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The World of Chemical Admixtures in Concrete

M Collepardi, Enco, Italy

ABSTRACT

The main chemical admixtures in concrete have been classified in ten different types including those
commonly used as plasticizers, air entraining agents, etc. or miscellaneous admixtures used for special purposes
such as corrosion inhibitors, alkali-aggregate reaction expansion reducers, etc.

The most important aspects of the concrete techmology such as workability, $trength, durability,
shrinkage, creep, etc. are examined in view of the possible improvements caused by the use of chemical
admixtures.

A critical survey of the future needs in the field of new admixtures that are still in an experience stage
has been carried out.
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10  INTRODUCTION

Admixtures are ingredients other than watcr, cement, and aggrega-
te added to the concrete batch during its mixing.

Chemical admixtures are gencrally used in small amounts and most
of them are water soluble or emulsified products. According to this
definition chemical admixtures are exclusive of fiber reinforcement,
polymer addition, expansive agents, and mineral additions such as fly

ash, slag and silica fume.

Tables 1 and 2 summarize the main action of chemical admixtures,
their main beneficial effects as well as their potential adverse side cf-
fects in using them in concrete.

The most important chemical admixtures include plasticizers, super-
plasticizers, retarders, accelerators, anti-freezing admixtures, air-en-
training agents, and other miscellaneous ingredients such as pumping
aids, coloring admixtures, alkali-aggregate reaction inhibitors, corro-
sion inhibitors,

Table 1: Main chemical admixtures: actions, beneficial and side effects.

CHEMICAL MAIN MAIN BENEFICIAL POTENTIAL
ADMIXTURES: ACTIONS: EFFECTS: SIDE EFFECTS:
PLASTICIZERS & REDUCTION IN ‘CONCRETE QUALITY
SUPERPLASTICIZERS W/C RATIO OR IN SERVICE PLACEMENT SLUMP-LOSS
. SLUMP INCREASE OF CONCRETE -
: REI‘ARD{ERS REI'ARDA’HON OF TRANSPORTATION REDUCTION IN
CEMENT HYDRATION AND PLACEMENT EARLY STRENGTH
ACCELERATORS ACCELERATION REDUCTION IN REDUCTION IN
OF EARLY CEMENT SETTING TIME & ULTIMATE STRENGTH
HYDRATION EARLY STRENGTH & DURABILITY
INCREASE -
ANTIFREEZING DEPRESSION OF CONCRETE PLACEMENT CORROSION OF
ADMIXTURES FREEZING POINT IN VERY COLD EMBEDDED
OF WATER WEATHER - STEEL _
AIR-ENTRAINING DEVELOPMENT OF CONCRETE FROST REDUCTION
AGENTS SMALL AIR BUBBLES RESISTANCE IN SERVICE IN STRENGTH
Table 2: Miscellaneous admixtures: actions, beneficial apd side effects.
MISCELLANEOQOUS MAIN MAIN BENEFICIAL POTENTIAL SIDE
ADMIXTURES: ACTIONS: EFFECTS: EFFECTS:
ALKALI-AGGREGATE REDUCTION UTILIZATION STILL IN
REACTION (A.A.R.) INAAR OF REACTIVE EXPERIENCE
INHIBITORS EXPANSION AGGREGATES STAGE
CORROSION PREVENTION OF PROTECTION OF STILLIN
INHIBITORS STEEL CORROSION REINFORCEMENT EXPERIENCE STAGE
PUMPING IMPROVEMENT IN PUMPING OF HIGH COST/
AIDS PLASTIC PROPERTIES LEAN MIXES PERFORMANCE RATIO
DAMPPROOFING WATER REDUCTION IN SET RETARDATION
ADMIXTURES REPELLENT ACTION MOISTURE MIGRATION AND STRENGTH
BY CAPILLARY ACTION REDUCTION
COLORING PIGMENTATION CHANGE OF THE . REDUCTION IN COLOR.
ADMIXTURES OF CEMENT MATRIX ORDINARY GREYCOLOUR | INTENSITY & -
BRIGHTNESS
’ . BY WEATHERING
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There has been a continuos development of chemical admixtures as
evidenced by published literature and patents {11, 23,24, 36] and the
rclevant activity involves mainly cement scicntists and material scien-
1ists. The present report is not meant o be an exhaustive survey but
pot more than a review of the trends in the development of chemical
admixtures. It is devoted to concrete technologists, engineers, archi-
tects and manufactures or users of concrete.

