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Abstract. The problem of multi-family building maintenance is complex and comprises numerous
issues, one of which is the process of planning expenditures for residential building renovation. This
task is important from the manager’s point of view as their responsibility is to maintain a building in
a non-deteriorated condition. To fulfil this task, the authors of this paper suggest utilising a decision-
making model aimed at defining renovation activities making it possible to retain the maintenance
standard (as regards newly commissioned residential buildings) or improve it (as regards existing
buildings). The suggested model is based on a multi-criteria building assessment including seven
requirements. The calculations conducted using the suggested model enable us to define the costs
and scope of renovation taken to ensure the assumed building condition or, by assuming various
rates paid to the renovation reserve, to define the period in which the above-mentioned goals may
be achieved.

Keywords: renovation planning, building maintenance, decision-making model, building condi-
tion assessment, building condition criteria, selection of renovation.
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Introduction

Residential building management in Poland requires that buildings should be maintained
in a non-deteriorated condition and obliges managers to legitimately invest financial means
earmarked for renovation, i.e. (Journal of Laws — The Real estate management 1997). The
task of maintaining residential buildings faces two basic problems which result from two
unregulated and mutually influencing issues. The first issue refers to the Construction Law
regulations that oblige a manager to maintain a building in a non-deteriorated condition,
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however, they do not define the standard of its maintenance. The other issue is the problem
of financing the building maintenance expenditures resulting from the lack of sufficient funds
for this purpose in planned renovation budgets.

In Poland, as well as many other countries, the assessment scope of multi-family resi-
dential buildings includes almost exclusively technical condition and excludes other crite-
ria of building condition or their residents’ needs and expectations (Bucon, Sobotka 2015).
The limited scope of building assessments fails to provide information necessary to define
expenditures necessary to ensure a correct level of building maintenance (Bahr, Lennerts
2010). Lack of information for determining the amount of contributions to the renovation
fund is the cause of not ensuring sufficient financial means to meet all renovation needs in
the building. That's why, the execution of the building renovation is limited only to repairs
resulting from a restrictive assessment of the building condition. Negligence in the buildings’
maintenance as a consequence of such approach will adversely affect the utility and market
value of buildings (Bucon, Sobotka 2015).

In the first part of the article the authors analyzed current studies on the issue of the
assessment of the building state and the support of decision-making process of residen-
tial buildings. Recognition and analysis of methods and models presented in the literature
formed the authors’ study basis to develop an innovative method supporting the administra-
tor in the process of budgeting for the maintenance of residential buildings. The stages of the
proposed model and its exemplary use are shown in the second and third part of the article.
In the summary the advantages and disadvantages of the proposed decision-making model
are indicated and the area if its application is identified.

1. Methods and models for building maintenance

In order to provide an adequate level of building maintenance, a comprehensive assessment
of a building condition is required (Straub 2009; Christen et al. 2014). This assessment,
expressed with numerous indicators (building condition, use value), is done by the use of
multiple-criteria methods defined in the literature as MCDM (Multiple Criteria Decision
Making). Studies carried out on their application resulted in many suggestions of assessment
models, which differ in terms of method and scope of assessment as well as computational
techniques used (Medineckiene et al. 2015; Kaklauskas et al. 2005). Researchers point to the
need for broader assessment of a building condition than it is currently present. They also
emphasize the importance of assessment taking into account a number of requirements, to
which a residential building should correspond. These requirements can be devided into
those arising from the law (Kasprowicz 2005), as well as those resulting from economic,
ecological, social, cultural, architectural and technical reasons. Examples of multi-criteria
methods to assess a building condition can be found in the works (Bucon, Tomczak 2016;
Medineckiene et al. 2015; Mickaityte et al. 2008; Kaklauskas et al. 2005). A wider range of
building assessment including, among others, environmental reasons is present in the meth-
ods of LEED, BREEAM, DGNB, EU GreenBuilding, Green Star, CASBEE, BEPAC and others
(Medineckiene et al. 2015; Reed et al. 2011; Alchimoviene, Raslanas 2011). Some building
assessment models, e.g., used to select a maintenance strategy also take into account other
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criteria concerning indirectly to its maintenance, i.e., the rights and responsibilities of admin-
istrator, record keeping, planning current activities (e.g. cleaning), emergency preparedness,
financial plans (planned and unplanned expenditures) (Chua et al. 2015; Ho et al. 2012; Ho
et al. 2008; Yau et al. 2008).

