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A number of studies in literature focus on seated workers and investigate physical workload,
related back/neck pain, environmental ergonomics such as illumination, thermal comfort,
cooperation, and work organization. Although, the positioning of furniture and related units
may directly or indirectly influence the performance of workers, up-to best knowledge, the
office layout problem is not studied in detail. Therefore, this study aims to illustrate how
fractal layout concept can be adapted for cell type office layouts. The study is novel because,
the constraints of a basic mathematical model that is originally defined for unequal area
facility layout problem is redefined as to meet the ergonomic requirements and generate a
layout. Proposed approach is used to solve the office layout problem in a university
department. It is concluded that the layout obtained by considering the closeness ratings
defined by office employees along with the redefined constraints outperforms the current
layout.

ERGONOMIi GOZ ONUNDE BULUNDURULARAK FRAKTAL OFIiS YERLESIMi

Anahtar Kelimeler

Oz

Ofis ergonomisi

Hiicre tipi ofis yerlesimi
Karma tamsayili
programlama

Fraktal yerlesim

Oturarak ¢alisanlar igin literatiirdeki ¢calismalar, sirt/boyun agrist ile iliskilendirilen fiziksel
is yiikii, aydinlatma, sicaklik konforu gibi gevresel faktérler ve is organizasyonu ile ilgili
konularla iliskilendirilmektedir. Ofis yerlesim probleminde mobilyalarin konumu dogrudan
ya da dolayli olarak ¢alisanlarin performansini etkileyebilmektedir fakat bilindigi kadariyla
bu konu yeterince ele alinmamistir. Bu ylizden, bu calismada fraktal yerlesim konseptinin
hiicre tipi ofis yerlesimine nasil uyarlanacagi temsil edilmistir. Calisma, temelde esit
olmayan alanli tesis yerlesimi icin gelistirilen matematiksel modelin, ergonomi
gereksinimlerini de karsilayacak sekilde yeniden tammladigi icin 6zgiindiir. Onerilen
yaklasim, bir tiniversitenin béliimlerinde bulunan ofis yerlesim problemi i¢in uygulanmistir.
Ofis ¢alisanlart tarafindan tanimlanan yakinlik iliskileri ve yeniden diizenlenen kisitlar
sonucu elde edilen yerlesimin mevcut yerlesimden daha iyi oldugu sonucuna ulagilmigstir.
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1. Introduction

environments in order to gain the flow time advantages

Facility layout problems can be defined as the placement
of the machines/departments in the plant area. One of
the best known layout types in practice is the process
oriented functional layout, where machines of the same
type are located in the same area. Cellular layout type,
where machines are grouped in cells and each cell is
responsible for the complete manufacturing of a part
family. These types of manufacturing layouts have their
advantages and disadvantages. Venkatadri, Rardin and
Montreuil (1997) and Montreuil, Venkatadri and Rardin,
(1999), propose a fractal layout for job shop
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of cellular manufacturing and the flexibility of a
functional layout. Machines are grouped in various
fractals, which are (more or less) identical cells able to
produce all products in a fractal layout and enables the
cell layout to deal with changes in demand and product
mix. Main drawback of the layout is the requirement of
workers and machines specialization. Details of the
facility layout literature are available in studies such as
Drira, Pierreval and Hajri-Gabouj (2007) and Anjos and
Vieira (2017) to name a few.
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Office layout is basically defined as the systematic
arrangement of office equipment, machines and
furniture and providing adequate space to office
personnel for regular performance of work with
efficiency (Durmusoglu and Kulak, 2008). Faulty or
improper arrangement of furniture, equipment and
space for employees leads to waste of time and energy
and increase in the cost of office operations. Office
layout may also be classified into two categories. In a
process layout, equipment and employees are arranged
according to the sequence of operations (i.e, the filing
section may be located next to the dispatch section and
so on). In group layout, employees are placed in a
separate partition where similar activities are carried
on and office machines are fitted with another section
(i-e., all computers are fitted in separate room).

In an office layout problem, the departments of a facility
layout problem correspond to the units such as tables,
office chair, visitor seats, computers, etc. and the aim is
to locate the related employees or units in closer
locations based on their affinity. The ergonomic
requirements concerning the design of computerized
offices may involve the office equipment (i.e.
monitor/screen, keyboard, desk/work surface, and
seat), the environmental conditions (i.e. work space,
lighting, noise, thermal environment and static
electricity), the software (i.e. usability-related issues),
and the work organization (i.e. macro-ergonomics
issues).

