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THE METHOD OF PREDICTING THE EXTENT
OF CHANGES IN THE PERFORMANCE
CHARACTERISTICS OF RESIDENTIAL BUILDINGS

B. NOWOGONSKA!

Accordingly to recommendations set out by standards, degradation curves which will serve as a tool facilitating
decision-making regarding renovation works ought to be developed. The article presents the proposal of a model
for predicting the aging of a residential building. The proposed PRRD (Prediction of Reliability According to
Rayleigh Distribution) model determines the performance characteristics of a building over the full period of its
use. PRRD accounts for the life spans of individual building components. Additionally introduced in the model
were supplements accounting for the intensity of changes in the building and its surroundings. The developed
method of the non-linear degradation process of a building accounts for the role and weights of individual building
components as well as the intensity of significant factors influencing the aging process. The presented
methodology of the description of changes in the performance characteristics over the course of using a building
will be a diagnostic process of predicting the technical state of a building. The proposed predictions can serve as

the basis for making the right strategic decisions when planning renovation works in residential buildings.
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1. INTRODUCTION

In order to ensure an adequate technical state of a building over the course of its use, familiarity with
the building aging process is useful. Attempts are being made to describe the building degradation

process using, e.g. neuron networks [1], fuzzy sets [2] or stochastic processes [3]. At the same time,
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along with the aging process over the course of using a building are the ever-increasing civilizational
needs of the inhabitants [4-7]. A prediction of the aging process of a building is useful when making
decisions regarding renovation undertakings over the course of building maintenance [8-10]. In
accordance with the standard [11-14], the prediction of the degradation of a building ought to rely on
predicting changes in its operational properties. A performance characteristics — time relationship

ought to be developed, as a non-linear function of time.

2. FACTORS INFLUENCING PERFORMANCE CHARACTERISTICS

In the aging process of a building, factors influencing its degradation occur. These factors can occur
at various changing intensities. According to standards [11-14], factors influencing the operational
properties of a building and their components are grouped into factors affecting it from the outside,
from the atmosphere or of a natural origin, or caused by human activity, as well as those acting inside
the building — caused by use or being the consequence of a construction design.

When predicting changes in the performance characteristics of a building [11-14], three problems
ought to be accounted for: factors responsible for degradation, consequences of changes in the
intensity of factors and consequences of the effects of a combination of these factors.

Factors influencing the degradation of a building are destructive mechanical, electromagnetic,
thermal, chemical and biological activities. Familiarity with the anticipated intensity of the effects of
a factor and determining its minimal and maximal values will help to determine the prediction of
damages.

Over the course of using residential buildings, factors influencing the aging process very rarely occur
individually; they most often work together, sometimes in dependant systems. The predicted service
life ought to account for the most unfavourable of situations, i.e., the simultaneous effects of all
factors. A difficult task, however, is determining the prediction of the intensity with which these
factor act, combinations of intensity and the effects of their action. In accordance with standards [11-
14] only the most significant factors can be accounted for when predicting the aging process. An
assessment of the effects of significant factors in an individual manner as well as in combination with
other factors ought to be carried out. Accounting for degradation caused by various significant factors,

in residential buildings these factors result in natural wear over the course of their use.
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3. PLANNING SERVICE LIFE

Planning the service life (Service Life Planning) of the building is strictly connected with the problem
of predicting the service life of its components. The standard [14] gives the coefficient method used
to predict the service life SLP. This method relies on determining the estimated service life (ELS)
based on the modification of the reference service life (RSL) by accounting for differences between

the conditions accepted in the project and a reference set of in-use conditions.

(1.1) ESL=RSLxAxBxcxDxExFxG

where:

A,B,C,D, E, F, G- coefficients describing differences between conditions.

Coefficient A describes the quality of the building components, coefficient B - design level,
coefficient C — construction work execution level, coefficient D — indoor environment, coefficient E
—outdoor environment, coefficient F — actual usage conditions, and coefficient G — maintenance level.
Coefficients with a value of less than 1.0 reduce the estimated service time, while coefficients with a
value of greater than 1.0 cause its increase. The appropriate choice of values for modifying coefficient
A — G depends on the differences between the reference conditions assumed in the design and
reference usage conditions. The influence of the quality attributes of a building on the service period
is accounted for by coefficients A, B and C (quality level, design and execution), the influence of the
environment — coefficients D and E (indoor, e.g., ventilation; and outdoor, e.g. pollution, atmospheric
conditions) as well as the influence of the usage conditions by coefficients F and G (conditions during
the service period, thus categories of usage and type of maintenance, e.g. frequency of refurbishment).
In accordance with the standards [11-14], the degradation factors as well as mechanisms of
degradation, as a result of which factors may induce changes in the performance characteristics of a
building, ought to be determined, as well as the measurable effects of degradation, and methods of
verifying these studies ought to be developed.

