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Abstract

The patterns of process situations play an importa in the monitoring of diagnostic
processes. The adaptation of mathematical modstsidng the degradation processes
in mechanical and electronic devices creates oppitigs to develop diagnostic
standards for buildings erected in traditional texbgy. This article presents a proposal
for the prediction of building operational reliatj| which is a prognostic process model
within the full period of its use.
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1. INTRODUCTION

All technical objects suffer breakdowns and damaggitis the passage of time.
The main problem arising while buildings are in iséheir reliability and the

endeavor to eliminate the formation of any damages.

The presented analysis includes apartment buildergsted in a traditional
technology and regards them as technical objecthe case of such buildings it
is proposed to apply rules applied for mechaniacal @ectrical objects. For the
needs of the reliability analysis of apartment dind)s erected in a traditional
technology, a building was divided into componentsch were analysed first
separately and then together in the whole buildifige probability of the

exploitation of a building without any breakdowmsa given period of time is
defined as exploitation reliability.
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A complex analysis of building reliability shouldndude phenomena
accompanying long-time exploitation of a buildinthe following criteria are
used for reliability estimation: wear, the frequeraf maintenance work, the
way of exploitation, the influence of external farst, the propriety of the project
process, the quality of materials, the precisiomhefbuilding erection work. In
the case of buildings older than 100 years thexenarpossibilities of examining
the three last factors. For a long period of expt@n, it can be assumed that
designing processes and erection works were pegfbreorrectly and the used
materials were of high quality. It was also assuitined the way of exploitation
and the influence of external factors for all buntgs were on the same level, and
did not condition the differences in building rélilty and thus, they were
disregarded in the analysis.

2. RELIABILITY OF TECHNICAL OBJECTS

The analysis of humerous physical phenomena man dflad to a conclusion
that some properties change randomly and, at the siane, depend on changes
of other parameters. A mathematical model of su@npmena goes far beyond
the classical theory of probability, where only dam events and random
variables are considered. The extension of theghitity theory which allows
the examination of random events in connection &ittertain parameter (e.g.
time) is the theory of stochastic processes.

The theory of renewal and reliability includes gdesbs where the random
variable T, which refers to the lifespan of an objer its components, plays the
basic role. The cumulative distribution functiontloé random variable T

Ft)=P {T<t} (2.2)
Is called a failure function whereas the function
R(t) = 1-F(t) (2.2)

is determined as a reliability function [3, 6, T, Bhe reliability of an object is
defined as the ability to fulfil the task resultifrgm the purpose it was intended
for [5, 6, 9].

The reliability of an object is defined as the #épito fulfil the task resulting
from the purpose it was intended for. It means thatobject is demanded to
fulfil a determined function in determined timen determined conditions of
operation. The measure of the reliability of aneahjin terms of the task, is the
probability of completion of the task. Such detared reliability measure is a
function of time of the building's reliable perfaance and is called a reliability
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function [2, 8, 12,14]. To model a situation for the needs of the isatv
analysis, when the probability changes in time,Weibull distribution is most
frequently used as a distribution of the randomialde of the time of the
building's usefulness [17, 8, 9, 5, 6, 12, 14, T8 probability density function
for the Weilbull distribution is determined withetinelation:

fit) = ap®t*texp[-Bt)] fort=0 (2.3)

where: t- the exploitation period,
o - scale parameter (a real number}; O,
B - the shape parameter (real numbgn,0.
The parameten of the distribution determines the probabilitysobreakdown in
time:
= for a <1 the probability of breakdown decreases in timbhich suggests
that, when the object breakdown is modeled, sonezisen may have
production defects and slowly fall out of the paiidn,
= for a=1 (exponential distribution) the probability isnsbant, it indicates the
fact that breakdowns are caused by external rarel@mts,

= for a>1 the probability grows in time, which suggestattthe time-related
technical wear of elements is the main cause aka®wvns,

= for a=2 (the Rayleigh distribution) the probability gretinearly in time.

