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Use Of Super Plasticizers In Cement Concrete:
Present Status And Future Prospects In India

Irshad Masood and S.ICAggarwal, Central Building Research Institute, Roorkee

The addition of certain substances
to concrete mixes has been found to
result in the reduction of water content
for preparing a workable concrete. The
materials used to increase the work-
ability are nany, like lime, foaming
agenls, sodium silicate and the surfac-
lunts ete, The addition of one such sub-
stanice, the plasticizer to the concrete
results in better workability and higher
strength thanthe control concrete. How-
ever, the above materials have effects of
@ low order. There are somne other sub-
stances such as glucose, Na-gluconates,
Ca and Na-lignosulphonates, salicylic
acid, hydroxy acids, carbohydrates, bo-
rates, phosphates of Pb, Zn, Cu etc.
which are also capable of reducing wa-
ter requirement to the order of 10-15
percent. Higher dosoge of these may
result in further reductions but the
properties of the concrete may get ad-
versely affected.

To achieve still higher reduction
sonie orgnnic materiols have been de-
veloped during the last two decndes
which are culled super plasticizers. Such
substances are capable of reducing wa-
ter contents to the order of 30 percent
and at the some time result inimprove-
ment in the desirable properties of con-
crete. Although such materials have
been known since 1940, they have been
used for purposes other than concrete.
Their use for concrete began in 1960 in
Germany and Japan and later on these
substances got introduced in Furope
und Americnin 1970, Intheinitinl stage
the salts of polyinerised naphthalene
formaldehyde sulphonate were intro-
duced; later on other formulations found
their way. Now super plasticizers con-
stitule a class of their own and can be
classified into four groups on the basis
ol their chemicnl composition:
n)Sulphonated melamine formaldchyde
condensate (SMI)

b) Sulphonated naphthalene formalde-
hyde condensate (SNI)
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c) Modified lignosulphonates (MLS)
d) Others including sulphonic esters,
carbohydrates esters, salts of organic
hydroxycarboxylic acids ete.

A number of advantages in concrete
behaviour have been found by the re-
scarchers with the use of super plasti-
cizers such as (a) the production of high
workability for easy placement of con-
crete even in complicated situations as
well as those bearing complex rein-
forcements, (b) high strength concrete
with less water content but with nor-
mal workability, and (c) concrete with
normal strength using lesser content of
cement etec. The addition of super plas-
ticizer is said to help in avoiding ad-
verse effects on shrinkage, durability
cte. in conerete with higher cement con-
tents for high strength by reducing tho
water cement ratio and allowing slow
stiffening.

Types And Pattern Of Use

A nuniber of studies on the uge of
dilferent types of super plasticizers in
concrete to enhance one or the other
property liave been reported mostly in
the developed countries. SMF and SNF
based super plasticizers are cited for
use in concrete extensively in the litera-
ture.

Rixom and Waddicor(l) and
Malhotra and Malanka(2)compared the
behaviour of melamine, naphthalene
and lignosulphonate super plasticizers
and found that all behaved well; 0.6%
SM I or MLS prodiiced similar eflect ns
obtained by 0.4% SNI by increasing the
slump from 50-260 mm.

The dosage required to obtain a
particular slump depends on the initial
slump, while the slump value increases
with the increase in amount of super
plaaticizerinconerete(3)but tonlimiled
extent. The slump is generally fTound to
be alfected by the type and content of
cement used(4). Water reduction in
concrete with use of super plasticizer

with all types of cements does occur but
the extentofreductionisnot the same(5).
Excessive dosage of super plasticizer in
concrete tends to promote segregation
of fresh concrete and subsequently
results in an increase in the
heterogeneity of hardened concrete with
depth(6). However; on keeping Lhe
slump, water-cement ratio and [ine
aggregate percentage constant, super
plasticized concrete behaves similar to
air entrained concrete with regard to
resistance to segregation and
homogeneity of hardened concrete.
Kishitani et el(7) have shown that a
flowing concrete obtained by using SNF
based super plasticizer had no adverse
eflects on the properties of hardened
concrete except inducing some increase
in bleeding of fresh one, whereas the
pluceability of concrete was observed to
be twice as easy as that of control
concrete inaddition toimproved surface
appearance and high strength.

