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Abstract. During the use of buildings it becomes necessary to carry out repair works including modernisation. Decid-
ing on the choice of repair solutions is a difficult and complex task. Building administrators have to consider both, the
benefits of some repair works, and limitations due to the availability of funds. Selection of a repair solution, bearing in
mind the above, requires a comprehensive approach that will allow assessment of the building condition and determining
the repair scope required. The research conducted by the authors was aimed at developing a decision-making model and
its computer-aided implementation, taking into account a number of operating demands. The system algorithm proposed
comprises five stages including: building condition assessment, building use value evaluation, repair classification, mul-
tiple variants of repair and the choice of repair solutions. The article describes individual stages of the model in detail,
giving numerical application examples of the method for repair solution choice for five multi-family houses.

Keywords: repair solution, operating requirements, building evaluation, repair, renovation.

Introduction

Residential building management requires to maintain
the building in non-deteriorated condition and obliges
the administrator to reasonably invest funds for repairs
(art. 185 par. 1 of the Real estate management law).
Difficulties involved in this process are the main rea-
son why vast experience and skills are required from
the administrator while making repair-related decisions.
This involves multiple criteria evaluation of the build-
ing condition. Various factors are adopted to assess a
building condition. One of them is so called use value
(Niezabitowska et al. 2003; Ortowski, Szklennik 2011),
defined as the building ability to satisfy its users’ de-
mands. This ability is assessed by a set of measurable
features important for the use, i.e. technical, energy, vi-
sual and functional ones.

The building use value appraisal allows studying
its condition and establish the relevant repair needs.
However, the problem encountered by residential build-
ing administrators lies in the funds available for repairs,
which are usually insufficient. This article presents the
methods for choosing the repair solution meeting the
above assumptions. It includes five steps in which vari-
ous calculation tools were used. The first stage includes
building condition assessment, also applying the methods

proposed for that purpose, i.e. the technical, energy and
functional assessment. The second and third steps evalu-
ate the building use value, which determines the build-
ing quality and further repair activities performed based
on that. The fourth step requires to determine the repair
needs based on prior building condition assessment. Vari-
ous repair technologies can be employed, i.e. different
variants, requiring different expenditure. The last step
of the model is to show an optimum repair solution for
buildings, considering the limitations of the repair funds
available.

1. Decision support methods and models for
building maintenance

Building condition assessment, in addition to technical
deterioration, includes also other building features, such
as those related to its functionality, aesthetics, energy ef-
ficiency, etc. To this end, multiple criteria decision mak-
ing (MCDM) methods are used. The multiple criteria
(multiple factor) evaluation of a building has been the
subject of numerous analyses and research projects in
Poland and abroad, aimed at developing a comprehen-
sive method for determining the condition of a residential
building. The scholars’ interest in this subject has been so
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far of scientific nature, however, presumably, the grow-
ing operational demands prescribed by law or from the
users will contribute to more intense actions aimed at
developing a suitable assessment method which would
be useful in practice.

An example of a comprehensive approach to build-
ing assessment is the LEED (Leadership in Energy and
Environmental Design) method created in 1990s, de-
scribed in detail by Roderick ez al. (2009). This method
evaluates a building bearing in mind the sustainable de-
velopment principles, such as building location, use of
water resources, energy consumption, recycling of mate-
rials, internal environment, as well as material and tech-
nology innovation and regional environmental priorities.
In the British BREEAM (Building Research Establish-
ment Environmental Assessment Method) system de-
scribed by Reed et al. (2011), while assessing a building,
the environmental protection requirements (saving water,
energy, eco-friendly and recyclable materials, pollution),
residents’ health requirements and building management
methods are considered. Even more varied requirements
are included in the German DGNB (German Sustaina-
ble Building Council) system, in which the evaluation
scope refers to the environmental, economic, social and
cultural, technical, design factors and building location
(Alchimoviene, Raslanas 2011). The equivalents of the
mentioned systems are the EU GreenBuilding, Australian
Green Star and Japanese CASBEE (Comprehensive As-
sessment System for Built Environment Efficiency) sys-
tems (Reed et al. 2011).

A tool for diagnosing the condition of office build-
ings, allowing determination their modernisation cost
is TOBUS (European diagnostics and decision-making
Tool for Office Building Upgrading Solutions) (Cacca-
velli, Gugerli 2002). The system proposed encompasses
the evaluation of physical condition of building compo-
nents, functional ageing, energy consumption, the quality
of the internal environment.

