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Displacement of Frame
[Wind Load|

e

Bigas = 1.34 cm
MY

<Frame =

Check for Steel Bracket Stress

i
2
;

Steel Bracker
2L-120x80x6T 100LG
fy = 1566 Kgfiem?

Fp, = 1846.2 Kgf/em? .. OK

Stress Actual Al lowable
= Ratio Deflection | Deflection | Judgement
(%) (mm) (cm)
Alum. Vertical Frame[M.1] 86 1.34 2.1 0.K
Alum. .
Alum. Vertical Frame[M.2] 98 2.05 2.35 0.K
Frame .
Alum. Horizontal
19 0.05 0.16 0.K
Frame[T.1]
2-M12 Bol t 37 - - 0.K
Steel Bracket
S XM 85 - - 0.K
[2L-120 x 80 x 6T 100LG]
1-M12 SET-Anchor 67 - - 0.K




(9.1%) M3

(¢
Z A

Mabl | =28 [ Fbl H

37,002 | 31,987 | 1,000 | 69,989
3,700 | 3,199 | 100 | 6,999
40,702 | 35,186 | 1,100 | 76,988
34,782 | 28,918 | 1,209 | 64,909
2,678 | 2,227 | 93 | 4,998
37,460 | 31,145 | 1,302 | 69,907

D ELSIE]
7,081 /m?

<INE7E>

NIESSIES
WIEL] L 24 ZH| A
® J1E - 14,131 - 14,131
@ A 1,358,956 | 882,168 | 214,499 | 2,455,623
® 2% 308,043 | 266,291 8,325 582,659
@ selsd 1,297,758 | 748,116 19,287 | 2,065,161
® AzgZ 32,300 6,378 - 38,678
® 3ttt
o 1,328 2,560 - 3,888
(Wat=EX
NSNS
@ 3 _ | 5,670 1,119 - 6,789
(L3t 2 E
2o o HA - 3,990 - 3,990
SHA| 3,004,055 | 1,924,753 | 242,111 | 5,170,919
M2
) 145,899 93,480 11,759 251,138
( AR 20.59M°)
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SUMMARY

| . Title of Study

Development of Fire Resistant Curtain Wall System

II. Necessity of Study

0 Development of fire resistant light-weight board

0 Development of fire resistant aluminium curtain wall system and

construction methods

lIl. Objective of Study

1. Objective
- Analysis of curtain wall system for fire resistant structure and materials

using it.

2. Contents and Scope
o Development of fire resistant light-weight board
- The selection of a material using light-weight board and manufacturing

methods.

- Development of insulation materials using fire resistant curtain wall system
- Development of high strength and high durability light-weight foaming

materials

- Application of New Excellent Technology
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0 Development of fire resistant curtain wall system and construction

methods

- Development of processing methods of aluminium curtain wall system

- Development of jointing methods of aluminium fire-resistant light weight

board.

- Improvement of fire stop system in established curtain wall facilities.

- Development of processing methods of curtain wall system and constructi—

on methods

- Evaluation of fire resistant aluminium curtain wall system.

V. Action Plan

Period of
research

Application plan

1st year

The selection of a material using light-weight ceramic board and
manufacturing methods.
Development of insulation materials using fire—resistant curtain wall system

— Development of processing methods of aluminium curtain wall system

Development of jointing methods of fire resistant light weight ceramic
board.

2nd year

Development of insulation materials using fire resistant curtain wall system
Improvement of fire stop system in established curtain wall facilities.
Development of processing methods of curtain wall system and
construction methods

Evaluation of fire resistant curtain wall system.

3rd year

Development of Fire Resistant Light—-weight Board

Development of fire resistant aluminium curtain wall system and
construction methods

Application of New Excellent Technology
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V. Research Results

1. Analysis of raw materials
- Analysis of Cullet, Fly—-ash, Foaming agent
- Heavy metals test is clear
— Chemical composition of Cullet and Fly—ash

- Analysis of TG-DSC

2. Property of foaming agents
- CaCOs
- Graphite

- Sodium silicates

3. Property of nonflammable light-weight foaming materials
- Density
0.20~0.60 g/cm’
- Compressive strength
In case 04~0.6 g/cmg, Compressive strength is 8~12 N/mm®
- Flexural strength
Over 2 N/mm’
- Thermal conductivity

Under 0.105 W/mK (0.09 kcal/mhC)
4. Mass production of nonflammable light-weight foaming materials

- Foaming process of nonflammable light-weight foaming materials.

— Multiple-stage of foaming process.
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5. Fire test of curtain wall system using nonflammable light-weight ceramic
board
- Fire resistance of curtain wall system using nonflammable light-weight
ceramic board.

