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< SUMMARY )

[J Development of exterior insulation finishing system(EIFS) with superior
fire resistance

— Data collection and detail Investigation related to previous dry and wet
type EIFS

— Detail improvement of dry type EIFS joint and fixing method using
metal fastener

— Development of metal finish adhesion method of dry type EIFS

— Development of adhesion mortar for wet type EIFS

— EIFS improvement and choice of superior system by performance
evaluation

— Prototype manufacture and construction of improved EIFS

— Development of construction method and maintenance method

— Investigation of economic efficiency of EIFS

— Submission of NET of developed EIFS

Purpose & [J Development of multi pore lightweight ceramic noncombustible
Contents . .
insulation(MLCNI)
— Securement of optimum material choice technic for MLCNI
— Property Investigation ot start material(glass powder, fly ash, fumed
silica)
— Investigation of optimum mixing and burinig condition
— Investigation of MLCNI pore
— Development MLCNI with insulation property
— Securement of manufacture technic for MLCNI
— Investigation of securement method for uniformity of MLCNI
— Property reinforcement of MLCNI
— Investigation of application method of MLCNI and insulation system
— Optimization of mixing and burning condition and process
— Establishment of quality securement method for bulk manufacture
— Prototype manufacture of MLCNI
o Development of MLCNI with density less than 0.1570.2 g/cm3, heat
conductivity less than 0.051 W/mK
Results o Development of EIFS with fire resistance of 25 min, thermal
transmittance less than 0.27 W/m2K
o Filed application of EIFS
o NET submission
(] Application to Middle & low height building EIFS
— Developed EIFS can be applied to middle & low height building less
than 2,000m? of total floor area or less than 6 stories not protected by
Expected

Contribution

reinforced fire regulation related to exterior wall insulation and to
building used by weak people to evacuation.

— In addition, application of developed EIFS to energy zero house is
expected.

Keywords

, Nonflammable
Exterior wall

Fire safety , i ceramic Dry type Wet type
insulation . .
insulation

_iv_



Contents

Chapter 1 OUtline Of ResearCh ...................................................................... 1
Section 1. Purpose OF RESEAICR -veerereerererrsremssimiiiniiisiti st 1
SeCtion 2. NeXGSSity Of ResearCh ........................................................................ 2

1' TeChnical Site ............................................................................................... 2
2. |nStitUti0na| Site ....................................................................................... 4
SeCtion 3. SCOpe Of ResearCh ............................................................................... 5
Chapter 2. Domestic & Abroad Technique Development Present «:eeeeseeee /
SeCtion 1. Domestic Technique & IndUStry Trend ............................................ 7
1. TeChnique trend ............................................................................................. 7
2' Patient trend ............................................................................................... 11
3. Market trend ................................................................................................. 13
SeCtion 2. Abroad Technique & |ndUStry Trend .............................................. 16
1' TeChnique trend ........................................................................................... 16
2. Patient trend ............................................................................................... 21
3' Market trend ................................................................................................. 23
Chapter 3 Research Contend and RGSU'tS .................................................. 2 6
Section 1. Lightweight Mineral Foamed material Development «eeeeeeeeseeees: 26
1. Evaluation of lightweight mineral foamed material —oocoeeeeeees 26
2' Experiment method ....................................................................................... 34
3. Foaming property ....................................................................................... 35
4. Performance evaluation of Lightweight ceramic board e 40
5. Property Of fire proteCtion finish mortar ....................................... 49
6. Lightweight ceramic board(cement type) .......................................... 55
7. Lightweight ceramic board manufacture and mass production
teChnique .................................................................................................... 57
8 RGSU|tS ............................................................................................................ 66
Section 2. Construction Technique Development using Non combustible
|nSU|ati0n ................................................................................................. 67
1. Technique development direction Setting e 67
2. Development direction SUQQESTiON «wreeerrrsemrmetniinsiitd 79
3. Suggestion of construction method & test construction --eeeeeee 82
4. Property of construction method e 94
5. Suggestion of improved construction method «eeeeeemeeemremmeemneeees 129



6. Property Of improved COﬂStrUCtiOﬂ methOd ....................................... 132

7. Field application of improved construction method e 149

8. EConomlc ana|y8|s ..................................................................................... 159

9. SpeCifiCationS & maintenance ............................................................. 173

10 Results ....................................................................................................... 181

Section 3. technical commercialization Analysig s 191

1' Technical marketing method analysis ................................................. 191

2. Fund & pol |t|Ca| flnance ralse method ............................................. 2 10

3. Results ......................................................................................................... 2 32

Sectlon 4. Outcome of Research ........................................................................ 2 34

1. Technical outcome ..................................................................................... 2 34

2' Economical outcome ................................................................................... 2 35

Chapter 4. Target Achievement & Contribution to relative field 236

X-"‘Iél. Target Achlevement .................................................................................. 2 36

X-"zg Contrlbutlon to relatlve f|e|d .......................................................... 2 38

1' Technlcal Contrlbutlon ........................................................................... 2 38

2. Safety Contribution ................................................................................. 2 38

3' Economical Contribution ......................................................................... 2 39

4. SOCial Contribution ................................................................................. 2 39

Chapter 5. Application Plan of Research ReSultg «eeeeeeeeeereememeneneniinannnd 240

Chapter 6. Abroad Science & Technology Information on Research -242

Chapter 7. Security Grade of Research QUECOME «rwrwrreeeerseemsmsesmsnsesenns; 243
Chapter 8. Research Facility & Equipment Registered in National

Science & Technology Total Information System -weeeeees 244

Chapter 9. Safety Action Results for Research Lab -eeeereeererecenennene 245

Chapter 10. Representative Research Results oo 250

Chapter 11. The Others .................................................................................. 2 51

Chapter 12. Reference .................................................................................... 2 52

_Vi_



X

Rr
B

Ao
Ao

H1E.

£

Ell

HI2E .

=
Kr
Rl
<

N~ N~ N =

H2& =U

00

H0
ol

-

<

oK

=U Jls

1E.

00

00
1Ho
18)
ur

00
1Ho

-

KO

00

H0
ol

-

<

oK

=2 Jl=

H2ZE .

00
1Ho
il

00
1Ho
5
ur

00
1o

iy

KO

26
26

& .

26
34

0
70
ur

<
i
il

OF 10

0 160
[0 <l

70
ur
I

ol

40

A0
Jio

JPMURE

4.

49

-/ O

Et22

|
0y

5. L3t Ot

ZEMAUEE(AIHENA)

6.

57
66

67
f7

Rr

HI2& .

100

i0J

ol
oll

W
m
o0

bl

—_

0l

o4

79
.82
94

[0

i
o0

ak

[0

Jio

[0

S At

4. Xl

129

[0

Jio

[0

- vil -



— Y T T T T

040
Rr

K0
8]

ol
ol

[0
ol

—_

0J
[}

00
Rr

o)l

—_

0J

70
B)
TH

0
Xl

g
IH

70

oy

N

ol

= At

NI3E.

211
033
..035

IH

=)

ok
o AN
=g

o™

—

AL

NI4E .

235
236

_IL
70
Rr
{H

237

-

gd=Z0rel JIN

oY

237
239
239
240

H1ZE.

jid

s

H2ZE .

H

X0
Kl

oJ

240
240

At

3.

4.

2l

ol

243

RO
!

ol

==
1o

He&E AL S0 A

244

U

245

X8

RT

<\

|
[

K
KA

Kl

—_

ol

ol
l0

of & &

SH
=

HO& AANL A =

Rr

o1 Al

AWPS |
A/

M10& AL RS

252

253

- viii -



B2z
= =

AT

A 14.

Jo
n_mo
B
o

!

tol A%gel oA Herg $

o

9

o=

A3 H

=K
!
—~

4
o

i
ﬂ,ﬂ

o] ekl upel 9

g, shAjol F o

=
=

714 &< A

o At

ot
.
iy
o)

G

o)

=

71 flel e i 7%

)

o8 A LS A7

ul
N

e

w oA,

R

o
il

B
ﬂmo
B

el

o
o
]
oy

galo] 7] s} gle,

ol
o

~X
o

o)

71& 9w 7%} xpol 7}

o

AdFEo A e B BASEHT, or)

ol =

R EERECL I

?:51,

7] e st

B

Far Qo] s}ajol

S

Ay

Ho
o

ol

R R

R

o
il

()

w-

o] 7o) o

Fol ATl

olds

TN
=

EERE R

A

i

=K

il

A
N
Ho

B
ar

!

& 2 2 & & J=s

H

A
=

1.1> J|

<H

ok
D_.E O:._
Mo 0 B
W o ©
o) | g0 <o
w Jo m:_ oK .
| zo 0J 0 ul | iy
i | g o MIM | 4o
ol 0l oA _.Al_ [ H_..M
= ) = OF:
M - il
K| o R Al
G__A mz._ a 0l _.W_n_ m
I e T S - )
Y w A @
R iy =
© .AH._ o} Ul ok =
2 oD U
o % w0 20 N0 =5 &0 10,
= RO 0o F0 30 4
RO | KA S v it
~| (@Y m
L U ) 1o g Ll
0 o 3wl w
Mo 70 © W™ 70
or U g o
Sochao3
| | |
mﬁ )
ﬁ - |_.._ -
S| M D L~
ol | DK | M+ uA_m_ m WAO
ML - o 3l
|~ ™ ) =z
~N =




2017 A
AL, oldAd e AAVE

1

R

™

]

i

\
_—
i

;g e}

-

ol A

———

gl

g3} o

[¢)

5‘)4

bl L]

[ A/

=

=

kel
HHOE

s I | P
S A | B S— | ==
T = = i =

By e e e

\
s
\'
A
i)
/

WA

s

VI

=
==

£l

U\

A3 7 B

=

=1
=9 A AZE o

==
=

AN B8
27} A7
4

A 24,
A &2 ol | %
52 9

0|

o] wpzkAj el AL-g-5]

$ gA7 2
157k 59k,

%]
Xj]o

1Rty
stAl 7HE A

shA 7F

g1}
=z

Zhell whet 2]
7 A AAER AL

I

=

[€)

A 2

-

e

7

ot} B3], A%

o

==



cheFd ol shAlAbal Ao, 20109 Rk e %
i A =

A e ~9E
[e]

