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Influence of
Naphthalene-Sulfonated
Polymer Based Superplasticizers
on the Strength of Ordinary
and Lightweight Concretes

By MARIO COLLEPARDI and MARIO CORRADI

Synopsis: Two superplasticizers, both based on naphthalene-sulphonated
formaldehyde condensed resin, were used to prepare concretes with
three types of portland cement, two cement contents, twe types of ag-
gregates, cured at room temperature and steam cured.

One of the admixtures was found to be particularlyv suitable for
precast concrete and the other one was considered to be more conve-
nient for long transportation of concrete where a low workability
loss 1s required.

Data on workability loss, flexural and compressive strength, and
steel-concrete bond were obtained. The increase in the compressive
strength caused by the admixtures was notabiy higher than the in-
crease in the flexural strength. The increase in the strength was
higher for ordinary than for lightweight aggregates. Moreover, the
increase in strength also was found to depend on, a) the type of ce-
ment, b) the age, and ¢) the temperature of curing. The steel-conf
crete bond, determined with both smocih and twisted hars, was consi-
derably increased by using superplasticizer both in ordinary and
lightweight concrete.

Concretes, with and without admixtures, were placed with different
vibration time and the influence of workability on compressive strength
distribution was examined. Flowable concretes containing the admixture
were higher in compressive strength and at the same time showed a much
lower standard deviatiom.

Keywords: admixtures; bond (concrete to reinfoTcement); compressive
strength; concretes; flexural strength; Tightwezght agqregate con-
cretes; napthalene compounds; plasticizers; p!a§t1cs, polymers and
resins; precast concrefe; segregation; workability.
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INTRODUCTION

It is well known that a reduction in the w/c ratio improves all
properties of concrete, and in particular increases its strength (I).
Unfortunately, the w/c ratio cannot be reduced below a certain value
since the werkability of concrete becomes so low that, for a given
method of compaction, the concrete cunnot be completelv compacted. 17
one excludes some particular and sophisticated methods of compaction,
the stiffest concrete that can be satisfactorily placed is the "no-
-slump'” concrete, that is a concrete with a slump less than 25 mm (2).
However @ mno-slump concrete is very difficult to place especially if
it is to be placed in highly reinforced, precast elements. If vibra-
tion of fresh concrete is not fully and carefully performed macro-
scopic voids and in some cases honeycombing can result in the concre-
te elements. This causes differences between the strength of actual
well compacted concrete specimens and the strength of the actual con-
crete placed in the elements, the difference being higher for stiffer
concretes. It shall be assumed that when this difference is low the
concrete is '"reliable'™. In Figure I, for example, three groups of con-
cretes are shown with different reliability. The hisher the workabili-
ty, the lower the difference between unvibrated and fully vibrated
specimens, and the greater the reliability of concrete.

Reliability depends on (2) efficiency, care and degree of compac-
tion, (b) density of reinforcement and geometry of elements, and (c)
workability of fresh concrete. Only the last parameter concerns in-
trinsically the quality of concrete and will be examined in this pa-
per.

The workability can be improved by increasing w/c ratio, by using
richer mixes and by adding water-reducing admixtures. However, if high
strength and reliable concretes are to be obtained, w/c ratio must be
decreased, and only very effective water-reducing agents (superplasti-
¢izing admixtures) added to relatively rich mixes should be considered.

Superplasticizing additives are substantially based on sulphonated
naphthalene-formaldehyde polyvrers, or sulphonated melamine-formaldehy-
de polymers (3), and thev can be used either for reducing the w/c ra-
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tio in order to increase its strength or for raising the workability.
In this paper superplasticizing additives, based on sulphonated naph-

thalene-formaldehyde polymers, have been used both to reduce w/c ratio
and to raise workability so that high-strength and reliable concretes

could be obtained.

