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CAMIN YAPILARDA KULLANIMI VE
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CAM ELEMANLARIN CAM iGiN BiR HESAP
DAYANIMINI BELIRLEMEK YONTEMIi VARSA CAM
ICiN BiR HESAP YONTEMI SISTEMLERDE DAYANIM

VAR MIDIR? HESAP ESASLARINI HESABINI KiM YAPMALI?
ICEREN ULUSLARARASI
BiR SARTNAME
MEVCUT MUDUR?

BINA CEPHE CAMLARININ UYGUN CAM SECIMINi

KIRILMAMASI iGiN ’ 7.
GORELI KAT OTELEMESI ETKILEYEN FAKTORLER

NE OLMALIDIR? NELERDIR?

CAMIN KIRILMA
SONRASI CAMIN KIRILMA

PERFORMANSI DAYANIIMI KAC
ARTTIRILABILIR Mi? MPa’DIR?
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CAMIN YAPILARDA KULLANIMI VE
HESAP ESASLARI

GORSEL

YERDEN ONLARCA METRE YUKSEKLIKTE CAM DOSEMELI BiR KOPRUDE NE
KADAR GUVENDE OLABILIRSINIZ?
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CAMIN YAPILARDA KULLANIMI

Cam secimini etkileyen faktorler
Estetik ve Konfor
Dis yansima (seffaflik)
.. i yansima (seffaflik)
GORSEL Gunisig
G[]n::kontrol[] m

Isik filtresi 151 kaybi

TERMAL Termal konfor 1s1 kazanimi ﬂ
Dayanim (ig ve dig yiikler) yogusma
Durabilite

MEKANlK Givenlik  ——
Patlamaya ve kursun etkisine karsi
dayanim (6zel durum)

. Ses izolasyonu —_—
DIGER Yangin Dayanimi
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CAMIN YAPILARDA KULLANIMI

KAPLAMA ELEMANI

Giydirme Cephe Kaplamalari
I \ |

Cam Metal f)ni]ret&mli panel Diger

Cergevesiz G.C. Cergeveli G.C.
 Noktasal tutuculu -metal/BA tagiyicili « Gubuk (stick) sistem
 Noktasal tutuculu -kablo tagiyicili o Panel (unitized) sistem

TASIYICI ELEMAN

o kiris, kolon, plak (plate), levha
(membrane), kabuk (shell)
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CAMIN YAPILARDA KULLANIMI
DOLGU ELEMANI
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CAMIN YAPILARDA KULLANIMI
DOLGU ELEMANI

Gubuk (stick) sistem

Panel (unitized) sistem

Cergeveli G.C.
Cergevesiz G.C.
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Noktasal tutuculu -metal/BA tagiyicili

Noktasal tutuculu -kablo tagiyicili

gmr
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TASIYICI ELEMAN
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CAMIN YAPILARDA KULLANIMI
TASIYICI ELEMAN
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CAMIN YAPILARDA KULLANIMI
TASIYICI ELEMAN
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CAMIN YAPILARDA KULLANIMI
TASIYICI ELEMAN

CAMIN YAPILARDA KULLANIMI
TASIYICI ELEMAN
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HESAP ESASLARI

MALZEME VE URUN OZELLIKLERI

TEMEL TASARIM ILKELERI

IKINCIL CAM ELEMANLARIN BOYUTLANDIRILMASI
BIRINCIL CAM ELEMANLARIN BOYUTLANDIRILMASI

e
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

Soda-kireg-silikat cami tipik karigimi (TS EN 572-1) *
Malzeme Forml Karisim Yuzdesi
Silikat Si0: 69-74%
Kireg Ca0 5-14%
Soda Na:0 10-16%
Magnezyum oksit | MgO 0-6%
Aliminyum oksit | ALO; 0-3%

EN 572-2 Yizdiirme (float) cam

EN 572-3 Parlatiimis telli cam

EN 572-4 Cekme diiz cam

EN 572-5 Desenli cam

EN 572-6 Desenli telli cam

EN 572-7 Telli veya telsiz kanal sekilli cam

EN 572-8 Piyasaya arz boyutlar ve son kesim boyutlari
EN 572-9 Uygunluk degerlendiriimesi/mamul standardi

HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

Glnumizde kullanilan cam bigimlendirme yontemlerinden float (ylzdirme) yontemi

Karisim Eritme (havuz firini) Yazdurme havuzu  Tavlama firini Kesim

Erimis cam Erimis kalay

Nominal kalinlk: 2, 3, 4, 5, 6, 8, 10, 12, 15, 19 (25*) mm
Standard plaka boyutu: 6 m x 3.21 m
Standard disi plaka 25m (Cin)

15
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI
GORSEL
FLOAT CAM URETIMi
16
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

imalat Toleranslari TS EN 12150-1 *
0 boy 2-4mm Nominal kalinlik (mm) | Tolerans (mm)
e gonye 2—4 mm 2-6mm +0,2mm
o float cam kalinligi — tabloya bakiniz 8-12mm +0,3mm
o delik gapi 0,5 mm 15 mm +0,5 mm
o delik konumu 0,5 -2 mm 19 - 25 mm £1,0mm
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

Kenar Kalitesi TS EN 12150-1 2
KENAR KALITESI KENAR SEKLI
« islenmemis, kesim: keskin l:l
kenarl s
* Capadr alinmis: keskin kenarlari # "I"
kirilmis ya da taslama ile mitre

* Kaba traslanmis kenarli

P bevel (facetled)
* Dizgiin traslanmis kenarli

* Parlatilmis kenarl round

Kenar isleminin dayanima etkisi icin bkz. Maria Lindquist PhD. 2013 [21] hattround

HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

Kenar Kalitesi TS EN 12150-1

KENAR KALITESi
islenmemis, kesim: keskin
kenarli

Capagi alinmis: keskin kenarlari
kirllmis ya da taslama ile

Sokil 2. EMregiin ber kesim va koparma

Kaba traslanmis kenarli

Diizgiin traslanmis kenarli

Parlatiimis kenarl

Fokil 3. Keand bie kewm ve koparma

g
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI
Kenar Kalitesi TS EN 12150-1
Sekil 4. K&t bir zimpara Sekil 5, lyi bir Rodaj &rmegi
Risdlo \a iel
Sekil 6. Sofutmada kinlmaya yal agabilen hata Smakleri
20
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

i i i
Delik delme ] Il

eyindrcal hole

conical hole

undercut hoke

water cuthng
Fotograf Kaynagi: Sustainable Constructions under Natural Hazards and Catastrophic Events 520121-1-2011-1-CZ-ERA MUNDUS-EMMC
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI
Delik delme (GENEL KURALLAR)

Delik ¢api cam kalinligindan biiyiik olmali
Delikten kenara temiz mesafe en az cam kalinhginin iki kati olmali
Delikten késeye temiz mesafe en az cam kalinhginin alti kati olmali

-
) |
‘I bad %

o 2
=2 #
azdt cai
The distance of the wall shall not be less The disance of the bershos @ nige o
than 2 xt i o g e b
Fig. 7 ion of hole relative 1o edge

Fotograf Kaynagi: Guardian GlassTime, Standards, guidelines, tips
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

Camin Dayaniminin Arttiriimasi

Egilme dayanimlarina gére camlarin siniflandiriimasi:

« tavlanmig cam (annealed) fb,k=45Mpa
yari temper cam (half tempered, heat strengthened) fb,k=70Mpa
tam temper cam (fully tempered, thermally toughned) fb,k=120Mpa
kimyasal temperli cam (chemically strengthened) fb,k=150Mpa

.

.

yaritemper  tam temper Kimyasal temper

024 ° p—————— "I 30-300 ym
02d AN L 26"

=
~-50MPa  ~-120MPa ~ 200 MPa
@ cekme
© basing
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

Camin Dayaniminin Arttiriimasi

GORSEL
KIMYASAL TEMPERLI CAM DENEYi-1
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

Camin Dayaniminin Arttiriimasi

GORSEL
KIMYASAL TEMPERLI CAM DENEYi-2
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HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

Camlarin kinlma tipleri

*[3]

. annealed glass
| (ANG)

= heat strengihened glass
| (H5G)

better structural performance
and impact resistance
better remaining structural
capacity after breakage

2 fully tempered glass
| FTG)

HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI

Camda Kirilma Sebepleri

*[3]

% S|

capmasi dustik yuk etkisi

termal kirlma Sert cisim gapmasi  yumsak cisim 2 kenari tutulu cam,
y

2 kenari tutulu cam,
yuksek yiik etkisi

Kenarda sert nokta  Nikel siilfiir kalintilari

J

4 kenari tutulu cam,

dustk ylk etkisi
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4 kenari tutulu cam,
yuiksek yuk etkisi

27
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1-MALZEME VE URUN OZELLIKLERI
Cam Uniteleri B
monolithic insulating glass i d fire pr
glass unit (IGU) (safety) glass glass

=) el

= g | Nl |20

Rl s [ Erde

o i = o&

=4 5 < Es

o & @ 2

© E Sl
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HESAP ESASLARI

1-MALZEME VE URUN OZELLIKLERI

Ara katman tipleri

Polyvinyl butyral (PVB)

lonoplast Polymers

Ethylene Vinyl Acetate (Cross-Linked EVA)
Cast in Place (CIP) liquid resin
Thermoplastic polyurethane (TPU)

[ Egr==rerrrrwmomn |
| Palymer adh: I ]
Thermoplastics Elastomers Thertmosets.
Linear or branched Long cross-linked High cross-linked
palymer chairs polymer chains palymer chains
Silicane (ingrganic) Aarylic adhesive
PVE Palyurethana (organich Polyastar resin, Epoy

*[4]

Thermoplastics: Relatively weak
intermolecular forces hold molecules
together in a thermoplastic. The material
softens when exposed to heat, but returns to
its original condition when cooled. Can be
repeatedly softened by heating and then
solidified by cooling, for improved
performance. (linear and slightly branched
polymers)

Elastomers: Rubbery polymers that can be
stretched easily to several times their
unstretched length and which rapidly return
to their original dimensions. (cross-linked
with low cross-link density)

Termosets: Solidify or “set” irreversibly when
heated and further heating cannot reshape
the material. (3D networked polymers with
high degree of cross-linking)

HESAP ESASLARI
1-MALZEME VE URUN OZELLIKLERI
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*[4]
Isi Cam
Glass has very high transparency within the P "12, B
uisible range of wavelengths () = 380-750 nm) 00
-
[P TR /"%gﬂ ;
‘otal solar radiation wranieni £ f
“saching the cuter { Arsoted Aok’ onargy
Hans pany Transmilied
autside
=& mm standant soda
s it foal glass,
" i b sty Nt || Mot mnergy fram sofar

A glnss with o ant radiation is contained in the IR

g rullectien cosling bong wave radiation (55%).

a T Therefore, the strategy for

ﬁ = sclar protection is o black as

B £ e i much IR as possible without

. i Yong warval ’f"“l'"""}\m reduging the fransmittance in

[ | I T the visible specirum
2000 0
Warvedlenglh [} "
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. . *[4]
Ara katman tipleri
Polyvinyl butyral (PVB)
[ 9] @_I i
B e | o |
i & _ & 8 |
@] L iy
positioning ang prelaminatian by finished iaminated
iaparing calsndar sutoclave lass
Glass panes are. The assemily i The assembly s
wihad and folh are Peated (TOC) and Padtad 1 14050 uedar
Inparec pressed .  prassure aboul
process to squeeze cut 0.8MPa
the ar cr Gilstes
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*[4]
Ist Cam 1sima
sndatin ; i e
In order to reducs cosfficient et DDSSM::D- but e
U the thermal resistance af “ i
can ba reduced by adding air space
Hiw Glans. Mk T B b |-:> ElEmEnts (praferably «ith a heavy gas:
increased I ity sorwar theemal conduetivity) and heal
comecnon L jletim  transfer by radsation can be reduced by
tasinim low emissivity coatings.
U than SBwiin 3,0 wimm 1,2 wim 0.5 winm
AV figert L LI 70 % &7 %
o ey e B W 7T W5 % (83 S1%
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HESAP ESASLARI
2-TEMEL TASARIM ILKELERI

