
Decision-making method for 
choosing best alternatives for 
internal walls based on cost and 
sound insulation performance

Abstract
The main objective for architects is to improve building quality for occupants. 

For user comfort and physical performance, primarily parameters of building el-
ements such as sound insulation, thermal insulation, resistance to fire and mois-
ture are evaluated. However, especially on walls, applications made to enhance 
these parameters such as designing a double wall, can be in contradiction with 
some other parameters such as cost, weight and thickness which are desired to 
be minimized. This reveals the problem of decision-making in the selection of 
building elements for architects.

This study aims to find the optimum internal wall that complies with the 
Acoustic Regulation of Turkey and maximizes the airborne sound insulation per-
formance while minimizing other parameters (cost, weight, thickness). In this 
research, starting from the simplest single wall type, number 509 of non-load 
bearing masonry interior wall alternatives made of brick and autoclaved aerat-
ed concrete (AAC) blocks were generated. Values of the sound insulation, cost, 
weight and thickness parameters of the walls were calculated, and then optimal 
alternatives were selected by one of the most used MCDM (Multi-Criteria Deci-
sion Making) method namely as TOPSIS (The Technique for Order Preference by 
Similarity to Ideal Solution) method. Moreover, Copeland technique was used to 
aggregate the data obtained for different similar weighting values in the applica-
tion of the TOPSIS Method. As a result, it was demonstrated that the combined 
method used in the study is a convenient method for decision making and yields 
satisfactory results.
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1. Introduction
Growth in the construction industry 

has led to many environmental prob-
lems and has increased the need for 
sustainable building design in recent 
years (KPMG Türkiye, 2018). The main 
purpose of sustainable buildings is to 
concentrate on energy conservation 
and provide comfortable environments 
for occupants. User comfort, which 
can be defined as the state of wellbeing 
amongst building users, is achieved by 
controlling factors such as fire, sound, 
heat, light and water (Tekin et al, 2014). 
In Turkey, in order to meet these param-
eters, it is mandatory to comply with the 
relevant regulations and standards.

To ensure sound insulation, the 
“Regulation on Protection of Buildings 
Against Noise” was published on 31 
May 2017 by the Turkish Ministry of 
Environment and Urbanization. In this 
regulation, sound insulation limit values 
are defined, in accordance with acousti-
cal performance class ranging from A 
to F. Every building should comply with 
the minimum requirements. For new 
buildings, at least C acoustic perfor-
mance class should be provided (Regu-
lation, 2017). 

However, modifications in building 
elements to achieve the desired class 
values of the regulation affect other de-
sign parameters as well. First, all prac-
tices affect “cost” which is an important 
criterion in evaluating the function of 
a building. Considering that resources 
are limited, minimizing cost is always 
the main objective in projects. Second, 
additional layers added to building el-
ements to increase sound insulation 
increase weight as well. But, designing 
lightweight buildings is crucial in Tur-
key since 92% of the country is in earth-
quake zones (Declaration, 2018).

 Lightweight wall materials decrease 
pressure on load-bearing systems and 
increase resistance to earthquakes. 
Third, designing thicker elements to 
increase sound insulation performance 
increases both unit cost and the weights. 
It also changes heat gains and losses in 
buildings and affects total energy con-
sumption. For this reason, determina-
tion of the optimum thickness of ele-
ments is essential in design. 

The aim of this study is to find the 
optimum internal wall complying with 

the Acoustic Regulation and maxi-
mizing the airborne sound insulation 
performance while minimizing other 
parameters (cost, weight, thickness). In 
this study, non-load-bearing masonry 
single walls, double walls and walls with 
linings were developed as types of in-
terior wall alternatives. Then, values of 
all parameters of the walls were calcu-
lated and a decision matrix was created 
with the obtained values. Optimal wall 
selection according to the given criteria 
weights (importance levels) were select-
ed through the TOPSIS method which 
is one of the well-known MCDM meth-
ods. While weighting criteria, a subjec-
tive evaluation in which sound insula-
tion is the first, cost is second, weight 
and thickness are equally third, were 
considered (Sound Insulation > Cost > 
Weight = Thickness). Among the three 
different weightings that meet these 
evaluation conditions, sorting was cal-
culated by using the Copeland method.

2. Methodology
In this study, numerous non 

load-bearing masonry interior wall al-
ternatives maximizing sound insulation 
values were generated. Then, values of 
sound insulation, cost, thickness and 
weight parameters of walls were calcu-
lated. Walls that did not comply with 

Figure 1. General steps of methodology.
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the limits of the Acoustic regulation 
were eliminated. To find out the opti-
mum wall type, all calculation results 
were brought together in a decision ma-
trix and analyzed with a multi-criteria 
decision-making technique, TOPSIS. In 
this method, in order to reach a result, 
criteria were given importance levels 
(weights). The user can come to a re-
sult by either using a preferred criterion 
weighting through the TOPSIS meth-
od or by using the Copeland ranking 
method which brings together different 
weightings. General steps of methodol-
ogy of the study are given in Figure 1.