EXPERIMENTAL: MATERIALS AND PROCEDURES

Materials
a) Cement

Three different types of portland cements have been used. Table I
shows the chemical analysis, fineness and setting time of these cemen-
ts which can be roughly classified as Tyvpe I, Type ITI, and Type V ac-
cording to the ASTM specification.

b) Aggregates

Natural zggregates (sand and gravel) and expanded clay have been
used to prepare ordinary and lightweight concretes respectively. The
particle size distributions of individual and combined aggregates are
shown in Figures 2 and 3 for ordinary{specific gravity = 2500 Xg/m)
and lightweight concretes (specific gravity = 1600 to I300 Kg/m™) re-
spectively.

c) Admixtures

Two chloride-free superplasticizing admixtures (Rheomac 716 and
Rheomac 877) both based on sulphcnated naphthalene-formaldehyde poly-
mer have been used. The normal dosage rate is I,5 liters per I0C Kg
of cement for Rheomac 716 (admixture No. IDand 3.0 liters per [00 Kg
of cement for Rheomac 877 {admixture No.2). With these dosage rates
the dry polymer is approximately 0.48 by weight of cement for both
admixtures.

The former is particularly suitable for long transportation of con-
crete such as ready mix concrete where a low workability loss is high-
1y desirable. The latter is more convenient for precast concrete whe-
re a rapid stiffening during the preliminary curing at room tempera-
ture and before the steam treatment is necessary. In Figure 4 workabi-
1lity as a fumction of time is schematically shown for concretes con-
taining admixture No.I or No.2. The values of slump and time concer-
ning Figure 4 depend on the initial slump, temperature, type of ce-
ment, and type of aggregates, etc.

Procedure

Thirty eight different concretes were made and they werecured both
at room temperature (20°C} and by steam curing, giving a total of 76
concretes.

The steam curing cycle was as follows: 4 hours at 20°C, from 20°C
to 70°C in 3 hours, and 6 hours of steam curing at 70°C, then cooling
at room temperature for two hours.
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Concretes with & nominal cement content of 400 and 500 Kg/m3 have been
tested for each cement. The actual cement content, calculated from the
specific gravity and the air centent is shown in Tables Z-7.

Concretes without admixtures have been mixed at plastic consistency
(slump about I00 mm). Although concretes containing admixtures were
prepared at very flowable consistency (slump 200 mm)the w/c ratic was
considerably lower than the w/c'ratic of the corresponding concretes
without admixtures,

In spite of the very high workability, concretes with admixtures
were very cohesive, practically unsegregable and bleeding was negligi-
ble, so that 'rheoplastic” concretes (4-6) were obtained. -

Structural lightweight concretes (specific gravity = I600-1800 Kg/mJ
were also prepared using natural sand, expanded clay {Figure 3) and ty
pe 1 and ITI portland cements.The compositions of the lightweight con-
cretes are reported in Tables 5-7.

Experimental
Measurements of entrapped air, bleeding, workability and specific

gravity were made on the fresh concretes. Entrapped air was between
I and 2 per cent, while bleeding water was never higher than 2 om™ per
liter of concrete with the use of admixtures. The I0OxIOO0xIOQ mm spe-
cimens, all well compacted up to constant weight, have been tested in
compression at the age of 1,7, 28 and' 90 days for ordinary weight con-
cretes and 1,7 and 28 days for lightweight concretes. The data are
shown in Tables 2-7 and each value is the average of three specimens.
The I50xI50x530 mm specimens have been tested in flexure at ages of
7 and 28 days, and in many cases also at 90 days. These tests showed
much less reproducibility than compressive strength tests, and in so-
me cases a decrease in the value of flexural strength with time has
been observed.

On some specimens steel-concrete bond strength was measured at 7
and 28 days by determining the loading necessary to pull out either
smooth or twisted bars (diameter 20 mm) cast in c¢ylindrical concrete
specimens . R

Fifty I0OxIO0xIOO mm an specimens of six different concretes were
prepared in order to evaluate concrete reliability; they were vibrated
for different times and all were cured for 7 days at room temperature.
Comparison of compressive strength as a function of vibration time gi-
ves the possibility of evaluating the reliability of concrete as a
function of accuracy of placing.