Comprehensive assessment of a building allows to determine renovation needs. However,
a key objective of a maintenance process of residential buildings remains planning renova-
tions and providing funds for their implementation. Examples of methods for budgeting are
presented in the works of Christen et al. (2014) and Mohd-Noor et al. (2011). An innovative
solution based on numerous statistical analyses covering empirical maintenance costs is so-
called PABI Budgeting Tool (Practical, Adaptive Budgeting of Maintenance Measures) present-
ed in the work (Bahr, Lennerts 2010). Another issue related to the building maintenance is
the problem of building maintenance cost optimization. The aim of the research is to develop
methods for selection the most favourable renovation variants within given funds (Bucon,
Tomczak 2016; Zavadskas et al. 2008; Yin et al. 2011). In the literature the method for sup-
porting a decision-making process, in which the proposed solutions used for the optimal
allocation of renovation funds are called DSS (Decision Support System). They are based on
expert systems (Borissova, Mustakerov 2012) and Al (Artificial Intelligence) methods utilising
fuzzy sets (Bucon, Sobotka 2015), neural networks, evolutionary algorithms, etc. (Juan et al.
2009; Perng et al. 2007). The examples of other DSS systems based on the stochastic approach
include: BMDSS (Building Maintenance Decision Support System) developed by Langevine
et al. (2006) and BELCAM (Building Envelope Life Cycle Asset Management) developed by
Lounis and Vanier (2000). In the literature other methods based on multi-criteria methods
such as AHP, ELECTRA, TOPSIS, SAW, COPRAS can be found. These methods are used
for evaluating and selecting renovation and modernization scenarios (variants) of buildings
in order to improve buildings’ condition and carry out technical and economic comparisons
of the proposed repair variants (Rasiulis et al. 2016; Raslanas et al. 2011; Zavadskas et al.
2008; Kaklauskas et al. 2008). The computer examples of integrated systems to diagnose a
building condition and make decisions about the way and scope of renovation works with
particular emphasis on thermo-modernization works are: TOBUS system (European diag-
nostics and decision-making Tool for Office Building Upgrading Solutions) developed for of-
fice buildings (Caccavelli, Gugerli 2002), EPIQR (Energy Performance and Indoor Quality
Retrofit) for residential buildings (Kolokotsa et al. 2009) and XENIOS system to assess hotel
facilities (Dascalaki, Balaras 2004). Another example of a more comprehensive computer
system to improve the maintenance quality and reduce the maintenance costs is BASE-FM
system (Duki¢ et al. 2013). New solutions for buildings’ maintenance are also provided by
modern technologies based on computer networks (Ko 2009).

2. Description of the suggested model

The suggested decision-making model constitutes a complex calculation problem comprising
three main stages presented in Figure 1. Solving these problems requires using appropriate
methods discussed hereunder. Implementation of the model makes it possible to fulfil two
main tasks. The first task consists in determining, for the assumed maintenance period, the
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Assessment of building condition in relation to the assumedcriteria

v

Elaborating various variants of building repairs and their multiple-criteria analysis

Selection of repairs and prioritising them in relation to the assumed
optimisation criteria

Minimum amount of the renovation Maximising the improvement of the
reserve contribution for the assumed building condition for the assumed
building condition renovation reserve contributions

Fig. 1. Stages of the suggested model

most advantageous scope of renovation works, assuming the minimum cost of achieving the
assumed improvement of the building condition as the optimisation criterion. The second
task consists in determining, for the assumed maintenance period, the scope of renovation
most advantageous for the renovation budget obtained from monthly contributions to the
renovation reserve assuming the maximum improvement of the building condition as the
optimisation criterion.