2.1 Parameters, objectives and limit 
values

In Turkey, based on the latest sta-
tistical building census, 75% of build-
ings are used as housing. In addition, 
51% of buildings are built in masonry, 
48.4 %through frame system, and 0,6% 
through other construction systems 
(TUIK, 2001). In this research, residen-
tial buildings with masonry walls were 
studied. 

Airborne sound insulation perfor-
mance was calculated at the partition 
wall between the bedroom of a simple 
residential building (receiver room) and 
an adjacent room (source room). The 
volume of the receiver room was consid-
ered as 50 m3 and wall dimensions have 
taken as length (l): 4 m, height (h) 2,7 m 
(approximately 10 m2) as specified in the 
ISO 10140-5 standard (ISO, 2010). 

Source and receiver rooms have been 
calculated to have equal internal tem-
peratures. Thus, thermal insulation and 
condensation parameters were not ana-
lyzed. For protection against fire, in or-
der to comply with “Regulation on Fire 
Protection in Buildings”, all construc-
tion elements were selected as Class A1 

non-combustible material (Regulation, 
2007).

Wall types and building materials 
were selected to be the most widely used 
types and materials in Turkey. Sound 
insulation performance (DnTA, dB), cost 
(Euro/m2), weight (kN/m2), and thick-
ness (cm) parameters of the walls were 
calculated and analyzed.

2.1.1 Airborne sound insulation 
Minimum airborne sound insula-

tion values to be provided according 
to source and receiver room specifi-
cations (DnT,A, dB) are determined in 
“Regulation on Protection of Build-
ings against Noise” given in Table 1 
(Regulation,2017). As specified in 
Table 1, first, buildings are catego-
rized based on their noise sensitivity 
and noisiness. Then, sound insulation 
values are defined in accordance with 
the combinations of different levels 
of noisiness and sensitivity. In this 
study, receiver room properties were 
selected as a residential bedroom that 
is highly sensitive to noise (Degree 
I) and adjacent source room was re-
garded as moderately noisy (MN). In 
this combination, the limit values are 
52 dB for C-Class, 58 dB for B-Class 
and 62 dB for A-Class as highlighted 
in Table 1.

To provide A, B or C Class limits, it is 
necessary to primarily make improve-
ments on the airborne sound insulation 
performance of the building elements. 
To improve sound insulation, general 
principles can be summarized as 1- in-
creasing mass and density by means of 
increasing thickness 2- designing dou-
ble walls 3-providing flexible connec-
tions 4- introducing an air gap between 
layers 5- increasing the air gap thick-
ness 6- using porous elements in the 

Table 1. Minimum airborne sound insulation values to be provided according to source and 
receiver room specifications (DnT,A, dB) Limits for MN-I.
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cavity 7- avoiding factors that will form 
a sound bridge between walls, such as 
insulating the connection points of the 
elements like service pipes and ducts 
passing through the walls etc. (Mehta 
et al,1999).

DnT,A value was obtained from the 
following formulas (Hassan,2009).

(1)

and 

(2) 
where
Ss: Area of partition wall, m2

T0 : Reference reverberation time 
(0.5s for houses)

V:  Volume of receiver room, m3

and
(3)

CF: Correction value was calculated 
by the ratio of the unit weight of parti-
tion element (X) to average unit weight 
of all elements causing flanking trans-
missions (Y). For x=X/Y then CF value 
was as following: for x≤1 CF = 0, for 
1<x≤2 CF = 2, for 2<x≤3 CF = 4 and for 
3<x CF = 6 (Hassan, 2009).

In order to determine Rw (C; Ctr) 
values, INSUL sound insulation pre-
diction software was used. INSUL is 
based on models created by applying 
mass law theory that considers the 
critical frequency and approaches de-
veloped by B.H. Sharp, Cremer, Fahy, 
Ljunggren, Rindel and others. It was 
noted that the program reliably pre-
dicts sound insulation values with a 
3-5 dB approximation (INSUL,2019).

In the calculation of CF values, it was 
accepted that unit weights of the walls 
were equal. The lower and upper floors 
were considered as 15 cm reinforced 
concrete.

2.1.2. Cost
For construction cost estimation, 

“Construction Unit Price Methodolo-
gy” by the Ministry of Environment and 
Urbanism is commonly used. Within 
the scope of construction unit price 
method; inputs of unit price are labor, 
machinery-equipment and material. A 
short description of the work for each 
of the inputs (laborer, mason etc.), ma-
chinery-equipment (excavator, bull-
dozer etc.) and material (brick, sand, 
cement etc.) were listed, unit and unit 
price of the work was determined with 
a code number given in the Construc-
tion and Installation Unit Prices Book 
(MoEU, 2017). An example of a unit 
price cost estimation is given in Table 2. 
Values were calculated in Turkish Lira 
(TRY) at first and then converted into 
Euro (EUR) (CBRT, 2019).