Based on the accessible literature, it can be stated that
physical office layouts are not studied in detail
Therefore, a mathematical model is revised to
determine optimum locations of components used in an
office environment by considering ergonomic aspects.
Main aim of the study is to adapt fractal design concept
for office layouts.

Second section provides general ergonomics
requirements that can be considered in an office
environment. The results of the fractal office layout
application for a university department are discussed in
the third section. Last section concludes the study.

2. Method

The layout of office workstations meeting the
ergonomics principles is a complex task. Due to the
interdependence between the workplace, components,
the working persons, their task requirements, the
physical environment, the building characteristics, and
work performance should be considered and an
important number of requirements, some of which may
be contradictory, should be met.
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2.1.Research design

Environmental requirements for an office are usually
summarized as; no annoying reflections or glare on the
computer screen and in the general work area, lighting
should be uniform throughout the user’s visual field, and
no annoying hot or cold draughts in the workplace.
Likewise, the layout of the workplaces should facilitate
the work flow (both of the personnel and the visitors)
and the access to the workstation should be
unobstructed and safe. Steward (1985) states that
improving the design of equipment, workplaces, and
working environments in offices are no longer seen as a
desirable objective and more emphasis is now being
placed on a systems approach. The early studies on
office employees have stated that “poor” ergonomics in
office work settings, including physical design, work
organization design, and psychosocial aspects of work,
have been associated with physical discomfort and
symptoms. (Bergqvist, Wolgast, Nilsson & Voss, 1995;
Hales, Sauter, Peterson, Fine, Putz- Anderson, Schleifer,
Ochs and Bernard, 1994; Hiinting, Laubli and Grandjean,
1981; Sauter, Schleifer and Knutson, 1991). Figure 1
summarizes the general factors that may affect the job
satisfaction of office employees. In a more recent study,
Lee,  Wargocki, Chan, Chen and Tham (2020),
investigate the effects of indoor environmental quality
on workers through measurements and statistical
analyzes for green refurbished offices which are located
in Green Mark certified buildings.

Environmental

factors
Work
o Productivity Tob satisfaction
orzanization
Office

layout

Figure 1. General Factors Effecting Office Employee Job
Satisfaction

Lighting and vision in office working environments are
studied because workers may feel fatigue and
discomfort trying to read poor screens with reflections
and glare. Kiiller, Ballal, Laike, Mikellides and Tonello
(2006), investigate whether the indoor lighting and
colour would have impact on the mood of people
working indoors.

Acoustics may impact office worker’s concentration,
distraction, and stress. Therefore, Banburry and Berry
(2005) study the office noise and employee
concentration in open offices and Kaarlela-Tuomaala,
Helenius, Keskinen and Hongisto (2009), investigate the
acoustic environment, and its effects in private office
rooms and in open-plan offices to name a few. Heating
and ventilation may also affect workers. Lan, Lian, and
Pan (2010), evaluate the effects of air temperature on
office workers’ well-being, workload, and productivity.
Recently, Shahzad, Brennan, Theodossopoulos, Hughes
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and Calautit (2017), study the impact of individual
thermal control and compare Norwegian cellular and
British open plan offices.

