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Ozet

Egitim binalarinda akustik konfor kosullarint optimum diizeyde saglamak, 6grencilerin konsantrasyonu, 6grenme
arzusunu ve kullanicilarin performansini arttirir. Bu sebeple, akustik kosullarin iyi tasarlanmasi 6nem kazanan
bir konu haline gelmistir. Ozellikle egitim mekdnlarinda konusmanmn anlasiirlik diizeyi yetersiz kaldiginda,
agrenciler igitme ve anlamada zorluk yasarlar. Hem 6grenciler hem de dgretim gérevlileri konusma netliginin
yetersiz oldugu durumlarda daha iyi iletisim kurmak icin seslerini yiikseltir. Bu tiir sorunlar, konsantrasyon
eksikligine neden olmakta ve bu da i¢c mekdamn akustik ortamiyla kullanicilarimin memnuniyetini bozmaktadir.
Bircok kurumda akustik kosullarin iyilestirilmesi zorlu ve maliyetli bir siire¢ olarak gériildiigiinden
yapilmamaktadwr. Bu ¢alisma, dersliklerde akustik kosullarin iyilestirilmesinde kisitli ama pratik ¢oziimlerin ne
kadar etkin olabilecegini arastirmistir. Sadece secilen bir yiizeyde malzeme degisikliginin yapacagi etki, alternatif
yiizeyler ve malzemeler incelenerek ornek bir amfi iizerinden degerlendirilmistir. Malzemelerin ses yutma
katsayilarina gore segimi ile akustik konforda iyilestirme yapmak icin malzeme alternatifleri onerilmistir. Modelin
degerlendirilmesi ODEON hacim akustigi simiilasyon programi araciligiyla yapimistir. Sonuglar her iki malzeme
alternatifi onerisi ile konusma iletim indeksinde (STI) yaklasik 0,1 degerinde ve konusma berrakliginda (C50)
yvaklasik +3 dB degerinde bir iyilesme elde edilebilecegini gostermektedir. Her iki alternatif de mevcut durumu
fark edilebilir oranda iyilestirebilmektedir.

Anahtar Kelimeler: Hacim Akustigi, Yansisim Stiresi, Amfi Tasarimi, Konusma Anlasilabilirligi.

RE-DESIGNING ROOM ACOUSTICS OF A LECTURE HALL BY
PROPOSING MATERIAL ALTERNATIVES

Abstract

Providing optimum indoor comfort conditions in educational buildings, increases concentration, learning desire
and users' performance. For this reason, well-designed room acoustic conditions have become an important issue.
Low speech intelligibility level in indoor room acoustic conditions leads to disturbance in hearing and
understanding. Both students and instructors raise their voices to communicate better when there is insufficient
reverberation and speech clarity. Such problems cause lack of concentration, which disrupts users' satisfaction
with the acoustic environment. Many institutions avoid renovations that are deemed difficult and costly. This study
investigates how effective limited and practical solutions can be in improving room acoustics in classrooms. The
effect of replacing material on a single surface has been evaluated with alternative surfaces and materials for the
case of a lecture hall. Material alternatives, selected based on acoustic absorption coefficients, have been
proposed to improve acoustic comfort. Evaluation of the model was made using ODEON, a room acoustics
simulation software. Findings showed that both material alternative proposals have improved speech intelligibility
(STI) by 0,1 and speech clarity (C50) by +3 dB. Both alternatives will provide significant noticeable improvement
over the existing situation.

Keywords: Room Acoustics, Reverberation Time, Lecture Hall Design, Speech Intelligibility.
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1. GIRIS

Egitim mekanlarinin akustik kalitesi arastirmaya deger bir konu olarak karsimiza ¢ikar. Gorsel oldugu
gibi isitsel bilgi aligverisinin oldugu tiim mekanlarda akustik kosullarin mekan niteligine ve kullanim
amact dogrultusuna gore degerlendirilmesi ve akustik konfor kosullarmma ulasilmasi gereklidir
(MacKenzie & Airey, 1999). Bu sebeple, tiim egitim mekanlarinin i¢ ortam ¢evre kosullar1 bakimindan
ozelikle akustik konfor agisindan yeterli olmasi, egitimin gerekli nitelikte siirdiiriilebilmesini saglar
(Eggenschwiler, 2005). Akustik konfor kosullar1 diisiikk olan okullar, &grencileri i¢in olumsuz bir
ogrenme ortamidir. Konforsuz i¢ mekanlar 6grencilerin sagligini gegici veya kalici olarak etkileyebilir
ve genelde okuldaki basar1 orammmi disiiriir. Okullar O6grenme ve Ogretme faaliyetlerinin
gerceklestirildigi ortamlardir. Ogrenciler duymadiklarini 6grenemezler ve dgretmenler dgrencilerin
ihtiyaclarini onlar1 dinleyerek anlayabilirler (Nelson & Soli, 2000). Smifindaki 6gretmenin sdyledigi
kelimeleri net bir sekilde duyamayan veya anlayamayan o6grencilerin normal bir hizda &grenmesi
beklenemez. Akustik konfor kosullari yeterli l¢iide elde edebilmek igin egitim mekanlarinin hacmine

ve amacina bagl olarak gerekli diizenlemeler yapilmalidir.

Egitim mekanlarinin yaygin oOrneklerinden biri olan amfiler ise yaklasik yiiz 6grenci kapasiteli
siniflardir. Amfilerde tipik siniflara gére 6grencilerin tamaminin sunum alaniyla iyi iletisim kurabilmesi

daha zordur. Amfiler ayrica hem sozlii hem de gorsel bilgi aligverisinin yapildigi mekanlardir.

Egitim mekanlarindan amfiler bu sekilde kullanilirken 6grencilerin verimliligi agisindan ortam
kosullarinin konfor diizeyinin yiiksek tutulmasi gereklidir. Amfinin mimari nitelikleri, i¢ mimaride
kullanilan malzemeler ve bu malzemelerin yerlesimi de konfor kosullarmin dinleyicisine gore
saglanmasinda etkilidir. Her toplu kullanim alaninda oldugu gibi amfilerde de i¢ mekén yiizeyleri gorsel
olarak belirli bir tasarima gore diizenlenmis olabilir ancak bu malzemelerin niteliklerine gore
yerlestirilmesi de i¢ ortam akustik konfor kosullarini iyilestirebilen bir uygulama ¢esididir. Bu nedenle
malzemelerin yerlesimi, i¢ mekanin kullanim amacina gore akustik konfor gereklilikleri gbz Oniine

almarak yapilmali ve bu yontemle konfor kosullari iyilestirilmelidir.

2. EGITIM MEKANLARINDA HACIM AKUSTIiGi TASARIM PRENSIiPLERI

Bir mekanin akustik konfor kosullari, o0 mekanin i¢ ortam kalitesini etkileyen bilesenlerinden biridir.
Konusmanin agik¢a anlagilmasini ve dinleyicilerin rahatsiz olmadan konsantre olabilmelerini saglar
(Roy, 2011). Akustik tasarim, binalart saglikli ve tiretken bir ¢aligma alani haline getirmek i¢in tasarim
asamasindan aktif kullanim siiresinin sonuna kadar her asamada vurgulanmalidir. Bu, dgrencilerin
zamanlarinin ¢ogunu gecirdigi okullar agisindan daha da énemlidir. Okullar kullanict sayist agisindan
ofis alanlarina gore dort kat fazla kisiye hizmet eder. Fakat bakim, yenileme ve konfor kosullari

acisindan 6ncelik verilme orani ¢ogu binaya gore diisiiktiir (Healthy Schools Network, 2007).

2
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2.1. Akustik Tasarimm i¢cin Mimari Kriterler

Hacim akustigi, bir mekanda konusmacinin sesinin dinleyicilere en net, anlasilir ve sesin niteliginin
bozulmadan iletilmesini saglayan mimari diizenlemeleri igerir. Bu mimari diizenlemelerden en 6nemlisi
yiizey malzemelerinin niteliklerine gore yerlestirilmesidir. Akustik konforun 6énemli oldugu mekanlarda
uygun malzemelerin se¢imi ve niteligine gére mekan igine yerlestirilmesi, o mekanin akustik konforunu
iyilestirebilecek bir etmendir. Bir yiizeye gelen ses dalgasi, belirli oranlarda yansitilir, yutulur ve geger.
Ses yutma katsayisi, bir yiizeye gelen ses dalgasinin enerjisinin yansimayan (yutulan ve gecen) enerji
miktarinin o ylizeye gelen tiim ses enerjisine oranidir, o ile gosterilir. Bir mekan igerisinde kullanilacak
malzemelerin akustik nitelikleri, 0 malzemenin ses yutma_katsayisina gore belirlenir. Buna gore ses
yutma katsay1 degeri 0 ve 1 arasinda degisir ve 0 a yakin degerler o malzemenin ses yutma oraninin

diisiik, 1’ e yakin degerler ise ses yutma oraninin yiiksek oldugunu gosterir.

Akustik tasarimin planlanmasinda o mekanin en, boy ve yiikseklik iligkisine, hacmine, konusmaci
konumuna, dinleyici sayisina ve yerlesimine ve en énemlisi o mekénin kullanim amacina bakilmalidir
(Harvie-Clark vd., 2014; Paradis, 2016; Puglisi vd., 2017). Bir mekanin degerlendirilmesinde elde olan
ilk veri mekanin 6lgiileridir. Bu 6zelliklerine gore degerlendirilen her hacim i¢in sesin yayilimini goz
Oniine alarak malzeme yerlesimi yapilmalidir. Malzeme yerlesiminde eger konugmaci ses destek sistemi
olmadan dogrudan dinleyicisine dogru konusacaksa, ses kaynagi dogal konusma olarak
degerlendirilmelidir. Konusmacinin konumuna gore sesin dagilimi planlanmali, sesin dinleyici
boliimiine yansimalari, dinleyici yaninda bulunan duvar malzemeleriyle kontrol altina alinmalidir. Sesin

arka duvarlardan yansiyarak tekrar dinleyici alanina gelmesi engellenmelidir.

2.2. Akustik Gostergeler ve Standartlar

Akustik tasarim siirecinin ilk agsamasinda, literatiirdeki ¢alismalarda segilen salonlarin yansisim siiresi
olgiilerek, bu salonlarm kullanim amacina ve mimari niteliklerine gore yeterlilikleri yorumlanmistir
(Cavanaugh vd., 2010; Barron, 2010). Ilerleyen siirecte, dlgiilen farkli biiyiikliikteki hacimlerde
standartlastirilmig bir bilgiye ulasilmasi hedeflenmis, bunun igin belirlenen ortak kosullarda, ayni ses
kaynaklar1 ve 6l¢lim kriterleri ile birgok hacim incelenerek standardize edilmis bilgilere ulasilmasi
amaglanmigtir (Moore, 1978). Bu asamanin devaminda ise akustik Ol¢iim bilgisinin kapsami
genisletilmis ve laboratuvar kosullarinda tekrarlanarak, standartlastirilmis bilgiye ulasilmustir. Ornegin,
“ISO 3382 Odanin akustiginin parametrelerinin 6l¢iimii” ilk olarak 1996 yilinda yayinlanan standartlara
atif yapilarak 2009 yilinda olusturulmus, 2010 ve 2013 yillarinda kapsamui arttirilmistir (TSE 2009). Bir
mekanin akustik tasarimini  degerlendirmede Olglim araglarindan, Olglim asamalarina, veri
degerlendirilmesinden sonu¢ yorumlarina kadar detayli bir sekilde standartlardan faydalanilmasi, 0

mekanin nesnel olarak yorumlanmasini ve ilerleyen asamalarda da standardize bir sekilde incelenmesine
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olanak saglar (Mehta vd., 1999; TSE, 2009). Giiniimiizde, gegerliligi olan diger ISO kapsamindaki

hacim akustigi tasarimi standartlar1 Tablo 1°de listelenmistir.

Kabul
Standart no Standart ad tarihi
Odalarm akustik parametrelerinin 6l¢iilmesi- Boliim 1: 2010
TS EN ISO 3382-1 Gosteri mekanlart
TS EN 1SO 3382-2 Odalarm akustik parametre.l.erlr%m 6l¢tilmesi- Boliim 2: 2009
Siradan odalarda ¢inlama siiresi
Yapilarda ve yapi elemanlarinda ses yalitiminin dlgiilmesi-
TS EN 20140-2 Boliim 2: Kesinlik bilgilerinin tespiti, dogrulanmasi ve 1996
uygulanmasi
Akustik -Bina ve oda akustiginde yeni 6l¢gme metotlarmin
TS EN IS0 18233 uygulanmast 2006

Tablo 1- ISO kapsamindaki hacim akustigi standartlar

Bu calisma kapsaminda ISO standartlarinin yani sira, literatiirde kabul gérmiis diger standartlardan da
yararlamlmistir. Bunlar, DIN 18041:2004-05 Odalarda Akustik Kalitesi- Oda Akustik Tasarim i¢in
Ozellikler ve Talimatlar ve IEC 60268-16 Ses sistemi ekipmani- Boliim 16: Konusma iletim indeksi ile

konugma anlasilirliginin nesnel degerlendirmesi seklindedir.

Bir mekanda olgiilen yansisim siiresi, 0 mekanda yer alan ses kaynagi kapatildiktan sonra ortamdaki ses
basing seviyesinin 60 dB diisiisiiniin gergeklestigi siiredir (Mehta vd., 1999). Literatiirde T60 degeri
olarak yer alir. Bir meké&nin kullanim amacina gore Onerilen yansisim siiresi, o0 mekanin hacmine gore
belirlenir. Sekil 1°’de hacme ve kullanim amacina gore Onerilen yansisim siireleri verilmistir. Buna gore
konusma amagli kullanilan mekanlarda yaklasik 200 m® hacme sahip bir alanda 0,7 s yansisim siiresi
olmasi beklenirken, 700 m® hacme sahip bir alanda ise 0,8 s yansigim siiresi olmas1 6nerilir (Moore,
1978). Mevcut ya da yapimi planlanan bir mekanin yansigim siiresi alttaki Denklem 1 ile bulunarak bu

degerin o hacme uygun olup olmadigi Sekil 1°den kontrol edilir.

1
Te0= 2110 Y S ot611smt T () (1)
Sa Sa

C20

Denklem 1°de T60 yansisim siiresini (s), czo ses hizim (20°C’de), V (m®) hacim degerini ve Sa (m?) ise

o hacimde kullanilan yiizeylerin toplam ses yutuculugunu, esdeger tam yutucu yiizey olarak ifade eder
(Kurtay vd., 2008).
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Sekil 1. Hacme ve kullanim amacina gére 6nerilen yansigim siireleri (Moore, 1978)

Konusma iletim indeksi (STI-Speech Transmission Index), dinleyicilerin konusmacinin sesini ne kadar
iyi kalitede anlayabildiginin bir gostergesidir (Mehta vd., 1999; Ermann, 2015). Konusma
anlagilabilirligi ortamdaki arka plan giiriiltiisli, konugmacinin sesinin niteligi, konusmaci ile dinleyici
alan1 arasindaki mesafeye baglidir. Egitim alanlarindan amfilerde ise konusmacinin sesinin kalitesi ile
ilgili 6zellikler kisiden kisiye degisirken mekanda kullanilan malzemelerin yerlesimi ile konusmaci ile
dinleyici alani arasindaki mesafede ses dalgasinin ilerleyisinin en iyi diizeye getirilmesi saglanir.
Konusma iletim indeksi ise bu etmenlerin sayisallasmis sonucudur ve bir sesin kaynaktan ¢iktiktan sonra
dinleyici alanina varincaya kadar enerjisinin diisiisiinii inceler ve 0-1 araligindaki oranlarla ifade edilir
(Barnett & Knight 1995). Sekil 2’ de verilen degerlere gore 0 ve 0,3 aras1 Olgiilen STI degerleri kotii
nitelikte degerlendirilirken, her 0,15 oran artisi, STI tanmimlamasmin bir seviye iyilegsmesinin
gostergesidir. Bir egitim mekani olan amfi i¢in gereksinimler degerlendirildiginde, 6l¢iilen konugma
anlagilabilirligi degerinin DIN 18041:2004-05’e gore en az 0,56; IEC 60268-16 standardina gore ise
0,60 olmasi 6nerilmektedir (Eggenschwiler, 2005; Daniels & Bodkin, 2015).

IEC 60268-16 standardina gore STI degerleri
Kotii 0-0,3
Zayif 0,3-0,45

Yeterli 0,45-0,60
Iyi 0,60-0,75
Cok iyi 0,75-1,00

Sekil 2. STI degerlerinin dagilimu (Barnett & Knight, 1995)

Konusmada berrakiik veya netlik_ (C50 — Speech Clarity) ise ilk 50 ms’deki enerjinin sonraki enerjiye
oraninin, dB ile ifade edilmesidir. C50 parametresinin hacim iginde olumlu yonde degerlendirilmesi i¢in
bu degerin pozitif olmasi beklenir. Bu degerleri dogru yorumlamak i¢in, algilanabilen en ufak degisim
degerlerini (just noticable difference-JND) g6z dniinde tutmak dnemlidir. Algilanabilen en ufak degisim

degerlerini inceleyen Bradley ve arkadaslar1, C50 i¢in en ufak degisim degerinin 1,1 dB oldugunu ve



KARESI JOURNAL OF ARCHITECTURE

a r e S l KARESI MIMARLIK DERGISI
”W”“ 5 %”‘Zm’cm“’ Volume 1, Number 1 | December 2022
Cilt 1, Sayi1 1 | Aralik 2022

buna karsilik gelen STI degerinin ise 0,03 oldugunu belirlemislerdir. Bununla beraber, giinliik
kullanimda herkes tarafindan algilanabilecek seviyede akustik kosullarin diizeltilmesi i¢in C50

degerinde 3 dB artigin gerekecegini belirtmislerdir (Bradley vd., 1999).

Arka plan giriiltiisii, incelenen mekanda konugmaci sesinin dinleyiciye ulagsmasi sirasinda sesin
anlagilabilirligini diisliren i¢ ya da dis ortamdan kaynakl giiriiltiilerdir. Arka plan giiriiltiisiiniin diisiik
olmasi, mekanda Ol¢iilen konusma anlasilabilirligi degerinin daha yiiksek seviyede olmasina yardimci
olur. Siniflar i¢in 6nerilen en yiiksek arka plan giiriiltiisii 45 dB olarak tanimlanmistir (Cevresel Giiriiltii

Kontrol Yo6netmeligi, 2022) Bu ¢alismada ise, arka plan giiriiltiisii 35 dB olarak 6l¢tilmiistiir.

Literatiirde yer alan ¢alismalardan, kullanim amac1 ve mekansal benzerliklerinden 6tiirii yansisim siiresi,
konugmada netlik ve konusma iletim indeksi parametreleri bu ¢aligma kapsaminda degerlendirme kriteri
olarak secilmistir. Yansigim siiresi, bir mekanin amacina gore akustik konforunun degerlendirilmesinde
ana kriterdir. Konusma iletim indeksi ve konusmada netlik ise konusmacinin sesinin dinleyici alanina

ne kadar iyi kalitede ulastigini incelemek i¢in kullanilacaktir.

2.3. Smiflarin Akustik Analizlerini Ele Alan Calismalar

Literatiirde okullarin akustik ihtiyaglarini arastiran bazi ¢alismalar yer almaktadir. Catalina ve Virgone
tarafindan yapilan drnek bir arastirmada, okullarda kullanilan yiizey kaplama malzemelerinin mekanin
akustik konfor kosullari iizerindeki etkisini ve malzeme se¢imlerinin énemini ortaya koymustur
(Catalina & Virgone, 2012). Yapilan ¢alismada, mekanin cam yiizeyleri inceleme konusu olmus ve cam
yiizeylerin i¢ mekan ilizerindeki etkileri aragtirilmigtir. Boylece, camlarin farkliliklar1 ve segim kriterleri
konusunda tasarimcilara fikir vermek hedeflenmistir. Caligmada akustik konforun degerlendirilmesi igin
arka plan giirtiltii seviyesi, i¢ ve dis ortamin ses basing seviyesi (SPL) degerlerine bakilmistir. Arastirma
sonuglarina gore gozlenen akustik ve gorsel parametrelerin gelisimi arasinda zit bir iliski bulunmustur,
¢linkii cam yiizeyler hem giin 15181 oranin1 hem de disardan gelen sesin i¢ mekéna iletimi ile ilgilidir.
Sonuglarda, calisilan mekanin zemin metrekaresinin %40 ''na kadar olan kismi kadar cam yiizey
alaninin kullanilmasi ile i¢ mekanda kabul edilebilir bir aydinlatma diizeyi elde edildigini gostermistir.
Bununla birlikte, bdyle bir durumda, i¢ ortamdaki SPL degerinin kabul edilebilir sinir1 10-15 dB(A)
olmalidir. Arastirmacilar, bu iligkiyi degerlendirmek icin iki matematiksel model gelistirerek ve
dogruluk orani yiiksek modellere (R2> 0.99) ulagmistir. Arastirmacilarin bu ¢alismasi tek bir sinif
iizerinden siirdiiriilmiistiir. Bu ¢aligma binadaki diger siniflarda tekrarlanarak biitiinciil bir sonuca

ulasilmamugtir.

Mydlarz ve Conetta tarafindan tamamlanan bir diger ¢alisma ise, ingiltere'de secilen 12 farkli okulun
cevresi ve akustik konfor kosullar1 arasindaki iligkileri analiz etmeyi amaglamistir (Mydlarz vd., 2013).

Arastirmacilar tarafindan belirlenen siniflarda hem kullanici profilleri hem de i¢ ve dis ortam faktorleri



KARESI JOURNAL OF ARCHITECTURE

a r e S l KARESI MIMARLIK DERGISI
”W”“ 5 %”‘Zm’cm“’ Volume 1, Number 1 | December 2022
Cilt 1, Sayi1 1 | Aralik 2022

g6z Oniinde bulundurulmustur. Bu ¢aligmada akustik konforun degerlendirilmesi i¢in belirli araliklarla
i¢ ortam arka plan giiriiltii seviyesi Ol¢limii yapilmistir.  Cevresel faktorlerin ¢ogu, konusma
anlagilabilirligi seviyesini dogrudan diisiiren esdeger siirekli ses basing seviyesi (Laeq) ve sinifin i¢ mekan
akustik konfor kosullarini etkilemistir. Literatlirdeki bu ¢alismadan akustik konforu etkileyen hacim

akustigi parametreleri ve bu parametreler arasindaki iligkiler hakkinda bilgi edinilmistir.

Ozcevik’in 2005°te yaymladig tez calismasinda mimarlik derslik ve stiidyolarinda akustik konfor
kosullarinin  degerlendirilmesi yapilmustir. Mimarlhik derslikleri es zamanda farkli islevlerin
gerceklestirildigi mekanlar olmasi sebebiyle 6zel bir akustik ¢cevre olusumunu gerektirir. Bu sebeple
akustik konfor kosullarinin degerlendirilmesi de tipik bir odadan farklidir. Arastirmaci, oncelikle
mevcut durumun belirlenmesi i¢in anket ¢alismasi ve hacim akustigi ol¢iimleri gergeklestirilmis, bu
esnada yansisim siiresi, belirginlik ve hizlandirilmis konusma anlasilabilirligi (RASTI) degerleri
incelenmistir. Ozgevik, calismasinin sonuclarinda sinif i¢i kullanic1 yorumlarini, sinifta kullanilan yiizey
malzemeleri ve dis ortam giiriiltiisiindeki degisimler ile beraber degerlendiren bir akustik simiilasyon ile

beraber akustik konfor yeterliligi acisindan yorumlamustir (Ozgevik, 2005).

Madbouly ve galisma arkadaslarinin 2016°da yayinladigi makalede ise konusmanin anlasilabilirligini ve
O0grenme kalitesini artirmak ic¢in analitik hiyerarsi islemine (AHP) dayanan bir smif akustigi
degerlendirme modeli Onerilmistir. Model, 0grenme siirecini etkileyen ve smiflarin akustik
Ozellikleriyle ilgili bes ana kritere dayanmaktadir. Bunlar sinifin mimari 6zellikleri, siniftan ve siif
disinda yer alan giiriiltii kaynaklari, 6gretim tarzi ve konugmacinin sesinin niteligi dahildir. Bu
degiskenlerin alternatifleriyle birlikte Oncelikleri, 6grenme iizerindeki agirliklari, Ggrencilerin ve
ogretmenlerinin cevapladigi anketle beraber AHP metodolojisi kullanilarak belirlenmistir. Bu model,
tiniversitelerin siif akustigi iyilestirmesi konularinda etkili kararlar alinmasini1 saglayan bir cerceve
olarak degerlendirilebilir. Aynm1 zamanda, her okulda egitim ortaminin kalitesini ve verimliligini
artirmaya yardimci olan gereksinimleri belirlemeye yardimci olarak dgrencilerin 6grenme ¢iktilarini

arttirir (Madbouly vd., 2016).

Akustik tasarimin tiim islevleriyle planlanmasi i¢in hem ¢evresel giiriiltii hem de bina i¢i yapilacak
iyilestirmeler diigiiniilmelidir. Cevresel giiriiltiiniin ¢oziimiinde ses kaynaginin kendisinde yapilacak
yalitimlar 6nem kazanir. Ek olarak bina katmanlarinda yapilacak se¢imlerle hem g¢evresel giiriiltiiniin
hem de bina igindeki giiriiltiiniin korunakli olmasi istenen mekanlara ulagsmasi engellenir. Fakat bu
cozlimlerin hepsi incelenen mekanin disinda yapilir. Hacim akustigi tasariminda ise yalnizca ig
mekandaki yerlesim ve malzeme segimleri ile biiyiik oranda iyilesme elde edilebilir. Bu niteliklere sahip
bir mekan oOgrenme icin destekleyicidir ve sozli anlatimlarin anlagilir ve agik bir sekilde

gergeklestirilmesini saglar (Nelson & Soli 2000; Harvie-Clark vd., 2014).
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Karaman ve Uckaya’nin 2015’te yayinladiklar1 makalede, mimarlik fakiiltesi stiidyolarmin akustik
konfor analizi yapilarak, isitsel ortamin iyilestirilmesine yonelik oneriler sunulmustur (Karaman &
Uckaya, 2015). Calismanin ilk asamasinda incelenen stiidyolara dair ele alian parametreler arka plan
giiriiltiisii, yansigim siiresi, erken diisme siiresi (EDT), belirginlik (D50), ses basing seviyesi (SPL) ve
konugma iletim indeksi (STI) olarak belirlenmis ve her bir degerin stiidyo i¢in Onerilen araliklari
belirlenmistir. Mevcut isitsel konforun hacmin akustik nitelikleriyle iliskisini irdelemek i¢in 6grenciler
arasinda anket calismasi ve sinif i¢i saha olglimleri yapilmistir. Calismada, sinifta mevcut durumda
kullanilan kaplama malzemeleri, kullanilan metrekarelerine gére belirlenmis, alinan 6l¢tim degerleriyle
beraber sinifin akustik simiilasyonu ODEON programu ile hazirlanmistir. Calismanin ikinci agsamasinda
ise anket calismasindan elde edilen veriler ve basta incelenen onerilen degerler 1s18inda, stiidyonun
akustik konfor kosullarim iyilestirmeye yonelik ii¢ farkli &neri getirilmistir. Ik 6neride tek tip asma
tavan, ikinci Oneride iki farkli tip malzeme kullanilan asma tavan, {i¢iincii 6neride ise zemine hali
kaplamasi yapimi, sinif i¢inde yansisim siiresini diislirecek sekilde oOnerilmektedir. Calismanin
sonucunda mevcut duruma gore iyilesme oranlart karsilastirilmis ve egitim mekanlarinin malzeme

secimlerinin, orada yapilacak aktiviteleri gozeterek planlanmasinin 6nemi vurgulanmistir.

Akustik konfor kosullari literatiirde ve diger standartlarda tanimlanan birgok parametreye baglidir.
Bununla birlikte, bu ¢alismanin odagi ders yapilan amfiler oldugundan, bu parametrelerden kritik olan
ve Onerilen seviyelerde olmasi gereken birkagi secilmistir. Bunlar yansigim siiresi (T60) - ana parametre

-, konusma iletim indeksi (STI), ve konugma netligi (C50) degeri oncelikli olarak ele alinmaktadir.

Literatiirde yer alan caligmalar bir hacmin akustik konforunu degerlendirmeye ve iyilestirmeye yonelik
cok sayida ornek ve sonucglar1 barindirmaktadir. Bu baglamda ele alinan galismalarda ise birden fazla
elemana miidahale edilmis ve bu sebeple iyilesme oranlart yeterli diizeye rahatlikla ulastirilmigtir.
Ancak ¢ogu uygulamada bu kadar ¢ok elemanin degistirilmesi miimkiin olmamaktadir. Bir mekanda
yapilabilecek tadilatlar ne kadar kisitli olursa olsun yiizey malzemeleri her zaman tasarimcinin segimine
acik olan bir konudur. Bu sebeple yapilacak iyilestirme yontemlerinin en pratigi malzeme se¢imi ve
yerlesiminin planlanmasidir. Bu c¢alismada egitim mekanlarindan konusma amacli kullanilan bir
hacimde yalnizca malzemelerin yerlesimi ile elde edilen degisimler degerlendirilmistir. Ayrica yapilan
miidahaleler sadece tavana ya da sadece duvarlara yonelik olacak sekilde iki ayr gruba toplanmis, bu
sayede uygulama alani oldukea kisitli mekanlarda bile beklenebilecek iyilestirmelere yonelik literatiire

bir katkida bulunulmas1 amaglanmustir.