SF A AR AL TrEEOA oy Gl sA A e A& =ol= A
H93, AEY THS 488 uF AFEY A4 AGYL BeS] AT AnA
M= ol F= AZI7F =
/muﬁmaunu
SIElls Ij - ._eIHJi inI
‘—: -
A 20109 10% 01
mefaE A4 549l
o1y : §lE
S0l olsy S4 HolE
U AE|2E THE N/
[0 1.3] =W 2 HEE St (R4 H2O, 2010H)
20159 149 109 Z71% o g9Ae B4E JBFA EPehe ofsE’ 2 3

s hgolytE’S ‘EElolu|E’ ¥l A Abali g,
E WA, AEES T BE g9d T d A=
AZ17F H A

£33 20159 12€e= =EolHlE WS HEd 29 AEddeA oy st

o

HAstgl oy, thas Adryels dAskA gkt

/55 4145 9504 28265

S oot D2t OHIFE, 20154
[D2 1.4] 2 SA Qe Dr22Y aH At



»

g A=

AdE SR

=y

LA

Ak weba, od a9

1=15
=

ostel A% wujmch o

)
S B o No N ~

S oo AN wrE o owX® IR
. o o, T o G o

x X0 s No = o T o

KO X Mﬂn_Alwm _r.,m. = o En

m S ﬂnﬂ,muro ‘L,uu.._a_.e .,Moﬂudl T o

, T« E5T iz L°f P

= o wrFE= 2 HE -

o = B H % W Mmﬁﬂ G SCY

o o= w9 W s G W0 o

< = T g o T H X .@Nr% Jo oo

= I 7D ,ZTI o mn_u —_— 7_”— —o ,,Iﬂ_AH —_ JwAlO ]_vm_l
= g MhEw s Ewm 0T

S K PRy TN o X L B

o 0 %%%?ﬂmr 7ME.H%% —

Ko © A_muo " o5 © Yo m N ,m_m__ iy c WM - ,_W_ K

il PEaoAuE THaZ T % Ew

e o % XhER Eg g5oE o

EEE1EE il g T T e X ME ol R
T =N I ORI S

WEdifEE < o ST 4o HeTw TEA GG

- —— : -5 e T gy, ZAFTH TR 0

EFopEssoS SR THU Ll iy MR <] £} B - N o N TE i -

e e B ~ N o = iy w L do T or 4

2 .m EEEEE mJ = 3 Mo, alil < 2 B A AV B T Wy

g N == nl WL i BBy T X o] 3 o

“_-q.:,.._ - B <0 ooy W T %0 = CIEaY X

vu __"_ y. HE m.EI — ‘IE_H ﬂo ]1_ ‘_/L 1_#' Hl ‘.OI M@I O_E CMO yAO _ J‘bl ]uwo
1] : o 101 T oo MWy AN T2 =
ks mml. . ok o N~ = T

< | P = i =M g Mo E oo Mo 2o P

e o WE_.ﬂurmﬁﬂuo_aNu‘nO}LEﬁTiMn X

H = , SH T R N

. ‘= o B Sog B NL M BwE sl N T

. o = N L PEE 2 F R Vomw
& Bl Ly 28l o787 LER D

- s aw;jvazﬂamﬂa;ﬂfbm%w (A

m = :pa M Bla plat o H o ¥

N ﬂ_z?%mﬁv Lmamvwcﬂew_lﬂ‘mﬂmmﬁwﬂ\ﬂldﬂop

Cmmn il T L 3 e D o B 0 Mo o~

N W ZWjﬁmﬁ SETd wage T b

R WMk W R %

glue] spAggS Tt

SEE



3
g7tk dled 2
=

i

o

=5 s
&3k A4

KeN
=

el ol s A Y

3

7] oly@onE OB

27 9.

g

oll il N
[uu) = X0 Yo <l I_u
0 R & A . .
— | WH_ oll o) 0| — n oll 0J
3 RO |RO = W w ¥y B e | R o
A 0 @ o, 00 %0 | o2 0o O il 0
o | 0 AV - (N RM = Rl H gl | X w H =
Wi e = Er s IR L 5 . m e LR o W z =
= | @ R EQA wlwo s | o ® o 2 4 W X B
+ H m___mmrﬁ__ =M= ki~ moxf% =|H o S ox ~nou A
s |5 o |Yaorn w8 R e K w| ™ ~a | 3 Rl o
o7 o | Do g 20 OISy Ry O Sowo | op” 2o | P
Flw 2ZdY 2| or 2 ar o o er g Wz o e |5 2 or
A T<OM< oo o |_ R} A|_ il mo RO I i IH - = = w:m n _ ~J A|== =
Do Doy | ERUODRD @ < =k | @ X ~
ML e L R w0 < R0 Bl
3 ro 0wy O o S50 5 0 ) | = 0 & < FlR R o ki 0 = =
N | RO A 5| =e Rl gy | KB w < TR
W ol g O P 2B EmBol) B8 T | BOE 3o
= Xk X0 77 X0 A | o O ol 0w D o W A0 It ol =Y B = ul
L 2w | R g 3 g 0 WD N LR row
SN MR a Dl on =z Sy 05| il = 3 LI o o o
| Lo ”_u_.=._ “_H_.:_ {0 )] mnE An_ 3 B <k ulr o = ol 1 3] Z Sk
! I o) H o wwr___ = Bl o M _ P@ i R F 4 °
B gy — i D 0) T D) 8 D) B4 70 4 a5 & ot o- ok
ol o | U= ins | DRs | Ew AT
- I ol = ! _ | T H® oE Aol 0
B 57 o0 S AL - _ TRE RO M &0 w0
gy | 1Tz | o <l L0 0 ol __ o _ _ L KoUK =
or | B < = Tw 5 TR w e A L
m|s<8 2r Br v 5t <= s =8 = oy azo ar . _
z | = YRS @_L_.NA IH aoE < ._A.oumWMA W= = muHu_xm‘_ m_xau
" o7 — ok 03 80 3 1A ____ﬁaoﬁﬂz_ W___Mma MWAW 00 I_.I__M_.
g . ERGRLEE a7 K 50 O | B < of 2 il
oK E = 7 R0 B) R w0 0J 20 g 2K
7 & M n I K= | 5 m_xﬂqo@tw% W
o ot . o7 K1 TN R | g __I__aHox____x: ~ K 00
_ %o e o O 3 : ser| 20T
RE —— - _ ) O
N o o W ool ® al _ .
= XN i) O 5 ol T
8! =0 = = oS
W « 7 W 2
) e mw ™
=<




N - &) wo
oY Br - T <0 ol =
Hom 3| o oy R iy S
. Bk
eI ) 0 ) x = ° " B
o ooy | = D = R’ oo R ) L 3
AV 2 [ o 8 . 0 D =V n o a o
Tonty wm, Taw W= <o 4 B 2 _ =<
o E oaay =K% = = Bl b0 o a0 = R0
o B S g = g K0 = 31 KO B = o o R i vl 3 =
RO W~ C o) &) OF of = = z i
oT i . _ _ i) a Ul = W i
T o wmoy |FE@mED or T or o W= TR B w®| o=
2 ;< m=<< D il e - 5 o o) m=| &3
30 = = Z W =< Jo A0 = < = 2 w0 n0 I uJ od _ N o<
K0 = 3l = 0 K0 RO sy | g |(WR =
R0 w8 o & mo | e R BN Z0 “ ° R =
iy % o 05 ﬂw wo R <~ 0 T3 Ao < K1 K o ar o @ o - ~ K s ™
i P w 1o R U B 0 0 ww. | ORZg | ko |sKE| A
& By, x o | K NENERT IH K o Kl <] = = o X o< OF mD o O K <
B0 X0 o4 X0 < T0 X0 < ol Tl 3 70 %0 =0 < 10 a ﬂo — i A_l @ |:.A| —
o il | = <U <U _ X0 H IH 0 K on < o0 = X0 <
a |azwpsd | aladR] =5 z) Ol DTN | RKL | mE mg| &
A_ WA= | s <0 | R I U olEl W | M= __A_+ W HE |r~| WY
| | | | | | | | | | | | |
w0 ol 30 _ . _ _
K =B _ _ oy — wo
By gwd al oT o |0 w ol I ol A0 Kl w
ok ™ = < = o = Xr 0 81l =7 ID = 23 X0 s | o T
4D al I BT o0 1H Ny 9" ol U w0 nJ < _ M A& | gk &)
moo | IS | W g | W (MBI B SR R g
g [ =V Ul =< %z TV | o O s = 0= | WY
_ L . <0 xo of ur v N H 00 = = K00 | &m0
W | BAAE R MR g MR s IWID| @B g RN | wolE | 5| g
e | HOEY| pRERXW (gl R< (T <R g KIS0 K Ol =<3 R0~ M_FAIE_
“ n n n n n n n [ W o W/_.
h by & uy uy T uy 5" o el A
K| K| K| K| ol Ok ol oF M) <] Zl =3
H o AL = = =22 X<
i ms ms s s muW | muw | Ww |55 w Pl
AL B 5 K5 &5 m_nmu B zn~ x_v_._,._ = = & ol
°e R .
H
)
=




H 2%t
Z-] o E‘LHQ'
114 »
- =71
Wy 7le ¥
LN e
=3
%

1l 71=53%

o

ﬂmuuﬂ

T

o ’ a

mogm

o gyl 1u

m :

i_,_.o 2

0| _Mo >

g ._E
300 mw ot ﬁa

I . | ma
L# 72 : ‘IE
L o M___ :
aTﬂuﬁw ; ﬂ,z
N i : mA
ﬂgu% 5 :
guq__b & | ar%

%mxnu | %7 r
ﬂ%xg E ﬂﬂr |
uTnunge | A_._ﬂo« mm
ﬂqz i3 gu i - |
JA_. B E M mﬂ wm
.oﬂiﬂa @ mﬁ% wm
=2 T G ¥ o o i g
Mﬂ_ﬂuwn < A HTW E___mm m___

) H |r _x |_I I
ol = = A0 P o i
mHﬂ,__mﬂ o o ﬂmaﬂr. .E M_mOH_mn_.m
s e = oW B sk
%Emﬂ = " maéq B |
Hmaﬂ xr £ zowrmw E

atmm - W_m,me ©
Pyl E

]Mﬂi | Llﬂu _

Mg | | 0 LA In

e ey mm 1 Mﬁ |

A =3 M_A_ml_wm_x
I ﬂwwmw
. Ww%M
%ar.mm
ﬂ,l:A
ﬁro o_u
E._Loi
1.|wAO
0 = ‘%
;01_ ™
O
S



A& I3

U[AHNE EEE DEHGH| fIdiM=E 22018
= et

. E2i2 |2i0] &)| E2 DA FERE BaRISE ARSI

m
i
o
@
>~
e
(@]
R
=
(o)
o
>
3
=2
i
Hu
18
o
o
T
OU
o
0

EPSE Z X

=P
_|_$|

X0l ME = B2 oA

4 B8E D
g02lE 2tE BEQ HHU ==Ct.

=

SN 2 Letdl BSE OriERE SHHol 20 SMXSEA
BOLMOF BHCH.

