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The Sensitivity Analysis of Thermal Expansion Breakage of Multi-layer Glazing in Building Envelope
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ABSTRACT KEYW ORD
Curtain wall system of office buildings has recently become very common in Korea. As the multi-layer curtain =58

glazing is exposed to outdoor envrionment, it is very subjected to direct environmental impact. Consequently, breakage g;'—: ;'% Hl

and cracks of glazing due to heat expansion is frequently observed. This study explores various causes and aspects for E J—ﬁ _)z_

destruction of multi-layer glazing. A sensitivity analysis was performed on the basis that thermal changes causes  OlZt¢ |

damage to the multi-layer glazing. Air temperature in air cavity within the multi-layer glazing was examined to find its ~ I}

effect on multi-layer glazing breakage. Analysis showed high deflection to depth ratio of 1:1.8 and that higher the

aspect ratio, smaller is the deflection. Allowable pressure showed that the weakest value is for aspect ratio of 1:2.9.

multi-layer glazing
Aspect Ratio

Sensitivity analysis by the area of the glazing showed that as area of glazing becomes higher, allowable pressure and  Thermal Expansion
deflection-depth ratio becomes smaller. For allowable pressure and allowable deflection-depth within air cavity, the  Sensitivity
glazing breakage occurred at least 107°C . The results from glazing breakage by thermal factor shows that it is hard to

break the glazing with only an increase in air cavity temperature in multi-layer glazing applied in buildings.
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Consideration of thermal expansion breakage and set the
research range

Discuss cause of breakage on existing glass

LA

Theoretical analysis of the effects of temperature and pressure

\l

Expansion sensitivity analysis of glass

\ 4

Sensitivity analysis of allowable pressure and deflection depth
according to aspect ratio and area

Air space temperature analysis satisfies the allowable pressure
and deflection depth

Draw a conclusion for sensitivity of allowable pressure and
deflection depth of multi-layered glazing with various shape

Fig 1. Flow chart for method of study and process

1.3, 2 meo] A9 Be @4

G210 AL geto 2 Bhlo] Bl nAg #n4)e] A
7ol oJ5k Ao, Q1B 0] 2§, Ao £4), o] ofgt 2
o] A0 & Qlsto] mo] WAYa}A| HITHs). T i o] el A%

A A U]/KﬂO]- Er_aﬂo] sl ek 98l o] o] AL =t

H 2 {2 Sl EF(crack)©] PlAISHAIZE

al
AR A, 2 2900 $¥l0] 90| o] B
8

Aoy ]7] 2o A

1) FE AT TAHEE U2 SE5RWNIS)0] §82 ol -3t 2ol

94  KIEAE Journal, Vol. 14, No. 6, Dec. 2014

49 S £ 7183}
19tk ol ) hE B350 LEEHSAA 219 R
o

<ol St L QA E 2 ek, Fig 29 Fig 3 AR
2721 B w19 oAl oI e ok,

AE5Eo) A I E 219 o Hl= 72 (glazing) o] 74 2 &
SRR JFtol i A ohi| (frE] o) T Tt e o] b)) 5o E}E}!ﬂr
&9] FEj7} AdolotA Urehdth. whebA 7]E f2] o] skl
ufat Pgariat F-2of o5t ap-g RS 4 Qlok TS A4t
[6]= 52 A% fE9 ok 952 #2979, I8 $A,
O Suig, ¢ 912 9 e ol glom, feo] dgEer
Qlgh mh=of| th gt ¥ 2] Bt Aokl Qlct. shA|gk Gof| o] gt fg
o] W wh @ Q1o W 9|7F FHl flote] 11 Ylof ek gk mpot
9 o] whE A Hehe] 82 WA & ot
2. O| 240 7|8t2 & W TiFZE M
2.1 599 51888 9 A, YR AL B

T2 o A olet 51888 & A4 0 & iH ot WAl oF
1A A3}, 1% A EZE ASTM E 1300[7]0] A= & AT o) A
AHESH A} ob frE] o Ao £, 4 L fe] B 2]

ol T 518 A3 &2 ol -3 ofl thek A7l o] o] A4k
W& A SHA AIAISEAL ek ALt ¥4 - Glazing©] 2] 2]
2k 21 A4t gholl Aol b A sHA w2 Ao A= T e
4922 FEIE 7|E o2 A
Fig 4= £r21 9] Fotzoll whe 2] o A-ded A3 A7
HAES =ASSHTh A (1) 712 2 feHol 286k S
off 2] &) A3} A, FAE 285 g(applied load) k-2 At
Aot sfig-3-2] 9] A HHAH](AR : Aspect Ratio)E 4] (2)°] 2J5t4]
ArESHAL, 11 Fholl whet Fig 4.9] 18] Zof| A] w(the maximum lateral
deflection of the glazing)3f-& A&t}

L rE
Jlm
O_L. =

il 130002

FEJ PR ST SR TS T S

3+
T . Contour lines represent the
104 > natural logarithm of the
1 nondimensional icad, § = gA° / (Er) 1
f\

