential to portland cement concrete
singe withont water, the cement corld not become
# bonding agent. There are two ways in which
sorHand cement and s compounds react with
witbey, The fivst is bvdration, in which the reaction
takes place when water modecules come in contact
with the dry cemnent. The second is hydrodysis,
which results when produdcts precipitate from
soltstion minetals and directly combine with them.
Fydrobysis znd hydration ave directly vesponsible
for the production of sew products or compounds
that formed in concrete. These new compournds
are wsually referred to as products of hydration.
Producis of bvdration mnclude calcinm hydroxide,
{ime, caloum sihicate hvdrates {C-5-H), and
caiciuem aluminate hvdrates.

The guatity of the produacts of hydration may vary
preatiy, depending on the quality of bath the
cement and the mix water. in concrete, the rate of
hydration decreases continiously following the
period when the formidable properties of the
comarede are formed, Even after 28 days,
appreciabie amounts of the imduded cement
rergin enlyydested, Studies have shown that after
28 daws, cemend groins in constant contact with
witer may ondy hydrate 1o a depth of 4
micrenpeters, and even after a vear may only
hwdrate 8 micrometers, Water which bas been
erhanced by mix water conditioner improves the
cement hydration, Under Beld conditions, concrete

mirade wsing the mix water corditioner has
vonsistently shown a 6 to 12 percent
{appraximaiely up to one micromeler) increase in
cernent hydration. (The variation in the increase s
contributed to the miiag efficiency.) Thus, the
mix water condittoner does play an imporntant roke
in providing for hetter hydration.

TDuiring hydration of portland cement, prodific
Hoden! actions and reactions ocour as the mix
wigter imitially contacts the dry cement, sphifting off
molecular portions of the dry coment’s compound
compaonents, These actzons are vital because they
result in the production of mumerous forms of
calvinm sicate hydrates, including calcun
hydrozide,

These inkial hydralion reactions, in combination
with water difution, temperarily lower portland
cemtent’s efficiency, causing the initially produced
cerment paste to be of poor quatity. This includes
the cemnent paste which ks absorbed tnte or coated
oml the exterior of concrete’s porous agprogates.
The resuhant concrete properties are affected by
wenk paste-to-aggregaie bond, as weli as the
depositior: of other poor quality paste, which
affects pernwealibty, ang thus durabilizg.

The miy water conditioner, however, overcomas
this poor initial hydration by promoting a
siaoother, more geatle transition of conorete's
hydration, The mix water conditioner also greatly
improves the hydmtionf/hydrolysis reactions, and
results in more efficient hydration products and
less unhydrated portiand cement.

ROLE OF ADMIXTURES IN CONCREYTE
PROPHERTIES

Admixtares can be used to tatior and adjust mixes
Eo vreet & wide variety of performance
requiremnents. Most mix desiges today inchede
additional cemnentitious naterials and chemical
adrnixtares. Natural pozzalans, fhr ash and slags
supplement or replace o portion of the portiand
cempeRt, Air entraining admiiures are used (o
wnprove freexe-thaw resistance. Chernical
adminttires are used Lo accelerate or retard set,
improve workability, and reduce mixing water,
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Adding these ingredients regures Jdetadled
knewledge of mix design.

VARIOUS COMPONENTS OF STRENGTH
CHARACTERISYTICS OF CONCRETEH

in a maveh simpler way, preconditioned mix water
causes a0 additional 8 percent or more of the
portand cesnent, which in mrn ncreases the
velume of the hydration products. This, in effect, i3
like ircreasing the portland cement content by 6
percent 1t does this without increase of the
originally desighed per-cubic-vard dry cernent
vodumne, and lowers the actual waler/cement ratio,
This extraordinary benef# is due to the
preconditioned mix water's ability Lo more deeply
absorb poriland cement particles, postaring each
particle to maore readdy and more often shed it
hydration envelopes. Tt then sllows new envelopes
Lo generate, cansing significantly more hydration
of cach cornent particie. It also wniquely generates
additional volume of the coment paste,