For brevity sake only the main chemical admixtures (Table 1) will be
examined in some detail, whercas few comments will be devoted to
the miscellancous admixtures (Tablic 2).

20 PLASTICIZERS AND SUPERPLASTICIZERS

Plasticizers and superplasticizers arc chemical admixtures which can
be used cither to increasc the workability of [resh concrete ata given
mix composition or to reduce d_\c amount of mixing water of concre-
te for a given workability. According 10 a more appropriate termino-
logy, in the latter mode of usc these chemical admixtures should be
called water reducers and high-range water reducers respectively.

PERFORMANCES OF PLASTICIZED AND
SUPERPLASTICIZED CONCRETES

2.1

When these chemical admixtures arc used to reduce the amount of
mixing water at a given cement content, they are capabie of impro-
ving all the properties of hardcned concrete, such as strength, dura-
bility, watertightness, which havc a benelicial effect by the reduction
in the water/cement (w/c) ratio (Fig. 1, A).

When these admixtures are used to improve the fresh mix workabi-
lity, plasticizers and superplasticizers do not modify significantly the
hardening characteristics of concretc and they mercly are helpful to
placing concrete particularly in arcas of highly congested stecl rein-
forcements (Fig. 1, B).

There is an other mode to usc these admixtures, involving reduction
of both water and cement, so that workability and strength of the con-
crete containing admixturcs are similar to those of the control con-
crete (Fig. 1, C). When uscd in Lhis way, these admixtures act as
cement savers and therefore are capable of reducing the drying shrin-
kage and crecp or the heat of hydration, a property that is useful for
concreting in hot climates or massive structures.

The main difference between plasticizers and superplasticizers is in
the extent rather than in the type of their perforn:ances. The slump
increase at a given mix composition is about 150-200 mm for the lat-
ter and about 50-70 mm for the former. On the other hand, a super-
plasticizer is capable of reducing water requircmentsat a given slump
by about 20-30% whereas a plasticizer can reduce water conteats by
about 5-12% only.

Further reductions in mixing watcr or higher slump increases can be
obtained by using plasticizers at highcr dosages (as those normally
adopted (or superplasticizers) but this may result in adverse effects
on setting, air volume, and hardening process of concrete (Fig. 2).
Therefore, from a practical point of view the main difference between
plasticizers and superpiasticizers is in the optimum dosage which is
about 0.2-0.4% by weight of cement for plasticizers and 1-2% for su-
perplasticizers. The actual dosage of the active ingredients in both
these admixtures is really much lower than the above figures since
they are gencrally available in form of 30-40% aqucous solutions to
facilitate an accurate, reliablc and automatic dispensing at the bat-
ching plant.

65

& WATERTIGHTNESS

SAME WORKABILITY

CONTROL
CONCRETE
MIX

HIGHER.
WORKABILITY

(NO CHANGE IN
MIX COMPOSITION)

P! SAME STRENGT
TO INCREASE WORKABILITY | DURABILITY AND
OTHER PROPERTIES
0,

o

LOWER DRYING
SHRINKAGE, CREEP

AND TIHIERMAL STRESS
(CAUSED BY lIGAT
OF IIYDRATION)

wITiouT
ADMIXTURE

SAME STRENGTI!
DURABILITY AND
WORKABILITY

_Fg. 1 Séhematic diagram illustrating the effect of plasticizers

and superplasticizers on the properties of concretes
with these admixtures (A, B and C).

SUPFRPLAS‘HCIZED
MIX
2
=
3
23
CZ&
w
Q
4
<
Z
2 CONTROL MIX
z v
£z N
= N
g ~ . _ PLASTICIZED
2 MIX
: .
1 . . ‘
0 05 T 13 2
ADMIXTURE DOSAGE (%)
_Fig.2: Schematic diagram of the effect of admixture dosage

on the concrete performance in comparison with the
control mix.



