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Abstract. The characteristics of the concrete gelivity by impositrggdy conditions
to the composition are studied. We observed the new formradtate so as components
from cement stone, vulnerable at freeze thaw, to be lowereaseptage. The resulted
concrete structures will have the main characteristicdficed cement consumption, high
exigencies of freeze thaw durability and low costs.
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1. Introduction

Concrete world consumption is estimated at 5.5 billio& nft is the most
used material by peoples, beyond water. The main componeatérial of
concrete is cement. Hydraulic concrete is yet known frometohthe Romans.
"Modern” concrete came the half-nineteenth century, wherkEngland, John
Aspdin obtained Portland cement by burning a mixture of flag and limestone
(1824).

Each construction or element of construction must meet afsetchnical
requirements or principal technical and economical dematwhcerning durabil-
ity in time, fire resistance, building strength and stapilghysical and hygienic
conditions, architectural, economic and organizational.

Durability means normal duration of operation in time forimalements of
construction, without loss of quality necessary for optiexploitation and it can
be: high (P! degree) and is over 100 years; middl&{idlegree) between 50 and
100 years; normal or usual (fldegree) between 20 and 50 years. Buildings with
a life service under 20 years are caltethporary

Durability is determined by the materials that were usedigiteand execution
manner, operating conditions and maintenance referrirstrémgths of materials
and construction elements at different actions such aszéethaw, moisture, cor-
rosion, biological action of micro-organisms and the emwinent: atmospheric
agents, smoke, gas and other pollutants from the inside.

Experience gained in time, concerning the performance mérete structures
in aggressive environments, with recent knowledge of sonysipal-mechanical
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and chemical properties of concrete and reinforcementoléuke conclusion that,
depending on operating conditions, certain elements rsaffgradations, after
longer or shorter periods of service.

Concrete gelivity is a feature which considers its behatacfreezing—thaw
cycles. Behavior at freezing—thaw is a characteristic afcoete durability
determined by its porous structure. The importance of thidure drifts from
rapid degradation of concrete elements saturated withrwatder conditions of
repeated freeze—thaw cycles with consequences on cadimtsicesistance and
stability.

By repeated freeze—thaw cycles concrete is subjected tag®ndue to
alternative efforts, caused by water volume increase whigbze in the pores
thereof. If the concrete is dry, then freeze—thaw does nstrale him. Gelivity
degree of concrete is characterized by the number of cy€lescoessive freeze—
thaw, in test conditions, that samples can resist withowatsa bf weight greater
than 5% and reducing their resistance with more than 25%.iviGetiegree is
important for works that operates in harsh climatic coodsi and especially to
concretes with variable water levels.

Losing of weight is not a sufficient sensitive measure of dzeneaused by
frost and thaw, because often, especially in case of casgmith lightweight
aggregates, it is found even an increase in weight due torviteision into
the internal cracks, formed due to freezing—thaw. Theegfonost important
for assessing gelivity is the exterior aspect of sampldsngainto account that
damage begins by rounding the edges and corners.

Neither loss of compressive strength doesn’t constitatallicases, sufficient
sensible criteria in order to evaluate gelivity effect, dnese internal cracks affect
less resistance to compression.

2. Parameters which Influence Concrete Gelivity and its Formlation

Influences and effects of repeated freezing—thawing atieggiace with a
different intensity related to

a) the exposure conditions and the environment;

b) structural characteristics of the material.

Temperature and water are the main factors at which envieohracts
destructive against concrete. The exposed material regehdually environment
temperature, between exterior and interior layers of atecideveloping a
temperature gradient. From here we can conclude that frgezkes place
gradually and not instantaneously. Temperature for fregmiater into concrete
varies with reference to pores and micro cracks dimensioExperimental
studies have shown that most important changes in the steuof concrete are
produced in temperature range-ef0°C ...—45°C. Time of exposure to negative
temperatures and the rate of their decrease will influenedattmation of ice, so
the default damage of concrete.
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Humidity will influence ice formation process in porous begliexperimental
tests on concrete pointing humidity values which can infbeebehavior to
repeatedly freezing—thaw.

Concrete components through porosity and pore structuténavie variable
influences on freezing—thaw behavior of concrete. In theirm#iere are pore
gel, capillary pores, bubbles of entrapped air and entdaae Water contained
in large cracks and pores (10...4 cm), freezes under iggronditions as free
water. Saturates large pores have a negative influence abibilyr of concrete
in freeze—thaw conditions. If the degree of saturation wigtter will be reduced,
also the influence of pores on the overall freezing—thawaehavill be reduced.

a) Capillary poresinfluences derogatory freezing—thaw behavior, through

a) capillary pores volume;
b) capillary pores character (not linked or interlinked).

