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Abstract
E——

This paper presents a new evaluation of the strength compliance of concretes produced in Brazil. It is based on experimental results of over twen-
ty-seven thousand concrete samples from different parts of the country. Results show that a significant part of Brazilian concrete do not reach the
characteristic strength (fck) specified in design, and the percentage of nonconforming samples tend to be higher than 5%. This study also reveals
the concrete produced in the South and Midwest regions have less variability than the ones produced in the other regions of the country. These
results emphasize the importance of a rigorous control in manufacturing and reception of concretes in order to reduce the nonconforming cases.
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Resumo

Este artigo apresenta uma nova avaliagdo da conformidade dos concretos atualmente produzidos no Brasil. Ela esta pautada em resultados de
ensaios de resisténcia a compressao axial de mais de vinte e sete mil corpos de prova de concretos moldados in loco, no ato de seu recebimento,
em diferentes obras do pais. Os resultados mostram que parte do concreto produzido no Brasil ndo alcanca a resisténcia caracteristica (fck) pre-
vista em projeto, e que o percentual de amostras nao conformes tende a ser superior a 5%. Este estudo também evidencia que os concretos pro-
duzidos nas regides Sul e Centro-Oeste apresentam menor variabilidade que aqueles produzidos nas demais regides do pais. Estes resultados
reforcam a importancia de um controle rigoroso na fabricagéo e no recebimento do concreto visando diminuir a ocorréncia de nao conformidades.
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1. Introduction

EE

This article presents an investigation about the strength compli-
ance of concretes manufactured in different states from the five
geographic regions of Brazil. It is based on results from axial com-
pression strength tests at 28 days of age performed in more than
27 thousand cylindrical specimens of concrete molded in loco.
This study divides the data into 4 classes — C20, C30, C40 and
C50 — in order to evaluate the conformance of the concrete as a
function of its characteristic strength. The analysis are performed
both at regional and national levels. As part of this work, compari-
sons are made between these results and the results shared by
Santiago and Beck five years ago [1].

It is important to emphasize the entire study is based on current
national normalization, specially the codes for compression test
of concrete cylindrical specimens [2], preparation, control and ac-
ceptance of concrete [3] and the design of concrete structures [4].
This work is part of a larger project about the calibration, based
on structural reliability, of the partial factors from Brazilian design
codes. The calibration is being developed by the authors of this
paper, though it has already been addressed in a preliminary way
by Beck and Doria [5], Beck et al. [6], Chaves et al. [7] and Beck
and Souza Jr. [8].

2. Compressive strength of concrete
—

The compressive strength of concrete is random by nature, its vari-
ability is a result from the constituent materials, test procedures,
production and operation equipments. The necessary measures
to reduce variability involves the quality control of each one of the
variables and the more efficient it is, the more homogeneous is the
concrete produced [9].

The concrete production involves its dosage which is the process
used to obtain the best proportion between cement, aggregates,
water, additives and addition in order to meet certain specifica-
tions [10]. Concrete’s preparation, control and acceptance code
[3] establish three preparation conditions: condition A (applied to all
classes), condition B (applied to classes C10 and C20) and condi-
tion C (applied to classes C10 and C15).

Once produced, the concrete is submitted to a quality control that
test the cylindrical specimens at 28 days, in order to verify its com-
pressive strength. Concrete’s preparation, control and acceptance
code [3] allows the control to be by total or partial sampling. In

Table 1
Quantification of the specimens by Brazilian regions

the control by total sampling two specimens are molded for each
concrete batch, while in the control by partial sampling at least six
specimens are molded for each 50 or 100 m3 of concrete used on
the structure.

At the end of the quality control, a batch is considered conform
when the estimate value of its characteristic strength (fckest), re-
ferred to a (known) sampling of a (unknown) population, satisfies
the relation presented in Eq. (1). It is worth mentioning the char-
acteristic strength (fck) of the concrete is a reference value, which
have to be reach by at least 95% of the specimens tested.

fckest = fck (] )

Although the compressive strength test in specimens is an evidence
of quality of the concrete, its result is restricted to indicate a potential
strength of the population based on sampling. Accordingly, a con-
crete is considered conform when less than 5% of its samples pres-
ent a compressive strength value below the predicted one.

The issue of the conformity of structural concretes produced in
Brazil has been the object of several studies, but it still needs to be
further developed. Among the studies carried out, stand out Magal-
haes et al [11], Santiago and Beck [1], Silva Filho and Helene [12],
Castro [13], Borges [14] and Vieira Filho [15].