«

COMPOSITION OF PLASTICIZERS AND
SUPERPLASTICIZERS

2.2

From a compositional point of view plasticizers and superplasticizers
may be quite different (Table 3); the main ingredients in the super-
plasticizers are synthetic water soluble polymers such as sulfonated
melamine formaldehyde (SMF) condensate or sulfonated naphtale-
ne formaidehyde (SNF) condensate. Alternative water soluble syn-
thetic polymers have been recently proposed [6, 13, 14, 20, 40] to
reduce the slump-ioss drawback which can partly or compietely can-
cel the initial technical advantage associated with the usc of super-
plasticizers (loww/c ratio or high slump level). In the abscnce of these
new low stump-loss superplasticizing admixtures - bascd on carboxy-
lated acrylic ester, CAE, [6] or other products of un-known chemical
composition [13, 14, 20, 40] - the slump-loss problem has been faced
up by using retarding admixtures as sccondary ingredients to partly
compensate thestiffening process of the fresh concrete before its pla-
cement [11]. In some case chloride-{rec inorganic salts are used as se-
condary ingredients to compensate the retarding cffect associated
with heavily dosed superplasticizer systems ( 2%).

The main ingredients used in the manufacture of plasticizers are or-
ganic produdts and can be divided into four groups. The first one con-
tains salts of lignosulfonic (LS) acid which can also be used as an
important ingredient of superplasticizers when availabie in a modi-
fied form (MLS) consisting mainly in a de-sugarized product with re-
duced retarding effects. The second group coatains salts of
hydroxycarboxylicacids (HC). The carbohydrates (CH) belong to the
third group, whereas the fourth group contains misceilancous com-
pounds such as giycerol, polyvinil alcohol, etc. [7}. Other secondary
ingredients in plasticizers may be accclerating products such as trie-
thanolamine (TEA) or caicium and sodium of inorganicacids, aswell
as defoaming agents and.anti-bacterial and anti-fungal materials to
avoid gas development caused by the transformation of the organic
main ingredients.

Table 3 Main and secondary ingredients in plasticizing and
superplasticizing admixtures.

SUPERPLASTICIZERS | PLASTICIZERS

main’ secondary main sccondary
ingredients | ingredicnts ingredients | ingredicents
SNF MLS LSMLS | TEA

SMF retarders HC inorg. salts
CAE inorg. salts CH dcfoam. agents
Others TEA ot l;crs anti-bacterial

23 FUTURE NEEDS FOR PLASTICIZERS AND

-~ SUPERPLASTICIZERS

Since the w/c ratio is the most important parameter aflecting the
main properties of the concrete in service (strength, durability, etc.)
more effective chemical admixturces, which are capable to reduce the
wic without sacrificing the mix workability, will be nceded in the fu-
ture in constructions where concrete with high performances charac-
teristics will be required. From this point of view plasticizers are
expected to be progressively replacced by superplasticizers and new
synthetic polymers will be tested to attain to:
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—  cheaper admixtures
=  improved slump-loss performance
—  increased water reduction capability.

Special and high performance concretes will be required to attain t

= high compressive strength (30-60 MPa) or ultra high strengt
(70-120 MPa)

—  high durability against aggressive environments such as in of,
shore structures, occan sca {loor tunnels, cte.

—  special characteristics for repairs or utilization of waste matc
rials and solidification of hazardous materials in cement mixc;

3.0 RETARDERS

Admixtures which lengthen setting time and workability time ar
known as set retarders or retarding admixtures. Retarders are parti
cularly uscful for concreting in hot weather where the alternative te
chnique to face up to this problem (ice addition to decrease th
concrete temperature) is more expensive and may not be readily avai
lable at the work site. Attention should be paid to the overdosage o
retarders, unless specifically required, because in such a case the re
tarding action can be prolonged to the early hardening process (1

. days) and consequently the demolding of forms should be delayed.

Traditional retarders are substantially based on the same raw mate
rials-devoted to the manufacture of plasticizers with different formu
lation to enhance the retarding cffect [7].

Research cfforts on the development of new retarders are relativel
few [3, 16, 29, 30] and have been devoted to the case of "extended” o

“super”retarders. Two special applications of these new retarders car
be mentioned:

—  toimprove construction joints
= tore-usc returned concrete.

