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Abstract: Designs that can make maximum use of daylight in shopping areas, provide visual comfort conditions
for users, increase the work performance and provide economic benefits in addition to healthy and relaxing
spaces. In this context, as a method, illuminance level measurements were made at the determined points in the
circulation areas of selected shopping centres; Galleria, Flyinn, Profilo and Cevahir AVM, and in line with the
results obtained, the shopping center with the lowest illuminance level is chosed and a system design is proposed.
In order to examine the relationship between the illuminance levels under different lighting conditions, the
natural lighting simulation model of the shopping mall was composed and measurements were carried out for the
characteristic dates of the year which are 21 March, 21 June, 21 September and 21 December. The aim of the
study is to provide maximum natural lighting efficiency in the space, to provide economic benefits, to increase
the workforce in the shopping mall, and thus to increase the satisfaction rate of the users, to ensure the
sustainability of the use of the shopping mall. As a result of the study, evaluations were made by comparing the
current measurements and a proposal of natural lighting system performance.
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Secili Ahsveris Merkezi Orneklerinde Giinisig1 Analizi ve Yatay Ac¢ikhik Onerisi

Ozet: Alisveris mekanlarinda giimisigindan maksimum oranda fayda saglayabilecek tasarimlar ile, kullanicilarm
gorsel konfor kosullarini saglayan saglikli ve rahatlatict mekanlarin is gérmeye bagli performansi arttirdigi ve
ekonomik bakimdan fayda sagladigi bilinmektedir. Bu baglamda g¢alijmada yontem olarak, secili aligveris
merkezleri olan Galleria, Flyinn, Profilo ve Cevahir AVM’de ortak kullanim alanlar1 olan giris kat sirkiilasyon
alanlarinda belirlenen noktalarda aydmlik diizeyi Sl¢iimleri yapilmis ve elde edilen sonuglar dogrultusunda
aydinlik diizeyi en diisiik olan AVM igin bir dogal aydinlatma sistem tasarimi Onerilmistir. Farkli aydinlatma
kosullar1 altinda aydinlik diizeyleri arasindaki iliskiyi incelemek igin, dogal aydinlatma performansi en diisiik
olan AVM’nin dogal aydinlatma simiilasyon modeli olusturularak, yilin karakteristik tarihleri olan 21 Mart, 21
Haziran, 21 Eylil ve 21 Aralik’ta sabah-6glen-aksam saatlerinde aydinlik diizeyleri dl¢lilmiistir. AVM ici
sirkiilasyon alanlarinda kullanicilarin maksimum oranda dogal aydinlatmadan faydalanabilmeleri i¢in ¢ati 151klig1
sistem tasarimi dnerisinde bulunulmustur. Caligmanin amaci, yeni dnerilen dogal aydinlatma sistem tasarimindan
saglanan maksimum oranda hacim i¢i dogal aydinlatma verimi ile; ekonomik agidan fayda saglanmasi, AVM igi
ig giliciiniin arttirilmast ve dolayisityla kullanicilarin memnuniyet oraninin da artmast ile AVM kullaniminin
stirdiiriilebilirliginin saglanmasidir. Calismanin sonucunda, mevcut dlgiimler ile dogal aydinlatma sistem Onerisi
karsilastirilarak degerlendirmeler yapilmustir.

Anahtar Kelimeler: Gorsel konfor, alisveris mekdnlari, ¢ati 1sikligi
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1. INTRODUCTION

The lighting methods applied in shopping centre common areas and store interiors are the most
important architectural components that provide the visual perception of users. Due to the inward-
oriented architecture of many shopping centres designed today, it is seen that daylight cannot be used
sufficiently in the interior spaces and the use of artificial lighting has gained vital importance due to the
fact that these spaces serve until late at night. Since the sun is the most important inexhaustible
renewable energy source, various methods have been developed to make the most efficient use of solar
energy in buildings. An example of these methods is the effective use of daylight consisting of sunlight
and skylight in shopping mall buildings with the skylight system, which is one of the contemporary
lighting strategies.

The correctly applied design of natural lighting systems applied in shopping spaces, which are
common use areas, is the one that provides international lighting values and ensures the visual comfort
of business users and most importantly, reduces the use of artificial lighting. According to the
researches, it has been revealed that natural lighting applications have visual and perceptual effects on
users as well as their positive or negative effects on the business depending on efficient energy use and
energy use amounts. Depending on these factors, users work performance and satisfaction are also
affected [1]. Since the natural lighting selected as the subject of the research depends on many different
external variables, the effects of natural lighting were tried to be determined.

2. NATURAL LIGHTING IN SHOPPING CENTERS

Comfortable interiors created by improving the quality of the natural lighting system and lighting
increase the productivity and performance of the user [2]. Shopping malls do not have the potential to
use high natural lighting because they are multi-storey buildings due to their structure and there are no
openings on the exterior facades in order to increase the display areas of the stores. In this context, the
majority of stores do not utilize natural lighting and do not use a natural lighting design combined with
artificial lighting [3]. With the emergence of the psychological and physiological effects of natural
lighting on people with the studies conducted in the past, the potential users of shopping spaces
increase sales with a pleasant in-space experience, strengthen the in-space atmosphere and achieve a
good color rendering in the space by bringing daylight into the space from the atrium area [3].

2.1 Natural Lighting Elements in Shopping Spaces

Throughout history, the most basic form of lighting has been the illumination of the environment by
taking daylight into the space. Natural light has been transferred into the space by architects and
designers using windows, roof skylights and lanterns and lighting plans have been created accordingly

[4].

Natural lighting systems should be designed with the aim of receiving sunlight into the interior space
in the most efficient way. The most basic natural lighting element is the system where light is received
through the openings created on the facades, that is, through the windows of the building. Roof lighting
is the method of transferring light from the roof area of the building to the environment and
distributing it into the space. The most basic example used in the method of natural lighting from the
roof is roof skylights [5].

In terms of providing visual comfort in natural lighting applications, the amount of light received into
the interior space is as important as the amount of light received in a controlled manner. This is
because uncontrolled natural light can cause visual discomfort by causing glare and glare formation in
the space and can cause thermal discomfort due to the heating effect of the sun in the space [6]. For
these reasons, shading elements are frequently used in natural lighting systems against negative
situations that may occur. In order to ensure maximum energy saving in buildings, control systems
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should be established to ensure the integrated operation of the elements used in natural lighting and
artificial lighting systems [7].

2.1.1 Facade Openings

It is known that traditionally designed and implemented fagade openings create environments with
excessive illumination in the front parts of the windows and little light if the depth of the space is high
[8]. Since the facades of the stores inside the shopping centres are considered as display areas, the
natural lighting system is generally provided by roof skylights.

2.1.2  Skylights

With the use of rooflights in shopping spaces, the lighting character of the building can be completely
changed and it is seen that by positioning the rooflights in a section of 3/5 of the roof area, significant
amounts of annual energy savings are achieved in the buildings by using the artificial lighting system
very little during daylight hours [9].