EPS =&

.‘.5‘. *EPS= Z[A~ 200mm B & B XISA A 0HMOF

ro
O

A » Sto Thermal Dowel
- g ;10mm SISl SclAEBd, A0 U=s stAl

tALE 1D

tol
0x
N

» Sto Expanding Dowel O] Ef&l HOHO| P&

- LIE &= Flolid 2= HJH2| 22 OI2E S= M= HOHZ
S OF JHROl OF=clote ECH

8 3 - BC AH0I9] 018%
Sto PUS AtE5t0l S2 HM2lstCt.

SKcl

L
N
2
IS
N
sl
o]
™
o
12
B
N
o
>
0t
Qi
=)
am
o
_>‘I_I
[u]
Qj
o




1 72
7] %] FurE ok

G
W)
E ﬁ
+ ¥
il = T
o : W usaw
! = J
‘_Ir.yl W U_l ‘_.ao ,.&-A
) m M 2 =
= S A LT3 ~ o
A 5| § i 5 o
- E San @ @ LS B
£ 28 A5 T g
— s .—A_l UT.C
i !
- PO
" Ix
9o o o
§ o X °
In ) B N %O
B2 = ©x g
,.:1_ ﬂul EE er El JL.E wﬁwﬁﬁ
T 00 el g emﬁé
z = T = - § gaEE
sn L = ;uM ®o RO [
2 oo [ d . E| 2T
q ™ <l o ol ' ® 4o R
= ] < i "z ofy = _zm N
< 0 L oa Kir 00 y _
T Bl | & A g W
Y 3 IR Tl v T
iwﬂ o &0 | a._L.ﬂrém pl |
| mo%ﬂo_m__gc_,:_o o W :
o I Al mu_nﬂugoélog_ﬁu_g:__ T
m o | TRz R o i )
<= %0 0] i o ol :
o %! o oo A oo X Z
m P 1 m&%;%r% = H = :
o = rﬂﬂﬁu_.maaﬂ.,mc*_. aoﬁnao
L ur A K g RO W) B I g T
S LI L LS T e
<N N goa;omﬁ|AQ,a, ﬂw@@:g
A ze_ﬁorm__raxl 5 B o T
Lo ST aunT BEE S
v NN == o 1 M - ~ B 4
32D V_.._o_.u_ o m Mo gl
> T 5 gy om0 o
€S Y
= @ ™ = 3%
T T

[OE
g 2.3] o=
[20eld HE AIAHE



o

—_—

=y
Yy
2l

o

—

<H
it
W
e
m)

o
Yy
2l

# ofzt

A,

© i Mojoj YHZIE S0 S| D

O 12 oz 7t

[0 2.4] OIE THE 34

S TEREY

a1

@ 2 Soil 2i=0f 5ix( Al
s |

L A

HEA W

4

NE
No

p—

0

e

o)
Gt
Mo
)
a

W

)

Spo] =g o A

GRS

p—

=

7]

N
o
B
)

SAS

]
H

bl Fhia

=o]7] 935

wK

JJo

=y
4

]t
)

JJo
—_

Ho

St

[0

ok

_10_



2l 2.6] 22 22E2

[0

s

e g sk

J|

2 F0A GEASE F2 AFE

el

2. 535

sho I 58 @A 44, 1%

&

o] N1YE= o

KeR
=]

T 7haet7) g BAE o A o)

371¢] 537k A5,

<

2671, 274 142

=
o

PR
- =

—_

=
!

2l
i

B
uir

fir

4
v

o)
ur

fir

Rl

ok

, SHM,

ol
oJ

A

, St

26

o]l

—_

aJ

(¢}

24}

m 1A 2

~2000 2005 2006 2007 2008 2009 2010 2011 2012 1013

Ul
oF
m
2l
R0

—_

E)]
A
xr

I

_11_



24

°©

7t
of uwhef

gl, °]

=

o

A5t
A=
jm=s

T
e

T3}
or

]

=3
EEIE
o] ol

k4

ke
T

°]
.
e 3

&

1

AbgE Ay 20129 HH

Tk v 22k H Al A

_12_

wr nJ NT}% Emﬁ
: o5 m <l Ao
~ n D2y
N oF) i0J = ok
. k@ ™ W
) wrm % %w Sm 0w
BE P 50 X0 KM = 30 00 ¥z
T = il RD _
™ o __|oJ|@|R0|RO I U w30 = &) g
o) =1l =% = o [[e) D
KO W NCIRNEE D7 m =
— il |0 [ | <0 ul om0 5T g =
T W %0 ne-M =8R
Mo bl s W a5
i il A RIgiool Tul=s
F N i
& o) FMAESSA
o L BVAT R0 O
o oF _ A [ T
%ﬂ oF || —|— ™ ) 0 W
- % < Jy R E IE DS gy
,_lr‘_yl M.I H ~ 1o .A|o n ~
WX o ok MR M
ay of o Y ] N S N = = U
— NN Ol = )
wooE < oY 00 PR Sl
& T W W[ GRS R
w | B M BN n0
i W ] I - — ™ o
ur o 7o) ==l = = -5 0l N
of L H oy NEl@l 3] = sl | SErwd ey
als mﬂ = = ﬂm mu_ T = KF M A= = > K 3d
I - T I 5 e = T S 0T mm_%lo____l,l,m_ﬁ
=~ X o o [R(] < go| g | S |3 R0 8 RO ur o <=
< L A - =<3 |or=|=||S|S K|S ol
N ) o] |3 |-= 30 < Ho
— o N = 2| =|1o| |l Ok =
5 2w N 2B [ LS
w oS = rJ =|3| |k il = ol %wa BN
i 7 & i {4 B & oy 0J B
mi ] K ur o) & ol 31 20
wN A N = [ Rl I
wjr = K M o Ok o= w
F| || oF o0
Hf_.w fe oo o H <SS S S S o =
~ = v, v,




m__:zé
UJ O 180 o
_® MO
%@E =
=
T a3, "
3 N
TR wm
N = 09 o
M%_i% J%
oy 3 +
0l __OO Wm_me
Mo Uy &o J|J o
RI = Mo ]
&Em?@ =
__%__M__wm& wo
—_ D °=
Dok, 2 w®
npI o
KJ < o 5
Ll T w
=5 oD 3] ﬂﬂzo |
.rd=_ )
7o <0 A 0l - -_ ,
) [y Su % | \
K s - wmﬁo — |
. mH S
@N_w_u_oa O_EO l\ o o o
7S g X =K 5
_ oI _w.uﬁmﬁ i
aSw A mﬁ@m =
T ||_|J 3
o RIa3 o '
OF®W O & o R
O OJic @
%_
. .
52 T
%%%H ol 2w M0
_O_u_ w_O_lnr,.A
3 e WS
R “a
@_m_.
_I._O|.«

3. NBsF

A dF

o A 2008

7l 8%

1 5 20208 7bA 1™

B

1:

il

vze)

A

=0

Jo
BN
n
o)
o]
N

el

.

2|

o,

!

o &

s

0
4
o
w
™

el
70
T
gron!

i
)

A

s, oAl FEle] v Fo] g

ol
iy
i

e

_13_



oo W wmr

[
=

WOR O T 3
N T o &
oy MmN ol EA
T Ho fim TH T
LO vze]
S e K I _
S = oo up 3] o
~ 24 z 7| KF
N AN ,m_rL q__x_ T
—~ TP 2 iy )
&l T ST e B Ao
o = s ) 5 1H = : -
~ = I_l.JI ﬁo n_rm .ﬂDl ) " . Kl
L o — T & . ? ok
O TS S f g K
m \wTﬁl w ,DL AN w \\\ |}I|_
X0 N - . — s
ix o M . a0
T ~ T 8 2 5 g -
| Fo  Mr Wu N o ol
T I M O o X
o 0 No p mﬂ
H . W N no = B 2
o= 2 Kk = N B
- =L I~ oR
—_— = 0 ~N k)
e SR
Ui~ ol o o Mo ph ok RS
W om K LM Ao N
mn ol W
= S Fo k= Ry AT o M
I [ 1= < N o ﬁ TR
TP
W = m. = T )
Lo u% Mo oy @ E s ¢
M Ty V3 £ 3l .
W Mo oo nMé W g &
. N ‘ml N [
T HEE® T
T o T T

g

s

75}

Ao}

= AAE A7t ey A

oF 129 X
_14_

KeR
T

=2}

]

o B4 dYad AF
o Fu AA DA A



ol v L
— X0 T+ T
ok loTWl 2 2 =
oo 2 i =
nx owEr RTA TEovE i
X A o B T . Pjo o — < roop
_ﬂre” wrﬂwr T %y _T% do 1 i.nrﬂ
Wy ol M@M %mﬂﬂ %m < ™ %Wﬁ
° TP - , r
= S = m%fmnomw BT %A =2
m/ww = o 0 EK_@ N X o e &N
1_|Jl .OJr ) —
_ 0 S T i ok - ol o W Zn AN =
. B o i ﬂﬂ,:]_ }aelhk — w Ho © olo
O_H ﬂ‘_lﬁ_Al ﬂ.olo ox ﬂum‘ﬂvl ,MI.._ﬂ ‘Aluﬂ‘m.E ‘Ml\mﬂxﬁ
RO o W_mu A = =y A = —_ OfF 7 ™ e iy ot
" il < oy o - " G ) i i
B ﬂﬂwov O#EWMM w & = v i
= A8 R0 O o S o ™ _,mw AL
= T T <Py T ol o KA i
Bl ﬂm;;fw T L =P D z e
aJ %ma@%ﬂmﬂl ﬂwwx uw MW__ ﬁ%@
= MHHOM iﬁ%mmﬂ@g - = =2
o = ].] = 0
n TEX ﬂwﬂwmamml = & p
= N E~]o ~ o o ~ O
i fo o N ,zoﬂoﬁmﬁ%ﬂﬂh 5 S = b
- - o % = O o O W %o
~ eI L owE L g T d 0 ®
s 2 = ome & T AR T a3
o %ﬁ%ﬁm%%&ﬂfrﬂﬂaﬁ % W m,mme%
— m} == )
nl Qv e -~ N o Z(W I3 H = " ‘Ela ar o X 3
T 5TRR p- X RO z)
__||.,_ mﬂaaq Mﬂamoﬂﬁroo_lmwa@ ﬂu_ ]oﬂu NMEE
= g muizﬁwﬂﬁohoaﬂﬁ =L &ﬂdﬁ
KW = W oo N 7 G o 1@ B ) ER
P @ TosE g B © S @5
o= ~ X { A NE oy ol M S < o0
o =} B m e ThH I 1} ~ it~ \_ﬂo_wl o
~ o BE]LI ‘_u_ﬁAlﬂVVMﬂ77JI‘DI 07 Mﬂx_txﬁ
T e Xk = 7
e g o T LT SIS > =
% WoE N W oop A ~ = o
q m}mﬂgaow .HT_ZT.qr
_,o N ”E ,mwmmoﬂ]__ﬂwv
NS

