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Watertightness in anti-flotation slabs. MIS-RJ Case
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juxtaposed. In this way, the temperatures originated by cement 
hydration exothermal reactions should be decreasing and, con-
sequently, deformations associated to this phenomenon will be 
minimized. These measures, notwithstanding, had no impact on 
project time-schedule, enabling an effective production of ap-
proximately 20m³/h, which means that 1200m³ of concrete were 
placed in 60 hours divided into 10 different concreting events. 
This concreting plan, in not juxtaposed (intercalated) phases, can 
be observed in Figure 4.

3.3.2.2 Concreting procedures and technological control

It was recommended that the first layer be carefully poured to en-
sure that concrete could pass through the inferior reinforcing mesh. 
For this case it was also recommended the consolidation by vibra-
tion with lesser diameter heads (2”), and instructions for special 
cares to be taken were given (for instance, not to lean the vibrator 

head on rebars, specially at edges, where a higher concentration 
of reinforcing bars is found). Once poured the first layer, cover-
ing bottom rebars, subsequent layers were vibrated from sub-layer 
previously vibrated (this limitation was also defined by the vibrator 
head length).
Basically, concrete was placed in three horizontal sub-layers of ap-
proximately 0,33m (33cm) high all the way in each phase, without 
caring of construction joints, in order to get an uniform layer. Con-
crete was continually placed in a preferred direction from the poul-
try wire mesh to the opposite side, foreseeing that hardening would 
be quicker at mesh region, in order to avoid higher pressures at 
these more fragile points, and returning  to the initial point (not yet 
concreted) to pour the next sub-layer, and so on. In exceptional 
cases of an accidental interruption due to mixing trucks flux or to 
intense traffic from batch plant to working site, it was recommend-
ed to re-consolidate (re-vibrate) the concrete before beginning new 
pouring, and that interruption could not be greater than 1h.
During all concreting phases, at least two vibrator operators for 
concreting events were predicted, with a minimum of three extra 
vibrators, as one of them could fail during operation, what could im-
pair concrete quality. It was also recommended to employ vibrators 
with 2” and 3” diameter heads, the lesser diameter ones being the 
most appropriate to be used at regions where higher steel ratios 
were concentrated (bottom and edges).
All concrete batches were carefully consolidated and cured. De-
tailed consolidation procedures can be consulted in well-estab-
lished literature (KOSMATKA; WILSON, 2001 [5]; KENNEDY, 
2005 [6]; LAMOND; PIELERT, 2006 [7]) and also in the standard 
ABNT NBR 14931:2004 “Execução de Estruturas de Concreto.  
Procedimento” [4]. Some relevant points to be remarked, em-
ployed in concreting this MIS anti-flotation slab, were:
n	 Concrete was consolidated (vibrated) always vertically (never in 

tilted or horizontal directions);
n	 Concrete was consolidated (vibrated) at the most possible 

points of each slab in every concreting phase;
n	 Extra care was taken to avoid excess or lack of consolidation;
n	 Vibrator head was introduced quickly and drawn slowly (to 

avoid possible air packs);
n	 The head length was always greater than the thickness of the 

layer to be concreted;

Figure 4 – Not juxtaposed (intercalated) 
concreting phases

Figure 5 – Detail of concreted phase, joint to the reinforcing wall, with a 
curing mat over the surface and of curing procedure (mat being soaked)
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n	 Extra care was taken to avoid vibrating the rebars;
n	 A minimum distance, related to the depth penetrated by the vi-

brator head, was maintained to define the points to be consoli-
dated (the depth penetrated by the head was the same as the 
distance for next point to be vibrated). 

Regarding curing, it is possible to asset that this was one of the 
most important steps in concreting procedure. If curing would not 
be efficient and correct, it could make the concrete inadequate, 
even if all previous steps had been well executed. For the anti-
flotation slab, a high pressure cleaner, the WAP type was utilized, 
with its nozzle regulated to obtain a water spray, as a nebulizer 
mist, in order to cover the already concreted part and also the 
phase being concreted. It shall be remarked that there is no prob-
lem in having this mist during concreting.
After some hardening of concrete (by touch), the whole surface 
was covered with a mat soaked with water, which was maintained 
pressed against the surface of the concreted phase, sprayed with 
drinking water each 2h at most. This mat was always saturated at 
the end of the working time to ensure that it would remain humid 
during night and again early in the following morning, at beginning 
of work. This careful curing procedure was maintained at least for 
7 days (up to the probable next phase concreting date). The curing 
procedure (a mat being soaked) can be seen in Figure 5. The cur-
ing mat employed was 100% polyester with an adhered perforated 
polyethylene film, manufactured by BIDIM, line Bidim CC-10 type.

