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ESTABLISHMENT OF THE SCOPE OF TESTING OF CIVIL
STRUCTURES FOR MULTISTAGE QUALITY CONTROL

M.V.Savytskyi, D.Sc. (Tech.), T.J.Shevchenko PhD (Tech.),

O.M.Savytskyi, PhD (Tech.), A.M.Savytskyi
State High Educational Institution *’Prydniprovska State Academy of Civil Engineering and
Architecture’’ (Dnipro)

Multistage control comprises three stages: the 1st - establishment of a number of
structures to be tested; 2 nd - localization and establishment of a number of testing
areas of the structure subject to control; 3 rd - establishment of a number of tests at
each area.

In terms of method of control, the structures are divided into two types: same type
structures and unique ones

In accordance with [1] there have been established three levels of quality control
for the same type structures: increased, standard and reduced ones.

Increased control is testing of all elements of the general population. It shall be
carried out for objects or structures, on which no design and as-built documents are
available, or there are signs of stricture damages, characterizing the condition of the
structure as "non-serviceable" or "dangerous"

Standard control means that out of the whole number of elements of the general
population N there shall be selected, randomly, a number of the elements n<N by the
results of instrumental control of which there shall be made a conclusion on a
controlled parameter of the whole general population.

Under reduced control, the number of elements of the general population does not
depend upon statistical characteristics of quality indices.

According to recommendations [2], under reduced control, the number of
elements of the General population subject to instrumental control depends upon
degree of aggressiveness of environment, to be identified according to [3] (Table 1).

It is admitted to carry out reduced control if "a priori" it is known that the
elements (structures) had been constructed by the same technique with known quality
indices and their statistical characteristics, which had been subject to statistical
control by verified methods (i.e. under availability of QC system at the stage of
construction).

Localization of testing areas may be performed proceeding from static behavior of
the structure (optimal area) [2], or using Procedure [3] (admissible area).

Establishment of a sample or of admissible areas shall be performed by
randomization of statistical tests (Monte-Carlo) [4]. To generate a random sample of
designs, a random number generator built into modern software packages, such as
MathCAD Professional 2000 or the Random Number Generator v1.2 is used.
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Randomization is carried out in such a way that each structure, elements, zones of
structures had the same probability of being selected.

The number of tests of structures and their parameters is determined on the basis
of the regulation of the estimation of the mathematical expectation of the functions of
the properties of structures or their parameters, the permissible error in estimation,
the statistical characteristics of the functions of the properties of structures or their
parameters.

Table 1
Aggressiveness Number of elements
degree % pcs., not less than
Not aggressive 10 3
Low-aggressive 10 3
Mean-aggressive 15 4
High-aggressive 20 6

The test rate (n), which characterizes the number of structures, areas of control, is
calculated by the formula [5]:
2
txV
n= 1
& 0

where: ¢ = 1.64 on the basis of the approved design security of the controlled
characteristics (strength of materials), equal to 95%;

V' - coefficient of variation of the controlled property of the structure (concrete
strength) 1s accepted a priori equal to 0.05 - 0.20 and is refined after conducting
surveys and probabilistic calculations.

d = 5-15% - the maximum permissible error in the estimation of the average value
of the functional property of the structure.

An example of a randomization of a test plan for mass-type structures.

a) Problem statement: It is necessary to form a sample of 10 structures for the
general population of beams of ceilings containing 100 structures.

b) Solution of the proble: MathCAD Professional 2000 software package was
used for the solution.

The results of the calculations are given in Table 2.

Table 2
Sampling for quality control of beams
Test number 1 2 3 4 5 6 7 8 9 10
Design number 1 20 59 36 82 18 71 31 10 16
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