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ONSOZ

Bu eseri sizlere sunmaktan blylk bir mutluluk duyuyorum. Yapi
Malzemeleri alaninda Tiirk¢e dilinde genis kapsamli bir tiniversite ders
kitabinin eksikligi géz oniine alinarak hazirlanan bu kitap, Uluslararasi
Vizyon Universitesinin Tiirkge egitim misyonu ve Tiirkce'yi bir diinya
dili ve akademik dil olarak giliclendirme hedefi dogrultusunda kaleme
alimmustir.

Kitap, ingaat miihendisligi ve mimarlik 6grencileri basta olmak iizere
sektordeki profesyoneller igin temel bir bagvuru kaynagi olmay1
hedeflemektedir. Icerik olusturulurken, Tiirkiye'nin seckin
tiniversitelerindeki ders materyalleri dikkatle incelenmis, alaninda uzman
akademisyenlerin goriislerine basvurulmus ve yapt malzemeleri
alanindaki en giincel gelismelerle zenginlestirilmistir. Ayrica, Avrupa ve
ABD'deki 6nde gelen iiniversitelerin kaynaklar1 da titizlikle incelenerek
karesel bilgi birikimi ile yerel ihtiyaglar bir araya getirilmistir.

Bu kitap, yapt malzemeleri konusunu on boéliimde genis bir ¢ercevede ele
almaktadir. Ik boliimde yapt malzemelerinin tarihsel —gelisimi,
smiflandirilmast  ve  dogal taslarin  strdiriilebilir  kullanimi
detaylandirilirken, diger boliimlerde beton, ahsap, cam, toprak esash
malzemeler ve nanoteknoloji  destekli  yenilik¢i  uygulamalar
derinlemesine incelenmistir. Celik, aliminyum, prefabrik yapilar, PVC ve
modern yalittm malzemeleri de kitapta kapsamli olarak ele alinan diger
konular arasinda yer almaktadir.

Bu kitabin, hem akademik diinyada hem de insaat sektoriinde ihtiyag
duyulan kapsamli bilgi birikimini saglayarak, gelecegin miihendis ve
mimarlarina rehberlik edecegine inaniyorum. Yapt malzemeleri
konusundaki bilginizi derinlestirirken, bu eserin projelerinizdeki
basarilariniza katki sunmasini diliyorum.

Dog. Dr. Ayse ARICI
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Resume of Book

| am very pleased to present this work to you. This book was prepared
considering the need for a comprehensive university textbook in Turkish
in construction materials. It was written in line with the Turkish education
mission of International Vision University and aimed to strengthen
Turkish as a world language and academic language.

The book aims to be a basic reference source for professionals in the
sector, especially civil engineering and architecture students. While
creating the content, course materials from Turkey's distinguished
universities were carefully examined, the opinions of academics who are
experts in their fields were consulted, and the content was enriched with
the most up-to-date developments in the field of building materials. In
addition, the resources of leading universities in Europe and the USA have
been carefully examined to bring together global knowledge and local
needs.

This book covers building materials in a broad framework in ten chapters.
While the first section details the historical development, classification,
and sustainable use of natural stones, the other sections examine concrete,
wood, glass, soil-based materials, and innovative applications supported
by nanotechnology in depth. Steel, aluminum, prefabricated structures,
PVC, and modern insulation materials are among the other topics covered
comprehensively in the book.

This book is not just a theoretical guide, but a practical tool that will equip
the engineers and architects of the future with the comprehensive
knowledge needed in both the academic world and the construction
industry. I am confident that this work will not only contribute to your
success in your projects but also empower you to make informed decisions
as you deepen your knowledge of building materials.

Dog. Dr. Ayse ARICI



ICINDEKILER

ONSOZ...ceeeeeeeeeeeeeeeeee ettt ettt ettt ettt 3

RESUME OF BOOK ...ttt 4

ICINDEKILER .........ocooiviiieeeeeeeeeeeeeeee e, 5

SEKILLER DIZINT .......ooooiiiiiieeeeeeeeeeee e 17

TABLOLAR DIZANT ..ottt 21

FORMULLER DIZINT ..o, 24
BIRINCI BOLUM

YAPI MALZEMELERININ TABiHSEL GELISiMi,
SINIFLANDIRILMASI, DOGAL TASLAR VE
SURDURULEBILIR KULLANIM OLANAKLARI

1. YAPI MALZEMELERINE GENEL BAKIS ......cccociiiieieeeeeeeeeeeeeeen 28
1.1. Yap1 Malzemeleri, Tanim ve Tarihsel Gelisim.............c.c....... 28
1.2. Yap1 Malzemelerinin Simiflandirilmast...........ccocoeeviiiiennnnn 28
1.3. Yap1 Malzemelerinin Fiziksel, Kimyasal ve Mekanik
OZEHIKIET ..o 29
1.4. Malzeme S ecimi ve Performans I¢in Degerlendirme Kriterleri. 29
1.5. Yap1 Malzemelerinde Standardizasyon ve Kalite Kontrol ..... 30
1.6. Yap1 Malzemelerinin Siirdiiriilebilirlik ve Yenilik¢i Kullanimai.. 30

2. YAPI MALZEMESI OLARAK DOGAL TASLAR........cccccoooveiieeeenann, 31
2.1. Dogal Taglarin Siniflandirilmasi ve Cesitleri..........cccocvennneene. 31

2.1.1. Puskiiriik (Volkanik) Taslar.........cccocooiiiiiniiiiicie 32
2.1.2. Tortul Taslar........cccceeiiuieiiiie it 33
2.1.3. Baskalagim (Metamorfik) Taslar ..........ccccoovvveiniiiiinnnns 33
2.2. Dogal Taslarin Kimyasal ve Fiziksel Ozellikleri.................... 34
2.3.Dogal Taslarin Kullanim Sekilleri.........ccccoovvvviiinnnnninnnnnen. 35
2.4. Dogal Tas Cesitleri ve OzelliKleri..........cccoveverrrererererereeennne, 36



IKiNCi BOLUM
BETON AGREGASI OLARAK KULLANILAN DOGAL
TASLARIN TANIMI, SINIFLANDIRILMASI VE FiZiKSEL-
MEKANIK OZELLIKLERININ LABORATUVAR ANALIZi

1. BETON AGREGASI OLARAK KULLANILAN DOGAL TASLARIN

TANIMI VE SINIFLANDIRILMASI ....ovoiiiiiiiiieinsisessesesssisesssssssssenes 42
1.1 BEtOn AGIEZaSst ....uvvviiviiiiiieiiiieiieeestee st 42
1.2. Beton Agregalarmn Islevleri ve Beton Uzerindeki Etkileri ...42
1.3. Dogal Tas Agregalarinin Simiflandirilmast.........ccocoevviiiinnnne. 44
1.4. Agregalarin Fiziksel OzelliKIeri..........cccocvvrvevvireverceeiricrernns 49

1.4.1. Elek Analizi DENEYI......cceiviiiiiiieiiiiieieec e, 59

2. BETON AGREGASI TASARIMI.....covviiiiiniiiiseineisesssesseseessssssssssenes 63
2.1. Tasarim Karisimi ve Karisim Oranlart ........ococeevvveeiiiieiiienenne, 63
2.2. DoZru Agrega SEGIMI ......cvvveviiiiiieiieieseesie e 64
2.3. Beton Karisim Tasariminda Teknik Parametreler ................... 65

3. TAZE VE SERTLESMIS BETON TESTLERI .........cccccoovveiiiiiicccncee, 66
3.1, Birim AZIrliK TeSti...cccvviviiieiiiiiiicie e 67
3.2. Slump Testi (COKME DENEYI) ..o 69
3.3. Basing Dayanim Testi........cccoovrvuiiiiiiiiiniiiicsiec e 71
3.4. Birim Agirlik Su Emme Testi.......cocovoiiiiiiiiiic e 73
3.5. BUZUIME TSt ... 75

4. AGREGA TURLERINE GORE KARISIM ORANLARI VE

DAYANTKLILIK 1ottt 77

5. MALZEMELERIN ULUSLARARASI MEKANIK TEST OZELLIiKLERi ...... 78
5.1. Birim Agirlik (Yogunluk) Tayini ........ccevvviiiciiiiiiiciieen 79
5.2. Ozgiil AGITIK TaYiNi....cooiveviviiicieieeieiccee e 80
5.3. Kompasite (Paketlenme) Tayini ........cccccoeevieeiieiiie e, 80
5.4, POr0OZite TaYiNi....ccoveieieie et 81

5.5. Dayantm TeStIeTi.......ccouiiiiiiiiiiieiieee e 82



UCUNCU BOLUM

BAGLAYICI MADDELER VE CIMENTO OZELLIiKLERIi

1. BAGLAYICI MADDELER ..ottt 87
1.1. Baglayict Maddelerin Tanimi ve Onemi ...........cccc.ccuevrerevenene, 87
1.2. Baglayic1t Maddelerin Siniflandirilmast........ccccooceeviieeniiennnne, 87

1.2.1. Kimyasal Ozelliklerine Gore Smiflandirma .................... 88
1.2.2. Fiziksel Ozelliklerine Gore Siniflandirma........................ 88

2.BAGLAYICI MADDELERIN CESITLERI .........cccoooviiiiiininesnne, 89
2.1. Cimento Trleri ve Teknik OzelliKIeri.......c.cccceevvvevevreeeenne, 89
2.2. Cimentonun Fiziksel ve Mekanik Ozelliklerinin Belirlenmesi92
2.3. Laboratuvar Caligsmalari ve Numune Hazirlig1....................... 93

2.3.1. Kimyasal AnalizIer ... 93
2.3.2.Fiziksel ve Mekanik Testler..........ccocoovviiiiininciiiicns 94
2.4. Al¢1 Tiirleri; Kullanim Alanlari ve Teknik Ozellikleri........... 95
2.4.1. Alc1 Tiirleri ve OzelliKIeTi........coevveeeeeeeeeieeeeeeee e 95
2.5. Asfalt Tiirleri, Kullanim Alanlari ve Teknik Ozellikleri ........ 98
2.5.1. Asfalt Tiirleri ve BileSimi ........ccccccoovviieiiiiiiee e, 98
2.5.2. Teknik Ozellikler ve Performans Kriterleri ..................... 99
2.6. Kireg Tiirleri, Kullanim Alanlar1 ve Teknik Ozellikleri ....... 100
2.7. Mastik Tiirleri, Kullanim Alanlari ve Teknik Ozellikleri...... 102
2.7.1. Mastik Tiirleri ve BileSimi.........ccccevvveniiieiiiinniiee s, 102
2.8. Polimer Baglayicilar: Tiirleri, Kullanim Alanlar1 ve Teknik
OZEHTKIET.......vovvcviicveeeece e 104
2.8.1. Polimer Baglayici Tiirleri ve Ozellikleri........................ 104
2.9. Ahsap Tutkalr: Tiirleri, Kullanim Alanlar1 ve Teknik
OZEHIKIET ..., 106
2.10. Epoksi Regineler: Tiirleri, Kullanim Alanlar1 ve Teknik
OZEIIKIET ..o, 108
2.10.1.Epoksi Regine Tiirleri ve Ozellikleri ............c.ccco........ 108