The distribution parametep is a coefficient characterising the rate of the
reliability obsolescence:

p=1/Tr (2.4)

where & denotes the period of the object durability.
It may be interpreted as a period after which 1~183.2 % of the population
will vanish, and is called the characteristic vabfisurvival.

The distribution function for the Weilbull distriban obtained after integration:

Fi)=1 - exp[$t)“] (2.5)
In literature, the distribution function is calldatie probability of damage,

a destruction function, breakdown or a failure fimt and is determined with
the relation:

F() =P (t< &) =1 - R(@) (2.6)



90 Beata NOWOGONSKA

where: | - period of object durability,
R(t)- reliability function, also called the prdikty of proper
operation, or durability function.
Inefficient or failure-free operations are opposéeents which exclude one
another, therefore the relation (2.6) may be applie
The reliability function is the change of the prblisy of faultlessness over
time, with the Weibull density distribution:

R(t) = exp [-B) ] (2.7)

The intensity of damageg({t) is a reliability indicator, which is also defid as
the intensity of the probability of damage, or thge of growth of unreliability
in relation to reliability [8, 12, 14]:
dF(t) 1
Aty =———= —

® &t RO (2.8)
Exponential distribution is a particular case af iWeibull's distribution, where
th shape parameter=1. Exponential distribution is frequently used time
examination of a proper performance time [2, 8, 1@, 14, 17]. The
characteristic for the exponential distributioraigonstant intensity of damages
throughout the whole period of the object explaiai.(t) = const

M) = 1Tk (2.9)

The relation defining the reliability function (2.7or the i-th component of a
building for known parameters andp may take the form:

Ri(t) = exp [-(/Tr)] (2.10)

where:
R(t) - exploitation reliability for the i-th componeof a building,

t - exploitation time,

Tri - durability period of the i-th element of a build.
Another particular case of Weilbull distribution,here o=2 is the Rayleigh
distribution. The distribution is a one-parametgstribution, and occurs when
the technical wear of the object in time is themtuse of failure [17].
The application of the Rayleigh distribution forildings seems to be the best
choice. All buildings and their components are sabjo technical wear and the
Rayleigh distribution is applied when the wear ofobject increases in time.
For this case, the reliability function (formul&Rtakes the form:
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R(D) = exp [-(UTx)’] (2.11)
The intensity of failure according to the Rayledjhtribution
A(t) =2t/TH (2.12)

The bibliography on reliability of electronic deeg attributes the intensity of
failure to technical wear as described in:

t
S, = j At dt (2.13)
0

where: S technical wear.
After appropriate transformations, technical weguads:

1
S, = —op “t" (2.14)
o

The degree of technical wear is thus determinel thi¢ relation:
S =p* t* (2.15)

The technical wear according to the exponentidtidigion, where the intensity
of failure is constant (2.9) is expressed withlthear function:

S =t/ Tg (2.16)

where:

S, - the degree of technical wear of an object exga@én percentage,
t - the age of the object,

Tr - the expected durability period of an object essed in years.

The formula (2.16) is applied to determine the adteechnical wear and tear of
carelessly maintained buildings. Due to the negligein the renovation-repair
policy, the most unfavourable variant of the defaation of the rate of wear of
buildings was applied.

The result of the differentiation is the constarensity of damages, which is a
characteristic feature for the exponential distitoy thus, the Weibull
distribution takes the form of an exponential dlgttion. The relation obtained
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is one of the time methods applied for the deteatom of technical wear of
carelessly maintained buildings in an arbitraryigubof time.

For the Rayleigh distribution, where= 2, § = 1/Tg, the degree of technical
wear equals:

S, =0 T& (2.17)

The formula (2.17) is applied to determine the aiteechnical wear and tear of
well- maintained buildings.

3. RELIABILITY PREDICTION OF BUILDING COMPONENTS

The research included the specification of buildioghponents which were first
analyzed separately and then together in the whdlding. Each component is
made of various building materials. Over time naditerials are subject to ageing
and natural wear, and lose their original expl@taiproperties. The process is
different for each building component and they allecharacterized by their
own durability periods [1, 4, 11, 13, 16, 18].