— Curtain wall systems have 30 min. fire resistance performance.

6. Curtain wall mock-up test and test bed
- Fire resistance of curtain wall system have a structural safety
- Fire resistance of curtain wall system have wind and waterproofing
performance
- Fire resistance of curtain wall systems test bed carry out HDC(hyundai

development company) research center.

7. Application of new excellent technology

- Fire resistance of curtain wall system using nonflammable light weight

ceramic board.

8. Economic feasibility of fire resistance of curtain wall system

- Fire resistance of curtain wall system is good economic feasibility compare
with curtain wall system using glass wool back panel.
- Fire resistance of curtain wall system have advantage of 8%P compare

with curtain wall system using glass wool back panel.
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Manufacture of lightweight structural
1 elements US19880190650B81
STO
Method and apparatus for processing
2 building materials EPPDO1710064A2
3 Mounting for insulation on a building wall EPPD01251210A3
Pumping and mixing apparatus for powder
and liguid materials and system for
4 producing viscous materials for building EPPDO1688176A3
DUT POSES Alsecco
Composition for heat-storage object
5 formation, heat-storage object, and EPPD01857520A1
process for producing heat-storage object
Lightweight foamed concrete panel and its
6 sur face processing method ) JPPD19990254417
Asahi
Wat istant cellul t dit Chen.
ater-resistant cellular concrete and its
l manufacturing method JPPD20040217510
Nawrocki ,
8 Self-bearing flexible curtain wall system Rooney & 20020045552
Sivertson, P.A.
Diversified
9 Curtain wall support method and apparatus Panel Systems, 20010891279
Inc.
webb iesenheim
10 | Mullion splice joint design Logsdon Orkin 20010933689
& Hanson, P.C.
11 Curtain, more particularly, a window shade EE?Q;??E% 19970809125
External wall panel and mounting structure Kajima
12 thereof Corporation 19930065183
YKK
13 | Panel fastener construction Architectural 19910745336
Products, Inc.
. . Ridout &
14 | Curtain wall for a building Maybee 19900630555
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(2) Eeolofrl o] 54
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AR gro] wel 50% o] dY 99 Class C, 70% o]4<d 59 Class F2 #

Faka 2l

[ 3.3] ZUolA] BAsE Zglo]ofjAle] 334 HE

8= SAE (%) SHE (%)
Si02 52.46~56.47 46.71~60.37
Al203 29.76~33.77 18.79~24.72
Fe20 3.81~4.37 4.81~13.52
Ca0 0.70~1.12 3.17~9.35
MgO 0.71~1.02 0.90~2.15
Na20 0.14~0.63 0.39~0.65
K20 3.36~4.36 0.98~1.31
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JIEt 0.00~2.57 0.52~1.66
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A AWME A5 5 #r 2ol AMEEY [ 35]0 EtolofAle] A&E EolkE
UER AT Eekelof A= 2009 A REE] 69%7F AEE HAow o T AHE
AR(11%) 2 AV Z(@6%) - A&-8 ¥ 7[eF okl oF 3% &8 w3
o}
[3E 34] Sfolofr] TAF 2 A g
LUS(2E) Hese(etE) HESE (%)
P
2006 2007 2008 2006 2007 2008 2006 2007 2008
LS
:;; 121.1 121.4 | 157.8 | 101.0 | 111.8 | 125.2 83.4 92.1 79.3
Eh
o 92.4 84.8 108.4 60.9 66.5 88.4 65.9 78.4 81.6
N=
o 7.2 87.9 116.4 61.1 70.3 88.0 79.1 80.0 75.6
EES
Gt X 79.4 74.0 76.5 51.2 39.5 45.4 64.5 53.4 59.3
S M
o 106.4 | 122.3 | 160.1 80.8 106.2 | 125.0 75.9 86.8 78.1
Al 399.3 | 490.3 | 619.2 | 354.9 | 394.3 | 472.0 88.9 80.4 76.2
[32 35] S&kolofrle] A& 2okH2009)
N (dE)
= ==& INENS OH &
. (HE) o= | dOE | 2J JIEH 2
Ezt0l
OH Al 6,850 502 3,990 - 158 4,650 2,200
e
I“ff/ oz
<¥ 35> Eeholofrl e A8 wof
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[ 36] Zato]ofA] 33t Ax