2.1.3. Weight (Loads)
Loads in a structure are general-

ly classified as imposed (live) loads, 
permanent (dead) loads, horizontal 
loads and other loads such as load 
caused by temperature difference. 
Live loads, such as traffic loads may 
vary. Dead loads refer to the struc-
ture’s self-weight and generally re-
main constant during the structure’s 
life. Earthquake load and wind load 
are examples of horizontal loads (Toy-

Table 2. Example of unit cost calculation.
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demir et al, 2000). In this study, only 
permanent-self loads of the non-load 
bearing walls were calculated. Total 
load of the wall was calculated as the 
sum of all elements’ weights constitut-
ing the wall such as a block, mortar, 
plaster, steel studs, rockwool, gypsum 
board etc.

 
2.2. Creating non-load bearing 
masonry internal wall alternatives 

Generating wall types started with 
the design of a single wall. After-
wards, alternatives were multiplied 
considering the general principles for 
improving sound insulation such as 
increasing mass and density by means 
of increasing thickness, adding layers, 
designing a double wall, introducing 
an air gap between layers, increasing 
the air gap thickness and using porous 
elements in the cavity.

Alternatives are presented in Table 
3 below. Paint application on wall is 
not included in the study because it 
depends on subjective preferences in 
projects.

2.3. Building materials 
In Turkey, the most commonly used 

infilling wall material is brick for ma-
sonry buildings (TUIK, 2001). In addi-
tion, Turkey is one of the biggest glob-
al AAC producers in Europe (TGUB, 
2019). Therefore, brick and AAC blocks 
were chosen as wall materials for the 
study. Bricks used in this study are cat-
egorized in EN 771-1 as clay masonry 
units with LD (low gross dry density) 
and Category I (Level of confidence). 
Type of bricks are vertically perforat-
ed (VP), horizontally perforated (HP) 
Class-AB, horizontally perforated (HP) 
Class-W (CEN, 2016). AAC blocks were 
selected as non-reinforced blocks in EN 
771-4 (BSI, 2015).

While determining the thickness and 
densities, the Ministry of Environment 
and Urbanization Unit Prices Book 
(which gives information about the 
most frequently produced materials) 
was taken into consideration (MoEU, 
2017). Since the aim was to provide 
minimum wall thickness, blocks larger 
than 15 cm were not calculated for dou-

Table 3. Internal wall alternatives.
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ble walls. The density and thickness of 
the bricks and AAC blocks are given in 
Table 4. 

Other properties are the following: 
Elasticity Modules (E, GPa): 2,5 for HP, 
3 for VP-650kg/m3, 4 for 750kg/m3,1,75 
for AAC 400 kg/m3, 2,25 for AAC 500 
kg/m3 and 2,75 for AAC 600kg/m3. Loss 
factors are 0,01 for both bricks and AAC 
blocks. Poisson’s Ratio’s (σ) are 0,25 for 
both bricks and AAC blocks. Proper-
ties of the other materials are: Gypsum 
board: 1,25 cm - 640 kg/m3, Rockwool: 
5 cm 50kg/m3, Cement Plaster: 2 cm 
2000 kg/m3, Brick Mortar: Lime Ce-
ment Mortar-1800 kg/m3. For AAC 
Block instead of mortar, a special adhe-
sive was used. 

2.4. Calculation of number of 
alternatives

Regarding the multiplication of the 
type, number of density and number of 
thickness, it was calculated that number 
of alternatives were 60 for Type 1, 19 for 
Type 2a, 19 for Type 2b, 19 for Type 2c, 
240 for Type 3, 152 for Type 4 in Table 4. 
Hence, total amount of calculated walls 
was 509.

2.5. Multi-criteria decision making 
(MCDM) method

Decision-making is defined in litera-
ture as the process of selecting one or 
more of the various alternatives avail-
able in accordance with certain crite-
ria and conditions, taking into account 
the expectations of decision-makers in 
order to solve a specific problem and 
to reach a desired goal (Beldek, 2009; 
Cristobal & Ramon, 2012). Each de-
cision is made in a decision environ-
ment where information, alternatives, 
values and preferences come together 
at the time of decision making (Cris-
tobal & Ramon, 2012). One of the 
main problems in decision making is 
the comparability of options (different 
systems, system states, different values 

of decision variables, etc.). The aim is 
to develop a measure that allows the 
establishment of a preference sequence 
over the options (Cristobal & Ramon, 
2012; Kuru,2011).

