
45IBRACON Materials Journal • 2006 • Vol.2 • nº 1

B.f. Tutikian | R.a. Cremonini | D.C.C. Dal MolinVolume 2, Number 1 (September 2006) p. 45-55 ISSN 1809-5046

Revista IBRaCON de Materiais
IBRaCON Materials Journal

Comparative assessment of Self-Compacting 
Concretes with and without Viscosity Modify admixture

Comparação de Propriedades de Concretos 
Auto-Adensáveis com e sem Aditivo Modificador 
de Viscosidade

B.f. TUTIKIaNa

btutikian@terra.com.br

R.a. CREMONINIb 
rac@ufrgs.br

D.C.C. DaL MOLINc

dmolin@ufrgs.br

abstract 
This paper aims to contribute to decisions concerning the use of viscosity modifying agents (VMA), which can be used as a 
partial substitute for fines, the elements responsible for increasing the resistance to segregation of self-compacting concrete 
(SCC). In this study, samples of SCC were prepared with and without the addition of a VMA using the mix design method 
proposed by Tutikian [1]. It was observed that the addition of a VMA increased compressive strength and in some cases 
also lowered chloride ion penetration within the same range of compressive strength values. It was also observed that the 
increased cost resulting from the use of a VMA was compensated by the use of a poorer mix, with similar strength levels.
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Resumo
Este trabalho pretende dar uma contribuição para a tomada de decisão do uso dos aditivos modificadores de viscosidade 
(VMA), já que este componente substitui parcialmente os finos, responsáveis pela resistência à segregação do concreto 
auto-adensável (CAA). Foram dosados CAA com e sem a presença do VMA, através do método de dosagem proposto por 
Tutikian [1]. Observou-se que o VMA aumentou as resistências à compressão e diminuiu, em alguns casos, a penetra-
ção de íons cloretos, para a mesma faixa de resistência à compressão. Observou-se, também, que o aumento de custo 
provocado pelo aditivo foi compensado pela utilização de traços mais pobres, com os resultados finais similares.

Palavras-chave: aditivo modificador de viscosidade (VMA), concreto auto-adensável (CAA), custo, diagrama de dosa-
gem, penetração de íons cloretos.
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1 Introduction

There are very few studies in Brazil on the use of self-
compacting concrete (SCC). This lack of technical exper-
tise in this area is compounded by concerns about the 
cost of type of concrete, which may be higher than that of 
vibrated concrete (VC) [2]. However, Ambroise et al. [2] 
tested some SCC samples which showed a cost increase of 
only 20% when compared with VC. If the cost reductions 
that resulted from eliminating placement and compacting 
operations had been accounted for, the final value would 
have probably been even lower. Grauers [3] states that 
the cost of SCC materials is only 10% higher than of mate-
rials used in VC for a similar compressive strength range. 
According to Bernabeu [4], the use of SCC is an economi-
cally sound alternative in specific situations, such as when 
compacting or vibrating operations are difficult or when 
frames are too complex. However, for everyday use, a far-
reaching study that addressed all these factors would be 
needed before the most cost-effective solution (SCC or 
CC) could be determined. In many cases, the savings rep-
resented by the use of SCC compensate for the higher cost 
of its components when compared with VC. Case studies 
in France and Sweden report final savings of 10% in struc-
tures built with SCC.
The development of special concrete types, particularly 
self-compacting concrete, which uses a high concentration 
of solid industrial by-products as fines, is a positive con-
tribution to the sustainable development of concrete. The 
use of silica fume, fly ash, metakaolin, blast furnace slag 
and rice husk ash as cement substitutions provides signifi-
cant environmental benefits because these are industrial 
by-products or wastes. 
In addition, there is no need for mechanical compaction or 
vibration and the work environment can improve greatly. 
Physical labor becomes easier and the noise caused by 
compaction operations is eliminated. The use of SCC helps 
the civil construction sector to follow industrial production 
schemes by reducing labor costs and increasing structur-
al quality, durability and reliability and by improving the 
safety of workers. 
SCC can be classified into three types: fine (only the fine 
material reduces segregation), viscosity agent (only the 
viscosity modifying agent – VMA – reduces segregation) 
or combined (both components are present).
The use of VMAs in SCC is still limited, particularly because 
of the limited availability of technical expertise required 
for this process. In cases where the use of fine aggregates 
is limited by concerns of cost or technical limitations, the 
use of VMAs becomes mandatory.
Troli et al. [7] report a successful application of a VMA. In 
this case, a VMA was used in the composition of a SCC in 
a structure with massive concrete because it was neces-
sary to reduce cement consumption. In massive concrete 
structures, cement consumption must be kept at the lowest 
possible level to minimize the formation of thermal cracks. 
Viscosity modifying agents (VMAs) are water-soluble poly-
mers that help increase concrete viscosity and stability 