Some studies also indicate the dosing plants are centralizing the
dosage strength in the characteristic strength and not in the average
strength [1, 16]; which is probably the main reason for the frequent oc-
currences of nonconforming concrete in Brazilian construction sites.
In this scenario, this study present a statistic description that repre-
sents the set of concrete produced in Brazil, given the analysis are
performed from samples collected and tested in the same condi-
tions established by a code applied throughout the country.

3. Origin and database classification

[

The present work is subsidized with information about the com-
pressive strength at 28 days of over 27 thousand cylindrical speci-
mens — 10 cm diameter and 20 cm height — of concretes molded
in loco in constructions sites from the five Brazilian geographical
regions — Midwest (CO), South (S), Southeast (SE), North (N) and
Northeast (NE) — referring to the 15 federative units. Table 1 shows
a quantification of the specimens according to the different regions.
In accordance with the concrete’s preparation, control and accep-
tance code [3], the concrete studied were produced with condi-
tion A of preparation between 2011 and 2016 at authorized dosing
plants, and certified technological-control companies controlled it
by total sampling.

Table 2

Quantification of the specimens by strength class

Region Quantity Percentage
CO 4857 17 Class Quantity Percentage
S 2222 8 C20 3866 14
SE 16612 60 C30 6685 24
N 300 14 C40 3982 14
NE 3814 1 C50 13272 48
Total 27805 100 Total 27805 100
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In order to evaluate the behavior of the concrete in relation to its
characteristic strength, the data were classified into 4 classes — C20,
C30, C40 and C50 — according to the information available in the
technological control reports. Table 2 presents a brief quantification
of the tested specimens according to the evaluated strength classes.
Figure 1 shows the percentage distribution of the data according
to the geographical regions of the country for each one of the four
strength classes of concrete studied in this work. The results ex-
pressed in the graphics have a strong relation with the strength
classes usually used in each region.

In addition, the data used were obtained from the following com-
panies, educational institutes and laboratories: AJL Engenharia,
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Centro de Tecnologia da UFAL, CONSULTARE Laboratério, CSP
Projetos e Consultoria, EGELTE Engenharia, ITAPIPU BINACIO-
NAL, Laboratério de Ensaios de Materiais da FACENS, MPA Con-
trole Tecnoldgico, SENAI-DF, SILCO Engenharia, TECNOL Tec-
nologia em Concreto, TECNOCON Engenharia e VENTUSCORE
Solugdes em Concreto.

4. Database treatment
S

The randomness nature of concrete strength requires a statistical
approach for the problem. Thus, based on the samples, average
strength (f_ ), estimated characteristic strength (f,,__ ), standard de-

ckest:
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viation (@), variation coefficient (Cve) and the probability distribu-
tion curve were determined.

If n is the total number of samples and f, each one of the values
(i=1,2,3, ..., n), the average strength (f ) was calculated
through the sum of all samples divided by the total number as it
is shown in Eq. 2. From the increasing order of the samples (f,

<f,<f,<.. <f)itwas possible to estimate the characteristic
strength () based on the result corresponding to 5% percen-
tile, see Eq. 3.

o210 )
I:ckest = I:int[O.OS] <3>

The standard deviation (a), which represents the regularity and
dispersion of the results in relation to the mean, was found from
the square root of the sample variance, as it is shown in Eq. 4. The
variation coefficient was calculated through the ration between the
standard deviation and the mean, see Eq.5.

@)

Cve = % <5>

Results from widely known international works [17, 18] indicate that
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normal distribution is the one that best fits the description of con-
crete behavior, which was proven after successive fits using Easyfit
software. It should be mentioned that in the existence of an efficient
control, the strength values are grouped close to the mean and the
distribution curve is high and narrow; on the opposite scenario, the
strength values spread out and the curve becomes low and wide.
As the objective of this study was to obtain statistical descriptions
that represent the sets of concrete produced in the country, the
data from different construction sites were grouped and analyzed in
blocks. Therefore, the national statistics were obtained from regional
statistical weights, which were applied according to the number of
samples available for each class in each region of the country. Eq. 6
shows the expression used in the weighting calculations.

RESULT yational = X(RESULT egional- WEIGHT) (6)

It is worth mentioning this works also involved a previous statistical
analysis of the samples in order to eliminate data that does not be-
long to the group (outliners). Figure 2 shows box-and-whiskers rep-
resentations for the strength class samples studied in order to high-
light the lower and upper barriers used to exclude spurious results.