Another example of a multiple criteria building ap-
praisal method is the POE (Post-Occupancy Evaluation),
developed by Preiser (1995). This method allows the as-
sessment of the technical, functional, behavioural, organisa-
tional and economic quality of building, while its extended
BPE (Building Performance Evaluation) version, created
by Preiser and Vischer (2005) is effective in assessing also
the building design and construction quality.

Many useful tools for building appraisal are pro-
posed by IDCOP (Innovation In Design, Construction &
Operation of Buildings for People), including the system
for assessing building facade, developed and presented
by Chen (2006). A facade innovation factor is applied
for this assessment, which depends on how a number of
requirements are complied with, including the adaptive
abilities, affordability, durability, energy consumption and
aesthetic, sound, heat comfort requirements and others.

An application example of the FAHP method to de-
termine the significance of the operating requirements
is presented in the work of Pan (2008). He applied that

method to determine the significance of factors used to
evaluate a road bridge.

An interesting approach to the multiple criteria as-
sessment of building operating conditions is presented by
Kasprowicz (2005). He defines the operating condition
and identifies the assessment criteria based on a set of
requirements provided in the Construction Law. Selected
factors are divided to measurable (quantitative) and im-
measurable (qualitative) ones. He assumes that, depend-
ing on the type, properties and possibility to measure,
determine or calculate operating properties of a build-
ing, the operating features can be identified which can
be fixed, fuzzy or probabilistic values, which requires
application of proper measuring methods.

Kaklauskas et al. (2005) developed a method of
multiple criteria building assessment, aimed at deter-
mining the significance of repair and their completion
degree. The methods comprise six steps: (1) building
component evaluation criteria are selected, followed by
determining the importance of criteria; (2) the indices of
minimum and maximum objective are calculated for each
alternative solution; (3) and (4), respectively, the value
of each solution is determined and put in order; (5) the
degree of compliance with the requirements for every
solution is determined; (6) the repair priority is deter-
mined for all considered parts to be repaired.

Using, for building evaluation, multiple factors with
different nature, with fixed, variable random and fuzzy
and more or less interrelated values has led to the devel-
opment of a model and systems supporting the decision
making — DSS. Such systems including multiple criteria
rankings of the MCDM phenomenon studied are based
on expert systems and artificial intelligence methods, us-
ing fuzzy sets, neural networks, evolutionary algorithms,
etc.

An example of a computer-aided repair decision sup-
port system is EPIQR (Energy Performance and Indoor
Quality Retrofit). It is used for estimation of building
renovation cost, taking into consideration the reasona-
ble use of energy and improving the standard of living
(Vilhena et al. 2011). It is an integrated system for diag-
nosing of building condition and computer-aided deci-
sion making as to the type and scope of repair projects,
including thermal improvement projects, with various
work scenarios, with continued control of the project
cost.

Another example of a system supporting decisions
as to the allocation of funds for the repair of building
in Tainan is presented by Perng et al. (2007). To eval-
uate buildings the authors propose a solution based on
the multiple criteria TOPSIS analysis. To this end, they
identified ten factors which relate to the technical, politi-
cal and economic requirements. The result of the evalu-
ation is showing how much needed the repair is (with
a four-grade scale). The repair solutions were selected
with an evolutionary algorithm which defines the most
cost-effective repair methods for individual building,
considering the financial limitations.



Journal of Civil Engineering and Management, 2015, 21(7): 893—901 895

Application of the evolutionary algorithms in com-
plex DSS models, aimed at developing the repair policy
for buildings, are presented in the work of Juan et al.
(2009). To evaluate the building quality, the authors pro-
pose application of such criteria as the safety, usability,
user health, comfort of use, usefulness. The effect of each
of them is assessed with the AHP method. To show re-
pair solutions, they suggest application of an evolution-
ary algorithm based on two various (priorities) objective
functions. The aim of the first one is to determine the
most cost-effective scope of repair, for which no assumed
repair budged, is exceeded. The other is aimed at show-
ing the most favourable repair options in terms of cost,
assuming that the minimum threshold level of building
quality and the target level identified by the decision-
maker would be achieved.

In the literature other interesting decision making
systems in building maintenance are presented, in which
such tools as the Markov chains are applied to describe the
risk occurrence of building elements failure or the optimal-
isation methods to the allocation of repair financial means,
e.g. Lounis and Vanier (2000), Langevine et al. (2006).