The latter application is related to increasing cnvironmental con:
cerns and restrictions regulating the disposal of returned fresh con.
crete as well as of truck wash water which are both considered to be
hazardous waste according to the classification of many cnvironment
protection agencies [11]. Therefore disposal of plastic concrete and
truck wash water is becoming one of the most important problems
for the ready-mixed concrete companies. The technique is substan-
tiaily based on the use of a stabilizer and an activator, where the sta-
bilizer is a special retarder that suspends the cement hydration and
the activator is an accelerator that reactivates the process. Depen-
ding on the stabilizer dosage, the returned concrete can be kept in a
plastic state for hours or days.

4.0 ACCELERATORS

Accelerating admixtures are chemicals which can increase the rate of
early cement hydration and consequently to reduce the sctting time
orto increase the early strength development at normal or low tem-
peratures. This enables reduction in the curing and protection pe-
riods required to achieve designed strengths in concrete [25].

Table 4 summarizes the main classes-of accelerators in different ap-
plications and the adverse side effects.



Table 4  Schematic classification of accelerating admixtures.

APPLICATION TYPE OF ADVERSE
ACCELERATOR | SIDE EFFECTS
portland cement - chloride based - steel corrosion
set & hardening admixturcs - high cost/
acceleration - chloride (ree performance
admixtures ratio
portiand cement - shotcrete - A.A.R. expansion
quick setting admixtures - hazards & safety
measures
- very low ultimate
strength '
i
slag - slag activators - ALA.R. cxpansion
activation - salts efflorescence

Calcium chloride has been used as accelerator {or a long period at le-
ast since the year 1873 [25]. It is very cheap and effective as accelera-
ting admixture. However, sincc the presence of chloride ions in
concrete can promote the potential corrosion of the steel reinforce-
ment, an alternative to calcium chloride is one of the most important
targets for many rescarchers in the arca of chemical admixtures. Ma-
ny soluble salts such as thiocyanatcs, thiosulfates, nitrites, nitrates,
aluminates, etc. or organic compounds such as triethanolamine or
formates have beea tricd as ingredicnts for new admixtures which act
as accelerators and do not promotc corrosion of steet [4, 18, 27, 32].
However no new admixture is as cheap and performs as well as cal-
cium chloride as accelerator of cement hydration.

Special accelerating admixtures can be considered chemicals which
activate the hydration of slag used as hydraulic cement in the absen-
ce of portland clinker. Activating admixtures for slags (2, S, 15, 33,
34] have been proposed which are based on caustic alkalis, alkali si-
licate and alkali non-silicate salts. Although they are very effective in
activating slags, these chemicals can causc some problems such as ef-
florescence effects, increase in alkali-aggregate expansion, cte. and
more research work is needed to solve these problems.

Another special class of accelerators could include shotcrete admix-
tures that are powerful accelerators of carly cement hydration, al-
though these chemical products are not used in regular concrete but
only in wet or dry shotcrete process (19].

Shotcrete admixtures require the following main specifications:

~  quick setting (within 3 min initial sct and 12 min final set);
—  rapid compressive streagth development (4-8 MPa in less than
half an hour).

Since most of the shotcrete admixtures are substantially based on al-
kali silicate, aluminate, hydroxide or carbonate, used at very high do-
sages such as 2-6%, the risk of alkali-aggregate expansion in the
shotcrete itself, as well as in the regular concrete structure in contact
with the shotcrete layer, should be carclully taken into considcration.
Therefore, experimental rescarch to find new alkali free shoterete
admixtures is needed in the {uturc cven to remove other adverse si-
de effects such as the scrious hazards (o exposed skin and cyes for
the personal equipment and the reduction in the ultimate strength.
The latter side cffect is present to a negligible extent in ordinary ac-
cclerating admixtures and becomes much more remarkable in shot-
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crete admixtures causing a 28-day strength reduction up to 30% in
comparison with the non accelerated mix.