4.	 Results

4.1	 Watertightness

With the recomendations met described in previous chapter, tech-
nicians from the Contractor (Rio Verde), Project management firm 
(Engineering Co.) and from Concrete consultant firm (PhD Engen-
haria) were responsible for visually verifying possible fissures origi-
nated by shrinking or by thermal stress in each concreted phase. In 

Figure 6 – Anti-flotation slab already 
finished and beginning of formwork 
erection of 2nd basement columns 
(some of them already concreted)

Figure 7 – Results of concrete compressive strength at 28 days 
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this context, it shall be remarked that during and after finishing the 
ten phases, no fissures of any kind were detected through which 
water could percolate. The already finished anti-flotation slab can 
be seen in Figure 6, with formwork for 2nd basement columns al-
ready erected.

4.2	 Concrete technological control

An exhaustive concrete technological control was established for 
the slab –total sampling (100%) – as mentioned above. Of all mix-
ing trucks, only one was identified as having compressive strength 
below design specification, with a value of 43,2MPa. This value was 
submitted to the structural engineer, who approved it, by new cal-
culation, not being needed any additional structural reinforcement.
Graph at Figure 7 presents the results of concrete compressive 
strength at 28 days old. It can be seen that there was an excessive 
dispersion, which probably was associated to errors when pouring 
cylinders or during compressive rupture test, in short, related to 
technological control procedures. Later on, by means of a more re-
fined statistical analysis, the anomalous results were abandoned.

5.	 Final considerations

1.	 It can be considered that an adequate design, the study and devel-
opment of an appropriated concrete mix, as well as rigorous pro-
cedures utilized for concreting the MIS anti-flotation slab described 
here, were determinant to obtain a watertight, seamless structural 
element in spite of adverse soil, weather and logistic conditions. 
It can also be understood that the propositions presented in this 
paper may be considered as a good alternative for similar cases, 
as a quicker and less costly option, which in specific cases, may 
replace the use of traditional waterproofing solutions;

2.	 It can be also considered that this paper enabled to stress the 
fact that the appropriate employment of simple and less costly 
procedures, described in Brazilian standards and in well-estab-
lished literature, associated to good engineering and building 
practices, are favorable to get a final, satisfactory result. Many 
of the procedures described in this paper are in agreement with 
the prescriptions of our national standards.

6.	 Acknowledgements

The authors wish to acknowledge Fundação Roberto Marinho for 
their kindly permission to publishing this paper. Our grateful thanks 
are also extended to Architectural Bureau Indio da Costa, to Rio 
Verde and to Engineering Co. for their help in offering valuable 
data and particularly to Eng. Bruno Lery Santos (Rio Verde) for his 
support and willingness in transmitting informations.

7.	 References

[01]	 CORBIOLI, N. Museu da Imagem e do Som, Rio de Janeiro. 
São Paulo, PROJETODESIG, ed. 372, Fevereiro de 2011. 
Disponível em <http://www.arcoweb.com.br/arquitetura/
diller-scofidio-renfro-museu-rio-16-03-2011.html>. Acesso 
em 21/06/2012 às 17:52h. 

[02] 	 ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. 
NBR 6118: Projeto de estruturas de concreto: Procedimento. 
Rio de Janeiro, 2007. 221p. 

[03] 	 ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. NBR 
12655: concreto de cimento Portland - Preparo, controle e 
recebimento: Procedimento. Rio de Janeiro, 2006. 18p.

[04] 	 ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. 
NBR 14931: execução de estruturas de concreto: Procedi-
mento. Rio de Janeiro, 2004. 53p.

[05] 	 KOSMATKA, Steven H; WILSON, Michelle L. Design and 
control of concrete mixtures. 15ª edição. Illinois: Portland 
Cement Association, 2011.

[06] 	 KENNEDY, Lindsay K., ed. The Contractor’s Guide to Qual-
ity Concrete Construction. 3ª ed. American Society of Con-
crete Contractors - ASCC, 2005.

[07] 	 LAMOND, Joseph F., PIELERT, James H., eds. Significance 
of Tests and Properties of Concrete & Concrete-Making Ma-
terials.  Pensilvânia:  American Society for Testing & Materi-
als - ASTM, 2006.

[08] 	 HELENE, P. R. L.; TERZIAN, P. R.; SARDINHA, V. L. A. Con-
siderações sobre estanqueidade de estruturas de concreto. 
In: Anais do 2º Simpósio Brasileiro de Impermeabilização. 
Rio de Janeiro: Instituto Brasileiro de Impermeabilização, 
1980, p. 176-97.