A study by Brooks ct.nl.(8) on
strength, elasticity, creep, shrinkage,
swelling etc. of wauter cured and steam
cured concrete made with a rapid
hardening portland cement with and
without SMF super plasticizer yielded
very interesting results. The
continuously water — cured specimer
showed strength and modulus o
elasticity in increasing order but in casc
of exposure to drying at the age of twc
days, the super plasticized concrete:
showed higher shrinkage and creep anc
constant stress atrenglh rotio and w
later ages gave lower compressive
strength and modulus of elasticity
Steam curing for six hours and ther
storing in water resultsin higherinitia
compressive strength than those storec
‘continuously in water. At higher age:
(A07 dnyn) the strength of stenm curec
und then water cured specimens were”
and 14 percent lower than witl
continuous watercuring for control an
admixtured concrete respectively.
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Tokuda et al.(9) perforined studies
on rich mix concrete using three super
plasticizers namely polycyclic
sulphonate, highly polymerised triagin
and b-naphthalenc acids, to improve
drying shrinkage, thermal diffusivity
and coeflicient of thermal expansion.
The choice and suitable dosage of super
plasticizer resulted in reduction of unit
water content and also resulted in the
decrcase in cement content which may
be of great help in designing massive
concrete structures of comparatively
rich mix concrete for preventing shrink-
age and thermal cracks.

Flyash Substitution In
Cement — Concrete

Although alarge number of workers
have studied (10-15) the use of flyash in
concrete but only a few have tried to
obtain high strength concrete with re-
placenient of cement by flyash and in-
corporation of super plasticizer.

Dransfield (16) described a case his-
tory where 20 per cent cementitious
material wasreplaced by pfa (pulverised
fuel ash) and use was made of super
plusticizers which resulted in waler
reduction of the order of 20-25 per cent
and the strength increase of 140-155
per cent at 28 days and that was main-
Lained to the order of 120-135 per cent
alter three years. nud
Christensen(17) experimented on in-
creasing the flyash content in concrete
by using super plasticizer NSAP and
showed that a reduclion in cement con-
tent from 450-500 kg/m® to 270 kg/m? is
possible by increasing the flyash con-
tenttoasinuchas 130 kg/m?®. It wasalso
found that the combined use of flyash
and super plasticizer (cemnix) may be
exceedingly beneficial from strength
point as water cement ratio 1s reduced,
since the heat evolution is reduced in
such conditions.  Malhotra (18) also
showed that the combined use of flyash
and super plasticizer allows the manu-
facturc of semi-light weight concrete of
1835-1961 kg/m?® with strength of the
order of 30 and 40 MPa at 1 and 3 days
respectively. Nagatakiet al. (19) found
that iticorporation of 45 per cent flyash
and super plastlicizer in cement con-
crete gave auloclaved coneretle of good
strength properties. Mukherjee et al.
(20) also established that high strength
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concrete can be obtained by using higher
percentage of flyash in presence of su-
per plasticizer. Stuartetal.(21)showed
that high replacement of cement by
flyash in mortar in presence of super
plasticizer does not result in an appre-
ciable increase in strength.

Precast Unils

Use of super plasticizers for obtain-
ing good performing concrete units have
been advocated by a number of workers.
Aigneberger and Kern (22) found that
by the use of SMF super plasticizer in
high performance concrete for blocks,
pipes and extruded concrete products,
proper placing and compacling can be
achieved at anhmost any waler cement
ratio. The water cement ratio is re-
ported to be reduced in this case but
workability maintained and the
strength increased. Higher dosage of
SMF resulted in increasing the work-
ability with reduction in watler-cement
ratio but gave higher strength concrete.
Even with the use of lower quality of
cement in the presence of SP the results
obtained have been as good as with use
of SP withoutlowering the guality of the
products. There is little information on
Lhe use of super plasticizer for no slump
or zero slump concrete. Pfeiffenberger
and Ray (23) investigated the use of
various dognges of SMI® hnsed super
plasticizer for producing extra higher
strength concrete blocks and found that
3 per cent addition showed best perfor-
mance. One point for further study was
raised i.e. whether a mix of 1:7 cement
aggregate could be altered to leaner
mixture and would it be possible to
Jlower the curing temperature and ma-
chining time ete.

Similarly Mureta et al. (24) showed
that it is possible to produce and utilise
high strength concrete for prestressed
concrele piles, rail picrs ete. The pro-
duction of high strength concrete can
make it possible to reduce the cross
section of the structural members and
these can replace steel structures. In
this study various cement contents (450-
500 kg/m?), two Lypes of super plasti-
cizer (SNF and SMF), two slumps (140
mm and 80 mm) for insitu cast concrete
and prestressed concrele respectively
were used. Curing was done in auto-
clave,steamandordinary temperatures.