SR

AF

L G R B
2l o] d

3}

=]

4=

3} A ot A A 9]
- 15 -

|

4
Fo A, A3

O]

7

=

A &H o2
[e}

-

v
I ok wylel Bl

3} A} )



=X EEE

o %
HEE 0044 W/mK,

7l BT

3l

=
Tl

o

ol
v

nH
m_mo
ﬁo
nze]

B3

Ty

0.7MPa <+

.
a

A

=
1.3MPa &9 At

1

(e}
H

L
. I

A

H

o
H

, @4 %8 0.055 w/mk,

27} qle,

hva
=

“@7F 7172 0.051 W/mK o|st2 3=

=
3

N

ol
7

HE

el

&

S|
zS|

ot

Fa gl ol A

S

F gle,

%

0

4 s

}

A
v

1

X

im)
Exterior Insulation Finishing System(EIFS)® 2] $w, 2]d 9

A2d. =9 7l<

]

-
it

2 oy

ot mhztE R (EIFS)

H
=0

—_
o

Mo

ol 3l

tH, o

)

21 9] STO, Basf, =¥l 92| Terraco

=

bl o,

F% 5 sugel a4 7)zol

°©

7lg® dAZ v=e] Dryvit,

]

[}
8 eHHAoY, A AAHOR HAFE] AUA

o] olx|7] A%t

8

S

o

wK

—

O

Hr

SRR

1

R

_16_

sy, el A

S

L
a



Glass particle

Fly Ash 10% Fly Ash 30%

Graphite + 0, — CO. 7|2 MM U5

O CaCO: — Ca0 +C0O. 7|2 MM 55
e mn,ﬁ%%go%a o (TCANZ = e
OSSO 2Fe,0. —~ 4Fe0 + 0, 7|2 44 B8
oo (713 42k gt

LSty ZE S=470 XX HZ LIS

=

R

Fly Ash Cullet Fumed Silica Admixture

HEM M HHUS

19
I
e

(D" 2.11] =3 At

<H 2.4> 09l 2 Mty dgd s

- HRel 2L2 0/25t0 2 st ST (MISAPOR) 2t
22t 2ZI2IEE E&SH MISAPOR
concretedt US

- 19873 %A AAl, 2008 D= 16.8M == OI=

M1 SAPOR
(2912) lmgeor o s>
- e MEIgSE WS, FUE SO ==
~HIZ :0.16~0.2
- 2& 10 ~ 50mm
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GiAl U BH Y

- 0¥ 308t Passive HouseOfl & EO

<EA>

Glapor Glass Foam Gravel

- Density : 150 /100

- 24012 3IJ| : 30 ~ 80mm
- EFEZE : 0.080 W/m.K
Glapor Foam Glass Boards

GLAPOR

(5¢)

- Density : 160

- SHdEE : 0.060 W/m.K

- BRAdF2ST 780 kPa

- HR2 S82L=S 0/28t Glassfoam Granulate 2HAt

- O S AHNMH0| 58

- 20 20|20 1O 5= M 20150 2ol
Dt D Ast

- 2008 JIE 2 10093 D=

<EMH>

- =2 1 0.5N/mm?

Density : 0.13 ~ 0.17(=& F)
TECHNOpor |- J|&E SHATHOI HIGH 20% &XHIE A2

(QAEZION |- &X JI2F 2Y ~ 3Y o=

<Hg 20>

- HY o, o

- UK By =
(30cmENZ =Mt

-9 oA AL 0
NAS (65enz2 =

- gAML 0.1

7194 E A 2+ Foamglass?} multipor7} 4
AbEslo] Qe Ao AW HZ st

A dEA dd g V= F71A G A ZAE syl 95k
AREEH, 71 A @EAeh EdsA dE oFE dde] gAEE duy W

A4e Ad dAte T2 23 ok
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Multipor Wandinnenddmmung WI

Multipor Mineraldimmplatte Wi 80 mm

Warmeleitfahigkeit 0,062 /(i)
Trockenrohdichte: 85-95 kg/m?
Wasserdampfdiffusionswiderstandszahl w: 2
g mineralisch Baustoffklasse: Al nicht brennbar
ip Kannen der Warme- Geregelt durch Z23.1-1501/ETA-05/0093

SN 2 Multipor Leichtmrtel/Armierungsgewebe

WerdeETy VertelL B dossim o Geypeineiomping: Multipor Leichtmrtel: Kleben, Arrrieren, als Sockelputz

liche Dampfsps Autgrund der Eigen- Komgrste, O

schaften reguliert sich der Feuchtehaushat des Wohnraums auf ganz natirliche Art — Warmeletihighelt i B

und das bei geprilfter Wohngesundheit (eco Institut) Baustofflassa (Loichtmdrtell P
Multipor Armierungsgewebe: xamm

Multipor Kalkfeinputz
Naturweif, Korngrsfe: 0-0,6 mm
Mineralischer Martel fir den Innenbersich
Al auf der fur die
Herstellung auch anspruchsvoller, glatter Oberflachen
Baustoffklasse: A1 - nicht brennbar

Muttipor Innensitikatfarbe
Wei, RAL-Nr. 9003
Zur Herstellung dekorativer Anstriche im Innenbereich

Multipor Hanf-Filz Dammstreifen
Natirlich, Skologisch und schimmelresistent
Zur optimalen Schallentkopplung an Boden und Dacke

Multipor Laibungsplatte 30 mm
ur Tir- und
ohne Materialwachssl
Warmeleifahigheit & = 0,050 W/{mK)
Baustoffdasse: A1 - nicht brennbar

Systemerganzungen
Eckprofil Ultra-Tex, W13 mit beidssitigem Gewebe 12,5 cm
‘Gewebeleiste: MILANO-plus, W32+ mit Gewebe 125 cm
Steckdosenset: Fiir 50 bis 120 mm Dammstoffdicke

[O& 2.12] HEIZH SA ey oY

Id

FOAMGLAS® external wall insulation with
a thick layer of mineral render

Solid wall (concrete/ brickwork)

Primer coat

FOAMGLAS® Slabs bonded in FOAMGLAS® adhesive
Topeoat with FOAMGLAS® adhesive

Reinfarcing mesh, mechanically fastened

Thick layer of render

DB WN -

s4 03

0H

[=3]
=

FOAMGLAS®-plus facade
with “non-cold bridge" fixing plate

1 Load bearing wall

2 FOAMGLAS® T4+ sfabs,
honded with FOAMGLAS® adhesive

3 FOAMGLAS® fixing plate with central fixing hole
(PC™ SP 150/150)

4 Thermally iselated fixing connection
to the wall structure

5 Support structure for the facade cladding

H|
[O& 2.14] Foam Glass Q&g HA! 0229
el AS St EtE e 7 SE e, vuEEHY 3 e A
dH Mk s AELY Wad go7 AMAIE AFS v dF 4

3 g3te) 3 F v,
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e Moty
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Zapist g, &= HE s
=FIEN
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Hat2tA 10%, 20/835 - 2810 =5 20t
oIy &
=
, ST 24%
Agts ddr= #d 7]E Ad=7|dd w9 Pittsburgh
woAete GgHEl] AES dEAdS FARSHY U

AA FufE L =
Corning AFe] Al 3} vl alsto] 7
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_20_



<H 2.6> J|&E MNCHUBECSQ e MEtYUREEQe A= HlW
HEA [ 818 [HB2DI [ =N [2dce [a5US[88 2= [2DN8] Lo,
(Z2J1) | (kg/m3) (mm) (mm) | (W/(m.K))| (kPa) (oC) 2% (oC)| T
. 100 1200x600 | 40~160 | < 0.038 | = 400 < 600 ===\l
Pittsburan ™45 1200x600 | 40~160 | = 0.041| = 600 < 600 | St
Corning = 1400 ~
(01=2) 130 1200x600 | 40~160| < 0.045| = 900 < 600 CHE TN
165 1200x600 |40~160| < 0.050 | = 1600 < 600 cHE TN
22t 150 1200x1200 | 20~100 | < 0.044 | = 700 < 300 < 1000 TN
Nletel 400 1200x1200 | 10~180 | < 0.112 | = 6800 < 900 < 1000 | OIZMH S
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2 9] %%Et TAHSI02), AI:}ﬂ(Nazco@ 2 3] 4 (CaCO3), F=Ats )&
(AI(OH)3), T4 (BaS04) sol™, F-d8 =24 §4HB203)olv 32 (Cullet), HA4t
A7+2] (NaNO3), EF 2 238174 (CaF2), ol4ta 43t 5 245 H7HA7F AHg¥a Q)
om, 53] ddol oAM= FHIUMECl 989 60% oS AA st it

e wige dwrE o R Si02 70%, Na20 15%, CaO 12%, Al203 2%,7]€F 1%

o] MR o]F o)A glow

= ez ot fo 2Yd RES AREFU 24
My Ang PE R gaon Edea ofvlel 9w %ol 942 (Culle) ¥l
Fatol §48 F WAAA Azt
FEme S ARE A1g He 971915

M3 TG-DSCE AT LRSS sefaqd
Si02(71.9%), Na20(15.2%), CaO(7.4%)°ltt. =g TG-DSCe| A3} 724~771
A8l U 48RS FALE o) fAtel Ky

2 a5 RES dolrgon o Aye 1 329 2o T F
2 olsle] S At YEAl]ZBEAM AT 4um~100um ¢ A7 E 7AW it
Y=+ 29um o]t 90 ‘VOWA YE=7F 59um o] st= FA F AT

a = Si02 Naz0 Ca0 Mg0 Al203 | Fex03 S03 C P20s5

g | 71,9 | 15.2 | 7.44 | 3.42 | 0.90 | 0.36 | 0.20 | 0.09 | 0.05

= As Cd Zn Pb Cr Cu Ni
72J1Z | 500|5t 50| Gt 900013+ | 150013+ | 3000laF | 300|at 500] &t
2 7.24 0.5 40.0 14.6 2.5 1.5 1.9
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(2) Etolofr e 54