Another example of the DSS and selection of alter-
native repair options is the Decision Support Model for
Semi-Automated Selection of Renovation Alternatives
proposed by Rosenfeld and Shohet (1999). Its structure
comprises four modules: (1) building compliance with
the legal and environmental requirements is initially
analysed; (2) the physical and functional condition is
assessed; (3) feasible actions are proposed to improve
building condition, and alternative solutions are devel-
oped; (4) the qualitative and technical and economic
comparison of the (feasible) alternatives is performed.

Identification and analysis of the methods and mod-
els applied in the above chosen DSS systems for building
maintenance, taking into consideration multiple criteria
of rankings, served as the grounds for the authors’ work
on the development of an original method for selection
of an appropriate variant from multiple options possible,
considering the multiple criteria building assessment and
limited funds for the repair works.

2. Description of the method proposed
2.1. General concept

In the method proposed, the repair-related decisions de-
pend on three building qualities, i.e. the technical con-
ditions, energy and functional status, whereby each of
them is affected by a number of factors. Therefore this
is a complex calculation and decision-making problem.
Based on the above ranks, a synthetic building use value
is determined, which determines the choice of the repair
solution that allows the highest increment of the building
use value in relation to the funds invested.

The methods for creating a decision-making model
included five main stages presented in the Figure 1.

It should be noted that the term “repair” used
in the article indicates “performance of construction
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Fig. 1. Decision-making model flowchart

works in an existing building which not only concerns
the restoration of building original state but also leads
to its improvement according to requirements of chang-
ing regulations and requirements of building users or
owners”.

2.2. Operating (maintenance) requirement
assessment

Three K; criteria were assumed which are the basis for
building use value (WUB) assessment: K| — technical
condition; K, — functional status and K5 — energy status.

Technical condition assessment. A set of building
components was determined by E = {E, Ej, ..., E,},
based on which the building deterioration is evaluated.
While assessing the technical condition of a building,
such components as walls, floors, roof, stairs, balconies,
vestibules etc. were considered. The E; € E components
are assessed based on a set of factors E; = {u; u,, ..., u,}
describing its damage, e.g. while assessing the walls:
cracks, subsiding, vertical tilt and humidity.

To evaluate the technical condition Oy, the weight-
ed average method was adopted (Bucon, Sobotka 2012),
in which the building wear index is expressed in a
0+100% scale. Individual building components are as-
sessed visually, hence the assessment represents also the
visual condition:

Ok, =2 (wg ~0§_1)/100, (1)
i=1

where: wj— significance of the condition component

evaluated; Og‘— technical deterioration of an ith

compo-
nent of the building [%]; » — number of components as-
sessed for the K criterion.

Individual building components E; are assessed

according to the damage found u;, based on which an
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expert determines the component deterioration Og', using
the linguistic rank scale: good — G; satisfactory — S; me-
dium — M; poor — P; bad — B, to which the deterioration
grades, expressed in %, are assigned respectively 0+15,
16+30, 31+50, 51+70, 71+100.

Functional status assessment. A set of building fea-
tures C = {C} Cy, ..., Cs}, was determined according to
which its functional status will be assessed.

To assess the building functional status, the fea-
tures considered were: functionality of balconies and
entrances, communication inside the staircase, safety
and security and ventilation. The rank assessment of
all building features assumed C; € C is affected by nu-
merous factors C; = {c¢| ¢y, ..., ¢,}, €.g. while assessing
a balcony: the area, finishing, safety, furnishing, visual
aspects etc.

To evaluate the functional status Og,, as above,
the weighted average method was adopted which, in this
case, consists in evaluating building features C; based
on the compliance with the requirements for each of the
¢; factors:

5
Ok, =D we, 'Oé(f ) 2
=1

where: we— significance of the feature assessed; ng -
functional status feature rank [points]. '

Functional assessment of building feature is given in
a 0+5 points scale. Based on the building feature condi-
tion C;, an expert grades it Og 2 with the linguistic rank
scale: good — G satisfactory — S; medium — M; poor —
P; bad — B; no component — N, to which the grades 5+0
points are assigned.

Energy status assessment. A set of building com-
ponents E = {E, E,, ..., E,} was determined to assess
its energy status. Some components £, € E, such as
the walls, roof, basement floor, door and window join-
ery etc. correspond to those assessed against the K,
criterion.

Assessment O should be carried out according
to the methodology present in the standards of building
thermal protection. It leads to the calculation of energy
status assessment Oy, expressed in kWh/m?-year, deter-
mining on based seasonal building energy demand for
heating purposes:

Ok, =0,/ A, 3)

where: Q) — seasonal demand for heating, [kWh/m? —
year]; A — area of external partitions [m?].