3. INCELENEN AMFININ GEOMETRISI VE MALZEME OZELLIKLERI

Egitim mekénlarinda akustik konfor kalitesini belirleyen degerlerin incelenmesi igin izmir Yiiksek

Teknoloji Enstitiisii — Mimarlik Fakiiltesi’nden bir amfi secilmistir. Bu amfi, yaklasik 134 m? taban
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alana sahip, asma tavam altinda kalan alan ile mevcut durumda 393,4 m® hacme sahiptir. Bu mekanin
kuzey ve bati yonlerinde ikiser pencere olup diger duvarlari boyali siva kapli yiizeylerden olusur.
Mekanin normal kat yiiksekligi 3,8 m olmasina ragmen, mevcut durumda bulunan asma tavan
uygulamasiyla kullanilan yiikseklik 3,3 m’ye diisiiriilmiistiir. Bu amfi ¢ogunlukla sunum ve sozli
anlatim igeren derslerde kullanilir. Amfinin mevcut durumu Sekil 3' te yer alan gorsellerle

sunulmaktadir.
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Sekil 3. Amfinin genel gériiniimii, yerlesim plani ve kesiti

4. HACIM AKUSTIiGi OLCUMLERI

Hacim akustigi olgtimleri esas olarak ISO-3382 ve ISO 140 oOlglim standartlar1 detaylarina gore

diizenlenmistir. Genel olarak, oditoryum, ders amfisi ve salonlar en az 500 koltuk kapasitesi i¢in 6

9
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mikrofon ile dlgiiliir (Karaman & Ugkaya, 2015). Ancak, bu amfide, T20 ortalamasinin dlgiimii igin bu
hacim ve dinleyici boliimii i¢in dort alici noktasi belirlenmesi yeterlidir.

g =
M
Alict Noktasi-3 Alicg Noktasi-2 ]
~ Alier Nékta31-4 AllCl Noktasi-1 5 ~
B A-112
AMFI
)
4
paills ] Kaynak Noktast
. I L ;
Ht 1T

Sekil 4. Yansisim siiresi 6l¢liimiinde kaynak ve alici yerlesimleri

Bu noktalar, tiim dinleyici boliimiinii kapsamaktadir. Alict noktalar1 zemindeki ya da yiikselmis
platform {iizerindeki sandalyelerde oturanlarin kulak seviyesine gore zemin kaplamasindan 1,1 m

yiiksekliginde konumlandirilmistir.

Olgiimlerde ses kaynag olarak, Briiel + Kjaer 4296 Omni Power ses kaynagi, 2716 amplifikator ve 2260
ses analiz cihazi kullamldi. Olgiim noktalar1 segilirken ses kaynagina ve en yakin yansitic yiizeylerden
mesafeleri goz 6niinde bulunduruldu. Yansisim siiresi (T20) 6lglimleri, asma tavan malzemesi ses yutma
katsayilarimin da Dbelirlenmesi amaciyla 09.05.2014 tarihinde saat 15.30' da smif bogken

gerceklestirilmistir. Sekil 5 'te verilen sonuglar amfide yer alan 4 alici noktasindan elde edilmistir.

3
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Sekil 5. Yansisim siiresi- Amfi 6l¢iim sonuglari

Bu amfinin akustik karakteristigi hakkinda ele alinan ana parametre olan yansisim siiresi grafigi, 500-
1000 Hz konusma frekanslarindaki dagilimin diger frekanslara kiyasla standart degerlere daha yakin
oldugunu gostermektedir. Bununla birlikte, yansisim stiresi T60 grafigi incelendiginde 63-250 Hz
araligindaki degerlerin diger frekanslara gore daha yiiksek oldugu goriilmektedir. Bu degerler, amfinin

mevcut durumunu yansitan akustik modelinin dogrulanmasi i¢in kullanilmustir.

10
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5. HACIM AKUSTIGi SIMULASYONU

Akustik parametrelerin belirlenmesi i¢in dort alici noktasindan elde edilen T20 ortalamalari, mevcut
durumda belirlenen malzeme dagilimlariyla beraber ODEON yaziliminda modellenmistir. Bu

parametreler, amfinin mevcut durum modellerini olusturmak i¢in kullanilmustir.

Sekil 6. Yansisim siiresi simiilasyonunda kaynak ve alic1 yerlesimleri

Amfinin mevcut durumu, hacim akustigi yazilimi ODEON’ da modellenmistir. Amfinin akustik modeli
bes adimda elde edilmistir. Bu adimlar geometrinin olusturulmasi, malzemelerin tanimlanmasi, ses
kaynag1 ve dinleyici alaninin belirlenmesi, arka plan giiriiltiisii, ses kaynaginin davranis bi¢imi ve diger
hesaplama ayarlarmin olusturulmasi ve son olarak hesaplamanin baslatilmasi seklindedir. Ik adimda,
amfinin plan ve kesitlerine gore ii¢ boyutlu modeli SketchUp programinda olusturulmus ve
SketchUp20Odeon eklentisi ile modelleme programmdan ODEON’ da kullanilacak .par uzantili akustik
simiilasyon dosyasi elde edilmistir. Aktarilan model bu agsamadan sonra tamamen ODEON’ da
caligilarak incelenmistir. Aktarilan 3 boyutlu modelin hatalar1 151n izleme yontemi ile kontrol edilmistir.
Amfide mevcut durumda kullanilan siva tiirli, camin ylizey kalitesi ve diger kaplama malzemeleri
listelenmistir. Mevcut malzemeler, Odeon kiitiiphanesinden ve literatiir taramasindan yararlanilarak
programa tanimlanmigtir. Her bir malzemenin 63 Hz- 8000 Hz arasindaki yutma katsayilari modelde
yer aldig1 ylizeye tanimlanmistir (Sekil 7). Konusmaciyr tanimlamak igin ses kaynagi ilgili konuma
eklenmis ve amfideki konusmaciyr modellemek i¢in "BB93- Raised Natural" kaynak secilmistir.
Dinleyici alanina yerlestirilen alict noktalar1 6grencileri temsil eder ve konumlari oturma diizenine goére

belirlenir (Sekil 5).

035 -=~-~ Mermer ya da cilals panel

Akustik yutma Katsayilan (s)

frekans (Hz)

Sekil 7. ODEON” da yiizeylere tanimlanan malzemelerin ses yutma katsayilar1 (Bobran, 1973; Kristensen, 1984;
Harris, 1991)

11
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Odeon simiilasyon sonuglar1 (amfi bogken) ve 6lgiilen degerler 63 Hz- 8000 Hz araliginda olacak sekilde
Sekil 8a ’da karsilastirilmistir. Sonuglar, konusma degerlerini daha ¢ok kapsayan orta frekanslarda (500-
1000 Hz) olgiim degerlerine daha yakindir ve dogrulama katsayist (R?) degerleri %97 olarak
hesaplanmaktadir (Sekil 8b). Bu degerlerin iliskisi 6l¢iim ve simiilasyon Sonuglarinin biiyiik oranda
eslestigini, simiilasyon modelinin, 6l¢lime gore genel olarak biraz daha yiiksek degerlere sahip oldugunu
gosterir. Olgiimlerde T20 degeri ortalamalar1 amfi bos durumda iken 0,6- 2,6 saniye arasinda degismekte
iken, bu dagilim benzetimde amfi bos durumda iken 0,75- 2,75 saniye, dolu durumda iken 0,72-2,24 s

arasindadir.

63 125 250 500 1000 2000 4000 8000
Hz

—2— (Ol¢iim Sonuglar1 —2— Odeon Modeli Sonuglar1

()

3,00
y=10111x+0,1032 ¢
2.50 R2=10,9787
2,00
1,50 0.~
O
1,00 P
.
0,50
0,00
0 1 2 3
(b)

Sekil 8. (a) Yansisim siiresi 6l¢iimlerinin ve benzetimin T20 ortalamasinin karsilastirilmasi (b) Dogrulama igin

dagilim diyagrami

6. MALZEME ALTERNATIFLERI iLE AKUSTIiK TASARIM ONERILERI

Bu caligmada onerilen tasarim alternatifleri, malzeme segimlerinin uygun yutma katsayisina sahip
olanlarla degistirilmesine odaklanmistir. Bu 6nerilerin degerlendirilmesi i¢in yapilan seg¢imler sadece
tavan ve sadece duvar ilizerinde olmak iizere iki segenekte bir araya getirilmistir. MC1 olarak

isimlendirilen modelde 81,3 m? duvar yiizeyinde, MC2 olarak isimlendirilen modelde ise 103,8 m? tavan

12
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yiizeyinde malzeme sec¢imleri yeniden diizenlenmistir. Bu siiregte, Once segilen amfide mevcut durumda
bulunan malzemeler degerlendirilmistir. Bu malzemelerin ¢ogu sivali boyali duvar yiizeyi, mermer
zemin, cam ylizeyler ve ahsap sira ve sandalyeler oldugundan, akustik olarak yansitic1 karakterli
yiizeylerdir. Ayrica diigiik frekanslari (63-250 Hz) yutabilen yiizeylerin az olusu, mevcut kosullarda elde
edilen yansigim siiresinin diisiik frekanslarda daha yiiksek bir dagilimda 6l¢iilmesine sebep olur. Bu tiir
ipuglari, malzeme se¢im agamasinda degerlendirilmistir. Dolayisiyla, duvarlarin ya tamamen ya da
kismen yutucu karakterli malzemeler ile kaplanmasi 6ngdriilmiistiir. Malzemeler optimum yansisim
siiresi ve yiiksek seviyede bir konusma anlasilabilirligi hedeflenerek yutma katsayilarina gore secilir.

Duvar kaplamalarini degistirirken, ses yutma katsayilari uygun paneller segilir.

7 T T T T T T

Sekil 9. MC1 uygulamasinin kesiti

)

/ [’ I‘ A

Sekil 10. Farkli malzemenin yerlestirildigi tavan yiizeyi (MC2)

Malzeme yerlesimi ve ses yutma niteliklerine gore iki model hazirlanmistir. Bunlardan biri sadece
duvarlarda degisiklik yapmay1 dnerirken, digeri de sadece tavan malzemelerinde degisim yapmay1 esas

alir. Bu modeller sirastyla MC1 ve MC2 olarak isimlendirilmistir (Sekil 9 ve Sekil 10).

Yeniden tasarim agamasinda dahil edilen malzemeler akustik ihtiyaglara gore belirlenir. Bu asamada
malzemeler, ses yutma katsayisi igin standart degerlere ulagsmay1 saglamak iizere incelenir. Akustik
ahsap duvar ve tavan panelleri bu tip gereksinimler i¢in tasarlanmistir. Perfore panellerin delik capini,
delik sikligini, panel arkasi dolgu malzemesinin yogunlugunu ve kalinligini degistirerek istenen yutma
katsayisina sahip akustik delikli paneller tasarlamak mimkiindiir. Bu ¢alismada malzeme 1, diisiik
frekanslar1 yutmak i¢in tasarlanmistir. Bu, agirlikli olarak diisiik frekanslar1 (63-250 Hz) yutan duvar
paneli seklinde tanimlanir. Malzeme 2 agirlikli olarak 500-1000 Hz yutabilen duvar paneli, Malzeme 3
ise agirlikli olarak 500-1000 Hz frekanslari yutabilen tavan paneli olarak se¢ilmistir (Sekil 11). MC1
modelinde Malzeme 1 ve 2 duvarlarin lizerine yerlestirilmis ve MC2 modelinde Malzeme 3 tavanin bir

boliimiine yerlestirilmistir.
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Sekil 11. Onerilen malzemelerin ses yutma katsayilart

7. BULGULAR

Degerlendirilen amfide, yapilan tiim incelemeler 63-8000 Hz araliginda incelenmis, ancak bu amfi
konusma ve sunum amaci ile kullanildigindan yansisim siiresinde agirlikli olarak 250-4000 Hz
araliginda literatiirde 6nerilen degerlere yakin olmasi hedeflenmistir. Literatiirde 400 m® hacim icin
Onerilen yansisim siiresi degeri 0,7 s’dir (Moore, 1978). Amfinin mevcut durumundaki 6lgiimlere gore
yansigim siiresinin diisiik ve orta frekanslarda yliksek oldugu, yiiksek frekanslarda ise kabul edilebilir
aralikta oldugu goriilmektedir. Konugma amaciyla kullanim i¢in orta frekanslardaki yiiksek yansigim

stiresi sorun yaratmaktadir (Sekil 1).

Iki malzeme kombinasyonunun modelleri hazirlandiktan sonra akustik konfor kosullar1 beklentilerine
gore degerlendirilmistir. MC1 modelinde Malzeme 1 ve 2 duvarlarin {izerine yerlestirilmis ve MC2

modelinde Malzeme 3 tavanin bir boliimiine yerlestirilmistir.

1,00
0,50
0,00
63 125 250 500 1000 2000 4000 8000
Frekans (Hz)
—a— Mevcut Model — o MCI Modeli ==-#-- MC2 Modeli

Sekil 12. Mevcut dolu durumla MC1 ve MC2 modellerinin dinleyicilerin oldugu durumdaki yansigim stiresi

karsilagtirmasi

Sekil 12, mevcut ve onerilen modellerin salon doluyken yansisim siiresi dagilimmi gostermektedir.
Gorildigi tizere, MC1'in yansisim siiresi ortalamalari, 500 Hz- 1000 Hz'de, dinleyicisi olmadiginda
0,76 saniye ve 0,71 saniye, amfide dinleyicilerin oldugu durumda 0,67 saniye ve 0,62 saniyedir. MC2
modelinde ise dinleyicisi olmadiginda yansigim siiresi ortalamalari, 500 Hz- 1000 Hz'de 0,73 saniye ve

0,71 saniye ve amfide dinleyicilerin oldugu durumda 0,69 saniye ve 0,66 saniye seklinde hesaplanmuistir.
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Bu sonuglar iki 6neri i¢in de neredeyse aynidir ve her iki durumda da tavsiye edilen yansisim siire
araligindadir. Mevcut modelin yansisim siiresi ortalamalari yaklasik 1,1 s saniye iken, MC1 ve MC2
modellerinde benzer ve istenen seviyede bir diisiis yasanmistir. Bu durum, her iki tasarim bileseninde

de esdeger bir iyilesme gosterebildigi anlamina gelir.

T(20) (s) at500Hz >=104
102
099
096

(a)

T(20) (s) at 500 Hz >= 130
126
ﬂ\—“ ;i 122

— T
117

T I 112

107
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— - 038
093
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083

o % 078
- d 074
- --ﬁl‘ 059
/ 064
059
054
<=051
(b)

Sekil 13. Amfide dinleyicilerin oldugu durumda MC1(a) ve MC2 (b) i¢in 500 Hz'de T20 degerinin hacim igi

dagilimi

Sekil 13, MC1 ve MC2 modellerinin 500 Hz'de hacim i¢i T20 degeri dagilimim gostermektedir. Dagilim
incelenirken yapilan degisikliklerin sonuglara olan etkilerini en hassas ve detayli sekilde gorebilmek
icin sadece dinleyici alani {izerinde degil tiim hacim {izerinde ve en detayli 1zgara boyutuyla analiz
almmustir. MC1'in hacim i¢i dagilimi 0,66-0,72 s'ye karsilik gelen mavi tonlarda gosterilmistir. MC2
modeli dagilimlari ise 0,69-0,88 s araligindadir, ancak degerler MC1 kadar diizgiin dagilmamistir. MC1
modelinin STI dagiliminin alici noktalardaki degerleri dinleyicisi olmadiginda 0,58; 0,57; 0,58 ve 0,55
ve amfide dinleyicilerin oldugu durumda sirasiyla 0,60; 0,58; 0,61 ve 0,57 olarak hesaplanmistir. Bu,
konusmacit konumuna yakin alicilarin geri alana kiyasla biraz daha yiiksek degerlere erisebildikleri,

ancak bu farkin ¢ok az oldugu anlamina gelmektedir. Benzer sekilde, MC2 modelinin STI dagilimlar
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da dinleyicisi olmadiginda 0,58; 0,57; 0,58 ve 0,55 ve amfide dinleyicilerin oldugu durumda 0,60; 0,57;
0,60 ve 0,56 seklindedir, 6zetle her ikisi de 0,50 STI degeri olan mevcut kosullardan daha yiiksek
seviyede hesaplanmistir. MC1 ve MC2 uygulamalarinin ortalama STI degerleri, iyi taniminin siirinda

olan 0,59 olarak hesaplanmustir.

R S R S )

63 125 250 500 1000 2000 4000 8000

Frequency (Hz)
—a&— Meveut Model — @ MC1 Modeli ---@--- MC2 Modeli

Sekil 14. Amfide dinleyicilerin oldugu durumda MC1 ve MC2 igin C50 sonuglar1

Konusma netlikleri (C50 degerleri) karsilastirildiginda, mevcut durumda amfinin dinleyicisiyle beraber
benzetim modeli yapildiginda C50 degeri 500 Hz’de -1,3 dB; 1000 Hz’de -0,9 dB’dir. Duvar
malzemesinin degistirildigi MC1 modelinde dinleyici olmadiginda hem 500 Hz hem 1000 Hz’de +2,2
dB; dinleyicilerin oldugu durumda 500 Hz ve 1000 Hz'de; +3,5 dB ve +3,7 dB’dir (Sekil 14). MC2'de
yapilan ikinci malzemenin se¢imi, tavana yutucu panellerin yerlestirilmesini icerir. Buna gore,
konugmaci hizasindaki tavan yiizeyinde, mevcut durumdaki yansitict karakterli akustik tavan paneli
korunmus, tavanin geri kalan kismi yutucu karakterli akustik tavan paneli Malzeme 3 ile kaplanmistir.

MC2 sonuglarinda da C50 ortalamalarinda mevcut duruma kiyasla benzer artis goriilmiistiir.

(b)

Sekil 15. Amfi doluyken, MC1 (a) ve MC2 (b) i¢in; solda STI degerleri, sagda 500 Hz'de C50 degerleri

Sekil 15°te, 6nerilen malzeme kombinasyon modellerinde STI ve C50 degerlerinin amfi doluyken hacim
icindeki dagilimin1 sunmaktadir. MC1 ve MC2 modeli i¢in konugmacinin oldugu bélgede C50 degeri
yaklasik +8,1 dB civarinda ¢ikmis ancak MC1 modelinde dinleyici bolgesinin arka boliimlerindeki C50
degeri +4,7 dB civarinda iken MC2 modelinde bu deger +3,3 dB degerine kadar diismiistiir. Genel analiz

sonuglarina baktigimizda MC1'in ortalama C50 degeri, dinleyici olmadiginda +2,2 dB ve amfide
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dinleyicilerin oldugu durumda +3,5 dB'dir. MC2 modelinde ise C50 ortalamasi dinleyici olmadiginda
+1,3 dB ve amfide dinleyicilerin oldugu durumda ise +2,8 dB'dir.

Modellerin ikisi de dinleyici olmadiginda 500 Hz ve 2000 Hz'den ve amfide dinleyicilerin oldugu
durumda 250 Hz’den baslayarak oOnerilen degerlere ulagsmaktadir. Ancak MC1 ve MC2 ile
kargilagtirildiginda, MC1’de daha yiiksek bir sonug elde edilmektedir. Hacim i¢i dagilimlarda MCl1'in
C50 dagilimi konugmaciya yakin ve +8 dB civarinda olan kirmizi isaretli alan hari¢ genel olarak diizgiin
ve +4,6 dB civarindadir. Yani hem MC1 hem de MC2 pozitif degerlere ulasir ve hacim i¢i dagilimlari

mevcut modelden daha iyi durumdadir.

8. SONUC VE TARTISMALAR

Bu calismada, izmir Yiiksek Teknoloji Enstitiisii Mimarlik Fakiiltesi’nden secilen bir amfi {izerinden,
sadece tavan ya da sadece duvar malzemelerinin degistirilmesi ile amfinin akustik konforunun
arttirllmast hedeflenmistir. Yapilan onerilerde farkli ses yutma katsayilarina sahip malzemelerin
literatiirde Onerilen standartlara gére amfi icine yerlesimi yapilmis, olusturulan alternatifler mevcut

durum ile karsilastirilmigtir.

Yapilan her iki 6neride de konugma iletim indeksi mevcuttaki 0,5 degerinden her iki 6neriyle de 0,59
degerine ylikselmistir. STI degerindeki bu degisim, algilanabilen en ufak degisim (JND) degerinin
literatiirde 0,03 olarak kabul edildigi géz 6niinde tutuldugunda konusma anlasilabilirliginde 6nemli bir
iyilesme saglandigini gosterir. C50 degerlerinin mevcut durumun dolu haliye benzetiminde 500 Hz’de
-1,3 dB’den MC1 modelinde +3,5 dB ve MC2 modelinde +2,8 dB artmistir. Algilanabilen en ufak
degisim degerinin 1,1 dB oldugu C50 kriteri igin, 3 dB artisin giinliik kosullarda herkes tarafindan
algilanabilir bir iyilesmeyi gosterdigi belirlenmistir. Bu agidan sonuglar incelendiginde, C50 kriterinde
elde edilen 4 dB iizerindeki iyilesmelerin konusma netliginde 6nemli bir olumlu degisimi saglayacagi
anlagilmaktadir. Hem MC1 hem de MC2 modeli, sadece bir yiizeyde yapilan malzeme degisimleriyle
bile dinleyici alaninda konusma anlasilabilirliginde algilanabilir diizeyde iyilesme saglanabilecegini

gostermektedir.

Yansisim siiresi, 393,4 m3 “’liikk bu hacim i¢in literatiire gére 0,7 s olmalidir. Mevcut durumda diigiik
ve orta frekanslarda yiiksek olan yansisim siireleri kabul edilebilir araliga diisiiriilebilmis ve ortalama
yansigim siiresi %39,6 kisaltilarak 0,67 s’ye diisiiriilmiistiir. Literatlirdeki ¢alismalardan farkli olarak,
uygulamada kisitli miidahaleler ile mekanlarda iyilestirmeye gidilmesi i¢cin 6rnek teskil edecek bir
yontem benimsenmistir. Bu sebeple herhangi bir cephe ya da yap1 elemaninda degisiklige gidilmemistir.
Onerilen her iki yontemin de modiiler ve kolay monte edilebilir nitelikte degerlendirilmesine 6zen
gosterilmistir. Bu sekilde mevcut durumda tadilat siiresi uzayabilecek mekanlara pratik ve etkili bir

¢oziim yolu fiiretilerek tadilatlardan sorumlu olanlara yol gdsterilmeye calisilmustir. lyilestirme
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caligmalarinda miimkiin oldugunca az miidahale ile elde edilebilecek sonuglarin degerlendirilmesi

amaglanmustir,
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Ozet

Insanoglu var olusundan giiniimiize kadar korunma ve barinma amacglart ile siirekli bir sekilde mekan arayisi
icerisindedir. Mekan arayislart ile mimari faaliyetler ise tasiyici sistemlerin geligimini saglamigtir. Tasiyic
sistemlerin gelisimi dogada halihazirda var olan spontane sistemlerden giiniimiiz geligmis tagiyict sistemlerine
kadar ulagsnmistir. Geleneksel tasiyici sistemler, ¢cevrede bulunan malzemeler ile birlikte insan giicii kullanilarak
cesitli yigma ve iskelet striiktiirlerle uygulanmistir. Geleneksel sistemlerden genis aciklikli ¢agdas tasiyici
sistemlere gecis ise Endiistri Devrimi sonucunda gergeklesmistir. Niifus artisi, kentlesme, artan kullanici
ihtiyaglari, kolonsuz genis agikliklt mekan gereksinimleri ile birlikte Endiistri Devrimi’nin gelistirdigi teknoloji,
makinelesme, yenilik¢i malzemeler, uzmanlagma imkanlart birleserek genis acitklikli ¢agdas tasiyict sistemler
uygulanabilir hale gelmistir. Boylelikle en az malzeme ile en genig kolonsuz agikliklart ince en kesitler ile gegmeye
calisan ¢agdas tasryict sistemler ortaya ¢ikmistir. Genis agiklikli ¢cagdas tasiyict sistemler yiizey aktif sistemler,
uzay kafes sistemler, kablolu sistemler ve asma-germe (membran) sistemlerdir. Asma-germe (membran) sistemler
ise gecmisi ¢adira dayanan ve plastik-polimer esasli malzemelerin mimaride kullanima baglanmast ile ortaya
¢tkan sistemlerdir. Bu ¢alisma kapsaminda incelenen pnématik (sisme) sistemlerde asma-germe (membran)
taswyici sistemler grubuna dahil edilmektedir. Pnématik sistemler yapisal 6zellikleri ve kullanim alanlarina gére
cesitli niteliklere sahiptir. Bu sebeple de cesitli kaynaklar tarafindan bir¢ok suiflandirma sistemleri mevcuttur.
Bu baglamda yapilan ¢alisma ile pnématik sistemlerin tasiyict sistemler ile asma-germe (membran) sistemler
icerisindeki yerini tamimlamak ve cesitli siniflandirilma parametrelerinden ¢ikarimlarla yeni bir siniflandirma
sistemi ortaya konmast amag¢lanmistiv. Pnématik tasiyici sistemlere yonelik olarak belirlenen katman sayisi, hava
sistemi, basing farki, mimaride kullamim alani, geometrik katmanlar, tasyici elemant ve bicimlenme
parametrelerine gore bir smmiflandiriima sistemi gelistirilmistir. Sonug olarak ise pnomatik sistemlerin mimaride
kullanilacak alana, ihtiyaca ve beklenen yapisal ozelliklerine yonelik olarak belirlenen parametrelere gore
segilmesi ve uygulanmasi énerilmistir.

Anahtar Kelimeler: Pnomatik Sistemler, Sisme Sistemler, Tasyici Sistem, Siniflandirma.

EXAMINATION OF PNEUMATIC (INFLATABLE) CARRIER
SYSTEMS FROM PAST TO PRESENT AND CLASSIFICATION IN A
SYSTEMATIC WAY

Abstract

Mankind has been in constant search of space for the purposes of protection and shelter from its existence to the
present. The search for space and architectural activities led to the development of carrier systems. The
development of carrier systems has ranged from spontaneous systems that already exist in nature to today's
advanced carrier systems. Traditional carrier systems have been implemented with various masonry and skeletal
structures using manpower together with the materials found in the environment. The transition from traditional
systems to modern carrier systems with wide spans took place as a result of the Industrial Revolution. Population
growth, urbanization, increasing user needs, column-free wide-span space requirements, together with the
technology developed by the Industrial Revolution, mechanization, innovative materials, and specialization
opportunities have become applicable to wide-span contemporary carrier systems. Thus, modern carrier systems
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have emerged, which try to pass the widest column-free spans with thin cross-sections with the least material.
Contemporary carrier systems with large spans are surface active systems, space cage systems, cable systems and
suspension-tension (membrane) systems. Suspended-tension (membrane) systems, on the other hand, are systems
whose history is based on tents and that emerged with the use of plastic-polymer-based materials in architecture.
Pneumatic (inflatable) systems examined in this study are included in the group of suspension-tension (membrane)
carrier systems. Pneumatic systems have various qualities according to their structural features and usage areas.
For this reason, many classification systems are available by various sources. In this context, it is aimed to define
the place of pneumatic systems in carrier systems and tension-tension (membrane) systems and to present a new
classification system with inferences from various classification parameters. A classification system has been
developed for pneumatic conveyor systems according to the number of layers, air system, pressure difference,
usage area in architecture, geometric layers, carrier element and forming parameters. As a result, it has been
suggested that the pneumatic systems should be selected and applied according to the parameters determined for
the area to be used in architecture, the need and the expected structural features.

Keywords: Pneumatic Systems, Inflatable Systems, Carrier System, Classification.

1. GIRIS

Gegmisten giiniimiize insanoglu kendisine barmacak ve fiziksel kosullardan korunacak giivenli bir
mekan arayisi icerisinde olmustur. ilk zamanlarda vahsi hayvanlar, diger insanlar veya zorlu ¢evresel
kosullardan korunma hedefleri ise daha sonralar yerini barinacak giivenli alanlar ve farkli malzeme
arayislarina birakmigtir. Barinma hedefleri ile mekan olusturma ¢abasi ise tasiyici sistemlerin ortaya
cikarak yeni yapili ¢evrelerin gelismesi ile sonuglanmistir. Boylelikle mimari iiretimler ile tasiyici
sistemlerin gelisimleri ortaya ¢ikmustir. Tasiyict sistemlerin gelisimi agisindan ise ilk etrafta bulunan
yerel malzemeler araciligiyla bir mekan olusturabilme cabasi mevcuttur. Daha sonralarinda bu
malzemelerin ¢esitli birlesim sekilleri veya dizilimleriyle yeni striiktiirler olusturulmustur. Boylelikle
spontane sistemler yerini genis agiliklar1 gecen cagdas tasiyict sistemlere birakmistir. Zaman ilerledikce
kentlesme, niifus artis1, teknolojinin gelisimi ve sanayiler dogada bulunamayacak yeni malzemelerin ve

tastyict sistemlerin ortaya ¢ikmasi ile sonuglanmustir.

Cagdas genis aciklikli tasiyici sistemler ise Endiistri Devrimi ile birlikte ortaya ¢ikmistir. Kentlesme ile
artan niifus yeni genis agiklikli ve kolonsuz mekanlara ihtiya¢ duymustur. Bu sebeple genis agikliklari
en az malzeme kullanarak en ince en kesitte gegmeyi hedefleyen bu sistemler gelistirilen cesitli
malzemeler ile uygulanmaya baslamislardir. Genis aciklikli cagdas tasiyici sistemler Engel (2013)
tarafindan yiizey aktif sistemler (kabuklar), uzay kafes sistemler, kablolu sistemler ve asma-germe
(membran) sistemler olarak incelenmistir. Pnomatik sistemler ise asma-germe yani membran sistemler
icerisinde yer alan ve ylizeylerin tastyici hale getirilerek diger striiktiirler ile birlikte kullanildigi bir

tastyici sistemdir.

Pnomatik sistemlerin de ortaya ¢ikisi buna paralel bir gelisme gostermektedir. Pnomatik sistemlerinde
iginde yer aldigi membran sistemler, eski ¢aglardaki ¢adirlarin yeni malzeme ve yapim teknikleri ile
uygulanmig halidir. Sarmasik, halat, 6rme ip, hasir 6rgii, deri, post ve bambu gibi dogada bulunan

malzemeler ile milattan dnce devirlerde goriilen ilk cadirlar barmak olarak kullanilmaktadir. ilk
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cadirlardan esinlenerek gelistirilen yeni membran tasiyici sistemler ise striiktiirel kurgu agisindan ilk
cadir orneklerinden ¢ok farkli bir sisteme sahip degildir. Asya, Afgan, Amerikan, Misir, Anadolu
toplumlart; Roma ve Osmanl gibi uygarliklar; cesitli cografyalarda sarmasik, ip, halat, ahsap, kumas,
orme kil, deri gibi birgok malzeme ¢esidi ile birlikte cadirlar1 uygulamistir. Giiniimiizde ise ayni sistem
yenilik¢i malzemeler ile birlikte daha genis agikliklar i¢in uygulanmaktadir. Endiistri Devrimi ile gelisen
teknik ve teknoloji ile birlikte plastik-polimer esasli malzemelerin mimaride giliniimiiz anlaminda
yapilarda kullanilmasi 20. yiizyila kadar dayanmaktadir. Boylelikle insanlarin ilk zamanlarda
uyguladiklar1 ¢adir sistemleri giiniimiizde plastik-polimer esasli malzemelerin kullanildigi membran

sistemler ile pnomatik sistemlerin temelini olusturmaktadir.