A 60 MPa strength concrets
tained with water-cement ratis
per cent. The particle size
of cement was found to grig
cnce the consistency of high
concrete with very low water
ratio.
Ramakrishnan et al(25
the performance characteris
per plasticized fibre reinforced o
and found that [ibre content
incrensed with good bond and in
ment in flexural strength, load
capacity and ductility.
Collepardi and Corradi (26)f
that addition of super plaslicn
concrete mix helpsimprove Lieud
of concrete and steel and that
strength with normalbarine
1.2 to 3.6 MPa while for twis
increased from 15.0 to 27.5 MPs
days curing.

Efficacy In Presen
Other Additives

The addition of certain
constitnents alongwith the
plasticizers has been found toi
the efticney of tho super plusti
the properties of the resultant
Collepardi et al.(27) used SN
plasticizer in a concrete containi
expangive ngent Lo reduce the 4
shrinkage and found that
expansive agent would be reg
shrinkage compensation purposs

Addition of certain roburd
water reducers in the superp!
concrete was studied
Ramachandran(28) with respe
slumnp loss in super plasticized
assuper plasticized concretesh
obgerved to show loss in slump, |
found to have been extended, inpi
of super plasticizer, to different e
by the addition of various rel
Ca-lignosnlphonate, sucrog
gluconate, citric acid, salicylice
heptonate, Na-boroheptona
Sodium gluconate was foun
effective. This acts as a dispi
cement particles and starts hy
of C,S. The slump can al#
maintained by additions of a pol
super plasticized conerele
Repeated dosageof superplag
extends slump loss time.

CE & CRAUG 93



http:Malhor.ra
http:plastici7.er

| CONSTRUCTION CHEMICALS [ g b

Roberts(30) studied the effect of
ating time, temperature and cement
i the strength of concrete by making
peof four different types of cement and
diflerent types of super plasticizers,
and without retarders. The use of
per plasticizer was found to permit
wduction of elevated temperature
auring of type III (ASTM) cement. It
was found to be governed by the age on
which the required strength was needed
i he achieved and the type of cement
d. In case of the nced for lower
furing temperature, a water reducer
recommended to be used and a
larder if higher Leinperature curing
expected. Hampton (31) suggested
ays and means to improve fluidity of
crete at higher temperature of 85-
(29-32"C) as it goes down within 30
minutes. Modificatlion of naphthalene
sulplionate condensate was made with
some relarders and the slump loss was
thecked for longer periods.

Use In Blended And Other

Cements
Use of super plasticizers in blended
ents or portland cements

incorporating silica fume, blast furnace
lug or flyash ctc. has been found
olicial for strenglh developinent.
he(32) achieved considerably higher
ngth, 150 MPa at 100 days in super
sticized (1-4 per cent SP) concrete
silica flume (133 Kg/m®) and cement
(400 kg/m™). In the case of blast furance
conerete, upto 65 per cent cement
been replaced by blast furnace slag
and it was also found that in this
2, 10 per cent less superplastlicizer
thun the reference portland cement
wnerete was needed for achieving the
me consistency. But a change in
aviour was observed in such cases.
n ease of 25 per cent cement
twplacement level, the strength of air
anlrained concrete was more than the
torresponding super plasticized air
wnlrained concrete at watercementratio
of0.38. But at 0.46 and 0.56 w/c levels
{he strength of the super plasticized air
‘ntrained concrete was higher than the
eirresponding air entrained concrete.
This needs further study. Valore et al.
{34) have found that superplasticizer’s
wilh flyash cement concrele gives
goodd perlormance.

Table - 1: Comparison Of Different Super Plasticizers For 1 CUM
1:2:4 Concrete (Cement Content = 6.4 Bags)
ST, Superplas- Physical Densi- — Shelf Recormended Quantity of Cost of  Cost of super-
ta. ticizer State sity Tife Dose by wt.  Superplasti- Super plasticizer for
Yrs. of Cerent clzer Reouf- plasti-  1:2:4 concrete
red (kg.) cizer in I Cum (Ps.)
— e ey Rs./Ka,
1. SIXANCHY Linuid 1.20 1 0.6 - 3% 1.7 - 5.1 26.50 43 to 135/-
2. COMPLAST -do- 1.10 1 0.3 - 0.6% 1.8 - 3.6 12.00 21 to 42/-.
3. Supa plast -do- 1.17 1 400 - 600 ml 2.2 - 3.1 29.00 64 to 90/-
4. FOSROC 337 -do- 1.20 1 500 - 700 mt 2.7 - 4.0 32.00 86 to 128/-
5. FOSROC 430 -do- 1.20 1 500 - 700 m1 2.7 - 4.0 32.00 £6 to 128/-
G. Mc Plast -dn- 1.04 ! 0,15 - 0.3z 0.9 - 1.8 49.00 44 . BAL/-
7. Tentroment -do- 1.30 1 0.5 - 1.2 2.5-5.0 41.00 102.50 to 209/-
6. CBRI-SP ~do- 117  BYrs, 0.4 - 0.67 3.3 -5.0 5.10 17 - 25.50
0ld
Samples (600 - 900 ml)
working
alright