Multi-criteria decision-making  (MCDM) 
is referred to as the electoral process 
that a decision-maker makes by using 
at least two criteria in a set of finite or 
uncountable numbers without sub-
jective judgments (Kuru, 2011; Öz-
tel, 2016). This method is a tool that 
allows the best choice to be found in 
a variety of ways among the alterna-
tives in the decision-making situations 
where there are often many conflicting 
criteria (Kuru, 2011; Triantaphyllou, 
2000). The MCDM techniques used to 
solve the problems of different alter-
natives usually consist of the following 
stages: defining the problem, generat-
ing alternatives and creating criteria, 
selection of criteria, weighting, evalua-
tion, selecting the appropriate MCDM 
and ultimately sequencing alternatives 
(Cristobal & Ramon, 2012; Öztürk, 
2011). Belton and Stewart (2002) 
summarize these stages in three key 
stages: defining and constructing the 
problem, establishing and running the 
model and developing action plans 
(Belton & Stewart, 2002; 1000minds 
Ltd., 2017).  

In literature, a wide range of MCDM 
methods have been formed depend-
ing on the type of problem. Some of 
these methods are;  WSM (Weighted 
Sum Model) (Fishburn, 1967), SAW 
(Simple Additive Weighting) (Mac-
Crimmon & Rand, 1968), MAUT 
(Multi-Attribute Utility Theory), 
MAVT (Multi-Attribute Value The-
ory) (Keeney & Raiffa, 1976), ELEC-
TRE (ELimination Et Choix Tradui-
sant la REalité) (Roy, 1968), TOPSIS 
(Technique for Order Preference by 
Similarity to Ideal Solution) (Hwang 
& Yoon, 1981), PROMETHEE (Pref-
erence Ranking Organization Method 

Table 4. Properties of the materials.
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For Enrichment Evaluations) (Brans 
et al., 1984), AHP (Analytic Hierarchy 
Process) (Saaty, 1988), SMART (Sim-
ple Multi-Attribute Rating Technique) 
(Edwards & Barron, 1994), ANP (An-
alytic Network Process) (Saaty, 1996), 
VIKOR (Vise Kriterijumska Optimi-
zacija I Kompromisno Resenje) (Op-
ricovic,1998), WPM (Weighted Prod-
uct Method) (Triantaphyllou, 2000), 
COPRAS (Complex Proportional As-
sessment Method) (Zavadskas & An-
tucheviciene, 2007), ARAS (Additive 
Ratio Assessment) (Zavadskas & Tur-
skis, 2010), MACBETH (Measuring 
Attractiveness by a Categorical Based 
Evaluation TecHnique) (Bana e Costa 
et al., 2012), MOORA (Multi-Objec-
tive Optimization on the basis of Ra-
tio Analysis) (Brauers & Zavadskas, 
2006),  MULTIMOORA (Brauers 
& Zavadskas, 2010) and MOOSRA 
(Multi-objective Optimization On The 
Basis Of Simple Ratio Analysis) (Brau-
ers, 2004).

MDCM methods are grouped in 
different ways in literature regarding 
their approaches, and operations. Ishi-
zaka and Nemery (2013) divided the 
MCDM methods into 3 groups de-
pending on their approaches as “Full 
aggregation approach”, “Outranking 
approach” or “Goal, aspiration or ref-
erence level approach” (Ishizaka & 
Nemery, 2013; Tscheikner-Gratl et 
al., 2017). In “Full aggregation ap-
proach”, a score is evaluated for each 
criterion and then they are synthe-
sized into a general score. Based on 
this score, all the options can be com-
pared and ranked from the best to the 
worst case. AHP, ANP, MAUT, MAVT, 
MACBETH, WSM, SMART are the 
examples of this group. “Outrank-
ing approach” is based on pairwise 
comparisons like PROMETHEE and 
ELECTRE. “Goal, aspiration or refer-
ence level approach” sets a target for 
each criterion and defines the closest 
options to the ideal target or reference 
level. TOPSIS, COPRAS, ARAS, SAW, 
MOORA, MULTIMOORA, MOOS-
RA and VIKOR are examples of this 
approach (Ishizaka & Nemery, 2013). 

There are cases where each meth-
od is superior to the others. For this 
reason, in selecting which MCDM 
method to be applied, the type of the 

problem, options, evaluation scale, 
uncertainty, dependence between 
qualifications, expectations of the de-
cision-maker and quality of the data 
should be taken into consideration 
(Arıbaş & Özcan, 2016).

The most common method used 
by researchers to determine the crite-
ria weight is the AHP method (İlter, 
2016). However, depending on the 
number of criteria and alternatives, the 
method can be complex and time-con-
suming. So, it is not recommended for 
problems with a high number of al-
ternatives (Velasquez & Hester, 2013).  
Another MCDM technique which is 
known for its ease of use is the TOPSIS 
method (Hwang & Yoon, 1981).

TOPSIS method
TOPSIS was first introduced by 

Hwang and Yoon (1981) as an alter-
native to the ELECTRE method. Af-
terwards, developed by Yoon (1987) 
and Hwang et al. (1993). TOPSIS is 
based on the concept that the chosen 
alternative should have the shortest 
geometric distance from the positive 
ideal solution (PIS) and the longest 
geometric distance from the negative 
ideal solution (NIS). PIS is a solution 
that maximizes the utility/maximum 
criterion and minimizes the cost/
minimum criterion (Ertuğrul & Özçil, 
2014; Yıldırım & Önder, 2015).