Dayanim

/. gik/bik
Avrupa PrEN13474-1/2 1999 Design of Glass Panes
Almanya  TRLV:1998, TRAV:2003 ve DIN18008:2011
USA ASTM E 1300 / GANA 2004

Avusturalya AS1288

Ingiltere BS 6262-3:2005

Sy

E

Smax

fg,d : etkin emniyet gerilmesi (allowable effective stress for the design)

HESAP ESASLARI
2-TEMEL TASARIM ILKELERI

*[4]
Dayanim

Camin teorik gekme gerilmesi 5000~8000MPa arasindadir. Ancak yiizey

kusurlari sebebiyle gergek dayanimi gok daha dustiktiir. Cam siinek bir malzeme

olmadigi igin ylizeyindeki tiretim ve islenme sebebiyle mevcut ¢atlaklardaki
buyUk gerilme yigilmalari tekrar dagilima ugrayamaz. Bu sebeple tavlanmis
camin egilme dayanimi 30~80MPa arasindadir

Jyurny” karakteristik test dayanimi (characteristic value of the test strength)
 elastisite modilii (modulus of elasticity) =7000kN/om"2

G :kayma modild (shear modulus) =2900 kN/om"2

v poisson orani (Poisson's Ratio) =0,20

« sl genlesme katsayisi (coef. of linear th. exp.  =0,000012 1/C°

p :birim kitle (unit mass) =2500 kg/m"3
‘CAMIN YAPILARDA KULLANIMI VE HESAP ESASLARI, Dr. it il *[1'5] 33

, Dr. ing. Miih. M. Burak Yilmaz
*[4]

Dayanim

These is stress magnification near the tp of a crack.

The stress intensity factor K elastic stress intensity near a crack tip. Provides a means to
characterize the material in terms of its fracture toughness,

K,=Yo,ra

On
a K| i stress Imensity factar WP me ]
¥ geamelry facior 13
@, : siress nermal 1o the flaw's plane [MPa)
flaw depth
a, 4 flaw dept [m]

Instantaneous failure of glass occurs when the elastic stress intensidy K, due to tensile
stress al the tip of a crack. reaches or exceeds a crtical value. This critical value is a
material constant known as the fracture toughness or the crifical stress intensity factor K.
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*[4]
Dayanim
The growth of a surface faw depends on the properties of the flaw and the gigss, the stress
history and the relationship betwesn crack velocity and stress intensity.
The crack velocty scales with the inetics of the
chemical aquation far ihe stress comosion fragion 1)
i In regicn IIl, efose 12 Ky » i ndepandent of the
i u -
Uised for Ifetime " ; P4
el : prapegaticn spasd very rapidly (= 1500m/s)
; w In region || Ma kinafics of the chamical reaction
at me crack fip are no langer controted by the
‘Z activation of tha chamical procass bat by ha
i U rale of walsr (water e CAN'T keSD up
3 when e crack speed noesses very fast)
Faor usial condifians, enty regicn | (exiremaly
gk gigw sub-critica! crack grawdh) i relovant for
dasign s of & glass Slement
[N '8
Sess im0 K, Paramnatens atecting he reation betaesn .
and stress intensity facroe K,
= raasonabis mnd v, Frumidity. temperature. PH value.
¥y. - Fractim toughness imalenal comsta Loading rate (i i is 100 fast the water suppey
W S for SLSG suffer 8 shoriage and tha siress comosian is
e
by P i el Chamical composition of glass (affacts all the
pamamaters in sub criical crack grawm)
36
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HESAP ESASLARI
2-TEMEL TASARIM ILKELERI

Dayanim
*[4,6,7]
Cam dayanimi birgok etkene baglidir:
e ylzey durumu (gatlaklarin boyutlari)

« imalat ylzeyi (alt, Gst): erimis kalay ve hava tarafindaki ylzeyler
uretildiginde farkli dayanim gosterir ancak zamanla bu fark azalir.

« yuzey alani 80
. . . 70 inert strength Initial crack depth:
e vyiikleme siiresi 0001
T el \oots
« cevresel kosullar s ©
5 sop.
g o
i
£ %
°
£ aof
o
10 ’
¥=1.12, K0.75 MPa m®*, vo=6 mnvs, n=16.
0

10t 102 10° 107 10* 10° 100 10"
Time to failure, f,(s)
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HESAP ESASLARI

2-TEMEL TASARIM iLKELERI

Dayanim

i T
1
_1: T
gu 100
S 1
g |
r 5 L [
5 m . | _‘_l
5 —
S ! T —
Ry e 1
o s 100 s 20 @50 a0
Crack dapth, 2 (um}
0.75 Stress causing failure of a crack of depth a,
. - fa,: eritical fiay depen)
Sien =5———MPa
¥ \,l Ta, Rasistance of a crack to nstantaneous failure

{not tngpered by sub critical crack growin)
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| Ground edge flaw

Surface fiaw

P

——F
Cut edge flaw

38

HESAP ESASLARI
2-TEMEL TASARIM ILKELERI

. *(8]
Dayanim Testleri EN1288
N | —
\ e N
~E 7 |\ Gift halka deneyi
| S o }
. el
| —

,_H 4
i - :

T ™= Dort nokta edilmesi deneyi
1 Dy numusds) L, = (2004 1)em
2 Egme n
3 Destek siindni L = {1000 ¢ Zymm