5.0 ANTIFREEZING ADMIXTURES

Aantifreczing admixtures are sometimes considered as a special class
belonging to the general category of accelerating admixtures. Howe-
ver, the most specific action is to depress the freezing point of water
in concrete at temperature as low as -30°C [26]. Most of the accele-
rating admixtures including those based on calcium chloride at a nor-
mal dosage of 2% are capable to depress the freezing point by about
1.5°C which is negligible for many practical purposes [11].
Antifreezing admixtures, which are not popularly used in North
Amcrica [11}, but are widely used in North Europe and in particular
in Russia [26], are substantially based on multicomponent systems in-
cluding inorganic salts such as sodium or calcium nitrite, sodium or
calcium chloride, ctc., or organic compounds such as alcohols and
carbamide [11]. By using these admixtures at dosages as high as 8%,
compressive strength of 5 MPa at 1 day and 25 MPa at 28 days can be
obtained at curing temperatures as low as -15°C [17].

6.0 AIR ENTRAINING AGENTS

Air entraining agents arc admixtures which are capable to form air
bubbles dispersed throughout the cement matrix that binds the ag-
gregate. A given value in the air volume (4-6%) and a proper spacing
factor (100-200 um) are required to produce an adequate air bubble
system to protect concrete from disruptive stresses caused by ice for-
mation {12]. However, Whiting and Stark [39] have listcd 23 factors
that affect air entrainment and therefore frost resistance of coacre-
te. Variabilities in sand grading, cement composition, {ly ash, tcmpe-
rature,_etc. make difficult to adjust the proper air volume to the
required value depending on the maximum size of coarse aggregate.
New air entraining agents have been developed which are claimed to
be superior over the usual vinsol resin based products in terms of
eyenly spaced air bubbles or more stable air volume [38].

A very interesting and promising new method to produce [rost resi-
stant concrete is based on the usc of hallow plasti%: microspheres with
size in the range of 10-50 pm (31, 35, 37]. The microspheres can be
deformed and partly destroyed by disruptive hydraulic pressure cau-
sed by ice formation. However, the original voids into the hollow pla-
stic microspheres are still abie to provide empty escape spaces for the
excess water where freezing occurs. This method appears to be mo-
re-reliable than that based on the air entrainment, because the dosa-
ge of plastic microspheres is much more accurate than the formation
of air bubbles. However, there are some difficulties in controlling the
volume of microspheres dispersed in the cement matrix of the placed
concrete since the usual pressure method of measuring air volume is
not suitable. .

The main limit in the usc of plastic microspheres appcears to be the
high cost in comparison with that related to air entrainment.

7.0 MISCELLANEOUS ADMIXTURES

Miscellancous admixtures include a group of chemical products that
are uscd for special cement mixes and they are not utilized as com-
monly as the main admixtures examined in the previous scctions [19)].
A non cxhaustive list of these admixtures is shown in Table 2 and in-
cludes alkali-aggregate reaction reducers, corrosion inhibitors, pum-
ping aids, dampproofing admixtures,coloring admixtures.
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7.1 ALKALI-AGGREGATE REACTION INHIBITORS

The alkali-aggregate reaction (AAR) inhibitors are chemical admix-
tures which should be capable of reducing the expansion of concrete
caused by AAR. The most known mcthod of mitigating the cffects of
AAR is to incorporate pozzolans or slag and/or to reduce the alkali
content in the mix. However, a refiabic mcthod of utilizing reactive
aggregates has not yet definitely found and the problem is expected
to become more important in the {uture because of the shortage in
sound aggregates all over the world.

Therefore, the possibility of using chemical admixtures to reduce the
expansion caused by AAR has been taken into considcration’in the
carly '50s, and recently there has been a resurgence of interest in the
development of chemicals to inhibit the cxpansion caused by AAR

11]. .

’[Phl chemicals that have been proposcd to inhibit the expansion cau-
sed by AAR include mainly salts of lithium (about 1%) and barium
(about 2-7%) besides other organic and inorganic compounds [19].
However, these chemicals are either very costly (lithium salts) or in-
consistent for their performances and may cause adverse side cffects
such as strength loss, etc. [19]. : :
Contradictory explanations on the mechanism have been suggested
for lithium carbopate as AAR inhibitor: lithium silicates would be
produced in form-of either soluble silicates on the surface of reacti-
ve aggregates without causing swelling {19] or insoluble lithium sili-
cates that are not imbibed by water and therefore reducing swelling

{28]. More recent investigations [21] do not confirm the acceptable

performances of lithium salts in reducing the AAR cxpansion and
would indicate that other chemicals such as sodium sificofluoride or
silane are more cffective as AAR inhibitors.