See Sections 1.1-1.3 for a detailed description of individual stages of the elaborated model
including the description of calculation methods used.

2.1. Assessment of building condition criteria

In order to assess a building for the assumed building condition criteria oy, the “weighted
average” principle (1) was used where individual a-th elements of an I-th building influenc-
ing a k-th criterion are assessed using a 5-degree linguistic assessment scale, i.e. very good
(VG - 10 pts), good (G - 7 pts), medium (M - 5 pts), bad (B - 3 pts), very bad (VB 1 pt)
and N - not assessed. Intermediate scores may also be used, i.e.. VG/G (9), G/VG (8), G/M
(6), M/B (4), B/VB (2). The scope of particular building condition criteria may include spe-
cific number of building elements. The influence assessment of a elements on k-th criterion
can be defined with the use of many methods, e.g. pseudo-fuzzy scaling method (Bucon,
Sobotka 2015).

A
040 =2 Wit Opa» =0, Vk=1,2,..,m, VI=1,.,L, (1)
a=1
where: wy;, Oy, — respectively weight and assessment of a-th element in an /-th building for
k-th building condition criterion; m- number of assumed criteria; A - number of assessed
elements for each building condition criterion; L - number of buildings.
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2.2. Multiple-criteria assessment of suggested repairs

The assessment of aelements of a building using the linguistic terms constitutes the basis for
determining necessary renovation activities in a building. The suggested building repairs may
exert various impacts on improving the assumed k-th building condition criteria. They may
be conducted in various ways, i.e. variants (r = 1, ..., q), each of which presents a different
solution as regards the materials and technologies used as well as the costs incurred.

The Py,,; assessment is conducted by means of the following linguistic terms, i.e. very
large (VL), large (L), medium (M), small (S), very small (VS). Each term has an applicable
value, i.e.: 10, 7, 5, 3 and 1 pt. Intermediate scores may also be used, i.e.: VL/L (9), L/VL (8),
L/M (6), M/S (4) and S/VS (2). When a repair contributes to improving building condition
criteria assessment, the values are positive. Otherwise, they are negative. Estimation of k-th
building condition criterion improvement value resulting from the r-th repair variant in an
I-th building results from the following Eq. (2):

A
P
pkfl = Z(Qkal - Okal) karl Wktll’ Vk = 1,...,m, Vr = 1,...,q Vl = 1,...,L, (2)
a=1 karl

where: Q;,; — maximum value of the assessment of an a-th element condition in relation to
a k-th criterion in an /-th building; gy, Py, — respectively: maximum possible score and
assessment of the influence of an r-th repair on improvement of the condition of an a-th ele-
ment assumed to assess a k-th criterion in an [-th builiing; Wy — weight of an a-th element of

an [-th building in relation to a k-th criterion (when Zwkal =1, Vk=1..m, VI=1..L).
a=1
The condition assessment of buildings S; for an i-th maintenance period

is a weighted average of scores from k-th building condition criteria where the weight is the
P, usable area of each / building and the v, criteria weight vector. It is calculated by means
of the following formula (3):

m
S=>
k=

L
P .
Zoikz?l% Vi=1,..,n, 3)
11=1

m L
where: v, — weight of a k-th criterion (when ka =1); P - usable area of all P = ZPZbuiId—

k=1 I=1
ings; n - last analysed maintenance (accounting) period during which buildings are assesses,
expressed in years.

2.3. Selecting and prioritising building repairs

It is usually impossible to include all suggested repairs in a renovation plan as their total
cost exceeds the funds (from the renovation reserve contributions) available to the building
manager. In such cases, the most advantageous scope of renovation is determined from the
suggested repair variants. Two optimisation model concepts have been developed to solve
the above-mentioned problem.