Seating, desking, and possible health problems are the
most popular topics in office ergonomics studies. Main
aim is to reduce fatigue and discomfort from awkward
postures. Joines and Sommerich (2001) conduct the
research to determine if anthropometric and office
workstation measurements could be accurately
collected individually by the employees and partnered-
assessment. Szetoa, Straker and O’Sullivan (2005),
examine the muscle activity in the neck and shoulder
regions in symptomatic and symptomatic office workers
when they performed standardized keyboard tasks.
Delisle, Lariviere, Plamondon and Imbeau (2006), aim to
determine whether resting the forearms on the work
surface, as compared to chair armrests, reduces
muscular activation and to compare the sensitivity of
different  electromyography  (EMG) summary
parameters. Robertson, Huang, O’'Neill and Schleifer
(2008), focus on flexible workspace design and
ergonomics training to examine the effects on
psychosocial work environment, musculoskeletal
health, and work effectiveness in a computer-based
office setting. Toomingas and Gavhed (2008), study the
workstation layout and work postures among computer
operators. Coluci, Alexandre and Rosecrance (2009),
translate and adapt a Job Factors Questionnaire and
assessed its reliability and validity. Haynes (2009),
measures the impact of positioning optimization on
typing performance and user comfort for people with
and without low back pain in alternative working
postures. Meijer, Frings-Dresen and Sluiter (2009),
investigate the effects of innovative office concept (e.g.
open-plan, flexible workplaces and a paperless office
concept) on office workers’ health and performance.
Luttmann, Schmidt and Jager (2010), focus on working
conditions, muscular activity, and complaints of office
workers. Choobineh, Motamedzade, Kazemi,
Moghimbeigi and Pahlavian (2011), investigate
psychosocial risk factors and musculoskeletal
symptoms among office workers. Computer use risk
factors were identified in previous research and
standards on office design for the chair, monitor,
telephone, keyboard, and mouse (Sonne, Villalta and
Andrews, 2012). Park and Han (2004), introduce fuzzy
rule-based modelling for luxuriousness, balance, and
attractiveness of office chairs for various user groups.
Groenesteijn, Ellegast, Keller, Krause, Berger and De
Looze (2012), investigate the effect of office tasks on
posture and movements in field settings, and the
comfort rating for chair characteristics and correlation
with type of task. Menéndez, Amick, Robertson, Bazzani,
Derango, Rooney and Moore (2012) and Amick,
Menéndeza, Bazzani, Robertsone, Derango, Rooney and
Moore (2012), evaluate the impact of a highly adjustable
chair and office ergonomics training on visual
symptoms.
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Besides the aforementioned physical environment,
workplace components, the work performance for office
workers are also influenced by building characteristics,
office layout, and workspace. Jo and Gero (1998),
develop an evolutionary model to solve a large office
layout planning problem with its associated topological
and geometrical arrangements of space elements. De
Croon, Sluiter, Kuijer and Frings-Dresen (2005),
examine how the office location (e.g. telework office
versus conventional office), the office layout (e.g. open
layout versus cellular office), and the office use (e.g.
fixed versus shared workplaces) dimensions affect the
office worker’s job demands, job resources, short and
long term reactions. Margaritis and Marmaras (2007),
consider the workplace components, the working
persons, their task requirements, the physical
environment, the building characteristics, and work
performance when designing the layout of office
workstations. Danielsson, Chungkham, Wulf, and
Westerlund (2014), investigate the effect of office type
on sickness absence among office employees.

Haynes (2008-a), aims to evaluate the impact of office
comfort on office occupiers’ productivity and concludes
that there is not a clear connection between the office
layout, office occupiers’ work patterns and productivity.
Also, Haynes (2008-b), claim that it is not easy to
measure office comfort but there are evidences that
office comfort can affect productivity. Recently, Haynes,
Suckley and Nunnington (2017), focus on not only the
relationship between the office type and productivity
but also the differences of age and gender. Pournaderi,
Ghezavati and Mozafari (2019), suggests a two-
objective problem which includes an objective function
regarding minimization of transportation costs besides
the constraints limiting the budget and transporter
types. Vadivel, Sequeira and Jauhar (2019), introduces a
Data Envelopment Analysis model for facility layout
problem, specifically Indian Post Services. The study is
also one of the recent samples of paper that propose a
linkage between mathematical modelling and facility
layout.

Up to best knowledge, there is no study that focuses on
cell type offices and assesses comfort level of office
employees. Therefore, this study aims to fill this gap in
the literature.

2.2. Research setting

Depending on the office type (cellular office, cubicle
office, shared-room office, small, medium-sized and
large open-plan office, flex-office, and combi-office) the
number and area of units and the layout can be designed
in different ways. Example of layout for an open plan
office is illustrated in Figure 2.a. and cellular type is
illustrated in Figure 2.b.
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Figure 2. Office Layout Examples

This study considers cellular office that corresponds to
a number of cells or units within the building. Cellular
office is usually for one person and is a small to medium
sized room with a door and windows (where the room
contains an outside wall). Montreuil et al. (1999)
provides an example of fractal cellular layout as in
Figure 3. The fractal design is adapted for the office
layouts in this study. A layout that also meets the
ergonomics requirements is designed first and then it is
repeated for the cell type offices in the building.
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Stepl Office employees assess environmental and
physical comfort for current layout
Step2  OFFICE LAYOUT
2.1. Determine the number of units
2.2.Determine the area of units
2.3. Office employers assess the closeness
values for the units in the offices
2.4. Revise and solve the mathematical model
2.5. Determine the location of the furniture
Step3  Office employers assess environmental and
physical discomfort for new layout