3. CIMENTO TEKNOLOJIsi; OZELLIKLER VE KiMYASAL DAVRANIS .. 110

4. PUZOLANLAR TANIMI, OZELLIKLERi VE BETON
TEKNOLOJISINDEKTI ROLU ..ot 113



5.YENI NESIL YAPI BAGLAYICILARI .......cocooviieeeeeeeeeeeeeeeeee e 117

5.1.Geopolimer CImentolar ..........ccocoviiiiiiieee 117
5.2. Alkali Aktive Baglayicilar.........cccoooevviieiiiie i, 117
5.3.Karbon Negatif ve Diislik Karbonlu Cimentolar .................... 118
5.4. Biyolojik Baglayicilar.........ccccocovvviiiiiiiiiiie e, 118
5.5. Fotokatalitik CImentolar............ccoooeeieneniniieeeeeee 118
5.6. KUKt BEIONU......viiiiiieie e 118
5.7. Magnezyum Oksit (MgO) Cimentolar............cc.coovrivrvenennns 119
5.8. Mineral Sivalar ve Cesitleri.......ccccccoiiiieeiiiiiiee i, 119

DORDUNCU BOLUM

GELENEKSEL VE YENI NESIiL BETON TEKNOLOJILERI
MEKANIK OZELLIKLER, KARISIM TASARIMI VE
NANOTEKNOLOJININ BETON PERFORMANSINA ETKIiLERI

L BETON oottt 124
1.2. Betonun Basing Dayanimina Etki Eden Faktorler................. 125

2. TAZE BETON OZELLIKLERI .......cccooooeieiiviiiiiiiciiiisiisisisississsississsssssisisinn 126
2.1. COKME (SIUMP) TS ..eeviiiiiiieriirieeee e 127
2.2.Ve-Be (VEDE) TESLI....cveiueiieiiieie et 127
2.3. Betondaki Hava MiKtart...........ccocveiiiiiiiiiieniiie e 127
2.4. Betonun Birim AZITNG1.....ccovviiiiiiiiiii s 127
2.5, Ceper ELKISI.....cccviiiiiieieie e 128
2.6. Testlerin Uygulama Asamalart ............cccooeiiviiiiiininninienn, 128

3. GELENEKSEL BETON TURLERTI ......cc..ccooiiiiiiiiiicscee s 129
3.1. Normal Beton (Standart Beton) ..........ccccccveveeieiiciecienen, 129

3.2. Yiiksek Dayanimli Beton..........cccocoeviiiiiiiiiiiiiees 129

3.3. Kendiliginden Yerlesen Beton..........cccccovvveiiiiiiiiiiniinnn, 130

3.4. Hava Siiriiklenmis Beton ...........cccovviiiiiniiiii e, 130

3.5, Hafif BEION ..o 130

3.6. Donatili1 Beton (Armatiirlii Beton).........cccocvvvveiiiieennns 131

4. YENI NESIL GELiSMi$ BETON TURLERI .........c.cccoovviniiniriinien. 131
4.1. Ultra Yiiksek Performansl Beton (UHPC) .........ccccccvvenneen. 132
4.2. Geopolimer BetON ..o 132



4.3. Kendini lyilestiren Beton (Self-Healing Concrete) .............. 133

4.4, Seffaf BEtON .....cccuiiiiiiiiiie e 133
4.5. Hibrit Fiber Takviyeli Beton..........ccccooeiveiviieiiece e 134
5. NANOTEKNOLOJI DESTEKLI BETON TURLERI .........ccccoocvviirinannnn. 135
5.1. Nano SiliKa (S102)....ceeierirriiriiniiiiiiniseeiese e 136
5.2. Nano Titanyum Dioksit (TiO2) ...ccceerveeeririiieiieiiieniesieeeen 137
5.3.Karbon Nanotlpler (CNT) ...cccoovevievieieseece e 139
5.4.Nanokil (NanoClay)........ccccvieiieiiie e 140

6. BETON KARISIM HESABI, KALITE KONTROLU VE SERTLESMIS
BETON OZELLIKLERI; BASINC DAYANIMI, EGILME DAYANIMI,

YARMA DAYANIMI, ELASTISITE MODULU........ccocoviviiiiieeens 141
6.1. Beton Karisim Hesab1........ccccoocviiiiiiii 141
6.1.1.Su/Cimento Oran1 ve Basing Dayanimu liskisi .............. 141

6.2. Beton Kalite KONtroll.........cccoooevieviiieiienece e 143
6.3. Sertlesmis Beton OzelliKIeri ..........cocovvvvvevrveveieeieeeeeieienan, 143

7. KIMYASAL KATKILARIN ETKILERI «..cocoovviiiicccees 146
7.1. Su Azaltic1 Katkilar ile Basing Dayanimu Iliskisi ................. 146
7.1.1. Su Azaltic1 Katkilarin Se¢im Kriterleri..........cccocveenneee. 147
7.1.2. Su Azaltict Katki TUrleri.......ooceevveiiieiiieeie e, 148

7.2. Hizlandirict ve Geciktirici Katkilarin Priz Siuresine Etkisi... 150
7.3. Hava Siiriikleyici Katkilar ile Donma-C6ziilme Dayanimi

BESINCi BOLUM

AHSAP MALZEMELERIN YAPISAL OZELLIKLERI,
SINIFLANDIRILMASI VE UYGULAMA ALANLARI
GELENEKSEL VE MODERN YAPI SISTEMLERINDE
KULLANIMI VE SURDURULEBILIRLIK

1. AHSABIN GENEL OZELLIKLERI........cooooovvvoioeeeeeeeoeeeceeeseceeeseeeesse. 156
1.1. Ahsabin Tanimi, Yapist ve Fiziksel Ozellikleri.................... 156
1.2. Teknik Detaylar ve Aciklamalar............ccccoooeviiiiiiniiiiennn, 161
1.3. Ahsabin Mekanik OzelliKIeri.........cccvoveveveveveverererirerenererennans 162
1.4. Ahsap Kusurlarinin Mekanik Ozelliklere Etkisi, Teknik
Detaylar ve Kontrol Yontemleri ..........cocovvevieiiiiieesie e, 165



10

2. AHSABIN SINIFLANDIRILMASI ...vcovvoeeveoeeeeeeeseeesseeeesseeesssessesseeeeseseees 166

2.1. Sert Agaclar ve Yumusak Agaclar..........cccoveeiiiniiiiiininnennn. 166
2.1.1. Yaprakli Agaclar (Sert Aaglar) ..., 166
2.1.2. Toreli Agaglar (Yumusak Agaglar) ... 169

2.2. Yerel Ahsap Tiirleri ve OzelliKIeri .......ooovvveiiieiiiiiiiiiiciiinnn 171

2.3. Islenme Sekline Gore Ahsap THIlEri ...ovcvvverecveeeiereeceeieiean. 173

3. TASIYICI SISTEM OLARAK AHSAP YAPILAR .....ccoovmiiniiirnirirerines 174

3.1. Geleneksel Ahsap Yap1 Sistemleri .......cocevvveiiiiiniieiiiicnnn, 175
3.1.1. Ahsap Karkas Sistemler..........ccccovvvviriiiieiiiiniiiieiieesn, 175
3.1.2. Bagdadi Yapilar.......ccocoovieiiiiiniei e 177

3.2. Modern Ahsap Yap1 Sistemleri .......cccoveveveiiiiiienieniieneee 179
3.2.1. Lamine Ahsap (Glulam) ..........c.ccooovviiiiiiiniiiiciee, 179
3.2.2. Capraz Lamine Ahsap (CLT) .cccccocvvvviiiiiieciee e, 182
3.2.3. Yapisal Kompozit Ahsaplar.........c.ccoccevveriniinicniininnn, 184

4. AHSABIN KULLANIM ALANLARI VE UYGULAMA ORNEKLERI ....186

4.1. Ahsabin Kullanim Alanlarina Bazi Ornekler ....................... 186

5. AHSABIN KORUNMASI VE DAYANIKLILIGININ ARTIRILMASI .......189

5.1. Ahsabin Korunma Y ontemleri ve Teknikleri ..............c....... 190

5.2. Ahsabin Yangin Dayanimi ve Korunmasi.............ccccevvennee 193
5.2.1. Ahgabin Yangina Karst Davranist ..........cccoeecveeiivieninenns 193
5.2.2. Ahsabin Yangina Karsi Korunma Yontemleri................ 194

6. MODERN AHSAP YAPI UYGULAMALARI VE SURDURULEBILIRLIK...195

6.1 Cok Katli Ahsap Yapilar........ccooviiiiiiiiiicin, 196

6.2 Biiytik Acikliklt Ahsap Striktlrler..........cooovviiieiiiiiiciee 197



ALTINCI BOLUM

CAM MALZEMELERIN INSAAT VE MIMARI TASARIMDAKI
EVRIMI: OZELLIKLER, TEKNOLOJILER VE UYGULAMA
ALANLARI

1. CAM YAPI MALZEMESI ......cooooiooooeeeeeeeeeeeeeeeeeeee e e 202

1.1. Camin Kimyasal Bilesenleri, Fonksiyonlar1 ve Cevresel Etkileri .. 202
1.2. Camun Uretim Siireci ve Bilesenleri Fiziksel Ozelliklere Katkilar1 204
1.3. Camin Fiziksel ve Mekanik Ozelliklerine Etki Eden Faktorler 204