DISCUSSICON OF RESULTS

Compressive strength
The compressive strengths of steam cured concretes at I day are re-
markably higher than those cured at room temperature. However the in-
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crease depends on the type of cement: strength increase of concretes
without admixtures at I days is about I0Q0% with Type I and Type III ce-
ment [(Tables 3-4), while it is over 200% with Type V {Table 2}, which
is a low C_A portland cement. Also, at later ages, the compressive
strength of steam cured concretes prepared with this cement remains
higher than that of the same concretes cured at TOOm temperature. On
the contrary, concretes containing Type I or Type 111 cement, with
both ordinary and lightweight aggregates, and cured at room temperatu-
te generally, show 7 day compressive strength higher than the same con-
cretes steam cured. This behaviour is considered to be usual (7), whi-
le the behaviour obtained with Type V cement should be regarded as un-
usual. Figure 5 shows the effect of steam curing on compressive stren-
gth of concretes both without admixtures prepared with a low C_A por-
tland cement (Type V) and with a normal portland cement (Type IJ.

The addition of admixtures, besides causing a remarkable increase
in workability {slump from I00 to over 200 mm), strongly increases the
strength. However this effect depends on the type of admixture and ce-
ment.

In concretes containing Type V cement, addition of admixture No.2
causes a higher increase in the compressive strength at early and la-
ter ages, than that caused by addition of admixture No.Il. For example,
with gdmixture Ne.2 it is peossible to obta%n strengths higher than 600
Kg/cm™ at 1 day and higher than I000 Kg/am™ at 90 days for steam cured
concretes, an increase in compressive strength of over 70% at I day
and about 30% at 90 days in comparison with the concretes without ad-
mixtures. The strength increase is particularly remarkable taking in-
to account that concretes without admixtures were much less workable.

For concretes prepared with Type I cement, the strength increase
at early ages using admixture No. 2 is higher than that reached by
using admixture No.I while compressive strengths at 7 and 90 days are
comparable. The S0-day comgressive strengths in the presence gf admix-
tures are about 1000 Kg/om™ with a cement content o 400 Kg/m™, and
about 1100 Kg/cm™ with a cement content of 500 Kg/m™.

For concretes containing Type I11 cement the stremgth increases at
I day caused by both admixtures are comparable. However, the later age
strength is higher with admixture No.I, particularly.for concretes cu-
red at room temperature. For example, at 90 days the compressive stren-
gth of concrete cured at room Eemperature and containing the admi§ture
%.I is higher than 1200 Kg/om® with a cement content of 400 Kg/m and
higher than 1300 Kg/cm™ with 300 Kg/mb cement content.

The above mentioned results demonsirate that the selection of an
admixture should take into account the type of cement and the curing
cycle. Moreover, other technological aspects such as the time of tran-
sportation must alsc be considered: for example, admixture Ne. I,which
causes a lower increase in the compressive strength than admixture No.
2 when used with a low C?A cement (Table 2), may be preferred if one
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considers the advantage of the low workability loss (Figure ¢}.

It is important to note that with some cements it is possible to
eliminate steam curing and to obtain the same compressive strength by
the use of a superplasticizer: this is true, for example, for Twpe I
cement and particularly for Type III cement in the presence of admix-
ture No.2 (Tables 3-4).

On the contrary, the addition'of admixtures to Type ¥V cement,which
is particularly affected by steam curing, allows one to shorten the
steam curing cycle but it is not possible to completely eliminate 1t.

The effect of admixtures on lightweight concretes prepared with
expanded clay aggregate (Tables 5-7) 1s less than that observed with
ordinary concretes. As it will be shown later, the most remarkable
advantage for using these admixtures for lightweight concretes is a
higher steel-concrete bond strength and the possibility of reducing
the vibraticn time to place them.

The strength increase caused by the use of admixture No.Z in light
weight concrete (specific gravity =~ 1800 Kg/mj] made with Type I ce-
ment, 1is about I0-20% at I day and zbout 3-I0% at 28 days (Table 5).
The highest compressive strength achievable is about 450 Kg/cm™ at
I day and more than 600 Kg/cm™ at 28 days.