Pnomatik (sisme) sistemler plastik-polimer esasli malzemeler ile olusturulan yiizeylerin gaz veya sivi
maddeler ile basin¢landirilmasi sonucunda tasiyici hale gelen striiktiirlerdir. Bu sebeple pnomatik
sistemler yiizeysel olarak tasiyici hale gelebilen tek, cift veya c¢ok hiicreli katmanlardan meydana
gelmektedir. Pnomatik sistemler mimaride fakli fonksiyonlarda ve g¢esitli amaglarla uygulanmaktadir.
Ayni zamanda pndmatik sistemler sahip olduklar1 yapisal bilesenleri agisindan bir¢ok varyasyonda
niteliklere sahip bir sekilde gelistirilebilmektedir. Bu nedenle sahip olduklari 6zelliklere gore gesitli
siniflandirilma sistemleri ortaya konmaktadir. Bu ¢alisma kapsaminda gegmisten glinlimiize pnomatik
sistemler hakkinda yapilmig olan ¢esitli simiflandirma sistemleri incelenmistir. Bu incelemeler ile
pnomatik sistemlerin tasiyici sistemler igerisindeki yeri, sahip olduklar1 yapisal 6zellikler nedeni ile
ortaya ¢ikan parametreleri, kullanim alanlari, fonksiyonlart ve gesitli siniflandirilma sekilleri
aragtirilmistir. Ulagilan veriler 1s1ginda oneri bir siniflandirma sistemi gelistirilmesi amaglanmugtir.
Pnomatik sistemlerin katman sayisina gore, hava sistemine gore, basing farkina gére, mimaride kullanim
alanina gore, geometrik katmanlarina gore, tasiyici elemanina gore ve bigimlerine gore olarak belirlenen
altt parametre ile gelistirildigi bir simiflandirilma sekli ortaya konmustur. Sonug¢ olarak pndmatik
sistemlerin yapisal ve kullanim alanina gore birgok nitelige sahiptir. Bu sebeple ihtiyaca ve
uygulanilacak alana gore optimum kosullar1 saglamasi i¢in pnomatik sistemin niteliklerinin belirlenmesi

ve uygun bir sistemin seg¢ilmesi gerekmektedir.

1.1. Tasiyic1 Sistemler Icerisinde Pnomatik (Sisme) Sistemlerin Yeri

Tarih Oncesi devirlerde dogada kendiliginden var olan alanlar1 barinak olarak kullanan insan eski
caglardan itibaren ¢evresini sekillendirerek yeni ortamlar yaratmigtir. Yapay cevreler ve yeni hacimler
olusturma g¢abasi mimarlik faaliyetlerinin temelidir. Insanoglunun igerisinde yasamm siirdiirmeyi
hedefledigi, ¢evresel ve iklimsel faktorlerden korundugu, barinak olarak kullandigi dogada bulunan
malzemeleri tastyici olarak kas giicii araciligi ile kurgulanmasi sonucu ortaya ¢ikan ii¢ boyutlu mekanlar
mimari tastyici sistemlerin baslangicidir. Insan yasaminin bir yansimasi olan tasiyici sistem eski

caglarda da giiniimiizde de tiim bilgi birikiminin yansitildigi bir olgudur. Insanligin gelismislik

23



KARESI JOURNAL OF ARCHITECTURE

a r e S l KARESI MIMARLIK DERGISI
”W”“ 5 %”‘Zm’cm“’ Volume 1, Number 1 | December 2022
Cilt 1, Sayi1 1 | Aralik 2022

diizeyinin, tiim bilgi birikiminin ve imkanlarinin viicut bulmus hali tasiyici sistemdir. Ciinkii striiktiirel
sistemler ihtiyaclara yonelik olarak uygulandigi donemde bilinen malzemenin imkanlar dahilinde

kurgulanmas1 sonucunda ortaya ¢ikmaktadir.

Tastyici sistemler inga edilerek olusturulan sadece bir hacim, bosluk veya form degildir. Ayn1 zamanda
tastyic1 sistemden yani ortaya ¢ikan mimari eserden beklenen belirli unsurlar vardir. Uzerine etkiyen
yiikleri, elemanlarmin tagiyiciligini gegcmeyerek giivenle sekilde tasimak ile zemine aktarmak tizere
tasarlanmis ve inga edilmis dengeli yapi tasiyici sistemdir. Bu sistemi saglamak amaci ile bir¢ok farkl1
ozellikteki tastyict sistem caglar boyunca insanlar tarafindan malzeme, birlesim kurgusu ve uygulama
yontemleri gibi degisken unsurlarda deneyimlenmistir (Ching vd., 2017). Tasiyic1 sistemlerin dogal
yapisinda striiktiir parga ve malzemelerin bir araya getirilmesi ile olmaktadir, bu bir araya gelme durumu
ise striiktiir sayesinde imkanl hale gelmektedir (Picon, 2003). Yapisal yiiklerin etkin oldugu kendi
agirliklart ile iizerine etkiyen yikleri tasiyarak emniyetli bir sekilde zemine aktaran elemanlar
topluluguna tastyici sistem yani striiktiir denir (Erol, 1997). Mimari iiretimlerde ortaya konan her

yapinin kendini ve diger ytikleri tagiyan bir striiktiirii mevcuttur.

Tastyici sistemin kelime kokeninin gelisimi ise Latincede “struere” sozciiglinden ortaya ¢ikan striiktiir
yani tasiyici sistem, insa etmek anlamina gelmektedir. Tiirk¢e’ de yap1 kelimesine tekabiil eden striiktiir
“konstruktion/construction” yani ingaat, insa ve yapim faaliyetlerine karsilik gelmektedir. Yapi
kelimesinin ise her tiirlii mimarlik yapiti olarak inga edilmis sey ya da unsur olarak ¢esitli tanimlari
bulunmaktadir. Striiktiir ile yap1 kelimeleri farkli dillerdeki anlamdas sdzciiklerdir. Uzerine etki eden
yiikleri belli yerlere aktarip, Ongoriilen statik dengeyi saglamak ve siirdiirmek amaciyla tasiyici
elemanlarin olusturdugu sistematik biitlin o yapinin tasiyici sistemidir. Mimarlikta striiktiiriin ana amaci
yiik tagimak ve kuvvet agisindan 6nceden planlanan dengeyi kurmaktir (Tiirkgli, 2003). Bu sebeple
tasiyict sistemden beklenen niteliklere gore optimum olanini bulmak igin gegmisten giiniimiize birgok

striktiir gelistirilmistir.

Tarihi ¢aglar boyunca birgok tasiyici sistem insanlar ve mimarlar tarafindan uygulanmis ve denenmistir.
Bazi tastyici sistemler verimli bir sekilde kullanilarak giiniimiize kadar gelebilirken, bazilari da istenilen
kosullar1 saglayamadiklarmdan unutulup uygulanmamiglardir. Bu denli ¢ok sayida tastyict sistemin
mevcut olmasi farkli kisiler tarafindan belirli kistaslara gore siniflandirmalarin ortaya ¢ikmasina neden
olmustur. Zamana, yasanan gelismelere, yiik aktarim prensiplerine veya formlarina yonelik olarak
tastyict sistemlerin siniflandirilmasi Tablo 1’ de incelenmistir. Caglar boyunca gelistirilerek gliniimiize
dek gelen tasiyict sistemler, farkli 6lciitlere gore siniflandirilmaktadir. Cagdas tastyici sistemlerin de yer
aldig1 ge¢misten giiniimiize ¢ogu tasiyict sistemi kapsayan bu siniflandirmalar ayni zamanda striiktiirler
hakkinda bilgi vermektedir. Buna ek olarak ge¢misten giiniimiize tasiyici sistemlerin

siniflandirilmasinin igerisinde ise pnomatik sistemlerin yeri belirtilmistir.
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Tablo 1. Gegmisten giiniimiize tastyici sistemlerin siniflandirilmasi

Geleneksel tastyici sistemler dogada bulunan halihazirdaki malzemelerin islenmeden veya islenerek

yapilarda belirli bir birlesim sistemi ile kurgulanmasi sonucunda olugmaktadir. Geleneksel tasiyici
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sistemler spontane sistemler, yigma sistemler, lentolu sistemler, kemer-tonoz sistemler ve iskelet
(karkas) sistemleri kapsamaktadir. Spontane sistemler; dogada kendiliginden var olan yapilarin veya
ilkel yontemler ile etrafta bulunan malzemelerin birlesimi ile olusan oyulmus magara, hoyiik, ¢atilmisg
cadir veya kuliibe, tiimiiliis veya domen gibi tas sistemlerdir. Ilkel dSneme denk gelen spontane sistemler
ilk barinaklarin olusumudur. Avci toplayici toplumun konar-gdger yasamdan tarim faaliyetlerine
baglamasi ile birlikte yerlesik yasama gegisi, paleolitik donemden neolitik doneme gegisi de temsil
etmektedir. Bu sayede mimarligin ilk adimi olan insanlarin insa ettigi barinaklar ortaya ¢cikmustir. Tag
gibi dogada bulunan veya ¢esitli karisimlar ile elde edilen kerpi¢ ve tugla vb. malzemelerin iist {iste
yigilmasi sonucunda yigma sistemler ortaya ¢ikmustir. Daha sonra toplumunda gelismesi ile birlikte
mekansal form ve fonksiyonlar geliserek yeni geometrilere yigma sistemler uyarlanmistir. Lentolu
sistemler ile kemer-tonoz-kubbe sistemler gelismistir. Ahsap malzemenin iglenerek bir mekan haline

getirilmesi ise giiniimiizdeki betonarme sistemlerin temeli olan iskelet (karkas) sistemleri gelistirmistir.

Endiistri Devrimi ile insan yagsami ve sanayide yasanan biiylik gelismeler mimariyi de dogrudan
etkilemistir. Niifus artis1, kentlesme, makinelesme, uzmanlasma, malzeme ve teknolojinin gelismesi
mimaride tasiyici sistemlere yansimistir. Endiistri Devrimi ile birlikte geleneksel tasiyict sistemlerden
toplumun yeni ihtiyaglarini, kolonsuz genis mekanlar1 ince en kesitler ile en az malzeme kullanarak
geemeyi hedefleyen genis aciklikli cagdas tasiyici sistemlere gecilmistir. Geleneksel sistemlerde
kullanilan dogada bulunan veya karisimlarla yapilan kemik, post, toprak veya tas, ahsap, kerpic, tugla
gibi malzemelerin yerini demir, c¢elik, beton, betonarme, cam, membran (plastik-polimer esash
malzemeler), ¢elik kablolar ve islenmis ahgsap malzemeler almistir. Béylelikle ortaya bu malzemeler ile
tiretilen tasiyict sistemler olan yiizey aktif sistemler, uzay kafes sistemler, kablolu sistemler ve asma-

germe (membran) sistemler ortaya ¢ikmustir.

Pnomatik (sigsme) sistemler ise sanayilesme ve hammaddenin islenmesi sonucunda gelistirilen plastik-
polimer esasli membran malzemelerinin yiizeysel olarak tasiyici halde kullanilmasi ile uygulanabilir
olmustur. Tiim bu tastyici sistemlerin igerisinde pnomatik sistemlerin yeri ise genis acgiklikli ¢agdas
tasiyici sistemlerin asma-germe yani membran sistemlerinin igerisinde kapali membran sistemlerdir.
Ciinkii pnomatik sistemler kapali membran ylizeylerin gaz veya sivi (genellikle hava)

basin¢landirilmasi sonucunda olugsmaktadir.

Tas1yict sistemlerin gelisimi insanoglunun varolusundan giiniimiize kadar olan siireyi kapsamaktadir.
Tarihi devirler boyunca tasiyict sistemlerin yavas bir sekilde gelismesi, insan teknik bilgisinin ve
teknolojisinin malzeme, yapim yontemleri ile uygulamalar1 agisindan sinirliligindan kaynaklanmaktadir
(Ozsen ve Yamantiirk, 1991). Ozetle ge¢misten giiniimiize tasiyict sistemler tiim toplumlarin
bulunduklari zaman dilimini, teknolojiyi, makine gelisimini, yasam seklini, malzeme kullanimini,

mimarideki uzmanlik seviyesini, gelismisligini, kullanilan ekipmani ve dolayisiyla striiktiirleri
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yansitmaktadir. Insanoglu yarattigi teknolojiler ile bunlari mimaride uygulayarak mimari tasiyict

sistemlerin olusumunu ve gelisimini saglamigtir.

1.2. Membran Sistemler Icerisinde Pnomatik (Sisme) Sistemlerin Yeri

Pnoématik sistemlerinde iginde yer aldigr membran sistemler, eski ¢aglardaki ¢adirlarin yeni malzeme
ve yapim teknikleri ile uygulanmis halidir. Sarmasik, halat, 6rme ip, hasir 6rgii, deri, post ve bambu gibi
dogada bulunan malzemeler ile milattan 6nce devirlerde goriilen ilk c¢adirlar barmak olarak
kullanilmaktadir. ilk ¢adirlardan esinlenerek gelistirilen yeni membran tastyici sistemler ise striiktiirel
kurgu acisindan ilk ¢adir 6rneklerinden ¢ok farkli bir sisteme sahip degildir. Endiistri Devrimi ile gelisen
teknik ve teknoloji ile birlikte plastik-polimer esasli malzemelerin mimaride giiniimiiz anlaminda

yapilarda kullanilmasi 20. yiizyila kadar dayanmaktadir.

Plastik veya dokuma ortiiler ve kablolar kullanilarak olusturulan agirlig1 az, sadece ¢gekme kuvvetlerine
caligan membran striiktiirler, germe kuvvetinin etkisi ile tasiyicilik 6zelligi kazanmaktadir (Dansik,
1999). Teknolojik gelismeler sonucunda membran malzeme; yapilarda tasiyici, ortii elemani ve cekme
kuvvetlerine ¢alisan esnek bir ylizey olarak mimari yapilarda kullanilabilir hale gelmistir. Agir yapilar
yerine hafif membran malzeme, daha biiyiik agikliklar1 ihtiyaglara yonelik olarak gegebilmektedir. Bu
da yeni malzemelerin gelistirilmesi ve firetilebilmesi sonucunda olmaktadir (Schmitz, 1995). Bu
sistemlerde kullanilan ana malzeme olan esnek membran, bircok farkli formda iiretilebilir. Aym
zamanda membran yiizey dikme (pilon ve kolon), kemer, kablo aglar (¢cekme ve basing cemberleri) ve
cergeve gibi destekleyici tasiyict elemanlar ile bagka sistemlerle de uygulanabilmektedir. Membran
malzemenin yapisal 6zellikleri sayesinde, geleneksel striiktiirler ile gegilemeyecek biiyiik agikliklar en
ince en kesitte Ortiilebilir hale gelmektedir. Membran sistemlerin farkli degiskenlikte 6zellikleri olmasi
sayesinde pek ¢ok form ve fonksiyonda uygulanabilmektedir. Bu nedenle belirli kistaslarda
gruplandirilmis ve basliklar altinda smiflandirilmislardir. Membran sistemlerin siniflandirilmalar
acisindan ise asma-germe sistemler altinda membran striiktiirler iki baslik altinda toplanmustir.
Membran sistemler acik hacimli membranlar olan ¢adirlar ve kapali hacimli membranlar yani pndmatik
sistemler olmak {izere, acik ve kapali membran sistemler olarak incelenmektedir. A¢ik membran
sistemler mekanik gerilme sonucunda olusan tasiyici sistemlerdir. Kapali membran sistemler ise kati,

s1vi, gaz ve genellikle hava destekli veya sisirmeli pndmatik sistemleri kapsamaktadir (Tablo 2).
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Tablo 2. Asma-germe (membran) sistemlerin siniflandirilmasi ve pnomatik sistemlerin yeri
a) Acitk Membran Sistemler: Acik membran sistemler ortii gérevindeki membran malzemenin yapi

elemanlar1 araciligi ile veya kendiliginden tasinarak bi¢imlendirilmesi sonucunda olusmaktadir.
Membran yiizeyinin dis yiikler ve yapisal yiikiinii tagimasi igin farkli yap1 elemanlar1 araciligiyla
desteklenmesi gerekmektedir. Asma elemanlari, birlesim detaylari, diigtim noktalari, tasiyic1 dikmeler,
celik kablolar, celik halatlar veya kablo aglarindan olusan yap1 elemanlar1 ile desteklenerek membran
ortiiniin tasiyicilign ve gecilen aciklik arttirilmaktadir. Membran yiizeylerin en az bir adet basing
kuvvetlerini karsilayan dikme, kemer, duvar veya yetersiz gelen durumlarda kablo aglari ile
desteklenmesi sonucuna olusan on gerilmeli sistemlerdir. Bu sayede yapisal ve ¢evresel yiiklerin
membran yiizeylerden basing elemanina ve oradan da zemine aktarilmasi ile tasiyict sistem
olusturulmaktadir. Stadyum, spor salonu, konser salonu, cati Ortiisii gibi genis aciklikli yapilarda
uygulanan agik membran sistemlerde kablo ag1 tasiyict bir iskelet olarak kullanilmaktadir. Nokta
destekli (aski kablolari, pilon, dikme), kemer destekli, kenar kablolu, kiris/cer¢eve destekli (makaslar,
cergeveler, diiz kirisler, egri kirigler), i¢ ya da dig cemberli veya kombinasyonlu olarak agik membran

sistemlerde 6n gerilme veren destek elemanlari kullanilmaktadir (Erol, 1997).

b) Kapali Membran Sistemler (Pnomatik-Sisme Sistemler): Kapali membran sistemler yani
pnomatik sistemler, acik membran sistemlerin aksine i¢ ve dis mekan arasinda basing farkliliklarinin
Olusturulmasi ile tasimanin yapildigi kapali bir hacim olusturan striiktiirlerdir. Pnomatik striiktiirlerde
basinglandirma sivi veya gaz (genellikle hava) maddeler araciligi ile yapilabilmektedir. En yaygin
kullanim ise hava pompalarin ve hava destekli fanlarin kullanilmasidir. Pnématik sistemler kendi
igerisinde hava sistemi, basing durumu, katman sayisi, geometrisi veya malzeme kullanimina goére

bircok gesitli nitelige sahip olarak uygulanabilmektedir.

1.3. Pnomatik (Sisme) Sistemlerin Simiflandirilmasi

Pnomatik kelimesi havanin solunmasi anlamina gelen Yunanca “pneuma” kelimesinden tiiretilmistir.
Hava ile dolu veya basingli hava nedeniyle isler hale gelen herhangi bir sey anlamina gelmektedir (Jamil,

2005). Pnomatik sistemlerin esas modelleri Rudolph Trostel tarafindan gelistirilmistir (Otto, 1970).
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Pnomatik sistemler ilk basta sabun kopiigiinden esinlenerek gelistirilen gaz, kopiik, sivi veya artik
malzeme ile de basinglandirilabilmesine ragmen en yaygin kullanilan gaz olarak havayla olanlaridir
(Anonim, 1997). Pnématik yani sisme sistemler yapisal biitiinliigiin saglanmas1 amaciyla hava basincini
kullanan, dis ile i¢ arasinda basing farkini kullanarak sabit hale getirilmis dengeli yapilar ya da binalardir
(Marcipar vd., 2005). Pnomatik striiktiirlerin temel prensibi i¢ ve dig hacimler arasinda basing farkinin
olusturulmas1 sonucunda &n gerilmeli sekilde membran yiizeyinin tasiyicit hale gelmesidir. Basing
farkinin olusturuldugu yapi boliimiine gore siniflandirilan pnématikler mimaride farkli alanlarda
kullanilabilmektedir. Ozetle pndmatik sistemler membran yiizeylerin siv1 veya gaz genellikle hava ile
basinglandirilmasi sonucunda tasiyici hale gelmesi ile olusan striiktiirlerdir. Mimarlikta uygulanan
pnomatik sistemler; tagiyici striiktiir, yardime striiktiir elemani ve kalip elemamn olarak kullanilmaktadir

(Tablo 3).

Tasiyic
Striiktiir

Yardime: Tasiyicr
Striiktiir

Kahlip Elemam

L/

| \
4
£
/

Pnomatik striiktiiriin sigirlmesi
ile kalip olarak kullanim
(Hennicke, Schaur, 1974).

Pnimatik Cati Ortiisii
Minnesota Metrodome

Cepheden Tasiyict Pnomatik
Ag Striiktiir

\

X \  Pnomatik striiktiiriin sisirlmesi ile
Pnomatik Duvar Elemanlart g, olarak kullanum: (Heifetz, 1972).

Hava ile Tasiyic:t Hale Gelen
Pnomatik Striiktiir, Ontario
Celebration Zone Pavilion

Tablo 3. Pnomatik sistemlerin mimaride kullanim alanlar

Pnomatik striiktiirlerin olusum sekilleri, geometrileri, membran tabaka sayilari, formlari, hava destegi

ve basing durumlarina gore niteliklerini yansitan gegmisten giiniimiize bir¢ok sekilde siniflandirma
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sistemi mevcuttur. Ozsen ve Yamantiirk (1991) pndmatik sistemleri temel 6zellikleri baglaminda hava
ile desteklenerek pozitif bir basing alaninin olusturuldugu tek cidarli sistemler ve iki membran tabaka
arasinin hava yastig1r seklinde sisirilmesi ile olusan ¢ift cidarli sistemler olmak iizere iki grupta

siniflandirmistir (Tablo 4).

R

N,

Tiimiiyle Sisirilmis Pnomatik Sistemler

—

R~

Hava Yastugi Seklinde Pnomatik Sistemler

Tablo 4. Ozsen ve Yamantiirk (1991) tarafindan pnématik sistemlerin siniflandirilmasi

Erol (1997), pnomatik sistemleri basing durumu ile olusan emme sisirme kuvvetleri, membran tabaka
sayisl, tasiyici destek elemant ve bigimlenme kistaslarina gore incelenmektedir (Tablo 5). Algak basingh
pnomatik yapilarda tek ve ¢ift tabakali yapilarin emme sisirme kuvvetleri etkisi ile ek dayanaksiz,
normal, ¢izgisel ve hem noktasal hem c¢izgisel dayanakli olarak dort kistasa gore gruplandirmaktadir.
Yiiksek basingli pnomatik yapilari ise diiz ve kemer formlarinda konik tiipler ve siirekli tiipler olarak
siniflandirmaktadir. Boylelikle pnomatik sistemlerin basing durumunun striiktiiriin fiziksel ¢aligma
prensibini ve geometrik agidan formunu dogrudan etkiledigi sdylenebilmektedir. Algak basing altindaki
pnomatik yapilarin negatif ve pozitif basing altinda oldugu genis agiklikli durumlarda membran
ylizeyindeki sarkma nedeniyle normal dayanakli (dikme-kolon), ¢izgisel dayanakli (kablo), noktasal ve
cizgisel dayanakli (hem dikme hem kablo) olarak desteklenmektedir. Tek veya ¢ift zarli olarak algak
basing altindaki pnomatikler, emme ve sisirme kuvvetleri etkisinde form almaktadir. Yiiksek basingh
pnomatik striiktiirler ise sisirme sonucunda membran malzemeye verilen diiz veya kemer bi¢imini

almaktadir.
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Tablo 5. Erol (1997) tarafindan pnématik sistemlerin siniflandiriimasi

piz

KEMER

Engel (2013) ise pndmatik tasiyici sistemleri negatif pozitif basing farki, zemine sabitlenme sekli, tek
cidarli-¢ift cidarli-iskelet tlipler olarak bigimlerine goére ve kablo destekli striiktiirler ile birlikte
incelemektedir (Tablo 6).
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PNOMATIK SISTEMLERIN SINIFLANDIRILMASI

Y < Tanves
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2 ~

PNOMATIK
STRUKTURUN
BASINC FARKI

- - /
Tastyicr Destek
Elemanlar Aracilify
ile Sabitlenme

Tam Form Dogrudan
Zemine Ankraj

Yanm Form Dogrudan
Zemine Ankraj

PNOMATIK STRUKTURUN
ZEMINE ANKARAJI

Tek Cidarh Cift Cidarh Cift Cidarh iskelet Tip

PNOMATIK STRUKTURDUN

KABLO iLE DESTEKLENMESI | KATMANLAR iLE BICIMLENMESI

PNOMATIK STRUKTURUN

Tablo 6. Engel (2013) tarafindan pnomatik sistemlerin siniflandirilmasi

Membran ylizeyine uygulanan hava basinci sonucunda kapali bir alan olusturan ve membran yiizeyin
mimari ya da mithendislik bir tasarim kazandig1 hava destekli yapilar pnomatik sistemlerdir. Membran
malzemenin basing ile atmosfer basincinin esit oldugu durumlarda yap1 zar yiizeyi kararsiz bir halde
olmaktadir. Ancak membran malzeme yiizeyindeki hava basincinin atmosfer basincindan yiiksek oldugu
durumda yap1 zar ylizeyinde olusan ¢ekme gerilimi dis yliklere ve yapisal kuvvetlere dayanikli yapisal

nitelik kazanmaktadir (A Sciences, 2017). Bu baglamda pnomatik sistemlerin bir bagka siniflandirilma
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sekli ise basing maddesi olan havanin tek veya ¢ift cidarli sistemler i¢in hava kirigleri, hava holii, yastik

ve vakum olarak etkiledigi modellerdir (Tablo 7) (Knippers vd., 2011)

-— .

t ! | |
Hava Kirigi Hava Holii Yastik Vakum

L@ | . o
/[7‘7\1\7\ e P il e, T ey (r\’j
t t

Tablo 7. Knippers vd. (2011) tarafindan pndmatik sistemlerin siniflandiriimasi

Tiirkeii (1997), pnomatik tagiyici sistemleri basing, bigim, tek cidarl, ¢ift cidarli ve kablo destekli olmak
iizere bes ana grupta incelemektedir (Tablo 8). Basinca gore basing fazlalig ile sisirilen algak basinglilar,
basing fazlaligi ile sisirilen yiiksek basinglilar, basing eksikligi ile 6n gerilmeliler ve sisirme (hortum)
iskelet tiipliiler olarak gruplandiriimistir. Iskelet (hortum) tiiplii pndmatik sistemler ise diizlemsel, tek
veya ¢ift egrilikli, kiiresel ve tensegrity hortum striiktiirlerden olusmaktadir. Ayn1 zamanda bi¢imsel
acidan kiire, silindir, tor; membran malzemenin katmanlaria gore tek ve ¢ift cidarli; kablo tasiyici

destegi ile silindir, kiire, elipsoid ve serbest geometrili olarak alt basliklarda incelenmektedir.

PNOMATIK SISTEMLERIN SINIFLANDIRILMASI
BASINC BiCiM TEK CiDARLI CIiFT CIDARLI KABLO DESTEKLI

Yarum Kiire € [
Yiizey Geometrisi
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Q * oy Kiiresel Kesitlerin P . o
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------------- j>'§_, 1 e
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Tablo 8. Tiirkgii (1997) tarafindan pndmatik sistemlerin siniflandirilmast
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Sumovki ve Lanchester (2005) benzer bir siniflandirma ile al¢ak ve yiiksek basinca gore tek ve cift
cidarli membranlart negatif ve pozitif basing altinda destek elemanlarina gore bigimlenmesini
gruplandirarak siniflandirmigtir (Tablo 9). Algak basingli tek ve ¢ift tabakali membran striiktiirler ek
dayanaksiz, nokta, ¢izgi ve hem nokta hem ¢izgi dayanakli olarak incelenirken yiiksek basinglilar diiz,

biikiilmiis ve kemer bi¢imlerde modiil, siireksiz ve siireksiz olarak siiflandirilmistir.
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Tablo 9. Sumovki ve Lanchester (2005) tarafindan pnématik sistemlerin siniflandirilmasi

Pnomatik tasiyici sistemler sahip olduklari nitelikler sayesinde birgok farkli kullanim alan1 ve yapisal
Ozellige sahiptir. Katman sayis1 (cidar), mimaride kullanim alani, hava ve basinglandirma sistemleri,
geometrileri, formlari, diger tasiyici sistemler ile kullanimlari, ek destek elemanlar1 (kolon, kablo gibi)
ile kullanimlari, yapilarda kullanim yerleri, malzeme 6l¢iitlerine gore ¢esitli kaynaklarda olusturulmus

farkli siniflandirilmalar1 mevcuttur. Pnomatik sistemlerin uygulanacak olan yapinin ihtiyacina, kullanici
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gereksinimlerine ve beklenen performanslarina gore bu parametreleri optimum diizeyde saglayacak

sekilde secilmesi ve uygulanmasi gerekmektedir.