(7h) EetolofAl 9] 3fetz7d

EetoloAlE HIRE Aass dides g TR 3 Fdd we sstxzol
th=an mdgkadel o3 Adzg % dAre] Avish e Bdes AxdH 5
Az o] AAA el DA Ztolofae] gt RS ® 334 e
WAtk Edolofale] 88 xAE AT EE SO, ALO; , FexOs Al Aol tiiy-i&
AA st 2EH G 7dshe AR Si0, , ALOs Z 4 A Atk wite] KS
TANE Si00] S 45% ol ez FAs I o, ASTMS 4%, Al 4%
o ol wel 50% o]dd ol Class C, 70% °l’dd 5l Class F2 £73t1

<H 3.3> =mUHOIA st SCtoloHAISl ststd &

g2 SHE (%) SOHE (%)
Si02 52.46~56.47 46.71~60.37
Al203 29.76~33.77 18.79~24.72
Fex0 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
S0s 0.06~0.48 1.90~5.99
Ti02 1.22~1.97 1.13~1.33
JIEF 0.00~2.57 0.52~1.66

(W) Egolefr9 & £

Z oo A] YAt Ry AV]= AL !
ue Wty A48 Ed49 s gdaxE vE 3 o 44 HHoltt. =
ghol o Al JA= oAy HY FHOR FAE FHo] AYA A= Y AH(plerospheres)
o o o]kt ERA(CO %t BAN) 72 AHHA e thaA YA cenospheres)
2 FaEth gEAd YA (cenospheres)®] A5, WHF7F 7FAE AA 7] Wil

Ao e ol
]

ol F531 plerospheresE.th JA=A 7|7} Atk aglal, Zetoloja] H S oF
2% BLoln, g A, AdA, B2, USSR FHtd e ddAed &
a9l

(3) =9l Eetolof A 2 tE

AA AT FBetol g wa 74 L AF FAOR ol FAs: Ak

ol
-
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S-gvekel fFALEE FAS A A W AR A dd oA 1999 el Ze)
oAl E 4FFE ol TH3E ser, fEivdete 9 S AEE oy
20099 KS L 5405 /MA4S Fd rideiri a5 9 2 we 159 2302

3%, 2& 5% olst= A8t Ut

FAA A4S 7HR SiOr + AlO; + FeyOs

.ol w2 Class N ;1A ¥&d &4,

Class F ; SiO, + AlO3 + FexO3 9 &-&o] 70% o]/, Class C ; SiO, + AlOjz +

Fe:O3 o 3HrEFo] 50% ol & qtAgstal vk 28lil SFo A= Zefo]ofA] 9
A Ay Jx} = 7]9 wel Fine, Medium, Coarse Al 7}A &= F7/F3Fa Ut}

(4) BetolhA A R BE A

A&bed A=Y AVE BeAA FES BER S BANNES N0
ASEE AL S ARE =2 AAsT ok AW AT 9HAG) S R dw
3 FF oA g Ausl 59 BoE s ABEEC] i wadtw At =
0w RAE % ABE @ 340 her gt

Zefol oAl = shEE A A 2
A AWME g8 2 g ALed 350 =
Atk FEholef A= 2009 HAIEFY] 69%7F AEE HIJyow o
(11%) 2 A" 2@B6%)l - 424 = 7| & 3

<H 3.4> SclOIfAl 2l & THEEH

- LU (BE) MESS(BE) HESE (%)
= 2006 007 | 2008 | 2006 | 2007 | 2008 | 2006 | 2007 | 2008

[ ==
‘:Z*; 121.1 ] 121.4 | 157.8 | 101.0 | 111.8 | 125.2 | 83.4 | 92.1 79.3

o 92.4 | 84.8 | 108.4 | 60.9 66.5 | 88.4 | 65.9 | 78.4 | 81.6

UF; 7.2 | 87.9 | 116.4 | 61.1 70.3 | 88.0 | 79.1 80.0 | 75.6

or 79.4 | 74.0 | 76.5 | 51.2 | 39.5 | 45.4 | 64.5 | 53.4 | 59.3

106.4 | 122.3 | 160.1 | 80.8 | 106.2 | 1256.0 | 75.9 | 86.8 | 78.1
SFAH | 399.3 | 490.3 | 619.2 | 354.9 | 394.3 | 472.0 | 88.9 | 80.4 | 76.2

_30_



<I 3.5> Z2I0I0HAIS THEE =20H(20094)
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o o
= _ ASIE 1=
T @) | NI Aoz | o=w | om | 4o
=ctO]

ool 680 | s2 | 3900 | - | 188 | 4,650 | 2,200
ws/ e

[0 3.5] EctOI0HAILl THEtE =0k

(5) Aol AHgE E2kolofA

1l dies ¢ et EAls AAlEi o9
# 362 FaAEs HEH Aol aAste] Aol FFE F= Si0e FFol Ml
A xS Holth AFEAIRS FeAS dotry] ffste] BEYdedT AN HeR T
w5 FrEs dotrstow 1 Ade= 1 379 2k T FaSEel diste] 71EA
olgte] e AUt YLAtol=EA A 05um ~ 300um o Z7]E 7HAM Hi Y=

= 36um o]tk 90%0°]7del UE=7F 101um o] sk= 4 &

i Si0z Al-03 | Fex03 Ca0 C K20 MgO Ti0 LOI
gtet 59.5 23.8 5.54 3.75 1.56 1.50 1.20 1.20 1.50
<E 3.7> ECI0I0HAI SE2E42 &5 AIEZ 0 (mg/kg)
2= As Cd Zn Pb Cr Cu Ni
20| _ _ _ _ _ _ _
- 500| 6t 5018+ | 900013k | 150013k | 300018k | 300lat | 50016t
21 30.2 1.3 74.8 11.4 21.6 23.1 30.1
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(c) Graphie 1% (750°C) (d) Graphite 1% (780C)
[08 3.14] JettOIEQ g2 e 32
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Foaming agent  Fly ash Foaming agent Pore

Waste glass powder Glass matrix

C + 02 — COQ
CaCOs — Cal + COQ

[O8 3.17] ZZ OISAULS

@2 Az L g

B TELAME Axst7] A8 7Ee] He dAsEs #H+d
w s 399 2 #AfEEee A" Anedd 22ke] &+ A
FARE Aol Si0,, AlOs,
Qi ALY B B

& AA B2E & Aol FdolojAl dhE o)A
Fes039] dheFo] 70% o] Arel ZglolofjAlojt}, WA 2=

#(CaCOs, 99.0%)3+ Tl HALSl “1ekstol £ (Graphite) & AH§3hith. 2% WEiA
B W) 9% uge F 3108 2k wEA FRA WE BY WaE PE
A3 27hAe] WLAR APL Sda FerolohAlel MFF L wAAw 1ebvtol
E9  EYFS FFdhe] dFstArh AFA MFL AfeLBA EepoloAE
FE8 AxT F OATAEZ Asbskel BRI BUS Agse] 247 R F A
gahsih.

A wEaAE Axe7] A8 24e EFH BAS 100100x50mme] e}
S get AZlEA 2FA 7129 27 $e5EE o 5ColY  Fig. 2
St ok RAEALS A BEEY AENS B TEHE XS AFAYnh &
Hers o 00T ol AA ARA LEnTE R& £xod FEE EHEL 4
ok 4wl ols) Dol WRE AFEas] ofel$n ole] mel WEA
Gehtue #gsl dol dgd 4 Es ens 44sdr

<H 3.9> S0I0HAIZt =el=22 stetd =

Chemical compositions (%)
Si0s Al 203 Feo03 Ca0 MgO Na-0 K20 S03
Waste
glass 71.9 0.9 0.36 7.44 3.42 15.2 0.47 0.20
powder
Fly ash 59.5 23.8 5.54 3.75 1.20 0.69 1.50 0.27
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Temperature effects on chemical composition
- Expulsion of evaporable water from cement paste

- Begining of dehydration of cement gel

- Calcium silicate hydrates(C-S-H)
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section 37.1.49° ol&) =29 JNFHE EelFHojoF stAY E= 7H:r'“ 1} 3} (section

73) E= 1 s e S 2t 916mme] AWEY, Ee= IARE st e se

® Ao

Mt A4 (CFC)oll A= CAN/ULC S134 @%E HHAE S HEsl= Fow
A ot 7t AsE 23S vy oule g H$ AREE &
- 3FHU B HAER AXYIYHE HAXFA AU e AZYIFHE AR
3% ol A&
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B FAA A" 3HS wEEE Bk e 36m folA A LA

M =Y

Sdel A GAd At ARE AR BEdoksh A%el PwvoAL
Aslstas A% 2 2Bl Sud Ago] oFe Ho] Qg wF w7}
FHel ke Fa Qe Slvd wale] B 37k Al AR Folo] W &v
g patde gata o

delineation as per DIN

4102-1
Non- Al Al No contributionFully Approx.
flammable to fire developed 60
room fire  kW/m?2
A2 A2 Negligible
contribution to
fire
Minimally Bl B Very minimalSingle Approx.
flammable contribution toburning 40
fire object kW/m=
C  Minimal
contribution to
fire
Normally B2 D Acceptable
flammable contribution to
fire
E Acceptable Small flame20 mm
flammability flame

Minimally B3 F No standards
flammable

(018 3.46] =¢ds

(il

_74_



A
el
w
N

25> =49 e cg |l gl d
=0 o0 A= o7 A= U= 9o
otsiHe 2HQ
o -
m Ol DIN 4012: B2
oz 204 U 0 &%
2= 217 0= 212 + 3
2= 7FE+ =14
oA | uod o=
oom D12 | DIN 4012: Bf
oo Ol | 208 UE €m0 =oi8 Uk
DIN 40112: A (ofoi, 92/ =) =8
8 ==
shol uhe} oAl aaf gt WA

=
=

F3o| A= 20009 CCTV AE stz o gA7 9438 AihEE A AL T4
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TVCC Bldg.

Broken glass,
facade
CCTIV

CCTV

Headuarter

Headguarter
o /Blig.