1.4. Camin Mekanik, Termal ve Optik Ozelliklerin Insaat ve

Mimari Tasarimda Kullanimina Yoénelik Parametreler ............... 205
1.5. Cam Tiirleri ve Performans Ozelliklerinin insaat ve Giivenlik
Uygulamalar1 A¢isindan Smiflandirilmast..........coocviiiiiiciinnn, 207
1.6. Standartlar ve Teknik Sartnameler............ccovveviiiinniieninnnns 208
1.7. Cam Malzemelerin Yapilarda Kullanimi...........ccccoeevinnene 209
1.7.1. Strakturel Silikon Cepheler.........ccoovviiiiiiiniiiiins 210
1.7.2. Cift Cephe SiStemIeri........cccccveveiieiiieieie e 212
1.7.3. Cam BOIMeIer ..o 213
1.7.4. Cam Kapilar ......ccccovvviiiiiiiiiii i 215
1.7.5. Cam MerdiVEN........ccoveviiiiieineseee e 216
1.7.6. Cam Zeminler .........ccoviviiiiiiiiiieee e 218
1.7.7. Cam MODIlYa........coooiiiiii 219
1.7.8. Cam Dekorasyon Elemanlart ..........cccccoovviiiiiiiiniinnnne 221
1.7.9. Cam Kiris ve Kolonlar .........cccocceeviiniiniiiniiiiesieeie 222
1.7.10. Cam Kubbeler ve Catilar...........cccoocevvviiniiiinniiinniiinns 224
1.7.11. Enerji Verimliligi ve Siirdiiriilebilirlik Uygulamalarinda
Giines Kontrol Camlart ........cccocvvvviiiniiiiniiies e 225
1.7.12. Camin Tasarim ve Hesaplama ilkeleri......................... 229
1.8. Emniyet Faktorleri, Tasarim Yiikleri ve Standartlar............. 230
1.9. Akilli Cam Teknolojileri ve Teknik Detaylart...................... 232
1.9.1. Elektrokromik Camlar............ccocooeviiiiiiiciiniiiice, 232
1.9.2. Termokromik Camlar...........ccoovieriinincrcineeesene 233
1.9.3. PDLC (Polimer Dagilimli Siv1 Kristal) Camlar............. 234
1.9.4. SPD (Askida Pargacikli Cihaz) Camlar .............cccceenne. 234
2. ForovoLTAik CAM TEKNOLOJILERI VE BiNA ENTEGRASYONU... 235
2.1. Bina Entegre Fotovoltaik (BIPV) Sistemleri ...........cc.coovnee. 235
2.2. Seffaf Fotovoltaik Camlar............ccccevvvviiiiiniieniiie e, 236



3. NANOTEKNOLOJi VE YENi MALZEMELER iLE GELisSMiS CAM

TEKNOLOJILERI .....oooooeoe oottt ettt ettt ettt 236
3.1. Kendini Temizleyen Camlar.........c.ccccoocvvveiiveieiicinese e, 236
3.2. Yiiksek Performansli izolasyon Camlart ............cccc.ccevneennee. 237

4. CAM YAPILARIN ORNEKLERIi VE TEKNiK ANALIZLERI ........... 239

YEDINCIi BOLUM

TOPRAK ESASLI YAPI MALZEMELERI
GELENEKSEL TEKNIiKLERDEN NANOTEKNOLOJi
DESTEKLI iLERi UYGULAMALAR

1. TOPRAK MALZEMESI ........c.coooooiimiiiiiiiniinisciscieceesesss s, 251
1.1.Topragin Bilesenleri, Fiziksel ve Kimyasal Yapisi............... 251
1.1.1.Fiziksel ve Kimyasal Yapist......cccocviieniiniiciiisiiennns 252
1.1.2. Topraktaki Gazlar ve Sivilar.........ccccooviiiiiiiiiciee, 254
1.2. Topragin DoKusu Ve YapiSl......cccccueeieerieeiiesieeiee e 256
2. GELENEKSEL TOPRAK YAPI MALZEMELERI TURLERI ............... 258
2.1. Duvar Yapiminda Kullanilan Toprak ...........ccccceviniinininnnn 258
2.1.1. Kerpi¢ Yapilar ve TUrleri........cocoovvviiniiiiicneee 259
2.1.1.1. Geleneksel Kerpi¢ Duvarlar............cccccevveveireennenn, 259
2.1.1.2. Himaye Edilmis Kerpi¢ Yapilar..........ccccoenvrnnene. 260
2.1.1.3. Takviyeli Kerpi¢ Yapilar.........ccccoovvviiiiiiniiiinnn, 260
2.1.1.4. Prefabrik Kerpig Paneller ..., 261
2.1.2. Kerpig Yapilarin Teknik OzelliKleri.........ccccvvveveriennnne, 262
2.1.3. Sikistirtlmis Toprak (Rammed Earth)............cccocoveveee. 264
2.1.4. Toprak Torbalar (Superadobe)..........c.cccevveveiieieiiennen, 267
2.2. Doseme Olusumlarinda Kullanilan Topraklar...................... 269
2.3. Cat1 (Dam) Olusumlarinda Kullanilan Topraklar.................. 271
2.4. Duvar Konstriiksiyonlarinda Dolgu Malzemesi Olarak Toprak
KUullanimi ..o 274
2.4.1. Kullanilan Teknikler..........ccccovviiiiiiiniiie e 275
2.4.1.1. Wattle and Daub ..., 275
2.4.01.2. COD oo 275
2.5. Sabit Donat1 Uretiminde Toprak Kullanimi .................c........ 276

2.6. Dekoratif ve Ince Islere Yonelik Hazir Malzeme Uretimleri 278

12



Y B G 5 A 1 - 1 T 278

2.6.2. Dogal Pigmentler ve Boyalar............cccoovvviniiiiiinnnene. 279
2.6.3. Kil Siva ve Dogal Pigmentlerin Baslica Ozellikleri ve
AVANLAJIATT. ... 280
2.6.4. lyilestirme ve Stabilizasyon ............cceveveveveviverinerinennnns 280
3. GELISTIiRiLMiS TOPRAK YAPI MALZEMELERI TURLERI ............ 282
3.1. Alker (Algi1-Kireg-Toprak) Malzemesi ..........ccccovevvvveinennns 282
3.1.1. AIKer Uretim SUECi......ccovveveveeeieiireeicveeeeeseeve e 283
3.1.2. Alker’in OzelliKIeri......covvvevererireececieieee e, 283
3.1.3. Uygulama Alanlart.........cccccooveriniinieeniicnienecc e 283
4. NANOTEKNOLOJi DESTEKLI GELiSMiS TOPRAK YAPI
MALZEMELERT TURLERI ..........cooooiiiiiiinee e 284
4.1. Nanokil ile Gli¢lendirilmis Toprak Yapi Malzemeleri ......... 285
4.2. Polimerle Stabilize Edilmis Toprak Malzemeler.................. 288
4.3. Karbon Nanotiipler ile Takviye Edilmis Toprak................... 291

5. GELENEKSEL, GELIiSTiRiLMiS VE NANOTEKNOLOJi DESTEKLI
GELisSMiS TOPRAK YAPI MALZEMELERI TURLERININ UYGULAMA

ALANLARININ KARSILASTIRILMASLI ........cccceiviviieceeteteieeseees e 293
5.1. Malzeme OZelliKIENi.........covviiiriieieirieceeeeeeece e, 293
5.1.1. Geleneksel Toprak Yap1 Malzemeleri ............ccccccvvvnnne 293
5.1.2. Nesil Yap1 Malzemesi ALKer........c.cccceevivviiiiiiiiiiiicnne 294

5.1.3. Nanoteknoloji Destekli Gelismis Toprak Yapi Malzemeleri. 294

13



SEKIZiNCi BOLUM

INSAAT MUHENDISLIGINDE TEMEL YAPI MALZEMELERI;
TUGLALAR, SERAMIKLER, PORSELEN, MERMER VE

GRANITLER
1. TEMEL YAPI MALZEMELERI .......cocooiiiieeoeeeeeeeeeeeeeeeeeeeeee e 299
1.1. insaat Miihendisliginde Temel Yap1 Malzemeleri, Tuglalar,
Seramikler, Porselen, Mermer ve Granitler.........ccccovvevevecveveeeiin, 299
L.1.1 Tulalar. ..o 300
1.0 2. KITEMIEIET e 307
1.1.3. Seramikler Tirleri ve Kullanim Alanlari...........cccvuve..... 308
1.1.4. Porselen Tiirleri ve Kullanim Alanlart......ccccoocvvvvveevennnn. 310
1.1.5. Mermer ve Granitlerin Kullanim Alanlari.........cccc......... 312
2. YENI VE GELISMIS YAPI MALZEMELERI..........cccccccoooviviiiiiieiin. 314
2.1. Fiber Takviyeli Kompozit Malzemeler............cccccvvvevviinnen, 314
2.1.1. Cam Fiber KOMPOZit ........ccooeiieiiiie e 315
2.1.2. Karbon Fiber KOMPOZit.........ccooeviiieiieieeie e 316
2.1.3. Aramid Fiber KOmMPOZit.........c.cccoevveieiieiicie e 316
3. NANO TEKNOLOJi iLE GELIiSTiRiLMiS MALZEMELER ................ 317
3.1. Nanokompozit Malzemeler...........ccccovevveveiiieve e, 317
3.2. Nanofiber Malzemeler ...... ... 318
3.3. Nanopartikil Malzemeler ...........cccecveveiieiiececcceece e, 319
4. AKILLI YAPI MALZEMELERT .....coooiiiot oottt 320
4.1. Termo-reaktif Malzemeler.......c..eeeeeeeeeeeeeeeee e 320
4.2. Piezoelektrik Malzemeler ... 321
4.3. Manyetik Malzemeler...........coeovieiiiieciccece e 322
5. 3D BASKI YAPI MALZEMELERI .....ccoovovoooeeeoeeoeeeee e, 323
5.1. 3D Baski BEtONU.....coevveeeeiii e 324
5.2. 3D Baskl Metali....cooveeeieeieeeeeeeeeee ettt 325
5.3. Biyolojik Malzemeler ..........cccooveiiiiiiiiie e 326
6. YAPI MALZEMELERININ AVANTAJ VE DEZAVANTAJLARI,
GELENEKSELDEN YENILIKCIYE.......cooiiiioeeeeoeeeeeeeeeeeeeeeeeeeeen 327

14



DOKUZUNCU BOLUM

CELIK, ALUMINYUM, PREFABRIK, PVC VE METAL

MALZEMELER

1. CELIK YAPILAR VE MALZEMELER .....c.cocostimiiiininirininsisissisrsenes 334
1.1. Celik Yap1 Malzemeleri........ccccocveviviiiiieiiiiiniiie e 334
1.1.1. Celik Yap1 Malzemelerinin Kullanim Alanlart............ 337
1.1.2. Celigin Tarihsel Geligimi.........cccocvvvviiveiiiiieniiieniiee e, 339
1.1.3. Celigin Diger Miihendislik Alanlarina Katkisi............... 340