[8]. They perform the same role as fine aggregates in con-
crete, so that the final mix will have few small particles, 
resulting in a material with a smaller specific area and 
lower water consumption. In other words, it is possible 
to obtain concrete samples with the same characteristics 
which may have smaller or identical water/binder ratios, 
but with greater fluidity or greater compressive strength 
without the onset of segregation.

2 Methods and Materials

Six SCC samples using three different fine aggregates 
were prepared, three of which received the addition of a 
VMA and three which were kept VMA free. The test pro-
gram included determining compressive strength at 3, 7, 
28 and 63 days, the cost of the compositions with the 30 
MPa strength at 28 and 63 days and chloride ion penetra-
tion at 46 days. All tests were performed on two cylindrical 
test specimens measuring 10 X 20 cm. The three fine ag-
gregates used were limestone, metakaolin and rice husk 
ash. These concretes were designed using the mix design 
method for SCC proposed by Tutikian [1]. This method 
uses the substitution (by weight) of one of the ingredients 
in conventional concrete (cement or sand) for a material 
with lower specific mass so that cohesion in SCC is in-
creased. The first fine aggregate used was limestone, a 
non-pozzolanic material, so a choice was made to substi-
tute this material for sand. In the other samples, cement 
was substituted because the fines used were pozzolanic 
materials. High early strength, sulfate-resistant Portland 
cement was used. Chemical analysis of the binders was 
carried out in the Ceramics Lab of the Federal University of 
Rio Grande do Sul (LACER) and results are shown in table 
1. The unit mass and specific mass of these materials were 
determined using Brazilian standard NBR NM 23 [9] and 
results are shown in table 2. The fine aggregate was or-
dinary river sand. Crushed basalt rocks with a maximum 
size of 19 mm were used as coarse aggregate. Specific 
and unit mass values of fine and coarse aggregates are 
also shown in table 2 and the particle size distribution of 
these materials is shown in table 3. The specific mass of 
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fine and coarse aggregates was determined in accordance 
with Brazilian standards NBR NM 52 [10] and NBR NM 53 
[11], respectively, while their unit mass was determined 
in accordance with Brazilian standard NBR 7251 [12]. The 
particle size distribution was determined using Brazilian 
standard NBR NM 248 [13]. For these tests, the sample 
was collected in accordance with Brazilian standard NBR 
NM 26 [14]. A third generation polycarboxylate superplas-
ticizer agent and a viscosity modifying agent were used. 
The characteristics of these materials were supplied by 
the manufacturer. The pH of the superplasticizer ranges 
from 5 to 7, with specific mass between 1.067 and 1.107 
kg/dm3 and solids content between 38 and 42% [15]. The 
VMA is an aqueous solution of high molecular weight poly-
mers with specific mass ranging  between 0.98 and 1.02 
kg/dm3 and pH from 9 to 10.5 [15]. Table 4 shows the 
compositions of dry components by weight and the con-
sumption of materials per cubic meter of concrete. The 
amount of VMA ranged from 0.80% to 1.00% by binder 
weight and the amount of fine aggregates decreased sig-
nificantly when the SCC with VMA is compared with the 
SCC without VMA.
The self-compactin proprieties are in table 5.