4 Kk ymatibiar
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HESAP ESASLARI
2-TEMEL TASARIM iLKELERI

Tasarimda Dikkate Alinan Dayanim

Sr

fR,d :kmad j/mkA }/n

‘Table 6: Modification factor Knes

Ouration of action Loading example

short win

medium now -

Climate (ior insulating glass unisl | 0.
permanant Sell-weight
alttude (Io naUIaUNg g1ass Gk
Glass product " v v
| e sosies mrnaby
| —
Fioai qlass
G e
[T T
e
T
T o | onmcaid 170 07 85 153

s T D 3 94 320
sucoptencs
ey W6 07 i 3 Ex) s
ughencs
Chemically | 627 007 EE] 8 520 s
swengieecs
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*[5]

prEN13474
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HESAP ESASLARI
2-TEMEL TASARIM ILKELERI

Tasarimda Dikkate Alinan Dayanim
*[9]

Dz atwndlard, Colenlation af B socording to prEN 16612 (3Tl prNVBN §23-002 (457

[——— e prEN16612

PP IS PR e 11 Ry <ty T

Fata Tata wa

Materinl partial fartor

A= 1.2 A=l 8

Strengrh
S Chaaracrerienie serlve of tie boveltng strengtic af ansterled gl
foa - Benading sirengr aceording o the produes stamdaed of preveressed glyss

Farctir of load dhation Ky = 06651
2 Townd lrenticins i Dowirs; Bt = 0 25, Fimae = 1, Difinitsicrss cof” thie Tl diuvertion vee o fe-

iy No. 2

ki Strengthentug factor of p ! ghss (depending on the mamficturing processi, L0 for
Tiortzoutial towghentng, 0.6 for vevtical rughomtng

K frator for the glazs stefisce profile, « . 1.0 for float ghess aud 0.7 for patterned gloss
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HESAP ESASLARI
2-TEMEL TASARIM ILKELERI

Tasarimda Dikkate Alinan Dayanim
*[10]

Eurocode Outlook No. 22

(1) The Eurocode shouid take into account different load combinations for different classes of
sruchipal glazing. Speclal Consequences classes for glass should be specified, further dif-
ferentianing those of EN 1900, i.e. the indicated classes do not comply with thase of the cur-
rent EN 1990,

2} A classification can be:

CC0: Elements only responsible for itz on stability, no personal loading. There are low
consequences when the element finls.

©C1: Elements only responsible for its own stability, personal loading. There are vather
low consequences when the element fails,

OC2: Primary clements or elements anly responsible for (i own stability, personal loading.
There are medium consequences when the element fails.

CC3: Primayy elements. Theve are sevious conseguences when the efement fils.

i3k The Exrocode should establish a model to predict the consequences of a glass failure and to
determine the accidental scenario,

HESAP ESASLARI
2-TEMEL TASARIM ILKELERI

Ara katmanli camlar — lamine camlar wi1]

Lamine camlarda ara katman olarak en gok kullanilan PVB viskoelastik bir
malzemedir. Kayma modiili sicaklik ve yiikiin etkime siresine gore farklilik
gosterir. Kayma modili ne kadar yiiksekse iki camim kompozit ¢alisma etkisi o
kadar artar.

Monolthic

=t

Laminated

100 S S i— S S S
S0 0 10 20 30 40 50 60 70 80

Layered
Temperature, 7 (°C)
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2-TEMEL TASARIM ILKELERI
Ara katmanli camlar —lamine camlar
*[10]
4;3 i fmro | i o i ! Ja
O = O,
Figure 5-4 Resistance mechanisms in the post glass breakage phase [178]
44
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HESAP ESASLARI
2-TEMEL TASARIM iLKELERI

Yikler

DEPREM YUKLERI

Mimari camlarin yeterli bir deprem
performansi gbstermesini
hedeflemenin iki 6Gnemli sebebi:

« Insanlarin diisen camlardan
dolayi yaralanmasini veya can
kayiplarini 6nlemek

* Binanin servis disi kalmasindan
ve tamirattan dolayi olusacak
maliyeti diislirmek

*[13]

Yukler
*[12]
Cephe sistemlerinin direng gostermesi gereken ytikler asagida
Ozetlenmistir (EN 13830):
. zati yukler (EN 1991-1-1)
. hareketli yikler (EN 1991-1-1)
. kar yukleri, (EN 1991-1-3)
. riizgar ylkleri (EN 1991-1-4)
. deprem yiikleri (EN 1998-1, TDY Denk 2.21)
. carpma yilkleri (EN 12600)
. bina hareketleri ve 1sil yiikler
. diger ylkler (patlama, termal geriimeler)
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HESAP ESASLARI
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Yukler
DEPREM YUKLERI *[14]

¢ 0.01 cm/s statik yiik altinda yiik-deplasman iligkisi

Lage cnack )
18 forms e <‘
/

7

Small crack
1 (top lefl comer)

Glass-to-fiamne o)
1z cantact at bottom

right corner o
10

Load (kN)

/
W~
A~

Glass-to-frame T ©

i contact at top left T Small erack

1O=

comer - (bottom right corner)

\
<

Start of uniform

asket-to-glass
o friction,

o 1 2 5 4 5 6 7
Displacement (cm) a7
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Yikler
DEPREM YUKLERI
Cergeveli cam giydirme cephelerde, cam diizlemine dik (riizgar yuki gibi)
deprem yUklerinin yani sira -kat ételenmesinden kaynaklanan- cam diizlemi
iginde etkiler de olusur.
« Cephelerde diizlem igi ve diizlem disi fo=054 Tw, |1+2—+
deprem yikleri N
*[15] Denklem 2.21
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Yukler

DEPREM YUKLERI ASCE7-05'e gore

13.5.9 Glassin Glazed Curtain Walls, Glazed Storefronts, and
Glazed Partitions.

13.5.9.1 General. Glass in glazed curtain walls, glazed store-
fronts, and glazed partitions shall meet the relative displacement
requirement of Eq. 13.5-1:

Afattons = 1.251D), (13.5-1) EXCEPTIONS:
or 0.5 in. (13 mm), whichever is greater where: Detoar > 1.25D/,
where

Afuiione = the relative seismic displacement (drift) at which glass

’ [allout from the curtain wall, storefront wall, or partition
occeurs (Section 13.5.9.2)