Due to the fact that the stores in the shopping areas use the exterior areas of the stores as display areas,
the traditional window system cannot be applied, and daylight is transferred into the space with the
roof skylight applications created in the roof areas of the natural lighting system.

2.1.3 Shading Elements

As a result of intense and direct sunlight, which is one of the components of daylight, glare, high
illuminance, and shaded areas can occur together. Shading elements help to create visual and thermal
comfort by providing the opportunity to control direct and intense sunlight. With the help of these
elements, heat gain can be controlled, and proper distribution of daylight indoors can be provided [10].

3. LIGHTING CRITERIA FOR SHOPPING CENTERS

In line with the researches conducted, lighting is the most fundamental element of the formation of the
space atmosphere of shopping spaces. Since it is known that lighting conditions have psychological
and physiological effects on users, it should be aimed to provide visual comfort by determining the
lighting criteria suitable for the function during the design phase of the building.

The main criteria in shopping centers are to provide good visual conditions for the users, to reduce
energy consumption to a great extent with the use of natural lighting, to create a place where they are
in contact with the outdoor environment, to increase the preferability of the place and to increase the
sales of the store. In this section, illuminance level, light color (color rendering, color temperature) and
glare are examined as criteria to be considered in the examination of natural lighting applications in
shopping centers.

3.1 TS EN 12464-1 Standard

According to this standard, the illuminance level of the stores in the shopping areas should be 300 Ix,
the color rendering index (Ra) of the artificial lighting elements should be minimum 80, the uniformity
value (Uo) should be 0.4 and the glare index UGR value should be lower than 22. While evaluating the
illuminance measurements of the common areas of the four shopping centers to be evaluated within the
scope of the study, the 100 lux value recommended by the aforementioned standard and the
International Commission on [llumination (CIE) for recreation areas was taken as the limit value [11].
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3.2 EN 17037 Standard Assessment of Daylight In Interior Spaces, Daylight Provision;
3.2.1 General

Daylight can contribute significantly to the lighting needs of any type of building. This means that
daylight openings should have appropriate areas to provide sufficient daylight throughout the year.
Thus, the evaluation of daylight provision should make account of the availability of daylight at the
site in the addition to accounting for the properties of the space (e.g. external obstruction, glazing
transmittance, thickness of walls and roofs, internal partition and surface reflectance, furnitures).

3.2.2 Criteria for daylight provision

A space is considered to provide adequate daylight if a target illuminance level is achieved across a
fraction of the reference plane within a space for at least half of the daylight hours [12].

In addition, for spaces with vertical or inclined daylight openings, a minimum target illuminance level
is also to be achieved across the reference plane. The reference plane of the space is located 0,85 m
above the floor, unless otherwise specified. A small fraction of the reference plane may be disregarded
to account for singularities.

Values for target illuminances, minimum target illuminances and fractions of reference plane are given
in Table 1.

Table 1. Recommendations of daylight provision by daylight openings in a horizontal surface

Level of recommendation | Target illuminance Fraction of space | Fraction of
for _ horizontal daylight ET for target level daylight hours
opening Ix Fplane.% Ftime,%

Minimum 300 95 % 50 %

Medium 500 95 % 50 %

High 750 95 % 50 %

4. ANALYSIS OF NATURAL LIGHTING SYSTEM DESIGN OF SELECTED SHOPPING
MALL EXAMPLES WITHIN THE SCOPE OF FIELD STUDY

The relationship between different lighting conditions consisting of natural and artificial lighting
conditions and the general illuminance level in the shopping centre interiors was examined with the
illuminance level measurements made in Galleria Shopping Mall, Profilo Shopping Mall, Flyinn
Shopping Mall and Cevahir Shopping Mall, which were selected as sample areas. Different functional
areas in the sample shopping malls were determined and measurement points representing each area
were selected. BENETECH GM1010 Digital Luxmeter was used as the measuring device and the
illuminance level measurements at the selected measurement points were made on March 21, June 21,
September 23 and December 21, which are the characteristic dates of the year.

After the measurements made in the field, a simulation model was created and a new natural lighting
system proposal simulation was put forward in line with the findings obtained.

To create the simulation model;

1- All necessary measurements were taken with a laser meter and plans of four selected shopping malls
were obtained from the shopping mall managements. (To create a base for three-dimensional modeling
and lighting analysis programs.)
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2- Through the Rhino program, a new 3D roof light model was prepared by creating 2 different types.
It can be modeled in its own structure and has the ability to import drawings in different formats from
other programs.

3- Climate Studio (Solemma) is a program that can import 3D models from the Rhino program.
Through this program, natural lighting data can be obtained in detail by entering the necessary
information of simulation models.

In the study, a new 3D rooflight model with 2 different layers designed in Rhino program was
imported into Climate Studio program and natural lighting data were examined.

The light reflection, transmission and absorption properties of the materials used in the area were
entered into the program as data, and natural lighting results were obtained using the real sun and sky
model. The calculation results obtained are very close to reality.

o The results obtained from all necessary measurement points in all shopping mall samples were
compared with each other. After the most inefficient use of the integration of artificial and
natural lighting systems was determined, the new natural lighting system proposal that will
provide maximum efficiency was put forward through the simulation program Climate Studio.

e In line with the illuminance level data obtained, the current situation and the second model of
the skylight with low U-value, increased transmittance and double-layer were composed
through the simulation program.

4.1 Natural Lighting Measurement Values of Selected Shopping Mall Samples

Galleria Shopping Center, Bakirkdy (Figure 1): Galleria Shopping Center, designed and executed by
Hayati Tabanlioglu, was opened in 1988 in Bakirkdy as Turkey's first shopping center. The mall
consists of six sections with a three-storey atrium and two five-storey parking lots, and has a total area
of 130.000 m? on a 40.000 m? plot, with a shopping area of 62.000 m? with 143 stores and a parking lot
of 67.000 m? [13].
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Figure 1. Galleri Shopping Mall Front Facade View and
Ground Floor Common Circulation Area Measurement Points

The circulation area in Galleria Shopping Mall where natural lighting measurements were made is 735
m? in total and is located on the ground floor of the mall. Natural lighting measurements were made at
1 meter intervals from a height of 90 cm following the railings of the atrium area, and the illuminance
levels taken on the days and hours of measurement are written separately in Table 2.
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Table 2. Galleria Shopping Mall Natural Lighting Measurements