The advantages of the TOPSIS meth-
od are summarized as follows: It is rela-
tively simple, rational and comprehen-
sible (Çatı et al., 2017; Ertuğrul & Özçil, 
2014; Sanjay et al., 2019). It does not 
include complex algorithms and com-
plex mathematical models (Yıldırım & 
Önder, 2015). It is suitable for large-
scale data (Arıbaş & Özcan, 2016; Thor 
et al., 2013) and can be applied directly 
on data without a qualitative conver-
sion if the necessary data are numeri-
cal values (Velasquez & Hester, 2013). 
It has good computational efficiency 
(Sanjay et al., 2019; Thor et al., 2013) 
allows evaluation criteria to be weight-
ed (Çakır & Perçin, 2013; Ertuğrul & 
Özçil, 2014). It identifies the best alter-
native quickly (Arıbaş & Özcan, 2016; 
Sanjay et al., 2019) and interpretation of 
results is easy (Yıldırım & Önder, 2015). 
A disadvantage is that thresholds of cri-
teria are not considered (Eray, 2015).
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The TOPSIS method has been com-
pared to some other MCDM meth-
ods in literature and has mostly been 
evaluated as more appropriate. For 
instance, İlter (2016) indicated that 
the TOPSIS method gives more stable 
results than the COPRAS method due 
to the difference between their normal-
ization techniques. Ertuğrul and Özçil 
(2014) aimed to compare TOPSIS and 
VIKOR methods and found that the 
results of the TOPSIS method were 
healthier and more reliable. Benyoucef 
et. al. (2014) compared SAW, WPM, 
AHP and TOPSIS. The results demon-
strate that TOPSIS gives results which 
are close to ideal. According to Kuru 
(2011) and Ertuğrul & Karakaşoğlu 
(2008) SAW, TOPSIS and VIKOR com-
pared, TOPSIS and VIKOR have the 
ability to better distinguish the results 
of evaluation.

TOPSIS has been used extensively in 
business and marketing management 
(Mohammadi Dehcheshmeh, 2018; Sal-
danlı & Sırma, 2014), finances (Yıldırım 
& Önder, 2015), engineering systems 
such as sustainability assessment, re-
newable energy options and water re-
sources management (Ömürbek et al., 
2015, Štreimikienė & Baležentis, 2013; 
Yazdani-Chamzini et al., 2013), human 
resources management (Karakış, 2016), 
problems regarding selection of the 
most appropriate option among alterna-
tives such as laptop, air conditioner or 
composite laminates (Ertuğrul & Özçil, 
2014; Çakır & Perçin, 2013; Pekkaya & 
Aktoğan, 2014; Sanjay et al., 2019) and 
in areas such as transportation, edu-
cation and health which require deci-
sion support (Arıbaş & Özcan, 2016; 
Yıldırım & Önder, 2015; Özkan, 2007).

However, in architecture or the con-
struction sector there is not much re-
search on TOPSIS. Some examples are: 
performance evaluation of panel cur-
tain wall systems (İlter, 2016), energy 
efficiency of a public building renova-
tion and reconstruction (Rasiulis et al., 
2016), construction projects and their 
overall risks under incomplete and un-
certain situations (Taylan et al, 2014), 
and cultural heritage renovation proj-
ects in Bulgaria (Tupenaite, 2010). 

This research will be an example of 
TOPSIS application in the field of ar-
chitecture.

TOPSIS procedure consists of the 
following steps (Yıldırım & Önder, 
2015):

Step 1: Creating a decision ma-
trix for the ranking. The problem of 
MCDM can be expressed as in the fol-
lowing matrix format (4) 

(4)

where
Aij is the decision matrix
C1, C2, …, Cn,, the columns are the 

criteria by which the alternative per-
formance is measured

aij is the qualification of the alterna-
tive with respect to the criterion Cj

m is the number of the alternatives
n is the number of evaluation criteria
Step 2: Determining the normalized 

decision matrix and the normalized val-
ue rij is obtained using the formula (5). 

(5)

for i=1,2,....,m and j=1,2,....,n
where 
aij and rij are the original and nor-

malized score of the decision matrix
The standard decision matrix indi-

cated by R is obtained as in (6) 

(6)

Step 3: Determining the weighted 
normalized decision matrix (V) and 
weighted normalized value vij.  vij is 
obtained using the formula (7). 

(7)

where 
wij is the relative weight of the ith 

criterion or attribute 
Sum of the weight values wi should 

be equal to 1 (8). 

(8)
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Step 4: Calculating the PIS (a*) and 
NIS (a-).  The maximum and minimum 
values are determined in each column 
of the weighted normalized decision 
matrix as (9 and 10) 

(9)
and 

(10)

If the target is maximization, maxi-
mum values in the column are the ideal 
solution values and if the target is min-
imization, minimum values in the col-
umn are the ideal solution values. NIS 
is the value of the opposite target. 