D, = the relative seismic displacement that the component

must be designed to accommodate (Eq. 13.3-2). D),

shall be applied over the height of the glass component

under consideration
I = the occupancy importance factor (Table 11.5-1)
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2-TEMEL TASARIM iLKELERI

Yikler
DEPREM YUKLERI

e Cephelerde diizlem igi deplasman sartlari:

he0=20(4) 26,+2¢, (%)

HESAP ESASLARI
2-TEMEL TASARIM iLKELERI

Yikler
DEPREM YUKLERI (AAMA 501.6-09 ) ™
; 64 =~ S
_ Steel -
Column

Tie Rods Bracing
PN Sliding Steel Tubex
Z

B
|
\ //
B
4m o
T
A4~ . Electrohydraulic
// N\ U-Joint 1 SCTVOBCR’JB(OX‘ Ram
\
[T )
=T Sliding Steel Tube”
Load Cell
1
Connecting Pin—
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G
— 64mm —] '
Maliion “Frame
12 mim (nom. glass bite
Fixed gasket Ll I-Glass
Perimeter Jr l—e:
asket o
6mm Tk Glazinglp -
monolithic Thermal break 'I‘"‘ Rotated
glass panel gasket [ glass
Ll e beselyt il
i {oraue of 10.7- 1.3 N m (85-100 i 1b}
hpea
Detear = 261 13
hpCi
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|, Dr. ing. Miih. M. Burak Yilmaz
Yiikler %2.50 drift
DEPREM YUKLERI
GORSEL
DEPREM DENEYI-1
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Yikler

DEPREM YUKLERI

GORSEL

DEPREM DENEYi-2

HESAP ESASLARI
2-TEMEL TASARIM ILKELERI

Yikler

DEPREM YUKLERI

GORSEL

DEPREM DENEYi-3
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2-TEMEL TASARIM iLKELERI
Yukler
[19]
CARPMA YUKLERI (S N 12600%e gore)
& ""_-_-.#
1 Ana cerceve
2 Tutturma cergevesi
3 Darbe uygulayici
Sinif  Dusme yiiksekligi, mm
3 190
2 450
1 1200
55

CAMIN YAPILARDA KULLANIMI VE HESAP ESASLARI, Dr. ins. Miih. M. Burak Yilmaz

HESAP ESASLARI
2-TEMEL TASARIM ILKELERI

Yikler

[20]

DARBE YUKLERI (TS EN 356'ya gore)

Ball drop impact test
EN 356

Axe & Hammer Test
EN 356

CAMIN YAPILARDA KULLANIMI VE HESAP ESASLARI, Dr. ins. Miih. M. Burak Yilmaz
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Performans Kriterleri
EN 13830 *[12]

5.7 Wind load resistance

The curtain walling kit shall be tested in accordance with EN 12179. Under the imposed wind loads only the
maximum frontal deflection (d) of the curtain walling’s framing members shall not exceed the following limits:

+ d=L/200, if L <3000 mm;
d=5mm +L /300, if 3000 mm < L < 7500 mm;
d <L /250, if L 27500 mm.
when measured between the points of support or anchorage to the building’s structure (L).
In addition, the permissible deflection limits of the infill (e.g. IGU, stone, etc.) shall be taken into account.

NOTE Guidance on the combinations of different loads is given in Annex C.

57
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Isi Camlar

[4,5]

In case of double glazing, with panes of
thickness h, and h,, the distribution of
external uniformly distributed loads (e.g
wind, snow, self weight) is essentially
determined by the distribution of the
stiffness of the panes, that is.

Additionally, the distnbution of external loads is = 1
determined by the insulating unit factor g 1+ {ala%)t

The length “a” gives the actual dimension of the unit (e.g ina
rectangular unit the length of the short edge) while “a*"is the
characteristic length of the unit, depending on the thickness of
the glass panes (h, and ;) the gas space (s), and the shape of the
unit ().

a® =189

58
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Ist Camlar

Coefficlent ks for calculation of
the volume change

Linear interpolation apply.

For small deflections (linear
theary) p*=0 may be considerad.

L4 Insulated glass units
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Isi Camlar

W-GLASS - LINEAR KARSILASTIRMA

W-GLASS LINEER
Hava Gerilme
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Discam  boslugu i¢cam

Yiik

hesabi igin

Sehim  Gerilme|

Sehim Gerilme

Sehim  Gerilme

PROBLEM GEOMETRI  A(mm)  B(mm)  Aq(®)  (mm) (mm) (mm) (kN/m’) yikcarpani| (mm) (Mpa) | (mm) (Mpa) [ fark fark
B1 DIKDORTGEN 2000 1000 % 6 - 05 15 372 1188 | 381 1256 002 -0.06
B2 DIKDORTGEN 2000 1000 % 6 1 15 731 2129 | 761 2512 004 018
83 DIKDORTGEN 2000 1000 % 6 2 15 1253 3428 | 1532 5023 022 047
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Ist Camlar
W-GLASS - LINEAR KARSILASTIRMA -LINEAR KARSILASTIRMA
i e
/-‘ e
- -
W-GLASS LINEAR
Hava Gerilme
Discam boslugu igcam YUk hesabiicin | Sehim Gerilme| Sehim Gerilme| Sehim  Gerilme
PROBLEM  GEOMETRI  A(mm) B(mm) Ag()  (mm) (mm) (mm) (kN/m’) yikcarpani| (mm) (Mpa) | (mm) (Mpa) | fark | fark
81 DIKDORTGEN = 2000 1000 90 3 6 6 05 15 193 631 [ 195 643 001 -002
82 DIKDORTGEN = 2000 1000 90 3 6 6 1 15 381 2214 39 nw| 002 -0
B-3 DIKDORTGEN 2000 1000 90 6 16 6 2 15 7.27 21.67 7.79 257 -0.07 -0.19
61
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Isi Camlar

Internal pressure transmits
the external loads (e.g. wind
on pane 1} from one pane to
the next ("Couplng Effect’)

The internal loads, given by
the isochore pressure, are
raduced by a factor
proportional to the relative
flexibility of the panes

“Climatic Load”
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[4,5]