2. MATERYAL VE YONTEM: PNOMATIK (SISME) SISTEMLERI
SINIFLANDIRMA PARAMETRELERI

Pnomatik sistemler gecmisten giinliimiize cesitli parametrelere gore bircok siniflandirma sistemine
sahiptir. Genellikle siniflandirma sistemlerinde ortaya konan parametreler bazi durumlarda aym
sistemli pnomatikleri belirtirken bazi durumlarda da farkli 6zelliklerini nitelemektedir. Bu baglamda
incelenen smiflandirma sistemlerinden yola ¢ikarak mimaride kullanim alanmna gore ve yapisal
Ozelliklerine gore olmak tizere cesitli inceleme kriterleri ortaya konmustur. Mimaride kullanim alanlari
fonksiyona bagli olarak hizmet ettigi amag olan tasiyict striiktiir, yardime1 tasiyict striiktiir ve kalip
eleman1 olarak kullanilmasidir. Pnomatik sistemlerin yapisal &zelliklerine gore smiflandirilmasi
konusunda katman sayisi, hava sistemi, basing farki, mimaride kullanim alani, geometrik katmanlar,
tasiyic1 eleman ve bigimlenmeleri seklinde yedi parametre belirlenmistir. Yapilan incelemeler
sonucunda belirlenen parametreler agiklanarak bu parametrelere gore olusturulmus bir siiflandirma

sistemin sonraki boliimde ortaya koymak hedeflenmistir.

a) Katman Sayisi: Pnomatik sistemler membran yiizeylerin basinglandirilarak tasiyici hale getirilmesi
ile olugmaktadir. Bu baglamda pnomatik sistemler tek veya ¢ift katmanli olarak uygulanmaktadir. Tek
katmanli pnomatik sistemlerin i¢ mekan biitlinciil olarak basinglandirilirken ¢ift katmanli pnomatik
sistemlerde iki membran arasi yiizey basinglandirilmaktadir. Tek ve ¢ift cidarli pndmatik sistemler
yapisal olarak membran malzemenin basinglandirilarak olusmasina ragmen yapisal 6zellikler agisindan
bir¢ok farklilik gostermektedir. Tek cidarli pndmatik sistemlerde i¢ mekan basinglandirildigindan dolay1
siirekli hava destegi gerekmektedir. Bu nedenle hava kontroliiniin daha zor oldugu tek cidarli pnématik
striiktiirlerde 6zel detaylandirilmis kapi-pencere ve zemin ankraj noktalar1 gerekmektedir. Tek cidarl
pnomatik sistemlerde insanin bulundugu i¢ hacim biitiiniiyle basinglandirilirken ¢ift cidarli pndmatik
sistemlerde iki membran yiizeyin arasi basinglandirilmaktadir. Bu nedenle tek cidarli pnomatik
sistemlerde sonme olay1 tiim hacimde gerceklesirken ¢ift cidarlilarda belirli modiilde gergeklesmektedir.
Bu nedenle ¢ift cidarli pnomatik sistemlerde membran yiizeyde meydana gelen delik, yirtilma veya
asinma durumu yerinde onarima daha miisaittir. Ayrica ¢ift cidarli pnomatik sistemler tek cidarlilar gibi

0zel detaylandirilmis kapi-pencere, zemine ankraj veya siirekli hava destegi gerektirmemektedir.

b) Hava Sistemi: Pnomatik sistemlerin membran yiizeylerinin tasiyict hale gelmesi hava basinci
sayesinde gerceklesmektedir. Bu sebeple hava sistemi ana yapisal niteliklerden birisidir. Tek ve ¢ift
katmanli pnomatik sistemlerde hava sistemi farklilik géstermektedir. Tek cidarli pnomatik sistemlerde
i¢c mekan biitlinciil olarak hava ile sigirilmektedir. Tek cidarli olma sebebi ile de siirekli olarak hava

destegine ihtiya¢ duyulmaktadir. Ayn1 zamanda hava kontrolii i¢in 6zel detaylandirilmis agikliklar
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gerekmektedir. Cift cidarli pnomatik sistemler ise iki katman arasi1 basinglandirilarak tasiyici hale gelen
kapalt membran yiizeylerden olugmaktadir. Bu sebeple siirekli olarak degil belirli araliklar ile hava
destegine ihtiya¢ duyulmaktadir. Hava tek cidarli pnomatik sistemlerde oldugu gibi kullanicinin
bulundugu mekanda degil iki membran yiizey arasinda oldugundan dolay: kontrol edilmesi daha
kolaydir. Cift cidarli pnomatik sistemlerde hava kontrolii igin 06zel detaylandirilmis acikliklar

gerekmemektedir.

¢) Basin¢ Farki: Pnomatik sistemlerin ana tasiyict elemani olan membran ve hava basing farki
olusturarak sistemi tastyici hale getirmektedir. Ortalama 200 kgf/m? basing altinda ¢alisan pnomatik
sistemler algak basinglidir. Algak basingli pnomatik sistemler siirekli hava destekli tek cidarli pnomatik
sistemlerdir. Bu sistemlerde basinglandirilan alan kullanicinin bulundugu mekandir ancak ¢ok diisiik
etkisi sebebiyle insanlar tarafindan hissedilmemektedir. Yiiksek basingli pnomatik sistemler ise
ortalama basing seviyesinin 2000-7000 kgf/m? arasinda oldugu durumlarda olusmaktadir. Iki membran
ylizey arasinda bu basing durumunun elde edilmesinden dolay1 kullaniciya herhangi bir olumsuz etkisi
olmamaktadir. Yiiksek basingli pnomatik sistemler hava destekli ¢ift cidarli pnomatik sistemlerdir.
Ayn1 zamanda pozitif veya negatif basing durumlari yani algak ve yiiksek basin¢lar membran ylizeylerin

formu ile bigimlenisini etkilemektedir.

d) Mimaride Kullanim Alani: Pnomatik sistemler, yapisal 6zellikleri sebebiyle farkli fonksiyonlarda
kullanima uygun striiktlirlerdir. Membran ylizeylerin g¢esitli geometri ve formlarda basinglandirilmasi
ile tamamen tasiyici olarak mimaride kullanilabilmektedirler. Tasiyici striiktiirler olarak ortii, eglence
yapilari, sanat Ogeleri, enstalasyonlar, hangar yapilar1 gibi islevlerde cesitli mekanlarda pnomatik
sistemler uygulanmaktadir. Ana tasiyici striikktiir olarak kullanilan pnématik sistemler ayni zamanda
yardimci tagtyici sistemler olarak da uygulanabilmektedir. Ornegin pnomatik sistemler; betonarme
karkas sistemde insa edilen bir yapida duvar elemani, uzay kafes sistem ile insa edilen bir yapida ortii
elemani, tarihi yapilara ek yapr elemanlart gibi yardimer tasiyict striiktiirler olarak da
kullanilabilmektedir. Ayn1 zamanda pnomatik striiktiirlerin yapilarda cephe kaplama elemanlar1 olarak
kullanildig1 pek gok yap1 érnegi mevcuttur. Ornegin; uzay kafes sistem ile insa edilen Beijing Water
Cube, Eden Project gibi yapilarin cephe kaplama elemani olarak, betonarme ve ¢elik striiktiirler ile insa
edilen Miinich Allianz Arena stadyum yapisinin cephe yastig1 olarak kaplamasinda, ¢cok katli betonarme
ve ¢elik striiktiirlii Media-TIC yapisinin cephe kaplamasinda uygulanmis pnomatik yardimer striiktiirel
sistemler mevcuttur. Pndmatik sistemlerin ana veya yardime striiktiirler seklinde kullanimina ek kalip
eleman1 olarak da uygulanabilmektedir. Dante Bini’ nin “Binishell” metodu ile pnomatik striiktiirleri
betonarme yapilarda kalip olarak kullanilabilmektedir. “Bubble House” 6rneginde goriildiigii izere ayni
zamanda pnomatik sistemlerin mimaride kalip eleman1 olarak kullanimi sondiiriiliip sisirilme ile ayni
formda tekrarli olarak yapi iiretimine olanak vermektedir. Bu sebeple pnomatik sistemler; koprii, acil

durum yapilari, miize, sergi salonlar1, stadyum, spor salonlari, konut, uzay yapilari, gecici yapilar,
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tagiyict yap1 elemanlari, yiiksek kapli yapilarda cephe elemanlari, kinetik cephe elemanlari, konser
salonu, tarihi yapilara ek, kalip eleman gibi fonksiyonlarda ana tastyici striiktiir, yardimci tasiyici

striiktiir, cephe kaplama elemani ve kalip eleman1 olarak mimaride uygulanabilen sistemlerdir.

e) Geometrik Katmanlar: Pnomatik sistemlerin membran yiizeylerin basinglandirilmas: ile
olugmaktadir. Bu sebeple membran yilizeylerin geometrisi yapinin formunu dogrudan etkilemektedir.
Geometrik katmanlarina gére pnomatik sistemler tek boyutlu ve iki boyutlu olarak incelenebilmektedir.
Tek boyutlu olanlar membran yiizeylerden olusur iken iki boyutlu olanlar kapali yiizeysel yastiklar veya
sisirme hacimli hiicrelerden olusmaktadir. Boylelikle yapilarda tastyici sistem veya cephe elemani
olarak kullaniminda birbirlerinden ayr1 sekilde calisabilen, kontrol edilebilen veya farkli nitelikler

kazandirilabilen 6zellikler saglamaktadir.

f) Tasiyict Eleman: Pnomatik sistemler mimaride sadece kendi striiktiirleri ile tasiyici olarak
uygulanabilmektedir. Ancak bazi durumlarda gii¢lendirme, daha fazla yiik tasima veya c¢ok genis
acikliklarda membran yiizeylerinin bagka bir tasiyict sistem ile desteklenmesi gerekebilmektedir.
Kablolar tek veya iki yonlii olarak uygulanarak membran yilizeyi daha dayanimli hale
getirilebilmektedir. I¢ veya dis bir noktadan diisey yonli tasiyicilar ile pnomatik sistem
giiclendirilebilmektedir. Buna ek olarak giiniimiizde tensegrity veya kinetik striiktiirler de pndmatik
sistemler ile birlikte kurgulanabilmektedir. Boylelikle pnomatik sistemler diger striiktiirler ile birlikte

gelistirilerek yapilarda cesitli form veya fonksiyonda uygulanabilmektedir.

g) Bicimlenme: Pnomatik sistemler membran bir yiizeyin basinglandirilmasi sonucunda olustuklarindan
genellikle her daim kiiresel formlara ulagmaya c¢alisan striiktiirledir. Membran ylizeyin kapali bir sekilde
form verilerek hava ile desteklenmesi sonucunda ise yastik ve hiicre olarak adlandirilan ¢ift cidarl
pnomatik striiktiirlerin temel elemani olugmaktadir. Algak basingli olan pndmatik sistemlerde kiire,
silindir, kiire silindir kesisimi formlar ortaya ¢ikarken yiiksek basinglar ile birlikte kapali olan ylizeyler
tiip, hortum formlarin1 olusturmaktadir. Ayn1 zamanda pnomatik sistemler ile birlikte kullanilabilen
kablolu, uzay kafes, tensegrity gibi tasiyici sistemler de yapisal agidan bi¢cimi ve dolayisiyla yapinin

alacagi formu belirlemektedir.

Pnomatik sistemler hakkinda incelenen kaynaklardan ¢ikarimlarla katman sayisi, hava sistemi, basing
farki, mimaride kullanim alani, geometrik katmanlar, tasiyici eleman ve bigimlenmeleri seklinde
belirlenen parametreler agiklanmustir. Bir sonraki boliimde bu parametrelerin pnomatik sistemlerin
niteliklerine gore gruplandirmalar1 ve yapisal Ozellikleri hakkinda bir smiflandirma sistemi

gelistirilmistir.
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3. BULGULAR

Pnomatik sistemler Endiistri Devrimi ile birlikte gelisen teknoloji, makineler, uzmanlagma ve yeni
malzemeler 1s18inda plastik-polimer esasli membran malzemelerin mimaride uygulanmasi ile gelisen
bir yapim sistemidir. Mimaride tasiyici, yardimci tasiyici ve kalip elemani olarak kullanilabilen
pnomatik sistemler membran ylizeylerin sivi veya gaz maddeleri ile basinglandirilarak mukavemet
kazanmas1 sonucunda kullanilabilmektedir. Bu sebeple olusturulan yiizeyler, havanin basinci, basing
farkliliklar1, mimaride fonksiyonuna gore kullanim alanlari, geometrik katmanlar1 ve bigimlenmeleri
tiim sistemin yapisal 6zelliklerini belirlemektedir. Gegmiste pnomatik sistemler hakkinda yapilmis olan
siiflandirma sistemleri incelenerek belirlenen bu yedi parametre ile yapilmis olan siniflandirma sistemi

(Tablo 10) asagida gosterilmektedir.

a) Siirekli Hava Destekli
—— Pnomatik Sistemler (sisirme-
basing fazlahg)

a) Tek Cidarh
Pnomatik Sistemler

— a) Alcak Basmch (200
 kgf/m?) Pnématik Sistemler

b) Cift Cidarh Pnomatik
Sistemler

b) Yiiksek Basinch (2000-

— b) Hava DestekliPnomatik — 70000 kgf/m?)

s - Sisirilmis Iskelet Tiipler Sistemler (emme-basin¢ azhgi) Palmatik Sistemler
:
A
w
C a) Esas Tasmyier Striiktiirel Sistem » Alcak Basinch Pnomatik Sistemlerde Bicim
E b) Yardimer Tasiyicr Striiktiirel Sistem * Saof {’nomatiklet_ e A5 -
< ¢) Kalip Elemam a) Kiire Geometrisi (Yanm Kiire)
- b) Kiiresel Kesitlerin Geometnlen
E c) Silindir Geometnleri
> d) Silindir ve Kiire Kombinasyonu
= e) Tor Yiizeyi
'S — « Kablo Destekli Pnomatikler
Bl %) Tek Boyniin Ealmatiicler a) Kablo Takviyeli Kire (Silindir Geometrisi)
b) Iki Boyutlu Pnomatikler b) Kablo Takviyeli Kiire veya Elipsoid
- Yizeysel Yastiklar ¢) Kablo Destekli Serbest Geometri
- Sigiome Hacimli Hocreler » Yiiksek Basinch Pnématik Sistemlerde Bigim
« Saf Pnomatikler

a) Lineer / Dogrusal (Hortum) Geometn
- Diizlemsel Hortum Pnomatik Striiktiir
- Tek Egnliki Hortum Pnématik Striiktiir

a) Saf (Yalin) Pnématik Sistemler - Ters Egrilikli Hortum Pnématik Striiktiir

b) Iceriden Dikme (Kolon) Destekli - Kiiresel Hortum Pnomatik Striiktiir

¢) Disaridan Dikme (Kolon) Destekli b) Yiizeysel (Yastik) Geometri

d) Kablo veya Kablo Ag: Takviyeli ¢) Hacimsel (Hiicre) Geometrisi

(Paralel-Radyal Tek veya Cift Tabakak) » Kablo Destekli Pnématikler

€) Tensegrity Striiktiir ile Destekli Kablo destekli gift cidarit membraniar, Tensegrity kullanmlarak
f) Kinetik Striiktiir ile Destekli gelistirilmis pnomatik striiktiirler.

Tablo 10. Pnématik sistemlerin siniflandirilmasi

Pnomatik sistemler {i¢ ana etmenden olusmaktadirlar. Bunlar; membran yiizeylerin olusturdugu

katmanlar, hava basinci ve olusan basing farkidir. Tablo 10° da gosterilen katman sayisina gére pnomatik
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sistemler, hava sistemine gore pnomatik sistemler ve basing farkina gére pnomatik sistemler bu ii¢ ana
etmeni yansitan parametrelerdir. Katman sayisina gore pnomatik sistemler tek cidarl ve c¢ift cidarh
olmak tizere iki ana baslikta incelenmektedir. Cift cidarli pnomatik sistemler ise ayni1 zamanda iki
katman arasinda bdliimlendirmeler veya tiipler ile olusturulabilen sisirilmis iskelet tlipleri de
kapsamaktadir. Hava sistemine gore pnomatik sistemler siirekli hava destekli pnomatik sistemler
(sisirme ile basing fazlaligi saglayarak tasiyici hale gelenler) ve hava destekli pnomatik sistemler
(emme-basing azligi ile iki membran yiizeyin arasinin siireksiz olarak hava basinglandirmasi yapilmasi)
olmak {izere iki ana baglikta incelenmektedir. Basing farklarina gore pndmatik sistemler ise ortalama
200 kgf/m? basinglandirilan algak basingli pnomatik sistemler ve ortalama 2000-7000 kgf/m? arasinda
basinglandirilan yiiksek basingli pnématik sistemlerdir. Bu {i¢ ana yapisal parametrenin gosterdigi tek
cidarli, stirekli hava destekli ve algak basingli pnomatik sistemler; ¢ift cidarli, hava destekli, yliksek

basingl pndmatik sistemler ayn1 yapisal 6zelliklere sahiptir.

Mimaride kullanim alanina gore pnomatik sistemler ise esas tasiyici striiktiirel sistem, yardimci tastyici
striiktiirel sistemler (duvar, Ortii, kolon gibi yapisal bir 6genin baska tasiyici sistemler ile birlikte
kullanilmasi durumu), kalip elemani (Dante Bini’ nin gelistirmis oldugu Binishell metodu ile pnomatik
sistemli yapinin betonarme kabuk gibi {iretimlerde sisirme ve sondiirmeler ile tekrarl olarak kullanimi)
ve cephe kaplama sistemi olarak uygulanmasini kapsamaktadir. Bu ana simiflandirmaya gore alt
siniflandirma bagliklar1 Tablo 11° de yap1 6rnekleri ile birlikte gosterilmistir. Geometrik katmanlarina
gbre pnomatik sistemler ise tek boyutlu ve iki boyutlu yiizeysel yastiklar ile sisirme hacimli hiicreler

olarak iki ana grupta siniflandirilmistir.
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On

Ark Nova
* Tek Cidarh, * Cift Cidarh.
» Siirekli Hava Destekli (sisirme » Hava Destekli (emme-
ile basmg fazlaligr) ve basing azhgy) ve
* Algak Basincli Pnomatik * Yiksek Basmcli Pnomatik
Sistemli Yapt Ornegi Sistemli Yapt Ornegi

i s L
Beijing Water Cube Media-TIC
» Tek veya Iki Boyutlu Yiizeysel Yastklar ya da Sisirme Hacimli Hiicreler

YARDIMCI
TASIYICI SISTEM

Miinich Allianz rena

Bubble Houses
Dante Bini'nin gelistirmis oldugu Binishell metodu ile pnomatik kalp kullantmi

Tablo 11. Pnomatik sistemlerin siniflandirilmasinin yap1 6rnekleri ile gosterilmesi (Gorseller Url 1, Url 2, Url 3,

Url 4, Url 5, Url 6, Url 7 kaynaklarindan alinmustir.)

Tastyict elemanina gore pnomatik sistemler bagligi ise sadece yalin olarak membran yiizey(ler)in
basinglandirilmasi sonucunda tagiyict hale gelen pnomatik sistem ve baska tasiyict sistemlerle (iceriden
dikme-kolon ile noktasal olarak destekli; disaridan dikme-kolon ile noktasal olarak destekli; dizilimine
gore paralel, radyal tek veya ¢ift tabakali kablo veya kablo agi ile yiizeysel olarak destekli; tensegrity
striiktiir ile destekli; kinetik striiktiir ile destekli) birlikte kurgulanan pnomatik sistemler olarak
incelenmektedir. Pnomatik sistemlerin ¢cok ince membran yiizeyler ile genis agikliklarda uygulanmasi
baz1 durumlarda destek agisindan yardimer striiktiirlere ihtiya¢ duyabilmektedir. Bu durumda pnomatik

sistemler, baska tasiyici sistemler ile birlikte kombineli olarak da uygulanmaya elverisli striiktiirlerdir.

Pnomatik sistemlerin ana yap1 malzemesi membran ylizeylerdir. Membran yiizeylerin kesim ve
dikimleri sonucunda basin¢landirilmas: ile olusan formlar dogrudan yapmin kendisini ortaya
¢ikarmaktadir. Bu sebeple basing durumu, membran yiizeyin kesim sekli, birlesimi, geometrisi ve diger
tastyici sistem destekleri pnomatik sistemin bigimini dogrudan etkilemektedir. Bu baglamda bigimlerine

gore pnomatik sistemler algak basing altinda saf pnomatikler (kiire, yarim kiire, kiiresel kesit, silindir,
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silindir ve kiire kombinasyonu, tor yiizey geometrileri) ve kablo destekli (kablo destekli kiire, silindir,
elipsoid, serbest geometrileri) bigimlerini almaktadir. Yiiksek basing altinda pnématik sistemler saf
pnomatikler (lineer/dogrusal-hortum, diizlemsel hortum, tek egrilikli hortum, ters egrilikli hortum,
kiiresel hortum geometrileri), yiizeysel (yastik) ve hacimsel (hiicre) geometrilerini bi¢imlendirmektedir.
Kablo destekli pnomatik sistemle ise kablolar araciligr ile ¢ift katmanl veya tensegrity destekli
bicimlenmeleri kapsamaktadir. Boylelikle pnomatik sistemler hakkinda belirlenen parametrelere gore

alt bagliklari ile bir siniflandirma sistemi ortaya konmustur.

4. SONUC

Gecemisi ilkel donemlerdeki cadirlara degin dayanan pnomatik sistemlerin Endiistri Devrimi ile gelisen
teknoloji, makinelesme ve yenilik¢i plastik-polimer esasli membran malzemeler ile uygulanabilir hale
gelmesi sonucunda mimaride kullanimi da baglamistir. Gegmisten giiniimiize birgok form ve
fonksiyonda kullanilabilen pnomatik sistemler, yapisal 6zellikleri nedeni ile gesitli niteliklere sahiptir.
Yapisal niteliklerine gore tiim ozellikleri degisebilen pndmatik sistemlerin bu sebeple hangi amaca,
ihtiyaca ve alana yonelik olarak uygulanacagina dair uygun bir sekilde segilmesi 6nemlidir. Bu sebeple
pnomatik sistemlerin ortaya ¢ikisindan giiniimiize kadar farkli kaynaklar tarafindan siniflandirilmalari
yapilmistir. Bu ¢alismada ise bu siniflandirma sistemleri incelenerek yeni bir siniflandirma sistemi
ortaya konmustur. Gelistirilen siniflandirma sistemi ile pnomatik (sisme) sistemler farkli isimlerde
ancak ayni niteliklerde olan pnomatik sistemler ile diger yapisal 6zelliklerini belirleyen katman sayzsi,
hava sistemi, basing farki, mimaride kullanim alani, geometrik katmanlar, tasiyici eleman ve bi¢imlenme
parametreleri baglaminda incelenmistir. Pnomatik sistemlerin mimaride kullanilacak alana, ihtiyaca ve
beklenen yapisal 6zelliklerine yonelik olarak belirlenen bu parametrelere gore segilmesi ve uygulanmasi
onerilmektedir. Boylelikle kullanici veya mimar tarafindan pnomatik sistemlerden beklenen nitelikler

yapisal olarak optimum kosullarda saglanabilecektir.
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MALATYA/BATTALGAZi YERLESIMINDE KORUMA-TURIZM
ILISKiSININ INCELENMESI
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Ozet

Malatya, koklii gegmisi ve zengin kaynaklaryla tarih boyunca pek ¢ok medeniyete ev sahipligi yapnustir. Bu
zenginlik ve cegitlilik, biiyiik bir kiiltiirel miras birikimini de beraberinde getirmistir. Ozellikle mimari miras
agisindan 6nemli bir stoku biinyesinde barindiran Malatya’da Battalgazi ilgesi bu baglamda one ¢ikmaktadir.
Kentin en eski yerlesim alanlarinin yer aldigi Battalgazi, hem somut hem de somut olmayan kiiltiirel mirasiyla
korumaya deger pek c¢ok 6geye sahiptir. Bunlarin iginde mimari eserler olarak askeri ve dini yapilar,
kervansaraylar, su yapilar ve geleneksel konutlarla Cumhuriyet Donemine ait nitelikli yapilar, giiniimiize ulasan
ozgiin degerlerdir. Ayrica bu yapilarla birlikte kaynaklarda varligindan soz edilen ancak giintimiize ulasamamus
olan pek ¢ok yapimin oldugu da bilinmektedir. Tiim bu eserler ve somut olmayan kiiltiirel miras, biitiinciil bir
sekilde onemli bir turizm potansiyelini de beraberinde getirmektedir. Turizm, i¢inde pek ¢ok faaliyeti barindiran
ve ekonomik anlamda biiyiik getiriler saglayan onemli bir endiistri olarak her gegen giin daha fazla gelismektedir.
Bu endiistrinin baslica kaynaklarindan olan kiiltiirel varliklar kiiltiir turizmi, inang turizmi, arkeolojik turizm gibi
eylemlere olanak tamimaktadir. Bu varliklarin biiyiik bir kismini olusturan mimari eserler, hem korunmalarina
katki saglanmasi hem de tanmitilarak yasatilmalar: bakimindan turizmle karsilikl fayda iliskisi kurabilmektedir. Bu
anlamda yapilan ¢calismanin amaci, Malatya/Battalgazi’de yer alan kiiltiirel mirasin ve ézellikle mimari eserlerin
korunmasina, turizme yonelik gelismeler goz oniinde bulundurularak katki saglamaktir. Calisma kapsaminda
Battalgazi’de yer alan arkeolojik ve mimari miras ile somut olmayan kiiltiirel degerler, ilgili literatiir 1s1ginda
incelenerek yerinde gozlemlenmigtir. Elde edilen veriler, koruma-turizm iliskisi bakimindan degerlendirilmis ve
bu iliskinin gelistirilmesine yonelik oneriler getirilmistir. Sonug olarak ¢alismanin, Battalgazi’de yer alan kiiltiirel
mirasin korunmasina katkr saglayacagi ve turizm potansiyeline dikkati ¢ekecegi diisiiniilmektedir.

Anahtar Kelimeler: Koruma, Turizm, Kiiltiirel Miras, Malatya, Battalgazi.

INVESTIGATION OF CONSERVATION-TOURISM RELATIONSHIP
IN MALATYA/BATTALGAZI SETTLEMENT

Abstract

Malatya has hosted many civilizations throughout history with its deep-rooted history and rich resources. This
richness and diversity has brought with it a great cultural heritage accumulation. Battalgazi district in Malatya,
which has an important stock in terms of architectural heritage, stands out in this context. Battalgazi, where the
oldest residential areas of the city are located, has many elements worth protecting with its tangible and intangible
cultural heritage. Among them, military and religious buildings, caravanserais, water structures and traditional
houses are the original values that have survived to the present day. It is also known that along with these
structures, there are many structures that are mentioned in the sources but have not survived. All these artifacts
and intangible cultural heritage bring together an important tourism potential in a holistic way. Tourism is
developing more and more every day as an important industry that includes many activities and provides great
economic returns. Cultural assets, which are the main sources of this industry, enable activities such as cultural
tourism, faith tourism, archaeological tourism. Architectural works, which make up a large part of these assets,
can establish a mutually beneficial relationship with tourism in terms of both contributing to their preservation
and keeping them alive by promoting them. In this sense, the aim of the study is to contribute to the conservation
of the cultural heritage and especially the architectural works in Malatya/Battalgazi, taking into account the
developments in tourism. Within the scope of the study, the archaeological and architectural heritage and
intangible cultural values in Battalgazi were examined in the light of the relevant literature and observed on site.
The data obtained were evaluated in terms of the conservation-tourism relationship and suggestions were made
to improve this relationship. As a result, it is thought that the study will contribute to the conservation of the
cultural heritage in Battalgazi and draw attention to the tourism potential.

Key words: Conservation, Tourism, Cultural Heritage, Malatya, Battalgazi.

ARASTIRMA MAKALESi/ RESEARCH ARTICLE

Gelis/Received: 11.11.2022 Kabul/Accepted: 18.12.2022

Olgun, T. N. (2022). Malatya/Battalgazi Yerlesiminde Koruma-Turizm iliskisinin Incelenmesi. KARESI Journal
of Architecture, 1(1): 44-63.



KARESI JOURNAL OF ARCHITECTURE

a r e S l KARESI MIMARLIK DERGISI
”W”“ 5 %”‘Zm’cm“’ Volume 1, Number 1 | December 2022
Cilt 1, Sayi1 1 | Aralik 2022

1. GIRIS

Koruma ve turizm, birbiriyle yakindan iliskili olarak pek ¢ok arastirmaya ve uygulamaya konu olan iki
kavramdir. Her ikisinin gecmisi de oldukga eskiye dayanmakta ve igerdikleri kaynaklar bakimindan pek
cok noktada birbirleriyle kesismektedir. Bu anlamda 6zellikle kiiltlirel mirasin yogun olarak goriildiigi

alanlarda koruma-turizm iligkisinin yansimalariyla karsilasmak kaginilmazdir.

Giliniimiizde mimari eserler, heykeller, resimler, arkeolojik bulgular, kitabeler gibi somut 6gelerle
birlikte; gelenek ve gorenekler, orf ve adetler, destanlar, zanaatlar gibi somut olmayan degerler; kiiltiirel
ifade ¢esitliligi ve kiiltiir yaraticilig1 i¢eren eserler, kiiltiirel miras olarak nitelendirilmektedir (Oguz,
2013; Acielma ve Glingér, 2021). Kiiltiir-mekan etkilesiminin 6nemli birer pargasi olan somut ve somut
olmayan kiiltlire]l mirasin korunmasi, son yillarda giderek daha fazla 6nem kazanmistir (Aliagaoglu,
2004; Ozdemir, 2011; Okuyucu ve Somuncu, 2012; Kaderli, 2014; Acielma ve Giingér, 2021). Bu
mirasin evrensel nitelikler tagimasinin yani sira bireylerin yaraticiligini, kesfetme ve Ogrenme
icgiidiisiinii harekete gegirmesi, gecmis ve gelecek arasinda baglanti kurmasi gibi nedenler, farkli
araglarla korunmalarina yonelik c¢aligmalarin gelistirilmesini ve uygulanmasini saglamistir. Bu

araclardan énemli biri de turizmdir.

Insanlar ilk ¢aglardan itibaren farkli nedenlerden dolay1 yasadiklar1 yerlerden belli siireler igin ayrilmus
ve seyahat etmistir. Bu nedenler detayl olarak incelendiginde, en basta kiiltiirel faaliyetlerin yer aldig1
gorlilmektedir (Dinger ve Ertugral, 2000). Giiniimiize ulasan siirecte giderek gelisen bu faaliyetler,
kiiltiirel turizm kavraminin temelini olusturmustur. Oldukca kapsamli ve ¢ok yonlii uygulamalari iceren
kiiltiirel turizm, koruma baglaminda ele alman kiiltiirel miras degerlerini de kaynak edinmis ve bu

baglamda s6z konusu degerlerin gelecege aktarilmasinda 6nemli bir ara¢ haline gelmistir.