Step 5: Calculating the separation 
measures for each alternative by deter-
mining the separation measure value 
using n-dimensional Euclidian dis-
tance method. The separation of each 
alternative from the ideal solution is 
given as (11)

(11)

Similarly, separation from the NIS is 
given as (12)

(12)

Step 6: Determining the relative 
closeness to the ideal solution, and the 
relative closeness of the alternative Ci* 
with respect to Si

+ and Si
- is obtained us-

ing the formula (13)

(13)

and 0≤ Ci*≤1 

Step 7: Ranking the preference order. 
The alternative Ci* closest to 1 indicates 
greatest relative closeness to the ideal 
solution.

2.6. Choice theory 
Choice theory is an important is-

sue in group decision making. Social 
choice theory deals with assembling 
individual preferences over a set of al-
ternatives into a collective decision via 
a social choice mechanism.  The social 
choice mechanism takes the prefer-
ences as input and typically outputs a 
single alternative as the winner.  This 
theory consists of voting methods and 

social selection functions (Anshelevich 
et al., 2015) which have been addressed 
by many authors who have worked on 
voting order and social preferences. 
The most well-known functions can 
be categorized as; Condorcet’s function 
(Condorcet, 1785), Borda’s function 
(Borda, 1784), Copeland’s function 
(Saari & Merlin, 1996), Nanson’s func-
tion (Nanson, 1907), Dodgson’s func-
tion (Dodgson, 1876), and Kemeny’s 
function (Hwang & Lin, 1987).

Condorcet selection procedure is 
based on the results of one-to-one com-
parisons between candidates. If a can-
didate is preferred over all other can-
didates, it is a Condorcet winner and 
must be selected (Condorcet, 1785). 
Borda’s function orders the alternatives 
according to the sums of individual 
preferences of voters (decision-mak-
ers) (Lamboray, 2007). The Copeland 
Method is the extension of the Borda 
method. It calculates the number of 
losses for all alternatives as well. It de-
termines the score by subtracting the 
losses from the winnings and offers 
a new order of importance (Saari & 
Merlin, 1996). Kemeny’s rule is also an 
extension of the principles consisting 
of linear orders that are closest to the 
rankings of the profile according to the 
symmetric difference distance (Lam-
boray, 2007). In Dodgson’s function, 
candidates are scored in accordance 
with the smallest number of changes 
needed in voters’ preference orders to 
create a simple majority winner (Dodg-
son, 1876). Nanson’s function discusses 
the modification of Copeland method. 
It deletes only the lowest Borda score 
candidate(s) at each stage (Hwang & 
Lin, 1987).

Copeland method
The Copeland method proposed by 

Copeland at the University of Michigan 
and later investigated in detail by Saari 
and Merline (1996) has the advantage 
of facilitating the analysis of very large 
data sets. It is rapid, systematic, has 
simpler mathematical requirements 
and allows for the possibility of categor-
ical or relative ranking. It has proven to 
be unsusceptible to variations in the 
data. So, it can be applied where it is de-
sired to rank objects. It is indicated that 
it may lose some information during 
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the aggregation, but this disadvantage 
is observed in other choice theories as 
well (Al-Sharrah, 2010; Saari & Merlin, 
1996).

This aggregation method selects the 
alternative with the largest Copeland 
score in pairwise comparisons. The 
Copeland score for a given alternative 
is defined as the difference between 
the number of times the alternative is 
ranked higher than other alternatives 
(victories) and the number of times 
that alternative is ranked lower than 
other alternatives (defeats) (Çakır, 
2015; Çakır, 2017; Hwang & Lin, 1987).

The Copeland method consists of the 
following steps (Saari & Merlin, 1996):

Step 1: Pairwise comparisons are 
made between alternatives. The alter-
native discussed receives “1” votes if it 
is higher than the others in the ranking 
and 0 votes if it is lower as in formula 
(14).

Between cj  and ck  

(14)

Step 2: The Copeland score for each 
cj defined as (15); 

(15)

Step 3. Consequently, the total order 
of the objects is evaluated.

In literature, there are some re-
searches where MCDM methods and 
Copeland method are used together.  
For instance, Çakır (2015) selected 
the most appropriate six sigma project 
by Fuzzy VIKOR, Fuzzy TOPSIS and 
Fuzzy COPRAS integrating the rank-
ing scores obtained from each method 
through the Copeland method. Sugiar-
tawan & Hartati (2018) combined AHP 
and Copeland Model to rank popular 
tourism objects in Bali. Arslan (2018) 
integrated TOPSIS, GRA, VIKOR and 
MOORA methods with the Copeland 
method to rank countries according 
to data from 23 OECD member coun-
tries. Tajvidi Asr et al. (2015) integrat-
ed SAW, TOPSIS, LA (Linear Assign-
ment) methods with the Borda and 
Copeland techniques to select a proper 
support system for Beheshtabad water 
transporting tunnel from among the 
six proposed support systems. Supçill-

er and Deligöz (2018) combined AHP, 
VIKOR, SAW, GRA (Grey Relation-
al Analysis), MOORA, ELECTRE II, 
M-TOPSIS (Modified TOPSIS) with 
Borda and Copeland techniques to 
comprise a solution for a supplier selec-
tion problem.