5. National results

EE

Figure 3 shows the probability distribution curves obtained from axial
compression tests on cylindrical specimens of concrete molded at re-
cipient and tested at 28 days, as well as the probability distribution
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Table 3
Results of the concrete produced in Brazil
% nonconforming
Class f et (MPQ) f.., (MPa) c (MPa) Cve samples
C20 19,2 26,2 4,3 0,164 8.3
C30 29.2 37.3 4,9 0,131 5.7
C40 38,5 44,7 3.8 0,084 6.9
C80 48,0 56,1 4,9 0,088 4,5
curves of the same concrete if it was to attend condition A of prepara-
1,5 tion as established in concrete’s preparation, control and acceptance
12 o\.\——‘ code [3]. It should be mentioned the results from each studied classes
c ’ came from the same population, which they propose to represent.
| —— = )
:g 0,9 Concrete from classes C20 and C30 presents mean strength (f_ )
'g_ 0,6 and standard deviation (o) values higher than the ones predicted in
o 03 the control and recipient norm [3]. Concrete from classes C40 and
& o C50, on the other hand, presents mean strength (f ) value lower
0,0 | than the predicted value in the same norm.
c20 Cc30 Cca0 C50 Results obtained in terms of estimated characteristic strength (f,,
——fem/fck —s—fckest/fck Cve .)» mean strength (f_ ), standard deviation (o), variation coefficient
(Cve) and percentage of nonconforming concrete samples pro-
Figure 4 duced in Brazil are shown in Table 3. Results show that the esti-

Summary of the results of the concretes produced
in Brazil
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mated characteristic strength is lower than the specified character-
istic strength (f, < f,) and that the percentage of nonconforming

ckest

samples tends to be higher than the 5% stated in the norm.
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Table 4
Summary of the concretes produced in the different regions of Brazil
Class Region fres (MPQ) | f_ (MPQ) c (MPa) Cve % nonconforming samples
CO 21,7 27,2 3,3 0,122 0.5
S 20,9 26,9 3.6 0,134 1.1
C20 SE 16,1 24,9 5,7 0.215 18,1
N 24,7 31,5 4,1 0,131 0.0
CO 27,9 35,8 4,8 0,133 9.2
S 27.7 35,0 4,4 0.127 14,5
C30 SE 30,6 38,4 4,7 0.123 3.3
N 28,4 37.4 5.5 0,146 12,5
NE 28,6 38,5 5.3 0,143 4,2
CO 39.9 45,3 3,3 0,073 21
S 39,2 42,8 2,2 0,051 7,4
C40 SE 34,2 44,5 6,3 0,140 12,3
N - - - - -
NE 38,2 44,6 3,9 0,086 10,5
CO - - - - -
S 48,2 55,9 4,7 0,083 6,7
C50 SE 48,0 56,1 49 0,088 4,2
N — — - - —
NE 46,4 56,8 6.3 0111 9.1

For each strength class of concrete, Figure 4 shows the ration
variation between the mean strength and the specified charac-
teristic strength (f_/f,), the ration between the estimated char-
acteristic strength and the specified characteristic strength (f_, ./
f,) and the variation coefficient (Cve). In this Figure is possible
to observe the ration between the mean strength and the speci-
fied characteristic strength (f_/f,) and the variation coefficient
(Cve) tend to decrease with increasing strength, while the ration
between the estimated characteristic strength and the specified
characteristic strength (f, _/f ) tends to remain constant.

ckest' "ck

6. Regional results

EE

Figure 5 presents the probability distribution curves obtained
for concretes produced in different geographic regions of the
country. It's evident that the concrete produced in different loca-
tions not always present similar behavior. Concrete produced in
the South and Center-West regions, for example, tend to pres-
ent less variability than those produced in the Southeast and
Northeast regions.

Table 4 illustrate the results obtained in terms of estimated char-
acteristic strength (f, ), mean strength (f ), standard deviation
(o), variation coefficient (Cve) and percentage of nonconforming
samples produced in the different regions of the country. Despite
the dispersion of the results, it is evident that in most cases, the

estimated characteristic strength tends to be lower than the spec-
ified characteristic strength (f, . < f,) and that the percentage of
nonconforming samples tends to be higher than 5%.

Figure 6 indicates the variation of the ration between the mean
strength and the specified characteristic strength (f_/f ), the
variation of the ration between the estimates characteristic
strength and the specified characteristic strength (f, __/f ) and the
variation coefficient (Cve) for each strength class of concrete and
geographic region of the country. This figures shows that, despite
the relative dispersion of the results, it is possible to observe a
declining trend of the ration between the mean strength and the
specified characteristic strength (f_ /f)) and of the variation coef-

ficient (Cve) with increasing strength.