Because of the above limited laboratory data, that are even contra-
dictory cach other, more research is required to find cffective, relia-
ble and cheaper chemicals for this type of admixtures in view of the
growing intcrest in utilizing even aggregates which arc potentially al-
kali-reactive.

72 CORROSION INHIBITORS

Corrosion inhibitors are chemical admixtures which should decrea-
se or prevent the reaction of the reinforcement with the cavironment
and in particular with the chloride salts penctrating through the con-
crete cover and/or the CO2 of the air. .

The most important chemicais proposcd for corrosiorrinhibitofs [19]
are: :

—  calcium and sodium nitrate, sodium benzoate znd sodium chro-
mate acting as anodic inhibitors;

—~  sodium or ammonium hydroxides and sodium carbonate used
as cathodic inhibitors by increasing the pH and reducing the so-
lubility of the fcrrous ion;

—  organic compounds (¢.g aminobenzenethiol) containing mole-
cules in which electron density distribution causes the inhibitors
to be attracted to both anodic and cathodic sites.

Calcium nitrite is perhaps the mast popular corrosion inhibitor avai-
lable on the market and has been proposed to inhibit steel corrosion
promoted by chloride [19] as well as by carbonation [1].

A list of mixed compounds systems have been proposed as good po-
tential inhibitors for use in reinforced concrete structures [11].

It is well known that corrosion of stee! is promoted by carbonation
and specially by the presence of chloride. The most important factor
protecting steel from corrosion is the watertightness of concrete co~
ver and its depth. Therefore, in reinforced concrete structures with
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adequate cover thickness and low w/c ratio, the steel corrosion en-
hanced by chloride is not a real probiem. Collepardi et al. have shown
that the use of superplasticizer to reduce the w/c ratio {9] and spe-
cially superplasticizer combincd with fly ash or silica fume (8] are ca-
pable to reduce the permeability of the cement matrix and therefore
to reduce the carbon dioxide and chloride penctration through the
cover, and then to protect the reinforcement from the subsequent

corrosion (Fig. 3-6). !
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Fig. 3: Influence of the water/cement ratio on the carbonation
d'ept.h of Portland cement concretes in a 30% carbon
dioxide enriched atmosphere [9].
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carbon dioxide enriched atmosphere. C indicates that
the cover is completely carbopated 9]
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On the other hand, in reinforced concrete structures with cracked co-
ver, chloride penctration can occur by diffusion and/or capillary ac-
tion independently of the permcability of the cement matrix.
Conscquently, corrosion inhibitors should act just in these circum-
stances even because concrete ductility is very poor and therefore the
cracking cover caused by drying shrinkage or dynamic loads cannot
be cxcluded. :

Unfortunately many corrosion inhibitors would act effectively in un-
cracked reinforced concrete structures, whereas are not effective or
would even aggravate very seriously the corrosion of steel in the pre-
sence of cracked cover [10]. .

In view of these contradictory results more research efforts should
be devoted in the coming years to the development of reliable and
cffective chemicals as corrosion inhibitors, particularly for reinfor-
ced concrete structures exposed to the poteatial risk of cracking. Al-
ternatively, ductile, durablc and impervious coating on the concretc
surface should be used to protect the cover from chloride penctra-
tion and reinforcement from corrosion.

73 PUMPING AIDS

Pumping aids are special admixtures that are generaily used to pump |
lean mixes marginally pumpable, whereas in cement rich concrete mi-
xcs pumpability may be improved by using other common admixtu-
res such as plasticizers, superplasticizers or air entraining agents.
Pumiping aids generally act as improvers of plastic propertics. There
isa long list of chemicals devoted to the manufacture of pumping aids
that includes water soluble organic polymers such as polycthyiene
oxide, starch, ether, etc. or inorganic matcrials in form ‘of fine parti-
cles such as bentonite, kaolin, ctc. [19].