== Si0 Al203 Fes0s Ca0 © K20 MgO Ti02 LOI
stk 59.5 23.8 5.54 3.75 1.56 1.50 1.20 1.20 1.50
[ 37] ool FaHAAE 3+ A8 Z2 A (mg/kg)
at= As Cd Zn Pb Cr Cu Ni
72J|= 50013t 50|t 9000| of 1500| &t 3000] &F 300]| ot 500]| Gt
21 30.2 1.3 74.8 11.4 21.6 23.1 30.1
ALEAES FAlAdES Yolr7] flete] EYedTHAAIAYHEOR Tu5 T
S Yolrotow 1 Axe [% 3719 2o T SaFel dske] 7Aool ske]
e A
A=A A} 2~679um ¢ A7|E 7FAH H JEE 116pm ©]th 90%°] A9
o]

q(%)

0.010

0.100

E7F 293um oletE EA4 EH AT

1.000

<y 3.8>

10.00
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(a) Za}o]o Al 10% (b) E}el oA 30%
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(a) Sodium silicate 30% + CaCOs; 0.5% (b) Sodium silicate 30% + CaCOs; 1%

(¢) Sodium silicate 30% + CaCOs; 2% (d) Sodium silicate 30%

(e) Sodium silicate 40% + CaCOs; 1% (f) Sodium silicate 40% + CaCOs 2%
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[3% 3.10] Mock-up test& A|&A < =A

- A
= ero) TEAS S : 41D
RE=S L3t -
=Tjes a/cm’ 0.3 Olat 0.22 0.58
=T kaf /cm? 40 0|4t 29 115
g2ac kaf /cm? 10 Ol At 14 23
Merde kaf /cm? 5 0] &t 3.02 13.16
oIEAT kaf /cm? 5 0] & 4.7 7.48 =pl3-10=
EHS A kaf /cm? 17,500 0] &t 8,250 80,178
[ 311] 2% 9 454= A4
Il eIy
AEHS Uz (g/em’)
(MPa) (kgf/cm?) (MPa)
C1 0.44 5.83 59.44 2.33
C2 0.46 5.94 60.58 2.56
c3 0.44 4.71 48.04 1.99
Cc4 0.42 5.43 55.38 2.32
C5 0.43 5.65 57.69 1.85
C6 0.36 3.45 35.19 1.66
c7 0.37 3.11 31.71 1.51
c8 0.38 4.90 50.01 2.53
€30 0.81 9.14 93.29
C40 0.68 5.12 52.84
€50 0.43 1.27 12.97
B40 0.54 6.00 60.88
B50 0.42 3.29 33.55
050 0.83 6.62 67.15
B30C1 0.85 8.57 87.73
B40C1-1 0.71 8.97 91.52
B40C1-2 0.63 6.02 61.47
C30C1-1 0.91 7.39 75.39
C30C1-2 0.87 6.20 63.29
C40C1-1 0.74 4.82 49.25
C40C1-2 0.62 6.20 63.29
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[E 312] #7/1A4 9aA @ Agunee] WA=y Bz

0 0 0 0

1 7.9 10.1 9.3

5’3}5; 2 12.4 19.6 12.9
%) 3 20.9 46.5 16.9
4 34.5 85.3 23.9

5 70.1 123.6 28.7

SHEIIE (%) 5.4 24.9 0

[3 313] F#71A @44 R Agtre=e dx 5 dd=g 35

37t

2(g) 59.6 128.0 420.8
A ™ E(W/mK) 0.03497 0.03677 0.1195
AXMEE ZSIH(%) 3.1 15.9 2.3
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- = 452EE(CH: Ca(0H)2)
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<219 3.45> Microstructure of fly-ash based fire protection materials
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[ 3.17] AHSA=

Cement Ordinary portland cement
Binder F Fly ash Blain : 3,764 cm’/g
Meta—kaol in Blain : 9,812 cn’/g
. KOH Potassium hydroxide Assay min. 85%
Activator - — . :
SS Sodium silicate (NasSiOs) Assay min. 99%
Aggregate Sand Joomoonjin sand

[ 3.18] Za}olejA 2 wes&ae 3hstzA

SiO2 | AlOz | Fe203 | MgO | CaO | TiO2 | NaxO | K20 L.O.I
Fly ash 55.20 | 27.03 | 2.28 1.54 | 6.07 | 0.90 | 0.68 | 0.39 3.76
Meta—kaolin | 52.00 | 40.20 | 3.00 | 0.50 1.20 | 0.35 | 0.40 | 0.60 1.85

[ 3.19] <7 &4} npelg o] g x

Solid/ Solid Liquid ey | PO
Liquid Sand strength
%) C | F | M |water | KoH | sS ()| osd wpa)
Plain 48.5 1] - - Jou4ss| - - | 2.45] 190 27 .2
AAFPMT | 73.0 - l05]05| - |0.365|0.2365]|2.45| 180 51.5
AFPM2 | 73.0 - los5]05| - |0.547]0.182 | 2.45| 190 54.0