ADDITIVES VS, NATURE OF WATER

The very nature of water is that when added Lo
anvihing, it reduces that material’s streegth, The
objective, then, is to trapsform the water into
sonething betler, e, 4 comentitious materis]
which may produce an even lower water-Cetrent
ratien thus avoirding this decrease in steength. As
previously mentioned, introducing selected natural
ingredients into the mix water will generate
increased illization of concrete’s water of
convenienee, producing virtually ro beed water,
Ar example may be presemied here, Ina mix, if 5

paftons of witer fudly vdeates 109 pounds of
cement with & waler ratio of (L42, thes only 2.88
gattons of normal mix water actually combines
with the cetnent, while the remaining 2.12 gallons
of water occupies capillary spaces, following the
sierface finish, uatil it is used for producing
bvdralion pradiects or is later evaporated, leaving
vord capiflaries. When the mix water s
preconditioned, however, virlually all of the
normmal miix water 1s used due to the increased
cemment particle sereration as shown i Figeere 1

Usirg the ACT-accepiad standard that in a ghven
ik design of 470 pounds of Type T portland
cerners, ondy 80% (376 pounds) of the cement is
fyvedrated, the MWC produces a minimern of 6-58%
(28.38 pounds} more cementitious material from
that remaning 18-20% (84-94 pounds) of
artbydrated cement and resusdis in 4 very
bomogeneons ready mix concrete as indicated

in Figure 2,

FROPERTIES OF CONCRETE

Listed Defow ave several mix water preconditioner-
derived properiies gained from utilization of
increased percentages of conorete mix's alroady
inchuded poriland corment content:

L. The smaller than usual lefrover cement particle
¢ores incresse impermeabiiity and density
These panticle corves become variously sized
through increased vement villization, and the
lefrover cores act as sand/agaregate.

2. The cement paste is finely textured and

Fragure 1
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homegenous, provided with same charge
particle effect, greatly reducing potential for
imternal vords, shrinkage, excassive external
bleed water, internal microcracking, crazing,
plastic/septiement cracking, et

4. The concrete s extraordinarity homogenous
with incressed workability due to increased
lubricity.

4. ementitiows material waste b redoced and
water utiliration increased. This resulis in
increased volumes of comentitious material
produced per cement particle, effectively
fowering waler-cement ratio of finshed
gonerete,

5. Generation of more fnely testured cornest
paste consisting of semalier-size gol pores with
excelient uniformity and smaller than usual
capiflary pores/vaids. This is due to tofal anx
water utilization, which results in increased
hydration product volurses. These actions
significantly lower fotal void percentages and,
thus, permeability.

f. 13 produces a true shrinkage-compensating
concrete, compensaied by production of
mcreased vodumes of internally genevated
hydration product or C-5-H, which also
vivbually elinzinates curl.

BISCUSSION AND RESHLTS

Froar & durability standpoint, it ks of cracsl
importance to achiove the lowest possible

permeabiity in the shortest period of dme. Sk 2
task i achieved uniformly when wtilizing 2 mix
water condiioner, Permeability in concrete maans
that podintants or contaminents ane allowed to
prhetrate mstde s interior. The degree of
permeatnlity dictates whether these
poliutants/contaninants gre readiyor
sparingly-—allowed ingress. Therefore,
perineabifity, as well as the degree of permeabifity,
effectively and directly affect concrere’s durability,
whick tramslates to useful Hfespan.

For concrete made using normal weight aggregate,
permeaiiiity is governed by cement paste porosity
ang pove-size distribution, [0 fack, congrens's
permeahility i generaily controlled by the capiflary
porosity and not gel porosity, Conerete’s paste
capillary porosity size is governed by concrete
waler-cermentitions material ratio and degres of
bydration. Mix water conditioner was designed to
significantly enhance increased cementitiouns
mdteriad volumes and improved Avdration rates
and processes through repostoring the mix water's
Lydration shilities,

CONCLUSIONS

A mix water preconditioner added o portiand
cemnnt concrete miving watey, prior 0 CoRCrate
manufacluring, significantly alleviates the
deterioration factors iy concrety. Mix water which
has been preconditioned with the vight mix water
conditioner consistently produces concrete that iy
extraoydinarily strong, hard and impermeable.

Figure 2
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