Figure 4. Basic steps of the proposed approach

First of all, a permission for data collection has been
provided by the department chair. Then, office
employees are asked to assess the office they occupy in
terms of environment and physical environment meet
the guidelines or not. Table 1 summarizes the questions
in the questionnaire. 5 Likert type scale is used to assess
the answers where 1 is defined as strongly disagree and
5 strongly agree. Research and publication ethics was
considered for each step of the study.

In the next step, the number of units that will be used in
each office and related dimensions are identified. To
generate qualitative flow measurement for the office
layout design, employees are asked to define the
closeness relationship values for the units as suggested
in Muther (1961). The Mixed Integer Programming
(MIP) originally proposed by Tompkins, White, Bozer
and Tanchoco (2010), can be used to solve facility layout
problems where the areas of departments/machines are
not equal.

Table 1

Assessment Questions In The Questionnaire
No Assessment questions
1 There is enough space in my office to move easily
2 Icanopen my office's room door widely
3 Icanopen my office's window widely
4 I can easily study during daytime without
switching on my office's lights
I can easily reach my office chair
I can easily move through my office chair while
working at my desk
7 1don'tfeel any disturbance due to reflection
The two seats in my office are easy reachable
9 Ican easily open and use all the cabinets and
drawers in my office
10 [ am satisfied with my office's heating facility

o un

(-]

I

=] [-] [-]
[-] [-] [<]

o
HEI -l-

=] [o] [-]
(-] [-] [-]

11 [ am satisfied with my office's cooling facility
12 [ am satisfied with my office's air flow facility
13 ] am satisfied with my office's illumination facility

Aisle 3

Figure 3. An Example of Fractal Cells

The general procedure is summarized in three basic
steps in Figure 4.

14  Noise level in my office does not bother me

This study modifies and extends the constraints of this
mathematical model so as to meet the ergonomic
requirements and generate a layout for one cell type
office. The constraints are revised based on the
ergonomic requirements defined in Margaritis and
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Marmaras (2007). It is stated that doors, windows, and
radiators should meet the standards and determine
spaces that should remain free of furniture. An area of
50 c¢m in front of any window, 3 m in front and 1 m at
both sides of the main entrance door, 1.50 m in front and
50 cm at both sides of any other door, and 50 cm around
any radiator is suggested.

3.Application and results

The steps of the fractal office layout approach are
applied for the offices in a university department.
Current offices are occupied by 17 full time faculty
members, 8 research assistants, 1 part-time faculty, and
1 secretariat during the study. The location of the offices
in the two floor building is illustrated in Figure 5. The
layout of each cell type office is different from each other
and many of them don’t meet ergonomic requirements.

2nd
floor

Office 2
Office 6
Office 7
Office 8
Office 9
Office 10
Office 11
Office 12

15}

Office 1
Office 3
Office 5
Part time
faculty room
Secretariat

Department

1st
floor

Office 23
Office 24
Office 25
Office 26

Office 17
Office 18
Office 19
Space
Office 20
Office 21
Office 22

Office 13
Office 14
Office 15
Office 16

Figure 5. Representation of Office Locations

Step 1: Answers for the first ten questions and related
satisfaction scores given by 25 academic staff are
provided in Table 2. The arithmetic average scores for
each question is calculated and presented in the last
row.
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Table 2
Comfort levels of office employees
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The offices in concern are isolated from each other and
located to the sides of the corridors that are not close to
the classrooms. Therefore, it is not surprising that the
academic staffs were not bothered about the noise level
in their offices with an average value of 3.24. All the
offices are located on the south part of the building and
have a window that is large enough. Further, the lighting
of the offices is declared to meet the guidelines and
daylight is claimed to be sufficient with the average of
2.84 satisfaction level. Consequently, the average rating
for lighting comfort is calculated as 3.9. The airflow,
cooling, and heating average comfort values of offices
are declared to be 3.56, 3.16, and 3.88 respectively. On
the other hand, the staff claimed that the two seats
(2.24) and their office chair (2.48) in their office were
not easily reachable. Further, they may have problems
while opening the office room door (2.88) and window
(2.44) widely. Concerning the layout of office furniture
within the office, the average satisfaction for moving
easily through the office chair during working behind
the desk is rated 2.44 and the overall space to move
easily within the office is rated as 2.6.