2) Waky wilde] QsS4 B

_73_



0
s

ZATE 20T 9 AL NFAE= 2F70 D-drydx & A5 128 AF
=

o
N
_0|L
s
A\
o

A7N2E o] &3dte] Zzhe] ZFE 2 EollA 2413 7FEd & Ao

aF At

1000

800 [—=—————= - — pemm———— === == —
_‘:‘-\
600 F-——— ==~ mm——— -~ — - ———— o

400 |- - - s ———— o]

200 |- oo

0 3 6 9 12
Heating time (hour)
<219 3.46> Temperature vs. heating time of fire protection materials

<% 347> X2 AHH

_’74_



juy
T
aly
2
o
1o
r o
ot
-
o
4%
v
ke
o
D
T
N
()
S
A
o
R
aly
o
2y
o
I
N
N,
lu
X
i
o
g
N

A FA SN frelst A sAle] Fnjol upel JPARAIZEe] 2 o] JheEkt)
AAFPM1, AAFPM29 ZA 9% 719257t Asdel wet g4545e gaste
2SS A= o= Plain Al@A S fAsE Adfolrt. sFARE 200~400TC 9] <
Ao A= Plain Al@ Al w8l ZE7F ZA F7Hetdth 3 Plain Al A9 45
Aol #HETE 25 e wE AxAs= AA dUEEew AAFPMI,

AAFPM2 A& A A9 e Aas Btk 53], 274" 200C9 7+
ol e =717 AA Y=g ol Iy

ol &gstE = &l wE Aor dddn.

/g3t whg-ow Astekal A

[ 3.20] &ze 2d3) nily o a5

Tenperature Compressive strength (MPa)
: 3 day 7 day 28 day
() Thour 2hour 1hour 2hour Thour 2hour
20 20.1 20.1 27 .1 27 .1 32.4 32.4
200 19.7 18.9 27.6 27.5 32.5 32.4
Plain 400 15.7 14.2 23.7 23.5 27 .1 26.6
600 7.3 7.0 12.5 10.6 15.8 13.8
800 5.1 2.9 8.9 7.4 10.8 9.1
20 42.8 42.8 48.6 47.2 50.9 50.9
200 50.5 53.0 54.0 52.9 60.2 58.4
AAFPM1 400 45.9 45.6 47 .6 46.6 51.1 49.7
600 35.6 35.4 34.8 30.8 41.0 38.7
800 26.3 17.4 23.4 17.4 29.1 24.4
20 46.5 46.5 51.0 51.5 54.9 54.9
200 56.5 54.7 59.6 57.2 64.7 63.7
AAFPM2 400 52.2 50.0 52.4 53.3 56.0 55.0
600 40.2 38.0 36.1 33.5 45.2 43.4
800 24.7 15.4 21.5 18.5 31.0 26.5
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<219 3.48> Color change of plain and fire protection materials at high temperatures
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3) TG-DSC
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Heat Flow (mW/mg)
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7} €43k A% (Thermal cycling test) : AAMA 501.5
» Test =71
(D Hot condition : 24 C, 82 C (for 2 hours)
@ Cold condition : 24 C, -18 C (for 2 hours)
@ Hot & cold condition & 1 Cycle & X1 % 3 Cycle 33

2] Eo] Thermal chamber %-Z} Hot condition 213

<19 391> d+d AY

. A= A3 (Condensation test)

» Test 271
Cold condition : 22 C, 40%, -13 C (for 2 hours) 2 Dew point = 7.8 C
B wxsde] ArAgdys HHagoy, A F8 F Back PRY =

A e

i

O

AE WEAD AA A 2AEDTI] A2 BAHASS Q)
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o} A A3 A& (Preload test) : ASTM E 330
a7 hE o] 509(150 kg/m’) & 7htakel A1g Ha oy
o}

B8-S AAstel ool glol NP AW 5

il
J

o
p—
o
P
L
r>4
3

oy

2. 12 718 A1 (1™ Static air infltratuon) : ASTM E 283
= A3 4 76 kg/m” (0.3°H20) stell A A& w713 54
= SAH FUF

D Air leaks @ Test chamber = 20.0 cfm

@ Air leaks @ A]@A| + Test chamber = 24.5 cfm

@ Air leaks @ A @A (@ - D) = 45 c¢fm < V-allow = 199 cfm

D] #FHS ARE T HHY TSR Chaberd Frl@oli @9 #*&
Mock-up Al @A e o2 @ - O = 45 cmelth. @2 A WU e= 3
S22 199 cfm olth A|@ZA¥ FEXRY e gtom 7|AANYG S WY