AVM | NATURAL LIGHTING MEASUREMENT | NATURAL LIGHTING MEASUREMENT
GALLERI 21.03.2022 21.06.2022 21.09.2022 21.12.2022
A AVM
10.00 | 13.00 | 15.00 [ 10.00 | 13.00 | 15.00 | 10.00 | 13.00 [ 15.00 | 10.00 | 13.00 | 15.00
1 33,1 | 367 | 502|385 |114,5] 96,3 23,9 81,6 [91,1 [905 |66,1 |48.8
2 402 | 39,1 | 529|423 [1173] 96,6 (21,5 [1455 [783 84,7 |603 [363
3 2.1 | 435 | 53,1395 [1084] 957 [22,5 1751 652 87,7 |60,7 [1034
4 482 | 549 | 539|425 [104,6] 98,2 |215,6 |166,4 |60.7 92,7 [599 [474
5 39,1 | 502 | 522|384 |102,7] 95,7 |197,8 1463 [58.1 [82,9 [581 [552
6 432 | 534 | 504 ]399 [103,8] 943 [179,6 |139,2 |56,1 |755 [554 604
7 38,7 | 50,7 | 51,9 | 36,7 |116,3] 96,6 |170,1 | 1353 [574 |69.1 |526 68,1
8 37,7 | 392 | 409 | 393 |109,5| 89,6 [162,2 |131,1 [62.8 |67.1 |515 |925
9 40,8 | 462 | 403 | 422 [117.8] 74,9 [160,1 |122,7 | 76,9 |66,6 |505 |763
10 439 | 384 | 389|486 789 | 78,6 |126,7|114,7 846 702 [501 [542
11 294 | 435 | 371|453 | 529|998 [1051]97.6 |77.1 [695 |51,6 [99.9
12 446 | 375 | 402|495 | 746 | 479 [709 66,5 |629 |61,5 |[525 [874
13 548 | 57,2 | 43,9 [1099] 62,4 | 62,9 |423 [346 [579 |56,7 |50.8 |1002
14 456 | 51,8 | 429|932 | 744 | 762 [292 |23,5 |81 |s518 [472 956
15 556 | 502 | 448 | 83 | 625|889 [119,9]106,1 [604 [488 |455 |101.3
16 494 | 536 | 393|841 602965 [1083]96,1 [419 [382 [398 [107,8
17 56,8 | 592 | 33,9 [104,5] 78,3 | 84,9 [129,7 1084 [28.1 [258 |32.6 |1097
18 1452 | 188,4 |219,5[159,6]|204,8|210,8|102,2 |121,6 [179,7 [1522 234 |111.1
19 462 | 528 | 372|564 | 698|588 [249 |197,3 [802 |101,1 |1423 [1154
20 487 | 53,1 | 464 | 548 | 792 | 57,7 29,7 |422 |622 |659 967 [113,7
21 342 | 478 |399 | 559|759 | 81,8 [402 [639 [502 |622 |675 [|111,1
22 37,1 | 432 | 405 | 62,7 ] 89,7 | 78,5 |382 [595 [81,1 [s6,7 |61 1123
23 502 | 52,5 | 328|696 987823361 [60,1 [905 |86,1 |687 |1144
24 514 | 552 | 403 | 78,9 | 89,6 | 87,9 |40,7 689 |56,6 [268 [939 |1108
25 138,2 | 1754 |198,2]157,8]|170,5|187,6|43.4 |759 [33.1 [87.1 |587 |109,1
26 546 | 573 | 453 | 782 | 87,6 | 914 |45,1 [789 [481 [265 [235 |102,9
27 493 | 532 | 426|823 986 |100,1]474 |82,6 |524 |31,6 [287 989
28 528 | 668 | 43 | 782 ] 98,5 [102,6]|46,6 [849 [49.6 [309 [284 [917
29 452 | 593 | 402 | 71,5 | 87,1 | 98,4 [479 |853 |441 299 |275 |863
30 485 | 553 | 382|648 862902 (475 |87,1 |573 288 [27.1 [806
31 547 | 62,1 |303 | 72,6 ] 984769458 [86,5 |669 [306 [208 [752
32 394 | 552 | 292 | 779|852 | 792 |45.1 [824 656 [322 (309 [692
33 33,5 | 495 | 284|612 987|748 434 [81,9 [689 [336 |31 |625
34 374 | 545 | 33,6 | 683|839 828437 [779 |69.6 [341 [328 |627
35 169,2 | 178,3 |201,2 | 189,9]202,8[213,9]51.5 [78,7 [72.1 [33.6 [331 |[57.6
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36 58,5 | 604 | 432 | 61,1 ]| 984|742 (399 |67.8 [804 [338 [334 [388
37 559 | 592 | 403 | 582689 | 768|364 [585 [1003 [332 [341 |457
38 41,7 | 543 | 384 |51,7]598 | 6250331 |51,1 [942 344 [343 [2027
39 502 | 47,9 | 35710061096 752 (1108|403 955 [33,1 [348 |67.1
40 33,1 | 460 | 441|356 | 62,1 | 73,1 [33,8 |1523 |974 334 |353 |462
41 302 | 452 | 429 | 348 | 674 | 747 [34,8 |1284 (953 [322 [348 |447
42 983 | 1492 |163,2]101,4|138,7|148,2 (33,2 394 |1066 |31,1 |353 |562
43 325 | 423 | 358|276 466 | 783 [31,5 |403 [107.8 289 [339 [2153
44 378 | 485 | 389 | 541 [ 589|794 |1057]385 |106,1 |283 [343 |275
46 438 | 536 | 361|362 698|789 |157,8]|37.6 [1282 |262 (335 [396
47 497 | 593 | 407 | 533|573 ] 684 [409 |394 |147,7 |332 345 462
48 48.1 | 563 | 434|546 | 668|662 41,5 |378 |1692 |258 |40, 456
49 459 | 542 | 403 | 548|552 | 722|431 |365 [158,1 |1603 [22.8 476
50 403 | 572 |393|557|612] 61,8 (439 |1156 |1342 |1242 [178,6 |464
51 428 | 489 | 381|588 | 641|629 [494 |1283 |2147 |90.2 [839 467
52 47,1 | 518 [ 379|579 | 621 | 63,1 |504 |595 [187,4 |107,2 |1883 |45.7
53 38,7 | 53.8 | 357 | 446 | 682|587 1497 |654 |2092 |150,1 |206,5 |44.5
54 395 | 593 | 321|556 692|732 494 |682 [214 |1445 |201,4 |427
55 351 | 495 | 313|535 719|716 (578 [708 |235 |1457 [191,1 |41.4
56 384 | 461 | 328|427 | 528|724 [562 [741 258 |1434 [189,2 |39.6
57 378 | 452 | 322|458 | 552|748 68,6 |768 [283 1437 |179,1 |40.7
58 429 | 438 | 481|387 | 486|751 |158,1]802 [287 1381 |1845 [41.1
59 436 | 524 | 464 | 479|549 | 754|862 1809 [1796 |734 |729 |416
60 88,5 | 92,4 |109,3| 93,5 | 98,7 | 1453|1006 [81,8 [143,8 [784 |555 |407
61 80,2 | 983 |112,1] 88,2 [112,3]148,9[105,6 |52.2 |269 |1157 [314 |356
62 83,2 | 874 |113,9] 89,5 | 972 [152,6[117,3 |165,5 | 24,5 |207,5 [342 |31.6
63 86,3 | 904 |1193] 92,7 | 984 [1558 (1359 [84,1 |24,7 [2121 [37.1 |170.1
64 842 | 893 |1258] 86,5 | 97,5 |156,9|127,6 [91.8 [237 [231 [382 [1202
65 902 | 942 |127,5] 93,9 | 963 |149,7|63.3 |99.6 [229 297 |402 |98,
66 924 | 949 |132,9]109,1] 98,1 |147,1 [162,2 | 1132 |225 |23.8 |405 65,1
67 91,1 | 957 |128,4[108,8100.2|1389|150,7 |126,1 |21.8 [251 [403 |554
68 93,1 | 1042 |145,6] 96,2 | 96,3 | 138,1 [162,2 | 1583 [205 [257 |418 |557
69 942 | 1006 |107,4 1053 [107,4|118,5|186,8 |147.2 | 2024 |269 |436 |91l
70 98,2 | 106,6 |115,3 [106,9 [109,5]121,8|22.1 369 [1924 |255 |439 [157.8
71 89,3 | 96,3 |1083| 963 | 98,2 |116,9]243 [46,7 [171,6 [263 |457 [202.3
72 1354 | 1582 |159,4]159,1|169,5[112,8[30,7 [51,5 |163,6 [22.8 [41,1 [259
73 346 | 743 | 482 | 51,1 [112,4] 333 355 [55.8 |152,6 954 [100,8 |24.9
74 31,1 | 56,5 | 33,1 | 416 | 543|435 [41,1 584 [1233 |1303 |148,9 |23.1
75 332 | 582 | 293|424 | 529 | 33,6 [463 579 1199 [23.8 |31,1 [257

