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Determination of the building products
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Abstract. The reliability determination of building structures and their
components in a two-step mode nowadays is a relevant task. The article
studies the problem of determining the building structures and their
components reliability performance in a two-step mode based on the
results of the tests described. These tests were conducted as follows: the
batch of products intended for test are first tested in the first mode, and
then in the second mode. A certain moment of time for mode switching is
selected randomly by a specified law. The product is then tested in the
variable two-stage mode. During testing, moments of time of product
operation in the first and second modes are registered. Two
experimentation programs that differ in the way of mode switching are
proposed: program tests and dynamic tests. Examples of the methodology
application to the determination of the product failure rate were discussed.
According to the results of theoretical and practical application of the
proposed method, the way to determine the reliability parameters using
different laws was suggested for application in structural analysis and
construction products reliability assessment process.

1. Introduction

The solution to many of the reliability theory problems [1,3,4,5] requires building structures
and their components (hereinafter — “products”) testing in the two-stage mode. Such
problems include, for example, stress test problems, reliability calculation in the variable
mode, life utilization principles validation of the products, replacement of the operation
modes with laboratory ones. During structural calculation process, it is often necessary to
evaluate the effect of certain parameters, which are random variables. Their laws of
distribution are shown in table 1 [8,9,10].
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Table 1. The laws of the distribution of random variables encountered during structural calculation

process
Random variables Type and name of the distribution law
Wind load =1 —(x —a)2/252] -
Normal
1
Snow load a) f(x) = —=exp[—(logx — a)*/20°] , x>0
Lognormal

b) f(x) = % exp(—x)
x=0,n=0,12..

Poisson

All loads a) f(r) = D—x exp(—r2/2D,), 0<r<w

Rayleigh

b) f(x) = exp[—C,exp(—a,x)]
C; >0, a; >0, —c0o<x <00

070 =[rC) ew[-()]x=z0

0,in other cases

Durability parameters of the material

Weibull

Tests in two-step regime are as follows. The batch of products intended for test are first
tested in the mode ¢4, and then in the mode &,. Moment t of time for mode switching is
selected randomly by a specified law H(t)=P(t<t). The product is tested in the variable two-
stage mode: & ={g;,0 <t <7 g,T<t< oo}, where 1 — random variable distributed
according to the law H(t).

The article studies the problem of determining the building structures and their
components reliability performance in mode g; and &, based on the results of the tests
described. Let us set & and & product failure time in the modes &; and &, respectively and
through F; and F their distribution function, i.e. F;(t) = P(¢, < 1), i=1.2, F(t) = P(E < 1).

2. Determination of the building structures and their
components reliability performance

Note [2] that there is the following relationship between random variables 6, 0, and & &:
6 = min{ii, T}, 6, = max{O,E — z’}.

As the characteristics 6, & and E are observed during the test, after the experimental
test distribution functions F(t), 6,(t) = P(6, < t),i = 1.2 and S(t) = P(6, > t/g, > 1)
can be restored. S(t) function is the conditional probability that the product not failed in the
first mode during its testing on the program &, will operate in the second mode for no longer
than t. Subsequently we distinguish between two experimentation programs [6,7] that differ
in the way of mode switching.

A) Program tests. They consist in the fact that before the experiments start they are
specified by the distribution function H(t). Further, n random values py, W, ..., un, evenly
distributed by the law are determined by the random number tables corresponding to the
number n of test products. Values ; = H~1(y;),i = 1,2, ..., n are calculated, where H! -
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inverse H function. Product number i is tested first in the mode ¢, for a time 7, then, if it
does not fail — in the mode &,. Any function H that has the probability density h(t)>0 at all
t> 0 can be chosen.

B) Dynamic tests. In these tests, the mode switching is carried out only in the product
failure times. Briefly the test sequence will be as follows. At first, all products are tested in
the mode &;. Let's assume that the first failure occurred in the time t. Then randomly
selected not failed product is switched to the second mode, and the remaining n-2 continue
to be tested in the mode ¢; as long as one of them fails. Assume that it happens in the
moment of time z,. Again, randomly selected not failed product is switched to the second
mode, and the remaining n-4 continue to be tested in the first mode, etc. It is evident that in
this way each product will be tested in the two-step mode of (1) type.

So, we will proceed from the fact that similar tests were carried out and, based on their
results, distributions Q;(t), S(t)=P(t)(Q,>t, 7, > 7 ) were obtained. First let us set a goal to
find the distribution of products failure-free operation in the first mode F; (t) = 1 — F,(t)
by received Q;, S.

1. Let the experiment be carried out under program A) and based on its results function
H, Qi, S are obtained. It follows from the definition of random variable 0, that
0,(e)=P(0, <t)=P(min{&, 7 <t)=1-P(& >t,7<t)
=1-[1-FOIN-HOl=1-FROH®®, ) = LOHE) Q)
From formula (2) we obtain the reliability function in the first mode
Q1 ()
H®)'
We shall write the numerical characteristics of this distribution: mathematical
expectation and variance of random variable:

M@ = [ F@a= (f;g))

0
It should be noted that

co

M(&) = 2] tF(Hdt =2

0

F(t) = F(t)=1-F()=P(& >t) )

dt,D(&) = M(&) - M*(9)

[ (D)

J q(t) dt

2. Let the tests be carried out under the programs B). In this case the switching
distribution H (t) will not be known because it coincides with £, (t). Applying H=F; in (2),
we obtain

Fi(t) = /@(t) @)

Formulas (2) and (3) show that in order to determine the product reliability
characteristics in the first mode it is sufficient to find the lifetime distribution Q, based on
the test conducted results 6.