Koruma-turizm iligkisinin 6nemini pek ¢ok ydnden incelemeyi saglayan alanlarin basinda, kiiltiirel
mirasin yogun oldugu yerlesim dokular1 gelmektedir. Anadolu’da ¢ok sayida 6zgiin 6rnegi bulunan bu
dokulardan biri de Malatya’ya bagli Battalgazi il¢esidir. Eski Malatya olarak da bilinen ilge, koklii tarihi
ve zengin kiiltiirel degerleriyle yalnizca Malatya ili i¢in degil; yakin ¢evresi ile birlikte tiim Anadolu ve
Tirkiye cografyasi icin 6nemli olan niteliklere sahiptir. Buradan hareketle galismanin amaci, Battalgazi
ilgesinde tespit edilen, somut kiiltiirel degerler olarak mimari eserleri ve bunlarla iliskili olan somut
olmayan kiiltiirel degerleri, koruma-turizm iliskisi agisindan degerlendirmek ve yerlesim dokusunun bu
bakimdan 6nemini ortaya koymaktir. Calisma kapsaminda oncelikle kiiltiirel mirasin korunmasinda
turizmin etkisine dair literatiir aragtirilmistir. Ayn1 zamanda Battalgazi il¢esinin tarihi, cografi nitelikleri
ve sahip oldugu kiiltiirel miras degerleri, ilgili literatiir incelenerek ve yerinde gozlemlerle ortaya
koyulmustur. Bununla birlikte 6360 sayil1 yasa ile Malatya/Merkez yerlesimin bir kismimin Battalgazi
ilgesi sinirlarina dahil edilmesi, ‘Eski Malatya’ olarak adlandirilan yerlesim alanindaki mimari mirasa

ek olarak Cumhuriyet Donemi mimari mirasimin da Battalgazi icinde kalmasim saglamistir. Bu
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kapsamda giiniimiiziin Battalgazi il¢esi sinirlari igindeki mimari miras biitiinciil olarak ele alinmistir.
Bu bilgiler 1s18inda yerlesim dokusunun basta kiiltiir turizmi olmak tizere cesitli turizm gesitleri
yoniinden potansiyeline dair degerlendirmeler yapilmis ve hem mimari mirasin; hem de somut olmayan
kiiltiirel mirasin korunmasina yonelik olarak turizm odakli Oneriler getirilmistir. Sonug¢ olarak
caligmanin, basta Battalgazi ilgesi olmak iizere benzer niteliklere sahip olan tarihi yerlesim alanlarinin

korunmasina ve turizm baglaminda potansiyeline dikkat ¢cekilmesine katki saglamasi hedeflenmektedir.

2. KULTUREL MIRASIN KORUNMASI VE TURIZMLE iLISKIiSi

Miras, kavramsal acidan tiim toplumun paylasti§i ve yararlandigi somut olmayan kiiltiirel degerler
olarak hafiza, dil, zanaatlar, dans, miizik, tiyatro ve pek cok ritiieli temsil ettigi kadar; mimari 6geler,
sanatsal objeler ve ¢esitli peyzaj 6geleri gibi somut kiiltiirel varliklar1 da betimlemektedir (Silverman &
Ruggles, 2007). Bu baglamda miras, her toplum ig¢in tarihi ve cografi nitelikler basta olmak iizere birgok
parametreden etkilenerek, 6zgiin bir bicimde sekillenmektedir (Akyildiz & Olgun, 2020a). Kiiltiirel
miras ise UNESCO Diinya Kiiltiirel ve Dogal Mirasin Korunmasi So6zlesmesi’nde anitlar, yapi
topluluklar1 ve sitler olarak detaylandirilmistir (URL 3). Sozlesmede bahsedilen degerlerle birlikte,
bunlarin kapsadigi tiim somut olmayan miras 6geleri de kiiltiirel miras olarak nitelendirilmektedir
(Oguz, 2013; Akyildiz & Olgun, 2020b).

Tarihi, cografi ve kiiltiirel farkliliklar, gegmisten beri insanlarin dikkatini ¢ekmekte ve turizmi giindeme
getirmektedir. Turizm, kiiltiirden ve mekandan etkilenen; ayni zamanda bunlardan etkilenerek tiim
diinyaya yayilan bir hareket olarak éne ¢ikmaktadir (Emekli, 2003). Hizmet sektorii i¢inde yer alan ve
ekonomiye Onemli katkilar1 olan turizm; genel olarak insanlarin dinlenme, doga ve sanatla beslenen
giizellikleri tanima, uzaklagma ve yeni kiiltiirel birikimler edinme gibi amaglarla yaptiklar faaliyetler
biitiinidiir (Mavis, Ahipasaoglu & Kozak, 2002). Bu bakimdan pek ¢ok disiplinle yakindan iligki kuran
turizm, kiiltiirel mirasin da kaynaklik ettigi biiyiik bir endiistriyi temsil etmektedir.

Diinyada ve Tiirkiye’de son yillarda turistler, 6zellikle ekolojik, dogal ve kiiltiirel turizme daha fazla ilgi
gostermeye baslamistir (Gok & Tuna, 2013). Bu anlamda kiiltiirel miras, kiiltiirel turizmin altyapisi
olarak one ¢ikmustir. Farkli disiplinler iizerine calisan pek ¢ok arastirmaci turizmin, kiiltiirel mirasin
korunmasi ig¢in 6énemli bir sponsor oldugunu belirtmektedir (Jansen, 1997; Dinger & Ertugral, 2000).
Kiiltlir yoniinden politik destek, ekonomik-sosyal bir gegerlilik ve korumay1 sagladigi; ayn1 zamanda
yeniligi tesvik ettigi i¢in turizmin kanuni yonlerinin oldugu da ifade edilebilir (Dinger & Ertugral, 2000).
Bu baglamda turizm, kiiltiire] mirasin korunmasina ve gelecek nesillere aktarilmasina olanak tantyan

onemli pazarlardan biri olarak goriilmektedir.

Genel olarak turizmde miras kavrami, sadece kirsal ve kentsel alanlari, dogal kaynaklari, tarihi yapilari,

sanat eserlerini, kiiltiirel yapim geleneklerini ve nesillerden nesillere gecen degerleri degil; aym
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zamanda bu Ogelerin turizm iriinleri olarak degerlendirilmesi eylemlerini de kapsamaktadir. Tarihi
alanlarin, yapilarin turistik cekicilikler olarak pazarlanmasi, pozitif etken olarak kabul edilmektedir
(Herbert, 1995). Buradan hareketle kiiltiirel mirasin korunmasi ve turizm faaliyetleri de birbirleriyle i¢

ice ¢aligma alanlar1 olarak, karsilikli fayda iliskisi i¢inde degerlendirilmektedir.

Kiiltiirel mirasin korunmasi yalnizca kiiltiir turizmi araciligiyla degil; mirasin kendine 6zgii niteliklerine
gore farkli turizm cesitleriyle de olabilmektedir. Cesitli ibadet yapilar1 ve diger dini yapilar ile ritiieller
inang turizmi aracilifiyla; kirsal alanlarda yer alan geleneksel yapilar ve ydresel uygulamalar kirsal
turizm ya da ekoturizm ile korunabilmektedir. Arkeolojik turizm gibi faaliyetler ise ge¢misi ilk caglara
kadar uzanan yerlesim alanlarindaki mirasin, turizm faaliyetleri ile korunmasini saglayan 6nemli
uygulamalardir. Bu baglamda kiiltiirel mirasin korunmasinin, basta kiiltiir turizmi olmak iizere pek ¢cok

turizm ¢esidi ile yakindan iligkili oldugu ifade edilebilir.

3. MALATYA/BATTALGAZI’DE KORUMA VE TURIZM

Battalgazi ilgesinin i¢inde yer aldigi Malatya ili, Dogu Anadolu Bélgesi’nin Yukar:1 Firat Havzasinda
konumlanmaktadir. Adiyaman, Malatya, Elazig, Bing6l, Mus ve Van ¢okiintii alaninin giineybati
ucunda bulunan Malatya’nin dogusunda Elazig ve Diyarbakir, giineyinde Adiyaman, batisinda

Kahramanmaras, kuzeyinde ise Sivas ve Erzincan illeri bulunmaktadir (Gok & Tuna, 2013).

Malatya’nin tarihi geligsim siirecine bakildiginda, yerlesimin bilinen en eski ¢aglardan itibaren Anadolu
ve Ortadogu arasinda bir baglanti noktasi oldugu goriillmektedir (Ayvali, 2022). Neolitik Cag’dan
itibaren bir yerlesim alani olarak varligini siirdiiren Malatya Hitit, Asur ve Urartu donemlerinde de
onemini korumustur (Agaldag, 2016). Battalgazi ilgesi sinirlart i¢indeki Arslantepe Hoyiigl ve Cafer
Hoyiik, yerlesimin ge¢misinin ne denli eskiye dayandigini gosteren iki eski yerlesim alanidir (Agaldag,
2016; Olgun, 2021). Giiniimiizde kazi siireci devam eden ve 2021 yilinda UNESCO Diinya Mirasi
Listesi’ne dahil edilen Aslantepe Hoyiigii’'nde, yerlesimde kullanilan pek ¢ok obje ve oldukca erken

donemlere tarihlenen insan iskeletlerinin bulundugu bilinmektedir (Frangipane, 1997).

Tarihi siire¢ boyunca Asur, Med, Pers egemenlikleriyle Roma, Bizans, Sasani ve Arap hakimiyeti
altinda da kalan Malatya, 1058 yilinda Tiirkler tarafindan ele gegirilmistir (Umar, 1998; Saglam vd.,
2013; Agaldag, 2016). 1178 yilinda Selguklu hakimiyeti altina giren yerlesim, Ilhanli, Eretna ve
Memliik yonetimlerinin ardindan Osmanli Devleti tarafindan yonetilmeye baslanmistir (Gogebakan,
2002; Metin, 2013; Zengin, 2017). Osmanl Vilayet Salnamelerine gore Malatya, klasik donemde Marag
eyaletine bagli bir sancak iken; 1847 yilinda Harput eyaletine baglanmistir. 1867 yilinda ise Diyarbekir
vilayetinin Ma“mauratii“l-Aziz sancagina bagli kazas1 olmustur. Ayrica Salnamelere gére Malatya,
giiniimiizde Battalgazi (Eski Malatya) olarak bilinen alandan, Aspuzu olarak bilinen bolgeye tasinarak

yer degistirmis ve bugiinkii Malatya kentsel alan1 olugsmustur (Yapici, 2014) (Resim 1).
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Cafer Hayiik Kazilar §ehir Bilyiik Iskender'in

Hitit Kent Devleti s Osmanh
Neolitik Donem (M0 1200) Anadolu'yu Fethedisi Egemenligi
(MO 7000) (MO 330-280)
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Urartu ve Asur Kapadokya Yonetimi Anadolu Selguklu Cumhuriyetin llan

Egemenligi (M0612) (MO 280-212) Dénemi 29.10.1923
Sehir Sehir Sehir )il
Fethiye Hoyilk Kazilan Pers Yayiimasi Roma, Bizans Caldiran Savagt Cumhuriyet
Tung Gag (MO3000) Kapadokya Satraphg Sasaniler, Araplar 1514 Dénemi

Resim 1. Malatya kronolojik zaman ¢izelgesi (Saglam vd., 2013; Olgun, 2021)

Gilintimiizde Malatya ili sinirlar1 iginde on ii¢ adet ilge bulunmaktadir. Bunlardan Battalgazi ve Yesilyurt
ilcelerinin bir kismi, 6360 sayili kanunun kabuliinden 6nce kent merkezi olarak nitelendirilmistir. 6360
sayili kanunun yiirlirliige girmesiyle Malatya, biiyiiksehir statiisiine getirilmis ve Battalgazi ile Yesilyurt
ilgeleri, merkez ilgeler olarak belirlenmistir (URL 1). Bu ilgelerden Battalgazi, Malatya’nin tarihsel
siirecini yansitan zengin kiiltiirel ve mimari mirasiyla one ¢ikmaktadir. Bu baglamda c¢aligma
kapsaminda Battalgazi il¢esinin kiiltiirel mirasi ve mimari koruma baglamindaki 6zellikleri, turizm

odakli olarak ele alinmis ve degerlendirilmistir.

3.1. Battalgazi ilcesinin Genel Ozellikleri

e Konumu ve cografi nitelikleri

Battalgazi ilgesi, glinlimiizde Malatya kent merkezine 8 km uzaklikta ve 900 metre rakima sahip olan
eski bir yerlesim alanidir. Kuzey ve dogu yoniinde Karakaya Baraj Go6lii, batisinda ise Akcadag ilgesi
bulunmaktadir. Yerlesimin yiiz 6l¢iimii 299 km?’dir (Sentiirk & Giilseren, 1995; Eskici, 2013) (Resim
2). ‘Eski Malatya’ olarak da adlandirilan Battalgazi ilgesi, 1839 yilinda yer degistirmeye baslayan
Malatya’nin daha once yiiksekte olmasindan dolay: bu sekilde isimlendirilmis ve 1987 yilinda yapilan
niifus sayimmin ardindan Battalgazi ismiyle il¢e olarak kayitlara ge¢mistir (Arslan & Hayli, 2007,
Elibiiyiik, 2013; Baser & Olcay, 2021).

T
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Resim 2. Malatya’nin (a) ve Battalgazi’nin (b) konumlar1 (Ari, 2021)
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Battalgazi ilgesi, yaz aylarinda sicak ve kurak; kis aylarinda ise soguk ve yagisli bir iklime sahiptir. GAP
projesi kapsaminda, ilgede ve yakin ¢evresinde yapilan baraj géllerinden once kis aylart uzun siire kar
yagish olurken, giiniimiizde 1liman bir iklim hakimdir. Ilgenin yillik sicaklik ortalamasi 13.5 derece
civarindadir ve yilin en sicak glinleri, haziran ve temmuz aylarinda 27-30 derece olmaktadir (Baran vd.,
2018).

e Tarihi

Malatya ilk olarak Hititler tarafindan Meldia (meyve bahgesi) adiyla, giiniimiizde Battalgazi ilgesi
sinirlar1 iginde bulunan Aslantepe Hoytiglinde kurulmustur. Aslantepe’de kurulan kentin merkezi, MS
2. ylizyillda Romalilar tarafindan Battalgazi'ye taginmistir (Saglam vd., 2013; Agaldag, 2016). Bu
baglamda Battalgazi il¢esinin, Malatya’nin en eski yerlesim alani oldugunu belirtmek miimkiindiir.
Battal Gazi gibi kahramanlara ev sahipligi yapan, destanlara konu olan yerlesimde, tarihi siire¢ i¢inde
Hitit, Urartu, Asur, Roma, Emevi, Abbasi, Bizans ve Osmanli medeniyetleri hitkiim siirmiistiir (Metin,

2013; Baran vd., 2018; Celebi, 2021).

MO.8000 ROMA DONEMI OSMANLI DONEMI
X (MS. 7“’\1\1”“1) (1838 villary)
|
\
| |
Aslantepe Hoyiigii ve | Battalgazi (Eski I
diger hayiik | ’\l;ll:lf\';\) Balgesi | Giiniimiiz Kent
verleskeleri } \‘el'le>i(t-si I yerlegkesi
|

L | & | s
‘ |

Resim 3. Battalgazi’nin tarihsel gelisim siireci (Sahin, 2021 ve Malatya Biiyiiksehir Belediyesi, 2021°den

yararlanilarak hazirlanmigtir)

Battalgazi, tarih boyunca 6nemli ulasim yollarinin {izerinde bulunmasi nedeniyle pek ¢ok medeniyetin
ilgisini ¢ekerek zengin bir kiiltiirel birikimi biinyesinde barindirmistir. Hititler ddneminde Aslantepe
yerlesimiyle dnemli bir ulasim gilizergahi iizerinde bulunan Battalgazi, Roma doneminde de Kral
yolunun gegtigi bir noktada bulunmaktadir (Arslan, 2006). Selguklu déneminde yerlesim, Karadeniz-
Anadolu-Suriye-Irak ve Anadolu-iran-Suriye-Misir arasinda ticari faaliyetler icin ulasimin saglandig
kuzey-giiney ve dogu-bat1 yonlii yollarin kesisim noktasinda konumlanmistir (Zengin, 2015). Ayrica
cogunlukla askeri amagla kullanilan Malatya-Antep-Halep-Sam-Misir yolu da ilgenin sosyal ve kiiltiirel
bakimdan gelismesinin onemli bir nedenidir (Celebi, 2021). Stratejik konumuyla tarih boyunca 6ne
cikan yerlesim, bu 6zelligiyle Osmanli doneminde de 6nemini korumaya devam etmistir. Ancak 1838
yilinda Harput’ta bulunan Osmanli askeri karargahinin Battalgazi’ye tasinmasi nedeniyle yerlesim halka,
yasam alanlarin1 terk etmeye baslamistir (Goyiing, 1970). Bu durum, Battalgazi ilgesinin giderek

bosalmasina ve bakimsiz kalarak harap olmasina neden olurken; gliniimiizdeki Malatya kent merkezi,
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Battalgazi’den go¢ eden niifus tarafindan insa edilmeye baglamistir (Ayvali, 2022). Cumhuriyet

doneminde ise Battalgazi ilge merkezi, kiigiik bir yerlesim alan1 héline gelmistir.
e Niifusu ve ekonomik &zellikleri

Battalgazi’de ilk niifus saymminin 1518 yilinda yapildig1 bilinmektedir. 1530 ve 160 yilinda yapilan
niifus sayimlarina dair kayitlar da Osmanli tahrir defterlerinde mevcuttur. Buna gore belirtilen
dénemlerde niifusun 7300 kisi ile 8700 kisi arasinda degistigi ve bunlarin biiyiik bir kisminin Miisliiman
oldugu anlasilmaktadir (Yinalg & Elibiiyiik, 1983). 1838 ve 1839 yillarinda yerlesimi ziyaret eden
Avrupali seyyahlarin verdikleri bilgilere gore; bu yillarda niifusun yaklasik 30000 kisi oldugu ve 12000
kisinin de yeni kurulan ve gilinlimiizdeki Malatya kent merkezini olusturan Aspuzu’ya go¢ ettigi
bilinmektedir (Kirimhan, 1990). 19. Yiizyilin sonunda ise Battalgazi’nin harap bir yerlesim alan1 haline

geldigi ve yaklagik 200-300 hanenin kaldig1 ifade edilmektedir (Ayvali, 2022).

Cumhuriyet doneminde, bes yilda bir Battalgazi il¢esinde niifus sayimi yapilmistir. Buna gore 1935
yilinda 2170 kisi olan niifusun 1985 yilinda 13850 kisi oldugu goriilmiistiir (Ayvali, 2022). 2012 yili
niifus verilerine gore yerlesimin niifusu 29891 kisi olarak goriiliirken; 6360 sayili kanunun kabuliiyle
birlikte ilgeye pek ¢ok mahalle dahil olmus ve niifus bundan dolay: artmistir (URL 2). Giinliimiizde
biiyiiksehir statlisiinde olan Malatya’nin merkezi pek ¢ok mahallesini kapsayacak sekilde genisletilen

Battalgazi’nin niifusu, 2022 yili sayimina gére 304750 kisidir (URL 2).

Battalgazi ilgesinin ekonomik yapisini tarim, sanayi ve ticari faaliyetler bakimindan incelemek
mimkiindiir (Celebi, 2021). Yerlesimin en eski yasama alanlarindan olan Aslantepe Hoyiigiinde
bulunan eserler ve diger kaynaklar, bu alanda dokumaciligin ve meyve iiretiminin ¢ok yaygin oldugunu
gostermistir (Bagbay, 1987; Strabon, 2000; Metin, 2013; Celebi, 2021). Ayrica yerlesimin en 6nemli
donemlerinin basinda gelen Selguklu doneminde tarim, sanayi ve ticaret faaliyetlerinin tamamina dayali
bir ekonomik yap1 oldugu ifade edilebilir (Vakiflar Genel Midiirliigii Arsivi, 2021). Yerlesimde meyve
iiretiminin ve dokumaciligin Osmanli doneminde de devam ettigi; bu bolgede dokunan kumaslarm 18.
ve 19 yiizyillarda Anadolu ve Misir pazarlarinda yogun olarak talep gordiigii de bilinmektedir (Zengin,
2017). Battalgazi’de iiretilen tarim ve dokumacilik iiriinleri, erken Cumhuriyet donemine kadar ticari
faaliyetlerde kullanilmis ve bu baglamda yerlesimin ekonomisi iiretime dayali, dinamik bir etki
gostermistir (Metin, 2013). Ancak gliniimiizdeki Malatya kent merkezine gogiin baslamasiyla birlikte
ckonomik faaliyetler biiyiik oranda azalmig; 6zellikle tarimsal faaliyetler 6n plana ¢ikmis ve kayisi

iiretimine dayali bir ekonomik siire¢ olusmustur.

3.2. Battalgazi’de Kiiltiirel Miras

Battalgazi yerlesiminin stratejik konumu ve kokli tarihi gibi nitelikleri, kiiltiirel miras bakimindan

zengin bir alan olmasini saglamistir. Bu kapsamda ilge sinirlari iginde pek ¢ok somut ve somut olmayan
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kiiltiirel miras degerleri oldugundan s6z edilebilir. Somut kiiltiirel miras olarak mimari eserlerin bir¢cogu
giiniimiize ulagmis ve bunlardan bazilar1 da koruma altina alinmistir. Bazi yapilar ise yitirilmistir ancak
literatiirde, bu yapilar hakkinda bilgilere rastlanmistir. Ayrica yerlesim alanmi sinirlar i¢inde yer alan
Arslantepe Hoyiigii, M.O. 5000-M.S. 11 yillar1 arasinda yerlesim olarak kullanilan énemli bir arkeolojik
alan1 bilinyesinde barindirmaktadir (Malatya Biiyiiksehir Belediyesi, 2021) (Resim 3). Bununla birlikte
Cafer Hoyiik, Pirot Hoyiik, Hasircilar Hoyiigii, Galip Baba Hoyiigii, Cantepe Hoylik, Yarimtepe Hoyiik,
Maltepe Hoyiigii, Igmesu Tepe Hoyiigii, Biretepe Hoyiigii, Firinci Hoyiik, Yaygin Hoyiigii ile
Meydanbas1 Mahallesi Nekropol alani, Battalgazi ilgesi sinirlart i¢inde bulunan ancak herhangi bir kazi
caligmasinin yapilmadigi ya da baraj ingasindan dolay1 yalnizca kurtarma kazilarinin gergeklestirildigi
tescilli arkeolojik alanlardir. Battalgazi’nin Evi olarak bilinen tas yap1 kalintilar1 da tescil edilmis olan

arkeolojik sit alanlar1 arasinda yer almaktadir (Malatya Biiyiiksehir Belediyesi, 2021).

(b)
Resim 3. Arslantepe Hoyiigii’ niin konumu (a) ve genel goriiniimii (b) (Malatya Biiyiiksehir Belediyesi, 2021;
Google Earth, 2022)

Battalgazi yerlesim alani, tarihsel siire¢ boyunca pek ¢cok kez degisim ve doniisiim gegirmis; bu degisim
siireci, ¢esitli ¢cizimlerle belgelenmistir. Bunlardan Selguklu Donemi’nde yerlesimin siirlarini gosteren,
XII. ve XIII. ylizyillar hakkinda bilgi veren haritada, ¢esitli askeri, sosyal ve kiiltiirel varliklarin yerleri
goriilmektedir (Ozcan, 2005) (Resim 4a). Battalgazi’nin XIX. yiizyildaki durumunu gdsteren bir
haritada ise yine askeri yapilarla dini eserler ve bir antik donem yap1 kalintisinin oldugu anlasilmaktadir
(Metin, 2010) (Resim 4b). Bu harita 1989 yilinda revize edilerek detaylandirilmis ve eklemeler
yapilmstir (Sinclair, 1989) (Resim 5a). Yerlesimin bir plan1 da 2002 yilinda hazirlanmis ve bu ¢izim
iizerinde, ¢ok sayida dini ve sosyal yapinin yerleri gosterilmistir (Eskici, 2013) (Resim 5b). 1992 yilinda
hazirlanan ve 2010 yilinda gelistirilen bir haritada da Battalgazi sinirlari i¢indeki ¢ok sayida mimari

eserin yerleri goriilebilmektedir (Keskin, 1992; Metin, 2010) (Resim 6).
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Resim 4. Selguklu Déneminde (a) ve XIX. yiizyilda (b) Battalgazi’de bulunan eserlere dair ¢izimler (Ozcan,
2005; Metin,2010)
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Resim 5. Revize edilen XIX. yiizyil Battalgazi haritasi (a) ve 2002 yilina ait eserler haritasi (b) (Sinclair, 1989;
Eskici, 2013)
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Resim 6. 1992 yilinda hazirlanan ve 2010 yilinda revize edilen Battalgazi mimari yapilar haritas1 (Keskin, 1992;
Metin, 2010)
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Battalgazi’de bulunan mimari miras; askeri yapilar, dini yapilar, hanlar/kervansaraylar, su yapilar1 ve
konutlar olarak siralanabilir. Bunlardan gilinlimiize ulasan askeri yapilar, kenti ¢cevreleyen sur duvarlart
ve bunlara ait burclarla kapilardir. Yapim tarihi yerlesimin kurulusuna kadar uzanan bu surlarm M.S.
79-81 yillarinda mevcut olduklar1 bilinmektedir (Hacigokmen, 2011). Tarihi siire¢ i¢inde sik sik
onarilan ve miidahale goren surlar, Selguklu ve Osmanli dénemlerinde de varliklarin1 devam ettirmistir
(Darkot, 1988; Sevgen, 1959; Gogebakan, 2002; Metin, 2010; Hacigékmen, 2011; Eskici, 2013).
Giiniimiizde yerlesimin pek ¢ok yerinde sur kalintilar1 gériilmekle birlikte bunlardan bazilar1 restore
edilmistir (Resim 7). Yikilmig ve mevcut olan sur duvarlarinin yerleri ve izleri, Battalgazi Koruma

Amagli Imar Plani’nda goriilebilmektedir (Resim 8).

(b)
Resim 7. Battalgazi’de restore edilen sur duvarlari ve burglar (a) ile restore edilmeyen sur duvari kalintilari (b)

(Kisisel arsiv, 2018)

“| |BATTALGAZI (Malatya)|
7/ |KORUMA AMAGLI IMAR PLAN|

(T —

V MAKBULE ILGAN & UTTA PLANLAMA
Vi | (s oRTAKLIGY

Resim 8. Battalgazi Koruma Amagl Imar Plan1-2010 (URL 4)

Battalgazi’de yogun olarak dini mimari mirasin bulundugunu belirtmek miimkiindiir. Bu baglamda
yerlesim icinde ge¢misten giiniimiize ulagsan ¢ok sayida cami, minare, namazgah, mescit, tiirbe ve
kiimbet yapist oldugu bilinmektedir (Sever, 2016). Bunlardan bazilar1 Ulu Cami, Yeni Cami, Toptas
Camii, Ak Minare Camii, Siitlii Minare Camii, Bahri Camii, Emir Omer Mescidi, Alacakap1 Mescidi,
Zeynel Bey Mescidi, Namazgah, Halfetih Minaresi, Melik Sunullah Camii Minaresi, Hotim Dede
Tiirbesi, Ahmed Duran Tiirbesi, U¢ Kardesler Tiirbesi, Kanl Tiirbe (Kiimbet) ve Hac1 Nefise Hatun
Kiimbeti olarak siralanabilir (Akyildiz & Olgun, 2020c; Celebi, 2021). S6z konusu yapilar i¢inde Ulu

Cami, pek ¢ok yonden 6ne ¢ikan 6zgiin mimari eserlerin basinda gelmektedir. Malatya’nin ge¢misinde
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onemli bir yere sahip olan Selguklu Déneminde, 1224 yilinda I. Alaeddin Keykubat tarafindan yaptirilan
cami, tag ve tugla malzeme kullanilarak yigma yapim sistemi ile insa edilmistir. Tarihsel siire¢ i¢inde
bircok kez onarim gegiren yapi, dort cephesinden payandalarla desteklenerek giiniimiize ulagmistir
(Eskici, 2013). Orta avlu etrafinda dort eyvanli plana sahip olan cami, bu yoniiyle insa edildigi donemin
cami mimarisini de yansitmaktadir. Minaresi de sonradan eklenen yapiya ilaveler, uzun yillar boyunca
devam etmistir (Sever, 2016) (Resim 9a, Resim 9b). Yerlesim sinirlart i¢inde Venk Sapeli ve Margap
Manastir1 da dini mimari mirasin 6nemli birer pargasidir (Malatya Biiyiiksehir Belediyesi, 2021) (Resim
9c¢).

(b) ©
Resim 9. Battalgazi Ulu Camii genel goriiniimii (a), plan semasi (b) ve Venk Sapeli (b) (Aslanapa, 1991; Kisisel
arsiv, 2018; Malatya Biiyiiksehir Belediyesi, 2021)

Malatya’nin dogu-bat1 ve kuzey-giiney yoniinde farkli ticaret yollar1 lizerinde bulunmas: sebebiyle,
hemen hemen tiim ilgelerine yayilmis halde ¢ok sayida kervansaray yapisinin insa edildigi
bilinmektedir (Kazancioglu, 2001). Bu yapilardan Battalgazi’de bulunan ve 13. yiizyilin ilk yarisina
tarihlenen Sevserek Han, 13. yiizyila tarihlenen Sisman Han, 19. ylizy1l sonunda insa edildigi bilinen
Arapoglu Hani ve 1637 yilina tarihlenen Silahtar Mustafa Paga Kervansarayi, giiniimiize ulagan 6zgiin
eserlerdendir (Malatya Biiyiiksehir Belediyesi, 2021). Han yapilar1 glinlimiize ¢ogunlukla harap hélde
ulasirken; Silahtar Mustafa Kervansaray: restore edilmistir ve kiiltiirel islevli olarak kullanilmaktadir.
1637 yilinda padisah IV. Murat’in silahtar1 olan Bosnali Mustafa Pasa tarafindan insa ettirilen yapi, tas
malzeme ile yigma yapim sisteminden olugmaktadir. Kareye yakin dikdortgen planl olan yapida revakli
bir avlu ve bu avlinin bat1 yoniinde dikdortgen planli kapali kisim bulunmaktadir (Eskici, 2013) (Resim
10).

(@) (b)
Resim 10. Silahtar Mustafa Pasa Kervansarayi avlusundan goriiniim (a) ve plan semasi (b) (Kisisel arsiv, 2018;
URLS5)
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Malatya, bagta Firat Nehri olmak iizere yer alt1 ve yer iistii su kaynaklarinin zenginligiyle 6ne ¢ikan bir
cografi alanda konumlanmaktadir. Bu durum, yerlesim iginde su kiiltiirliniin ve buna dair yapilarin
yogun olmasinin énemli bir nedenidir. Battalgazi ilgesi sinirlarinda bulunan ve mimari miras niteligi
tagiyan su yapilar1 Tahtali Hamami, Belediye (Cars1)) Hamami ve Meydanbasi su kuyusudur. Tahtali
Hamamu gilinlimiizde restore edilmis ve miize isleviyle kullanilmaktadir (Resim 11). Belediye (Cars1)

Hamamu ise esasli onarimdan ge¢mis ve 6zgiin niteliklerini biiylik oranda kaybetmistir.