The values above 100 Ix were coloured in Table 4.1. The existing roof skylight designed for Galleria
Shopping Mall is located at a total height of 23 meters from the ground floor, and metal and semi-
transparent glass materials are preferred as construction. During the measurements, it is thought that
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the natural lighting received from the roof skylight into the interior space does not provide maximum
efficiency during the periods when natural lighting measurements were made at selected times.

Flyinn Shopping Center, Florya (Figure 2 and 3 ): Flyinn Shopping Center opened its doors to visitors
in Florya on December 21, 2003 as the first shopping center with panoramic view in Turkey. Designed
by Murat Tabanlioglu. Flyinn Shopping Mall is built on a total land area of 5.500 m? and a
construction area of 38.500 m? with 78 stores, 6 cinemas, a fast food court, an entertainment center for
children and circulation areas [14].

8RR

p

Figure 3. Flyinn Shopping Mall Ground Floor Common Circulation Area with

Natural Lighting Measurement Points

The most important feature that distinguishes Flyinn Shopping Mall from other shopping centres is the
design of a large opening on the facade facing Atatiirk Airport, which provides both a panoramic view
of the mall and natural lighting into the interior space from this facade. In addition, in order to ensure
the sustainability of the building, eating-drinking, resting and terrace areas were designed for the users
of the shopping centre on this facade, and areas where the psychological and physiological comfort of
the users were given importance were created. The existing roof skylight in the building is preferred as
a metal construction and transparent glass material in order to benefit from maximum natural lighting
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in the interior, and metal lamellas that can rotate manually and according to the position of the sun are
used as shading elements.

The circulation area where natural lighting measurements were made in Flyinn Shopping Center is 475
m? in total and is located on the ground floor of the shopping center. In Table 3, the illuminance
measurements taken on the days and hours of measurement are written separately and values above
100 Ix are coloured.

Table 3. Flyinn Shopping Mall Natural Lighting Measurements

AVM

NATURAL LIGHTING MEASUREMENT

NATURAL LIGHTING MEASUREMENT

FLYINN AVM

21.03.2022 21.06.2022

21.09.2022 21.12.2022

10.00 | 13.00 | 15.00 | 10.00 | 13.00 | 15.00

10.00 | 13.00 | 15.00 | 10.00 | 13.00 | 15.00

60,9 | 683 | 799 | 424 | 87,1 | 116,44

28,1 [25,7 38,4 382 [40,2 [51,2

345 | 38,9 | 43,4 | 31,7 | 43,4 | 23,9

22,2 |192,1 40,8 [23,7 [42,2 |55,2

33,2 | 41,6 | 44,6 | 29,5 | 32,3 | 49,2

21,5 1159,2 (156,44 |195,3 |29,3 |[38,7

35,6 | 43,8 | 44,7 | 32,9 | 41,7 | 48,3

21,3 |115,6 [137,7 |178,3 |21,5 |[26,8

32,1 | 38,9 | 45,7 | 45,2 | 40,6 | 443

170,3 | 121,9 | 141,1 |169,3 [ 171,1 [213,6

35,8 | 42,7 | 43,6 | 33,8 | 48,8 | 53,4

150,1 [ 147,1 |159,2 |174,1 |173,2 | 181,5

30,5 | 38,6 | 42,8 | 35,7 | 42,8 | 45,5

169,3 1110,3 [(126,3 |165,2 | 182,1 |140,6

32,6 | 33,8 | 40,3 | 23,7 | 40,8 | 48,5

148,6 [117,3 |121,8 | 188,5 | 181,4 | 194,6

o |0 | [N | AW N e

28,5 | 37,9 | 42,4 40 37,9 | 42,8

123,8 | 115,8 | 118,5 | 134,1 |177,9 | 200,8

o
=}

27,6 | 359 | 39,4 | 21,8 | 33,6 | 40,9

254 |115,1 (114,8 | 151,5 |169,8 | 199,1

[
[

25,5 | 34,6 | 37,5 | 31,1 | 41,5 | 48,5

25,6 |114,1 (1084 |116,1 |183,7 | 193,4

—
N

29,5 | 37,6 | 43,5 | 35,9 | 40,8 | 46,9

26,9 117,7 (29,1 |153,1 |189,3 |202,5

—
w

32,6 | 39,6 | 42,6 [ 40,5 | 44,6 | 46,3

27,7 |115,2 | 744 (29,8 [201,1 |192,9

—
=

35,8 | 43,7 | 45,7 | 38,5 | 40,3 | 44,9

26,2 [52,8 [76.4 669 23,7 |197,1

—
(9]