Currently, there is a lack of analyses regarding the prediction of RSL of building structures and studies
on the changes in the performance characteristics of building structures are only now being carried

out.



www.czasopisma.pan.pl P@N www.journals.pan.pl

84 B. NOWOGONSKA

4. COURSE OF CHANGES IN THE PERFORMANCE CHARACTERISTICS

IN THE FUNCTION OF TIME ACCORDING TO THE PRRD MODEL

One of the proposals for predicting the aging process is the PRRD method. Over the course of the
service life of residential buildings, the performance characteristics of a building and its individual
components decrease with time. In accordance with requirements set out by standards [11-14], a
program for the exposure of aging accounting for the most significant degradation mechanisms ought
to be developed. A mathematical model for the distribution of the time of the proper performance of
technical objects as well as the durability of goods applied is the Weibull distribution. In accordance
with the assumptions of this distribution, the Ro(t) function, describing the course of the process of

changes in the performance characteristics [3] in time 7, takes on the general form of:

(1.2) Ro () = exp(=(BD")

The Weibull distribution is a class of distributions, and a particular case of the Weibull distribution
is the exponential distribution. The exponential distribution is applied very often [15-18] to describe
changes in the reliability of technical devices, however an exponential model of the reliability
distribution does not appear in reality. In the exponential distribution, a large approximation is made,
i.e. the negligible influence of wear processes. A characteristic feature for the exponential distribution
is the constant intensiveness of damage over the entire service life of the object. Another particular
of the Weibull distribution is the Rayleigh distribution [3, 15-18]. This distribution occurs when the
wear of the structure over time is the main reason for failure. The choice of the Rayleigh distribution
for modelling the aging process of buildings appears to be the most appropriate choice. Buildings
undergo wear over the course of use, and the Rayleigh distribution is applied when the wear of the
building increases along with the passing of time it is in use.

The function describing the course of changes in the service properties in time 7 based on the Weibull
distribution is expressed by the relationship (1.1). In the Rayleigh distribution, parameters o and f

are equal to:

(13) (X=2, B:
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The proposed PRRD (Prediction of Reliability According to Rayleigh Distribution) model — of
changes in the performance characteristics of the i-th building component based on the Rayleigh

distribution is a description of the aging process of a component and building:

(1.4) Ri(t) = exp(— (Ti)z)

where:

Ri(t) — changes is the performance characteristics of component i, t-service time, T;— lifespan of component i.

A building is made up of many inter-connected components. Every building component has a role.
Elements which serve structural functions have the most important influence on the service life. Other
auxiliary components influence the performance characteristics of a building to a lesser degree, and
their influence results, above all, from the fact that damage to auxiliary elements can cause changes
in the parameters of fundamental components. When indicating the performance characteristics of an
entire building, which is a collection of components, the intensities of the influence of performance
characteristics in the form of A; weights of individual components have been accounted for. Changes

in the performance characteristics of a building Rp(t) in time t are specified by the relationship:
(1.5) Rp(t) = XiZ41[AR; (V)]

where:
R; (t) — changes in the performance characteristics of component i, A;— weight of the i-th component, i —

number of building component, m - number of all components.

Figure 1 presents the predicted aging process in the form of the prediction of changes in the
performance characteristics of residential buildings built using traditional technology. In this
building, the load-bearing walls and partition walls are laid from solid brick, on cement-lime mortar;
the rafter framing, ceilings and stairs, window frames and doors are wooden, the roof cover are

ceramic tiles, and gas hook-ups as well as water-sewage pipes are from galvanized steel.
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Fig. 1. Changes in the performance characteristics of the entire building Rp(t) according to the PRRD model

In the picture, the borders of individual technical conditions were additionally indicated, determined
by the category of technical conditions — good, satisfactory, average, poor, bad. The limit values of
the technical states were assumed in accordance with the values corresponding to the levels of
technical wear. The chart of changes in the performance characteristics of the building makes it
possible to determine the time of achieving technical conditions by the building during its usage.
Under the assumption of nonfeasance of refurbishment activities on the building, a good technical
condition changes to satisfactory in the 22" year of use, average in the 35" year of use, poor in the

55" year of use, and finally bad in the 85" year of use.

5. PRRD MODEL ACCOUNTING FOR THE INTENSITY

OF DEGRADATION FACTORS

In the proposed PRRD model, the results of the assessment of the durability of building components
which are available in technical literature were accounted for. The disabilities of building components
are given in literature as ranges of periods which result from the different conditions concerning
location, maintenance, variability in properties of materials, the level of workmanship, and the level
of design. Taking into account the time ranges of the durability of building components in predicting
changes in the performance characteristics of components, the estimated service life was determined,
while coefficients A-G had already been accounted for in the form of the lifespans of building
components.