(3 (b)
Resim 11. Tahtali Hamamu dis (a) ve i¢ mekani (b) (Kisisel arsiv, 2018)

Battalgazi ilgesi smirlar i¢inde, Malatya geleneksel mimarisini yansitan ¢ok sayida konut yapisi
bulunmaktadir. Yaklagik 20 adet tescilli konutun yani sira heniiz tescillenmemis olan geleneksel konut
yapilarina da rastlanmaktadir. Tas temel iizerine kerpig bloklarla insa edilen ve ¢ogunlukla iki ya da ii¢
katli olan bu yapilar, Malatya’da giinliik yasama kiiltiirii ve aile yapist hakkinda da bilgi verir
niteliktedir. Buna gore yapilarin genellikle sokaktan direkt giris almasi ve arka cephe yoniinde
bahgelerinin bulunmasi, zemin katta ahir, kiler gibi mekanlar yer alirken iist katlarda odalarin ve hayat
ad1 verilen agik sofanin bulunmasi gibi mimari 6zellikler, yerlesimdeki konut mimarisinin genel

niteliklerini olugturmaktadir (Resim 12).

(b)
Resim 12. Battalgazi’de bulunan geleneksel konutlardan Beskonaklarin 6n (a) ve arka cepheleri (b) (Sahin &

Olgun, 2020)

Battalgazi ilgesi, Cumhuriyetin ilanindan sonra da gelismeye devam eden bir yerlesim alan1 olmustur.
Bu baglamda ¢ok sayida modern mimari mirasa ev sahipligi yapmaktadir. [lgede bulunan Cumhuriyet
Dénemi mimari mirasim Gazi Ilkokulu binasi, Atatiirk Evi, Milli Egitim Miidiirliigii Binas1, Malatya
Askerlik Subesi Binasi, K1z Sanat Enstitiisii Binas1, Inonii Anit1 ve Atatiirk Anit1 olusturmaktadir (Cakan
& Olgun, 2018; Malatya Biiyiiksehir Belediyesi, 2021) (Resim 13). 1945-1950 yillarina tarihlenen 28
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adet askeri depo da yerlesimdeki Cumhuriyet Dénemi mimari mirasi olarak tescil edilmistir (Malatya
Biiytiksehir Belediyesi, 2021).

Resim 13. Battalgazi’de Cumhuriyet Dénemi mimari mirasindan Atatiirk Evi (a), Gazi ilkokulu Binas1 (b) ve

okul binasinin zemin kat plan semasi (c) (Kisisel arsiv, 2018; Celemeoglu & Atici, 2021)

Battalgazi ilgesinde giiniimiize ulasabilen mimari mirasin yani sira; kaynaklarda varligindan s6z edilen
ancak giiniimiize ulasamamis olan mimari eserler de bulunmaktadir (Celebi, 2021). Bunlardan
bazilar1, dini yapilar olan Darii’s Saade Camii, Pulluca Mehmed Camii, Carsu Camii, Cekmeci Camii,
Seyh Hasan Bey Camii, Gazi Sinan Pasa Camii, Atabey Mescidi ve Hasan Bey Mescidi’dir. Ayrica
Sahabiyye-i Sugra Medresesi, Hankah Medresesi, Muciriyye Medresesi, Kiibra Zaviyesi, Uluca Hatun
Zaviyesi, Pervane Hatun Zaviyesi, Hatuniye Zaviyesi, Helf Liile Zaviyesi, Seyh Taciiddin Bin Kasim
ve Seyh Taciiddin Bin Ibrahim Zaviyeleri ile Ahi Semsiiddin ve Ahi Yusuf Zaviyeleri, egitim amagl
kullanilan ve giiniimiize ulagamayan mimari eserlerden bazilaridir. Altun-aba Hamamu, Silahtar Mustafa
Paga Hamami, Behram Paga Hamami, Argunsah Hatun Tiirbesi ve Cingene Hani da kaynaklarda
hakkinda bilgi bulunan fakat giiniimiize ulagsamayan yapilardir. Malatya Eski Belediye Binasi ise
gliniimiize ulasamayan Cumhuriyet Dénemi mimari mirasidir. Bunlara ek olarak ismi bilinmeyen ancak
literatiirde varligindan s6z edilen tiirbe, cesme ve kervansaray yapilari oldugu da ifade edilebilir (Eskici,

2013; Unal, 1983; Kazancioglu, 2001; Giilsoy & Tastemir, 2007; Zengin, 2017; Celebi, 2021)

Battalgazi’de somut kiiltiirel miras olarak mimari eserlerin yani sira, somut olmayan kiiltiirel miras
ogeleri de goriilmektedir. Yorenin kendine 6zgii el sanatlarindan olan ahsap oymaciligi ve yemenicilik,
bakircilik gibi zanaatlar; kayis1 ve kayis1 gicegi festivalleri ile Islami ibadet ritiielleri, bu kapsamda
degerlendirilen faaliyetlerden bazilaridir (URL 6). Bu degerler agik ve mekanlarla; dolayisiyla mimari
mirasla da dogrudan ya da dolayl olarak iliski kurabilmektedir. Ayrica yerlesimde ge¢miste cesitli
taslarla ilgili farkli inaniglar oldugu ve bunlarin da yapilara yansidigi goriilmektedir. Glintimiizde devam
etmese de somut olmayan kiiltlirel degerler bakimindan taslarla ilgili inanislarin yapilara en bilinen
yansimalarindan biri, Toptas Camii’nde yer alan misafir taglaridir (Resim 14). Bu taglarin islevine dair
farkli anlatilar olmakla birlikte; caminin dig duvarinin dniinde yer alan on bir adet tasin, buraya gelen

misafirlere ve ihtiya¢ sahiplerine yardim etmek amaciyla koyuldugu anlasilmaktadir. Buna gore
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yerlesime gelen bir yabanci, caminin yanindaki hangi tasin {izerine oturursa; tasi oraya koyan kisinin

evinde misafir edilmektedir (Kavruk & Solmaz, 2020).

Resim 14. Toptas Camii ve yaninda yer alan on bir adet misafir tag1 (Kavruk & Solmaz, 2020)

Battalgazi’de en fazla 6ne ¢ikan ve giiniimiizde de varlifin1 devam ettiren somut olmayan kiiltiirel
degerlerin basinda, Battalgazi destaninin geldigini belirtmek miimkiindiir. Destana gére Malatya’da
dogan Battalgazi, giiclii bir asker savagei olarak ilgeye adini vermistir. Dilden dile aktarilarak giiniimiize
ulasan bu destan, Battalgazi ilgesinin hem koruma hem de turizm potansiyelinin artmasi agisindan etkili

olmus ve ulusal baglamda bilinirligine katki saglamistir (Dal, 2019).

3.3. Battalgazi’de Koruma ve Turizm iliskisinin incelenmesi

Battalgazi, somut ve somut olmayan kiiltiirel miras bakimindan biiyiik bir zenginlige sahiptir. Ozellikle
tarihi yapilariyla 6ne gikan yerlesimde, bu yapilardan bazilari koruma altina alinirken; bazilari ise heniiz
onartlmamistir. Bu baglamda onarilan yapilardan bazilar1 kale surlari, Ulu Camii, Yeni Cami, Ak
Minare Camii, Toptas Camii, Bahri Camii, Yusuf Ziya Pasa Camii, Karahan Camii, Silahtar Mustafa
Pasa Kervansarayr ve Tahtali Hamami’dir. Bunlarla birlikte Cumhuriyet Donemi’ne tarihlenen
eserlerden askeri depolar hari¢ digerleri onarim gerektirmemektedir. Yerlesimde bulunan diger mimari

eserler ise cogunlukla orta diizeyde ya da esasli onarima ihtiya¢ duymaktadir.

Battalgazi’de korunan ve terk edilen yapilarin biiyilik bir kismi, dogrudan ya da dolayli olarak turizm
faaliyetleri ile baglantilidir. Bu baglamda yerlesimdeki koruma-turizm iligkisine yonelik sorunlar ve

¢Ozlim Onerileri su ifadelerle aciklanabilir:

- Battalgazi’de restore edilen Silahtar Mustafa Pasa Kervansaray1 ve Tahtalt Hamamu gibi yapilar,
turizme kazandirilarak korunmalarina katki saglanmasi hedeflenmistir. Ancak bu yapilarin
yakin ¢evresi bilyiilk oranda g¢arpik kentlesmenin etkisinde kalmis; ayni zamanda cevrede
bulunan diger tarihi yap1 kalintilarina miidahale edilmemistir (Y1lmaz vd., 2014). Bu nedenle
yapilarin biitiinciil olarak korunmasi ve turizm baglaminda etkili bir sekilde tanitilabilmesi igin,

yakin ¢evrelerinde bulunan yapilagsmanin kontrol altina alinmasi gereklidir.
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- Yerlesim iginde esasli onarim gerektiren yap1 ve yap1 kalintilar1 cogunlukla bir ya da iki kath
konutlarin bahgelerinin iginde kalmistir. Ayrica bu konutlarin yapiminda, s6z konusu
kalintilardaki tas malzemelerin de kullanmildigi goriilmiistiir (Yilmaz vd., 2014). Kalintilarin
hangi yapilara ait oldugunun tespit edilmesi ve koruma altina almarak gerekli goriilen
durumlarda restore-rekonstriikte edilmesi, yerlesimin turizm potansiyeli agisindan biiyiik nem
tagimaktadir.

- Battalgazi, ozellikle kiiresellesmenin etkisiyle yerel kimligini kaybetmeye baslamistir. Bu
durum, sivil mimari eserler olarak geleneksel konut yapilarinin yitirilmesine de neden
olmaktadir (Yildirim ve Korkmaz, 2012). Kimligin kaybedilmemesi i¢in geleneksel yasamin
tesvik edilmesi, tanitilmasi ve turistik agidan da ilgi ¢ekici hale getirilerek sergilenmesi, sivil
mimari eserlerin korunmasi agisindan faydali olacaktir.

- Battalgazi’de Cumbhuriyet oncesi donemler kadar, Cumhuriyet Dénemi’nde insa edilen 6zgiin
mimari eserler de bulunmaktadir. Bunlardan Atatiirk Evi her ne kadar miize olarak kullanilsa da
turistik a¢idan yeterince tercih edilen bir mekéan olarak degerlendirilmemistir. Bununla birlikte
aktif olarak 6zgiin isleviyle kullanilan diger Cumhuriyet Dénemi mimari eserleri de birer miras
olarak tanitilamamig ve turistik a¢idan 6ne g¢ikarilamamistir. Bu baglamda yerlesimdeki tiim
Cumhuriyet Donemi eserlerinin turizm baglaminda ele alinmasina yonelik ¢alismalar yapilmasi;
bu eserlerin en az Cumhuriyet donemi Oncesine tarihlenen eserler kadar deger gérmesi ve
tanitilmasi, korunmalar1 ve gelecege aktarilmalari agisindan 6nemlidir.

- Yerlesimde gorece daha yeni olan ¢esitli festivaller somut olmayan kiiltiirel miras bakimindan
onemli bir turistik deger olustursa da ge¢miste var olan yere 6zgli somut olmayan degerlerin
cogunlukla yitirilmig olmasi ya da gilinlimiize ulasabilenlerin yeterince bilinmemesi, koruma
baglaminda da olumsuzluklara zemin hazirlamaktadir. Bu bakimdan Battalgazi destam ve
misafir tag1 gibi somut olmayan kiiltiirel degerlerin mekanlarla iligkisinin 6ne ¢ikarilmasi ve
tanitilmasi, hem yapilarin korunmasi hem de turizm altyapisinin arttirtlmas1 bakimindan biiyiik

Oonem tasimaktadir.

Battalgazi’de korunan ve esasli onarim gerektirmeyen mimari eserlerinin biiyiik oranda dini yapilardan
olustugu goriilmektedir. Bu bakimdan yerlesimin, inan¢ turizminde kapsamli bir tur programi
hazirlanabilmesi i¢in zengin bir igerige ve cazibe noktalarina sahip oldugu ifade edilebilir (Baser ve
Olcay, 2021). Bununla birlikte inan¢ yapilarinin da dahil olacag: bir kiiltiir rotasiyla yerlesimin tim
kiiltiire] miras1 sistematik olarak ele alindiginda, bu mirasin korunmasi bakimindan da olumlu

gelismelerin ortaya ¢ikmasi kaginilmazdir.
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4. SONUC

Battalgazi, Anadolu’nun ticaret yollariyla baglantili olan stratejik bir konumunda olmasi, zengin cografi
ve tarihi verileriyle kiiltlirel mirasin yogun oldugu bir yerlesim alanidir. Bu anlamda yerlesimde bulunan
pek cok tarihi yap1 giinlimiize ulasmis; bazi yapilar ise yitirilmistir. Giiniimiize ulasan yapilar, ¢ok ¢esitli
islevlere sahiptir. Bu yapilarin da bir kismi restore edilerek 06zgiin islevleriyle ya da yeniden

islevlendirilerek kullanima kazandirilmigtir.

Kiiltiirel miras1 onemli bir kaynak olarak kullanarak turizm endiistrisi, son yillarda koruma
caligmalartyla daha siki bir iligki kurar hale gelmistir. Giiniimiize ulasan mimari miras, somut ve somut
olmayan nitelikleriyle turizm i¢in dnemli bir g¢ekicilik olusturmaktadir. Bu baglamda Battalgazi’nin
zengin mimari mirasi da islev ¢esitliligi, yoreye 6zgii nitelikleri ve kentin genis bir alanina yayiliyor
olmasiyla turizm acisindan avantajli kaynaklar1 biinyesinde barindirmaktadir. Buradan hareketle
Battalgazi’de yer alan dini mimari miras inang¢ turizmine, arkeolojik miras arkeoloji turizmine, somut
olmayan kiiltiirel degerlerle birlikte tiim mimari miras da kiiltiir turizmine hizmet edebilecek niteliklere

sahiptir.

Gelismis pek ¢ok tilkede oldugu gibi, Battalgazi 6rneginde de gilinlimiize ulasabilen tarihi yapilara yeni
islevler kazandirilmasi asamasinda, ozellikle turistik tesis haline getirme bakimindan etkili adimlar
atilmistir. Bu durum, bu tiir tesislerde kiiltiirel miras1 korumanin isletmecilik araciligiyla
gerceklesebilecegi ve bircok turizm cesidiyle birlikte kiiltiir turizmine hizmet vererek Tiirk turizm
ekonomisine katkilar saglanacagi bilincinin yayginlagmasinin bir sonucudur (Dinger & Ertugral, 2000).
Bununla birlikte baz1 yapilarin yeniden islevlendirilmesi ve turistik tesis olarak kullanilmasi, yeni isleve
adaptasyon acisindan 0Ozgiin yapisal ve kiiltiirel niteliklerin g6z ardi edilmesi tehlikesini
dogurabilmektedir. Ozgiin isleviyle kullanimi devam eden yapilarin ise bu islevlerinin ¢agdas kullanima

uygun olmasi da koruma g¢aligmalarinin siirdiiriilebilir olmasi bakimindan énem tagimaktadir.

Battalgazi’de her ne kadar yeniden islevlendirme ve restorasyon calismalari ile tarihi yapilar turistik
birer lirin haline getirilip korunsalar da ilgenin genel siliietinin ve kentlesme durumunun tarihi nitelik
tagimamasi, biitiinciil bir koruma anlayis1 agisindan olumsuz olarak degerlendirilebilir. Bu kapsamda
oncelikle Battalgazi halkinin koruma bilincine sahip olmasi igin ¢aligmalar yapilmasi ve tarihi yapilarin
turistik bakimdan olumlu getirilerinin vurgulanmasi; bununla birlikte tarihi yapilarin yakin ¢evrelerinde
doku olgeginde korumaya yonelik yasal ve uygulamaya doniik caligmalar gergeklestirilmesi,
Battalgazi’nin bir biitiin olarak turistik deger tagimasi ve siirdiiriilebilir korumanin saglanmasi agisindan
onemlidir. Bu baglamda Battalgazi’de koruma-turizm iliskisinin gelistirilmesine yonelik olarak

asagidaki oneriler siralanabilir:

- Yerlesimde Aslantepe HOyligli’nii odak alarak, tarihsel siiregte alanin kimliginde yer bulan tiim

tarihi yapilar belirli bir rota dahilinde kiiltlir yolu seklinde diizenlenebilir. Bu sayede turizm

59



KARESI JOURNAL OF ARCHITECTURE

a r e S l KARESI MIMARLIK DERGISI
”WW 5 ?d”‘é/m’cm” Volume 1, Number 1 | December 2022
Cilt 1, Sayi1 1 | Aralik 2022

acisindan giizergahi ve nitelikleri belli bir gezi alan1 ortaya ¢ikarken; mimari mirasin tanitilmasi
ve korunmasi da saglanabilir.

- Kiiltiir yolu olusturulurken dncelikle Antik Dénem ve Tiirk-Islam Dénemi dncesinde insa edilen
eserler, ardindan Tiirk-Islam Dénemi eserleri ve son olarak giiniimiizde kent merkezi olarak da
nitelendirilen alanda kalan Cumhuriyet Donemi mimari mirasi, kronolojik siralama da
gozetilerek rotaya dahil edilebilir. Boylece koruma-turizm iligkisi baglaminda kentin
kurulusundan itibaren giiniimiize ulasana kadar gecirdigi siireci gozlemlemek miimkiin

olacaktir.

Sonug olarak yapilan ¢alisma ile Battalgazi ilgesinin mimari mirasina turistik birer kaynak olarak dikkati
cekilmis ve bu sayede s6z konusu kaynaklarin korunarak tanitilmasina, gelecek nesillere aktarilmasina

katki saglamak hedeflenmistir.
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Abstract

Turkish cities are facing unplanned and rapid urban development supported by the neoliberal urban development
policies of the national government and put into practice by local governments. Neoliberal urban development
policies around the world are implemented through focusing on public transport-oriented urban development to
cope with increasing urban densities and changing activity patterns. However, in Turkish metropolitan cities,
neoliberal urban development policies are accompanied with urban transport decisions that put motorized vehicles
at the center of the urban life. Improvement of urban transport systems is perceived by many Turkish local
governments as a matter of infrastructure investment for cars or investments for costly and inefficient rail systems
built for political returns. Motor vehicle-oriented design and operations of cities and transport systems neglect
low-cost and carbon-free human focused bicycle, pedestrian transport and public transport priority. Legal and
institutional frameworks consist of important restrictions and effects on urban transport policies and practices.
This paper evaluates these frameworks as major causes of the complications in current urban transport systems
and reflection of these complications are evaluated for Ankara case. The legal framework and institutional structure
of urban transport in Turkey are analyzed as a basis for operational practices, ownership frameworks, investment
decisions and other implementations at the local level. Paper clarifies the roles of institutions, both local and
national, in terms of their overlapping and contradictory responsibilities and voids in their decision-making
processes. Finally, it proposes a set of objectives for a new institutional structure that will improve the situation of
Turkey’s urban transport systems considering current economic limitations and political dynamics.

Keywords: Urban Transport, Legal Frameworks, Institutions, Decision-Making Processes, Policy

TURKIYE KENTLERINDE INSAN ODAKLI ULASIM
SISTEMLERININ ONUNDEKI YASAL VE KURUMSAL ENGELLER
VE ANKARA KENTIDEKI YANSIMALARI

Ozet

Tirkiye kentleri merkezi yonetimin neo-liberal kentsel gelisme politikalariyla desteklenen, yerel yonetimler
tarafindan uygulanan yaygin ve hizli kentsel gelisme ile yiizyiizedir. Diinyada neo-liberal kentsel gelisme
politikalart artan yogunluklar ve kentsel eylem iligkilerine cevap verebilmek igin toplutasim odakli kentsel
gelismeyi uygulamaktadir. Ancak Tiirkiye biiyiik kentlerinde neo-liberal kent gelisim politikalar1 siirdiiriilebilir
olmayan motorlu tasitlari kentsel yasamin merkezine koyan kentsel ulagim kararlari ile hayata gegmektedir. Kent
ulasim sistemlerinin iyilestirilmesi yerel yonetimlerin ¢ogunlugu tarafindan otomobiller i¢in karayolu yatirimi
veya politik beklentilerle gergeklestirilmek istenen yiiksek maliyetli ve verimli isletilemeyecek rayli sistemlerin
ingaat1 olarak algilanmaktadir. Kentler ve ulagim sistemlerinin yatirnm ve isletmesi motorlu tasit odakli olarak
gelistirildikge diisiik maliyetli, karbonsuz insan odakli bisiklet ve yaya ulagimi géz ardi edilmekte ve toplu ulagima
gereken Oncelik verilmemektedir. Yasal ve kurumsal gercevelerin kentsel ulasim politikalar1 ve uygulamalari
iizerinde 6nemli belirleyiciligi bulunmaktadir. Bu makale yasal ve kurumsal gerceveleri mevcut kentsel ulasgim
sistemlerinin en ¢ok zarar gordigii karmasalarin kaynagi olarak ele almaktadir ve bu karmasalarin yansimalari
Ankara drneginde degerlendirilmektedir. Isletme uygulamalarmin, isletici gergevesinin, yatirim kararlarmin ve
yerel diizeydeki diger uygulama siireglerinin temelini olusturdugu icin Tirkiye’deki kentsel ulasimin yasal
gercevesi ve kurumsal yapisi makalede incelenecektir. Hem ulusal hem de yerel diizeydeki kurumlarin ¢akisan,
catisan gorevleri ve karar verme siireglerindeki bosluklar agiklanacaktir. Son olarak mevcut ekonomik sinirlart ve
politik dinamikleri géz oniinde bulundurarak bugiinkii durumun iyilestirilmesi igin yeni bir kurumsal yap1 i¢in bir
dizi ilke 6nerilecektir.
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1. INTRODUCTION

Cities around the world are focusing on more human movement oriented and environmentally friendly
public transportation systems and pedestrian and bicycle-oriented transportation systems on urban
transport arrangements, while taking measures to reduce the use of individual motor vehicles. Despite
this worldwide trend, municipalities are favoring to invest in car-centric solutions to relieve congestion
in Turkish cities. Widening roads and building grade-separated junctions for cars are popular projects
even in urban cores. Pedestrian over and under-passes are built for not to ease the movement of
pedestrians, but to create smooth and uninterrupted flow of vehicular traffic. Road projects are
implemented at the expense of damaging green areas or narrowing sidewalks. In addition to creating
hazards for urban social life and the environment, these roadway improvements intending to reduce
traffic congestion, actually are increasing total vehicle travel through shifts in travel times, routes and
modes of transport, and they are attracting new, longer and more frequent vehicle trips with more
congestion. There are many case studies from Turkish cities, indicating contradicting urban transport
system implementations (Acar, 2016; Oncii, 2016; Ustiindag, 2016; Ugurlar, 2019).

This planning attitude which is known as “induced” or “generated” traffic (Goodwin, 1996; Litman,
2001), is left years ago in many planners and city governments. Scholars have pointed out the
requirement of a shift from the “predict and provide” approach to the use of various “demand
management” tools in the form of policy packages, including combinations of different travel demand
management tools (Banister, 2005; Banister et al., 2013; Goodwin, 1996). However, low-cost
operational improvements for public transport systems or infrastructure improvements for non-
motorized modes of transport are neglected and undervalued by both local and national decision makers

and even by citizens in Turkey.

An inadequate legal and institutional framework and the interference of assemblages (including formal
and informal actors and groups with short-term economic expectations) are shaping urban transport
policies and implementations in Turkey’s metropolitan cities (Oncii Yildiz, 2015). These frameworks
and assemblages have relations and alliances at the international, national and local levels. Legal and
institutional frameworks at the national level are evaluated here as one of the major causes of
deficiencies in urban transport systems. These frameworks form urban transport policies, decision-
making processes and practices in Turkey and they constitute the basis for short and long-term projects

and operations at the local level.

This paper begins by summarizing urban transport systems’ multi-level economic and political relations,
effects on development of Turkey’s economic conditions and political attitudes and their general effect
on urban transport systems. Then, the evolution of the legal framework and institutional structure that

affects urban transport decisions and projects in the Turkish administrative system are examined. The
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roles and responsibilities of the relevant institutions are described, along with contradictions and voids
in their responsibilities and actions. Then brief review of Ankara Urban Transport System is made in
order to indicate how the legal and institutional deficiencies negatively affect development of urban
transport system. The final section of the paper proposes a basis for a new institutional framework for
improving the structure of Turkey’s urban transport systems considering current economic limitations

and political dynamics.

2. POLITICAL AND HISTORICAL BASIS SHAPING URBAN TRANSPORT
SYSTEMS

Cities grow within a system that use urban land more as a potential for profit than as an opportunity for
development. Sawers (1984) indicated that the profit sought from the development of urban
transportation is derived, not from the operation of the transport facility itself, but rather from its effects
on urban land markets. Changing relations in capital accumulation processes, economic relations and
related politics shape urban growth and urban transport systems. Large urban transformation projects
and commercial facilities, including luxury office building and residential blocks and fancy shopping
centers, characterize the development of Turkish cities during the last two decades. Urban transport
facilities, especially infrastructure investments for motor vehicles, act as a vital catalyst of neoliberal
urban development. Therefore, urban transport practices should be analyzed with both political and

economic developments in mind.

Local governments and other local actors in complex multi-level relationships are crucial factors in the
development or failure to develop urban transport policies for human oriented, efficient and sustainable
environments. However, in developing countries, national legal frameworks and public institutions
define the boundaries of local administrations. National economic and political decisions allow some
actors, groups and institutions to benefit or suffer from the gaps (or so-called non-decision areas) in the

legal and institutional framework.

Main influence on the supranational level is capital accumulation strategy, countries, regions and cities
are affected by global dynamics differently according to their own political choices and economic
structures. Supranational economic and political conditions are a composition of the influences of
different national governments and supranational economic and political assemblages such as the IMF,
the EU, the World Bank, OPEC and multinational corporations. National economic dynamics shaped
by the political choices of governing parties are most powerful determinant of urban transport system
development in Turkey. Urban dynamics and mayors are defined, restricted or sometimes broadened by
the institutional and legal boundaries of the national government. Mayors acting within the constraints

of national and international conditions do not have a wide range of choices, and they also adopt an

67



KARESI JOURNAL OF ARCHITECTURE

a r e S l KARESI MIMARLIK DERGISI
“””“ 4 %”‘z‘ﬁcm” Volume 1, Number 1 | December 2022
Cilt 1, Sayi1 1 | Aralik 2022

entrepreneurialist mode of urban development, which leads to motorized traffic oriented urban and
transport system development.

2.1 Brief Historical Overview of National Dynamics Shaping Transport Systems
in Turkey

Turkish cities suffered from the economic constraints and stress during the early years of the Turkish
Republic. Urban population growth and urban transport activities were limited until the 1950s.
Urbanization and urban transport got rather limited attention from the state, which was focused on its
nationally adopted industrial and agricultural development plans. The national government’s support for
industrialization eventually led to rapid urbanization starting in the 1950s, although limited funds
allocated for urbanization.

Beginning in the 1950s, waves of migration to cities were absorbed by unplanned and illegal housing
settlements in the urban periphery. Urban development pressures were absorbed by transferring public
services to private entrepreneurs including urban transportation. Small producer- and tradesman-
oriented private entrepreneurship policies were kept in place until 1973 by different governments
(Tekeli, 1983). The municipalities of major cities like Ankara and Istanbul preferred to have public
transport services provided by private entrepreneurs rather than public institutions. The political
approaches adopted by national and local governments after 1950s affected the balance between the
private sector and the provision of public service, initiating a trend, which continued until today (Oncii
Yildiz, 2015).

In the beginning of 1960s, establishment of the State Planning Organization was a milestone in the
nation’s planned economic and spatial development. The State Planning Organization had the duty of
planning and supervising economic and social development and making predictions related with
economic and social objectives of Five Year Development Plans (FYDPs). The main difference from
previous industrial plans was the new term, “development”, a broad concept with social, economic and
cultural dimensions (Ekiz and Somel, 2003). Planned economic development had important implications
for urban development and planning. The new institutional framework of economic and social planning
together brought the acceptance of comprehensive rationalist planning with an in-depth understanding
of urban development (Sahin, 2007). Important efforts were made to establish livable and efficient urban
environments and transport systems. However, these efforts could not be legitimized in the domain of

urban transport, as the next section on institutions and legal framework will describe.

During the 1970s, the political approaches of the national government contradicted those of social
democratic municipalities. Social democrat local governments began to depart from small entrepreneur-

oriented political attitudes regarding the provision of public services. Although they were financially
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restricted by the national government, urban and transport planning problems were resolved using
different tools intended to respond to social needs and equity issues. Physical arrangements for
prioritizing public transport and various transport demand management tools were implemented by these
municipalities. However, these were ad hoc solutions, created to overcome financial restrictions

imposed by the national government.

After the 1980 military coup, positive developments of previous years were discontinued. Military Coup
was a result of the foreign payment crisis due the world oil crisis and political instability of unsuccessful
government coalitions and social discontent. Economic development policies after the coup prioritized
market dynamics and the private sector in decision making. International entrepreneurs began to invest

in urban land and urban consumption.

In the 1980’s, local governments around the world changed their approach and took on new
entrepreneurial roles. They began to enact with the neoliberal tendencies of national governments by
attempting to improve efficiency, competitiveness and profitability (Lambert, 1985). New advanced
capitalism attributed new roles to local government by supporting urban growth in a fragmented way.
As Harvey (1989) noted, the city began to appear to be both the product and condition of capitalist
development. Despite the diminished role of the state in the economy, neoliberal states continued to
establish favorable conditions for attracting international capital. Urban development, including urban
transport and other urban infrastructures and services, were used as a new tool for drawing international
and national capital into land-based investments. This approach turned urban systems into a huge new

commodity and a playground for neoliberal ventures.

Turkish municipalities prioritized costly infrastructure projects rather than investments in the
reproduction of the labor force or support for the urban poor. These services were performed through
privatization and external finance provided by international capital (Dogan, 2001). Large investment-
oriented policies amplified urban transport problems and put burdens on citizens by increasing the size
of investments and delaying implementation of projects (Oncii Yildiz, 2015). At the same time, both
national and local governments allowed small public transport entrepreneurs (bus, minibus and taxi
operators) to become the permanent response to growing demand for transport. They were made the
main components of urban transport through new legal and practical concessions. Short-term problem

solving led even bigger problems in the years to follow.