37,8 | 47,6 | 43,5 | 40,3 | 29,6 | 46,8

21,4 [37,1 37,2 |81,2 [21,9 [56,9

o
=)}

29,5 | 34,8 | 40,4 | 32,3 | 37,6 | 43,2

1552 |208,4 |30.8 96,8 |152,1 |193,9

—
2

27,5 | 36,8 | 39,5 | 34,5 | 30,7 | 46,8
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30 258 | 344 | 363 | 28,5 | 36,8 | 49,7 |172,8 53,7 [152.6 [177,7 | 86,6 |151,3
31 356 | 39,5 | 39,1 | 37,9 | 40,7 | 443 [1754 | 62,4 |164.1 | 24,1 |155,7 |171,3
32 32,1 | 403 | 412 | 324 | 446 | 492 [182,9 | 638 238 |27.4 |649 |161,2
33 28,5 | 364 | 38,5 | 34,7 | 38,5 | 434 |1659 [73.2 [249 [269 473 |1653
34 294 | 354 | 335 | 30,5 | 37,1 | 44,6 |197,3 [74.6 [257 [287 [75.1 |157.8
35 30,6 | 37,5 | 39,5 | 36,7 | 392 | 47.6 [219,9 |76,1 |26,5 [259 |29.4 |155,1
36 32,5 | 39,5 | 43,5 | 42,6 | 459 | 56,8 [382 |749 |181,1 |168,5 |36.2 |158.8
37 286 | 369 | 41,5 | 468 | 52,7 | 58,9 [392 |[755 [1854 [212,7 [90,3 |141,8
38 27,6 | 33,6 | 446 | 449 | 54,6 | 62.8 [41,3 [73.6 [189,8 [210,9 | 73.8 |152,1
39 322 | 354 | 43,6 | 379 | 559 | 663 [403 |63,6 |162,4 |223 |428 |162.8
40 334 | 394 | 28 | 458 | 495 | 69,7 [41,3 |51,8 [190,3 |23,6 |162,6 |205.8
41 31 | 357 | 46,7 | 48,6 | 56,7 | 573 [362 |42,8 |1943 |253 |187,2 | 40,5
42 349 | 415 | 456 | 472 | 60,9 | 61,5 |35,1 [191,4 |189,4 |192,1 233 |41.6
43 342 | 42,9 | 484 | 494 | 579 | 649 [33,5 [298 [179,8 22,7 |70,8 |43.7
44 31,5 | 364 | 43,5 39,7 | 563 | 61,6 [31,9 [125,6 | 184,38 [173,5 | 154,4 | 40,2
46 28,6 | 33,6 | 46,1 | 374 | 43,6 | 47,7 278 [26,8 |189,6 [23.6 [284 |392
47 364 | 38,1 | 427 | 479 | 548 | 58,7 [23,9 |24,5 |160,4 |198,8 |253 [353
48 349 | 45,6 | 48,9 | 456 | 658 | 67,9 |24,1 [269 |179,1 1959 [44,7 |32.6
49 112,5 | 128,5 | 139,6 | 144,6 | 150,3 | 1654 | 29,7 249 |23.6 1379 |44.2 [31.1
50 132,6 | 143,4 | 141,4 | 1597 [ 1673 | 159 [36,1 |27.7 |311 |191,6 |41,5 [39.2
51 137,6 | 156,7 | 153,5 | 164,6 | 178,3 [ 188,2 [37.2 |24.1 |762 |201,1 |402 [51.8
52 141,6 | 169,6 | 167,3 | 170,6 | 189,3 | 198,7 [35.5 |189,7 |59.3 [36,5 [38.1 [593
53 148,5 | 152,5 | 163,6 | 173,6 | 192,3 [ 208,3 [32.2 |197,5 | 123,1 [382 [374 |674
54 134,6 | 143,8 | 172,4 | 179,5 | 188,4 | 1784 | 29,5 |176,8 | 56,1 [36,9 [304 [71.9
55 124,7 | 134,5 | 143,6 | 168,6 | 1904 | 167,7 27,9 |23.1 |86.4 [332 [335 |[668
56 66,8 | 79.8 | 754 | 84,6 | 98.4 | 873 [27,7 [283 |524 |24,1 |499 |54.1
57 683 | 82,4 | 67,4 | 99,7 | 1094 | 902 [256 346 |69,1 29,6 |51.8 |47.1
58 578 | 68,5 | 62,4 | 459 | 483 | 653 [23,5 36,9 40,7 |27.1 |46.8 |405
59 485 | 52,4 | 484 | 539 | 49,5 | 56,7 (2092 [342 |479 [2005 [402 |389
60 463 | 49,5 | 54,5 | 504 | 393 | 65,7 [213,0 [31,1 |555 [292 [344 |[36.1
61 67,8 | 73,5 | 68,9 | 753 | 89.4 | 67,5 [193,6 |263,3 | 54,6 |36,5 |23.7 [223
62 694 | 764 | 794 | 87,5 | 924 | 953 [174,4 [210,2 44,5 37,7 |28.1 [312
63 63,1 | 684 | 72,7 | 784 | 87.3 | 98.4 |147,3 [179,2 |37.1 |22.4 |[254 [28.9
64 548 | 584 | 68,9 | 653 | 78,1 | 82,4 [134,2 |164,8 31,5 [23.6 |23.1 |259
65 469 | 535 | 59 | 67,1 | 744 | 885 |113,2 [157,8 [29.1 [200,9 | 1794 | 23,2
66 528 | 63,7 | 66,8 | 653 | 853 | 94,6 |143,1 [136,6 | 26,7 |22.3 [1504 |25.4
67 454 | 494 | 56,9 | 76,9 | 84,3 | 87,5 1634 [111,2 |248 [184,6 | 180,6 | 24,1
68 595 | 632 | 61,5 | 81,9 | 984 | 108,5 [170,8 | 148,5 | 203,7 | 173,6 | 183,7 | 34.7
69 68,9 | 743 | 784 | 842 | 1064 | 1133 (26,3 |131,3 |163,2 | 1532 |27.8 |464
70 62,7 | 58,9 | 62,7 | 88,9 | 89.9 | 953 [29,5 |264 |185,5 |134,2 |355 |55.6
71 673 | 623 ] 69,2 | 952 | 984 | 1094 |31.4 [292 |2004 |212,5 [39.6 |584
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Cevahir Shopping Mall, Sisli (Figure 4): Cevahir Shopping Mall, designed by American architect
Minoru Yamasaki, was constructed by Cevahirler Project Design Center and opened in Sisli in 2005. Tt
is thought to be the second largest shopping center in the world and the largest shopping center in
Turkey, with a total land area of 62,475 m?, six floors and 324 stores, 348,299 m? shopping area,
71,016 m? parking area for 2500 vehicles and 420,000 m? building area.

Figure 4. Cevahir Shopping Mall Front Facade View and Plan Area with
Natural Lighting Measurement Points

The existing roof skylight in the shopping center is made of glass pyramids, metal construction and
transparent glass material were preferred in order to benefit from maximum natural lighting in the
interior space, and when examined, no shading elements were seen on it. Due to the fact that the glass
material used in the roof skylight is completely transparent glass, air conditioning devices are in
constant operation in order to keep the heat that may occur in the volume at the desired level.