2. ALUMINYUM YAPILAR VE MALZEMELER.........cccccecoeveiviieeicerennn, 345
2.1. Aliiminyumun Yapilarda Kullanim Alanlart ..........c..cccoeeee. 345
2.1.1. Cephe Kaplama Sistemleri...........ccccoevviviiiiiieiicieennas 346
2.1.2. Ornek Uygulamalar.............cccoccevmerivcverieeiereseeenenans 347
2.1.3.Pencere ve Kap1 Cerceveleri......coovvviiiiiieniiieniieenninnn, 348
2.1.4. Biiyiik Yapilarda Yapisal Cerceveler.........cccoovvvivernenne. 349
2.1.5. Yiik Tasima Kapasitesi ......ccccvverrvieiiieeeiiiesiiieessieessinens 350
2.1.6. Catt SiSteMICTI...cccvviiiiiieieiieeriee e 351
2.1.7. Merdiven ve Korkuluk Sistemleri..........ccccoccovviiinnenn. 352
2.1.8. Golgelendirme Sistemleri ve Panjurlar............c.ccccoce.e. 353
2.1.9. Tavan ve Zemin Sistemleri ........cccoeovviiviciiiiisen 354
2.1.10. Is1 ve Ses Yalitimi OzelliKleri..........cococvvevererriirerennan, 355
2.1.11. Asma Tavan ve Kompozit Paneller .............cccccceuene. 355
2.1.12. Yangin Dayanimi ve Ses Yalitimi .......c.ccocverviineennn. 356
2.1.13. Mobilya ve I¢ Mekan Tasartmi............cc.cooeverirerrnnennns 356
2.1.14. Asinma ve Yipranma Dayanimi.........cccccevveriinineennnn. 357
2.1.15. Mobilya ve I¢ Mekan Tasarrminda Kullanimi............. 357
2.1.16. Kopri ve ViyaduKIer..........ccooviviiieieincenceee 357
2.2. Cevresel Dayaniklilik ve Bakim Avantajlart ..........c..ccoeeeee. 358
2.3. Maliyet FaKIOrIeri ........ccooeieiiiiiiiieee e 358
2.4. Is1 Yaliiml1 Aliiminyum Paneller............cccoooviiiiiiniiinnn. 358
2.5. Sifir Enerjili Yapilarda Kullanim..........cccooevviiiiiiininiens 358
2.6. Aliiminyumun Kullanim Alanlart ..........c.cccooviiiiiiiiiinnn, 360
2.7. Aliminyumun Diger Miihendislik Alanlarina Katkisi.......... 363
3. PREFABRIK YAPILAR VE MALZEMELERI...........cccccocoviiiniiiniiiniinnne, 365
3.1. Prefabrik Yap1 Malzemeleri..........ccoooveviiiiiiiiiicieen, 365
3.2. Prefabrik Yap1 Malzemelerinin Kullanim Alanlari .............. 367



3.2.1. KONUL PrOJEIEI . c.veivieiiieie st 368

3.2.2. Ticari Binalar........ccccooviiiiiii e 370
3.2.3. Endustriyel TeSISIEr .......ccocoiiiiiiieiiceee e 372
3.2.4. Acil Konut Thtiyaglart ..........ccocevvveuererinceeiereccieeeeeee s 373
3.2.5. Saglik ve Egitim TesiSleri.......cccoovveriviiiieniciiieieesc e 373

4. PVC VE METAL MALZEMELER.......cccoooiiiiiinnineee e 374
4.1. PVC (Polivinil Kloriir) Yap1 Malzemesi .........cccccovevvrieenernnenns 374

4.2. PVC (Polivinil Kloriir) Yap1 Malzemesi. Kullanim Alanlart .... 375
4.3. PVC ve Metal Malzemelerin Yap1 ve I¢c Mekan Tasarimlarinda

Kullanimi Dayaniklilik, Estetik ve Islevsellik .........ccccovvevrererennes. 376
4.4. PVC Malzemenin Uygulama Alanlar1 ve Ozellikleri ............... 376
5. DIGER METAL MALZEMELER.......cccccoiiiiniiiniiisesssss s 378
5.1. Cinko, Bakir ve Titanyumun Yapilarda Kullanimi.................... 378
511 CINKO.c vttt 378
S.1.2. BAKIT i 379
5.1.3. THANYUM ..ot e 379

5.2. Metal Golgelendirme Sistemleri..........ccocvvvviniinieniininiiinee 381
5.3. Dekoratif Metal Paneller ... 383

ONUNCU BOLUM

YALITIM MALZEMELERI GELENEKSEL VE YENI NESIL
COZUMLER ILE YAPISAL PERFORMANS ARTIRIMI

1.YENi NESIiL VE GELENEKSEL YALITIM MALZEMELERI ................... 389
1.1. Is1 Yalittm Malzemeleri........ccoooeveiiieeeee, 389
1.1.1. Geleneksel Is1 Yalitim Malzemeleri...........ccoeevveennnnnnnnnn. 390
1.1.2. Yeni Nesil Is1 Yalittm Malzemeleri ...........ccoovvevvvveveeeennnn. 391

1.2. Ses Yalitim Malzemeleri..........cccooeeeiiii, 392
1.2.1. Geleneksel Ses Yalitim Malzemeleri...........ceevvveeeevieeeeennnns 392
1.2.2. Yeni Nesil Ses Yalittm Malzemeler .........ceevvvvveevvvveeeeennnns 393

1.3. Nem ve Rutubet Yalitim Malzemeleri..............cccoeeveiiiinnnnnnnnnn. 395
1.3.1. Geleneksel Nem ve Rutubet Yalitim Malzemeleri.............. 395
1.3.2. Yeni Nesil Nem ve Rutubet Yalittm Malzemeleri.............. 396

1.4. Yangin Yalittim Malzemeleri ..........ccooveviiiiiiiiiiinicnicccen, 398
1.4.1. Geleneksel Yangin Yalitim Malzemeleri ...........cccccoevenee. 398
1.4.2. Yeni Nesil Yangin Yalitim Malzemeleri............cccocevvennee. 399
YARARLANILAN KAYNAKLAR ...t 401

16



SEKILLER DiZiNi

Sekil 1.Elek ANalizi DENEYI......cccocoveiieiicieiiece e 59
SekKil 2. Beton Agregalari.........ccccvvveiieiiiiiiieiiceseese e 63
Sekil 3. Birim AZITTIK TeStl ..occvvveiiiiiiiiieiiiee v 67
Sekil 4. SIUMP TS ....ovoiiieiiiiieeee e 69
Sekil 5. Baing Dayanimi Testi .......cccovvvveiiiiiniiiiiiiieiiie e 71
SekKil 6.Birim AZIrlIK TeSt ...ccvevviriiiieiiiieiiese e 73
SeKil 7. BUZUIME TESti.ucciiiiiiiiiiiccieccee s 75
Sekil 8. Cimento Baglayict Maddesinin Uygulamasi...........cc.ccoevennene 89
Sekil 9. Algr’nin Ingaat Sektdriindeki Uygulama Ornegi .............c........ 95
Sekil 10. Asfalt Insaat Sektoriinde ki Uygulama Ornegi....................... 98
Sekil 11. Kire¢ Baglayict Malzemesinin Ingaat Sektériinde ki Uygulama
OINEFi....cvcvreceeieecee ettt aeans 100
Sekil 12. Betonun Insaat Sektoriinde Uygulamast...............cccovvevnnene. 124
Sekil 13. Taze Beton Ingaat Sahasinda Uygulanmasi.......................... 126
Sekil 14 .Beton Turleri ve CeSitleri....cooiviiiiiiiieiieiiieeiie e 129
Sekil 15. Yeni Nesil Betonlar ..........cccooveviiiiiieiececee e 131
Sekil 16. Nanoteknoloji Tle Betonlar ...............ccocvvcveiiiereriecsncnennne, 135
Sekil 17. Ahsap TUIIETT...cccuvviiiiiiiiiicc e 156
Sekil 18. Sert Agac Tiirlerine OrnekIer ...........ccoeevevvvevcieerieieeeennans 166
Sekil 19. Yumusak Agaglara OrnekIer ...........cocooveveveveveveveeeeeeeeee, 168
Sekil 20. Yerel Ahsap TUTIETT.....cccovveiiiiiiiiiiiiee e, 171
Sekil 21. Ahsap Karkas Sistemler..........ccocoveviiiiiiiiniiiienieeiee e 175
Sekil 22. Bagdadi Yapilara Ornek ...........coccovvvievricreiicrsneessenennn, 177
Sekil 23. Modern Ahsap Yap1 Sistemleri ve Uygulama Ornekleri...... 179
Sekil 24. Capraz Laine AhSap........cccoooeviiiiiiiiieiicceee e 182
Sekil 25. Yapisal Kompozit Ahgaplar..........cccooviiiiiiieniiiiieen, 184
Sekil 26. Ahsabin Kullanim Alanlarma Bazi Ornekler ....................... 187
SekKil 27. Cam Yapilar........cocovoiiiiiiiicie e 209
Sekil 28. Striiktirel Silikon Cephelere Ormek ............ccccoeevevevevceennnan. 210
Sekil 29. Cift Cephe Sistemlering Ornek..........cccccevvevceveeiiieeenenan, 212
Sekil 30. Cam Bolmelere OrnekIer...........coovvvvveeeceeeeeeeee, 213
Sekil 31. Cam Kapilara OrneKIer...........ccceevviicvererniieccreieseeseerenans 215
Sekil 32. Cam Merdivene OMEK ............cocovvvveeeeeeeiseseese e, 216
Sekil 33. Cam Zeminlere OMMekK ..........cocvvvveveveeeeeerereeeceeees s 218



Sekil 34.Cam Mobiyalara OrnekIer...........covoveveveveveveveeeeereeeeeeeeeeereeees 219