The time of exploitation during which the comporseidse their exploitation
properties depends on many factors: the matergitguthe structure solutions,
the performance quality of the building erectionrkyothe influence of the
environment, the way and conditions of building lekption. The factors may
occur with various frequency and intensity. Dueth@ complexity of the
phenomena, the durability periods are time periofissarious lengths. For
respective building components and solutions, aeerdurability periods &
may be assumed. They are values for average penfmenquality of the
building erection work and building exploitation asell as average
environmental conditions.

To determine the exploitation reliability of a hililg with the use of the
relations (2.10) and (2.11), the building, ereciedhe traditional technology,
was divided into 25 components (brick foundationgsonry brick walls,
masonry partition walls, wooden beam ceilings, wogtairs, roof rafter, tail
caver, gutters and drain pipes, internal plastexternal plasters, windows,
doors, glazing, wooden floor, wall coatings, woodkvoil coatings, cores of
ceramic cookers, tiled stove, central heating pipeslers and heaters for c.h.,
water supply and sewage pipes, water supply anithian fittings, gas pipes,
electrical installations, electrical equipment). d&étermined material-structure
solution with characteristic theoretical averageadility periods F;, Tgi by
periods [1, 16, 18] was assumed for each comportemtelations (2.10) and
(2.11) were applied to examine the change in th@odation reliability of all
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the components within the assumed a 100-year pesfodxploitation. The
selected results of calculations are presenteidimefs 1 - 6.
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Fig. 1. Reliability prediction of masonry walls acding to the exponential distribution
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Fig. 2. Reliability prediction of masonry walls acding to the Rayleigh distribution
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Fig. 3. Reliability prediction of wooden rafter acding to the exponential distribution
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Due to various reasons of damages to building compts occurring with
random intensity and frequency (e.g. the influeotatmospheric processes is
different on each floor of a building; traffic imsity may cause different
damages to buildings of identical structure-matesalutions; similarly,
different ways of building maintenance, topograpbanditions; neighboring
trees and many other factors), the periods of compbdurability may vary
considerably from the ones assumed, and thus, thege in the exploitation
reliability within an exploitation period will beifferent. Therefore, the changes
in the exploitation reliability in the subsequertys of exploitation presented in
the figures should be treated as approximate.

4. SUMMARY

Methods derived from the theory of exploitation mmbchines and electrical
appliances were applied to examine the properfiegpartment buildings. The
results obtained at the present stage of the atialis of the exploitation

reliability problem may be helpful in maintenandarming. In order to program
repair and renovation work, the prognostic deteatim of the scope of work in
terms of the kind and quantity is necessary. Thegaire should include

preventive actions aiming at assuring that no damagll occur to the building.

The reliability analysis may be applied for prenfigithe dates of the repairs of
the components of a building erected in the tradél technology. The course of
the exploitation reliability of elements over thebsequent years of their
exploitation may be used in prognostic planningntér-repair cycles for the

whole building.
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MATEMATYCZNY MODEL OPARTY NA ROZKLADZIE RAYLEIGHA
ZMIAN NIEZAWODNOSCI ELEMENTOW SKEADOWYCH BUDYNKU

Streszczenie

Planowanie dziatazwiazanych z prawidtowym utrzymaniem budynku riglelo zada
nietatwych. Brakuje wiarygodnych modeli matematyedn ktére pozwalatyby na
oszacowanie niezawodfw eksploatacyjnej budynku, oldtanej czsto zmianami
whasciwosci  uzytkowych. W przypadku ueglzer technicznych (mechanicznych,
elektronicznych) podejmowanea sproby wyznaczania predykcji niezawodob
eksploatacyjnej, jednak dla obiektéw budowlanychdgie s¢ jedynie orientacyjne
wykresy zmian wisciwosci uzytkowych. W artykule przedstawiona jest metodyka
prognozowania niezawodém eksploatacyjnej budynku, a wadtd wiasciwosci
uzytkowych okrélone zostaly parametrami dystrybuanty rozktadu Bigyla.

Stowa kluczowe:  niezawodideksploatacyjna, stopieuzycia, predykcja
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