Azte At}

71

ul, Aetsle] S=UA S (Water penetration test under static pressure) : ASTM E 331
ek FAlel AA Fel 20% o #BEE #H(60 Ke/m)E 7hakel ARA
5 T WHEY FvF 45 oA Ay gl
E 331 9 #4e] ©h& 60 Kg/m® & frA8WA 34 L/minm’ & 15%
2 AFste] FEE Rl 45 Aol rrE SE A HEsd e A
i

At sl ofgit.

vl 59tate] 4= A (Water penetration test under dunamic pressure) : AAMA 501.1
Aol FAlol A Fgke] 20% ol dldetE ¢hE60 Kg/m?)S AIRCRAFT

ENGINE & AF-&3ste] DA 7|HA A FAE S35 WHE=Z w4 TA &2l
Akate] Ald3 wpR AR T FAST v S AEkR] ke sfd ol
N Aoz Hol wyydoe] #dUstx] Zsirtal ddE),
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Al FZA 5 A8 (Structural performance(Desgn load) by static pressure)

ASTM E 330

100% (4, F9F 300 kg/m”) 7Ft Al F %

Rl

A

s

I A 150% 7t

DRETS

< 170l =¥ o]

=

st 100% 7+ Al B 1A R

575

5%

HeH(150%) Al

— 2 (100%) Al

<19 394> Crack &4 )
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By Ao Crack 24 A (3 @ 9%, W)
<% 3.95> A ITA 9] A

o}. 2xF 71U A& (2™ Static air infiltration test) : ASTM E 283
T2AASAE A& o AgAY FrIFS oA S5t AgAY] WstE A

R Attt FEASAE Al Crack o TAS AH Fr|dRE
ok

= ue ) AdAe FoEe A5 s
ZAE F713 190 cfm 2 3]8X2 199 cfm Kt} ¥ Fto=w w8 4
B}z a9,

Zb. - 9 Al ¥ (Structural performance (Proof load) by static pressure) :

ASTM E 330
M7 ESE 150% (4, B9 450 ke/m2) B AE g @9 AA F F pxA
o Frwslgo] HEAE zuaA BiA FAsn A F AR FHHAY

Aot 150% 7}@ Al Mullion ¢ E.J F3te] HEFHo A= A% F7]dr= 3
EA (L & 1 EA = A 100% 7} Al Crack 2&A)o| Crack ©] ¥AsFsd ).

b, =7 A E (Interstory lateral movement test) @ AAMA 501.4
A 57 1A ¥ o] gl Slab (Chamber beam)E #, % ZHzF 12.0 mm 2 &3

g AQor AWA FEe wEsRgon ARAE ool §alrh

o,
rr
ihs
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5. AR FI7|EE AFE =9 dEAF
(1) Case 74

o
N

Case B2 g9 d#FE&S A3t Case TS [¥3.26]3 # EEL

R

<Y397>3 Zom ABH oA At [¥327]3 2o wAAE

T =2 0 O

<¥F 326> 994 % HIME 93 AEY A 2" A

22 Back Panel &4 FAS=O| A
= Spandrel Glass(2%H LOW-E £2l) + Back Panel

HEZ | (1.2t Steel.Sheet + 85mm Glass Wool +&812 | Back Panel + Aluminum
24 )

e Spandrel Glass(22 LOW-E =2l) + dt0IE2IE
T | HRIIYT H2tel® C (THK. 50m)

Frame
(Mullion + Sill 4+ Head)

<3 327> E3RFE AE A%
@9 W m-K
2 =2 JE HEE AMAE ML D=
Sg SAEE
0.872 0.879
(Back Panel + Frame Assembly)
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HORIZONTAL SECTION

VERTICAL SECTION

<719 399> Frame cover A& A %xw

HORIZONTAL SECTION

VERTICAL SECTION 2

<19 3.100> Case 1 A Ed#olA A}

VERTICALSECTION 1

VERTICAL SECTION 2

0 -

<219 3.101> Case 2 A E# oA 2z
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VERTICALSECTION 1 @ VERTICAL SECTION 2

U-Faclors

VERTICAL SECTION 2

U-Factars
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SRS | FASTENER EA |24 | 300 7,200 7,200 A e
_ NEES
SXSAM | SETANCHR  |EA |24 | 300 7,200 7,200 A el
_ NEES
SRS | BOLTENUT EA |24 | 600 14,400 14,400 A e
_ NEES
XIS | ARESLAL EA |48 | 300 14,400 14,400 A el
. NEES
PlISEEN KG | 124.9 | 1,000 124,900 124900 |5y
2013
53z SEUDHLR | O | 0.5 117,090 58,545 58,545 BEE
Al
20134
53z o |3.123 117,090 365,672 w672 | EEE | A=
A 16-4-1 &
20138 | R0ls =
EENE ol | 2.623 81,443 213,624 213,624 | EEE | YYax
Al
. Ap|
EEEWEE! 2106
Sl R[4 5,762 | 20,489 | 8,036 | 23,047 81,957 32,145 | 137,149 o =g
&12!(3ton) 0008 | 555y,
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H4b 870