In the 1990s, neoliberal polices of integration with the global economy were not successful, and Turkey
experienced two economic crises. An era of coalition governments involving right and left parties began.
The social democrats were unable to affect nationally adopted neoliberal policies since these coalitions
were short-lived. The social democratic party won some important cities in local government elections,

but again faced the financial restrictions of the national government. These municipalities attempted to
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develop their own resources based on arguments in favor of social development and equity. However,
these municipal governments contradicted themselves by initiating costly infrastructure investments,
thus complying with the neoliberal national political attitude. Large infrastructure projects and high-cost
urban rail projects in Ankara and Istanbul were financed with foreign credits from international financial

institutions.

In late 1990s, the adverse effects of 1997 global economic crisis on Turkey’s economy were
compounded by the 1999 Izmit earthquake. The government received large international financial IMF
support to reduce these negative effects and provide economic and political stability. The financial and
institutional restructuring recommendations of the international funding organizations were
implemented as required for receipt of these funds (Celasun, 2002). National economic policies were
supported with short-term urban plans, and entrepreneurial policies become a permanent feature of urban

development and transport systems.

In 2000’s the right sided party, representing moral and social conservatism and neoliberal policies, won
a majority in national elections. Altiok (2007) assessed this term as the enforcement of Turkey’s role in
the world capitalist system, which had begun years ago in 1980. In fact, all national governments since
1980 have adopted neoliberal policies. Although the political and economic support of the IMF and the
EU enabled national government to mitigate the negative effects of the 2008 global economic crisis,
large-scale privatization projects were criticized for being dominated by capital more than ever (Angin
and Bedirhanoglu, 2012). The government supported localization by implementing several legal
frameworks required by the EU accession process. Local implementations began to be based on the
principles of privatization and profitability rather than public needs. Although making positive claims
about localization, democratization and participation, the national government began inequitable
applications of the regulatory state by eliminating funds for municipal public services from national
budget. It replaced finance of local public services in the local budget through pricing or privatizing the
services whenever possible. The government reduced urban planning powers of municipalities and
transferred several of their responsibilities to national government institutions, while bureaucracy and
auditing mechanisms were not centralized by the state. It specifically targeted land development projects

for large capital investment instead of proper urban planning.

The large infrastructure projects required international funding with the condition of using their
technologies or professional support in the field of urban transport. However, the EU’s
recommendations of human oriented low-cost solutions for urban transport, such as improving
pedestrian, cycling and bus systems were not considered in local level decisions and projects. The EU’s

progressive urban policies did not have binding directives for local level implementation, especially in
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candidate countries, nor did the Turkish national governments develop a legal framework for human

oriented urban transport priorities.

During the 2010s, funds for large infrastructure projects, exceeding municipal budgets, were obtained
from the national government. The national government, not considering equitable distribution of
projects among regions, supported large infrastructure projects concentrated in metropolitan cities run
by mayors supported by national government, while city governments from other parties suffered from
lack of funding. Urban development and transport systems began to be shaped according to the interests

of several actors and pressure groups such land developers and transport operators.

Intensified entrepreneurialist policies brought speculative urban development in the form of luxury
housing sites and shopping centers. Urban transport services were provided as complementary to
speculative construction sector. Urban land development profits were larger and much more attractive
than returns on urban transport infrastructure and operations. Procurement of urban transport services
was performed at the municipal level through self-procurement or contracting unless part of a
comprehensive urban transport plan. Effective assemblages were usually small and middle-sized
investors and operators, while urban development decisions brought larger returns to investors and were

controlled by large construction companies (Oncii Yildiz, 2015).

To sum up briefly, national economic and political developments have shown a strong relationship
between national political tendencies and local level developments. Turkey, as an emerging economy
with a relatively high rate of population growth and urbanization, has often prioritized economic growth
at the expense of social development and environmental protection. Preference for costly projects based
on a neoliberal perspective, support for policies in favor of small entrepreneurs due to election concerns
and prioritizing short-term economic gains from land instead of planned development have hindered the

adoption of a holistic approach to both urban and urban transport system development since the 1980s.

3. THE INSTITUTIONAL STRUCTURE AND LEGAL FRAMEWORK OF
URBAN TRANSPORT

This section reviews the legal and institutional framework of urban transport by defining institutions,
reviewing their policy documents, and considering the developments described so far at the national
level. The urban transport framework in the Turkish governmental system is complex with conflicting
responsibilities and duties of several institutions and many important voids. At the national level, the
Ministry of Development (MoD) defined general policies for urban and urban transport development in
five-year development plans (FYDPs). The Ministry of Transportation and Infrastructure (MolT) is
responsible for national decisions about transportation, and the Ministry of Environment, Urbanization

and Climate Change (MoEU) is responsible for urban planning and spatial development. The national
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government institutions are directly related with a very limited number of local projects. A complete
picture of urban transport planning and urban transport development in Turkey can be explained by
analysing three national government bodies and the local governments of greater municipalities and
other municipalities (Figure 1).

National Level PreS|dency
Presideny of Strategy and Budget |
[
Ministry of Transport and Ministry of Urbanization, 5 "
Infrastructure Environment and Climate Change Minisery of Intarir
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i S -~ “m
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Figure 1. Transport-related Decision-making National and Local Bodies, Author

3.1. National Strategic Planning Authority

Central government’s national strategic planning responsibilities in Turkey have shown some changes
at recent years. The State Planning Organization (DPT) under Prime Minister’s office has served for 51
years from 1960 to 2011. The Ministry of Development established in 2011 to replace the State Planning
Organization until it was dissolved under the Strategy and Budget Presidency under the Presidential
system in 2018 (Figure 1).

The SPO and MoD had duties of advising, planning and coordinating Turkey’s economic, social and
cultural development policies and projects. Central economic development planning in Turkey began in

sixties with Five-Year Development Plans (FYDP).

Special Expertise Communities were set up by SPO prior to plan preparation with invited participants
from all related government bodies, industrial and agricultural associations, and chambers for defining
existing problems, deficiencies, potentials, and projects in their reports (SBP, 2022). This type of wide
participation allowed state organisations to see problems and evaluate possible solutions for the plan.
Problems of long-distance transportation and urban transport and proposals for resolving them were
described starting with the 2nd Five-Year Development Plan Expertise Committee (SEC) and Sub-
committee Reports for 1968-1972 period.
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The 3rd Five-Year Development Plan SEC subcommittees were set up only for General Transportation
and Highway Transportation sub-sectors while 3rd and 4th FYDP preparation studies did not include
any sub-committee for urban transportation. 4th FYDP preparation period coincides with preparation of
the First National Transportation Master Plan which was not implemented with privatization and neo-
liberal policies of the following period. Decision for forming a SEC by SPO reflects the political
decisions and approaches for that specific period. 5th Five-Year Development Plan preparations did not
have any expertise committee or sub-committee on transportation which can be seen as a reflection of

the accepted policies of the period.

FYDP SEC Report| 1st 2nd 3rd 4th 5th 6th Tth 8th 9th 10th 11th
Years 1963-67(1968-72|1973-77|1979-83|1985-89 | 1990-94 | 1996-00|2001-05 | 2007-13 | 2014-18|2019-23
Urban Transport X X X

General Transport X X X
Railways X X X

Maritime X X X X X

Airways X X X X X

Highways X X X

Traffic Safety X X

Table 1 FYDP’s SEC and Sub-committees on transport and sub-sectors, Author

The 6th FYDP period (1990-1994) coincided with cities around the world abandoning private car-
oriented policies and focusing on development of public transport for coping with increased traffic
congestion, excessive travel times, environmental hazards and traffic accidents. The SEC Urban
Transport Sub-Committee Report for the 6th FYDP has made an attempt to collect data from cities with
populations over 100.000 to base its studies and evaluations. The report defined policies and principles
and developed proposals for Turkish cities to reduce the adverse effects of transportation by following
the international trends. Its proposals included a variety of topics, including the methods and stages of
urban transport planning, project and implementation procedures, financial resources, improving
operations, vehicle design and production, education, research and development, participation,
environment protection, energy usage, and legal and institutional framework development (Table 1).

SEC Report for the 7th FYDP criticized very limited effects on implementation of proposals of previous
SEC Report and pointed out that urban transport problems had worsened during the period. The
proposals of the previous SEC Report were found to be valid for the new plan period. SEC Reports for
the 7th FYDP (1995-1999). The 8th FYDP (2000-2006) did not have an urban transport sub-committee

and included evaluation of problems and presented proposals in general transportation report However,
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the responsibilities of the institutions, the necessary implementation tools and supervisory mechanisms
were not defined precisely. The reports remained as advisory documents without binding force for local

level implementations.

SECs for the 9th FYDP (2007-2013) only included maritime sub-sector report while the 10th FYDP
(2014-2018) development studies did not have any transport related SEC study. Many of the
recommendations made in the previous plans, but not implemented, were completely disregarded in the

last two plans.

Most of the evaluations and proposals of Urban Transport SEC reports prepared for the FYDPs are still
valid under current conditions since most of them have not been implemented. Generally, very limited
parts of SEC proposals appear in FYDPs even though the full reports are considered supplements of the
FYDP.

Among the various urban transport policies of the FYDPs, only concrete standards and policies for rail
systems have had some effect on local level implementations (Oncii Yildiz, 2015) since rail projects
require the approval and supervision of a central government ministry. In other areas of urban transport,
the implementation processes and control mechanisms are not clearly defined or non-existent. Although
FYDPs at the beginning contain statements, trying to influence urban transport using a holistic approach,
these policies were not implemented or even discontinued during the plan periods.

These two tendencies have two main roots. First, the national governments have concentrated only on
costly rail system projects, while disregarding other low-cost urban transport solutions and the
improvement of existing transport systems through transport planning. Second, responsibilities related
to rail projects are clearly defined at the national level by a specific law, while responsibilities for other
modes of transport and issues are not assigned to any national organization. All other urban transport
implementations and planning procedures are discretionary. Most of the recommendations for urban
transport in FYDPs and SEC Reports remained advisory in the policy documents and have not been

implemented.

3.2. The Ministry of Transport and Infrastructure (MoT]I)

The MoTl has the duties of defining transportation policies and goals and performing their
implementations at the national level. The MoTI have general directorates responsible for handling
specific issues with highways, maritime affairs, airways and railways at national level. The ministry
does not have any unit that is responsible for urban transport issues, except for those involving urban
rail systems, which under responsibility of General Directorate of Infrastructure Investments. This unit
is responsible for the assessment and approval of municipal and provincial administrations’ requests for

investments in urban rail system, cable car, funicular, airport and harbour projects. Urban transport
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policy documents and practices of the MoTI remained limited with urban rail projects, disregarding
other issues and modes of urban transport. This fragmented way of handling urban transport underlined
at the comments for Ankara Transport Master Plan Draft in 2017 by commenting and approving some
proposed rail lines, but not commenting on new road projects (e.g., the ODTU Tunnel Road) that
adversely affect the patronage of the Cayyolu metro line built by the ministry with national government
funding.

The organization and duties of the MoTI were updated in 2011 with the addition of temporary articles
to Law Number 3348. The MoTI was authorized to take over several ongoing constructions of urban
rail systems and metro projects of two greater municipalities. This legal arrangement was designed for
specific rail projects of the Ankara and Istanbul Greater Municipalities governed by the same party of

the national government where rail constructions had been delayed for decades.

3.3. The Ministry of Environment, Urbanization and Climate Change (MoEU)

The MoEU does not have a department that is responsible for urban transportation planning and projects.
Although the Spatial Planning General Directorate is responsible for defining and implementing
principles, strategies and standards related to land use and approve some plans, it does not have any unit
or even a concern for urban transport planning. The ministry is legally responsible and organized for
spatial planning issues, but it does not have any formal or legal involvement in urban, regional or
national transportation planning issues. The MoEU has only prepared a set of criteria for funding the
bicycle infrastructure of municipalities without requiring a comprehensive transportation plan and
prepared a national bicycle master plan for tourism and recreation. The Ministry review, approve and

finance some bicycle and pedestrian plans and projects without a transport study.

Even though transportation planning powers and responsibilities at the national level are not specifically
assigned to any ministry, there are also several other institutions that are authorized to make land use
planning decisions that affect demand and patterns of transport, such as the Privatization Authority, the
Ministry of Tourism and Culture without transportation studies. These institutions act independently
from the ministry to accelerate site-based actions and create urban development projects in or on the
periphery of urban areas that increase population densities and the need for new transport facilities

without any concern for transportation planning.

The MoEU has described urban transport policies in policy documents such as the National Climate
Change Action Plan (2012) and The Regulation of Spatial Plan Preparation (2014). National Climate
Change Action Plan (2012) has concrete content and proposals related to transport planning for
implementation. Since implementation and control directives are still lacking, these action plans are not

a binding document for practices in the field, but remain an advisory policy document, which local
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governments have mostly ignored. The Regulation of Spatial Plan Preparation (2014) defined contents
of the term, Urban Transport Master Plan, without clarifying any details, content, responsibilities or
procedures for urban transport plans and planning methodology.

3.4. Municipalities and Greater Municipalities

Municipalities and greater municipalities are responsible for urban transport-related decisions and
implementations within their borders. Municipality Law Number 5393 (2005) assigns municipalities the
duty to provide urban transport services on their own or ensure that they are provided by a third party.
Within legal and institutional framework, there are three problematic areas related to urban transport
planning and urban transport setup. First is the problems arising from the extension of municipal
boundaries of greater municipalities to provincial boundaries. Second one is conflicts arising from the
inappropriate and conflicting institutions which are responsible from urban transport planning,
operations and arrangements. Last one is related to urban transport master plan preparation, approval

and implementation processes.

3.4.1.New problems brought with the extension of Greater Municipality Borders

The legal framework for greater municipalities has recently undergone several revisions and
modifications with Law Number 6360 in 2012. This new revision increased number of greater
municipalities from 16 to 30. The law also extended urban areas to provincial boundaries covering rural
settlements and villages by turning them into urban neighbourhoods. Municipalities with populations
below 2,000 were transformed into neighbourhoods. The enlargement of boundaries and transformation
of former district municipalities into neighbourhoods brought new burdens to greater municipalities.
They have to provide public transport services to low demand rural areas (formerly villages and now
neighbourhoods). Municipalities became responsible for transport and traffic-related public services and
providing infrastructure even in rural areas. Greater municipalities had to restructure their organization,
staffing, equipment and services to cover much wider geographic areas that include scattered rural
settlements. This recent revision contradicts the establishment of greater municipalities since these
municipalities were formed to empower administrations to resolve problems created by complex urban

system and ensure efficiency and effectiveness.

3.4.2. Authority Complexity between Urban Transport Planning Bodies and
UKOME’s

Municipalities (except for greater municipalities) have non-standard urban transport planning and
management units that differ from municipality to municipality. These units are independently defined

and staffed by each municipality. Their organizational structures are not clearly defined by a legal
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framework since urban transport planning, operations, implementation, and infrastructure building

activities are distributed to various management units in municipalities of varying sizes.

Greater municipalities, established with the enactment of Law Number 3030 (1985), have two municipal
levels. Greater municipalities are responsible for preparing and approving urban development plans and
urban transport master plans, as well as approving the implementation of land use plans prepared by
district municipalities, while district municipalities do not have any responsibility for urban
transportation. Greater Municipality Law Number 3030 established new administrative units called
Transportation Coordination Centers (UKOMES) to provide coordination and harmony between district
municipalities and local branches of the national government under Governor’s Offices (provincial
representatives of the MoTI, General Directorate of Security, the Gendarmerie and others). UKOMEs
are entitled to finalize decisions on the routes and fares of public transport services, traffic circulation

plans, pedestrianization and other transport and traffic related proposals.

Greater municipality laws and municipality laws do not have very concrete definitions for the
institutional and organizational structure of urban transport in municipalities, except UKOMEs.
UKOMEs, even though formed as a multi-agency coordination center, operate as a committee for
harmonizing final decisions on transport and traffic-related issues with the inclusion of the relevant
public stakeholders. The composition of UKOMEs favored local representatives of municipalities with
greater representation when they were established by Law Number 3030. Revisions in the composition
of UKOMEs in the following years gave national government units more control over UKOME

decisions by reducing the number of the municipality’s local representatives (Figure 1).

The main deficiency of the existing structure is the unclear definition of duties, responsibilities and
procedures for transport and transport planning issues for different types of municipalities. Creating new
types of municipalities with every legal revision adds to this confusion and creates more uncertainties.
Currently, there are greater municipalities where almost all the population live in one large urban
settlement, where parts of the population live in more than one interrelated, but separate urban
settlements, and even some greater municipalities where the population lives in many different size

smaller urban and rural settlements.

Greater municipalities within this framework, but with different characteristics, have two tiers of
municipalities: greater municipalities and the district municipalities of greater municipalities. They have
different roles and responsibilities for transportation issues. There are also two types of municipalities
in provinces (provincial center municipalities and district municipalities) that are not covered by the
definition of greater municipalities. Each level of the non-greater municipalities also has different duties

and responsibilities for transport-related activities. District municipalities in greater municipalities have

77



KARESI JOURNAL OF ARCHITECTURE

a r e S l KARESI MIMARLIK DERGISI
“””“ 4 %”‘z‘ﬁcm” Volume 1, Number 1 | December 2022
Cilt 1, Sayi1 1 | Aralik 2022

very limited responsibilities and duties, while district municipalities in non-greater municipalities have

wider responsibilities for and authorities over transportation issues.

Urban transport with aspects of planning, providing and maintaining infrastructure and providing
services or regulating private operators is not a stabilized area in frequently changing legal framework
and local governance structure with wide variety of local administration types. As the legal definitions
of cities and greater municipalities change, the responsibilities of different types of local administrations

are also modified, resulting in further problems.

3.4.3. Urban Transport Master Planning Process

The preparation of transport master plans is defined as a responsibility of greater municipalities without
any further details or clarification in municipal laws. Neither content nor procedures related to the
preparation, approval, financing, and implementation of transport master plans are defined in any legal
or technical documents during early years of implementation. Conditions for preparation and
implementation of transport master plans later defined with a by-law related to energy efficiency
extended in transport plan preparation responsibilities to all municipalities with populations of more
than 100,000, again without any clarification or details (Official Gazette, 2008). An update of the by-
law on the energy efficiency in transportation made some clearance for approval procedures of
transportation master plans creating other problems bypassing the Municipal Assemblies in greater
municipalities (Official Gazette, 2019).

Despite the blurred and contradicting responsibilities and procedures for the planning stage of urban
transportation, Greater Municipality Law 5393 defines in detail several urban transport issues for
providing services or managing operators. According to Article 7, they include: “planning and
coordinating transport and public transport services; determining the number of vehicles, timetables,
stops and stations, tariffs of public transport services; determining, operating and procuring parking
services on roads, streets, squares, and conducting all business required by transport management
assigned to municipalities by the laws.” However, the legal framework of transport master plan
preparation processes, standards of planning and specific funds to be used for transport projects is
missing clarification. Municipalities and private sector urban transport planning consultancy firms
prepare urban transport master plans depending on their perceptions of what the urban transport master

plan should be rather than legal and technical definitions and standards and national policies.

3.5. Governorship, Provincial and District Traffic Committees

Governors are local representatives of the national government at the provincial level with many

overlapping duties and responsibilities with municipalities within greater municipalities. Provincial
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Traffic Committees have similar responsibilities and substitute UKOMEs in non-greater municipalities.
These committees are composed of local representatives where national government units have majority
in composition.

Governors have the duty of approving the annual budgets of municipalities after their approval by
municipal councils. Governorships control the balance between the spending and incomes of municipal
budgets. Furthermore, they approve the decisions of provincial and district traffic commissions.
Provincial and district traffic commissions are entitled to take measures for traffic order and safety, take
infrastructural measures for providing safe and efficient traffic flow outside the boundaries of greater
municipalities. Traffic commissions have the duty of defining the operational and technical
specifications of commercial vehicles carrying goods and passengers and operating within their
boundaries. Planning car and truck parking areas for public use and issuing permits for private parking
are also among their tasks. A crucial part of the traffic commissions’ duties overlaps with those of
municipalities, which results in practical conflicts. These contradictions were defined by various SEC
Reports of Development Plans with several proposals for overcoming them. These proposals have not
been implemented, and the contradictions have worsened with the new administrative changes of recent

years.

4. EFFECTS OF INSTITUTIONAL AND LEGAL FRAMEWORK ON ANKARA
URBAN TRANSPORT SYSTEM

National governments have not been successful in establishing appropriate framework for a sustainable
development due to mentioned limitations. Required efforts were not made by national governments for
legitimizing human movement-oriented policy framework that would guide municipal actions at local
level. This part of the paper focus on three critical issues in development of Ankara urban transport
system between 1994 and 2017 rooting from deficiencies of institutional and legal frameworks. These
issues are (1) attitude of the Municipality ignoring the valid Transport Master Plan throughout 20 years,
(2) car-centric investments of grade separated junctions and highway constructions which are not
proposed by the Transport Master Plan, (3) delayed metro constructions proposed in Transport Master
Plan. These three topics defining current and future urban character and deficiencies are highly
interrelated and resulted with private car movement and small private operator oriented urban transport

development in the city.

Ankara is the second largest city and capital of the Turkish Republic. The effects of political and
economic changes in one hand and institutional and legal deficiencies in the other hand have shaped the
transport system. Ankara municipality and national government were from two opposing political
parties during two election terms before 1980. The municipality suffered national funding support which

resulted the municipality to implement low cost and efficient urban transport arrangements (public
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transport-focused implementations such as bus lanes, free public transport service for low-income areas,
public transport congress, pedestrianization, simple junction designs, etc.). Although initial steps for
legal and institutional basis of these approaches were considered in National Development Plans, they
could not be fully legitimized for further and wider implementations. These positive implementations
in terms of sustainability and self-sufficiency were abandoned after the 1980 coup. After the coup,
economic stabilization decisions hindered municipalities from making large investments on major
public transport project constructions or in expanding and renewing public transport fleets. Ankara
Municipality used privatization and other private sector intervention approaches to respond increasing

travel needs.

Greater Ankara Municipality governed by Mayor Gokgek (who was in duty between 1994 and 2017)
had been in harmony with national governments’ political approach and projects. Mayor Gokgek
preferred costly road construction projects with the financial support of the national government
defining his approach on car oriented urban and transport development strategy without complying the

legally approved urban transport master plan.

4.1. Ignorance of Urban Transport Master Plan

Ankara Urban Transport Study (EGO, 1987) was prepared based on a strategical development scenario
of Ankara Structural Plan prepared by a team of planners from METU and EGO for the target year of
2015. Although the study includes policies for many transport components, implementation plans of
these policies were not prepared. This study is the first strategic planning study for Ankara but it did not
have a legal binding effect until it was updated with new schemes incorporated into it and approved as
the Transport Master Plan in 1993. Many projects contradicting with the plan approach and proposals
were implemented during the following years. Ankara witnessed many urban transport decisions and
projects especially during the mayoral term of Mayor Gok¢ek harming sustainable transport effects as
monitoring and supervision body at the national level did not exist for reviewing implementations of
urban transport plans.

Ankara Municipality contracted a short-term urban transport study (Ankara Transport and Traffic
Improvement Study: ATTIS) in 1998 with World Bank financial support. However, the municipality
management disregarded proposals of this study (including low-cost public transport improvement
projects and transport demand management proposals) and implemented only a few grade separated
junctions among hundreds of road projects built without and transport study.

Ankara Municipality ignored proposals of 1987 and 1994 Urban Transport Plans without any intension
of reviewing or updating these plans from 1994 to 2013. The municipality contracted a university to
prepare a study for a new transport master plan in 2013. Even though the contract term of the study

ended 2014, the Transport Master Plan has not been opened to public discussion and never been
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approved by the municipal parliament. The Ministry of Transport and Infrastructure (MoT]) has partially
commented to approve this draft plan omitting its proposals of new rail lines. Published analysis reports
of the study were criticized by many professionals, including Chamber of Architects and Chamber of
Urban Planners due to the Municipality’s attitude for legitimization previous unplanned and illegal
projects and investments. Chamber of Architects criticized plan preparation approach since the
municipality ignored to make it public and taking decisions without considering critics of professional
associations and the public. Besides several opponent members of parliament made parliamentary

guestionary about the content, methods and directors of the plan.

4.2. Grade Separated Junctions

Mayor Gokgek led municipality implemented numerous unplanned highway construction projects
without any technical study but with mayor’s own personal assessments. Most of these projects did not
comply with the current legal plans and procedures. Municipality management focused on highway-
based solutions for congestion problem of Ankara starting from 1994. Municipality’s attitude on urban
transport decisions was parallel to its profit oriented partial and short-term urban development strategies.
Grade separated junctions, built on main corridors even at city center, became the symbol of Goékgek
period. Ankara Transport Master Plan (1993) did not propose most of them and many planners,
engineers and other experts had criticized grade-separated junctions focusing private car oriented

solution especially at city center.

Chambers of Architects and City Planners have opened many lawsuits to stop several grade-separated
junctions (Mithatpasa Overpass, Sthhiye Bridge, Akay and Kugulu I-11 grade separated junctions) at the
court before the municipality began the constructions. Court decided that junctions are contrary to public
good and universal urban planning principles. However, the Municipality had already begun the

constructions and finalized them during judiciary process, which did not stop these constructions.

Grade separated solutions initially alleviated congestion on roads only for short period and congestion
levels then increased both at grade-separated junctions and other connected roads and junctions more
than previous conditions. Drivers, who had to wait at traffic signals, started waiting on more congested
roads at over or under bridges. A grade separated junction necessitates other grade separated junctions
on its connections. After a short time, this need leads to grade separated junction network in the city.
These junctions may seem to decrease waiting time at traffic signals but only increases travel times due
to increased traffic congestion caused by induced demand. After several years, junctions resulted in
more car journeys, known in the transport planning literature as “induced traffic” created by road

expansions hence raised congestion with traffic levels increasing rapidly.
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Highway construction policies and projects adversely affected majority of the citizens including public
transport users, pedestrians, elderly, children and all non-car-owning citizens. Grade separated junctions
canceled at-grade pedestrian crossings. Pedestrian overpasses were constructed at roads that became
high-speed due to grade-separated junctions and even in the city centre. Overpasses increased walking
distance of pedestrians. Pedestrians with accessibility problems faced with limitations in using
overpasses and crossing main arterials safely (Figure 2 and Figure 3).

Figure 3. Sogiitozi Junction built for motor traffic create risks for pedestrians at urban center

4.3. Delay of Rail System Implementations

Between 2001 and 2003, the municipality started three new metro line (M2, M3, and M4) constructions.
Government announced that they would be in operation shortly after 2004 elections. The announced
dates were very unrealistic proposals to increase votes for local elections. After Gokgek won elections
of 2004, municipality intensified investments of road widening and grade separated junction projects
instead of metro constructions. This private car oriented approaches had been criticized by many
professionals and professional associations. Absence of a national government unit for monitoring
implementation and guidance of investments enabled Mayor Gokgek a free acting area for using
municipality funds according to his personal point of view but not according to the needs of citizens and

sustainability.
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In the strategic plan of MoT]I for 2014-2018, only uncompleted railway investments in large cities are
mentioned disregarding the urban transport needs of other cities and other modes of urban transport. In
addition, a new metro line connecting Ankara Esenboga Airport to the city is also listed among MoT]
projects without any study according to the ministry defined technical specification and not existed in
the Ministry approved transport master plan.

MoT]I signed a unique transfer agreement for taking over three of the metro constructions and
completing them within general state budget when incapability of Ankara municipality to finish was
clear after 11 years from the start of constructions. The construction of three metro lines and related
facilities such as depots, vehicles and connections for these lines under construction by the municipality
decided to be completed by the MoTI and to be transferred to municipalities for operation. The
municipality spending its transportation budget for highway projects and becoming incapable of
completion rail projects were saved by the national government after long delays. However, these
transfers did not bring an easy and prompt solution to rail lines with further repeated delays in

construction schedules.

Delay of required urban railways and negligence of public transport system brought traffic congestion
to severe levels. Since the completion of Cayyolu Metro Line took three years after central government
takeover, Municipality tried to solve congestion again with construction of a new parallel road (Angora
Boulevard) reaching to Konya Road, through bypassing congestion on Konya Road and Eskisehir Road
junction. Ankara urban transport system development was shaped according to Mayor’s unpredictable
relationships and bargains with assemblages of varying scales during 24 years of his mayoral term. His
relationships with local public transport assemblages and influences of these assemblages on
municipality decisions are discussed in dept interviews held within the framework of a PhD Thesis.
(Oncii Yildiz, 2015)

Rail and road constructions are more impressive projects in the public opinion than bus system
restructuring or travel demand management programs. Politicians at municipality give more emphasis
to concrete and costly projects like voters without considering real benefits and costs in detail.
Professionals evaluate these projects with all aspects and criticize the local management approach and
actions. Below legal and institutional proposals are given for improving the current condition of urban

transport systems of Turkish cities.

5. PROPOSALS FOR [IMPROVING LEGAL AND INSTITUTIONAL
STRUCTURE

Institutional restructuring at both the national and local administrative levels need to resolve current

voids and conflicts in transport-related decision-making processes. The duties and responsibilities of
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national institutions, municipalities and greater municipalities at the local level need to be revised and
improved. Basic proposals for improving current urban transport issues are summarized below for both

administrative levels.

5.1. National Institutions for Urban Transport

Currently, there is no institution responsible for research, planning, data collection, evaluation,
coordination and supervision of nationwide urban transport projects and operations and establishing
standards and evaluating implementations. Very limited functions of this category such as sharing
experiences among municipalities and improving the training of municipal staff on transport planning
and operations are carried out on a voluntary basis in some of the courses and committees of the Union
of Municipalities of Turkey. A national level institution (as proposed by several SEC reports in the past)
for nationwide guidance, coordination, development and benchmarking of urban transport practices
would fill a serious void at the national level and reduce the conflicting and irrational implementations
of municipalities and the national government.

At the local level, municipalities are responsible for urban transportation policies and projects, but
currently there is no framework that defines national policies, guidance and targets for urban
transportation decisions and practices. Guidance at the national level is required for harmonizing with
international agreements and standards, guiding an equitable distribution of local funds that are collected
by the national government, and the selection and development of urban transport technologies. This
requires the assignment of an existing national government unit or creation of a new unit to perform

these duties with appropriate organizational structure, staffing and legal authority.

5.2. Local Institutions for Urban Transport

Changes in municipal laws have created many different types of municipalities with diverse
responsibilities and duties regarding transportation issues. These changes and variations have created
even more unplanned system and unclear procedures in transportation planning and operations then
before. A new set of simplified municipal structures and procedures are required to redefine the
distribution of roles and responsibilities among different types of municipalities, local and national
authorities. A new structure for each type is also needed to define and distribute authority for transport
planning, approving, funding, making decisions with local participation, environmental issues and local

democracy with global targets.