An illustration of a current office layout is given in
Figure 6. Although the locations of the office furniture
seem proper, the reflection from the window might
cause problems when studying with a computer on the
desk. Since, this is the case in some of the offices; the
average comfort value for reflection value is calculated
as 2.52.
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Step 2.1 : A workstation design is composed of the
appropriate elements for the working activities, i.e.,
desk, seat, storage cabinets, visitors’ seats and any other
equipment required for the work. The study assumes
that office chair and computer monitors are
ergonomically designed and are adjustable.

WINDOW ™ \_ DOOR

A0SE by
y

l ‘
A

4

45.850»

Figure 6. Representation Of A Current Layout

Examples of the office furniture in concern are
illustrated in Figure 7.

a. wardrobe b.bookcase

K
|

IL

c.coffe table d.cabinet

Figure 7. Examples of Modules In Concern

Step 2.2: The furniture and module names and whether
they are movable or fixed are provided in Table 3.
Further, the dimensions are presented in the last
column of the table. Since there is one radiator in each
office and located (fixed) just under the window, it is not
considered in the model.
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Table 3
Features And Allocated Dimensions Of Furniture In
Concern

Module Dimensions
No name  Type (cm) Adding
1 Wardrobe Moveable 50 100 Open Doors
2 Bookcase-1 Moveable 90 80 Open Doors
3 Bookcase-2 Moveable 90 80 Open Doors
4  Bookcase-3 Moveable 90 80 Open Doors
5  Seat-1 Moveable 50 70 Sitting Clearance
6  Seat-2 Moveable 50 70 Sitting Clearance
7 Coffee table Moveable 50 50 n/a
8  Cabinet Moveable 50 80 Open Drawers
9  Workstation Moveable 230 160 1/a
10 Door (space) Fixed 90 90 Openstate
11 Window  Fixed 120 60 Open State

Step 2.3: Office employees are asked to evaluate and
discuss the appropriate closeness values of the modules
by the survey. Office workers are requested to rate the
closeness as absolutely necessary (A=6), very important
(E=5), important (I=4), ordinary importance (0=3),
unimportant (U=2), undesirable (X=1). First, the
consistency is checked and then, based on the average
points given, the closeness values for the office furniture
are assigned as stated in Table 4.

Table 4

Closeness Values For The Units In The Offices

No Unit name 1234567891011

1 Wardrobe -

2 Bookcase-1 (O

3 Bookcase-2 O E -

4 Bookcase-3 OUE -

5 Seat-1 I 00O -

6 Seat-2 I 000O -

7  Coffee table 0000O0A -

8 Cabinet 0000AOO -
9 Workstation O U U UAUUA -

10 Door(space) E UU U AUUUO -

11 Window XXXXEI T UOU

Step 2.4: The parameters of the model are listed as
follows:
® Dimensions of the room:

SLx: The side length on the x axis of the room
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SLy: The side length on the y axis of the room
¢ Dimensions of the furniture:
Wt(i): width of furniture i i=1,2, .., 11
Lt(i): length of furniture i i=1,2, .., 11
o fi, j : closeness ratings between furniture i and j

The furniture dimensions in the model are defined by
considering their actual dimensions and the space
requirements to meet an ergonomic environment. The
bookcases have closets below the shelves. Therefore, the
dimensions such as Lt(2), Lt(3), and Lt(4) are
considered as the total length of the shelves and the
length of the closet when the board doors are widely
open. Similar situations exist for the wardrobe and
cabinet as well. For the seats, the distance between
buttock and knee while sitting (dimension E) is
considered as shown in Figure 8 (Allsteel and Allsteel,
2006).

Figure 8. Representation of Clearance When Sitting

The locations of the door and window in each office are
defined as fixed. However, the values of length for these
fixed elements are considered when they are widely
opened. A 80 cm distance between the wall and the table
unit of the workstation module is stated to enable the
office employee move comfortably while working.