3 Results

3.1	 Compressive	Strength

Table 6 shows compressive strength values at 3, 7, 28 
and 63 days in accordance with Brazilian standard NBR 
5739/94 [16], as well as the increase in strength over this 
period. A significant increase in strength was observed in 
the SCC sample with limestone filler and VMA from 7 to 28 
days in all compositions tested. 
Figures 1 to 6 show the mix design graphs for each of the 
concrete samples, with adjusted compressive strength val-
ues from table 6. These graphs are the final aim of the mix 
design method and correlate compressive strength, w/b ra-
tios, cement:aggregate proportions (1:m) by weight and 
binder consumption per cubic meter to a specific workabil-

ity. The figures show the improvements provided by the 
use of a VMA: the SCC sample with a VMA showed sig-
nificantly lower w/b ratios for the same cement:aggregate 
proportions. In other words, to achieve a specific strength 
value, it is possible to use poorer compositions with a VMA 
and in this way make up for the higher cost of this additive. 
Figures 1 to 6 also show that higher compressive strength 
values were obtained in the SCC samples with a VMA when 
compared with the samples of plain SCC (without a VMA) 
for the same proportions of dry components by weight. 
The mix design graphs and the parameters that had been 
calculated earlier were determined using Abrams’ math-
ematical model (3, 7, 28 and 63 days ), Lyse’s equations  
and binder consumption by the ‘1:m’ proportion, which are 
found in table 7. These equations allow users to calculate 
all components in a desired composition by using a start-
ing point e.g. the w/b ratio. It should be noted that the 
determination coefficients were nearly always greater than 
0.90.

3.2	 Cement	Consumption

Figure 7 shows cement consumption in kg/m3 for SCC 
compositions with compressive strength = 30 MPa at each 
age of break (3, 7, 28 and 63 days). The consumption was 
calculated using the equations adjusted for binder con-
sumption. Pozzolanic fines act as partial cement substi-
tutes and a significant decrease in cement consumption 
was observed in SCC samples with the non-pozzolanic fine 
aggregate (limestone) when compared with the SCC sam-
ples with pozzolanic fines (metakaolin and rice husk ash). 
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The use of a VMA in some cases resulted in an increase 
in cement consumption while in other cases the opposite 
behavior was observed. It cannot be said that the use of 
a VMA results in increased or decreases cement consump-
tion for a specific compressive strength level. 

3.3	 Cost	

For the sake of comparison, a compressive strength value 
of 30 MPa at 28 and 63 days was selected. Equations were 
then used to calculate the other parameters in the compo-
sition so that the cost of each SCC composition could be 

determined. The price of cement was US$ 0.133/kg, rice 
husk ash  was US$ 0.34/kg, metakaolin was US$ 0.20/kg, 
sand was US$ 0.004/kg, limestone filler was US$ 0.027/
kg, crushed basalt was US$ 0.006/kg, the superplasticizer 
agent was US$ 5.00/kg and the VMA was US$ 1.67/kg. 
The cost of rice husk ash is an estimate based on freight 
costs because this material was not commercially avail-
able at the time of this study.
Figure 8 shows the cost of different SCC compositions 
with compressive strength = 30 MPa at 28 days. It can be 
seen that the cost of SCC with metakaolin and rice husk 
ash (with and without the VMA) was nearly identical, i.e. 
the higher cost of the additive was cancelled out by the 



50 IBRACON Materials Journal • 2006 • vol. 2  • nº 1

Comparative assessment of Self-Compacting Concretes with and without Viscosity
Modify admixture



