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Abstract

Non-random uncertainty character connected withetveuation and classification of concrete compvess
strength, and also faults and disadvantages a$tatat compliance criteria, were reasons to foatella new
fuzzy criterion of concrete strength assessmentciwsification procedure of produced concrete. Benship
functions of mean value of compressive strengttiuded in conformity criteria, have been determiirethe
contribution on the basis of fuzzy-statistical echpent.

1. Introduction code [3] for continuous production have the
following form:

The quality of built-in concrete decides about ggfe )\ ey sample size n = 3:

durability and time of operational use of concrete
engineering  objects. The development of
contemporary concrete technology and application of
admixtures and additives for concrete offer great
opportunities of fulfilling diverse and high - for sample size k 15:

requirements put to this material. But it also gsin

new difficulties and problems, which undoubtedly fcm > fck +1480 , fci > fck -4 (2)
increase the construction costs. New concrete

structures are expgcted to .be safe and duraple, ar@ompound compliance criteria of type (1) raises
the terms of the first repair should be maximally 5y questions, so the performed analysis with use
removed in time. _ of fuzzy-statistical methods refer to the sampte si

The PN-EN 206-1:2003 [3] code defines the_ 3 the paper presents analysis and assessment of

properties of concrete and fresh concrete angne gyality and safety associated with use of codes
verification methods of these parameters, as agll compliance criteria for compressive strength of

production control procedures. There are two areaézli

. ; ; ingle kinds of ordinary concrete. The Monte Carlo
where quality requirements have been establishe ndom simulation method and fuzzy sets theory

[1]: with use of fuzzy-statistical methods have been

- hardened concrete applied for the analysis.
- fresh concrete.

The decision on the conformity or inconformity of
strength is based on a comparison of the sampdes te
results with the compliance criteria. The Compressive strength of concretg fulfiling the
ascertainment of conformity of the tested compound compliance criterion can be inscribed by
compressive strength with the accepted criterionusing a fuzzy set:

may be based on [1, 2, 3]:

- accepted statistical quality control plan (SQCP), fo=[u, (f.) f.], M o:F. - [0]] (3)

- fuzzy-statistical and fuzzy methods. © ’

Quantitative criteria, used to assess the confgraiit

concrete compressive strength, recommended in the

fon2f t4, f,2f,-4 1)

Cl

2. Fuzzy-statistical compliance criteria

197



Skrzypczak Izabela
Fuzzy method in the conformity criteria of conciietéhe quality control and safety

Where: lqu(fcm) is the membership function Contrast, the fuzzy membership functions considered

assigning degree of the fuzzy set memberhip and higher i- class of concrete has follow form:

(from the interval [0,1]) to each element of the - o

Strenght Set fc D Fc /'ICi+1(fcm) = 1_ J. p{(fcm)jfcm - .[ p/] f (fcm) (8)
The code compound criterion of conformity of fem h

produced concrete lot with projected class may have

- : fon—m
the following form: luCi+1(fcm) —1- {1_ F( om — e ﬂ
. O¢
- for sample size n = 3:
fom —M,
fo21,+4 Pl ®)
=K (4) U
f,2f, -4

_ The final form of the formula is:
- for sample size n = 15:

fo,—m f,,—m
f >f, +1480 , = om ¢ |_ om '
cm ck 4]’ } - K (5) /'IC|+1(fcm) F( 0} j FL o J (10)

fci 2 fck - 7

Where: K is the fuzzy value (of. (f..) membership Where:

function), which should be established for 1
determined classes of concrete on the ground the F(z)——jexp( 05z%)dz (11)
fuzzy-statistical experiment.

2.1. Fuzzy member ship of compressive With the membership functions for different classes
strength of concrete, and the mean value of compressive
strength for neighboring classes estimated based on
Pandom simulation, we can calculate the degree of
embership values of the considered batch of
concrete to different classes. Depending on theeval

of u; o (f.,), we can decide on the inclusion of lots

The three-phase method (fuzzy-statistical) has bee
used to determine membership functions of tes
characteristics [6, 7]. Random variableandrn were
defined. Every experiment determines a pair of
numbers & andn, where& is demarcation point for
considered and lower class of concrete ands  Of concrete to the appropriate class of concreties T
demarcation point for considered and higher clasglecision may be more or less conservative,
concrete. Variableg(,n) can be assumed as a two- depending on its impact on the qualitative
dimensional random variable. Then trough samplingassessment of the produced concrete and the impact
it is possible to obtainpg(fem) and py(fem) as  ©ON the requirements of safety, quality and econsmic
marginal probability distributions. In generé&landn