The circulation area in Cevahir Shopping Center where natural lighting measurements were made is
1140 m? in total and is located on the ground floor of the shopping center and is named as the 4th floor
in the shopping center. In Table 4 below, the illuminance level measurements taken on the days and
hours of measurement are written separately.
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Table 4. Cevahir Shopping Mall Natural Lighting Measurements

AVM NATURAL LIGHTING MEASUREMENT NATURAL LIGHTING MEASUREMENT
21.03.2022 21.06.2022 21.09.2022 21.12.2022
CEVAHIR AVM | 10.00 13.00 | 15.00 | 10.00 | 13.00 [ 15.00 | 10.00 | 13.00 [ 15.00 | 10.00 | 13.00 | 15.00
1 143,2 113,6 | 1043 ] 117,1 | 163,6 | 988 |64 66,1 [482 [499 |518 414
2 189,3 1283 |154,2] 1923 | 247 [1433]915 |902 |724 [856 [741 |674
3 210,4 1064 | 1694 | 202,9 | 249 [ 159 |121,8|955 [1005 [943 754 [71.1
4 219,2 98,4 | 172,4] 207,9 | 27.4 [166,6 [118,1]89,3 [107,5 {316 |769 [703
5 209,3 86,3 | 176 | 196,8 | 26,8 | 158,1]105,2]833 |73,5 |1009 [809 [78.7
6 209 78,5 | 182,1 | 204,1 | 40,8 [154,8 |130,8]|109,4 [138,5 (947 |78.4 |736
7 198,3 264 |1783 | 1834 | 389 |165,7[954 [101,9 |1359 |91,1 [813 66,5
8 215, 246 | 1683 | 202,4 | 34,8 |153,9[119,7|110,8 [126,5 |102,8 | 184,9 [180,7
9 188,5 278 [172,4| 1794 | 35.6 | 160,4 [119,9 (112,10 [905 96,1 [90,1 [73.6
10 22,5 24,5 [1543| 295 | 46,9 | 148,7 (99,7 [147,7 |148,6 | 947 915 [672
11 23,5 27,7 | 176,4| 287 | 51,7 |164,8|146 |[158,1 |154,9 |868 [722 [63.1
12 24,2 30,5 | 1943 36,5 | 56,8 [183,9143,2|953 [163,1 [984 954 |746
13 34,7 1294 | 1884 | 385 [102,6[178,5]169,5|202,6 (1779 (82,7 |117,9 |724
14 48,9 1198 |216,3| 38,1 [108,6[204,1|178,8|22,5 [194,8 (96,7 |108,9 |83,6
15 38,5 253 |1542| 36,7 | 433 |1259(21 [221 [203 |106,7 |1259 [85.9
16 274 2024 | 215 | 368 |196,6] 32,6 (21,7 [235 [209 |119,1 |131,3 [101.1
17 27,5 1324 | 223 | 381 |111,6] 265 (222 |263 [1957 |119.8 |137,5 [105,9
18 24,5 324 203 36 |411[263 (213 |283 [237 [32.1 [423 [487
19 90,5 1664 | 245 | 36,2 |1558] 36,2 [208,9[30.8 [232 |138,6 [133,8 |143,5
20 92,6 784 | 234 | 372 | 489 | 284 [203 358 [269 |1434 |1273 [112.8
21 109,6 764 | 214 | 305 | 98,9 [ 26,3 [204,1]49.4 [129,1 | 1456 |136,6 [124,9
22 98,5 87,5 | 223 | 228 | 438 [ 27,1 [196 |104,8 446 [462 |432 [773
23 87,4 956 | 213 | 304 | 909 [ 26,1 [198,4]110,2 [942 [832 |628 [963
24 90,3 983 | 262 | 371 | 752 [ 359 [188,2]180,7 [69.5 |147,1 |128,9 [125,9
25 80,2 1153 | 784 | 364 | 743 [ 252 |201 |103,6 |487 |1388 |1258 |1208
26 234 117 | 653 | 356 | 714 | 235|213 |442 442 [1062 |116,6 | 1394
27 21,1 1255 | 264 | 382 | 637 [ 34 |204,8]|454 [721 [137,0 |957 [131,3
28 283 34 304 | 346 | 457 | 374 1207,3]523 |156,2 |146,1 |156.8 | 1268
29 178,4 36,6 | 32,5 | 168,8 | 438 [ 388 [206,1]166,5 [86.8 [1603 |138,9 |122,2
30 169,3 283 | 23,7 | 1682 | 33,9 | 28,1 [166,7[176,1 |144,4 |134,9 [129,6 [123,1
31 187,9 204 | 684 | 164,7 | 283 | 77.2 (133,953 |166,5 | 1359 [124,2 [121,1
32 179,4 245 | 783 | 163,4 | 30,5 | 87,1 [119,4[197,7 |856 |764 806 [93.6
33 178 22,1 | 564 | 150,7 | 37.3 | 46,9 [102,3[118,5 [72.1 |106,1 | 956 [122,8
34 187,4 21 384 | 153,6 | 28,7 | 35,8 |101.4]634 |171,6 [126,5 |79.1 | 1037
35 205,2 264 | 294 | 1625 | 355 | 38,9 [104,2[1481 905 |121,6 806 [1173
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36 208,1 284 | 246 | 1684 | 43,5 | 319 [99.1 [829 |131,7 |112,1 |976 [122.4
37 202,3 2174 | 253 | 1593 | 195,5| 32,6 [98.2 [683 [2002 | 1035 |96,5 [111,4
38 156,3 2093 |167,3| 1178 |199,1 | 1559 [97.9 [113,7 [36.6 |668 [92,1 [131,1
39 143,5 2189 [173,5| 121 |196,3|149,7[93.8 [379 [1593 |87.8 [91,5 [1191
40 128,2 2163 | 177,1| 1183 |207,7 | 156,3 [82.7 662 [403 [869 91,6 [1016
41 134,3 210 | 1832 1058 |202,9 | 1523|741 [255 [147,7 [859 |1052 [93.1
42 134 2184 | 1453 105 |204,1 |131,2 [111,9[121,8 [183,1 |182,7 [198,5 [194,1
43 143,5 2225 | 1252 98,6 [2062] 115 |944 [172.4 |162,7 | 868 [96,6 [812
44 142,5 2074 | 1184 | 86,6 |188,5]106,7 [89.4 [144,7 [141,7 | 956 |116,8 [90,5
46 68,4 205 | 1043 | 27.1 |178,6 | 83,7 [108,1 [127,6 (1284 |952 [399 [898
47 105,2 1983 | 784 | 36,5 [169.2 69,1 |1054]61,9 [100,9 [31,1 |103,9 |195,1
48 165,3 1781 1289 423 |156,3 [ 116,7|655 |923 [946 |162,8 |192,2 [194,3
49 161,3 1653 | 942 | 483 |1256] 89.4 | 62,4 |109,6 |131,2 [ 905 [742 |926
50 158,3 904 | 874 | 471 | 80,1 | 76,5 [801 [297 [745 ]935 |51.6 [905
51 164,3 1395 | 783 | 54,1 [143.8] 603 |134,9|672 957 |982 |[586 [88.1
52 274 134,5 | 89.4 | 562 |121,9| 653 [23.2 |201,2 [139,7 |184,5 | 842 [176,4
53 23,9 213 | 925 | 532 | 266 | 558 [28.1 [305 [822 66,1 879 [71.1
54 29,5 893 | 937 | 51,1 | 190 | 545 |122,9] 1008 |855 [503 [833 |723
55 24,6 984 |104,3] 486 | 28,7 [ 57.8 |126,3]359 |962 |1112 [1934 | 656
56 26,3 1394 | 763 | 473 [1244] 53,8 |107,1]36,2 [203,5 [128,7 [209 |573
57 27,5 1432 | 78.1 | 489 | 1274 65,7 273 |242 [365 [221 389 429
58 33,5 189,5 | 864 | 456 | 172 | 62,8 [22.8 |28,5 [625 [269 |304 |366
59 31,3 78 4 88 | 447 | 213 | 64 |121,0[322 [483 294 [298 [313
60 38,6 754 | 923 | 42,8 | 122 | 583 |177,2] 1654 |382 [375 [323 [132,9
61 37 684 | 784 | 407 | 28 | 43,6 [304 |1162 [307 [437 |333 [339
62 54,9 21 1083 | 459 | 27.8 | 38,7 [26,7 [234 247 957 [318 [345
63 51,9 234 | 641 | 449 | 343|487 [277 [236 [223 |345 [331 [487