The effect_of admixtures on lightweight concretes (specific gravi-
ty = 1800 Kg/m™), made with Type III cement is more pronounced than
that observed con concretes containing Type I cement: strength increa-
se -goes from a minimun value of I5% to a maximum of 50% at T day,and
from a minimum of I10% to a maximum of 20% at 28 DAYS (Table 6).Admix-
ture No.l is as effective as No.2 both at room temperature and in the
steam curing, both at early and later agfs: the highest compressive
strength obtained is more than 500 Kg/cm™ at I day and more than_750
Kg/am™ at_28 days. If specific gravity is reduced from I200Q Kg/m_ to
1600 Kg/m™ (Table 7), by using a lighter expanded clay (400 Kg/m™ in
bulk), the highest compressive strength.achievable is more than 3C0
Kg/cm™ at I dav and more than 400 Kg/cm™ at 28 davs.

Flexural Strength

It is well known that flexuraf'strength measurments are less re-
producible than measurements of compressive strength.

For this reason, in some cases, lower flexural strengths were
obtained at later ages than at earlier age.

On the other hand, it is not possible to increase flexural strergth
considerably, contraryv to what happens with compressive strength,
either by increasing the cement content from 200 to 500 Kg/m™, or re-
ducing the w/c ratio by using admixtures and prolenging the curing
from 7 to 90 days (Tables 2-4).

Flexural strengths range from a minimum of 45 to a maximm of 65
Kg/am~ for ordinary concretes without admixtures and from a minimum
of 50 to a maximm of 80 Kg/om™ for concretes with admixtures {Tables
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2-43.
Flexural strength for lightweight concretes ranges from a minimum

of 12 Kg/cm? to a maximum of 30 XKg/am? without admixtures and from

a minimum of 24 to a maximum of 43 Kg/em™ for concretes with admix-

tures {Table 5-7),

Reliability of Concrete

The data discussed in the previous section concern concretes fully
compacted to a constant weight independently of their workability. In
the present section the results of ordinary and lightweight concretes
having a different workability and compacted differently are discus-
sed. Table 7 shows the composition of stiff,plastic and fluid con-
cretes without admixtures, and rheoplastic (4-6) concrete with admix-
ture No.2. The w/c ratio of stiff and rheoplastic concretes is appro-
ximately the same, and both these mixes have a w/c ratic lower than
that of plastic and fluid concretes. Fluid concrete without admixtu-
res was varticularly segregable and showed high bleeding; values up
0 60 an® of water per liter of concrete were obtainsd.

These mixes were placed with a vibration time of 0,5,10,20 and 30
seconds, in order to obtain concretes with a different degree of com-
paction. Ten specimens for each vibration time were prepared for a to-
tal of fifty specimens.

The histogram of Figure 6 shows the frequency, that is the percen-
tage of specimens whose compressive strength fall into a range of 50
Kg/cm?, For example, in Figure 6d, 75% of specimens gave compressive
strength values in the range of 675 to 725 Kg/amé, while only 5% of
specimens gave compressive strength of 575 to 675 Kg/em?. Because of
the same w/c ratio {=0,34), the highest compressive strength for both
stiff concrete without admixture and rheoplastic concrete with admix-
ture is 700+25 Kg/cm? and this value corresponds to the most fully
compacted concretes. Only ISY of stiff concrete specimens (Figure 6a)
had strengths of 700+25 Lg/cm as only a part of the specimens vibra-
ted for the longest time (30 seconds) were fully compacted. On the
contrary, in the case of rheoplastic concrete, (Figure 6d) due to its
high flowability, not only the specimens vibrated for the longest ti-
me, but also many of those vibrated for shorter time were fully com-
pacted and reached strengths of 700+25 Kg/cm?.