Part of the axteenal

Part of the sxternnl

Extarnal 1606 | |l camriod by pane 1 | oo carried by pan 2
Fiy cting on pana 1 —g)-dy - F,, & +e-d b Fyy
Fiey teting ori pana 2 lI—g)-& - F, lpd +d. ) F,

Part of the intarnal

Part of the intarnal

Inteetatkond | sand carried by pane 1 | lond cared by pane 2
nachors prassars Dip LA t oAy
T
| == = = e
0 i 0 i o i q
o | == e Lo
sumimer winter pressure suction

ins. Miih. M. Burak Yilmaz
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Isi Camlar - Ornek

Project Mame | No
Revision

Date : 02-May-2017 Design Report

GEOMETRY | SECTION

Isi Camlar - Ornek

SYSTEM-INFO

DESIGN CODE prEM 13474
GECOMETRY :Rectangular
PANE COUNT : 2

SUPPORT :All-Edges
DIMENSION (a) -1200 (mm)
DIMENSION (b} 1500 (mm)

HESAP ESASLARI
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SLOPE ANGLE: 90 (deg) VERTICAL

Acticns
% Low Altitude
High Atitude
Altitude Summer
Altitucle Wintter
Clemate Sumener
Cimate Wintes
Wind Pressure

Winel Sunctian

{High: 400 moters)

DEFLECTION LIMIT : Lismallest)100 il
{ SECTION INFO {from Qutside to Inside)
Thickneas | Type Material Prestresning

8 ess | FostGlss Trematy Toughaned

16 Cavity | |
4 | (Glags | FoatGlass | NonPrastressed Annealed |

e | O PvB | I
) Giass | Fiont Giass | NonPrestressed Annaaled
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Isi Camlar - Ornek
[ oL [Ais [Aiw | cis | caw |
|13 o | o | & | o |

S ) prEN 13474

DL:Dead Load

SL:Snow Load

ALS:Altitude Summer
ALW:Altitude Winter
CLS:Climate Summer
CLW:Climate Winter
WLP:Wind Load Pressure
WLS:Wind Load Sunction
SLS:Servicebility Limit State
ULS:Ultimate Limit State
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Isi Camlar - Ornek

Outer Pane max Stress Utilization (%23) : [ | oK
Quter Pane max Displacement Utilization (3£55) : _ oK
Inner Pane max Stress Utilization (%71) : [ ] 0K
Inner Pane max Displacement Utilization (%39) : - oK

macro f tatic
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KIRISLER  a) Monolithic glass — Analytical model “

Ly

4
", " « - -0-
= h M,
¢ = b B
I == . e
inal pesition 1)
I\"

. Elevetion End support

“'T = =R } - ;

M, =C,

[

s N orrg =
T El o s GLE = Critical LTE
R | \Il(( L2 T+ +( 35_.:| Moment

rElL
C, z, ...take into account different boundary conditions. different bending
moment, distance between the centre of gravity and the load point

LTB formuias for steel are valid, e.g. EC3
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Kl R|$LER B) Laminated glass — Analytical model [4]

Mo homogene, isotropic material

Shear deformation due to lateral
bending & torsion

Critical LTB Bailz, 2008 (LiGand)

IMoment

M

o
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Mdohler's method for steel-glass beam

HESAP ESASLARI

4-BIRINCIL CAM ELEMANLARIN BOYUTLANDIRILMASI
HIBRIT KiRISLER “
Mahler's method for steel-glass beam
+ Evaluation of stresses

_ ————=  Edge of the sieel flange

Edge of the glass web
h, £
: _E. I_._

Vertical deflection of the beam

5 gl

stiffness
+ Effective moment of inertia ¥ J\'”'"
By
1 =21 4—C1I +2
\E |
i [, |1 ]
_ addtive Narges £, T Ul T
\ flanges web flanges
— adrasive
— glasywah E,
. 1
yE=—
I+k
o midhesive
7 Stiffness of glued connection:
- - 'hl
\ additve Nanges £, !\5. — ‘JA 3 :l'
== shear modulus
of adhesive "
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Lyg= 9000 mm frodaj 40 Mpa
h= 400 mm Gk 1.6 Mpa
b= 30 mm bk= 30 mm
bsteel 30 mm tk= 10 mm
hsteel= 50 mm KK= 4.8 Mpa
hcam= 280 mm Ea= 200000 MPa
ly,eff= 625000 19208000 17628244.1 Eg= 70000 MPa
flanges web flanges. k= 8
ly,eff= 37461244 = 0.116071 . .. L. .
ly.glass= 160000000 ! Hibrit kirislerde gelik
% 0.23413278 WL 0.8 kN/m2 P
b it baslklarin gévdeden
MRd,ef= 305806074 Buax 46.91 genis olmasi durumu
MRd,glass 32 il K itesi
Lop= 9000 mm frodaj 40 Mpa eglime kapasitesi ve
h= 400 mm Gk 1.6 Mpa rijitligi arttirmaktadir.
b= 30 mm bk= 30 mm
bsteel 80 mm tk= 10 mm
hsteel= 20 mm KK= 4.8 Mpa
hcam= Ea= 200000 MPa
ly,eff= 106666.667 34391000 34877391.1 Eg= 70000 MPa
flanges web flanges k=
ly,eff= 69375058 y= 0.247147
ly,glass= 160000000
% 0.43359411 WL 0.8 kN/m2
b 4.5 m
MRd,eff=  46.6386943 Avax 25.33
MRd,glass 32 71
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d=—0H—
34 E 1
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HiBRIT KiRISLER g
Analytical model of reinforced glass beams
y with reinforced concrete
ass and reinforcement |s assumed
Thres stages are distuingished
A. Un-cracked stage
C. Yield stage = Hape u o ik
4 1
o b §
i L o Curvature - _\:I.
72