HOIXI =
g
) g NS
S (507) M2 8.325 | 23,000 191,475 191,475 A 52
JR)|ex NS
= (307) M2 1.74 | 16,000 27,840 27,840 A 5
NS
o] pun §
L-W= H 36 160 5,760 5,760 A 52
B NS
AIFOA M 228 12 2,736 2,736 <
At 5
o EEVEEIERIN NEE
JIEFSE AN % A 1 6,579 6,579 6,579 A 52
Nes
e NS=E
FENE | 22 M 28.65 | 1,750 50,137 50,137 - > =
o &xi(d A58 | A =
Zrog|m ot | | 2013 1271271
IS el . HESZ | 8322
ZUCHR) 0.86 111,902 96,235 96,235 " =
2) ML & X
2013
PUNES el 0.604 117,090 70,722 70,722 HES
o g HAIZ
20138 | =&
2SR el 0.906 81,443 73,787 73,787 HEHES
Al
— 10.06 NS =E
ILX}
ERPS M2 5 500 5,032 5,032 A 52
_ 10.06 NS E
2u ESTRE , ' , -
= M2 5 1,000 10,065 10,065 A 52
F0I=S=e M2 20.59 | 49,000 1,008,910 1,008,910 NEZ| T i
@ <&z | (O8) ' ’ T e Absg | 112 S
ERcs
CEAoIZ M 116 1,100 127,600 127,600 NS x A
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At 5
NS X
1,260 97,020 97,020 A 521
ANE X
1,050 50,400 50,400 A 521
20134
0.375 111,902 41,963 41,963 HES
Al
20134
6.177 106,359 656,979 656,979 HES
Al
2105-
2.4 5,762 20,489 8,036 | 13,828 49,174 19,287 82,289 0003
NS E
19 1,700 32,300 32,300 A 521
20134
0.057 111,902 6,378 6,378 HES
Al
0.324 | 4,100 1,328 1,328
2.041 | 500
0.097 | 1,000
2013
0.022 116,367 2,560 2,560 HES
Aé)l
ANS =
3.24 | 1,750 5,670 5,670 A 5
20134
0.01 111,902 1,119 1,119 HES
)é)l
2013
0.049 81,443 3,990 3,990 HES
/éxl
2,985,571 | 1,899,206 | 243,851 | 5,128,628
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2}) 71E€71 &3] FAM] Bl
71E 7l A 7w oAUt S et A A Test Bed @<l Aditd 7=
AT g WA F owold Hdx WAl 8325 m'S Ao R FAHES AHAsE
An, 71E W AX FAEE 69.9399/m’, A1H71E AR B AEen
=g ZYAAY AX FAH S 649099/m° e oF 7.3%7F A @A
<3} 329> /M7l HYd digt ddirt ¥
BHIlE & X ZAHH|
o & Hl D
WEHl | =LHl | Al H
PIAS BHY A SSAIE 308,043 | 266,291 | 8,325 | 582,659
% _C> —|H— = = ’ ’ ’ )
=ct=s S (2, 8.35 i %)
Xl NEDIES
Ao (*/m?) | 37,002 | 31,987 | 1,000 | 69,989 ol 7.3
JyRI|gn ETAHIZ '
| i Miet , 289,559 | 240,744 | 10,065 | 540,368 | M3
olgce sm e 2 | (&, 8.325m JIE)
TYAHH &R UQTHO (R/m?) | 34,782 | 28,918 | 1,209| 64,909
Test Beds @A ALY FAF WA diAbe] FAE] &l o= 7|E AEL FAL
251,1389/m” A 7%S E3e AEY FATF 249,083Y/m o2 AF 7 eS 23T 7
EY FAn|go] 71E AEY FHuT oF 1% HAd oz Ut olE AH AE
4 FAR] S QojA A& Wl wujd A u]go] oF 10%0] E3}3dlr] wEo
2 AA FAH] SdHoME Agavrt 34 JElyg BolAE oy A A7 Ee] WY
e = FAE Agaarh des & 5 v
¥ 330> AH7E X3 AA AEYL FH Yot v
Z DA
o & HI D
WEH | =24 2 A
ZIAHI=2
3,004,0 | 1,924,7
2| 2 ’ , y
I Eem o ;)’ 20.59 m’ D i Ly | 242,111 5,170,919
tH = EDIES
= SETVR a&Jl=
(24 /i) 144,899 | 93,480 | 11,759 | 251,138 | &t
ey 5992 iiz’él
—?‘-I 2 E) E) o
Neoe me | (B 20.59 m° J| | 2,985,5 b | 243,851 5,128,628 | 570 1 o
HEg D =) 71
ANEZ 22 oy
(21 /i) 145,001 | 92239 | 11,843 | 249,083
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S gy e 1ES Heskt.
<i 336> 7|E7IEY METlE B AEE FAF A HE A TS
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_ 3 (268 10% M)
I AR) ot
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7,081& /m?
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O FxAAE 9% Criteriax T2 2t
e Design Load
- Wp = 300 kgf/m® = 2.941 KN/m’ (Given Positive Wind Road)
- Wp = 30 kgf/em® = 0294 KN/m® ( THK.24mm Pair Glass)
e Allowable Deflection of Member
- Window Frames : L/175 (4110 mm ©]3}), L/240 + 6.35 mm(4110 mm *=3})
2L/175 (Mg &AW FA)
- Transom Frames : L/175 (4110 mm ©]3}) - for Wind Load
3.2 mm(1/8%), 1/6 mm(1/16“ ; Opening & A% - for Dead Road
e Density
~ Aluminum : 2,700 kgf/m®
- Steel : 7,850 kgf/m’
- Glass @ 2,500 kgf/cm’
e Used Material
- Aluminum :
Alloy & Temper 6063-T5 ; Transom, Sill/Head, Vent, E.T.C
6063-T6 ; Mullion (Male/Female)
6061-T6 ; Splice Sleeve
- Steel : SS 400
- S.Steel : STS 316