Due to the fact that individual components consid-
ered while assessing the criteria adopted affect, to vari-
ous degree, the building operation, i.e. its technical and
functional status, their effects are varied by significance
levels. The significance of components assessed are de-
termined with the pseudo-fuzzy scaling method (Bucon,
Sobotka 2012).

2.3. Assessing use value of buildings

The building use value WUB is calculated based on the
assessment of three criteria K;. Each of them is repre-
sented by a linguistic variable x; expressed by fuzzy sets

J; .
A; in some space x;:

4/ = {(xj’ Ky (xj)):xj € Xy () €011, ()

where: u , (x;) — degree of belonging to A/ fuzzy set;
i — the number of fuzzy sets for each of the /™ criteria:
X, ={A11,A§,....,A§}, where: 4], 4},...., Al denote fuzzy
sets to be evaluated according to the K| criterion;

X, ={A12,A22,A32}, where: 472,437,437 denote fuzzy
sets to be evaluated according to the K, criterion;
x3 ={A13,A23,....,A63}, where: A, 43,...., 47 denote fuzzy
sets to be evaluated according to the Kj criterion.

Each of the 4/ fuzzy sets, except for the extreme
ones, is expressed with a number of triangular member-
ship functions, the peaks of which are located in the cen-
tre of each of the n-adopted ranges.

Fuzzification of the input variables required de-
termining the number of fuzzy sets and establishing
the characteristics and shape of membership functions
describing them. The model assumes fuzzification of
each input variable in such a manner that the division
correspond to the categorisation method applied in
practice.

Five grading categories were adopted for the input
variable describing the technical condition, according to
the division adopted in building periodic inspection re-
ports. The categories were described with five fuzzy sets
using linguistic descriptions: good — G; satisfactory — S;
medium — M; poor — P; bad — B, for which the degree
of deterioration expressed in %, is, respectively: 0+15,
16+30, 31+50, 51+70, 71+100.

The other variable representing the functional sta-
tus was divided to two ranges, which are described
with three fuzzy sets with triangular belonging, repre-
senting the values: bad — B; medium — M, good — G, to
which the following values [points] apply: 0+2,5; 0+5;
2,5+5.

For a third input variable (energy status), the cat-
egorisation resulting from the proposed division to en-
ergy class (Pater, Magiera 2011) was adopted. Following
the naming adopted, the variable was divided into six
energy classes: low energy LE, energy-efficient EE, me-
dium energy-efficient MEE, medium energy-consuming
MEC, energy-consuming EC, high energy-consuming
HEC buildings, for which energy status expressed in
kWh/m?2-year is respectively: 20+45, 45+80, 81+100,
101+150, 151+250, >251.

Relationships between the criteria grades are in-
cluded in a set of rules R, providing details of the re-
lationships between the premises constituting the input
variables x; and conclusion representing the output

J
variable y. The output variable (rule conclusion) in
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Takagi-Sugeno-Kang (Takagi, Sugeno 1985) model
adopted is expressed in a form of a functional depend-
ency y = flx;, x,, x3) between the inputs and output, and
in the premise part, this rule is of fuzzy nature. For the
model structure adopted, the set of rules can be presented
as follows:

if () > Oand...and p (x3) thenpt y(,(1) 2 0, (5)

where: i, (x;) — degree of belonging of the input vari-
able x,, le, x3 to fuzzy sets 1, u, v; Wyypg) (v) — degree
of belonging of the output variable y to WUB(n).

Linguistic variables appearing on the left side of
fuzzy rules are the input variables and referred to as the
premises (¢, u, v) being the activated fuzzy sets. The rule
is activated if the premises are met. The conclusion of
every rule is provided on the right of the equation. In the
model discussed, the output variable is expressed with
singletons describing the building use value.

Rule base. In this paper an original algorithm for
generating the base of system rules is presented (Bucon,
Sobotka 2012), which forms an integral part of the model
developed. It is based on expert knowledge in assess-
ing building use value, which requires the following
activities:

Step 1. Expert research. It consists in assigning each
of five values of the output variable of WUB expressed
in points: very high VH (100), high H (70), medium M
(50), average 4 (30), low L (10) of the input variables x;.