Sekil 35.Cam Dekorasyon Elemanlarina Ornekler............c.cccoovevunnnn 221
Sekil 36. Camin Miizeler, Sergi Alanlar1 gibi alanlarda Kullanilmasina
QAN OINEK ...voviecvece ettt 222
Sekil 37.Cam Kubbeler ve Catilar...........ccccceeeviiieeiiiiiiec e 224
Sekil 38. Diisiikk E(Low-E) Camlar..........cccovviiiiieniiieieneee e, 226
Sekil 39.S0lar Sistemlere OrnNek..........c.oeevevevieeeei e 227
Sekil 40. Fotovoltaik Camlara Ornek .............cecevvueeviveeceeereeereeeenns 228
Sekil 41. The Louvre Piramidi .......cccccoceevieiiiieiiicie e 239
Sekil 42. The Gherkin (30 St Mary AXe) .....cccevereerenieieeneee e, 241
Sekil 43. The EAen Project .........coooveieieiiece e, 243
Sekil 44. NEMA ChiCag0 ........cccveiiiiiiiiiiiisieieee e 245
Sekil 45. Toprak MalzemesSi..........cccevvvieiieieiicseece e, 251
Sekil 46. TOPrak DOKUSU .........cooviiiiiiiiiiicieee e 256
Sekil 47. Kerpic Yapimina ait Ornek ..........c.ccocoeeveverreieerereerinenenenans 259
Sekil 48. Toprak Sikistiriimasina ait Ormek .........cococovevevevereverenennnennns 264
Sekil 49. Toprak Torba Yapim Teknigine Ornek...........cccoevvverrinnen. 267
Sekil 50. Dosemede Kullanilan Toprak TUrleri........ccocvvviviiiiieiiinnnnn, 269
Sekil 51. Cat1 (Dam) Olusumuna Ormek ............ccovvvevevevereeererirenenenns 271
Sekil 52. Duvar Konsriiksiyonlarda Dolgu Malzemesi Olarak Kullanilan
Toprak Uygulamalarina OrnekIer.............coceevvviiuerersiieieeeeeessesesenes 274
Sekil 53. I¢ Mekanlarda Toprak Kullanimia Ornek ...............ccco.e..... 276
Sekil 54. Dekoratif ve Ince Islerde Toprak Kullanimina Ornek........... 278
Sekil 55. Alker Malzemesing OMMEK..........c.ccovevvevvreverererererereseeesenenenes 282
Sekil 56. Nanokil ile Gii¢lendirilmis Toprak Yap1 Malzemelerinin
Kullanimima ait OrneKIEr ..........ccovvieruerereiiececee et 285
Sekil 57. Polimerle Stabilize Edilmis Toprak Malzemelere Ornek......288
Sekil 58. Karbon Nanotiipler ile Takviye Edilmis Topraklara Ornekler
.............................................................................................................. 291
Sekil 59. Tuglalar, Seramikler, Porselen, Mermer ve Granitler........... 299
Sekil 60. Tuglalara OrnekIer ............ccovvveveriiiiieieiereieieeee s 300
Sekil 61. Kiremit Turlerine OmekKIer ...........ccovovvvevveveveeeeerereeeeeeeeerees 307
Sekil 62. Seramik TUrlerine OrnekIer...........oovovvveveveveeeeeeeeeeeeeeeeeeeeeen. 308
Sekil 63.Seramik Turlering OrnekIer...........covvveveveveveveveeeeeeeeeeeeerenenes 310
Sekil 64.Seramikler, Porselenlerin I¢ Mekan ve Dis Mekanda
Kullanimima OrneKIEr ...........coccveveveececeieieieeecee e eeeeie e essee e 310
Sekil 65. Mermer ve Granitlerin Cesitleri .........cccoocveviiiiiieniiieninen, 312
Sekil 66. Fiber Takviyeli Kompozit Malzemelere Ormek .................... 315

18



Sekil 67. Cam Fiber Kompozit Malzemeler ............ccccoevvvivieiveieennn, 315

Sekil 68. .Nano Teknoloji ile Gelismis Malzemeler...............ccccuennee. 317
Sekil 69. Akilli Malzemelere OrnekIer...........ccovevevveccieeieeeiseeeeas 320
Sekil 70. 3D Baski Malzemelerine OrnekIer..............ccovvvvevevevevenennnan 323
Sekil 71.Celik Yapilara Ornek.........ococovevvveveiveveeeeeeeeeeeeee e, 334
Sekil 72. Celik Yap1 Malzemelerin Yiiksek Katli Yapilarda Kullanimi

GOSEIEN OINEK ..ottt 337
Sekil 73. Celigin Kopriilerde Kullanimina ait Ornek ..............c..c........ 337
Sekil 74. Celigin Endiistriyel Tesislerde Kullanimini1 Gésteren Ornek 338
Sekil 75. Celigin Stadyumlarda Kullanimina dair Ornek .................... 338

Sekil 76. Celigin Otomotiv Sektdriinde Kullanimini Gésteren Ornek 341
Sekil 77. Celigin Uzay ve Ugak Miihendisliginde Kullanim Alanlarin

GOSEIEN OINEK ..ottt 343
Sekil 78. Celigin Giinliik Hayatta Kullanim1 Alanlarin1 Gosteren
OMEKIET ..ot 345
Sekil 79. Aliminyumun Cephe Kaplamalarinda Kullanim Alanini
GOSLEIEN OINEK ..ottt 346
Sekil 80. Aliminyumun Pencere ve Kap1 Cercevelerinde Kullanimini
GOSLEIEN OINEK ..ottt 348
Sekil 81. Biiyiik Yapilarda Yapisal Cergevelerde Kullanilmasina dair
OIMEBK ..o 349
Sekil 82. Cati Sistemlede Uygulanmasini Gosteren Ornek ................. 351
Sekil 83. Merdiven ve Korkuluk Sistemlerinde Kullanimin Gosteren
OIMEBK ..ottt 352
Sekil 84. Golgelendirme Sistemlerinde ve Panjurlarda Kullanimin
GOSEIEN OINEK ......vveveicveiiicte ettt 353

Sekil 85. Tavan ve Zemin Sistemlerinde Kullanimin Gésteren Ornek 354
Sekil 86. Asma Tavan ve Kompozit Panellerde kullanilmasini Gésteren

OINEK ... s 355
Sekil 87. Mobilya ve i¢ Mekan Tasariminda Kullanimin Gosteren Ornek
.............................................................................................................. 356
Sekil 88. Koprii ve Viyadiiklerde Kullanimin Gésteren Ornek........... 357
Sekil 89. Aliiminyumun Kullanim Alanlarin1 Gésteren Ornek ........... 360
Sekil 90. Aliiminyumun Diger Miihendislik Alanlarinda Kullanimini
GOSEIEN OINEK ..ottt 363
Sekil 91. Aliiminyumun Giinliik Hayatta Kullanim Alanlarin1 Gosteren
OINEK ..ot 364
Sekil 92. Prefabrik Yapilara Ornek..........ccccoevvierricveiiereicesncsennn, 365

Sekil 93. Prefabrik Yap1 Malzemelerinin Kullanim Alanlarina Ornek 367

19



Sekil 94. Prefabrik Yap1 Malzemelerinin Ofis Binalar1, Aligveris

Merkezleri, Oteller vb Yapilarda Uygulanmasina dair Ornek.............. 369
Sekil 95. Prefabrik Yap1 Malzemelerinin Fabrikalar, Depolar, Atolyeler
ve diger Endiistriyel Yapilarda Kullanimin1 Gosteren Ornek .............. 372
Sekil 96. Prefabrik Yap1 Malzemelerinin Acil Konut Ihtiyaclarini
Karsilamaya Y&nelik Kullanilmasimi Gosteren Ornek ...............c........ 373
Sekil 97. PrefabrikYapr Malzemelerinin Saglik Sektoriinde Kullanimini
GOSLEIEN OINEK ..ottt 373
Sekil 98. PVC Yap1 Malzemelerinin Kullanim Alanlarini Gosteren
OINEK .ot 375
Sekil 99. Yeni Nesil Yapi1 Malzemelerinin Uygulamalarin1 Gosteren
OINEK .ottt 389
Sekil 100. Is1 Yalitim Malzemelerinin Insaat Sektoriinde ki
Uygulamasini Gosteren OrneK.............ccoevveeuerieeerreererieeresesessesesenens 390
Sekil 101. Yeni Nesil Yalitim Malzemelerinin Uygulamasini1 Gdsteren
OINEK .ottt 391
Sekil 102.Yeni Nesil Ses Yalitim Panellerinin Uygulanmasini Gosteren
OINEK 1ot 393
Sekil 103. Geleneksel Nem ve Rutubete Kars1 Yap1 Yalum Malzemesi
Uygulama OMMeEi........cccvvviveiiriiiiiriiieeieesee e 395
Sekil 104. Yeni Nesil Nem ve Rutubet Yaltim Malzemelerinin
Uygulama OMMei........cccvvveveiiririiieiiiceeees e 396
Sekil 105. Kristalize Yalitim Malzemelerinin Uygulanmasini Gosteren
OINEK .ot 397
Sekil 106. Yangin Yalitim Malzemelerinin Uygulanmasinit Gosteren
OINEK .ot 398
Sekil 107. Yeni Nesil Yangin Yalittim Malzemelerinin Uygulanmasini
GOSLEIEN OINEK .....cvoviiieicie et 399
Sekil 108. Yangina Dayanikli Kopiik Uygulanmasini Gosteren Ornek
.............................................................................................................. 400

20



Tablo 1.
Tablo 2.
Tablo 3.
Tablo 4.
Tablo 5.
Tablo 6.
Tablo 7.
Tablo 8.
Tablo 9.

Tablo 10.
Tablo 11.
Tablo 12.
Tablo 13.
Tablo 14.
Tablo 15.
Tablo 16.

Degerleri

Tablo 17.
Tablo 18.
Tablo 19.

Tablo 20

Tablo 21.
Tablo 22.
Tablo 23.
Tablo 24.
Tablo 25.

Oranlart .

Tablo 26.

Tablo 27

Tablo 28.
Tablo 29.
Tablo 30.
Tablo 31.

TABLOLAR DIiZINi

Dogal Taslarin Jeolojik Olusumuna Gore Siiflandirilmast... 32
Dogal Tas Tiirlerinin Kimyasal ve Fiziksel Ozellikleri.......... 34
Dogal Tas Tiirleri ve Islenme Durumuna Gére Siniflandirma 35
Islenmis Tas Tiirleri ve Kullanim Alanlart ..............ccccevvnee. 35
Dogal Tas Tiirlerinin Kimyasal ve Fiziksel Ozellikleri.......... 36
Farkl1 Agrega Tiirlerinin Birim Agirlik Degerleri .................. 50
Farkli Agrega Tiirlerinin Ozgiil Agirlik Degerleri.................. 52
Farkli Agrega Tiirlerinin Kompasite Degerleri..................... 53
Agregalarin Porozite Degerleri.........coocvviiiiieiiiiiicniicieee, 55
Farkli Agrega Tiirlerinin Su Igerigi Degerleri ...................... o7
Beton Karisim Tasariminda Teknik Parametreler ................ 65
Agrega Tiirlerine Gore Karigim Oranlar1 ve Dayaniklilik .... 77
Farkli Agrega Tiirlerinin Birim Agirlik Degerleri ................ 79
Farkli Agrega Tiirlerinin Ozgiil Agirlik Degerleri................ 80
Farkli Agrega Tiirlerinin Porozite Degerleri.............c.cceeee. 81
Farkli Agrega Tiirlerinin Dayanim Testleri ve Dayanim
................................................................................................. 82
Hidratasyon Reaksiyonlari ve Etkileri ..........cccoooeninnnnnn, 110
Katilasma ve Sertlesme Stiregleri .........coovvviveiiieiiiieennnnen, 111