Profilo Shopping Center, Mecidiyekdy, (Figure 5): The former Profilo Factory was redesigned by
Utarit Izgi and opened as Profilo Shopping Mall in Mecidiyekdy in 1998. The shopping center has a
total construction area of 110.000 m? on a 20.000 m? land area with 5 floors and 201 stores, 100.000 m?
shopping area and 10.000 m? parking lot area for 1500 vehicles [15].

Natural lighting is provided up to the ground floor with a roof skylight using matte glass that continues
along the gallery spaces, and the heat of the sunlight is tried to be prevented with the use of this
material. In addition to the roof skylight, mirrored glass used on the entrance facade is also used to
benefit from natural lighting. The ceilings are made of plasterboard and metal suspended ceilings, and
the corridors with very low ceilings are covered with mirrors to make them feel higher. Matte gray
granite was used for flooring, and square patterns were designed using pink, gray and white granite in
the areas where the squares are located.
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When all the measurements are evaluated for the 4 shopping center buildings, according to the results
of the illumination level measurements; Profilo Shopping Center needed more artificial lighting
support than the other buildings, and it is thought that the existing roof skylight cannot provide enough
natural lighting support for the interior space. Table 5 shows the natural lighting measurements of

Profilo Shopping Center and values above 100 Ix are coloured.

Figure 5. Profilo Shopping Mall Front Facade View and Plan Area
with Natural Lighting Measurement Points

Table 5. Profilo Shopping Mall Natural Lighting Measurements

AVM NATURAL LIGHTING NATURAL LIGHTING
MEASUREMENT MEASUREMENT

PROFILO 21.03.2022 21.06.2022 21.09.2022 21.12.2022

AVM
10.00 | 13.00 | 15.00 | 10.00 | 13.00 | 15.00 | 10.00 | 13.00 | 15.00 | 10.00 | 13.00 | 15.00

1 103,9 | 41,7 | 463 | 359 | 58,9 | 493 [46,8 354 |28.1 [28.1 67,3 |943
2 100 | 106,5 | 123,4 | 111,3 | 243 [ 126,7]1393 |87.5 [63.9 |573 [63.9 [609
3 82,6 | 94,6 | 1343 | 130,9 | 35,8 | 143,6 [23.8 |168,2 |102,5 [75.7 |84,1 [79.9
4 131,8 | 94,3 | 951 | 126,5] 36,4 | 117,5[256 [185,7 |118,1 [83.6 [97.2 |90.1
5 26,5 | 88,2 |127,7] 1282 | 23.8 | 113,3 26,5 [190,7 [126,9 |90.6 |106,4 |104,1
6 296 [106,2 | 1457 | 1223 | 334 | 126,1 |23.6 |181,7 [110,2 |97.1 |102,5 [105,8
7 31 1072|1172 | 1088 | 22 |117,7[21.6 |153,8 |112,5 [84.2 |108,1 |99.9
8 388 | 78 |118,1[142,4| 28,6 | 1154|211 [147,5 |102,6 | 72,5 [957 |842
9 343 | 56,6 |107,3 | 131,6 | 35,5 | 1334 |22.6 [156,5 |98.4 |71,7 |100,8 |75.7
10 70,2 | 88,2 | 1064 | 126,6 | 35.6 | 141,4 (257 [173,1 |103,4 | 702 [105,7 | 72,8
11 265 | 76,5 | 1103 123,7| 25 | 1157254 [1652 |99.1 |66,9 |111,4 |66,1
12 64,1 | 86,2 | 69,6 | 66,9 [113,5] 83 [231 [187,5|75.5 |66,7 [973 |516
13 40,8 | 98,6 | 67,5 | 802 [191,8] 50,8 |21.4 [1984 |58,1 |629 [82,9 743
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14 66,7 | 93.4 | 59.6 | 109 | 27,6 | 85,1 [23.8 [203,2 |167,7 | 1752 [172,5 | 182,1
15 105,2 | 100,5 | 802 | 110,1] 21,9 | 113,9]26,5 [170,3 [659 |1858 |164,2 |187,2
16 41,1 | 68,9 | 101,3| 115 | 234 | 97,3 |28.1 [121,2 |70,5 |859 |71,1 [77.5
17 106,1 [ 117,8 | 852 | 1453 | 354 | 95 |273 |974 [186,1 [73.5 |173.4 | 1804
18 122,9 ] 65,7 | 784 [157,9] 36,1 | 1173 (274 955 [92.1 [662 |72,7 |70.7
19 41,6 | 37 | 84,3 |160,8| 354 [127,7[23.1 [1299 |959 |562 |75.6 |59.7
20 126 | 632 | 657 | 164,4 | 344 | 138,2 |163,6 [149,7 |102,2 | 56,1 [84.4 476
21 1104 | 57.8 | 71.8 [ 1353 | 303 | 125,4 | 113,3 | 163,1 [112,3 [124,4 [119.8 | 160,7
22 149,5 | 54,6 | 849 | 147.8| 31,6 | 126,1 | 103,1 [158,1 [120,1 |120.4 |156,3 |175,3
23 178,4 | 532 | 78.5 | 170.6 | 37.5 | 108,6 [154,2 | 161,2 | 114,2 | 134,8 | 140,9 | 1554
24 168,5] 67,9 | 82 [181,7] 452 | 112,1 [190,6 |176,5 |112,1 (59,5 |855 |74,
25 183,1 | 873 | 87.4 [172,9] 46,4 | 121,2 [203,7 | 189,9 | 1343 |61.8 [80,6 |69.3
26 1484 | 789 | 903 [ 1773 | 48,2 | 143,8]23,1 |195,5 [140,5 [121,4 |164,1 |178,5
27 118,5 | 653 | 47.8 | 145 | 40,5 | 130,8 23,4 |[202,3 [1432 [105,5 | 1643 | 1774
28 97,5 | 592 | 55,3 | 119,2] 33,5 | 140,3 [ 23.8 [205,8 | 148,6 | 138,5 | 158,4 | 183,1
29 114,6 | 72,5 | 59,5 | 1455 | 292 | 123,3]22,5 [178,6 [153,5 [77.6 [38.9 [823
30 166,7 | 76,3 | 65,4 | 1494 | 319 | 97,8 |28,3 [21,3 [144,7 [79.8 |26,9 |842
31 1589 | 656 | 593 | 1483 | 32,4 | 121,3]29.2 23,5 [142,5 [129,9 | 1335 | 1818
32 1458 | 56,2 | 542 | 1388 | 28,1 | 138,1]29.3 256 [158,5[79.8 [554 |829
33 1357 693 | 64.6 [ 154,9] 21,5 | 146,1 [28.8 |258 |83.1 [85.6 [166,8 |189,4
34 178,5 | 56,4 | 54,7 | 189,1 | 27.4 | 131,6 | 29,5 [29.4 |[59,7 [934 |182.4 |184,6
35 176,3 | 77,8 | 69.4 | 199 | 343 |116,8 (29,1 |254 99,7 |102,8 [80,3 |1004
36 142,7 | 679 | 90.4 | 164,5] 31,1 | 156,7]|24.1 [27.6 [1092 [107,1 {899 |87.8
37 95,7 | 35,7 |132,5] 89,5 | 22,5 | 1703 [ 26,5 [23.2 |189,3 [89.5 |86,5 |91,1
38 68,8 | 93,5 | 48,7 | 60,7 | 113 | 1503|277 [21,1 |211,7 |145,5 [134,9 | 194,8
39 78,9 [ 105,5] 56,4 | 162.1 | 131,8| 104 284 [259 |224 |948 [745 [1028
40 548 | 874 | 27 | 21,7 | 28,9 | 547 272 [196,1 [232 [97.9 |75.6 |96,6
41 69,6 | 652 | 494 | 22,6 | 33,7 | 93 [241 [152,6 |24.1 [87.7 [73.1 |1006
42 1493 | 714 | 715 | 1563 | 33,5 | 155,6 | 22,2 [1452 [245 [62.8 [81.4 |106,3
43 119,5 | 694 | 653 |103,5] 21,1 | 168,5]|21,2 [1884 [254 [604 [889 |99.8
44 109,6 | 804 | 101,4 [133,8] 23,9 | 1752 [199,1 | 659 935 |166,2 [160,1 |184,7
46 1258 | 773 | 81,2 | 127,9] 27,9 | 134,7|168,8 | 68,1 [23.1 [73,7 |183,6 |174,3