At their turn, capillary pores volume and their charactegigen by W/C
ratio, researches carried out relieving, correlation leetwthis ratio and gelivity
resistance of concrete, but also it's favorable influencedducedV /C ratios.

b) Interlinked pore systenmcreases sensitivity of concrete to destructive ac-
tion of repeatedly freezing—thaw and for this reason is s&agy the achievement
of a concrete with lowV /C ratio, to be exposed at freezing—thaw cycles to an age
when, as a cause of advanced hydration degree, capillaeg poe not interlinked.

c) Entrapped air (and entrained aif)as a role of "expansion basin” at the
moment of frost, when water infiltrates in this goals becafgg/draulic pressure
created by volume expansion with 9% of the water from satdratores. In
conclusion, growth of ice particles from cement stone nsitrature is locked
or limited. At thaw, water returns from the goals toward dapy network, and
protection assured by this goals system is valid for newesyof freezing—thaw
process.

d) In gel poredreeze can took place at high negative temperatur&s1C),
which in normal conditions can’t be possible (in our couptry

e) Freeze—thaw mechanisma very complex phenomenon and exists several
theories, including the one below. By lowering the tempeatround OC, free
water freezes in pores with a 10 cm radius. Freeze starts from the concrete
element surface and continues into the deep as it reachdeetfEng point of
water. Freezing water occurs at temperatures as low as poeefinest and
adsorption forces are more intense on the water volume ioeatén pores.

Water concrete is actually a solution (of different substanfrom environ-
ment or even from cement mineralogical components) whdvest by freezing
let place for solutions with high concentration and alsohwitt the freezing
temperature will drop.

When water freezes, in concrete pores took place followhmnpmena:

a) by increasing the volume, ice crystals are putting pressigainst not
frozen water (powers hydraulic pressure theory), forcirig pass through pores
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walls;

b) as a cause of differences in concentrations of aqueousist from
gels and capillary pores (microscopic segregation theovil) manifest osmotic
pressure and under its action, water from gel pores will plssigh capillary
walls, in capillary pores.

The two contrary pressures causes a swelling pressurewfsad concrete
and therefore appearance of a tension state which, if exceedrete tension
resistance value, will lead to appearance of micro-crachs istructure.

If the freezing—thaw occurs in the presence of water or amlganditions of
high humidity, water infiltrates through micro cracks fodrfeom previous freeze
process, so that degradation of concrete gains in timeydifroepeated cycles of
freezing—thaw, a cumulative character.

As a direct consequence of damage of the concrete strudsiresistances
will decrease, increases the permeability to water andithgsick disintegration
of concrete.

There are several ways of assessing resistance of conargadivity:

a) Indirect methodswho appreciate this feature, according to porosity and
pore structure, water absorption, volume of entrapped air.

b) Direct methods which consider this characteristic through variation of
compressive strength, bending tensile stress, dynamiculmedf elasticity, —
dimensional change or loss of mass.

c) Gelivity degreedefined as the number of freezing—thaw cycles until testing
samples exposed in saturated state does not record a mdoftcompressive
strength more than 25%, compared to witness samples.

A standard cycle of freezing—thaw involves maintainingt &smples four
hours to a temperature ef17° + 2°C, followed by another four hours in water at
a temperature of20° £ 5°C.

Depending on gelivity degree, are three different classegelivity: G50,
(G100,G150, wheres means degree of gelivity and 50, 100, 150 number of cycles
for which mentioned limits weren't exceeded.

3. Observation that Concrete Mixes Given by Technical Data kad to
Unjustified Mechanical Resistances

To achieve gelivity performances, usually are used supghtany cement
dosage or imposed some strictly composition conditionshsas: W/C ratio,
type of cement, fine aggregate percent. From working canditiof designed
concrete it results a hardened concrete with mechanidataases over required
ones, unjustified from technical and economical point ofwie

Influence of cement dosage on the fresh and hardened comeugterties,
varies by considered featund//C ratio is small as much as the dosage of cement
is higher (Fig. 1).
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Fig. 1.—W/Cratio variationvs. dosage, at normal consistency.

Apparent density of fresh concret#) (but also of the concrete after 28 days
of hardening 2), increase with dosage until a level of 300 kg of cement for’l m
of concrete, remains stationary until a dosage of 400 andréater dosage begin
to decrease, as we can see in Fig. 2.
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Fig. 2.— Variation of apparent density of the concresecement dosage.