Gathering information for every expert participating
in the research involves filling in a form, in which the
experts assign all the input variable values x; (G, S, M,
P, B), x, (G, M, B), x3 (LE, EE, MEE, MEC, EC, HEC)
to one of five values of the output variable y describing
WUB (VH, H, M, A, L), e.g. if x; = G and x, = G and
X3 =LE+EE theny = VH.

Step 2. Calculating criteria significance. The fuzzy
extension of the AHP method was adopted, described
in detail in the work of Jaskowski et al. (2010). This
method allows determination of criteria significance by
aggregation of ranks of the K group of experts — each of
them performs m = n - (n—1)/2 comparisons with pairs of
criteria on a given problem priority level (the relative ex-
ceeding, preference, significance levels are determined)
with the scale 1/9, 1/7, 1/5, 1/3, 1, 3, 5, 7, 9 extended
possibly by the intermediate ranks 1/8, 1/6, 1/4, 1/2, 2, 4,
6, 8. Aggregation of expert opinions is aimed at finding
one common significance rank on the criteria adopted.

Step 3. Calculation is made of the degree of belong-

ing 4 WUB() of the input variables x; fuzzy sets to the

output variable value WUB(n), expressed in the VH, H,
M, A, L singletons, based on the information received
from experts (step 1):

0 ,
_ 4] WUB(n) B
HA/,WUB(”)(y)_T’ n _17273""”5’ (6)

where: O

o WUB(m) ™ the number of experts to confirm the

rule: “if the grades of the j criterion belong to A,-j term,
then the input variable belongs to the WUB(n) singleton”,
N — number of all experts.

Step 4. Calculating the conclusion value for each
generated rule R, (the number of & rules equals the prod-
uct of fuzzy sets of input variables x; and equals 90).

To this end, for every i fuzzy set of the j™ criterion, the
membership function value and the number of fuzzy set
s/ is selected, for which the membership function takes
the maximum value, according to the formula:

i

MWUB(Sl-i) =max {uAii,WUB (L) (y)’7 MA;f,WUB (VH)(y)} (7)

Further on, for every rule R, generated, the following K,
conclusion is calculated:

nom

Kk:ZZWj-pWUB(Si,)-WUB(s,»j), (8)

i=1 j=1

where: sl-j — premises of the jI criterion respectively for
i=u,tv,whereasu=1,2,.,51=1,2,6,v=1,2,3;
w; —significance of the input variable /=1, 2, 3; WUB(s!) —
WUB determined for the i set 4/ of variable Xj.

Step 5. To every k™ rule R, a value of the output
variable WUB(n) is assigned, based on the conclusion
factor K calculated for it. It is related, to a varied extent,
to the degree of belonging to two different WUB values,
which leads to a conflict and doubling the number of
rules. As a solution to avoid such situation, the value
WUB(n) is assumed, for which the level of belonging
Wyup(n 18 higher.

Concluding. At this stage, every rule, the premises
of which are met, is activated. Generally, based on the
premises (¢, u, v), an appropriate output value WUB(n)
is found, which is the conclusion from the fuzzy rules
adopted.

Concluding with a rule base is performed in two
steps: .

Step 1. Calculating the level of belonging pd;/ of
the premises i = 7, u, v being the fuzzy sets of the three
input variables x; .

Step 2. Calculating the degree of meeting the entire
condition (rule) as a membership function of the product
of fuzzy sets being calculated with the prod operator:

Mt = Prod (1, (x) 1 (1) 1y (1) (9)

Sharpening. Calculation of the building use value is the
result of activating the conclusion of individual system
rules. The sharpening process requires an appropriate
defuzzification method. For the Takagi-Sugeno-Kanga
model, the “weighted sum” method was adopted
(Takagi, Sugeno 1985). The value is determined as a
weighted average of the values obtained from the rules
activated:

90
Y= Z(I“l}Vf/kUB(n) 'WUB(n)/“kaUB(n) )9 (]O)
k=1
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where: y — sharpened building use value; WUB(n) —
output variable values expressed as singletons; uﬁ,"UB(n) -
degree of belonging (activation) of the output variable
WUB(n) for each activated rule R,.

2.4. Repair classification of buildings and designing
variant-based repairs

Building repair recommendations are based on the
calculated WUB. If several buildings are assessed
B = {By, By, ..., By} it is possible to choose those of
them for which the profitability of repairs aimed at in-
creasing their use value will be analysed. This can be
performed in two ways, i.e. by assuming such buildings
for which the WUB calculated does not exceed a specific
determined threshold value, or those for which the dif-
ference in the WUB assessment is greater than a specific
value.