SHIHE A A (b) LA =
[D& 3.47] &= CCTV 23H4IE 3 AFD (20094 )

(2013)663-670

5) Lei Peng at al, Review on the fire safety exterior wall claddings in high - rise building in China, Procedia Engineering 62
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B2 AL Al SESWXE +
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B2 AFBAl 2HEIWXIC RXE
Ral ACBL B2 oy s mxie 2
H=24 m A -
HERO U= | 4o o S
e 2¢ Bl AFBAl 2HEIWXIC RXE
(el =:]
ol H<24 m ABL oy =0 mxe 2
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o AjtkE £QA8 @EA AHE adTHEY AAAZA B}

D FH7py

A A AIFES 913 AEHS 7 FEHE AAEHY, A7 F AlE 3.0(W) x
40(H) m, &9 A1 1.2(W) x 40(H) m o]t} &% 319 =35 984 20 ~ 100 m'
719 &9 YA AAetH, @9 A WA= ZEA Mol o3 3149
95 %-@rg T "t ZE Y o] EAAYHES A HdIdom A8
TE ok F 6% %OPQ A FAIZE F<E *]54211*501] A H o] 9l K-type €A
A3 ERFAel 2l

i

<H 3.38> IS0 13785-2 "Reaction to fire for facades-Part2:Large - scale test"

Al H Main wall specimen : 3.0(W) x 4.0(H) m
= Side wall specimen : 1.2(W) x 4.0(H) m
A A 4 20 ~ 100 m’
N =+ = 2.0W) x 1.2(H) m
- o T2 B ¢ 0 120 g/s
st & = . .
S A : 25 kg/m
A& Al2H* =25 =
=l 2T, g5
x|S0 1378520 Al= AIEAIZIS 2832 " 2722 =2 HAloltD U2, AEI 20
ANeE O0lE 2HZ 2222 Hol AMEsS =8g

ZE3d Wys F 3 A2 24 S7F 3 g0 HY, 1A= 075 & et
7h2 frFol Hd 120 g/s® S7FH AL 29 Al = 5 T 20 (% 16%) ¢ Tk #
Fol 120 g/s=2 FA =™, vhA g 3eAA 20 T 25 & Eot AaEn o 2=
T HY el o8 ARl AAH = AFEAA, 7, 8)dlM= (55 + 5) kW/m'9]
AFEgs W /\15424]E Tl AAH = dFRZFA@ A= (35 £ 5) kW/m'¢]
e ek £ TR AR AAE

Zad WMy faF 2940l A 800 T o] ol
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(a) Al 3D (b) GIOIEl && X
[02 3.73] AHOIZTHS 2 AMEHE Hetx
140 T T T T T T T T T T T T T T T
20 ‘e Step |
100 4 Time : 0 ~ 5 [m]
- Flow : 0 ~ 120 [g/s]
= 80 - B
2 e Step |l
g 60 - 4 Time :5~20 [m]
2 © Flow : 120 ~ 120 [g/s]
e Step
20 4 Time : 20 ~ 25 [m]
] Flow : 120 ~ 0 [g/s]
2 (I]Iélfll éléI1I0I1I2I1I4I1I6I1IBI2I0I2I2I2I4I2I6I2IBI30
Time (min)

(28 375 A= 739
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a2 A2 5428
_ - Bmm ZHEH + 12.5mm S DEE +
A& HIE ol
& srexl 50mm Al2tel S
chos T 2 & 250+ 10kg/m’,
== SMETE2 0.07+0.005W/mKel HS2l UE 24 HHE T
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[ 3.82]= 3Al Al AAoA wrgAet #7214 GdAq AtololA AT 2=
st2 st o RFE JPE e AR AEAl Hakd, AR g DA 1~ 304
20 Ay & Hd =% 755~891TC7HA e v, AlFA HAdE dHAW 4~790
At 78 A3 FRE AR 887-497CAA A5 et
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NEQRY NFL Thes e FEL sdele] AR

(7h Pre-Road test
744 =e Fetg el 485kgf/m’e] 50%%1 E$F 242kgf/em’E 7F$kate]l chamberol
A AFA A D AFAA] 7 AFE daetax oHiAIE S AA g

(\}) Air Infiltration test by static pressure
ASTM E 28391 oAdte] ¢ 76kgf/molA AdA &g w473 E7|%L
_ 2z702 3

Venturi tube®l 4] anemometerE ©| &3] F5S 543 &

(th) Water penetration test by static pressure
ASTM E-3319] oAkl AAFE ] 20%] 97kgt/m’ st T4 g Aoy
73kgf/m3 & Al 938 73kgf/m® 27 dlollA A4 FF 341/min-m’ S Fo 2 15

water sprayS A AsH A water leak A EHIE A g

ol

1
%}\ p
aids

(2h) Water penetration test by dynamic pressure
JIS A 15179 ejAzte] Hugw #E ¢ 50kgf/m” + 25kgt/m’ S H&ate] F
7] 2%, BFEF5 Y 4A/min'm’ FFO2 1057 water sprayS A A 3HHE A water leak

y AL T
& El

rulm P

A7 s th (23 3E Tokef/m’, 3H3H3E 25kgf/cm?)

(u}) Structural performance test by static pressure
), =°] I0m30% 7<) =L

A7 E F5S 40m/s, 45m/s, =°] 60m(20% 7] =
2 d THo g2 9 gE 5 o

= AR Fakse AIEA Tkt A4, 54 9
e dEedth

Positive pressure : +339kgf/m®, +429kgf/m°, +485kgf/m”

0 HN

Negative pressure : -339kgf/m’, ~429kgf/m’, —485kgf/m”
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S0 Met ShSTH(1.2kN/m® * 0. 16m) 0.19 kN/m?
B4 2= (20.0kN/m® * 0.02m) 0.40 kN/m?
OF24 XH 0.30 kN/m”
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o] 30m, 60m, 90m 2% -&A] AAZLGHS AAEA

- 136 -



<H 3490|282 35 2 H==0/8 s 8132 HE
2 = CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6
A 4 =iy LS LSt =3 A >CA
A2=0| 30M 60M 90M 30M 60M 90M
Jl2E2%(V0) 45m/sec 45m/sec 45m/sec 30m/sec 30m/sec 30m/sec
T=3E C C C C C C
DESEZHL |0.71x20.15|0.71%20.15|0.71x20.15 0.71xZ0.15]0.71*Z0.15
! ! ! 0.71%20.15| "

(Kzr) =1.18 =1.31 =1.39 -1 18 = 1.31 =1.39
EEESH %

(Kzt) 1.0 1.0 1.0 1.0 1.0 1.0
ZTAH%E=(lw)| 1.0(8) 1.0(8) 1.0(8) 1.0(8) 1.0(8) 1.0(8)
IIAE Q|2 H ==

GCpe (o) -3.75 -3.75 -3.75 -3.75 -3.75 -3.75
SAHZ=(Vh) | 53.1m/sec | 59.0m/sec | 62.6m/sec | 35.4m/sec | 39.3m/sec | 41.7m/sec
HHEZ2(gz)| 1.72kN/m* | 2. 12kN/m" | 2.39kN/m* | 0.76KkN/m" | 0.94kN/m" | 1.06kN/m’
HH 2SS
(of) 6.45kN/ m* |7.95kN/ m" |8.96kN/m" |2 .85kN/ m" |3.53kN/m" [3.98kN/m’

BE
=0 thste] AASEE KBC 2009941 A8 oth <3%3.49>¢F 7Ho] A
AR EE o HlE EFatFo] AnE HAGEL FiES AL

<H 3.50> €llots2 &

- = CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6

Zots 6.45kN/m" | 7.95kN/ m" | 8.96kN/m" | 2.85kN/m" | 3.53kN/m" | 3.98kN/ m’

KRGS | 2.84kN/m" | 2.84kN/m" | 2 .84kN/m" | 2.84kN/m" | 2.84kN/m" | 2. 84kN/m’

SHotS | 6.45kN/m" | 7.95kN/ m* | 8.96KN/m" | 2.85kN/ m" | 3.53kN/m" | 3.98KkN/m’
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3] 2=
G7t M S BF AGHED 0 A whEE Qo Ay

Cope ox ormd TENEE=RETE e
TE | NBE g8d
sigmae | oEs olgres oL 2
CASE T 2,320 21, 600N 9.3 5, 360N 2.31
CASE2 2,862N 21, 600N 7.6 5, 360N 1.87
CASE3 3,226N 21, 600N 6.7 5, 360N 1.66
CASE4 1, 026N 21, 600N 21 5, 360N 5.22
CASES 1,271 21, 600N 17 5, 360N 4.22
CASES 1,433N 21, 600N 15 5, 360N 3.74

shal Al o 2= KS F ISO 13785-1 A=E &4 A9
H- ALE S EAIE (KSA, 2006)0] A= ot Ald
7

a9y dA S dvisdTdedA AdE o8 AW ISO 138752
Reaction to fire tests for facades—Parts 2: Large scale test (ISO, 2002)A @ o] 7}
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140 T T T T T T T T T T T T T T T

i+ Step |
120 | 1 '
: Time : 0 ~ 5 [m]
107 7 ' Flow : 0 ~ 120 [g/s]
% 807 ] e Step I
T e 1 Time @5 ~ 20 [m]
= 6l 1 ' Flow : 120 ~ 120 [g/s]
- ] i+ Step |l
. Time : 20 ~ 25 [m]
-2 (I]IélllllEISIéI1I0I1I2I1I4I1I6I1%‘2‘0‘2‘2‘2‘4‘2‘6‘2‘8I30 E FlOW : —]20~ O [g/S]
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<H 3.61> Y Jl=9 A2 XM 2 = (A type)
Ammy | R, ZH, X
}dl—;—%j% o9 AQ £ X
=3 A
i 160T/m2St A HA2 0.154 x 10% +
sLC _
oH=X | WBP-2000 | £ 1015 | uot/mer M4 0.150 x  90%
] 160T/moS A HA2 7Kg x 10% +
I-III-_CIJ_E _ .
SRZEE | WBW-2000 | Ko | 8.8 140T/m22t & H 42 9Kg x 90%
SFE= | e o000 0.18 160T/meSt A2 1.8n x 10%
SEIET m . nzs S A TS .om X o
128 WNB2-2000 | EA | 0.3 160T/m2St & H &2 3EA x 10%
EEP}J . mZs = == X o
MH SHed Xy 2 N e
50T WFE-2000 | m | 0.11 160T/moSt A HAE 1.1m x 10%
2o
S | WBE-2000 | m | 0.99 140T/m2%t A H A2 110 x 90%
140T
= 2 160T/m2St A HAE 1.15m x 10% +
Neojs | A WBF=2000 | M 1 115 1 g mogr M Hazr 1 15T x Q0%
A type W[=I 160T/m2Sf A H 22 3.3K 9
=) _ S =Z2ATS .3Kg x 10% +
(mz=opz) | "BS2000 | Kg | 3.3 140T/moS S A4 3.3Kg X 90%
ODZZM AX11-4-3 QT o=y
=2 o | 0. = _
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S 0.039 15001 5t
DIRZ | ool | o | 0.02 | EEZM HE150-2 012 OIE N8
HBE02 | DIZOIE | O |0.008| EEZM H=15-22 012 OIE =
Z7er | = | DEZM HE1-4-3 Q8T
o 2z % sl olziEol {9 Mg
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<E 3.62> Y D=2 A2 XM 2L Z (B type)
AQ012t, &H|, KK
== =L ES L = X
=g 7
_ 160T/m2t A A2 0.154 x 14.5% +
=l C —
SHE=Xi | WBP-2000 | £ | 0.15 | " /hr oo mAz 0.150 x  85.5%
ez i 160T/m2ef & H & 7Kg x 14.5% +
H WBNM-2000 | Kg | 8.71 140T/m22t S H 42 9Kg x  85.5%
SFEZE e o000 0.261 |  160T/m2Zt A HAZF 1.8n x 14.5%
Ea'aj\l m . nzs = == .om X .0l
nEs
2= | WNB2-2000 | EA | 0.435 160T/m2Yt & H 22 3EA x 14.5%
ERIEN
MH CHel T 2 o ,
woor | WFE-2000 | m |0.1505| 160T/m2gr &M 1.1m x 14.5%
Zos
CHETH | WBE-2000 | m |0.9405| 140T/m2%t A HAEF 1.1m x 85.5%
140T
S 2 160T/m2St A H A2 1.15m x 14.5% +
g | WBFT2000 | Ml LIS gt ee A AE 1.15m x 85.5%
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jgatif OF & Xi 160T/m2St A 42 3.3Kg x 14.5% +
(“‘)m WBS-2000 | Kg | 33 | yuor/megt M4z 3.9Kg x 85.5%
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XD ol =
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EELIE ol | o. - _
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zReg | o=z |, | OEEM HE{14-3 Q0
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<H 3.64> JIE&E Jl=2 LAUIt