5. EVALUATION OF THE MEASUREMENTS OF SELECTED SHOPPING MALLS AND
PROPOSING A NEW HORIZONTAL OPENING

After comparing the results obtained from all the necessary measurement points in all shopping mall
samples, it was seen that Profilo Shopping Mall needs more daylight, so a new natural lighting system
proposal that will provide maximum efficiency was put forward through the simulation program
Climate Studio Program.

In line with the illuminance level data obtained through measurements, the current situation was
modelled first. Then, a new proposal with triangular form was proposed. Two different types of
glazing layers are used for both the current and proposed form. These different types of glazing are
one-layer glazing and double-layer glazing with low U-value. By these different trials, an efficient
skylight system was tried to be revealed. For the method, 3D models of Profilo Shopping Mall were
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created in Rhino program and natural lighting simulation data were obtained using Climate Studio
Program (Figure 6).

B
Figure 6. The current (4) and proposed (B) skylight systems

5.1 Simulation of Existing Design (A)

Natural lighting simulation data were obtained for the current situation using the Climate Studio
Program (Figure 7, 8 and 9).

Figure 8. Profilo Shopping Mall Current Status Second Floor (a) and Third Floor Simulation Data (b)

Fail Minimum Medium High

| |
Target Level 0,0 %20 %1,6 %46, 4
Minimurmn Level 0,0 %10,0 %35,0 %83,0

Figure 9. Profilo Shopping Center Current Status Analysis for All Floors

As evaluation of Figure 9, for all floors the target illuminance level for high performance is provided
but minimum illuminance level cannot be provided. To provide the required levels both for the target
and minimum illuminance, values should ensure to be higher than %95 (Table 1).

Double Layer Glazing Analysis of Existing Design (A)

Using the Climate Studio Program, natural lighting simulation data were obtained with low U-value,
double-layered glass (Figure 10, 11 and 12).
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a b
Figure 11. Profilo Shopping Mall Current Status Second Floor (a) and Third Floor Simulation Data
Fail Minimum Medium High
= ]
Target Level %0,0 %2,0 %1.6 %96,4
Minimum Level %00 %8,3 %6,6 %85,0

Figure 12. Profilo Shopping Center Current Form with Double Layer Analysis for all Floors

As evaluation of Figure 12, for all floors the target illuminance level for high performance is provided
but minimum illuminance level cannot be provided. To provide the required levels both for the target
and minimum illuminance, values should ensure to be higher than %95 (Table 1).

5.2 New Triangular Type Skylight System Proposal (B)

Through the Climate Studio Program, natural lighting simulation data of new triangular shaped
skylight was obtained, and it was aimed to acquire high daylighting values (Figure 13, 14). Firstly,
double-layer glazing with low U value is simulated and checked. But, it is seen that required
illuminance levels referred by EN 17037 (Tablo 1) is not obtained. In the line of this study the one-
layer glazing is calculated, and the values are obtained as seen in Figure 15.

Figure 13. Triangular Skylight Form Ground Floor (a ) and First Floor Simulation Data (b)
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Figure 14. Triangular Skylight Form Second Floor (a) and Third Floor Simulation Data (b)

Building Compliance [% of rooms, area-weighted]

Fail Minimum Medium High
Target Level %0,0 90,0 %0,0 %100,0

Minimum Level %0,0 90,0 90,0 %100,0

Figure 15. Profilo Shopping Center Proposed Form Analysis for all Floors

As evaluation of Figure 15, for all floors the target and minimum illuminance levels for high
performance is provided (higher than %95) (Table 1).

6. CONCLUSION

Daylight environment is an important factor for healthy spaces as well as providing good vision
conditions by composing visual comfort. Besides, effective utilization of daylight not only improves
visual comfort but also helps save energy. Especially for shopping spaces, providing good visual
conditions while saving energy is an important management strategy. As the scope of this study, the
natural lighting data of four shopping mall buildings are obtained by measurements. Then the shopping
mall with lower values were considered and simulations were conducted via Rhino and Climate Studio
(Solemma) Programmes. The current skylight and proposals were revealed by simulations.

Two different types of glazing layers which are one-layer and double-layer glazing with low U-value
are used for both the current and proposed triangular form. By this method, an efficient skylight system
was tried to be revealed. As a result of these trials the triangular shaped skylight with one-layer glazing
gave the required values (Figure 13, 14, 15). But when the triangular shaped form was considered with
double-layer glazing, the required values cannot be obtained. This double-layer material with low U
value will be effective in terms of providing thermal comfort in the interior space, while requiring
minimum heating-cooling load in summer and winter.

In line with the results obtained in the study, it is aimed to create psychological and physiological
comfort conditions by ensuring that the active users and visitors of the shopping mall make maximum
use of natural lighting with the newly proposed roof light system, and to provide economic benefit and
sustainability by minimizing the use of artificial lighting and heating-cooling load inside the shopping
mall.
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