e Reference

- AAMA : Maximum Allowable Deflection of Framing System for Building Cladding

Components at Design Wind Loads

— The Aluminum Association : Aluminum Design Manual - 2005

oy Zol AE=d TH TEIHAY HAE 2 taa 2ol A Alw
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[ sTRESS

# Max = 9.54 kgflem 2
318852 = 10 kef/em"2

-. STRESS MIDAS/Gen

# Max = 6.66 kaficm”2
3 4H 8% =10 kgflem™2

<1#® 3.121> F%-& Sealant

-.STRESS

# Max = 7.63 kgf/em*2
38382 = 10 kgflem™2

<719 3.122> Undercut Anchor 7 E 72 ¥}
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e Aluminum

Member check

- Mullion check

Z5= Stress(fy/Fp) .
Mul ionModule |~ = JCheckir Deflection  |alloy &
T () (kaf/cm - CLUE Allow . Hl D
ype fm ) art Male Female " |Actual |Allow. | EMPeT
1200+
Male/ Anchor 10.44 0.39
Female [1200 1300 1.33  |15.297 |23.850 |6063-T6
Mullion Mid 0.98 0.85
- Sill/Head check
Setting Deflection
BL.  |Length Stress(fo/fo) 13024 Loag Wind Load Alloy &
Locat iolLy (mm) Member T
O L B Actual |[Allow. |Actual |Allow. |Actual [Allow. emper
n
St/ L/4  |300 ST 10.29 1.9 0.858 [3.2 0.089 |6.857 |6063-T5
Head Head .08 1.33 _ e
- Transom check
Setting S Deflection
Transom [BL. Length (?Skotf/s Siisest T, Dead Load Wind Load Alloy &
. af/cm
Uype  leeziiollam) Actual |Allow. |Actual |Allow. |Actual |Allow. |/omeer
n
Transom—
1 L/4 1200.0 |300 0.18 1.33 0.149 |1.6 0.189 1|6.857 |6063-T5
Transom—
) L/4 1200.0 {300 0.17 1.33 0.094 [3.2 0.189 |6.857 |6063-T5
o A7 M gul B = check
=Z5l= Stress(kgf/cm®)
Memb T 21
emoer ype (kaf/cm?) Actual Allow. .
&GS Bracket 300 9.54 10.00 0.K
=P\ <X Z Sealant 300 6.66 10.00 0.K
Undercut Ahchor 300 7.63 10.00 0.K
% Aluminum Bracket Local Stress % Board Local Stress R ¢4 &

* % Sealant Bite:= 7mm ©]

* Anchor AEZA¥} 8 point Al &A] FX2Ao0=
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Displacement of Frame
|Wind Load|
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Reaction Force
[Wind Load]
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MO, REACTION

FE: -4, F2TLRCDDE

MK, REACTION
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ki

Reaction Force
[Wind Load|
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Reaction Foree
[Positive Wind Load + Dead Load|