follow a normal distribution N(mgo:) and S Numerical example

N(my,on). Compliance criteria given in the formulas (1) were
The membership function for i-class of concrete canperformed by the computations method: generating
be described below: 100 000 random groups of size3 in accordance
with normal distribution, generating class of carter
fom f —m (concrete classes of the three neighboring claskes
U ()= jp”(fcm)dfcsz( o ”J (6) concrete €., G, G . ; with 1/3 probability),
- g, generating standard deviation and defective fractio

To generate random numbers with standard normal
The membership function for considered and less idistribution, the method Box and Muller [5] was
class of concrete can be described by the followingused. The table of probability distribution of dam

formula: vector (¢,n) and the histogram of marginal
¢ probability distributions, for the considered and
_ 1 em ~ Mg lower class of concrete and one for the considered
Hoa(fen) = gmpf( on i =1 F[ ; J 0 and higher class of concrete, were built. Graphs of

the density function of boundary probability
distributions p (f.n) and g (fcm) are the basis for the
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designation of membership function for each cldss o-
concrete.

On the basis of simulations for the concrete class
C16/25, generating 100 000 random groups of size m
= 3 in accordance with normal distribution, maggin

fom @s values from intervals (10; 15,8) MPa with
the confidence level from interval (0,5; 0,82) to
the concrete class C16/20 or to C8/10,

fom @s values from intervals (15,8; 22) MPa with
the confidence level from interval (0,08; 0,5) to

density functions of distributions and fuzzy  the concrete class C25/30.
membership functions were estimated for each class
of concrete. 1 15
The marginal probability distributions:(®), p,(x) ’
and the plot of original and modified membership 02 C;H{)and C16/20
function of concrete class C16/20 and neighboring 08 / \ )
classes (C12/15, C20/25) are presented byritnere 0,7 ‘{;mo
1 05 TN / \\ CL6120 gnd C25/30_—~— T oo L
" m
1 . c 05 1,CBI10 \ / \/
A VAWAWA
s 091 | \ { \ 105
> gl ClU5andCl620 1 CI620 and C20125 031 \ '
’ 07 ' /\ Hlen) 02 \/ \/ M Che0 \
EE 0]5 0 T 1 1 T T 1 T T T T 1 1 T T 0,0
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;0 108
> 02 Figure 2.The membership function of.fconcrete
Co0L f classes for concrete class C8/10, C16/20 and C25/30
[ — oo (the analysis for the second-class concrete)
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Figure 1.The membership function of,fconcrete
classes for concrete class C12/15, C16/20 and
C20/25

3. Conclusions

Uncertainties related to the assessment and
classification of concrete strength and attempts to
apply a fuzzy measures of safety in the designimtyy a
analysis of building structures are the reasonthef

The plot for membership function of concrete classformulation of new fuzzy-statistical classification
does not accept value 1,Bigure 1]. This suggests
that concrete class division is too numerous.
The analysis was conducted for the second-classvaluation gives additional reason for this solutio

procedures for produced concrete. Defects and
deficiencies of the statistical criteria of confdtyn

concrete getting the results of the confirmatory Fuzzy-statistical and fuzzy methods allow takingin
foundation about too numerous classes of concrete. account the opposing requirements of safety, gualit
Class of concrete C16/20 (sample sz, u ci(fcm) economy. The inclusion of these requirements is
were considered to estimate the membership functiofossible by determination of test characteristiciea
of the fuzzy value of concrete classes. Assumirg th with degree of membership less than unity.

normal distributions of demarcation points —

N(m;, o:) andn — N(m,, c,) of concrete class C8/10 References

and C16/20, and C16/20 and C25/30, respectivel
mean values p¥ 10,19 MPa, m= 21,72 MPa and
standard deviation:=3,29 MPa ands:=2,18 MPa
were estimated. Then the membership function

value of test coefficient for concrete class C16/2
was calculated according to formulas 6, 7, 10 ahd 1
which is presented on the Fig. 2.
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