The decision variables are defined as follows:
® Rx(i): x-coordinate of the right side of furniture i,

i=1,2,..,11

® [x(i): x-coordinate of the left side of furniture i,
i=1,2,..,11

e Uy(i): y-coordinate of the upper side of furniture i,
i=1,2, .., 11

® By(i): y-coordinate of the lower side of furniture i,
i=1,2,..,11

e K(i,p)= 1, if furniture i takes the position p,
0 otherwise i=1,2,..,11;p=1,2,3,4

The position p, represents the location of a module and
a wall. As illustrated in Figure 9, p is assigned one of the
predefined values, based on the wall-furniture location
in an office layout area.
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Position 1

Position 2 | Office layout area Position 3

Position 4

Figure 9. Representation of Available Locations For The
Module

The objective for office layout problem is to minimize
the flow between the office elements (furniture). The
whole model is presented in Appendix 1. According to
the model, constraint (2) states the total area.
Constraints (3), (4), and (5) ensure the placement of the
window, Constraints (6), (7), (8), and (9) ensure the
placement of the door that is defined as a fixed element.
Constraint (10) and Constraint (11) guarantee the
position of the door and the window respectively.
Constraint (12) states the position of the workstation. It
avoids the workstation to be placed at position 1 and 4
because of the ergonomic considerations relevant to
office door movements and sunshine reflection on the
monitor. Constraints (13), (14), (15), and (16) force the
moveable office elements lean to the relevant walls.
Thus, the open space of the office can be expanded for
the user. Constraints (17), (18), (19), and (20) make the
elements stay in the usable office area. Constraints (21)
and (22) state the centroids of the each office element.
Constraint (23) guarantees that each element can take
only one position. Constraints (24), (25), (26), and (27)
are constraints enable the total dimensions not to
exceed the length of the relevant wall. Constrains (28),
(29), (30), (31), (32), and (34) ensure the directions of
the office elements according to their positions. All
elements are positioned to ease usability. Constrains
(35), (36), and (37) avoid overlaps between the
furniture at the same wall. M is defined as a very big
number and Constraints (38), (39), (40), (41), (42), and
(43) avoid overlaps between the furniture at the
adjacent walls.

Based on the module considered in the office, the
constraints meet the following ergonomic
requirements: an area of 55 cm along the front side of
the desk or the outer edge of the visitor’s seat, an area of
50 cm along the entry side of the workstation, an area of
75 cm along the back side of the desk (seat side), an area
of 100 cm along the back side of the desk, if there are
storage cabinets behind the desk.

Step 2.5: The model is solved through Dlscrete and
Continuous OPTimizer (DICOPT) solver of GAMS. Best
integer solution is obtained as the objection function
value is z = 87860, where the duration is 10.97 seconds.
Figure 10 represents the best layout obtained from the
solution of MIP model considering ergonomic
requirements.
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Figure 10. The Office Layout Obtained From The MIP
Model Solution

Step 3: The office layout designed by considering the
closeness ratings defined by office employees along with
the redefined constraints is discussed with the potential
users. Unexceptional positive feedbacks attained
through focus group interviews encouraged the decision
makers to adapt the layout for each office in the building.
Office employees especially highlighted the wider space
in the center of the offices and easier use of furniture.
Resulting layout of the department will be structured as
fractal layout with the replication of the two
dimensional layout generated by the mathematical
model. The fractal office layout does not only satisfy
office employees but also the maintenance staff. It is
declared that similar locations of units would ease and
shorten the maintenance activities in an office.

5. Conclusions

Itis important to consider the comfort levels of the office
employees for it may affect the job satisfaction in the
long term. Constrains included in the MIP model
consider basic ergonomic requirements. However, the
proposed model is not able to include any constraints
related with lighting and noise. On the other hand, the
model can easily be revised to generate layouts for other
cell type offices by redefining the number and
dimensions of the units and office dimensions. It is also
possible to make interviews with office employees when
defining the closeness ratings. This study does not
consider monitor and keyboard location on the work
surfaces and give more importance on the unit layout
within the office. Additionally, since the building
considered in this study has identical offices with doors
and windows that are positioned in the same way, the
proposed model has constraints just to fix the positions
of windows and doors. In different scenarios such as
various positions of window and doors, the model will
need to be updated.