UKOMEs need to be restructured in greater municipalities and need to be considered a new form of
coordination for non-greater municipalities, which should replace provincial and district traffic
commissions. Restructuring efforts need to consider existing deficiencies, current trends in public

participation and adopt the basic principles of human movement oriented urban mobility plan
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approaches. Restructured UKOMEs, as the new transport planning, coordination and oversight units,
need to be more permanent with full-time operations, not as committees with monthly meetings. They
should deal only with urban transport and should have permanent expert staff and resources for
accomplishing their duties. Their institutional structures must be more complex, with several additional
units: a central unit for research, planning, project preparation, tracking and auditing, and operational

institutions.

At the local level, organizations like the proposed national transport institute are also needed within each
municipality to gather data, evaluate, benchmark and monitor projects and implementation, and to

generate data for national-level analyses.

6. CONCLUSION

Affected by the changing dynamics of global and national capital accumulation and national political
choices, Turkish cities have faced rapid growth patterns coupled with unplanned urban development,
resulting in ever-increasing traffic congestion and accessibility problems. The private car-oriented urban
transport approaches of city administrations have amplified the problems initiated by uncontrolled urban
growth. These trends are supported by national and local government policies. The approaches of
national and local government have prioritized economic development. The national government has

supported these polices by tolerating gaps and conflicts of authority in institutional and legal structures.

It is obvious that the attitude of the national government toward urban transport has changed over time
according to political and economic preferences. The neoliberal restructuring of both national and local
institutions and legal frameworks has also caused urban transport problems in recent years by opening
urban transport systems to the manipulation of economic and political actors and assemblages (Oncii
Yildiz, 2015). As the continuity of political administrations may have strengthened the legal and
institutional frameworks adopted at the national level, their attitude allowed gaps in the structure that

various stakeholders were able to use to maximize their own interests.

National political and economic choices resulted in the neglect of globally accepted sustainability
approaches. Deficiencies in the legal framework and inadequate support of national government for
developing and implementing balanced and sustainable urban transport policies triggered ever-

increasing problems in urban and urban transport systems.

Urban transport decisions are irrationally dispersed to variety of public institutions at the national and
local levels. Efficient coordination of these decisions or implementations is not carried out by any
administrative unit. Supervision, planning and management functions are distributed to various
institutions without a rational system. As Evren (1999) emphasized that; although many institutions are

responsible for different functions related to urban transport, urban transport does not have an owner
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within Turkish legal framework. Similarly, the SEC report of the 7" FYDP (1995) pointed out that there
are some fields where the duties and responsibilities of organizations are contradictory, others where
there are gaps in duties and responsibilities, and important duties and tasks that are neither assigned to
nor undertaken by any organization.

At the national level, there is a need for an administrative institution to unify and coordinate urban
transport planning and implementations. Despite the emphasis of the MoD on the “requirement for a
national level unit for urban transport planning” since the 6" FYDP, no specific ministry has been
assigned to do so, and no steps have been taken to comprehensively restructure urban transportation

procedures.

Restructuring at the national level needs two major steps: the creation of a new institution for more
academic and technical data collection, analysis, research and dissemination, and defining the owners

of urban transport systems at the national level with necessary legal, institutional and expert authority.

The current roles of institutions at the local level have overlapping and contradicting responsibilities,
authorities and voids in many functions. The many types of municipalities, unclear definitions of their
roles and duties and their lack of coordination with national government units all indicate a need for
comprehensive and in-depth restructuring. New restructuring for the local level needs to reduce the
complexity of municipality types, emphasize increasing local participation and democracy, and focus
on the standardization of procedures. Local changes should be used create new units like UKOMEs for
non-greater municipalities and to equip all municipalities with the expertise and authority to plan and

implement sustainable transportation systems.
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Abstract

Despite the global trend to reduce and rationalize all kinds of energy consumption, building production in Iraq
continues without awareness of energy efficiency. Conservation of energy in the built environment should become
one of the most important topics of both political and scientific programs in Iraq as a global trend issue. lraq's
growing population and declining fossil-based energy sources are emerging as important catalysts for energy
efficiency in buildings. In addition, cost efficiency, the need to reduce carbon emissions, and the demand to reduce
reliance on energy consumption are the main reasons for energy savings. The reason for the uncomfortable
interiors that occur during use and excessive energy use throughout the year is the thermal calculations and
related parameters that are not taken into account from the early stages of the design. From this point of view,
ensuring the energy efficiency of buildings in the city of Kirkuk is of critical importance due to the ongoing energy
crisis. Courtyards, which are open in the middle of a building or building group and surrounded by the building
itself or the walls, have been an important architectural component from traditional settlements to today's
buildings. This architectural element, which assumes different functions according to the needs of the buildings it
is in, also has important effects on the physical conditions of the building. This study aims to investigate the effect
of courtyard width and direction on building energy loads in the climatic conditions of Kirkuk in buildings with
courtyards. For this purpose, the energy performances for different scenarios of a selected school building were
calculated by simulation (Revit and green building studio) and the results were evaluated comparatively. In this
way, it is aimed that the study will guide the designers for the Kirkuk/Iraq settlement at the point of energy-efficient
building design.

Keywords: Courtyard, Energy Load, Energy Efficiency, Energy Simulation.

AVLU YONU VE GENISLiGININ BINALARIN ENERJi YUKLERINE
ETKIiSININ INCELENMESI

Ozet

Her tiirlii enerji tiiketimini azaltma ve rasyonellestirme yoniindeki kiiresel egilime ragmen, Irak'ta yapu tiretimi
enerji etkinligi ile ilgili farkindalik olmadan devam etmektedir. Binalarda enerjinin korunmasi, kiiresel bir trend
sorunu olarak Irak'taki hem siyasi hem de bilimsel programlarin en onemli konularindan biri haline gelmelidir.
Irak'in artan niifusu ve azalan fosil temelli enerji kaynaklar: binalarda enerji verimliligi i¢in onemli katalizérler
olarak ortaya ¢tkmmaktadir. Buna ek olarak maliyet verimliligi, karbon emisyonlarini azaltma ihtiyaci ve enerji
tiiketimine olan bagimliligin azaltilmasi talebi enerji tasarrufu icin temel nedenlerdir. Kullanim esnasinda ortaya
¢tkan konforsuz i¢ mekanlarin ve yil boyunca asirt enerji kullaniminin nedeni tasarimin erken asamalarindan
itibaren dikkate alinmayan 1s1l hesaplar ve buna bagli olan parametrelerdir. Buradan hareketle Kerkiik sehrinde
binalarin enerji verimliliginin saglanmasi, siiregelen enerji krizi nedeniyle kritik éneme sahiptir. Bir yapt veya
yapr grubunun ortasinda yer alan iistii agik ve ¢evresi binamin kendisi ya da duvarlarla ¢evrili olan aviular
geleneksel yerlesimlerden giiniimiiz yapilarina kadar énemli bir mimari bilesen olmustur. Biinyesinde bulundugu
binalarin ihtiyaglarina gore farkli fonksiyonlar iistlenen bu mimari unsurun bina fiziksel kosullar: iizerinde de
onemli etkileri bulunmaktadir. Bu ¢alismanin amaci avlulu yapilarda avlu genigligi ve yoniiniin bina enerji yiikleri
tizerindeki etkisinin Kerkiik iklimsel kosullarinda arastirilmasidir. Bu amagla segilen bir okul yapisinmin farkl
senaryolart igin enerji performanslari benzetim yoluyla (Revit and green building studio) hesaplanmis olup
sonuglar karsilastirmali olarak degerlendirilmistiv. Bu sayede ¢alismanin enerji etkin yapi tasarimi noktasinda
Kerkiik/Irak yerlesimi igin tasarimcilara yol gosterici olmasi hedeflenmistir.

Anahtar Kelimeler: Avlu, Enerji Yiikii, Enerji-Etkinligi, Enerji Benzetimi.
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1. INTRODUCTION

The building/construction sector is one of the major consumers of natural resources such as land, water,
and manufactured materials. It also produces a large number of pollutants and solid waste as a result of
the materials and energy used. Many countries have taken precautions to diminish pollution and energy
consumption by enacting mandatory regulations to eliminate these negative effects.

Especially in architecture, new concepts and methods have emerged that are familiar in architectural
thought such as building energy-efficient designs and green architecture, which shows the relationship
between buildings and the environment. There are many definitions of sustainability and in the case of
energy efficiency in buildings, the term is often used interchangeably with energy efficiency or “eco-
buildings” (Estidama, 2008). These concepts respect the environment and the right to a healthy and
decent life for future generations. Reflecting the growing interest of the building sector in the protection
of the environment, the optimal utilization of natural resources reduces energy consumption and raises
the belief in the usage of renewable energy sources. It is known that energy-efficient architecture has
many successful and effective samples. However, it is evident that these examples are still ignored and

this situation is leading to significant environmental problems in many parts of the world.

Experts emphasize that if today's society does not take the design of energy-efficient buildings seriously
as a way of life, they may jeopardize the lives of future generations. The development of energy
efficiency is the product of society's efforts through long-term, holistic lines toward achieving and
developing a balanced society based on all-considered environmental, economic, social, and political
policies. The appropriate thermal design of the building envelope reduces the heating and cooling loads
required for heating and air conditioning. This determines the use of low-cost, low-operational heating
and cooling devices (Alwetaishi et al., 2018). The objective is to reduce costs and energy consumption
and provide a comfortable building environment. There are several things to consider when designing
the exterior sides of the building, both environmentally and thermally such as the thermal insulation of
the external structural elements, the correct selection of the external windows in the different types,
areas, orientations and the closure of their joints in front of air leakage (Breeam, 2009). It also includes
natural ventilation to provide thermal comfort and attention being paid to the integration of natural
lighting systems when designing openings, which has a key role in reducing the energy consumption

used in artificial lighting (Herrmann & Bucksch, 2014).

The courtyard plan scheme, which is encountered in many traditional and contemporary architectural
structures, starting with ancient buildings, incorporates many social, cultural, religious and
environmental benefits (Abass et al., 2016). While it is widely used to optimize thermal loads, especially
in different climatic regions (Abdulkareem, 2016; Chi et al., 2022; Chi et al., 2020), some studies state

that the use of courtyards contributes to the natural lighting performance as well as reducing the cooling
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loads of the buildings. (Acosta et al., 2018; Asfour, 2020). In terms of building form, it is stated that
buildings with courtyards and atriums provide significant benefits in terms of benefiting from the sun
and using daylight (Muhaisen & Gadi, 2006; Tabesh & Sertyesilisik, 2015). For this reason, in the study,
the building sample was determined as an educational structure with a courtyard in a way that would be
suitable for the Kirkuk climate.

Determination and optimization of building energy performances by simulation depending on passive
design variables is the subject of many studies in the literature. Abanda and Byers (2016); examined the
effect of orientation on energy consumption in small-scale construction and they assessed how building
information modeling (BIM) is used to facilitate this process. Harmati and Magyar (2015) presented a
detailed analysis in an attempt to improve building energy performance in terms of the impact of the
building envelope on the annual demand for heating and cooling. The envelope of the building was
examined to determine the proportion of the windows-to-wall ratio (WWR). Window geometry (WG)
in the function of indoor daylight quality in offices was analyzed by the numerical simulation of the
Radiance engine, followed by the evaluation of the effect of glazing on annual energy demand. Ouf and
Issa (2017), aimed to measure historical energy consumption over 10 years from a sample of 30 school
buildings in Manitoba, Canada. It showed that the average energy consumption of these schools was
higher than that of other Canadian standards. Gil-Baez et al. (2017) carried out experimental tests on
two school buildings in southern Spain that analyzed the effectiveness of air regeneration through a
mechanical ventilation system compared to the natural ventilation system. They studied indoor CO;
concentration, temperatures and humidity in terms of classroom occupation. After the analysis, the
measured data was validated by running the simulations in the third school building where Natural
Ventilation Systems (NVS) redesigned and overlapped with the stacking effect. Heydari et al. (2021)
investigated how building energy needs vary according to window distribution and type. In the
simulation-based study they carried out with the Design-Builder program, they determined the energy
saving and recycling times that can be achieved by the use of different gases between single glass, double
glass and double glass. Marwan (2020) proposed an innovative brick material to reduce the amount of
energy consumption by reducing cooling loads in Indonesia's hot climate. The performance of the
composite material, which is stated to be 16.89% more advantageous in terms of reducing energy costs
than the traditionally used brick, was evaluated over the cooling cost calculated with a mathematical
model developed by the author. Pajek, Potocnik,& Kosir (2022) calculated the energy needs of a
detached residential building by considering eight different design measures (opaque components U-
value, U-value of windows, SHGC, window/floor ratio, shape factor, diurnal heat storage capacity,
surface absorptivity, natural ventilation cooling rate). They emphasized that among the parameters
examined in the study, in which the climatic conditions of five different settlements in Europe were

taken into consideration, the most determinant for heating was the U value of the opaque
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components,and the window/floor area for cooling. Liao et al. (2022) analyzed the performance of the
radiant ceiling system in different climatic conditions under three different types of building envelope
transparent windows by means of experiment and simulation. As a result, they stated that triple silver
low-e insulating glass is capable of providing significant energy savings in regions where both heating
and cooling are important. Mushtaha et al. (2021) aimed to optimize the thermal performance by
reducing the cooling loads of the buildings depending on the shading element, natural ventilation and
thermal insulation applications. They concluded that the building energy consumption can be reduced

by 59% by taking into account the passive design parameters.

The education sector is known as the locomotive of countries that aim to grow economically, socially
and culturally (Allab et al., 2017). For this reason, school buildings have become one of the most
important structures in the world over time due to the necessity of providing educational services to
students and controlling indoor comfort conditions. In particular, the benefits that can be obtained by
choosing the passive design parameters correctly are discussed through an example of a public school
building. In this study the energy performance of a courtyard plan building was evaluated by a
simulation based work. The effect of courtyard direction and width on building heating, cooling and
lighting loads will be calculated by simulations, and scenarios created for different situations of the
building example will be discussed comparatively. The scenarios developed with different window/floor
ratios are employed to check the effect of the transparency ratio on building energy loads. There are a
limited number of studies that take into account passive design parameters in the Kirkuk region. For this
reason, the study is important in terms of guiding designers in the context of passive variables and energy
efficiency involved in working in a region where passive applications are generally ignored. The
simulations will be made with Revit and Green Building Studio (GBS) and the climatic and geographical

data of Kirkuk / Irag will be used in the calculations.

2. ENERGY REQUIREMENTS FOR SCHOOL BUILDINGS

Schools use a lot of energy to ensure that the facility is safe, secure, comfortable and conducive to
learning for students. Everything from lighting to climate control adds to the electrical expenses related
to running a school. Owing to the containment of a large number of occupants (students and trainers)
for long periods leads to the depletion of large amounts of energy and resources to provide a comfortable
indoor environment for the users. Children spend long periods in classrooms and a good internal
environment can help improve student performance. The improvement of educational conditions is
considered to be the cornerstone for advancing society towards comprehensive development as it is the

first basis for raising future generations.
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One of the main requirements of school buildings is thermal satisfaction which is related to the ambient
air temperature, relative humidity, air movement, average radiative temperature, clothing, the student’s
activity nature and the design of the heating and cooling temperature. Thermal comfort is a basic
requirement that must be provided in buildings and is one of the most important factors affecting human
activity and its productivity in terms of quantity and quality. It is necessary for the students to feel
comfortable inside the building as contemporary kids spend most of their day in school. Heating and
cooling indoor environments to provide thermal comfort in buildings is the main reason for energy use.
Izmir Chamber of Mechanical Engineers (2015), stated that it is comfortable for schools to keep the
ambient temperature between 20-24 degrees Celsius during the heating period and 24-27 degrees during
the cooling period. They stated that keeping the ambient relative humidity between 40% and 60%,
regardless of the heating and cooling periods, would be appropriate in terms of the thermal comfort of
the classrooms. The school building envelope does not conserve energy inside the building, causing an

uncomfortable and unhealthy indoor climate for the students.

In addition to thermal comfort in school buildings, the factor that leads to energy use is lighting. The
directivity of light in the space of the worksite has a great impact on the visual comfort to be achieved
within the space. Every human activity needs a certain amount of lighting. The level of lighting required
is affected by the activity type and the completion speed. The level of illumination required is affected
by the type of activity and the speed required to complete it. A significant portion of the energy
consumed in schools is used for lighting purposes, especially in order to carry out educational activities
in a healthy way. Daylighting can reduce the use of artificial light and its electrical equipment. In all of
the spaces in the school building model, it provides daylighting and an architect can choose glazed areas
for the facades of the exterior building to ensure that there is plenty of daytime lighting and distribution.

In addition to these, indoor air quality and the establishment of an effective ventilation system
(natural/artificial) in order to ensure this is extremely important. The crowded classrooms and the fact
that children are more sensitive and open to pollutants in the air than adults necessitate sensitivity in this
regard (Karaca, 2022).

3. MATERIAL AND METHOD

The study aimed to constitute an energy-efficient school model located in Kirkuk, Iraq where there are
no regulations for educational buildings concerning providing comfortable indoor conditions for
children in order to improve the performance of learning facilities. For this purpose, a sample school
building form having a courtyard is taken into consideration. 3D view and the floor plans are shown in
Figure 1. The energy performances of different building models created were compared in terms of

energy requirements. Among the scenarios created, it is aimed to determine alternatives with minimum
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energy consumption in Kirkuk conditions. To enhance the comfort conditions of the selected model,

cases according to different dimensions, orientations and window areas were constituted.

The building envelope is the physical separator between the exterior and interior environments. In
general, the building envelope consists of a set of components and systems that protect the interior from
environmental influences such as precipitation, wind, temperature, humidity and ultraviolet radiation.
The study focuses on the effect of insulation materials used in walls, roofs, floors and windows in
buildings in lraq on energy consumption and reveals the energy savings resulting from insulation
applications in buildings. The indoor environment consists of occupants, furniture, building materials,
lighting, machinery, equipment, and HVAC systems. Syrian Thermal Insulation Codes (URL-1) based
on Table (4.6), according to Iraq Thermal Insulation Regulation (2013), the minimum U value that roofs

should provide is 0.5 W/m?K, while this value is 1 W/m?K for floors adjacent to the ground and for

floors separating stories is 1 W/m?K.
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Figure 1. 3D Model and the floor plans of the school building (Najib, 2019)

Therefore, in the study, the recommended values for the relevant items were used while determining the
U values of the building components. There are no other binding regulations/standards, etc. restrictions
in Kirkuk/Iraq for the construction of school buildings. The U values of the building components

preferred in the simulations are given in Table 1.
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Building
Component

Wall

Floor (ground)

Floor
(intermediate
story)

Roof

Door

Window

Entrance Door
Windows

Door Windows

Materials

Plaster Cement
Insulation

Plaster Cement
Masonry-Block
Gypsum plaster
Ceramic Tile
Concrete-Cast  In
Situ

Insulation

Ceramic Tile
Concrete-Cast  In
Situ

Air

Gypsum Board
striker concrete

Soil

Insulation
Concrete-Cast  In
Situ

Hollow core wood

Thicknes
S
(mm)
30
50
30
200
20

50
100
50

50
100
200

10

30
100
50
200

Double glazing - domestic

French door, metal frame with double glass

Wood frame, double glass door
Table 1- Physical properties of building components

KARESI JOURNAL OF ARCHITECTURE
KARESI MIMARLIK DERGISI

Volume 1, Number 1 | December 2022
Cilt 1, Sayi1 1 | Aralik 2022

Thermal Densit U value
Conductivity (k /mg))l (W/m?2K)
(W/mK) 9
1.50 1900
0.019 32

1.50 1900 0.336
0.76 780
0.51 1120
1.20 2000

15 1900 0.365

0.019 32

1.20 2000
15 1900

0.025 1.20 0.122
0.65 1100
1.046 2300
0.837 1300

0.019 32 0.343
15 1900

3.180

3.129

4,381

3.128

3.1. The Climatic and Geographical Properties of Kirkuk City

Kirkuk is one of the hottest cities in the world. The temperatures may exceed 49 °C mid-summer. The

monthly change in temperature at the meteorological station shows that for the period from (2012-2018),

it is clear that the value of the temperatures in the city of Kirkuk was the highest in July and August.

The lost quantity was in January and December. The measurements of the meteorological records show

that the temperature of the city of Kirkuk for the year (2017) had a significant variation in temperature

between night and day and between summer and winter. The average temperature for the whole year

was (24.44 °C), where the lowest value in temperature was (-1.7 °C) in February and the maximum

value was in August (49.3°C). The monthly change in solar radiation, ambient temperature, humidity

and prevailing wind speed and directions are shown in Figure 2.
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Figure 2. Annual climatic data for Kirkuk/ Iraq

3.2. Different Courtyard Dimension and thermo-physical properties for the
Sample Building

How the energy performance of the U-plan school building changes depending on the courtyard
dimensions has been examined. For this purpose, four different plan-handling schemes, in which the
width of the courtyard is designed as 5, 10, 15 and 20 m, are discussed. The visuals of these situations

and the changing floor area values of the building are as shown in Figure 3.

| 10,00
{5.00] t 1

Floor Area: 900.31 m? Floor Area: 942.50 m?

Floor Area: 985 m?

Figure 3. Building scenarios created with different courtyard widths (Najib, 2019)

3.3. Different Orientation Alternatives for the Sample Building

Orientation has an impact on the overall thermal performance of the building when designing heating,

cooling and lighting to achieve the optimum level of thermal comfort for the occupants. In a hot, dry
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climate, the orientation of the structure ensures that the building elements reach the amount of sunlight
they need during the day. while being oriented by considering the sun rather than the wind considerations
to protect from the sun during the summer months. To get some solar heating in winter. The shape and
orientation of the building block should help achieve the lowest possible amount of heat in summer and
the highest amount of heat in winter. After the school model was created with the Revit program, the
location of the building was determined and the building sample was oriented in four main directions
(north, east, south and west) for only one courtyard size. To see the effect of the orientation on the
energy balance of the buildings, simulations are performed using the analysis tool for each orientation

situation as seen in Figure 4. The area of the transparent surfaces is also given in the figure.

N : N - N . ~

/“\ /‘\ /“\ /"\
/ I /
w ’s“ ’;\\ ’l“ ’,
\ \ \ \
\,_// \~_// \~// \5_//

East South West North
North: 206.22 m* North:161.80 m* North:191.96 m? North:88.57 m*
South: 88.57 m? South: 206.22 m? South:161.80 m* South: 191.96 m?
East: 191.96 m* East: 88.57 m? East: 206.22 m* East: 161.80 m*
West: 161.80 m? West: 191.96 m? West: 88.57 m? West:206.22 m*

Figure 4. Window areas of different oriented building samples (Najib, 2019)

3.4. Different Window Area Alternatives for the Sample Building

In order to evaluate the effect of the transparent surfaces on the buildings’ energy needs, the
Window/Floor area (W/F) ratio was used in this study. In the simulations, the energy needs of the
scenarios where the window/floor area is accepted as 5%, 10%, 15% and 20% are determined only for
the building situation where the courtyard is oriented to the east. Building models for these four different

scenarios are shown in Figure 5.

> 5 | ¥ 4‘:==
UNPT ) { Wy 17 N >
N\ p g | i et '||Hj;.‘- ' '.!EEE;;-*"'
W/F 5% W/F :10% W/F : 15% W/F :20%

Window Area:153 m? Window Area: 283 m? Window Area: 425 m? Window Area:570 m?

Figure 5. W/F ratios and window areas of different scenarios (Najib, 2019)
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4. RESULTS AND DISCUSSION

Models were created in the Revit environment for different scenarios of the building example. Energy
simulations were carried out with Autodesk Green Building Studio for the models obtained. Validity
analysis was performed to confirm the accuracy of the results obtained as a result of the simulation. For
this, calculations were made for the sample scenario of the building sample with HAP (Hourly Analysis
Program). The annual total heating and cooling loads obtained from each calculation tool are given in
Table 2 comparatively. Accordingly, the heating load results obtained from the Autodesk Green
Building Studio tool were approximately 14.5% higher than the results obtained from the HAP tool,
while this rate was determined as 2.89% in the cooling load results. As in the studies of Kiirekgi and
Kaplan (2014), it has been observed that the values converge and are acceptable.

Heating Cooling
Software
(MJ) (MJ)
Revit analysis and Green Building Studio 173162 55094
HAP (Hourly Analysis Program) 147960 53500
14.5% 2.89%

Table 2. Analysis results obtained from both Autodesk Green Building Studio and Hap software

To examine the possible effect of widening the courtyard that causes an increase in the building floor
area on the energy loads, simulation results were compared. As can be seen in Figure 6, the heating
requirement of the building is 6.73% by increasing the width of the courtyard from 5 m to 10 m, and by
increasing it to 15 m, it is 10.8%. There was an increase of 15.78% by increasing the width of the
courtyard from 5m to 20m. When the change in building cooling loads is examined, these increase rates
are 1.52%, 3.09% and 6.12%, respectively. From this point of view, the floor area of the building and
the correspondingly increased volume mean the increase in the surface area on which the heat losses
and gains (solar gains) will take place, thus causing an increase in the heating and cooling loads of the
building. When the lighting loads are evaluated, the lighting loads also increase due to the increase in
the building interiors that need to be illuminated with the increase in the floor area. The artificial lighting
energy requirement of the scenario with 5m courtyard width is calculated as 27288 kWh/year. With the
increase in the size of the courtyard as 10, 15 and 20 m, the lighting energy increased as 28658 kWh/year,
29356 kWh/year and 31201 kWh/year.
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Figure 6. Effect of courtyard width on heating and cooling energy requirements

Energy simulations were made for the examples of buildings with the courtyard oriented in four main
directions and the results are given in Figure 7. Accordingly, the highest heating energy requirement
(143857 MJ) is in the example where the courtyard is oriented to the north and the southern openings
that can provide useful solar gains in the south direction are less than the other surfaces (161.80 m?).
This situation is followed by the cases where the courtyard is oriented to the south with 133377 MJ and
to the west with 131340 MJ. The lowest heating energy requirement was obtained from the example

where the courtyard was oriented to the east.
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Figure 7. Energy requirements of the building samples oriented to cardinal directions

Considering the cooling loads, it is seen that the highest values are observed in cases where the window
areas in the east and west directions are 294.79 m? and 280 m2, respectively, and the courtyard is
oriented to the west and south (134339 kWh/year and 121473 kWh/ year respectively). For other
examples, the cooling load is 119603 kWh/year when the courtyard is oriented to the north, while it is

114662 kWh/year when oriented to the east.
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In terms of lighting loads, it is seen that the highest value is in the example with the court directed to
the east (96425). This is thought to be because in the relevant example, the areas of the north windows
have the highest value and the areas of the south windows have the lowest values compared to other
directions. The lowest lighting energy requirement (94778 kWh/year) was obtained in the scenario in
which the courtyard is oriented towards the west direction. It is thought that the reason for this situation
is the high glazing rate in the east and west directions. However, in this case, it would be appropriate to

control glare to create a comfortable interior for lighting.

The results of the insulation applications assumed to be applied on the school building were compared.
The results showed that a building without insulation consumes a lot of energy. The amount of energy
used will reduce when increasing the thickness of the insulation applied as in Figure 8. The cooling and
heating energy requirement of the building sample decreased in percentages of 3.5%, 2.44%, 0.20%,
and 0.03% respectively for increases of 5 cm insulation in 5 steps from (0 - 20) cm insulation for the
building envelope. The highest amount of advantage between insulation applications and non-insulated

building models was achieved in the application where the thermal insulation increased from0cmto 5

cm.
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Figure 8. Variation of Energy requirements with insulation thickness

Orientation and sizing of Windows and transparent surfaces have great importance in building design.
They are required for physical and visual connections with the outdoors but their interaction with heat
gain/ loss and natural ventilation makes them and their design critical to a building’s passive design. A
window-to-floor ratio provides a rough approximation base for determining the optimum areas of the
window in relation to the floor area of a room or building. As with all rules of thumb, it is used as a
starting point for design and in this study, it was used for confirming through the school building model.
The results in Figure 9 show the variation of energy requirements with the W/F ratio. Performances of
four different cases with W/F's of 5%, 10%, 15%, and 20 % were determined.
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Figure 9. Variation of heating and cooling energy requirements with W/F ratio

The results showed that the building heating load is 173172 MJ/year and the cooling load is 130788
kWh/year when the W/F is 5%. In cases where W/F is 10%, 15% and 20%, it was observed that the
heating loads decreased by 8.42%, 11.27% and 13.59% compared to the first 5% situation, due to
beneficial solar gains. In cooling loads, this situation has emerged in the direction of an increase in
energy demand due to the increase in solar gains during the cooling period. Cooling loads for 10%, 15%
and 20% WI/F values are determined as 138352 kWh/year, 144703 kWh/year and 150412 kWh/year,

respectively.

5. CONCLUSION

This study aims to describe the parameters affecting the performance of courtyard buildings. The effects
of courtyard width, orientation, insulation thickness and window /floor ratio were evaluated separately.

According to the results, the following outcomes were obtained.

o Increasing the size of the courtyard will also increase the floor and surface areas of the building,
thus increasing the amount of energy needed to make the indoor environment comfortable.
However, by optimizing the courtyard direction and the dimensions of the windows opening to
the courtyard, it will be possible for the buildings to gain beneficial solar gains during the
heating period.

o Determining the appropriate transparent component sizes on the surfaces that are heavily
exposed to solar radiation will allow keeping the cooling loads at a certain level by preventing
excessive gains. While increasing the transparency ratio may be a suitable solution for passive
heating of buildings, ignoring the direction factor causes high heat losses and heating energy

needs in winter. Conversely, windows located in the east and west directions and providing low
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solar gain in winter months are the most important determinants of the cooling loads of buildings
in summer months.

e Finally, it is clear that as the insulation thickness increases, the thermal resistance of the shell
element will increase in the insulation applications carried out to reduce the energy consumption
for heating and cooling, and the energy needs will also decrease. However, since insulation has
a significant initial investment cost, it is possible to find an economical solution by determining

the optimum insulation thickness.

However, more importantly, the absence of any binding mandatory enforcement mechanism during the
construction phase is not an acceptable situation. For this reason, it is important to create awareness on
issues such as energy efficiency and sustainability, especially in the region where the study is carried
out, and to create guiding tools for different occupational groups taking part in every stage of the
building production process.
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