Agole, &) .
il + So4(ARx o
5 TR N It (ARSFx S}
T= o | =
=4 = M=ZH|| =24| | ZHl |HZH||=2H|| 2| Al
70mm m
of=M |WBP-2000| £ |0.15]1,750 263 263
gxoe
£ | WBM-2000 | Kg 9 2,200 19,800 19,800
PF St TH
70T WBE-2000 | EA | 1.1 125,900 28,490 28,490
=g 2
s WBF-2000 | m" | 1.15]2,900 3,335 3,335
NE | Lo
J_L_\'__D}\D\:l'-
Qe i WBC-2000 | Kg | 3.3 | 2,500 8,250 8,250
Al A E
(=2d 0.05
ol TH &3 ol 8 144,150 8,361 8,361
70mm H&)
01 &= ol [0.04 149,091 5,964 5,964
BEo8 o1 10.03 94,338 2,830 2,830
01&3s Ot201& | 21 10.02 149,091 2,982 2,982
BE018 | 0t201& | 2 0 '800 94,338 755 755
23PEE | EE9
o 24| 1% 4l 1 209 209 209
Hl 60,347(20,892 81,239
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2 £44 2<EA A& dgd THOIE <)

A71Ee] 2o 9 EEFEAN 2AF F AL vgow And A9t
= 0o 2ol A B9l 738739/m’, BEFY L 762549 /m” o2 ey
<E 3.65> N D=2 LAUI (A type)
(29 @ 2/m?))
AQo0ls =Y, XM =) ZH(AQ2E X EHI})
AR
S =25 (5
=g A HW2Hl| =Yl | FU| [WBHI|=2HI| Z61 | A
ot= X WBP-2000 | £ | 0.151]1,750 263 263
&2 =H | WBM-2000 | Kg | 8.8 | 2,200 19,360 19,360
SIE2A
Doy | WNB-2000 | m | 0.18 10,000 1,800 1,800
A B3 WNB2-2000|1 EA | 0.3 | 2,000 600 600
MH S+ Ty 2
WFE-2000 | m* | 0.11 40,000 4,400 4,400
160T
Doy z
croi T 140T WBE-2000 | m* | 0.99 | 9,722 9,625 9,625
N | =s 2
)= Ho WBF-2000 | m 1.15 12,900 3,335 3,335
(A OF 2t X
type) (EZ=02) WBS-2000 | Kg | 3.3 | 2,500 8,250 8,250
LH&E 2 oI 10.075 144,150 10,811 10,811
02 ol [0.052 149,091 7,753 7,753
B0 ol (0.039 94,338 3,679
01&3 Or20l& | 2 |0.02 149,091 2,982 2,982
BE08 | OIZ0/& | 2 10.008 94,338 755 755
ZREE Y| A=z | |
2 x| 1% ay 1 260 260 260
Al 47,893|25,980 73,873
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<H 3.66> N J|=9 LIt (B type)

(42 @ &/n%))
Agols, FHHl, XM =¥, SH(ARB X EIH)
o ool AR
B e WEHI| =2 | ZYl M2 |2l ZH | A
SHEXH  |WBP-2000| £ | 0.15 | 1,750 263 263
FEQ2E | WBW-2000 | Kg | 8.71 | 2,200 19,162 19,162
StE 24
Gapa |INB-2000| m | 0.261/10,000 2,610 2,610
DF | WNB2-200
Gara o | EA | 0.435|2,000 870 870
MH £ty 2
1607 |WFE=2000 | " 0. 1595/40,000 6,380 6,380
=pk
CHETH | WBE-2000| ™ |0.9405| 9,722 9,144 9,144
140T
ohe
oz | t=s 2
= S ' |WBF-2000| m | 1.15 | 2,900 3,335 3,335
(B o TT
tyoe) | prasgy
(mz0p2r)| 1BS2000| Kg | 3.3 2,500 8,250 8,250
ESE= ol 10.075 144,150 10,811 10,811
0IEzZ ol |0.052 149,091 7,753 7,753
2008 o |0.039 94,338 3,679
DIZZ |OH201Z| 2 | 0.02 149,091 2,982 2,982
2SEoIs |OH201%| @ |0.008 94,338 755 755
Z7e2 |o2=Eo
o mmu | m | S 260 260 260
H 50,274(25,980 76,254
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<H 3.67> J|&=J|I=13 D=2 ZAHH] 5l
JIEII= IEWIES
- (=289 od
) A type B type
M 2 Hi 60,347 47,893 50,274
L 2 4l 20,892 25,980 25,980
4 | 0 0 0
&t Al 81,239 73,873 76,254
CHHI 2 (%) 100% 90.93% 93.86%
olF % 7]E 7wl Hls M7= A type R B type BT AlgHloll lo] A ek
Aol e AL & F 9

o= 7]Eo AR gd

A FAE FALES AT
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9A BAG Feje] dud Yo UTATe Aol glol FAH Ao PE vy
of 57 oYk J1E7 & Ao Ee FAREE BAH BEAFo] FAST ¢H o
A% A e AAAM )% dFow olF o] olF mAp ool SuF np)
WAekA ohgstEe Ao B wgel dzre el o[

ool 54 welste] AR WTARES AAsn AR vge] BB AP £
Azeln s 483 AAHS AEser

NA7IEe] AARE HESI] fste] Aol Af¥= SRRl ofyEt Ay,

2], #H 7)o w2 nE&S HESS LCC(Life Cycle Cost)E Hludte] AAAS HESA
ot

LCCEAlol lofA a5 AgF7]scte] WAsts v&2 wge &S FAso A
Eohs Ao Aol 745

el vEs Z<l(discount)ste] HAZIA = fAbstAY @
M= AZEe) sFel whE vge] 7bA WS oy siolof g

A &2 A EFe wE v]§9 7bx ®¥EE YeldE v&S Zehy, BN

7ol S % uystE 2 Asol S (real discounted rate) ¥ E7MWE &yE ¥

] g WE & (nominal dicounted rate)o] Atk H 5Wdzte] FElef EUMEEES
A

EN:IDN; AHIA
AT =cl S Kl = =RV HAS0IE
(2010=100) SHasSSE
2011 3.69% 104.000 4.00% —0.30%
2012 3.43% 106.280 2.19% 1.21%
2013 2.73% 107.670 1.31% 1.40%
2014 2.43% 109.040 1.27% 1.15%
2015 1.74% 109.810 0.71% 1.02%
g 2.80% 1.90% 0.88%

D A&71247%

w AAR7IEe HES Hlal el He VIEVIe] FAMbE B 2ok
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<E 3.69> AlZJ|E=0}
(el @ m/g)
-~ e dls
S ot S
E=ATESY | p g B Ete!
NE=DIESD)! 103,687 97,126 99,915
% MEZ2H  JIEMER H2H T M2815(2016.01.01.)"0E I RHLI|=
2) A&7t
AgATbE FANSATLY SdbE A @ AnE B oREe vk b
ol He V&V FARFAIS S99 e 2
<E 3.70> S22}
OIS
............................ A HED|=
- gl bl 21
...................... F=HBE3H | A Bty B Ete
NE=DIELD)! 103,687 97,126 99,915
AR E 28 3% 3% 3%
o2 e X 2~ 3,111 2,914 2,997
<H 3.71> SXIKIHE THILX| EHAH)
(£l ¢l)
mpIES HED|=
2 = s HlD
ENEESIES=p 3,111 2,914 2,997
2H2|0| 2t 20 20 20
ATl 0.88% 0.88% 0.88%
OIS I} MBI X D} X| BHAFH 2
(PUAF) 18.27 18.27 18.27
ST SO 56,838 53,239 54,755
3) #H71L87}
B AA7ES vE v giide] He VIErIse #A7d7te uS 3 2
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<H 3.72> HIJI&Jt

(& om/
............................ o o | BE SIS
o= e =E822 0 By B Etgl i3
SENETT =
M1 aamayl
=z
q | Rggssss
A
S | EE==y 2,830 2,830 2,830
o | 2ELCSH 072 072 072 (=1 2H 9 86
Ab | A | 3,102 3,102 3,102
I EL] 442 884 885
o ATHEEE 118 118 118 (L=2H1)x 3.86
2| nswsz o7 o7 o7 (=2H1)x 0.8%
) JIEFZ ] 147 147 147 (Rl )X 5.2
o | SHEFY T 12 12 (K24 0.36
A 745 1,188 1,189
Z AR} 3,847 4,290 4,291
ol Bk 22| H) (6%) 231 057 057 (T2 )58
o 2(15%) 612 682 682 (242! X156
=210} 4,690 5,229 5,230
S IFIEXI A (10%) 469 522 523
& 5,159 5,751 5,753
<E 3.73> HIIZIHE IR EA)
o9 m/
EBES Her|
= = 555%?% A ] b2
BIPIECE] 5,159 5,751 5,753
P i i i
HOIAID| 20 20 20
NEERTE) 0.88% 0.88% 0.88%
S THOFXI BHA A2 (PWF) 0.84 0.84 0.84
B2} 3 oK 4,334 4,831 4,833
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(4) LCC ¥71A1AF &4