Cimentonun Fiziksel Ozellikleri ve Teknik Detaylari ........ 111

. Cimentonun Mekanik Ozellikleri ve Teknik Detaylarr....... 112
Cimentonun Ana Bilesenleri ve Etkileri..........ccccoocieninens 112
Puzolanlarin Tanim1 ve Siniflandirilmast ........ccooveeneenen. 113
Dogal ve Yapay Puzolanlarin Teknik Ozellikleri............... 114
Puzolanlarin Faydalar1 ve Kullanim Alanlart ..................... 115
Puzolanlarin Beton Ozelliklerine Etkisi ve Onerilen Kullanim

............................................................................................... 115
Puzolan Kullaniminin Cevresel ve Ekonomik Etkileri....... 116

. Puzolanlarla Ilgili Standartlar ve Teknik Detaylar ............. 116
Nem Igeriginin Ahsabin Ozelliklerine Etkisi...................... 157
Ahgabin Nem Icerigine Bagl Ozellikleri............cc.ccevnnennn 158
Ahsabin Farkl1 Yénlerde Biiziilme ve Sisme Ozellikleri.... 158

Ahsabin Biiziilme ve Sisme Etkileri ve Azaltma Y ontemleri
............................................................................................... 159

21



Tablo 32. Ahsabin Biiziilme ve Sismesinde Teknik Detaylar ve Pratik

BIIGHEE e 159
Tablo 33. Ahsabin Termal Ozellikleri ve Teknik Detaylar................. 160
Tablo 34. Ahsabin Akustik Ozellikleri ve Teknik Detaylar ................ 160
Tablo 35. Farkli Malzemelerin Isil Tletkenlik Degerlefi..................... 162
Tablo 36. Ahsabin Mekanik Ozelliklerinin Detayli Incelenmesi......... 163
Tablo 37. Ahsap Kusurlarinin Mekanik Ozelliklere Etkisi, Teknik
Detaylar ve Kontrol YONtemIer .........ccocovveviiniiiieceneec e 165
Tablo 38. Sert ve Yumusak Agaglarin Karsilastirilmast...................... 171
Tablo 39. Yaygin Ahsap Tiirleri ve OzelliKIeri ..........coevvveverrircrernnnens 173
Tablo 40. Ahsap Yapilarin Tasarim ve Hesap Esaslart.............c.......... 188
Tablo 41. Ahsap Yapilarda Koruma Yontemleri, Teknik Detaylar ve
Uygulama BIlGIleri ..........cooveiiiieiece e 191
Tablo 42. Termik ve Kimyasal Modifikasyon Teknikleri ile Ahsabin
KOTUNMAST ... 192
Tablo 43. Ahsap Koruma Teknolojileri ve Teknik Detaylar ............... 192
Tablo 44. Emprenye Maddelerinin Etkinligi ve Cevresel Etkileri........ 193
Tablo 45. Ahsabin Yangina Dayaniminin Diger Malzemelerle
Karstlagtirilmast .......cocueeiieiiiiiii e 195
Tablo 46. Diinyanin En Biiyiik Ahsap Yapt Ornegi ...........ccccooeuevnnee, 196
Tablo 47. Diinyanm En Biiyiik Ahsap STriktiir Yapisina Ornek......... 197
Tablo 48. Camin Kimyasal Bilesenleri, Fonksiyonlar1 ve Cevresel
ELKHEIT ..o 202
Tablo 49. Camin Uretim Siireci ve Bilesenlerin Fiziksel Ozelliklere
KAtKIIATT o 204
Tablo 50. Camin Fiziksel ve Mekanik Ozelliklerine Etki Eden Faktorler
.............................................................................................................. 204
Tablo 51. Camin Mekanik, Termal ve Optik Ozelliklerinin Insaat ve
Mimari Tasarimda Kullanimina Y6nelik Parametreler ........................ 205
Tablo 52. Cam Test Yontemleri ve Performans Degerlendirme
Standartlari.........ccooooeieii s 207
Tablo 53. Standartlar ve Teknik Sartnameler ...........c.ccccoeveiiiveiieinnnne, 208
Tablo 54. The Louvre Piramidi - Teknik Ozellikler ve Miihendislik
ANBIIZI..ci 239
Tablo 55. The Gherkin (30 St Mary Axe) - Teknik Ozellikler ve
MUhendislik ANGHZI ..o, 241
Tablo 56. The Eden Project - Teknik Ozellikler ve Mihendislik Analizi
.............................................................................................................. 243



Tablo 57. NEMA Chicago - Teknik Ozellikler ve Miihendislik Analizi

.............................................................................................................. 245
Tablo 58. Topragin Bilesenlerinin Oranlar1 Ve Islevleri .................... 253
Tablo 59. Toprak Yapi Tipleri ve OzelliKIeri..........ccccvvvvreverirerrinnnns 258
Tablo 60. Stabilizasyon Yontemlerinin Karsilastirilmast ................... 282
Tablo 61. Yap1 Malzemelerinin Karsilastirilmasi .........c.cceevvieieennnns 294
Tablo 62. Tugla Tiirleri, Olgiileri ve Teknik Ozellikleri..................... 304
Tablo 63. Yap1 Malzemelerinin Avantaj ve Dezavantajlari,

Gelenekselden YeniliKGIYe ......ccooveveiieiiieiecic e 327
Tablo 64. Celik Yap1 Malzemelerinin Avantaj ve dezavantajlari....... 336
Tablo 65. Celigin Insaat Miihendislerine Sagladig1 Katkilar-.............. 339
Tablo 66. Celigin Mimarliga Sagladigi Katkilar............c.coocenvnennene. 339

Tablo 67. Celigin Makine Miihendisligindeki Kullanim Alanlart ...... 340
Tablo 68. Makine Miihendisliginde Kullanilan Celik Tiirlerinin

Karsilastirmast .......ccvveeeiiiieee e 340
Tablo 69. Otomotiv Mithendisliginde Kullanilan Celik Tiirlerinin
Karstlagtirmast ...o.eeiveeieeiiieiie e e 342
Tablo 70. Farkli Celik Tiirlerinin Teknik Ozellikleri ve Uygulama
ALANIATT. e 344
Tablo 71. Uzay ve Havacilik Miihendisliginde Kullanilan Celik
Tiirlerinin Karsilagtirmast .........cceeevieiiiiiiiiiiie e 344

Tablo 72. Aliiminyum Malzemelerin Avantajlar1 Ve Dezavantajlart 359
Tablo 73. Aliiminyumun Ingaat Miihendislerine Sagladigi Katkilar .. 361
Tablo 74. Aliiminyumun Mimarliga Sagladig1 Katkilar ..................... 362
Tablo 75. PVC Ve Metal Malzemelerinin Avantaj Ve Dezavantajlar1 375
Tablo 76. PVC ve Metal Malzemelerin Karsilastirmali Avantaj ve

Dezavantajlart ..o 377

23



GRAFIKLER DIZINi

Grafik 1. Su/Cimento Orani ile Basing Dayanimi Iliskisi .................. 142
Grafik 2. Su Azaltic1 Katkilar ile Basing Dayanimi Iliskisi ............... 147
Grafik 3. Hizlandirict ve Geciktirici Katkilarin Priz Siiresine Etkisi .151
Grafik 4. Hava Siiriikleyici Katkilar ile Donma-Cdoziilme Dayanimi

TIESKASI. vttt ettt es st s ettt esen et 151

FORMULLER DIiZiNi

Formul 1. Birim Agirlik Hesaplama Formiilii ............coocovvniiiiiinnnnne 49
Formul 2. Ozgiil Agirlik Hesaplama Formiilii.............cooeeviveviievenennns 51
Formul 3. Kompasite FOrmMuUIU ... 53
Formul 4. Porozite FOrmull ...........ccoeiiiiiiiiiciccces 54
Formul 5. Agreganin su igerigi, Formiilii.........ccooeveiiiinininiiicn 56
Formul 6. Beton Karisim Hesabt Formilii .........c.ccccoovevveiiiiciinenenne. 141
Formul 7. Basing Dayanim FOrmiilii ..........ccoovvviiinenciiniiiiiccen, 143
Formdl 8. Egilme Dayanim1 Formiilii ..........ccccoovriiiiiniincniiiiee, 144
Formul 9. Yarma Dayanimi Formiilii.........cccoeoveviiiniiiniiiiccn, 145
Formul 10. Elastisite Modlu,Betonun Elastik Deformasyon

Kapasitesinin Hesaplanmasi ..........ccccoeevviiiiiiiiiecncce e 145
Formul 11. Isil Iletkenligi Hesaplama Formiilii ve Ses Emilim Katsayist
Hesaplama FOrmuUll..........ooooieiiiiiie e 161

24



YARARLANILAN KAYNAKLAR

Agarwal, A., & Garg, M. (2018). Concrete Technology. New Age
International Publishers.

Ahmadi, M., & Shekarchi, M. (2010). Use of natural zeolite as a
supplementary cementitious material in concrete. Cement and Concrete
Composites, 32(2), 134-141.
https://doi.org/10.1016/j.cemconcomp.2009.10.006

Aitcin, P.-C. (1998). High-Performance Concrete. E & FN Spon.

Alexander, M. G., & Mindess, S. (2005). Aggregates in Concrete. Taylor
& Francis.

Allen, E., & lano, J. (2013). Fundamentals of Building Construction:
Materials and Methods (6th ed.). John Wiley & Sons.

Amano, K., & Ohnishi, K. (2017). Structural performance and durability of
recycled aggregate concrete with blast-furnace slag. Materials and
Structures, 50(1), 25-34. https://doi.org/10.1617/s11527-016-0977-1

Amziane, S., & Arnaud, L. (Eds.). (2013). Bio-aggregate-based Building
Materials: Applications to Hemp Concretes. Springer.

Anderson, D., & Berwald, J. (2005). Development of new lightweight
aggregate for self-compacting concrete. Concrete International, 27(4), 41—
46.

Ang, H. H., & Sivakumar, V. (2012). Structural behavior of lightweight
aggregate concrete subjected to high temperatures. Journal of Materials in
Civil Engineering, 24(8), 1030-1037.
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000465

Ashby, M. F. (2012). Materials and the Environment: Eco-informed
Material Choice (2nd ed.). Butterworth-Heinemann.

401



Ashby, M. F., & Johnson, K. (2013). Materials and Design: The Art and
Science of Material Selection in Product Design (3rd ed.). Butterworth-
Heinemann.