Although formulas (2) and (3) are simple, their use in practice may give rise to some
difficulties. In fact, after the experimental study failure time will be known, and it is
difficult to determine the distribution type by this data.

Therefore, @, functions for a given failures distribution of F; and H are a matter of
interest.
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3. Application examples

1. Let the products fail in the first mode exponentially F; (t) = 1 — e~*¢ and switching
points  are also set exponentially H(t) =1 — exp(—A,t) . Then
Q1(0) = F(OH®) = exp[—(4; + 2)t].

M) = [ 0.0 = [ expl-(a + 2)elde = !

At Ay
0 0
We deduce from the last equation the failure rate in the first mode:
1= 2,M(6)
M(6,)

2. Failures time is distributed by Poisson law: F, (t) = t"e~t/n! and switching times

are chosen exponentially: H(t) = 1 — exp(—At) . In this case:

_ - n,—t o . n,—t(1+1)
Qt)=e* (1 - :! ).M(6’1) =, [e"‘t —L] t=2——1_ where

i (1rpntr
1+ )"t =

n!

2 A
ey’ T loga [1—/1M(61)] -1

4. Determination of the reliability parameters using different
laws

Table 2 presents the results of calculating the function @,(t), representing the failure
function calculated by the formula (1) with different laws of failure Fy(t). Functions Fy(t)
were selected from table 1 depending on the nature of the load. For example, if the failure
of the test product occurred due to wind load, then the law of failure F(t) was chosen as
normal. If the snow load is considered, the failure of the product in the first mode is
selected according to the Poisson law, etc.

The moment of switching from the first to the second mode was considered as
exponential H(t) =1 —exp(—A,t). Then a numerical characteristic, such as the
mathematical expectation M (6,) and M(é,) for random variables was considered &, and &,
— time of work in the first and second modes, characterizing the average time of work in
each mode. The following functions are used in the table:

1. #(x) — normal distribution function

1 (%
qb(x):ﬁ e 2de

2. I'(a) — Gamma function
M(a) = [, t* e tdt (Rea > 0)
3. y(a, x) — incomplete gamma function
X
y(a,x) = f t* e tdt
0
Table 2 Numerical Characteristics for the Exponential Law of Switching Modes H(t)

Law of Failure Numerical Characteristics

Exponential () = exp[—(A; + )t];
— 1 — p=Mit
F(t) =1—eht t>0,1,>0 M(8,) =
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Gammagislt:xbﬁtlion O:(0) = [1 3 (gl ;)] exp(—2,t);
fi(t) = ﬁe"?(_“) M(6,) =1/, — (1 + 2,)" %/, 45;
F (o) = @A D) M) =3~

I'(ay) « A
a, >0, 1, >0, t=0 20" TR+ ) F (L2 + ooy + 1A +ﬂz)

B a; (A4 + A,)2* T (ay)

¥ - distribution

oG
- B0 [11 ) | P
' 221(%) M) = 3= (14277
ny t
Fl()_r( '7)

Normal Tte) = (=) exp(—1,t);
JAG) [ (t—a)” 1 232
= exp|———— a.
! a\2m p 20} M(0,) = —— —exp( 1z Azal) X
Ay x; 2
t — al X [1 - ‘P(ﬂchl)]'
F () = 45( ) ) 1 2
01 M(63) == — A_eXp(/leH Azay) X

—o<t<™ g, >0

x{[1—®@ ](1 1,02 + )+ % o
(A,02) P 201 T4 mexp € 2

Double exponential Q(t) =

Fi(t) = exp|—Ciexp(—ayt)] | = {1 — exp[—C, exp(—a,t)]} exp(—2,t);

G20 @ >0 o <t<e | M) =1/h My ol dy, G s
M(63) = — —2¢; "™ x
x v s, - G2~ Dy e/ = 1,6

1
Poisson o Ql—(t):[l — ?exp(—t)] exp(—A,t)
1 1!
Fi(t) = FEXP(_TS) M(6)=1/2,—-1/(1+ /12)711-'-1
.

t>0,n,=012..

5. Conclusions

The results obtained in the framework of the study on changes in reliability indicators in a
two-step mode allow us to simplify the assessment of the reliability of constriuction
products when changing test modes. In addition, using the data presented in Table 2, one
can immediately determine the numerical characteristics with different laws of failure
distribution in the first mode of the tested products in two-stage mode, which can be
encountered in the structural analysis and construction products reliability assessment
process. Further application and development of the proposed method may allow to
produce complex optimization of the currently existing methods for reliability assessment
using various automated systems.
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