In the cases where the heating, cooling, or illumination
systems are problematic, the building structure and

J ESOGU Engin Arch Fac. 2020, 28(1), 21-32

relations with the layout can be considered in a wider
perspective by including architects and mechanical
engineers to the research team. The assumptions
related with the physical locations of heating and
electricity equipment, the orientation of furniture, and
alternative lightning can also be considered in the
following studies.
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Appendix 1. Optimization Model

Min 2 X5 f (£, 7) X (la(f) —a() |+ 18— £G)I 1
Subject to:

12, (((Rx() - Lx(D) * (Uy(2) — By()))) < SLxxSLy @
Rx(11) = wt(11) + Lx(11) 3)
Lx(11) = 100 4)
By(11) = Uy(11)—Lt(11) (5)
Rx(10) = wt(10) + Lx(10) (6)
Lx(10) =50 7
Uy(10) = By(10) + Lt(10) 8)
By(10)= 0 9)
K(104)= 1 (10)
K(11,1)= 1 1n
K(9,4)+K(9,1)=0 (12)
M X (1—K(i,1))+ Uy(i) = SLy, foralli (13)
M X (1—K(i,2))+Lx(i)<0, foralli (14)
M X (1—K(i,3))+Rx({) = SLx, foralli (15)
M X (1—K(i,4))+By(i) < 0, foralli (16)
Rx(i) = Lx(i), foralli (17)
Rx(i) < SLx, foralli (18)
Uy(i) = By(i), foralli (19)
Uy(i) =5Ly, foralli (20)
a(i)= 05X Rx(i)+0.5% Lx(i),foralli (21)
B(i)=05xUy(i)+ 05 By(i),foralli (22)
Yi= K(Lp) =1 foralli (23)
Z((Rx (i) — Lx(i)) X K(i,1)) < SLx 24)
ZR((Rx(I) — Lx(i)) X K (i, 4)) < SLx (25)
T ((Uy() — By(i)) X K(i,2)) < SLy (26)
T, ((Uy() — By()) X K(i,3)) < SLy (27)
Rx(i) —Lx(i) €M x (1 — (K(i,1) + K(i.4)) + Wt (i), for all i (28)
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Rx(i) —Lx(i) € M x (1 — (K(i,2) + K(£.3)) + Lt(i), for all i (29)
Uy(i) —By(i) < Mx (1 — (K(i.1) + K(i,4)) + Lt(i), for all i (30)
Uy(i) —By(i) = Mx (1— (K(i,2) + K(i,3)) + wt(i).forall i (31)
Rx(i) — Lx(i) = (We({) X (K (i, 1) + K(i,4)) + Lt (i) x (K (1. 2) + K(i,3)). for all i (32)
Uy(i) —By(i) = (Wet(i) % (K(i,2) + K(,3)) + Lt(i) X (K (i, 1) + K(i,4)).for all i (33)

la() — a()1 % (K(i,1) x K(7,1)) = (05 x (Rx (1) — Lx(D))) +

(05x (Re()) —Lx())) — Mx (1— (K(5,1) X K(j,1))) for all i and j, i # j (34)

B()) — B % (K(,1) x K(j,1)) = (0.5 x (Uy() — By (D)) +

(05x (Uy() —By()))— Mx (1 - (K(:,2) X K(,2))) for all i and j,i # j 35)

BG) — B % (K(1,3) x K(7,3)) = (0.5 = (Uy(@) — By(1)) ) +

(05x (Uy() —By())) — Mx (1 - (K(:,3) X K(,3))) for all i and j,i # j 36)

la(i) — a() % (K (1, 49) X K(7,9) = (0.5 x (Rx () — Lx()) ) +

(05x (Re()) —Lx())) — Mx (1— (K(5,4) X K(j,4))) for all i and j,i # ] 37)
Mx(1—(Kk(i,1) XxK(j,4)) + By(i) = Uy(j) foralliandj,i#j (38)
Mx(1—(Kk(,1) XK(7,2)) + By(i) = Uy(j) foralliand j,i# j (39)
Mx(1—(k(,1) xK(j,3)) + By(i) = Uy(j) foralliand j,i #j (40)
Mx(1—(Kk(:,3) X K(j,2)) + Lx(i) = Rx(j) foralliandj,i#j (41)
Mx(1—(K(:,3) XK(j,4)) + By(i) = Uy(j) foralliand j,i# j (42)
Mx(1—(Kk(:,2) xK(j,4)) + By(i) = Uy(j) foralliand j,i #j (43)
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