The first model variant is focused on a solution ensuring the highest improvement of
the building condition at a given amount of the annual budget c. The goal function Eq. (4)
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maximises the assessment of the S; condition for the assumed L buildings. The limit (5) states
that the building condition assessment in an i period is the sum of the building condition
improvement value resulting from the renovations conducted in an i period and the condi-
tion assessment from the previous year. It is assumed that renovation is performed only from
own funds, i.e. included in the budget, thus the Eq. (6) states that the K,; renovation costs
must not exceed the amounts of budgets for the particular years of the maintenance period.
The possible order and dates of repairs depend on the funds in the budget. The Eq. (8) also
includes obtaining the assumed threshold value for the building condition assessment de-
fined as g, during a given i-th maintenance (accounting) period. The Eq. (9) shows limiting
of the choice to one repair among the suggested variants. The Eq. (10) ensures the binary
character of the x;,; variable. The mathematical model of the described approach is as follows:

n
z):maxz; = ) S;; (4)
q i=1
0kt 2011+ D Pt Xy Vi=leon, k=l..,m, VI=1,..,L; (5)
r=1
n 4
(i-1)-c+C2) > x,y-Ky, Vi=l.,n, VI=1..,L; (6)
i=lr=1
c=P-s-12; (7)
L
ZoikIng, Vk=1,.,m; 8
=1
n
> Y%y <L a=l..,A, Vi=l.,L; ©)

reS, i=1
{1, when renovation variant r is performed in an i year for an [building
il =

0, otherwise,

where: S, - a set of mutually exclusive repair variants in relation to one element; K,; - cost of
an r-th variant of repairing an element of an /-th building; ¢ — annual amount of the building
budget; C - starting capital; s — renovation reserve contribution.

The second model variant assumes that the lowest cost of renovation aimed at the in-
tended improvement of building condition 4 must be determined. To achieve it, the previous
goal function Eq. (4) was replaced with the Eq. (11). Obtaining the assumed 4 value of the
condition of all / buildings for an n-th maintenance period is shown in the Eq. (12):

z,:minz, =, (11)

m L
ZZOikl'Vk Zh, i=7’l. (12)

k=11=1
3. Example of application

The analysis includes three multi-family residential buildings constructed in OWT 67 prefab-
ricated technology of various usable areas, i.e.: P; = 3200 m?, P, = 2500 m? and P; = 3500 m?.
They were completed in the 1970’ and as archival records state there was no major renova-
tion made. The range of building maintenance was restricted to current maintenance and
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minor repairs. Their assessment takes into account seven building condition criteria, i.e.: k; —
structure safety; k, — energy savings; k; — noise protection; k, — hygienic conditions; k5 - fire
safety; kg — functional safety; k, — building aesthetic appearance. Building condition criteria
described refer to significant aspects, from the administrator’s point of view, who cares about
obeying the law (technical and utility criteria) and the habitant paying attention to utility
and economical advantages (thermal, acoustic and aesthetic criteria). Each requirement was
connected with a given set of features, i.e. elements assessed using linguistic terms — see 2.1.
Description of accepted building condition criteria can be found in such studies as Ho et al.
(2012); Juan et al. (2009); Yau (2008); Kaklauskas et al. (2005). Estimation of the weighted
average score for each requirement in line with the Eq. (1) preceded by calculating the wy,
element weight values by means of the pseudo-fuzzy scaling (Bucon, Sobotka 2015). See
Table 1 for the results of assessments and calculations for one building.

On the basis of the performed assessment of k-th building condition criteria 0;; when i =
0 (initial assessment), for each building, a set of repairs F = (f,}, fi5 ... f4;) was suggested.
These repairs may be performed according to one of the r-th variants. The number of repairs/
variants for each building is respectively: B, (11/27), B, (11/27) and B; (12/29). Repairs are
suggested for Oy, elements whose assessment result for at least two criteria is bad (B) or
very bad (VB). See Table 2 for the assessments of the influence of three repair variants on
improving the criteria values (on the basis of Section 2.2) for one element (external walls)
of the first building.