The repairs (scope, technology) for the designat-
ed buildings are determined based on the evaluation of
technical condition of components, energy and func-
tional status. The objective is to propose an appropri-
ate repair technology (preferably in several variants),
for which it is required to estimate the cost of them
and calculating the value increase of the criteria K,
adopted in the paper, using the assessment method pro-
posed in Section 2.2. All repair works proposed at this
stage should ensure operation of the existing building
at the standard complying with the provisions of the
Construction Law and other legislation and standards.
For each building B; € B designated to repair, based
on the K; criteria assessment, a set of possible repair
activities Ny is determined. Every repair N; € Np. can
be performed in a number of possible ways, so called
variant, each from which represents a different solution
in terms of the materials used, technology and cost of
implementation.

2.5. Optimising the selection of repair solutions

The problem of selecting the repair solution, in the model
developed, involves:

- maximising the increase of building use value while
limiting;

- funds available to carry out the repair.
As a result of optimisation, out of the buildings repairs
proposed Np, the w solution is determined which is a
set of repair variants W), ensuring the highest use value
increase for the amount assumed K (which is the limit-
ing factor). An increase of building use value AWUB(B,)
is the result of the value increase of three input criteria
A0,

3 %
AWUB(B,.):]Z:‘;(WK/_ -AOg"), (11)

where: wy. — significance of the ;i criterion.

The 1ncrease of the use value of all buildings
AWUB is a sum of use value increase of individual

buildings AWUB(B;). Considering, in the Eqn (12), of
use area of each of the buildings P,(B)), it is possible
to determine the best repair solution resulting in the
maximum use value increase for all buildings analysed
altogether:

AWUB = i(AWUB(B,.)ﬂ(B,.))/Q(B,.). (12)
i=1

The most satisfactory solution, selected from a set of ac-
ceptable solutions, should correspond to the maximum
value of adaptation function, ensuring the highest in-
crease of building(s) use value. This solution is a com-
bination of different repair variants, the cost of which
should not exceed the funds available for the repair. The
problem can be simplified as follows:

max z: z=AWUB(w), K(w)<B, weW,k (13)

where: w — solution including a set of acceptable repair
solution variants of all buildings; AWUB(w) — building
use value increase for the w solution; K(w) — cost of the
w solution.

To solve the optimising task, an evolutionary
algorithm was applied, aimed at seeking optimal or sub-
optimal (acceptable) solutions. Individual stages of the
algorithm comprise the following steps:

1. Creating the initial population — initial solutions;
2. Generating repair solutions;

3. Evaluation of the repair solutions.

Representation of individuals (acceptable solutions) was
adopted in a form of genes containing information of the
building for which the repair variant is proposed. The
value of individual genes in a chromosome is established
randomly. Chromosome coding is contained in the geno-
type described in Table 1.

Symbols: B; — number of buildings forming a chro-

mosome, i =1, 2, 3,..., k; repairs N from the set of
repairs for every bulldmg Ny ={N, N, } for
s=1,2,3,..., m; W" — repair Variant for i bulldmg,
r=1,2,.,v

Generating possible repair solutions being assessed
by the adaptation functions takes place in the tournament
selection, one-point crossover and uniform mutation
processes.

Optimal solutions are sought with two adaptation
functions £ and F,, which aim to find the best repair
solution in terms of use value increase for the solutions
which a) do not exceed the F| budged assumed and
b) exceed the budget F:

Table 1. Representation (coding) of repair solutions

B, 1 2 3 k
N3 |s|.|i2f2]|7]. |1s|1]s].|8
wh 23322
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a) gl :%, forK < B, (14)
1+k-(K—-B|/B)
b) Q—-Aww’w/K) for K > B, (15)

C1+k-(K-B|/B)’

where: K — cost of generated solution; B — assumed cost
(budget) for which the repair solution is sought; AWUB —
building use value increase; k — penalty factor.

The adaptation function F, allows searching a
broader range of possible acceptable solutions. The cost
K of the solution can slightly exceed the budget assumed
B. These results in solutions of higher effectiveness (re-
pair cost-effectiveness in relation to the cost) presented
with the formula:

EF = AWUB /K. (16)

The possibility to adjust the k£ factor in the Eqns (14)
and (15) allows certain flexibility in finding solutions
which are acceptable to the decision-maker, considering
the possibility to exceed or not fully use the budget as-
sumed. The penalty for exceeding depends on the & factor
assumed, which makes it possible to control the possibil-
ity of potential exceeding of the budget assumed.