[N

W=

®

&

4 4 5.5

5
4.5

Aspect Ratio 4R =a/b
Fig 4. ASTM E1300 Non-dimensional Maximum Deflection[7]

Nondimensional Maximum Deflection



25s- YsH - YFY - 2y
g=qx A}/ B () Fig 5 Fol 57 w0 15 §2]2] Ui e ¥als =A% 1
ot} duta o & Fot5at At FFS FAlo A H= 1A=
7| A : 1 - - - = -
1714 4 applied load, kPa 8§20l ol $12) R LAl oJo) wAIss Bo] nl%]
£ true glass thickness, mm 2 L S B Gfstel Bot5] o3t o skt Tefeha ¢
A : area of the rectangular glass plate, mm ot} 232 0] Abel Mgl uhy| 2 kA o] AVl Al E 5 oF 2
. . . 6
E': Modulus of elasticity of glass, (71.7 x 10” kPa) 9JT}. A(5)k Hhg| 2 ukA o] Abejurg AlS Lhebdc)
AR=a/b @
'H/QCL
P+— |(V—nb) =nRT 5
o171 A, AR: Aspect Ratio ( 1V ) ©)
a : plate length(long dimension)
b : plate length(short dimension) oA71A, n: 714 &4
V: 71419 A A
Wt @ SREEDE
- 7] ZJAFL .
o]7| A, W: the non-dimensional maximum deflection R: 71AVE4 (8.314 J/(mol K))
-9
w : the maximum lateral deflection of the glass T: 2k (K)
. a: 21444 (-m*/mol?)
t : the true glass thickness
b: 7| A1 EAE g 7§ €] £-1] (m’/mol)
Abxx] O Al olsllA] © o] & Lo = A0 o
e ulhe A OF S 219 TAR WA DAL R e e u
o] H|tff AR 7 o] & AT 4= Qlrt. ShAITE TR Aol A wgh A - =
skt ekt gol7)7] w2l ASTM E1300¢l41E A4)[8]E 5 71 olA 2 FEl 2 AR = F5 2 Sl A% B
ool AgSHe = A ASH LY. 4] (4)y= Zh fre] WA o] AehHuof w o felel 7hsiAl= ol B8k (Short Load) 0.2 2H-8- 5= A
248 rro 2 S Belo] whe AAT S ARS AR, S Dokl B ARANAE B151E 832 grom fe9 5
& WY WPEE AEHc
W=t xexplr, -+, Xz, X2?) @ A AR AL $29] TAL 6 mm BHEIE o8 ThE
2|2 /== Aol ditkroln], -2 9 oH S flste] f2] o et
A7) A, 7, : 0.553-3.83(a/b)+1.11(a/b)-0.0969(alb)’ of whet 71 5ol Aol 7k st R 2 2 ATl A Hl7dSHAnnealed),
v, 1 -2.29+5.83(a/b)-2.17(a/b)+0.2067(a/b)’ " Sh(Heat Strengthened), % H(Fully Tempered)#-] 2 72 #1851
3 o] A 5k3iet
Ty 1.485-1.908(a/b)+0.815(a/b)2-0.0822(a/b) , ,
Fig 62 ZAHHIE 1:1.52 YAt F8] HHLS | m*~4 m*7H
2 : In{In[q(ab)¥/Et*]} Fig 6= %4 1—2 3 }fﬂ & & Imi~dm 1]
WA A 2] 9] 518918 9 ol AR 2ol & SR Aot &+
_ B ™A o A2 glaold o] ZHAF A 7101 Z7ls5l= A O
dEfEY U SR ARAeR A2 P AN e ARl At ele S A
- o _ = .
et A%E 9o A8 St Aot Bekgel 4HHY 4 e
= A = 2] W7o] 5717} o] of Wh-g-sto] AT 52 HH
—(:5]'7ﬂ %q’ ZZZ7 Annealed Allowable Pressure E==Heat Strengthened Allowable Pressure
EZAFully Tempered Allowable Pressure  ==fe=Annealed Deflection Depth
R 14 =@=Heat Strengthened Deflection Depth  ==C==Fully Tempered Deflection Depth 50
- 512 45 —
1 | = 40 g
: o 10 35 Z
a4 b 75 0E
\ g 50
| o ® 205
e I i 24 153
Tin il Tin g 10 %
- = <=i 2 3 [m]
| i 0 0
1 15 2 25 3 3.5 4

Fig 5. Expansion of air cavity by wind load and temperature
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Fig 6. Allowable pressure and deflection depth according to fixed
aspect ratio and area increase
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Fig 7. Allowable pressure and deflection depth according to fixed area (4m’) and variable aspect ratio
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Table 1. The initial condition of air cavity.

Input and calculated values

glazing Area 4 m?

Spacer Depth 12 mm

Pressure 101,325 Pa (1ATM)

Temperature 293.15 K (20°0)

Gas constant (R) 8.3144621 J/(mol-K)

Measure of the attraction

2
between the particles (a) 0.1358 J-m’/mol
Volume excluded by a 3
mole of particles (b) 0.0000364 m’/mol
number of moles (n) 1.9924132732913
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Fig 8. Temperature of air space according to fixed area (4m’) and variable aspect ratio
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