F¥y -1, 1606E-007
Ry -4, 3BETRCOOL
B 6, BASERE00Y

CBS: BICHL

<719 3.129> Steel Bracket $¥ #4124y}
(Positive Wind Load+Dead Load)

Reaction Force
N ve Wind Load + Dead Load|

FORCE-KYL

MRAX, RERCTTON

<719 3.130> Steel Bracket £33 #4143}
(Negative Wind Load+Dead Load)

Check for Steel Bracket Stress

4 BEEGSTHD
G, L0OOeHEOT

Steel Bracket

4 2L-120x80x6T 100L.G

566 Kgliem?

Fp = 1846.2 Kgliem? .. 0K

COBRGRIDOS

EITEI S

HE: BlORD

<71% 3.131> Bolt <& Z243
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Stress Actual Al lowable
= Ratio Deflection | Deflection | Judgement
(%) (mm) (cm)
Alum. Vertical Frame[M.1] 86 1.34 2.1 0.K
Alum. )
Alum. Vertical Frame[M.2] 98 2.05 2.35 0.K
Frame
Alum. Horizontal
19 0.05 0.16 0.K
Frame[T.1]
2-M12 Bolt 37 - - 0.K
Steel Bracket
£ X 85 - - 0.K
[2L-120 X 80 x 6T 100LG]
1-M12 SET-Anchor 67 - - 0.K
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6. 71€9 EFA

7h BHA

AE 3L AL AL e BEF A&z o7t a5, 4k A
Y AZS TR Sadte WA S5 715 AR AF FRIF S7hske
FAZ B450, 58 F99 AELL YT 308 o ATH ALY A=
d& AHgste AR AAF7IE9 9 A AE Age B ASY 7 W
e frEld Aot
71E AEY THOl EisA Ree HAH TS HAGER & J|&0 HEE

BT T AL R AW 3 FAY FAA 719 F Y= FYHA TEoH

£

(1) A7
7h = -9 e R e8] o AT
gl

O =% A9 Aol 3¢ =

B 2011d7b4] AH R, 200513 20061 5% o] o m Aol AA F7HE Lo, 2007
d ool AR Bkl WA AR S AR E g FS 74 15%d

e Feate] 201197bA] P RS FAse A o= UEE ).

7,000
PN (RTINS NS
ey so000 - oo o e e e ——— -
W 4000 13
Mo 3,000 H4---3-----
™ 2,000 -

1,000 4

2003 2004 2005 2006 2007 2008 2006 2010 2011

<9 3132> Sl 25T EE - FR A 71T Fol(HEdAd Y 3])

2) HFAZALHE] FoolA $AAR T a5TEE - AT A AT

(http://www kosca.or.kr)
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0 . .
2008 2012 2015
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i

<9 3133> = A=E Al A

=99 A CITICSe 2012y X E6 w2 AAA AEYE AFFEE 20059

3) ofAlot A A 71AL LG3HE, AEY FoF ¥ Arupd A=FH AF 2008, 03

4) 4 F37lE 7IAE 9719 AEE AEES oA st 7t 2012.10

5 FEl AT 714 2010 FaA AR/ dFrE AEL A, 201012

6) CITICS, A global king of curtain wall in steady growth, Yuanda China Investment Value
Analysisi Report, Feb., 2012
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1269 USDelA 20099l 18791 USDZ 9 103%2 F7beka §d3 n=, 53
& AA AT AFe 77 265%, 255%, 169%F AA s Ao BuHch 9
FEAVNSANE F19) AED AGFRE o4 2 FRolth

FE B2 d AA A A BEAFES oF 106 dE FAE Aew VdEn

2005-2009 CAGR: 10.3%

20000 - 17208 18686

15454
15000 | 12627 =013
10000 |
5000 |
O 1 L

2005 2006 2007 2008 2009

Source: Synovate report, CSI

<19 3134> AA AEY A @Y

m Europe m USA = China = Middle East m Others

Source: Synovate report. CS/

<19 3135> AA AEL AFe =g Y

[3 3411 AlA 50 AEY BAAA 487

s Revenue  Global market Sales volume Number of
Rank Company Location

(USD mn) share (mn m?) factories
1 Shenyang Yuanda Aluminum Engineering Co., Ltd. China 1399.0 6.81% 8.02 4
Z Permasteelisa Group Italy 1162.4 5.66% 7.04 12
3 Schueco International Group Germany 1130.6 5.50% 6.95
4 Beijing Jangho Curtain Wall Co., Ltd. China 782.8 3.81% 4.64 3
5 ApogeeGroup u.s. 582.8 2.84% 3.56 12

Source: Synovate report, CS/
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