CAMIN YAPILARDA KULLANIMI VE HESAP ESASLARI, Dr. ins. Miih. M. Burak Yilmaz




HESAP ESASLARI

4-BJRINCIL CAM ELEMANLARIN BOYUTLANDIRILMASI
HIBRIT KiRISLER @

HESAP ESASLARI

4-BIRINCIL CAM ELEMANLARIN BOYUTLANDIRILMASI
TASARIM VERILERI 2

Table C.1  Material properties
Material Property Value

Characteristic bending strength of | 45N/mm?
basic annealed glass f,x

Density p 2500kg/m®
Young's modulus E 70000N/mm?
Shear modulus G 28700N/mm?
Poisson's ratio 0.22
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TASARIM VERILERI e
Characteristic strength of toughened glass
(t f
£ klmx_‘,kﬂu‘rc.k 5 Kt '__--\l .. Equation G.1
YFra R

wherz:
T is the charactenistic strength of basic

annealed glass (45N/mm”)
bed 18 the factor for load duration
Foy |5 the factor for glass surface profie
Yira 12 the matenal pantial factor for basic annealed

grass
" Is the factor darived from the method of

strengthening of the glass
Tk Is the charactenstic bending strength of

prestressed glass
Yy 15 the material partial factor for surface

prestressed glass
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Table C.2 Material partial factors

Type of glass Material partial factor

Basic annealed glass ya=16"
Surface prestress Yy = 1.2

Note

a The material parfial factor of 1.6 stated does not correlate
with that given in Table 2 of prEN 16612, which indicates a
value of 1,8. This is because once a formal European code
of practice s adopted, a UK National Annex will likely be
created alongside it that will recommend a value of 1.6 be
used for the material partial factor for basic annealed glass,
For all other regions the default value is 1.8, unless advised
otherwise Dy respective national annexes.
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Table C.3 Variable action partial factor vy,

Type of element Partial factor for
variable actions

Primary structure 1.5

Secondary structure 1:3

Infill panel 12

Low risk infill panel® 11

Note

a An infill panel whose failure would not cause injury.
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TASARIM VERILERI 22
Tabie C.4  Glass surface profile factor kg,
[ Tyme of glass As procuced” | Sandblasted
| Fioat glass 1.0 |06
| Drawn sheet glass 1.0 {06
| Enamelied fiaat or drawn | 1.0 loe
shest glass |
| Pattemad glass 0,75 | 0.45
Enamelled patternad 0.75 | nas
oz |04s
Jos EE3

Note
a Where glass i eiched with acid tha 'as produced” valie of
fe; should be used.

HESAP ESASLARI

4-BIRINCIL CAM ELEMANLARIN BOYUTLANDIRILMASI
TASARIM VERILERI &

of laminated giass in tems of
w15 dfined in Equation C.3

...Equaton .3

79
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TASARIM VERILERI @2
Tale C.5  Action duration fachor K.
| Duration Example Rt
| Gseconds | Sngie gus 1.00
30 secants | Dome
[ 5 minutes| Woriglaceipu
dea | Multple g 074
Martenarce i
E Fedustran avoess
| o ead shont-tem
Somw o media-tenm
Seow o borg-enr
P o)
Hiote
@ The micimum vk of A 15 025
EQIEHNS, Foay CAN Dt rEafer than 1.0,
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Table C.6 Characteristic bending strength for prestressad
glass fy

Base glass Characteristic bending strength £, (Nfmm®)
material Trermaly | Heat Chemically
Float glass or | 120 70 150
drawn sheet

Pattemed 80 55 100
Enamelled 75 45

fioat glass or

drawn shest”

Enamelied [ 45

patterned

qhass®

Nate

a Enamelled giass cannot be chemically toughanad,

HESAP ESASLARI

4-BIRINCIL CAM ELEMANLARIN BOYUTLANDIRILMASI
TASARIM VERILERI 2

The effeciive thickness of laminated giass in temms of

gefined in Equation C.4,

Equation C.4

where
w

e ant by
r.‘_
2 of the glass
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Table G.8  Edge stress factor &,
Glass type Edge strength factor &,
As-cut. amissed, | Seamed | Polished
o ground edges® | edges” | edges
Fioat or sheat 0.8 08 10
dass
Pattemed glass 0.8 i | 08 Ua
Polished wired 0.8 0g 0.8
glass
Wired patterned 0.8 08 08
glass
Note
a Anissed or ground edges by machined or hand where the
abrasive action Is across the edoe,
b Arrissed or ground edges by machine or hand where the
abrasive action & along the length of the edge.
83
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Table C.9 Coefficient of shear transfer
Load case Family 2 Family 3
Wind load (Mediterranean) 01 0.6
Wind load {other locations) 0.3 0.7
Personal load — normal duty 01 0.5
Personal load — crowds 0 0.3
Maintenance load 0 041
Snow loads — external canopies | 0.1 0.3
Snow loads — roof 0 0.1
Permanent loads 0 ]
84
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Loading
g LN mype= 15
| . hi=LIm M= ghoyp = 1.65kN-m
Laminated g at =1
{H=1.Im Glass strength

I'gk = 45MPa R 0= 120MPa E = 70GPa

\mmj:- .89 k=10 k

sp v= 1
a1 =12
keoogko T k[ (|
= Zmod ey gk | vk g | o 7svPa
TMA v
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Let's assume 2x10mm fully toughened glass (PVE - family 2)

hy = l0mm  hy=hy we= (.1 (perscnal load - nomal duty)

" 3 3 { 2
Beffw = Jh|' +hy” 4 120 2hp(05-1 S2mm + r..‘s-h|J—'[; 14.088-mm

.
eflw
hefre =

— e = [ 3,835
[y + 2-w(0.51.52mm + 0.5:hy ]

Stress check
el

fi

Tk
W=

—417%em’ o= b S 30AOMPY, €. [ = 8ATSMP OK
w ad
Deflection check

3

Inh g o !
ik h

— e naen’ s=d =12mm <

h
= 7 B e — o 1A.523-mmNOT OK
3El e AT 1052
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Let's assume Zxi2mm fully toughened glass (PVB - family 2)

hy=12mm by =iy wim 0.1 (personal load - noma! duty)