The compressive strength of the fully compacted plastic concrete
without agmixture (Figure 6b) is at best 500+25 Kg/cm? and 40% of spe-
cimens attain this value. The highest compressive strength of fully
compacted fluid concrete without admixture (Figure 5¢) is 350+25 Kg/
an? and 70% of specimens reached this value. -

The highest strength of plastic and fluid concretes is obviously
lower than the highest strength of stiff and theoplasti concretes
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because of the higer w/c ratio.

Moreover the lowest strength corresponding to concretes unvibra-
ted or vibrated for shorter times, is 500+25 Kg/cm? for rheoplastlc
concrete, 200+25 l(g/cm2 for fluid concrete, IS50+25 hg/cm- for plastic
concrete and only I00+25 Kg/cm? for stiff concrete.

Finally, the average compressive strengths are 679, 327, 403 and
405 Kg/cm?® for rheoplastic, fluid, plastic and stiff concrete respec-
tively, while the standard deviations are 44,40,98 and 200 Kg/emZ for
theoplastic, fluid, plastic and stiff concrete respectively.

Similar conclusions can be drawn for lightweight concretes (Figure
7.

All these results demonstrate that rheoplastic concretes are very
relizble implying that strengths obtained in well compacted laborato-
ry specimens can also be achieved easily in structural elements. In
other words, for very flowable concretes containing the above type
of admixture, and therefore having a relatively low w/c ratioc, the
quality, and in particular the strength,is much less dependent on
the density of reinforcement and the geometry of element, and on effi-
ciency, care and time of compaction realized on a job-site.

Influence of the Admixture on Steel-Concrete Bond Strength

Table 8 shows steel-concrete bond strength at 7 and 28 days for
sitooth and twisted bars, The addition of admixture No.Z improves the
adhesion between steel and concrete for both ordinary and lightweight
mixes. For example, in ordinary weight concrete the addition of the
admixture raises the steel-concrete bond strength at 7 days from I2
Kg/om? to 35 Kg/am? for smooth bars and from IS0 Kg/em? to 275 XKg/amé
for twisted bars. Similar improvements are cbserved for lightweight
concrete; in the presence of the admixture, the steel-concrete bond
strength of a lightweipght concrete becomes substantially the same as
that of an ordinary weight plastic concrete without admixture, al-
thoug the lightweight concrete is much more flowable.

CONCLUSIONS

The test tesults reported show that, by using admixtures described
in this paper based on sulphonated naphthalene-formaldehyde polymer,
reliable, high strength concretes can be obtained. The compressive
strength of these concretes is substantially the same of a well com-
pacted no-slump concrete with the same low w/c ratio. On the other
hand, in the fresh state the concrete is very flowable, cohesive and
practically unsegregable.

Because of its high workability and low segregation the strength
of this concrete locally placed into formwork is not very dependent
on the efficiency, care and time of compaction, or on the density of
reinforcement and geometry of elements. It has been preposed to define
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such a concrete as reliable. Reliability is also due to the remarka-
ble increase of the steel-concrete bond strength caused by the presen-
ce of the admixture.

The choice of a superplasticizer admixture reguires one to take in-
to account the type of cement and the curing cycle for the steam
treatment. Moreover other techonological aspects such as for example
the time of transportation must be considered. In the present paper
two admixtures with different performances for the workability loss
have been examined. .
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TABLE I

Characteristics of Cements Used

Type 1 Tvpe 111 Type V
Ca0 63,00% 62,92% 63,08%
510, 20,804 21,434 22,254
AL,0, 5,51% 5,315 3,71%
Fe,Oi 2,99% 2,68% 4,58%
hig0 0,85% 1,63% 2,465%
503 2,95% 3,37% 2,10%
Na,0 0,194 0,12% 0,08%
K0 G, 38% 0,14% 0,14%
Inseluble residue 0,I5% 0,22% 0,10%
Loss on ignition 2,00% 2,22% I,50%
CBS 56,9% 44,2% 50,24%
C,8 19,3% 28,1% 25,9%
C3A 9,8% 9,5% 2,1%
C4AF 9,8% 8,I% 13,9%
Initial set (h) Sh 038’ Iﬁ 45’ 2h ek
. Final set (h) 4h 23! zh 40" 4h 36!
Blaine cm=/g 3855 S160 3763
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Ordinary and Lightweight Concrete