Table 1. Assessment of elements Oy, of building condition criteria o, for the first building (I =1, i = 0)

Oar | Wial
a Element k building condition criterion number
1 2 3 4 5 6 7
1 | Walls B [027] VB [034|M/B[041] VB [0.17|G/M[021] N | VB [0.19
2 | Roof M/B|0.17| B |0.16| M |0.23| VB [0.15| M [0.18| B |0.10 |VB/B|0.07
3 | Vestibule M/B|0.04] N N B [006] M [0.06] B|0.18] B [0.10
4 | Balconies VB [020] VB [007] N VB | 0.08 N B|0.14| B |0.11
5 | External N VB |0.19| B |0.27| VB |0.13| M/B|0.16| B |0.08| B |0.13
joinery
6 | Partition walls N N |[M/B|0.09| M |0.04] M |0.05| B |0.04| M/B]0.04
7 | Water-sewage N N N M |0.07 N B|0.06| M [0.02
system
8 | Electrical N |B/VB|0.04 N N |B/VB|0.08| B |0,09| B |0.03
system
9 |Central heating| | yploo9| N |vBloo7| N |Bloo7| B |0.03
installation
10 ggﬁ?em M o011 VB |009] B |M/B|oo4| M |011]G|0.04|M/B 0,06
11| Stairs in M |008] N N M 005 M |009|vBlo20| B |0.16
staircases
12 | Basement walls | M/B | 0.13 | M/B | 0.06 N VB [0.14| M [0.06] N B |0.06
Assessment of 3.32 1.54 3.96 1.88 481 2.88 2.69
criteria o0y [pt]
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Table 2. Assessment of r variant influence on improving the Py, criteria values fora =1,1=1

Building Prant
element Repair variant
a r

k criterion number
1 2 3 4 5 6 7

1 |repair, thermal insulation - L VL | M M | -L N L

External polystyrene, plaster
wall 2 |repair, thermal insulation — L VL luve vl vi N .
(facade) wool, plaster

3 | repair, thermal insulation, dry panels | L | VL |[L/VL|VL/L| VL | N | VL

For each r-th repair variant of an a-th element, the increase or decrease in value for the

assumed building condition criteria was estimated. Their value is calculated on the basis of

m

the Eq. (2). Defining the total increase for each r-th repair variant (AS = Z Dir Vi) required
k=1

determination of the significance of the assumed building condition criteria (v;). A group

of 15 experts were asked to conduct research. It consisted of scientists, building managers
and experts of building assessment. Calculations were done with the fuzzy expansion of the
AHP method (Jaskowski et al. 2010). The following weight values were obtained: v; = 0.25,
v, =0.19, v5 = 0.10, v, = 0.07, v5 = 0.13, v¢ = 0.11 and v, = 0.15. See Table 3 for the calcula-
tion results.

Table 3. Increase in the value of criteria for suggested repairs in the first building (I = 1)

[pt]
Building ele- Pir [P AS K
ment Repair variant k building condition criterion number [pt] [ €’]l
a r
1 2 3 4 5 6 7
repair, thermal
p [dnsulation = ex= 1y 35 |5 5 193 1077|059 — | 12 {0391 | 95000
panded polysty-
rene, plaster
External -
1 | walls repair, thermal
2 | insulation — wool, | 1.32 | 2.7 [ 1.97 | 1.38 | 0.84 | - 1.2 | 0.496 |102 500
(facade)
plaster
repair, thermal
3 | insulation, dry 1321 2.7 |197 (138 |0.84| - 1.71 1 0.523 {120 000
panels
repair, coat repla-
1 | cement, thermal 071 11.12]1.04|1.22| 0.9 | 0.7 | 0.39| 0.29 | 30 825
insulation, wool
see above, thermal
insulation,
5 | Roof 2 expanded 0.71 | 1.12 | 0.58 | 0.95 |-0.63| 0.7 | 0.39 | 0.198 28 625
polystyrene
3 | fepair, coat 071 - | - |0.68| 0 |0.490.39]0.118 | 21 400
replacement
4 gg“f SPTaY=On 1971 | 0.34 | 0.35 | 0.68 |-0.63| 0.49 | 0.28 | 0.118 | 19 025
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End of Table 3