= i = Fl 2
Megr = I +hp 120 2y (0.5 1 52mm + 0.5 hy) |= 16.836-mm

3
el w

h,

et = [y + 2o {0.51.520m + 050 ] )

16905 mm
Stress check
Imrbggy 2 .
Wi . i s % <6085 MP0 . <, fy 4= S475MPo oK
Deflection check
T by w:. 3

4 -k h -
— = 40 544 ¢ Bz — 127160 . < & - — = 16,023 mmOK
1 '" LEI ]
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Post-failure check (one ply broken)

=10 M= g-hryp = LIKN-m
R 2 {103.12
Im-h, 2 103.125
hy =10 {mm W= . = 66 -MPa jg.t!: 34.75-MPa
12 \ 45,833

2|z
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Pendulum tes! {simplified approach)

DIN 18008-4 Glass in Building - Design and construction rules — Part 4: Additional
requirements: for barier glazing

Kategery B - drop height 700mm

m:= S0kg mass
b= Mkm drop height
m

¥ \J': -h v LT0E— max spoed at impact

N 5
{j = 15ms | impact time
Fyom 22 235008 dynamic farce
4"

F 1.4- 120MP

—  _0309-MPa 2 e 166-MPa
20cm: 20emy 1.0
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Loading (residential areas - floors) Pane! 1500x1500mm
g=2 k—‘: Q= 3kN
I'II;
Glass strength (long-term)
fop = 45MPa i = 70MPa E:= T0GPs
Kmod = 029 }‘sp = 1.0 k=1
Ta = LB My = 1.2
! Kmod®sn ok kye(fhk = fo)
Galong ™ | == 'rr.: £ e 1. 2083 MPs
91
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Glass strength (short-term t=5h) y
Gok= APMPa fy = TOMPR Ei= 0GR b S ks 'ﬂ.im:.IT
'Am"‘=ll.(- l"‘ = 1.0 'Ll - |
Tpga = 18 Ty = 12
Kmog¥ep Gk ¥y (T~ ok s
Fo.dishon E =i _-—".'m -| 35.822-MPa
Lel's assume Jx12mm heat-sirengthened glass (PVE - lamily 2)
hp= 12mm hyi=hy  hy=h
Bt v long = 1||||,I T h:' - I_, 17.307- mam
hett o long = |~ 1697 mm  {top ply as sacrificial)
92
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w= 01 (personal load - normal duty)

L . S 2
Bt aion ™ M)+ By By 4 12 2y (050 + 1.52mm + o.sn”-l = 21.862.mm

= 7l
[l % BT 120 2oy (051 S 4+ 0.8hy ) ||

Mgy, - - - = 18,908 1y
AT J [y + 25 1.52mm + 0.5y ] i
Stress check (hased on Roark's Formulas for Stress and Strain}
. kN
1. Deadload (DL}  gi= |3 by )25 — = 0.94Pa
m
ai= I500mm b= s
s
: =1 o e D44e A= 026874
1358 g s
oy = —BED ook mpa i Ol _ pssrinm
2 L 3
BefTa lang Eboft w bong
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2. Unifarmiy distributed load o) a= 2kba

w= lA0mm b=
2] o= 004 [ 02074
b
L5Bqb’ bt
Oy = ——— = S420:MPS - —t L -
Bt e shiost Eherr s shars
A, Concentrated foad load (g) Q= FhN
e Sl b=
T 0s L -
1y =23 0% gy iy = 108 iy = 1
oo LI3RT [= 1435
g [ 3wy ]
gy i= =[] = 022 ——— | + I] = 29332 MPa
S 1 Leqy) ]
ST et abon - '
a(h’

Ebiety w.shan
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Conditions:
opL Ty
- - = 0,249 o 0 OK
Ig.d.I(sng [g.d.shull
DL i
——.—“‘:num < ] OK

fodtong  Tgdshon

& + 5 1.172:mm
DL™ % b

—— = |5-mm OK
LI BQ 1.727-mm < 100
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bucklinglength s

lateral restrains

beam fixings (hinges)
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The buckling verification is done using the Ayrton Parry method as per the Eurocodes. The imperfection
factor used for calculating the normalised slenderness is from buckling curve ¢ of EC3 according to chapter 5
of the book "Structural Use of Glass” - Mathias Haldimann, Andreas Luible, Mauro Overend that refers to
studies and papers from Lindner and Holberndt and Lulble,

s £ e, £10
Dy =y A
where @, = 0S) 4@, [
345 15 A0 imperfection ficio
Wi
N,
Mo i fhe elastic cxatical mosnent foe recal-ionunal bockling

Properties around y-axis are calculated using the full thickness of the fin, properties
around x-axis are calculated using the equivalent thickness

Y—
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e S ——

Length (m) 9| For heat treated fins the retio between
Buckling bength (m) 9 the height and the |ength shall typically
Spacing (m) 1.5 be less than 15 (Eckelt does 20}
Wind-load (Pa) 1500

E{GPa) 70) ’

& (&Pa) P [ ——

v 0.23 e

Allowable stress [MPa) 416

Load safety factor 1.5

Glass fin build-up (A 12 12 13| 3] I ]

Beam depth (mm) S0
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Equivatent thickness {(mm) 3593
Wy (em3) 2000.00
Wz (em3] 107.58
1z {emd] 193,27
it [emd) .o
zg {mm} 250
[=] 117
a 0.454
Critical moment M, (Nm) &m0l —* M_=( = :_‘l
Design moment M, ;| Nm} s |
Bending resistance M, (Nm| 83200,
Normalised slendemess b,y 1125 /
Imperfection factor a,, 0.4 /
1355 Ko warping congidered far
- 0an solid rectangular sections
Bending+Tarsional Buckling MygINm] 39216.0
99
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TESEKKURLER

» Sunuma yorum ve katkilari igin CWG Danismanlik’tan
Sn. Salih Sekban’a tesekkirlerimizi sunuyoruz.

« Isicamlar igin paylastiklari yaziim dogrulama 6rnek
¢Ozlimleri sebebiyle MACROSTATIC'e tegekkiir ederiz.
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