However, these combined methods 
have not been employed in the field of 
architecture. This study will contribute 
to literature in this respect.

3. Study
In this research, 509 non load-bear-

ing masonry interior wall alternatives 
aiming to maximize sound insulation 
values have been generated.  Then, 
values of sound insulation, cost, thick-
ness and weight parameters of walls 
were calculated. According to sound 
insulation calculation, 54 walls were 
eliminated for not complying with 
MN-I C-Class limit of the regulation. 
So, 455 wall type calculation results 
were evaluated. A decision matrix 
representing the values of each criteri-
on with each alternative were formed 
and analyzed with TOPSIS. All calcu-
lations were performed via Microsoft 
Office Excel.

3.1. TOPSIS method
The application of the method is 

described below using the formula 
steps given in section 2.5.1. As Step 1, 
to create a decision matrix, it is nec-
essary to specify a short code for the 
walls. In the present study, wall codes 
were given depending on layers form-
ing wall types as: Construction (Sin-
gle Wall-SW or Double Wall- DW) – 
Block Type (Brick or AAC) – Airgap 
properties – Wall Lining properties. 
Airgap and wall lining codes are pre-
sented in Table 3. Block type codes are 
given as following:
•	 BHP: Brick, Horizontally Perforated 

– Dry Density: 600 kg/m3 
•	 BVPW1: Brick, Vertically Perforated 

– W Class – Dry Density: 650 kg/m3

•	 BVPW2: W Class – Dry Density: 
750 kg/m3

•	 BVPAB1: Brick, Vertically Perforat-
ed – AB Class – Dry Density: 650 kg/
m3

•	 BVPAB2: Brick, Vertically Perfo-
rated – AB Class – Dry Density: 
750 kg/m3 
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•	 AACG2: Aerated Autoclaved Con-
crete – G2 Class – Dry Density: 
400 kg/m3

•	 AACG3: Aerated Autoclaved Con-
crete – G3 Class – Dry Density: 
500 kg/m3

•	 AACG4: Aerated Autoclaved Con-
crete – G4 Class – Dry Density: 
600 kg/m3

To exemplify, coding for wall types 
number 241 and 342 is presented in 
Table 5.

Decision matrix for interior walls 
is given in Table 6. Since the table will 
be too long for 455 walls, only some of 
them are included in the table.

For sample wall number 241 calcu-
lations are given in Table 7. As Step 

2, to determine the normalized deci-
sion matrix, the normalized value rij 
was obtained using the formula (5). 
For sample wall number 241 calcula-
tions are given in Table 7. As Step 3, 
to determine the optimum wall, given 
weights have a great importance in the 
criteria. In this study, the importance 
levels were determined as: sound in-
sulation is first, cost second, weight 
and thickness equally third (Sound 
Insulation > Cost > Weight = Thick-
ness). Similar weights can meet these 
evaluation conditions. Examples of 
three alternatives that are close to av-
erage per each alternative (0,25) were 
selected. Total weighting is 1 as indi-
cated in formula (8).

Table 5. Coding examples for wall types numbers 241 and 342.

Table 6. Coding examples for wall types numbers 241 and 342.
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Next steps will be described using 
Alternative 1 weighting. As Step 4, to 
find out positive (a*) and negative (a-) 
ideal solutions, first, minimum and 
maximum xij values were calculated 
for the Alternative 1 criterion weight-
ings. In determining a* value, because 
sound insulation should be maxi-
mized, maximum xij values were se-
lected. Likewise, because cost, weight 
and thickness should be minimized, 
minimum xij  values were selected for  

a*  (Table 7). A- values were taken 
for the reverse situation. After deter-
mining a* and a- values, as in Step 5, 
separation measures Si* and Si

- were 
calculated according to the formu-
las (11-12). Ci* value was obtained as 
0,7441 by formula (13). This is given 
in Table 8 below.

Optimum Results 
Top 10 wall types obtained from 

the calculations with the Alternative 
1-2-3 criteria weights for 455 walls are 
given in Table 8. 

3.2. Analysis and Copeland method 
While determining the optimum 

options, the final decision belongs 
to the user. In this case, the user can 
choose any of the rankings of alterna-
tives 1, 2 or 3 and decide. If it is not 
possible to decide between alterna-
tives, it is feasible to reach a conclu-
sion using social selection functions. 
In this study, Copeland method was 
applied to rank the alternatives. 