t
Building ele- P 21 as |k
ment Repair variant k building condition criterion number pt] [ é]l
a r
1 2 3 4 5 6 7
1 | repair, painting 0.12| - - 1029 - |0.13]0.35|0.041 | 6734
see above, flooring
3 | Vestibule 2 replacement 0.17 | - - 1029 - ]0.63|0.49|0.071 | 10 934
3 | rebuilding, ramp. - 1 1 oo | 113 | 07 [0.102 179465
handrails
p [repairof balcony 1 )11 o36 | | 069039 0.165|8 582.8
slab and plaster
repair, thermal
4 | Balconies 2 |insulation, clad- 1.2610.19| - 0.5 - 1059|046 |0.181 | 44 429
ding
3 |seeabove railing |y 5191 | 05| — | 069|054 0.189 518508
replacement
p |replacement, seal- | 1o 171619 012 | — | 017 | 07 |0.064] 6250
ing, painting
5 |External |, | replacement - |171|189|117| - |0.56|0.91 |0.276 | 42 500
joinery (wooden joinery)
3 | replacement (PVC |1y 7y 1y g9 | 117 |-0.67] 0.56 | 0.91 | 0.246 | 36 250
joinery)
p |Fepair of walls, - - -] -] - ]02]012]0014131303
. plaster
Partition -
6 walls repair of walls,
2 | plaster replace- - - - - - 10.28]0.24|0.023 |17 754.8
ment
replacement of
1 |installations and - 10.03| - - ]0.64|0.63|0.21 | 0.066 |38 875.5
7 Electrical fittings
system repair of installa-
2 |tions and replace- | - | 0.1 | - - 10.32]0.32]0.06 | 0.036 | 8 743.8
ment of fittings
p [repairofinstalla- |1 o541 1o32| — |025]0.06 0036 11325
Central tions
8 | heating comprehensive
installation | 2 | replacement of - 1081 - [063] - |0.490.21|0.099 |45112.5
installations
g |Basement | jthermal insulation | g1 | 1 054]055| - |036 0451 | 20670
floors (mineral wool)
repair of cladding,
1 |plaster and rail- - 0 - [0.13] - ]0.09]0.45]| 0.03 |7695.8
Internal ings
10 .
stairs replacement of
2 | cladding, plaster, - 0 - 1025 - ]0.18]1.12]0.071 |21 710.5
railings
replacement of
1 | anti-moisture in- | 0.55| 0 - 1088| - - 10.290.084 19 107.5
Basement .
11 sulation
walls b thermal
2 | e anave “lozslois| - 126 - | - |042]0.132(23627.5
insulation
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The developed model was used to solve two problems. Firstly, calculations were con-
ducted with the view to determining the increase in the building condition value for six ac-
counting periods (3, 6, 9, 12, 15 and 20 years) assuming various budget amounts at disposal
which is calculated on the basis of the assumed sum of the renovation reserve contributions
s. The model function consists in defining the scope of renovation most advantageous from
the point of view of the improvement of the three buildings conditions. See Table 4 for the
calculation results.