This influence has the following explanation: at low dosagike gaps
between aggregates granules are not completely filled witieat paste and then
apparent density of concrete is low; for a dosage of 3000 k¢Qof cement, gaps
are filled and we get to the highest apparent density. If weirmos to increase
dosage, the volume of cement paste exceeds gaps volumeebebggregates
granules, so they no longer support themselves, betweem lieéng interposed
cement paste.

If we take into account compression strength of concreteindgteases
proportionally with dosage up to 300. .. 350 kg cement to*bfrtoncrete. When
this dose is exceeded, increased resistance is not prapalrto the dosage, but
less and less, as seen in Fig. 3.
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Fig. 3.— Variation of compressive strength of concrete accordingetnent dosage.

From here we can conclude that, to obtain high resistancesrpression,
excessive growth of cement dosage, excepting the fact tioalupes a rise of
expansion shrinkage, it is not indicated nor from econohgot of view.

Resistance to bending tensile stress also increases pomadlly with dosage
up to 350...400 kg of cement to 13rof concrete. Above this dosage resistance
remains constant, and for greater dosages, decreasesdebhéase is due to the
fact that at high dosages, concrete contraction increasdghus producing crack
in the mass of hardened concrete, and under strain effadks@are opening more
and thereby reducing the useful concrete cross-section.

From the above-mentioned it is clear that exaggerated éasfatggment is not
justified nor technically, nor economically.

4. Means to Improve Concrete Freeze Thaw Behavior with Admiiures
which Alter Structure of Cement Stone

Mineralogical composition of cement has a relatively snrdlluence against
gelivity. Among the mineral components of cement clinkiee most sensitive to
freezing—thaw is tricalcium hydroaluminate. Trass ceméat a larger amount of
mixing water, making concretes more gelive. Cement dosafyeences sensibly,
freezing—thaw behavior of concrete. When the content elsc@50...270 kg
gelivity resistance index remains at a constant value.

The gelivity index represents the ratio between freezimgat numbers of
cycles till destruction of concrete and amount of cementessged in kg/rh

The amount of water contained in concrete strongly influsngelivity
resistance; also an important role it plays environmentitlityof keeping testing
samples.

Thus, the moisture saturated concrete has a much loweramsis than
concrete kept only in atmospheric humidity (Fig. 4).
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Fig. 4.— Humidity influence on gelivity.

Increasing resistance to gelivity can be achieved by grgwioncrete com-
pactness and impermeability. We could say that all meanshwhéad to
compactness growth can be used for this purpose (increassigtance to
freezing—thaw). Of all these means, a particular role iggaaby plasticizers, both
air entrainment and peptized ones. Air entrainment admestteduce the number
of open pores and thereby increase the impermeability ofreta, limiting the
possibility of water migration. At the same time, air contd in mineralized
bubbles plays the role of buffer spring, damping ice crygtaksure on concrete.

Technical parameter for concrete composition analysit influences on all
characteristics of cement composite materials, issthter/cement ratigw /C).

Studies have led to the conclusion that increa8ihfg ratio will produce

a) increasing total porosity of concrete;
b) decrease the proportion of gel pores in favour of capilfares.

These two sequels AV /C ratio growth will have adverse consequences
on physical and mechanical characteristics of concretereased permeability,
reduced mechanical resistances, weak resistance torfgeerd thawing and
corrosion.

1. Admixturesare substances that, introduced in determined quantities i
suspensions, mortars or concretes, change their prapdnjievirtue of some
physical and chemical actions.

The main categories of admixtures that produce changesnofet® charac-
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teristics are

1. Admixtures modifying the processes of binding and hardgen
2. Waterproof admixtures.
3. Surfactant admixtures.

Below, we refer with precedence to waterproof, surfactadtar entrainment
admixtures, which by their action provide a good behavidh@range of concrete
resistance to freezing—thaw.

2. Waterproof admixtureare substances that increase capacity of concrete to
resist at water penetration, through

a) reducing concrete permeability to pressurized watéoract
b) reduction of capillary porosity and, implicitly, of wateapillary ascension
in concrete;

Several substances are used for their waterproofing actiomehy

a) inert mineral powders have the role to fill aggregate deaity in fine
part (any increase of water dosage should be correlatedimdtbasing dosage
of cement);

b) silicate mineral powders binds chemically Ca(QH) shape of hydro-
silicates with reduced alkalinity and good binding prosit Also, they
improve behavior at sulphate aggressive action (pouzaokmiomite) implicitly
increasing impermeability degree;

¢) mineral powders with colloid properties (bentoniticycléine grind lime-
stone) in contact with water are swelling increasing impesahility and resistance
to aggressive chemical action;

d) products with colloidal properties, resulting from réac of some sub-
stances with the cement hydration products;

e) surfactant admixtures, favourable effect they have owerete waterproof-
ing, is given by reducinyV/C ratio, modification of pores dimension and their
distribution (plasticizers admixtures), stopping capil system (air entrainment
admixtures) and reducing capillary height (hydrophobimidiure).