LCC(Life Cycle Cost)®2 A3} A7) 3z} o] 7itrl& AL Hlur]s tiH] 6561
A, = 586%7F AAA M, MAr|E BYL 71E7]E oy 37729, = 3.25%7F A A A
ol Ao HEFT

B d7Ee 71E Vs vlaste] Aol 3% &
AREEFe] BB R TS Rolegdal weEkA Alg 3t e
A B dojAE WxEe] Hjgo] b
)]
AN

T M) Ee AR FxZFHC Mol o
o= 3 VEw Nir)Ee A
ozt A RKEE HS FHIE L& HE

A

ARtk ge fe)g Sustt Ao B 4

(el /%)
HWI|= e
= = FEEHCA tHol= el
= =8 A B (A/C) (B/C)
(C)

A2 =30} 103, 687 97,126 99,915 93.67% 96.36%

A E 3 Dt 56,838 53,239 54,755 93.67% 96.34%

H J] & Jt 4,334 4,831 4,833 111.47% | 111.51%

gt Al 164,859 155,196 159,503 94 . 14% 96.75%

o AAH B4
M7 A A S F2E FHe7] flste] addd A ZFA e EAdTE
ANE ARESEe] g A &AF BH] g3 E ZHA Ho)

ME71se] Al WHe X349 Had A3y sda AT AEFAee Eddd
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A R ATOR B A B WA 5L FH

Al 271 AT glolA M slge] Nt FEA adTED F
5 F7t

e
A511-4-3 )94
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ME71se sFAFY7F= 71715 dH] A¥ S 9093% =% 9.07% A& olal, BE A&
S Vo ® dhEte 7|E7]s UH] 93.86% % 6.14% HAZQA Aoz @EQ;\;\J——’,
LCC(Life Cycle Cost)®EAol A /Mi7|& A€ Hlu7]< thH] 94.14% = 5.86%7F 74 A &
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<H 3.76> ZE Mty = HEMe X+

AKX = =M SIE2Xt Bl

600 x 600 mm |60 T 210 mm + 2 mm

= Hs)|= e
SER2AC I 1.101 &
(N/mar NSk 0.80] A&t
LHR 2rel A x2r2l0] gie
oo = KS F 4716
_ HO{E 020195 Lmo =0
W =214 o=
SSLHE=W) _
o5
(kg/™ h:0.5) 0.2013t

(ch WBS & A)(WISE BOARD)
Ergestolzge] £ we QAN guw BEEesgd dAAR e
%5 g W ok g,

A
El

3.78> WBS S M HsII&E
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Y= kg/m’ 16 0l & KS M 3808
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Fund name

Management

| Launch schedule ‘ = Jul 2010
= Special Asset Investment
| Type ‘ (Blind Fund)
| 2 ‘ = KRW 200 Billion
Size
(Public : Private = 50 : 50)
| AMC ‘ = Shinhan BMNP Paribas Ass

Financial advisor ‘

Maturity 15y

Investment vehicles Equity &

Holx

[OE 3.136] 22

Shinhan Global Infrastructure

Korea Investment Global
=Dec 2009
Trust = Private Securities Investment
Trust (Blind Fund)
=KRW 200 Billion
(Public : Private = 50 : 50)

= Korea Investment Trust
Management

et

Shinhan Bank

ears from the first drawdown

Subordinated Loan Investment

HHE(GIF) He

[0 GIFS] FAHEF)FELS 12% ~ 15%(A 8§ FAF) FEon, A= FAE

A 40009 90H FF 229S FYSE oW W= EASEREE 89
S [29 313719 2t}
Public & Private
Investors
l Financial
Management Advisory
SHBNPP [/ KITM —————— + 5H Bank
|
LS e T ETEEEEE RS TR R h SR
| - : | - :
a e gt --mmmme- - |
| | | |
! ! ! !
i Construction i { ECA
; Investor : Equity : Loans E
] (EPC) ! Investment Financing ! !
I 1 I 1
i Strategic E i MD8 E
! Investor ! ; Loans !
ey bl B ooz o s g 0
[0 3.137] 22T HE(GIF) EXNESEE]
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Target Regions Target Industries

Focusing Preferred

Focusing Preferred
= = Power Plant - Oil & Gas
» Asia :
. e Renewable * Petrochemicals
2 Energy « Healthcare (PPP)
East - Eulrope, Australia » Water Waste Treat t
South - Middle East = Conventional s Edausc:ﬁ[:ia i
Infra Assets

Partner (Sponsor) Target Currencies

Partner Requirement

Focusing Preferred
= Significant
(D Korean Interest or . USD - JPY
@ Korean Participation . KRW - EUR
{Through EPC, O&M, etc) * CNY
[18 3.138] S YAZHHE(GIF) SEXY L AHFZO0F

» e - 22| sHAA 2N 7 205 FANEEEN =2 FTE|= S5 At
r AtE=OF

-EE, EE 5T, B EAVE, 7R S UEERAE
- XA+ Ze) 7| XAME, SS+ UL SSTUEAY
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> F/S X|SI20H : |} 2

=

12

> 2009~2011 71| X|AIH - = 167 (269)

L= -1
L
s eI ZENE
majm sput AEuH TEME (KAL)
- H|2 ChimboteA| 3t4-H 2| Al TIZFERIAIY (RH|ZHA)
- DRZ 1 Lemba Imbu F4% 3l HZIZAAY (FEUE HFSEED)
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|'_ Project Overview ( Deal Structure )
Muzafarad about 150km away from :
Capital, Islamabad “Global Infra
Fund"
= 147MW i Insurance
w ___________
: Kol | ksume |
+ USD 430mil ke | (wea) |
| ! Equity KEXIM .
= Construction 4.25yrs / Operation 30yrs ?n\.reqsfrlnent ng p;?;i(i::g
isDB
+ Debt: Equity=75% : 25%
EPC/O&M Debt
Contract Service

» EPC Korean Companies
*  O8M: 'K-water'

Service

Charge
= KEXIM{34%), ADB(30%), IFC{18%), l &
IsDB(18%) ' ?
- * KEXIM (Direct loan) Implementation . : .
» KSURE(MIGA) (Insurance) Agreement ggr:j;aa?t

[0 3.141] 22YZ2tHE(GIF) KNI Atdll: Pakistan Patrind Hydropower
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Project Overview I\% Deal Structure

: - Equity
Location Eastern Europe (Istanbul Strait Road Investment ——
— Tunnel Crossing Projecty ...
" | |
Local- Korea Global Infra i
» Toll Road (total ef 14km) At Fund” *-i KSURE i
e —— Ty T !
Cost » USD 14 Billion Subordinated
Term Loan
Period  « Construction 4.5yrs/Operation 25yrs .,
EPC/O&M — rﬁ%;
: Contract : Project
‘Geari ing ° Debt : Equity=75% : 25% Credit Mol e
Beapng: (Sub Debt Inclusive in Equity) Support I—Iganplng
enior
Term Loan
» EPC: Local & Korean Companies ; ¥ Debt
« O8&M: European Operator Service
—

Service
Charge

. KEXIM(35%), KSURE(25%),
|1‘*’“""' EBRD(10%), EIB(30%)

» KEXIM (Direct loan) Ifiplemantation
» KSURE (Insurance) Agreemen-t
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® AN EePMDB)S 83 AF2EH
O = 7199 tAzF2F(MDB) Abdel 914)S 89kst the 17 2404 B Ko
31%<] 71de] 4z Aol slem 61%<] 71912 MDB Abdel ejgh o] gl
= Aoz yeyt 9 dEel A= VIdE T 67%7F AHEE A A"EFAME
98t qom 1 R 5% ©]sH67%) 2 BA5dh 18l MDBAMY
7ot AFE A F(94%) FEle] Ao HWdEI lE AoR FAE
gt

0=
>

[e]
-
=
3
o

A

th. E3 MDB Abgid #ad Ang ASshe 5]
© ure wheol] Sl o) A(89%) FEol WS Etl. olH@ AWE B
A4 2 oo e AAH An A5 dere] RAR Ao ¥4HUch MDB
Aol gRoE Ade FRAs TAT GBYAE%), AY FPS A8 2a
3 Adzeel YA (57%) Fol EFFA wHe] dPore Fu /1Y 3+ 3}
& AA63%)7 e F014(22%)0] 2AHEATE MDB ARlel #eld Aol gl
FYrldE e XéE H(43%)7 He FAHU0%) S AF Felg Aslse F2 2
oz Aztgom, HFHe FRAere] AFAGA AFFelE ndT Aol
S SHSULEG). £F ARd SUE LE /19 434N A9E MDB
s tﬂ—% E‘l

/\Vc} A% g & fsiA = HhEA %ﬁﬁ}ﬂl(loo%), TA A Weto 2=
}ol | o 7

- 227 -



<H 3.98> MDBAIZ Off 28t LI H 2l Q1A R At

ZHE & -5 HIS
MDBE=AM] e 5 Zhed (39%) v (61%)
MDB“‘F = 7 HE e 21 (679%) 21-2(33%)
S
MDBHE-M 2] 57 selolshe7) | 62101 dH33%)

MDBAMEEE AR HES v | dlelmlE=E(11%) | TEUl(89%)
MDBAYY Fode}l 3l ojarAE

2 13 CENR A 94%%)  TIEH6%)
MDBAME 2] A T7474(33%) 2 (57%)
MDBAIRI®] B HIBAGE3%) | D ooy
MDEAKE T PRR A I steew) 21-8(94%)

'L__'l—O )-0} Ag
(40%)
MDBAFE g 95 =1 | AW AHE5%) | 71ER15%)
=768 MDBARS 3ho S}

MDBAIY Fefsh=] = o) | 175 43%)

EQ'JO‘LIOF Aiakge] A " 215-(100%) 25 (0%)
T

A1) Fe] FglE 935k o -
“%g,i}jgi4 AR?%%FEL]:} 1% 713 AlF48%) | W78 =130%)

MDBE: ZAARAFE Adste SqozA AGAA A flo] thel YT
T 711‘5"?_15A 3 o] Al Tolw Em Axlso] Fojdhs 2S wEth o
2 g9k v [ 314313 2o
panansmnnnrnnnnny,, A ’1|"11°%‘ (World Bank Group, WBG)
CEEE S P (EEEP'._).:::' anl )
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