Table 4. Condition assessment of three buildings S; for s = 0.225, ..., 0.475 €m?andi=3,..,20 years

Renovation con- Building condition S; [pt]

tribution Maintenance period i [years]

s [€/m?] 3 6 9 12 15 20
0.225 4.29 4.78 5.12 5.69 6.23 6.68
0.275 4.41 4.99 5.66 5.76 6.39 7.17
0.325 4.45 5.10 5.88 6.46 6.95 7.69
0.375 4.53 5.33 5.79 6.64 7.26 7.90
0.425 4.52 5.45 6.36 7.04 7.62 8.05
0.475 4.63 5.72 6.58 7.12 7.83 8.09

The above-mentioned results make it possible to select the most appropriate (acceptable)
renovation financing variant. It is expressed by the manager’s acceptance (in agreement with
residents) of the amount of the renovation reserve contribution, which allows for improving
the building condition up the value agreed upon. Table 5 shows repairs in the three anal-
ysed buildings possible to be performed only if the amount of the contribution is s = 0.375
€/m? during the maintenance period of 20 years. The order and dates of their performance
depends on the possibilities of their financing in individual years of the analysed i-th main-
tenance period. Calculations of the building condition value, costs of the K,; repair variant
implementation and B budget amounts in individual years are also provided.

The second problem to be solved by the developed model was to find the most favour-
able scope of renovation which would ensure the assumed S; building condition during the
n-th maintenance period. In the example, the authors look for a scope of renovation during
each of the assumed i-th maintenance periods, i.e. from 3 to 15 years, which, at the lowest
completion costs, will make it possible to obtain the minimum assumed building condition
values g, = 3, 4, ..., 7 points. See table 6 for results.

Table 7 shows the sequence of repairs in the analysed buildings in order to obtain the
building condition value of S; = 7.45 points during a maintenance period of 15 years. It also
includes calculations of the costs of repair variants K, and amounts in the budget B for the
renovation reserve contribution of s = 0.5 €/m?, which results from the total costs of all re-
pairs during the whole n-th maintenance period.

Using the second model variant, more detailed calculations were conducted to find the
most favourable scope of renovation in buildings to obtain the assumed assessment values
for each criterion. The calculations assume the maintenance period of 9 years. It was assumed



1210 R. Bucon, M. Tomczak. Decision-making model supporting the process of planning ...

that the building condition criteria values sought for must not be lower than, respectively,
4,5, 6 and 7 points.

While analysing the calculation results (Table 8) for obtaining the assumed condition of
buildings S; and the cost K of ensuring it, it may be noticed that better efficiency indicator
E :—Si (profitability) of funds is renovations of assumed lower value h (the best E =

K[mln]
13.22 for S = 5.29 point).

Table 5. Schedule of repair works performance for i = 1, 2, ..., n = 20 years and s = 0.375 €/m?

Building Maintenance period i [years]
number | 1 [ 2 |3 |45 |67 [s]0|uf12[a]15]17]18]19]20
! Repair/ variant number
1 2/1[4/1| - |3/2]5/2(11/2 19/1) - | = | = |1/2]72] - [10/2| 8/2 | 6/2
2 211 (41| - | = | = |91]3/2 5/2 (1172 10/2|1/2 | 8/1| - |7/2
3/3 8/2
3 2/1 (12/2| 5/2 01~ - s 4/1 (172 | - - - |91 - |7/2] - |6/2
Repair n e 0 o | » n | | »
(=) : (=] <t (=] <t H (=] n (=3 g (=] : .
variant | 3 |8 |8 | 2|38 | 2|2 |R|II|R|2/3/8|2|3
0 =~ N ~ | S| ~|
costs e |2 F T | =R a&F|8|c|w|lF|aluwle
o <t N — o <+ <+ <
K, [€]
sclolv vl lglw| G|l 2|ln|n| oW
nage |22 212738 28855355 EE L
Bl el Slele)g|e| 9|98 3|8 82| g|3|% 3
glglalel2|a|z|R|als|T|28|2 |28
8- B S It e e N A O N v e I I BN B I N

Table 6. Assessment of building condition criteria o of three buildings L = 3, for i = 3, ..., 15 years