3. Surfactant admixturethat are adsorbed on the surface of cement granules
thus changing the surface tension of solid liquid—air systi their case we refer
to air entrainment and mixed admixtures.

4. Air draw admixturesare surfactant substances which added in small
proportions in concretes, draw and stabilize a big numbéinef air bubbles,
uniformly distributed in the mass of material which can @agsestructuring of
composition where introduced.

If such substance is added to cement during grinding, itfaith monomolec-
ular films on the surface of cement granules, molecules tatiag with hy-
drophilic ending toward cement grain and with hydrophobiidieg outwards, so
that the grain becomes hydrophobic. If we note molecule aithe finished with
a circle, representing hydrophilic ending, hydrophobimeat grain appears like
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the one presented in Fig. 5. Cement hydrophobicity is aekiidy an admixture
guantity less than 1% from cement weight. Hydrophilic centers a much lower
sensitivity to atmospheric humidity and it is not cloggy &trage. Hydrophobic
film, mixing in the mortar mixer, is removed and the admixtigalissolved in
water, so the hydration of cement flows normally or only wittlight delay.

Fig. 5.— Granule of cement with admixture hydrophobic film.

When dissolving admixture in water, or if it was dissolvedts beginning
in mixing water and cement was without admixture, then reduthe surface
tension of water is formed in the mass of cement paste in etaca dispersion of
air microscopic bubbles connected through capillary cennn fresh concrete
mix these air bubbles increase its mobility and permitseaéhg same consistency
with a lowerW /C ratio. In hardened concrete, the dispersion of air causkga s
reduction of apparent specific weight and compressive giinein relation to the
volume of dispersed air. If the volume of air does not exceed436 of the
concrete, then its durability is much improved, through fiet it becomes more
impermeable and therefore more resistant to both repgdtegizing—thaw action
and corrosive solutions action.

5. Antifreeze additivelsave the role to decrease temperature of freezing water
in the concrete, being used when working on coldness, astagtion measure
against concrete freezing. These additives has to show aathe time hardening
acceleration action, reducing time to achieve sufficiaetgjth to take over efforts
developed by internal freezing.

In our country is used "Antigero” additive with a down freegipoint of water
at—10°C, having both hardening accelerator and air draw actions.

The use of additives in cement concrete composition has modake carefully,
because the products used as additives have complex acthboisrespecting
prescribed dosages, experimentally determined, leadh@vaog of undesired
results or even to concrete compromise.
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5. Conclusions

Admixtures can be used advantageously in modern concrébhes are used
for "curative” or "preventive” purposes, for example, diraw; they are used as
"aids,” for example acceleration of hardening; and theyuaexl for purely money-
saving purposes, for example water-reducers. The fubbfisenefits is impressive
for both producer and consumer of concrete. As has also beted,rhowever,
these benefits are contingent on proper use and knowledgeeokeffects and
other hazards. An admixture cannot compensate in caseeasfdnimaterials or
bad practice. In most cases there are alternatives woridemation on economic
as well as quality counts.

Admixtures in every-day concreting operations will coognto have an
important place in concrete technology. Their successfeldepends upon proper
diagnosis and correct prescription for each situation. s,Tim turn, requires
not only a basic knowledge of concrete technology, but asognition that an
admixture requires modification of procedures. It also iegptecognition of the
essentially chemical nature of admixtures and the prosdbsy are involved in.
The architect or builder need not become an expert as cantieeradmixtures,
but it has become evident that it is to his advantage to beitarwith their type,
nature, and general effect.
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STADIUL ACTUAL PRIVIND CARACTERISTICILE BETONULUI
REZISTENT LA GELIVITATE

(Rezumat)

Experienta acumulata in timp, cu privire la perforngatstructurilor din beton
situate Tn medii agresive, impreuna cu recentele dimieprivind unele proprietati fizico-
mecanice si chimice ale betonului si armaturii, au canlduconcluzia ca, in functie de

conditiile de exploatare, anumite elemente sufera diEgradupa perioade mai lungi sau
mai scurte de functionare.