51IBRACON Materials Journal • 2006 • Vol.2 • nº 1

B.f. Tutikian | R.a. Cremonini | D.C.C. Dal Molin

lower cost of the binders. This shows it is possible to pre-
pare a SCC composition with a VMA at a similar cost to a 
SCC composition without a VMA for a specific compressive 
strength range with a smaller consumption of fines, which 
greatly reduces the occurrence of pathological manifesta-
tions that is observed when fine aggregates are used as 
binders. The cost of SCC with limestone filler and VMA was 

35% lower than that of the SCC without the VMA because 
of the increase in compressive strength shown by SCC 
with limestone without the VMA from 7 to 28 days. 
Figure 9 shows that at 63 days the cost of SCC with the VMA 
and compressive strength = 30 MPa was 8% higher when 
metakaolin was used and 15% higher when rice husk ash was 
used. This is due to the increase in strength observed in the 
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samples without the VMA from 28 to 63 days, which was not 
seen in the samples of SCC with the VMA. This is probably 
because lower w/b ratios were used in the latter, causing it to 

reach its maximum strength faster. Once again, the sample of 
SCC with limestone filler and the VMA was cheaper than the 
same sample without the VMA (a 42% difference in cost).
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3.4	 Chloride	Penetration

The chloride ion penetration test based on the measure-
ment of the total electrical charge passed was carried out 
in accordance with ASTM C 1202/97 [17]. Figure 10 shows 
a comparison of chloride penetration values for compres-
sive strength levels of 20, 30 and 40 MPa in each one of 
the SCC types with limestone filler, metakaolin and rice 
husk ash. The same figure shows the values found in the 
tests, while table 8 shows the equations and determination 
coefficients used to calculate additional variables. It can 
be observed that all determination coefficients exceeded 
0.90, which increased the reliability of the results.
Figure 10 shows a comparison of chloride ion penetration 
values for all SCC formulations. It can be observed that the 
samples with metakaolin and rice husk ash showed chloride 
penetration values far lower than that of the samples with 
limestone filler, which is an aggregate. This is probably due 
to the fact that the pozzolanic addition results in physical and 
chemical changes that seal the concrete pore structure and 
react with the calcium hydroxide resulting from the cement 
hydration reaction. According to the ASTM standard used, 
chloride penetration is classified as high if the total charge 
passed is greater than 4000 C, moderate if it is between 2000 
C and 4000 C, low if it is between 1000 C and 2000 C, very low 
if it is between 100 C and 1000 C and negligible if lower than 
100 C. The values found show that the SCC with limestone 
filler without the VMA had high or moderate chloride penetra-
tion, while the same composition with the VMA showed only 
moderate chloride penetration. The SCC with metakaolin and 
rice husk ash showed very low chloride penetration.

4 CONCLUSIONS

The experimental work in this study showed that:
a) The SCC with the VMA achieves higher compressive  
 strength values than the SCC without the VMA for the  
 same 1:m proportion;
b) For a given 1:m proportion, the addition of a VMA makes  
  it possible to use lower w/b ratios when preparing SCC;

c) It was not possible to determine the influence of  
 the VMA on cement consumption in SCC with
 the same compressive strength because some   
 samples showed lower cement consumption while  
 others showed an increase in this factor, regardless of  
 the addition of the VMA; 
d) The SCC with pozzolanic fillers showed significantly  
 lower cement consumption than the SCC with non- 
 pozzolanic fillers for a given compressive strength range;
e) The higher cost of the VMA can be cancelled out by
 the use of poorer compositions for the same   
 compressive strength range;
f) It was not possible to assess the influence of the VMA  
 on chloride ion penetration because SCC samples with
  the same compressive strength showed an increase  
 in chloride penetration while others showed   
 a reduction in this factor, regardless of the addition
 of the VMA; 
g) The penetration of chloride ions is significantly  
 reduced in the SCC with pozzolanic fines when  
 compared with the SCC with non-pozzolanic fines for  
 a given compressive strength range.
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