Asokan, P., Osmani, M., & Price, A. D. F. (2009). Assessing the recycling
potential of glass fibre reinforced plastic waste in concrete and cement
composites. Journal of Cleaner Production, 17(9), 821-829.
https://doi.org/10.1016/j.jclepro.2008.12.004

Atkinson, H. V., & Shi, G. (2003). Characterization of the rheology of
semisolid metal slurries. Materials Science and Engineering: A, 361(1-2),
175-187. https://doi.org/10.1016/S0921-5093(03)00526-9

Attard, M. M., & Setunge, S. (2008). Strength and durability properties of
high-performance lightweight concrete. Journal of Materials in Civil
Engineering, 20(1), 88-95. https://doi.org/10.1061/(ASCE)0899-
1561(2008)20:1(88)

Autio, M. (2005). Impact of using alternative construction materials on
concrete performance. Construction and Building Materials, 19(8), 627—
634. https://doi.org/10.1016/j.conbuildmat.2005.02.017

Azevedo, A. R. G., & Vieira, C. M. F. (2020). Properties of recycled
aggregate concrete with eco-friendly binders. Construction and Building
Materials, 247, 118450.
https://doi.org/10.1016/j.conbuildmat.2020.118450

Abrahamsen, R. (2017). Mjgstarnet — Construction of an 81 m tall timber
building, 23. Internationales Holzbau-Forum IHF.

Abrahamsen, R. B., & Malo, K. A. (2014). Structural design and assembly
of “Treet” - A 14-storey timber residential building in Norway. World
Conference on Timber Engineering, August 10-14, Quebec City, Canada.

ACI Committee 318. (2019). Building code requirements for structural
concrete (ACI 318-19). American Concrete Institute.

Alberti, M. (2008). Advances in urban ecology: Integrating humans and
ecological processes in urban ecosystems. Springer.

402



American Wood Council. (n.d.). National design specification for wood
construction (NDS).

ASTM International. (2002). ASTM C109/C109M-02: Standard test
method for compressive strength of hydraulic cement mortars (using 2-in.
or [50-mm] cube specimens). ASTM International.
https://doi.org/10.1520/C0109_C0109M-02

ASTM International. (2015). ASTM C127-15: Standard test method for
density, relative density (specific gravity), and absorption of coarse
aggregate. ASTM International.

ASTM International. (2018). ASTM C191-18: Standard test methods for
time of setting of hydraulic cement by Vicat needle. ASTM International.
https://doi.org/10.1520/C0191-18

ASTM International. (2018). ASTM C204-18: Standard test methods for
fineness of hydraulic cement by air-permeability apparatus. ASTM
International. https://doi.org/10.1520/C0204-18

Boros, G. (2012). Fire safety of timber structures. Springer.

Barnes, M. R., & Dickson, M. (2000). Structural design of the Eden Project
biomes. Structural Engineer, 78(17), 29-37.

Bell, F. G. (1993). Engineering treatment of soils. E & FN Spon.

Beranek, L. L., & Vér, I. L. (2006). Noise and vibration control
engineering: Principles and applications. John Wiley & Sons.

Bodig, J., & Jayne, B. A. (1982). Mechanics of wood and wood composites.
Van Nostrand Reinhold.

Bojinovski, Z., & lliev, . (2014). Seismic hazard assessment of the
Republic of Macedonia. Natural Hazards and Earth System Sciences,
14(3), 593-601. https://doi.org/10.5194/nhess-14-593-2014

Bolund, P., & Hunhammar, S. (1999). Ecosystem services in urban areas.
Ecological Economics, 29(2), 293-301. https://doi.org/10.1016/S0921-
8009(99)00041-7

403


https://doi.org/10.1520/C0109_C0109M-02
https://doi.org/10.1520/C0191-18
https://doi.org/10.1520/C0204-18
https://doi.org/10.5194/nhess-14-593-2014
https://doi.org/10.1016/S0921-8009(99)00041-7
https://doi.org/10.1016/S0921-8009(99)00041-7

Bowyer, J., Fernholz, K., Groot, H. W., & Pepke, E. (2016). Modern tall
wood buildings: Opportunities for innovation. Dovetail Partners Inc.

Brady, N. C., & Weil, R. R. (2010). Elements of the nature and properties
of soils. Pearson.

Buchanan, P. (2005). The architecture of Norman Foster. Architectural
Review, 218(1305), 72-83.

Ceccotti, A. (2008). New technologies for construction of medium-rise
buildings in seismic regions: The XLAM case. Structural Engineering
International, 18(2), 156-165.

Cecobois. (2018). Origine Quebec City, case study. Centre d’expertise sur
la construction commerciale en bois, Canada.

Crespell, P., & Gagnon, S. (2010). Cross laminated timber: A primer
(Special Publication 52). FPInnovations.

Callister, W. D., & Rethwisch, D. G. (2018). Materials Science and
Engineering: An Introduction (10th ed.). John Wiley & Sons.

Chandra, S., & Berntsson, L. (2002). Lightweight Aggregate Concrete:
Science, Technology, and Applications. Noyes Publications.

Chen, W. F., & Liew, J. Y. R. (Eds.). (2002). The Civil Engineering
Handbook. CRC Press.

Ding, G. K. C. (2008). Sustainable construction—The role of
environmental assessment tools. Journal of Environmental Management,
86(3), 451-464.

Dimitrovski, D., & lliev, D. (2016). Sustainable tourism development in
Mavrovo National Park. Economic Development, 18(3), 45-58.
https://doi.org/10.4236/ed.2016.183004

Dinwoodie, J. M. (2000). Timber: Its nature and behaviour. E & FN Spon.

Eurocode 5: Design of timber structures. European Committee for
Standardization.

404


https://doi.org/10.4236/ed.2016.183004

Falk, R. H. (2009). Wood as a sustainable building material. In Wood
handbook (Chapter 1). USDA Forest Service.

Forest Products Laboratory. (2010). Wood handbook: Wood as an
engineering material. USDA Forest Service.

Foster + Partners. (n.d.). Project details: 30 St Mary Axe.
https://www.fosterandpartners.com/projects/30-st-mary-axe/

Foth, H. D. (1990). Fundamentals of soil science. John Wiley & Sons.

TS 2471: Odunun fiziksel ve mekanik deney metotlar1 - Fiziksel
ozelliklerin tayini. Tiirk Standartlar1 Enstitiisii.

Gehry Partners. (n.d.). Project documentation: Fondation Louis Vuitton.
https://www.fondationlouisvuitton.fr/en/the-building

Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. L., Wu, J.,
Bai, X., & Briggs, J. M. (2008). Global change and the ecology of cities.
Science, 319(5864), 756-760. https://doi.org/10.1126/science.1150192

Grimshaw Architects. (n.d.). Case studies: The Eden Project.
https://grimshaw.qlobal/projects/the-eden-project/

Gustavsson, L., Pingoud, K., & Sathre, R. (2006). Carbon dioxide balance
of wood substitution: Comparing concrete- and wood-framed buildings.
Mitigation and Adaptation Strategies for Global Change, 11(3), 667-691.

Hardt, U. H. (2018). Naval Air Station Tillamook / Tillamook Air Museum.
The Oregon Encyclopedia.

Harte, A. M. (2017). Mass timber — The emergence of a modern
construction material. Journal of Structural Integrity and Maintenance,
2(3), 121-132.

Héring, C. (2012). Dome structures. In P. B. Louren¢co & J. M. Branco
(Eds.), Saldome 2, Seminario Coberturas de Madeira (pp. 127-132).

Hillel, D. (2004). Introduction to environmental soil physics. Elsevier.
Honey, M. (2008). Ecotourism and sustainable development: Who owns
paradise? (2nd ed.). Island Press.

405


https://www.fosterandpartners.com/projects/30-st-mary-axe/
https://www.fondationlouisvuitton.fr/en/the-building
https://doi.org/10.1126/science.1150192
https://grimshaw.global/projects/the-eden-project/

Houben, H., & Guillaud, H. (1994). Earth construction: A comprehensive
guide. Intermediate Technology Publications.

High-rise building structural design in windy cities. (2019). Chicago
Engineering Journal.

Ingles, O. G., & Metcalf, J. B. (1972). Soil stabilization: Principles and
practice. Butterworths.

Jensen, J. L. (2014). The Metropol Parasol Project: Innovative Timber
Architecture in Seville, Spain. Journal of Green Building, 9(3), 130-145.

Kafescioglu, R. (1983). Alker: A new building material. /TU Journal,
42(1), 55-68.

Kafescioglu, R. (2014). Cagdas yapt malzemesi toprak ve Alker (Planlanan
yayin). Kendisinin izni ile alintilar, yeniden diizenlemeler ve ilaveler
yapilmistir.

Karanfilovski, P., Jovanovski, V., & Zdraveva, P. (2018). Sustainable
building practices in Macedonia: Challenges and opportunities. Journal of
Sustainable Architecture and Civil Engineering, 23(2), 75-84.
https://doi.org/10.5296/jsace.v23i2.13276

Keefe, L. (2005). Earth building: Methods and materials, repair and
conservation. Taylor & Francis.

Khalili, N., & Vitt, E. (1999). Earthbag building: The tools, tricks and
techniques. CalEarth Press.

Kollmann, F. F. P., & Coté, W. A. (1968). Principles of wood science and
technology. Springer-Verlag.

Kume, K., Saitoh, M., Esaka, Y., Nishiya, T., Tanaka, H., Yamashita, M.,
& Murakami, K. (2019). Complex structure combined with timber BSS and
cantilever. 1ASS Annual Symposium 2019 — Structural Membranes 2019,
Form and Force, 7-10 October, Barcelona, Spain.

Kuzman, M. K., Oblak, L., & Vratusa, S. (2010). Glued laminated timber
in architecture. Drvna Industrija, 61(3), 197-204.

406


https://doi.org/10.5296/jsace.v23i2.13276

Kirekent 2013: Entwerfen eines Dorfes aus Lehm. Cicek, B., & Cancino,
P. (2011). Masterthesis, Bauhaus-Universitat Weimar, Professur Entwerfen
und Tragwerkskonstruktion.

Lea, F. M. (2004). Lea's chemistry of cement and concrete. Elsevier.

LEED v4 for building design and construction. (2018). U.S. Green Building
Council.

Little, D. N. (1995). Handbook for stabilization of pavement subgrades and
base courses with lime. Kendall/Hunt Publishing.

Louvre Museum. (n.d.). Official website. https://www.louvre.fr/en

Maher, M. H., & Ho, Y. C. (1994). Mechanical properties of
Kaolinite/Fiber soil composite. Journal of Geotechnical Engineering,
120(8), 1381-1393.

Mayer, H. (2011). Metropol Parasol Sevilla. Detail, 51(5), 490—495.