Quon and Malhotra (35) used three
types of super plasticizers on high alu-
mina cemnent concrete for slump,
strength and degree of hydration stud-
ies. Atearly agesof 10 hoursand 2 days
a lowering in strength of the super
plasticized concrele wag observed., At
180 days Lhe strength of the two con-
cretes was comparable, reaching a value
of the order of 80 MPa. The addition of
SP to high alumina cement does not
affect the rate of hydration but at 180
days it was found to have converted 30
per cent Jess than without SP.

Use In Aggressive

Conditions

Walter Lukas (36) tried to find the
chloride penctlration in super plasti-
cized concerete and observed thut high
quality concrete with a low water ce-
ment ratio had a considerably smaller
chloride content than other concrete of
same consistency. Similarly a
superplasticized concretle has a smaller
tendency to absorb chloride than
untreated concreles of the same water
cement ratio. Haltori (37) showed that
reinforcementin a SNF type super plas-
ticized concrete does not show any sig-
nificant corrosion in a chloride solution
while normal concrete shows high cor-
rosion.

Mailvagnam et.al (38) studied the
sulphate resistance of cement flyash or
slag mortars with super plasticizer and
found that mixes containing 30 per cent
replacement of normal portland cement
wilh [Tyash or slag.in presence of super

N s T

plasticizer are comparable to mixes
made from sulphate resisting cement in
their capacity to resist the sulphate
attack. Similar results were reported
to have been obtained by Brooks et. al
(8) and Collepardi et. al (27).

Modifications On Site
Applications

The addition of super plasticizer may
result in flowing concrete, when the
required water-cement ratio is not
altered, or the high strength concrete
when the required waler-cement ratio
isreduced. Flowing concrete mix design
is affected by cement type and content,
fines content, aggregate properties,
maximum placing slump, dosage of
supcer plasticizer and sequence ol
addition. An important application ol
such high workabilily cohesive concretle
by usc of super plasticizer is in pumped
concrete. Some areas where use of super
plasticizer has resulted in converting
the impossible into successful
implementation of concreting ideas are
construction of bank vaults (Standard
Chartered Bank at Bishopsgate, U.K.),
strengthening of bridges and platforms
for London Transport Executive where
pumpable concrete was produced by
use of super plasticizer (39). Other
applications include the coustruction of
floor slabs, roof decks, and concrete bay
areas. In the base limit of a water
trecatment plant, closely placed plastic
pipes precluded the use of norinal
vibratory compaction due to
unaccessibility for vibratory machine
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and possibility of pipe damage, thereby
calling for the use of super plasticized
concrete. Diaphram walling, casting
heavily reinforced structural elements
and precast units of complex shapes
such as construction of toroid shaped
dome units of Ninian Platform in
Scotland are some other such situations.
High strength in concrete realised by
the use of super plasticizer may be
advantageous for production of high
strength precast columns in high rise
buildings, girders and also the concrete
for nuclear plants for prestressed
concrete pressure vessels(40).

Use Of Super Plasticizers

In India

Gokhle and Paranjpe (41)advocated
indegenous production of super
plasticizer for concrete in view of the
established beneficial effects reported
in the advanced countries. The use of
super plasticizer was also envisaged to
cut the total cement demand whichin a
way would supplement the production.
Limited trials have indicated that
addition of 0.6 per cent and 1.2 per cent
of one super plasticizeris able to reduce
the water requirement by 16.4 per cent
and 23.6 per cent respectively at same
workability and the 28 days compressive
strength increases by 35% & 651.7%
respectively.  Chithrunjan(42) on thoe
basis of some laboratory investigations
concluded that 0.2 per cent super
plasticizer addition is optimum for a M
30 concrete and that results in a saving
of 30 per cent cement. Aggarwal (43)
during the preliminary investigations
onthedevelopmentofasuperplasticizer
from CNSL found that the slump,
compaction factor and the 28 days
compressive strength as well as the 3
and 7 days strength increases with the
addition of superplasticizer to concrete.