Looking at the findings in Table 8, 
rankings are quite similar. For these 
alternatives, Copeland method was 
applied to the first 6 rankings, the 
walls with numbers 118,119, 239, 65, 
240 and 238. Any number of sequenc-
es can be made.

Pairwise comparisons made in ac-
cordance with the Copeland method 
are given in Table 9. In these compar-
isons, for example, for wall type 118 
in alternative 1 it received 1 point 
because it was superior to the others, 
but in the alternative 2, it received 0 
points because it was not superior to 
119. For wall number 240 in alterna-
tive 1 it scored 0 on 118 but 1 on 65. 
There is no relation between alter-
natives, so none of the candidates is 
awarded with ½ point. 

Table 7. Example of calculations of sample wall with number 241 
and code: SW-AACG3-10-P7,5-2G.  

Table 8. Top 10 wall alternatives obtained according to the TOPSIS 
Method - Weight Alternative 1-2 and 3.
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Looking at the results presented in 
Table 9, the candidate with the most 
points is wall number 118, second 
candidate is wall number 119 and 
third candidate is wall number 239.

4. Conclusion
As stated in the Regulation on Pro-

tection of Buildings Against Noise, 
sound insulation should be provided 
in all kinds of buildings. Since there is 
a classification in the regulation, it is re-
quired to choose the most appropriate 
type of building element that maximizes 
sound insulation performance.

However, in order to improve sound 
insulation performance, acoustic appli-
cations like increasing mass or design-
ing double walls affect other important 
design parameters like cost, weight and 
thickness that should be minimized. 
Having conflicting criteria appears to be 
a design problem for the construction 
sector. Therefore, multi-criteria deci-
sion making (MCDM) methods that 
allow the best choice to be found among 
the alternatives in decision-making sit-
uations were used in the study. Within 
MCDM methods TOPSIS method was 
preferred because it is suitable for large-
scale data and identifies the best alter-
native quickly. In addition, to evaluate 
several TOPSIS results together and 
rank objects, Copeland method was ap-
plied. This aggregation method selects 
the alternative with the largest score in 
pairwise comparisons.

In this research, internal non-load 
bearing brick and AAC block wall 

alternatives were examined. Internal 
wall was designed to be approximate-
ly 10m2 between source and receiver 
rooms. Wall construction alternatives 
were formed starting with single wall 
and developed as double walls and 
walls with cladding. Brick and AAC 
types, their thickness and densities 
were selected from types that are only 
produced in Turkey and have cost in-
formation in the Construction and 
Installation Unit Prices Book by The 
Ministry of Environment and Urban-
ism. The total amount of calculated 
walls is 509 regarding the number of 
construction type, density and thick-
nesses.

Insulation limits for walls were 
specified considering the source room 
was highly sensitive to noise (degree I) 
and the receiver room was moderate-
ly noisy (MN). According to the reg-
ulation, for Degree I-MN sensitivity 
noisiness combination, the required 
limit DnT,A (dB) is 52 dB for C Class. 
After all parameters were calculated, 
54 wall types found to be less than 52 
dB were excluded from the analysis. 
So, a number of 455 walls was ana-
lyzed respectively.

Among 455 walls, to choose the 
optimum wall TOPSIS method was 
applied. As specified by this method, 
subjective weight was given to each 
criterion to emphasize its importance. 
In the present study, the importance 
level of sound insulation was consid-
ered as the first. Cost was evaluated 
as second while weight and thickness 

Table 9. Copeland calculation of wins and defeats with the results.
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were equally third (Sound Insulation 
> Cost > Weight = Thickness). Three 
different weights meeting this condi-
tion were given to parameters and three 
similar results were found. Accordingly, 
users could choose of one of these three 
results. Alternatively, afterwards, to eval-
uate the alternatives together and rank 
objects, Copeland method was applied. 

According to the Copeland calcula-
tion results, optimum wall was found 
to be as following: the wall number 118, 
code: SW- BHP-10-P5-2G having sec-
tion single wall construction made of 10 
cm and 600 kg/m3 dry density horizon-
tally perforated brick, 2 cm 2000 kg/ m3 
cement plaster on one side, wall cladding 
on the other side consisting of double 
layer gypsum board 5 cm rockwool in-
side 5 cm airgap constructed with DU50 
and DC50 metal cladding profiles.

The results reveal that co-application 
of TOPSIS and Copeland method facil-
itate decision making for architects and 
engineers at the design stage. The im-
plementation of the optimum walls will 
not only provide acoustic comfort in 
buildings but reduce construction costs 
and contribute to the national economy 
as well. In this study, interior walls were 
studied but in future studies this meth-
odology can be used in the construction 
industry for other selection problems 
such as choosing exterior walls, glass 
types, floors, finishing materials etc. 
among the alternatives. In addition, by 
changing the criteria weights or by se-
lecting more or different parameters, 
researchers will be able to obtain differ-
ent information and results. Especially 
giving the cost parameter higher weight 
will prevent large losses in construction 
budgets.
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