TABLE 8

331

Characteristics of Concretes Subjected to Different

Vibration
|
Cement w/c Adm Siump Type of Specific
Content ratlo T (mm) aggregate Gravigy
(kg/m”)* (Ke/m)**
418 0,33 no 10 normal 2525
411 0,46 o 100 rniormal 2460
415 0,56 no 220 normal 2485
417 0,35 ves 220 normal 2520
405 0,48 no i) lightweight| 1780
432 0,52 ne 80 i lightweight| 1335
f
415 0,65 no 220 lightweight| 1730
401 0,48 yes 210 lightweight 1750
# Type I Cement was used

»x Data given for fully compacted concrete

332

TABLE 9

Collepardi and Corradi

Steel-Concrete Bond Strength

o Workabi- BOND STRENGTH (Kg/cm?)
Caracteristics of concretc .
lity 7 d EE
Slump Smooth | Twisted Smooth | Twisted
_ {mm) Bar Bar Bar Bar
3 4
400 Kg/m™ of cement N.1 | . 5
without admixture 100 | 150 13 152
., 3 .
4QO hg/m' of cement NoI 220 } 275 10 285
with admixture ]
500 Kg/moof cement No2 l
without admixture, light- _; I00 i 66 6 93
rweight concrete (IS00 Kg/m°]
, 500 Kg/m2of cement No2
'with admixture,lightweight | 210 | 132 21 210
concrete {1800 Kg/m:’) ] # |
NON VIBRATED VIBRATED  NON VIBRATED VIBRATED NON VIBRATED VIBRATED

NO SLUMP CONCRETE

siump =10 mm

slump =100 mm

slump =220 mm

PLASTIC CONCRETE FLOWABLE CONCRETE

Fig. 1--Concrete aspect as a function of workability and vibration
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Ordinary and Lightweight Concrete
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Ordinary and Lightweight Concrete 335

3

Adm'N,

SLUMP (mm)
T

]
o) 1 2
TIME (HOURS)

Fig. 4--Workabjlity loss as a function of time

B: Type I Cement

A: Type V Cement

™l

-

=Room temperature §

=Room temperature
— — ——=Steam cured

COMPRESSIVE STRENGTH (Kg/cm?)
¥ 8§ 8 8

N I

1 7 25 90 1 7 28 90

=)

TIME (DAYS) TIME (DAYS)

Fig. 5--Influence of type of cement on the compressive strength of
concrete cured at room temperzture and steam cured
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Collepardi and Corradi

Siamp=10 nm B Siweps (0 pan il
Vo= 0,30 04,0 = 0,18
20] v ithout Wl intere 2o]without admisture
‘ 72 B
10\ Bt
AV 0

/0 =0, 50
4ol iThout
admixture
30
204
10- zZ
.
o %
St =220 mm it
m-h/l,:ﬂ,‘—\h .
~  soduithout
z 50‘;1Li|rzi.\l‘urc
§ ¥
g 30
X
w
20,
10
i
o £
go_Slus‘m =32(_1rm'.n uj
w/u EANEN]

804w tir dmixture

0 wo | 3o

STRENGTH (Kgfem?)

Fig. 6--Frequency as a function
of strength for normal concrete
with different workability and
vibrated for different time
(G-30 sec)

FREQUENCY (%)

Slhunp=80 m v}
e e =0,52 ;

acdwithout adwixtuie

Shoep =220 mn Ch
w/o=0, 05-without

idimixture

S0

P EF

3

Stanp =210 mm ()
\\/\.’ =”, s
with admixtnse

404
304
204

104
O T T m T T T

¢ 100 300 300

STRENGTH (Xg/m?)

Fig. 7--Frequency as a function
of strength for lightweight
concretes with different work-
ability and vibrated for
different time {0-30 sec)