Mehta, P. K., & Monteiro, P. J. M. (2006). Concrete: Microstructure,
properties, and materials. McGraw-Hill Education.

Mehta, P. K., & Monteiro, P. J. M. (2014). Concrete: Microstructure,
properties, and materials (2nd ed.). McGraw-Hill Education.

Miles, J., & Spencer, B. (2005). Damp earth floors: Design, construction
and maintenance. Building Conservation Directory.

Milner, H. R. (2009). Sustainability of engineered wood products in
construction. In J. Khatib (Ed.), Sustainability of construction materials
(pp. 184-212). Woodhead Publishing.

Minke, G. (2006). Building with earth: Design and technology of a
sustainable architecture. Birkhduser.

Mindess, S., & Young, J. F. (1981). Concrete. Prentice Hall.
Mindess, S., Young, J. F., & Darwin, D. (2003). Concrete. Prentice Hall.
Moelven Limtre AS. (2019). Mjgstarnet technical information.

Mohammad, M., Gagnon, S., Douglas, B. K., & Podesto, L. (2012).
Introduction to cross laminated timber. Wood Design Focus, 22(2), 3-12.
407


https://www.louvre.fr/en

Moody, R. C., & Liu, J. Y. (2011). Glued structural members. In The
Encyclopedia of Wood (Chapter 11). Skyhorse Publishing

Neville, A. M. (2011). Properties of concrete. Pearson Education Limited.

Nikolovska, L., & Dodeva, S. (2019). Climate change impacts on water
resources in Mavrovo National Park. Environmental Monitoring and
Assessment, 191(2), 65. https://doi.org/10.1007/s10661-018-7005-5

Oyen, M. L. (2014). Handbook of Biomaterials and Tissue Engineering.
Elsevier Science.

Oberndorfer, E., Lundholm, J., Bass, B., Coffman, R. R., Doshi, H.,
Dunnett, N., ... Rowe, B. (2007). Green roofs as urban ecosystems:
Ecological structures, functions, and services. BioScience, 57(10), 823—
833. https://doi.org/10.1641/B570709

Omer, A. M. (2008). Energy, environment and sustainable development.
Renewable and Sustainable Energy Reviews, 12(9), 2265-2300.
https://doi.org/10.1016/j.rser.2008.05.011

Ong, C. B. (2015). Glue-laminated timber (Glulam). In M. P. Ansell (Ed.),
Wood composites (pp. 123-140). Woodhead Publishing.

Pei, M. (1989). Grand design: Louvre pyramid. Journal of Architectural
Engineering.

Petkovski, L., & Nikolov, A. (2015). Traditional architecture in rural areas
of Macedonia: The case of Mavrovo. International Journal of Architectural
Research, 9(2), 35-48. https://doi.org/10.5171/2015.23441

Petrova, M., & Doloska, M. (2013). Environmental protection of Mavrovo
National Park through sustainable tourism development. Procedia - Social
and Behavioral Sciences, 92, 675-682.
https://doi.org/10.1016/j.sbspro.2013.04.135

Pilon, A., Teshnizi, Z., Lopez Behar, D., & Gooch, H. (2018). Brock
Commons Tallwood House performance overview. Case study, University
of British Columbia’s Centre for Interactive Research on Sustainability,
Canada.

408


https://doi.org/10.1007/s10661-018-7005-5
https://doi.org/10.1641/B570709
https://doi.org/10.1016/j.rser.2008.05.011
https://doi.org/10.5171/2015.23441
https://doi.org/10.1016/j.sbspro.2013.04.135

Pizzi, A. (2007). Transparency and lightness: The Glass Pavilion by
SANAA. Domus, (904), 50-57.

Porteous, J., & Kermani, A. (2013). Structural timber design to Eurocode
5 (2nd ed.). Wiley-Blackwell.

PTW Architects. (n.d.). Project details: Beijing National Aquatics Centre.
http://www.ptw.com.au/projects/beijing-national-aguatics-centre/

Spangler, S. (2016, November 21). Seeing the future of aviation in the past.
JetWhine. https://www.jetwhine.com/2016/11/seeing-future-aviation-past/
(Erisim tarihi: 30.12.2020).

Riberholt, H. (2007). Performance of old glulam structures in Europe.
Rapport, BYG.DTU R-177. Danmarks Tekniske Universitet.

Rafael Vifoly Architects. (n.d.). Project information: NEMA Chicago.
https://www.rvapc.com/projects/nema-chicago/

SANAA Architects. (n.d.). Portfolio: Toledo Museum of Art, Glass
Pavilion. https://www.sanaa.co.jp/works/2006 toledo.html

Sandberg, D., Kutnar, A., & Mantanis, G. (2017). Wood modification
technologies—a review. iForest - Biogeosciences and Forestry, 10, 895-
908. https://doi.org/10.3832/ifor2387-010

Spangler, S. (2016, November 21). Seeing the future of aviation in the past.
JetWhine. https://www.jetwhine.com/2016/11/seeing-future-aviation-past/
(Erisim tarihi: 30.12.2020).

Shelden, D. R., & Horvath, J. (2015). Digital design and construction of the
Fondation Louis Vuitton. Architectural Design, 85(5), 90-97.

Sherwood, P. T. (1993). Soil stabilization with cement and lime. HMSO
Publications.

Siau, J. F. (1995). Wood: Influence of moisture on physical properties.
Department of Wood Science and Forest Products, Virginia Tech.

Simovski, B. (2017). Biodiversity conservation in Mavrovo National Park.
In Proceedings of the 4th International Conference on Sustainable
Development (pp. 123-130).

409


http://www.ptw.com.au/projects/beijing-national-aquatics-centre/
https://www.jetwhine.com/2016/11/seeing-future-aviation-past/
https://www.rvapc.com/projects/nema-chicago/
https://www.sanaa.co.jp/works/2006_toledo.html
https://doi.org/10.3832/ifor2387-010
https://www.jetwhine.com/2016/11/seeing-future-aviation-past/

Smith, P., & Austin, S. (2016). Sustainable design and construction.
Routledge.

Stojanovski, V. (2015). The impact of tourism on the environment in
Mavrovo National Park. Tourism and Hospitality Management, 21(1), 15—
26. https://doi.org/10.4172/2167-0269.1000115

Stockholm Architectural Review. (2020). Sustainable building design in
cold climates.

Thelandersson, S., & Larsen, H. J. (2003). Timber engineering. Wiley.

Tillamook Airport. (2012). Airport layout plan narrative report. Precision
Approach Engineering, Inc. and Coffman Associates, Inc.

Trajkov, S., & Mitic, V. (2016). Environmental issues in Mavrovo National
Park: Current state and perspectives. International Journal of Ecosystems
and Ecology Science, 6(2), 233-240.
https://doi.org/10.11114/ijee.2016.6.2.3103

Trusses - Ariake Gymnastics Centre, Japan. (2019). IASS Annual
Symposium 2019 — Structural Membranes 2019, Form and Force, 7 — 10
October, Barcelona, Spain.

Tsoumis, G. (1991). Science and technology of wood: Structure, properties,
utilization. Chapman & Hall.

Tiirk Standartlar1 Enstitiisii. (2012). TS EN 197-1: Cimento - B6lim 1:
Genel Cimentolar - Bilesim, Ozellikler ve Uygunluk Kriterleri.

Tiirk Standartlar1 Enstitiisii. (2016). TS EN 196-7: Cimentolarin deney
metotlari.

Tiirk Standartlar1 Enstitiisti. (n.d.-a). TS EN 196-2: Cimentolarin kimyasal
analizleri i¢in deney metotlari.

Tiirk Standartlar1 Enstitiisii. (n.d.-b). TS EN 196-3: Cimentolarin deney
metotlart - Boliim 3: Priz siiresi ve genlegme tayini.

Tiirk Standartlar1 Enstitiisii. (n.d.-c). TS EN 196-6: Cimentolarin deney
metotlari - Boliim 6: Incelik tayini.

410


https://doi.org/10.4172/2167-0269.1000115
https://doi.org/10.11114/ijee.2016.6.2.3103

Tiirk Standartlar1 Enstitiisii. (n.d.-d). TS 647: Ahsap yapi elemanlarinin
hesap ve yapim kurallarr.

Tiirk Standartlar1 Enstitiisii. (n.d.-e). TS EN 1995-1-1 (Eurocode 5): Ahsap
yvapilarin tasarvmi - BOlum 1-1: Genel kurallar ve binalar igin kurallar.

Tiirk Standartlar1 Enstitiisii. (n.d.-f). TS EN 1995-1-2 (Eurocode 5): Ahsap
yvapilarin tasarimi - BOIUm 1-2: Yangina karsi tasarim kurallarr.

Tiirk Standartlar1 Enstitiisii. (n.d.-g). 7S EN 338: Yapisal ahsap - Dayanim
siniflari.

Vara, J. (2019). Lighthouse Joensuu Finland’s Tallest Wooden Apartment
Building, PUU wood, 3/19, 13-17.

Van De Kuilen, J.-W. G., Ceccotti, A., Xia, Z., & He, M. (2011). Very
Tall Wooden Buildings with Cross Laminated Timber. Procedia
Engineering, 14, 1621-1628.

Woschitz V.R, und Zotter, J. (2017). High-rise Timber Building HoHo
Vienna — The structural Concept, Osterreichische Ingenieur- und
Architekten-Zeitschrift, 162. Jg., Heft 1-12/2017.

Wingardh Architects Project Portfolio:
https://www.wingardhs.se/en/projects/the-crystal

Zhong, S., & Guo, Y. (2008). Structural Design and Construction of the
National Aquatics Center. Journal of Construction Engineering and
Management, 134(10), 801-808.

411


https://www.wingardhs.se/en/projects/the-crystal

Internet Kaynaklari:

Internet-1: Vikipedi, (30.10.2024), Louvre Piramidi,
https://tr.wikipedia.org/wiki/Louvre_Piramidi

Internet-2: The Gherkin, (30.10.2024), The Gherkin (30 St Mary, Axe)
https://www.google.com/search?q=The+Gherkin+(30+St+Mary+Axe) &rl
z=1C5CHFA_enTR835TR835&00=The+Gherkin+(30+St+Mary+Axe)&
gs_lcrp=EgZjaHIvbWUyBggAEEUYOdIBCjY1MzYxajBqMTWOoAgiw
AgE&sourceid=chrome&ie=UTF-8

Internet-3: The Valley Cornwall, 30.10.2024), 10 Facts About The Eden
Project, https://www.thevalleycornwall.co.uk/news/6-facts-eden-project/

Internet-4: skyscrapercenter, 30.10.2024), NEMA Chicago,
https://www.skyscrapercenter.com/building/nema-chicago/21954

412