Scope Of Further

Investigations

Aperusal ofthe literature cited above
makes it clear that good.quality con-
crete can be produced with a low water
cement ratio and least possible cement
for required strength so thatithasalow
slump or workability and requires good
compactive efforts to produce a dense
concrete. But all these conditions are

difficult to achieve simultaneously. With
the incorporation of super plasticizer,
the workability and ease of placement
etc. are improved, the water require-
ment is lowered and improvement in
strength occurs. The reduction of water
cement ratio leads to higher strength
concrete and also brings down cement
consumption.

However, all the super plasticizers
do not behave similarly. The loss of
workability or slump with time of con-
crete mixing is more with melamine
based than the naphthalene based su-
per plasticizer. The change of conden-

. sation also shows a difference in

behaviour even with similar family con-
densates. The numberofcations present
on the super plasticizer and the molecu-

_lar weight also influence the effective-

ness.

The behaviour of the concrete mixes
obtained from different type of cements
is found affected to different degrees in
the presence of super plasticizer. Flyash
or slag based blended cements may
make a good subject of study in this
regard. Concrete of high flyash con-
tents may be designed to utilise the
waste for making up the proper paste
content and thus alleviate the polluting
material. For designing concrete of
different properties, the strength of the
comont used plays an important role
and added to it tho effect of tho super
plasticizeremployed. Therefore,in view
of availability of different types of ce-
ment in India a thorough study on the
designing of concrete with a view to
rationalise and update the relationship,
as given in NBC 1970(44), on strength
or grade of cement with grade of con-

- crete and addition of pozzolanicor inert

micrograin filler for optimum paste con-
tentsin concreteiscalled for. Extensive
trials will give a guideline for economic
mixdesign of concrete with high strength
cement in presence of super plasticizer.
Ultra high strength concrete shall also
be designed by proper evaluation of
shape, size, grade of coarse and fine
agpregate.

The alteration of concrete proper-
ties have been attributed to the pres-
ence of super plasticizer which is sup-
posed to affect the hydration character-
istics of cement compounds. The addi-
tion of super plasticizer has been found

“well as the effects of surface

to influence the dispersion of
ment particles but their effect
ing with the type of super plasii
dosage, mixing method and |
The rate of hydration of cemes
affected by  similar
well as others like teinperatu
cement, its finenecss, water o
However, all these factora
been fully studied with regar
crete properties. The presenc
plasticizer has been found toalk
the Ca0:Si0, ratio in C-S-F
in one cage it was reported (4
altered [rom 1.19 to 1.21 wi
of 2 per cent SMF. The elfies
plasticizer in presence of of
als viz retarders, acceleraler

ticle size distribution, CA, €
alkali contents etc. of cemen
determined. The use of super
cizer beyond a certain limil
duce undesirable effects w
evaluation. The change in
ture and morphology of the
phase in presence of differe
super plasticizers can be
explain the compactness, dense
permeability of super plas
crete. Therefore, a compreh
on rate of hydration, change
size and dispersion of diffe:
cemont in prosence of aupar pl
available at presont inthe eounl
be worthwhile.
Super plasticizer
revolutionised concrete
the past two decades in advan
tries but have yet to pick up
Very little information is a
the country on the use and elfi
various super plasticizers availah
regard to the properties like
shrinkage, workability, durab
meability, behavour in agg
ronments, corrosion of rei
bonding of old and new con
At present super plasti
manuflactured by foreign collab
namely Fosroc (U.K.)., Me-Haus
(Germany), Tamol BASF( 1l
being marketed, in the coun!
addition to some others bam
lignosulphonate. A pre
information on some of thesoiagl
Table 1. Their behaviour in %

countries like India is not thow
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sialed which may be of great help to
nstruction sgencies. The type and
o, particularly of the [ine nggregnte
nges from place to place which hasa
inbleeffectonthedesign method
the properties of mortars and
Therefore, a atudy of the
nspects vis-n-vis tho usc of
ent type of Indian super
ers may be of great utility.
Another important field of applica-
uy be for ferrocement compo-
s where 95 per cont of mutrix con-
of cement, aggregates, mixing
ete. has a pronounced effect on
aviour of the final product(486).
plasticizer is expected to result
uction of water, increase in
1, reduction in permeability,
waterproofing and increased
lyand reduced reaction between
trix and galvanised reinforce-
The yse of water reducing admix-
wshall permit the use of more sand
same design strength which also
in fewer creep strains and less
cracking.
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