3. Model application example

On the basis of the proposed computational algorithm
shown in Figure 1 and described in Section 2, a computer
repair decision support system (SWDR) was developed.
It enables optimalisation calculations. Building assess-
ment against the KI adopted criteria are entered to the
system as input data, and WUB is the output.

At first, buildings were evaluated against the X; cri-
teria adopted, based on which the WUB use value was
determined. The calculation results are listed in Table 2.

As a result of the calculations, it was assumed that
the buildings whose WUB assessment exceeds 50 points
will not be accepted for repair. Thus, all the analysed
buildings (Table 2) require activities increasing their use
value. With the agreement of a repair manager repair ac-
tivities were proposed for these buildings of which some
can be performed according to various methods — Table 3
(presentation of repairs) and Table 4 (example).

The kind and the method of repair were accepted
on the basis of virtual status. The calculation data was

Table 2. WUB calculated based on input data for 5 buildings

Building assessment against criterion

Build X X K, P, wuB
ing [%1] [p%] [l;Wh/ [m?2]  [pt]
m-year|
1 47.66 2.40 172.70 4017.2 40.03
2 50.96 1.95 143.12 4484.0 35.70
3 51.03 2.36 173.96 2862.5 35.80
4 45.58 2.63 172.87 2700.4 43.16
5 43.16 2.63 151.79 2703.0 46.18

obtained from archival documentation, e.g. annual and
S-year evaluation, energy audits, technical documenta-
tion. Then, the cost of suggested repair was estimated
and the value increase for the assessed building statuses
against the formula (1, 2, 3) was determined. Depending
on the repair chosen, the increase may refer to one, two
or even three building statuses — see Table 5.

The results are a starting point towards optimalisa-
tion, i.e. the choice of repair scope bringing the largest
WUB increase assuming having limited repair funds.

The application of developed model was presented
in the example of cases. The optimalisation task in the
first case is to choose the repair scope for all the build-
ings altogether, while in the second one for each building
separately.

In the first case all the repairs proposed by the ad-
ministrator were sought, for which the cost will be within
or slightly exceed the budget of PLN 4,500,000 and the
largest WUB increase will be obtained. As a result of

Table 3. Proposed repair and variants for 5 buildings

Building Repair activities Repair variants
1 13 20
2 16 24
3 16 23
4 13 21
5 12 20

Table. 4. Facade wall repair variants of one building

Repair variants Repair variants description

1/1 Fagade walls thermal insulation

12 Fagade walls thermal insulation
First floor wall cladding

173 Fagade wall painting

Table 5. Sample of repair variants possible for building B
(shown 5 out of 13 repairs)

K
Repair Repair AOII;II Aogz AOB'3 K
component  variant o] [pt] [lilvlgh/ [PLN]
1 3.60 0.00 27.12 434,625
1 Facade 2 3.82  0.00 27.12 449,640
3 1.34 0,00 0.00 67,053
5 Roof 1 0.06 0.00 0.00 27,773
2 220 0.00 0.00 101,660
, Buldng ! 054 043 000 31,953
entrances 2 0.54 0.85 0.00 87,953
1 049 0.00 0.00 38,115
4  Balconies 2 1.96 044 0.00 301,617
3 1.96 0.00 0.00 193,116
5 Cutters and 072 000 000 16290

downspouts
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performed calculations, five repair solutions were ob-
tained. Each repair solution presented in Table 6 consists
of repair variants for 5 buildings considered. The solution
number 1 is the mostly preferred due to the best WUB
increase relation to the costs (Table 6).

Repair solution number 1 exceeded the assumed re-
pair budget by PLN 18,144, providing the building use
value increase AWUB 21.06 points, with the found use
effectiveness factor EF of 4.66. To compare, the best re-
pair solution not exceeding the budget (3 in Table 5) al-
lows A WUB 20.35 pt, with the EF factor 4.53.

The repair solution 1 consists of over a dozen re-
pair variants, which are assigned to each of five build-
ings (Table 7).

The description of repair variants presented in Table 7
together with their costs performance is shown in Table 8.
For the sake of brevity, only four repair variants are pre-
sented for three of five buildings considered.

In the second case out of the repair set assigned to
each building (Table 5 — example for building B,) the
ones were sought for which the largest building use value
increase of each building will be obtained.

The cost of repair in a building is dependent on its P,
usable area. Accordingly, the budget B of PLN 4,500,000
was divided pro rata between 5 buildings, thereupon
it was obtained for B; = 1,078,147; B, = 1,203,428;
By =768,246; B, = 724,741; Bs= 725,438.