Maintenance Assessment of k-th building condition criteria ioik, [pt] Build.ir.lg con-

period = dition

i [years] ] 5 3 1 5 6 - S; [pt]

3 3.98 3.25 4.18 3.17 5.03 3.47 3.63 3.83

4.58 4.32 4.83 4.16 5.01 4.18 4.59 4.54

5.39 5.19 6.05 5.17 5.35 5.29 5.46 5.40

12 6.47 6.37 7.09 6.63 6.14 6.61 6.54 6.51

15 7.20 7.88 8.25 7.68 7.08 7.01 7.34 7.45
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Table 7. Schedule of repair works performance in three buildings for S; = 7.45 points, i = 1, 2, ..., n

Building Maintenance (accounting) period i [years] Renovation
number | 1 [ 2 [3]4a][5]6|7[8]9o]w][n]n]1a]1s cost
! Repair/variant number [€]
1 3/311/2 72| - - Zg 4/1 | - - - - 1 2/1| - | 8/1] 233927.75
2/1
2 4/1 711 | - - |11/21 - |3/3| - |5/1|1/2| - - | 8/1 | 232 604.25
9/1
3 1/1] 9/1 10/1| 4/4 21 502 Zﬁ 122 3/3 | 12 | 6/2| 439990
Repair E § § 2 E g § g SHEES § S8 &
costs o m S — 0 ey N X o o - Y3 i~ I~
(€] ol 2ol S|+l |2 R|=2|2| 53
on — <t — D~ o — —
Ml |@lo|oale|lg|lvlall]alg|mn 906 522
= ) S [N < o) i N — R =N S ) 9
S < n n © 3] A O < & ) < N
Budget o \© N N [N o S g <t S N 1N e} l;
(€] Z|elg|lZ|E|8|8|g|8|g |28 |8
* —

Note: *C+c¢, where: ¢=0.5€/m?-9200m?2 12 ~54601.5€, C =87 500 €.

Table 8. Cost of building renovation K for assumed criteria assessment values h = 4, 5, 6, 7 pt, i = 9 years.

Assumed | Agsessment of k -th building condition criteria i"ikl [pt]
value h o K [€] S;i[ptl| E
[pt] 1 2 3 4 5 6 | 7
4 4.49 4.06 4.35 4.39 4.40 4.46 4.20 | 356 697.0 | 4.33 |12.14
5 5.39 5.02 5.36 5.42 5.44 5.29 527 | 4000125 | 529 |13.22
6 6.56 6.01 6.01 6.61 6.41 6.01 6.37 | 513978.8 | 6.29 |12.24
7 7.07 7.46 7.25 7.49 7.16 7.02 7.16 | 1003 263.8 | 7.21 | 7.18

Conclusions

The decision-making model presented in this paper constitutes a multi-stage approach to
planning maintenance expenditures for multi-family residential buildings. Elaboration of
this model required implementing various calculation tools necessary to solve individual
problems. The first and foremost problem is the building condition diagnostics which was
conducted by means of linguistic terms allowing us to define the elements included in the
assessment of individual requirements in a simple and understandable manner. Determina-
tion of the most favourable scope of renovation for buildings required employing a compre-
hensive indicator assessed by means of the AHP multiple-criteria method. Elaboration of the
renovation plan for buildings was the target stage of supporting managers in the building
maintenance process. The task dealt with creating a linear model to allocate the range of
renovation with financial restraints. It enables a manger to elaborate various variants of a
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renovation plan and, with residents’ participation, select a variant tailored to their financial
capabilities.

The elaborated model addresses the need to plan maintenance of residential real estate.
It is an innovative solution for a decision-making problem managers of multi-family build-
ings struggle with. The multistage approach of model allows its partial or entire utilization.
It takes into account financial specificity and limits usually impacting decisions. Improving
the functional quality of residential buildings is a tangible result of implementing the sug-
gested approach.
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