For the proposed PRRD model, the changes in performance characteristics for minimum lifespans of

each building component Ri(t)min Were calculated according to Formula (1.3), and next, in accordance
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with Formula (1.4), the function of changes in the performance characteristics of the entire building
RB(t)min was determined for the entire building for minimal lifespans of individual building
components.

The next stage was to indicate the functions of changes in the performance characteristics for

maximum lifespans of individual component of the building as well as the entire building Re(t)max.
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Fig. 2. Changes in the performance characteristics of buildings in the PRRD model accounting for the intensity
of factors determining aging.

In Figure 2, the functions of changes in the performance characteristics of the entire building are
presented accounting for the maximum and minimum durability periods of components. Material and

structural solutions of a building such as that in Figure 1 were accepted for the analysis.

6. CONCLUSIONS

Predicting the aging process is essential over the course of the maintenance a residential building. In
accordance with the standard recommendations, degradation curves of the building ought to be
developed and changes in the planned service life presented. However, the problem remains
unrecognized in many aspects. The lack of data indicates the need for studies and analyses connected
with the topic. The predicted changes in the performance characteristics of residential buildings can

be useful in making the right decisions when planning construction works.
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METODA PRZEWIDYWANIA ZMIAN WEASCIWOSCI UZYTKOWYCH
BUDYNKOW MIESZKALNYCH
Keywords: whasciwosci uzytkowe, planowanie okresu uzytkowania, stan techniczny

SUMMARY:

Zgodnie z zaleceniami normowymi nalezy opracowa¢ krzywe degradacji, ktore postuza za narzgdzia wspomagajace
podejmowanie decyzji remontowych. W artykule przedstawiona jest propozycja modelu prognozy starzenia budynku
mieszkalnego. Zaproponowany model PRRD (Prediction of Reliability acording to Rayleigh Distribution) okresla zmiany
wihasciwosci uzytkowych budynku w pelnym okresie jego uzytkowania. PRRD uwzglednia okresy trwatosci
poszczegolnych elementow sktadowych budynku. Do modelu dodatkowo wprowadzone zostaly uzupehienia
uwzgledniajace intensywnos¢ zmian w obiekcie i w jego otoczeniu. Opracowana metoda nieliniowego procesu degradacji
budynku uwzglednia rolg i wage poszczegdlnych elementow skladowych budynku oraz intensywnosé czynnikow
istotnych wplywajacych na proces starzenia.

Normy dotyczace planowania okresu uzytkowania grupuja czynniki wplywajace na degradacj¢ budynku i jego czgsci
sktadowych na dziatajace spoza budynku: z atmosfery lub podtoza pochodzenia naturalnego, spowodowane dziataniem
czlowieka oraz czynniki dziatajace wewnatrz budynku — wywotane uzytkowaniem lub bedace konsekwencja projektu
budowalnego. Podczas uzytkowania budynkoéw mieszkalnych czynniki wptywajace na proces starzenia bardzo rzadko
wystepuja pojedynczo, najczesciej dzialaja tacznie, niekiedy w ukladach zaleznych. Prognozowany okres uzytkowania
powinien uwzglednia¢ sytuacj¢ najbardziej niekorzystna, czyli jednoczesne dzialanie wszystkich czynnikéw. Trudnym
zadaniem jest jednak okreslenie prognozy zmian intensywnosci dziatania tych czynnikow, kombinacji intensywnosci oraz
skutkow ich dziatania. Zgodnie z norma mozna uwzgledni¢ tylko najbardziej istotne czynniki w prognozowaniu procesu
starzenia.

W zaproponowanej metodzie PRRD uwzglgdnione zostaly wyniki oceny trwalosci elementow sktadowych budynku
dostgpne w literaturze technicznej. Trwatosci elementéw budynku podawane s3 w przedziatach okresow, ktore to
wynikaja ze z rézniacych si¢ warunkow lokalizacji, utrzymania, zmiennosci cech materiatdw, poziomu wykonawstwa,
poziomu projektowania. Uwzgledniajac przedzialy czasowe okresow trwatosci elementéw budynku w prognozowaniu
zmian wlasciwosci uzytkowych elementow zostal okreslony szacowany okres uzytkowania.

Prognozowanie procesu starzenia jest niezb¢dne podczas utrzymania budynku mieszkalnego, jednak problem jest w wielu
aspektach nierozpoznany. Brak danych wskazuje na potrzebe badan i analiz zwiazanych z ta tematyka. Prognozowane
zmiany wlasciwosci uzytkowych budynkéw mieszkalnych moga by¢ pomocne w podejmowaniu prawidlowych decyzji

w planowaniu prac budowlanych.
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