As a result of calculations performed, the most fa-
vourable repair solutions were generated for each out of
5 buildings (Table 9).

The total cost of repair solutions for five buildings
(Table 9) exceeded the assumed budget by PLN 20,834,
resulting in AWUB of 18.87 points. This value is a weight-
ed average, where the weights are the buildings’ total us-
able floor area (P,). The fund use effectiveness factor EF’
is 4.17. Chosen repair variants included in the repair solu-
tions presented in Table 9 are listed in Table 10.

Table 6. Five best repair solutions

Solution ~F  AWUB [pt] EF K [PLN]
1 20.89 21.06 4.66 4,518,144
2 20.35 20.51 4.54 4,517,378
3 20.32 20.35 4.53 4,491,967
4 20.26 20.30 4.52 4,492,982
5 20.20 20.36 451 4,518,058

Table 7. Comparison of repair variants (solution 1)

Table 8. Details of the repair variants generated (solution 1)

Building Repair Variant  Repair description K [PLN]
1 3 Fagade painting 67,053
3 1 Vestibule renovation 31,953
1 5 1 Guttering replacement 16,290
6 1 St;urcase door and 66.617
window replacement
) 1 5 Fagadq walls thermal 573,356
insulation
2 2 Roofing material 146,733
replacement
3 1 Vestibule renovation 18,922
4 3 Renovgtlon of 153.482
balconies
1 3 Facade wall painting 47,144
3 1 Vestibule renovation 12,080
3 5 1 Guttering replacement 10,836
6 1 Staircase door and 27,692

window replacement

The calculations performed clearly prove that the
highest increase of building use value of 21.06 points for
the amount PLN 4,518,144 was achievable for the first
example, i.e. the repair variants included in the repair
solution were chosen from a set of all repair activities
proposed for the buildings being analysed.

The second example shows other possible use of
the model. Pro rata division of budget applied for the
buildings and the choice of the most favourable repair
solutions for each of them allowed the lowest increase
of use value (calculated for all the buildings) that equals
18.87 points for the amount PLN 4,520,834.

It has to be stressed, however, that the approach pre-
sented in the second example is more appropriate when
the buildings analysed are built with different construc-
tion technologies, since applying the first approach would
result in priority being given to certain material solutions
adopted in individual construction technologies.

Conclusions

The article presents a decision-making model for choos-
ing repair solutions for the most cost-effective scope of
repair in terms of the assessment criteria adopted. This
required the authors to solve five tasks which constituted
the model. At each step, an approach or methods were
proposed to solve the specific task.

Building Repair/variant K [PLN] Table 9. Repair solutions for 5 buildings
1 1/3, 3/1, 5/1, 6/1, 7/2, 12/1 349,305 —
5 112,202, 3/1,4/3, 5/1, 6/2, /L 8/, 5 343 oo Building r AWUBIpY _ EF K [PLN]
9/2, 10/1, 11/1, 12/1, 14/1, 16/1 T 1 14.78 15.24 1.39 1,092,546
3 13, 3/1, 5/1, 6/1, 7/1, 9/1, 16/1 319,895 2 20.16 20.19 1.68 1,204,010
4 1/2,2/2,3/1, 5/1, 6/2, 8/1,9/2, 10/2 879,638 3 19.91 19.97 2.60 767,342
5 1/2,3/1,5/1,6/2,7/1, 8/1, 912, 102, (s 47 4 19.33 20.12 272 739,085
11/1 ’ 5 19.47 19.65 2.74 717,851
Total cost 4,518,144 Total cost 4,520,834
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Table 10. Repair variants for 5 buildings

Building Repair/variant K [PLN]
1 2/2,3/2,4/2,5/1, 6/1,7/2, 8/1, 12/1, 13/1 1,092,546
2 /1, 2/2, 3/2, 5/1, 6/2, 7/1, 8/1, 9/2, 10/1 1,204,010
3 /1, 3/2, 4/1, 5/1, 6/2, 7/1, 16/1 767,342
4
5

1/1, 2/2, 3/1, 5/1, 6/2, 7/1, 9/2 739,085
1/2, 3/2, 5/1, 6/2, 7/1, 8/1, 9/2, 10/2, 13/1 717,851

The model developed becomes a key part of the need
for strategic planning in building management. It can also
be used as a tool supporting the administrator in multiple
criteria building appraisal and the choice of the optimal
repair solution bearing in mind the financial constraints.
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