On the other hand, pumpability of lean concrete mixes can be impro-
ved by increasing the cement content or even better by adding fine
pozzolanic materials such as fly ash. Therefore, the main problem of
pumpingaids is to reducc the cost in comparison with that related to
the increasc in the cement content or the amount of fly ash addition.
The wide availability and the low cost of the latter material has sub-
stantially reduced the use of pumping aids even because the addition
of fly ash to a lean mix does not change the heat development when
the concrete is devoted to massive concrete stm?turc (c.g. founda-
tions).

74 . DAMPPROOFING ADMIXTURES

Water can penctrate concrete undcr conditions of pressure through
pores continuously interconnected or by absorption through migra-
tion of moisture by capillary action.

Admixtures that reduce water penetration under pressure are called
waterproofing admixtures and act by reducing the permeability of the
cement matrix, whereas admixtures that reduce moisture migration
by imparting hydrophobic character to the hardened concrete are caf-
led dampproofing admixtures [19]. Waterproofing admixtures are
substantially bascd on combincd systems of water reducers and/or fi-
nely divided solids, such as (ly ash or silica fume, which act as inert
pore filling materials. Therefore, only dampproofing admixtures will
be shortly examined in the present report.

Dampproofing admixtures arc in general ineffective in reducing wa-
ter penctration under a positive hydrostatic head and therefore they
should not be used to produce watertight concrete in hydraulicworks.
They are generally devoted to special concrete works (c.g. founda- °
tion) where for some reason high w/c ratio is adopted and capillary
absorption of water from the moist surrounding ground should be
avoided. However, imsuch a case plasticizers or superplasticizers,
uscd to reduce the w/c ratio could act as watcrproofing admixtures



more effectively and perhaps more cconomically than the dampproo-
fing admixtures.

Moreover, dampproofing admixtures can prolong setting um«: and
reduce strength particularly whea undesiderable air entrainment is
induced by these admixtures.

75 COLORING ADMIXTURES

The normal grey color of cement bascd structures can be changed by
applying colored coatings on the surface after the concrete has har-
dened orintroducing integral coloring admixtures into the mass whi-
le the concrete is stil{ plastic. Duc to the cost of integral coloring
admixtures the color is generally changed by applying colored coa-
tings on the hardened concrete surface. However, for some special
purpose integrally colored concrete is sometimes required.

Coloring admixtures basically contain natural and/or synthetic pig-
ments which are inorganic (iron and chromium oxxds) and someti-
mes organic compounds [19].

The main problems related to the uscof colonngadmxxturcs [19]are:
uniformity in color shade and brilliance, resistance to weathering
agents such as water, light and heat, and resistance to aggrmivc che-
mical environments.

The uitimate result in coloring concrete structures depends on many
parameters including type of coloring admixtures such as natural or
synthetic pigmeats, particle size, addition procedure for the concre-
te ingredients, concrete composition, cte.

8.0 CONCLUSIONS

In coming years there will be an increasing demand for the develop-

ment of concrete constructions whith special performances that will
be able to resist the aggressive actions of hostile environments, such
as off-shore structures, sewage pipcs, undcrwater concreting ocean
sea floor tunnels, structures exposcd to chemical and radiactive ma-
terials. For the utilization of wastc materials and solidifications of
hazardous by-products, special concrete mixes will be needed [11].
Moreover, special cement mixcs will be required [or repairs of infra-
structural deteriorated concrete works such as dams, highways, brid-
ge decks, etc.
For all such applications superplasticizers alone or in combmauon
with mineral additions, such as fly ash or silica fume, will play a very
important role. More effcctive superplasticizing admixtures with hi-
gher capability in reducing w/c ratio as well as slump loss will be re-
quired to produce durable and high strength concrete.
More reliable airvoid systems to producc {rost resistant concrete are
also needed, and plastic microspheres instead of air entraining agents
could be used provided that more cconomical matcrials will be avai-
lable.
New chemical admixtures, including akali-aggregate expansion redu-
cers and corrosion inhibitors, wiil be required to produce more du-
rable concrete structures, whereas admixtures [or re-use of returned
concrete will be required 1o face up to the environmental concerns
and restrictions for the disposal of rcturned plastic concrete and
truck wash water.
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