7. Comparison with previous results
EE

Figure 7 presents the probability distribution curves based on da-
tabase from this study (2016), as well as the probability distribution
curves based on database from Santiago and Beck [1] (2011). This
figure let clear that in the interval of five years the concrete pro-
duced in Brazil presented an increase of mean strength, although
the variability also increased. At first, this result is an indication that
the dosing plants have centered the dosage of concrete on the
mean strength and not in the characteristic strength anymore, as
pointed out in previous works [1, 16].

IBRACON Structures and Materials Journal * 2017 « vol. 10 * n° 4
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Table 5
Results of the concretes produced in Brazil until 2011 and 2016
Class Year fres (MPQ) | f_ (MPQ) c (MPa) Cve % nonconforming samples
2016 19,2 26,2 4,3 0,164 8,3
20 2011 23,0 23,7 1.8 0,071 1.0
2016 29,2 37,3 4,9 0,131 57
%0 2011 27,9 28,0 3.6 0,105 9.0
ca0 2016 38,5 44,7 3.8 0,084 6,9
2011 35,9 33,6 3.6 0,090 30,0
50 2016 48,0 56,1 4,9 0,088 4.5
2011 42,4 41,1 2,9 0,062 84,0

Table 5 present results obtained in terms of estimated character-
istic strength (f, ), mean strength (f ), standard deviation (o),
variation coefficient (Cve) and percentage nonconforming concrete
samples from Brazil until 2011 and 2016. The results show that, in
general, there has been an increase of strength and a decrease in
the percentage of nonconforming samples.

For each strength class, the Figure 8 indicates the variation of the
ration between the mean strength and the specified characteristic
strength (f_/f ), the variation of the ration between the estimates
characteristic strength and the specified characteristic strength (f
/f,) and the variation coefficient (Cve) according to the concrete
produced until 2011 and 2016. It is possible to notice that the ra-
tion between the estimated characteristic strength and the speci-
fied characteristic strength (f, /f,) tends to be constant only for

concrete that belonged to the current database (2016).

8. Conclusions

EE

This paper presented a study of concrete strength conformance
from four distinct classes — C20, C30, C40 and C50 — produced
in Brazil. This study was accomplished using a database of over
twenty-seven thousand cylindrical specimens molded in loco and
tested at 28 days with instantaneous and monotonic load.

The concrete from classes C20 and C30 presented mean strength

1,5
c 1,2 m....... —0\&——0
80,9 L e e
2
o 0,6
%03
0'0 .. — T .- - - |
c20 c30 C40 C50
—+— fcm/fck (2016) —=— fckest/fck (2016) —+— Cve (2016)
«+#- fcm/fck (2011) - m--fckest/fck (2011) - -« - Cve (2011)

Figure 8

Comparison between the results of concrete
produced until 2011 and the results of concrete
produced until 2016

(f_,) values higher than the ones predicted in the concrete’s prepa-
ration, control and acceptance code [3], while the concrete from
classes C40 and C50 presented mean strength values lower than
the ones predicted on this same code. For all the evaluated class-
es, the estimated characteristic strength tended to be lower than
the correspondent characteristic strength (f, . <f,), as well as the
percentage of nonconforming samples and the standard deviation
(a) values tend to be higher than the ones stipulated.

In relation to the regionalized results, concretes produced in the
South and Center-West regions presented the lower variability
than the ones produced in the Southeast and Northeast region.
However, the percentage of nonconforming samples tended to be
higher than 5% in all the regions.

In both national and regional results, it was possible to observe
that the ration between the mean strength and the specified char-
acteristic strength (f_ /f,) and the variation coefficient (Cve) tended
to decrease with increasing strength, while the ration between the
estimates characteristic strength and the specified characteristic
strength (f, _ /f,) tended to be constant.

Although the results indicate that the concrete currently produced
in the country present a slightly lower quality than the one pre-
dicted in the concrete’s preparation, control and acceptance code
[3], it is notable that along the last five years the material presented
a substantial improvement in its behavior, considering the results
published by Santiago and Beck [1].

The authors of this work are involved in a bigger project that aims
the calibration, based on structural reliability, of the partial factors
from Brazilian design codes. Therefore, this study of strength con-
formance of the concrete produced in the country is fundamental
to achieve the final goal.
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