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{ SUMMARY >

Purpose &
Contents

The eco-friendly reinforced concrete (RC) column using by-product of steel as
prefabricated permanent molds is an enhanced technology, compared to the
existing RC columns, having a good applicability when the story height
becomes greater than 5 m. The research team developed the design and
construction methods of the new advanced technology, and have tried to
commercialize it. In order to carry out this research project in an efficient
manner, detailed assignments were given to each institution, and the yearly
research scopes and summaries are following.

- First year: For the first step, the research team started from catching the
problems in manufacturing the column members and its enhancement, and
performed development of design method, validation of structural performance,
and feasibility study.

- Second year: As the second step, all the necessary investigations were
performed to validate the performance of the new advanced technology. The
details of beam-column joint were developed and their structural performance
were validated. The design and construction manuals were established, and the
constructability and economic feasibility were also checked through applying
the new advanced technology to building structures.

Based on the results of this research, the structural performance and
constructability of the proposed technology, i.e., the eco-friendly reinforced
concrete (RC) column using by-product of steel as prefabricated permanent
molds, were completely validated, based on which its application is now ready
at any time. Its commercialization for practical use is expected to lead us to
earn more profits, and can contribute to encouraging domestic construction
market to apply new technologies that are advanced and competitive.

applicability when the story height becomes greater than 5 m. Because the
new technology developed in this research project would be very competitive
in comparison with existing RC columns, it is expected that it contributes to
maximize the profits of our company and to lead the advancement of the
construction technology.

Keywords

Reinforced By-product of

Clean tech Permanent mold Preformed bar
concrete column steel

Results

To commercialize the eco-friendly concrete columns using industrial
by-products as prefabricated permanent molds, the research team members
performed development of design method, validation of structural performance,
and studies on constructability and economic feasibility, including design
method of beam-column joint. The feasibility of the development technology
was conducted based on the constructability and expected construction period
as well as the economics. Both analytical and experimental studies were
conducted for the validation of its structural performance, based on whichthe
applications for the certification of green technology and for the certification
of new construction technology are now being prepared.

The results of this research project include @validation of structural
performance, @development of detailed design guide for beam-column joint,
(Qestablishment of design and construction manuals, @checking constructability
and economic feasibility, and Gpreparing the applications for the certification
of green technology and for the certification of new construction technology.
The final aims of the project are to maximize the profit of our company and
to lead the advancement of the construction technology through the utilization
of the eco-friendly concrete columns using industrial by-products as
prefabricated permanent molds.

Expected
Contribution

The costs for concrete formwork have been increasing due to its
labor-intensive characteristics. The eco-friendly reinforced concrete (RC)
column using by-product of steel as prefabricated permanent molds is an
enhanced technology, compared to the existing RC columns, having a good
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Mol A =5 0.2 MPaolA ZEHEAEQ 10 mm By 22 wHFPo] LA A
AT F Atk ohEk, SF-3508 A A= SF-6002 @A 2k SF-800d Al B3] tha
Z W¥o] BAYSG =, ol SF-350ddA e THoe] YR Z7] wjEel A4S &3

Zhgdo] ¢ AAH YA SHEFOR AT Aotk MNLVFe] FHEAFA Zolrt

“Ho] 2 71Eel s SHFHl &olaty] Wil FAYUE Fol tiE AR

Fusts dole g ol gle Aoz Addn.

tlo e

off My ok
o kil

800*800
*
© 04 600%600

Z
203 350#350

0 5 10 15 20 25 30
Deformation (mm)
9 39 kel wE Wd
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AgA, &, gl RCZI5 RAZER AFAR series specimens) 274, A
% (Prefabricated permanent steel form reinforced concrete column, PPSFRC 7]
)¢l PAlE]2 AAA(P series specimens) 67], Ho] WX H A &S =H4H T4
S(concrete-filled tube column, CFT 71%) 1/1& A|&ste] A3t tr. & 3.39 et
A vhs o] s1Be) 7, 2aAYE GHPE LAY F2e) FEE Fa YW
F2 AP e, 53] P21-S600G ¢} P30-S400G A @Ad= HAAFHA stFHL
Zgd Atolel 10 mm Zole FHgap)& Fo| HdtFolA Ao FRHAF S WA
2} 3FA T

=33 FAGFUGA £

C -
Ompressve Yield strength of
. strength of . .
No. Specimen Steel Form reinforcing bars Gap
concrete
(MPa)
(MPa)
1 R21-S600 21 X 600 X
2 P21-S600 21 O 600 X
3 P21-S400 21 O 400 X
4 P21-S600G 21 O 600 (6]
5 R30-S600 30 X 600 X
6 P30-S600 30 (0] 600 X
7 P30-S400 30 (0) 400 X
8 P30-S400G 30 (0] 600 (6]
9 CFT 21 X X
O I9 3.10~12¢ yepdl npe} o], APAEL dol7} 1,480 mmolﬂ, wHe %3} x
°] (B and H) = R 350 mm oty AP A Fstitele SHNETE A48 dta 7]
o dAve] SEE 5 7Hgsy] g8 7 40 mm Z‘d_-ﬁroi RS &9,
15 AsHEel 4uels A9 Zolvt 247k 12 mm % 75 mm 9 WAAE 204 F 8

Mg AAste] stz Fel 3 7584 =S WA&At 715 WF 22E &
qE Hste] A %—*u‘oﬂ% 27 150 mme] EMETHE Fom, VlEe] 7t 2
Aol 47 30 mm o BV 402 ARk w3, pAG AFAL CFTAY
A2l Aol AL ﬂé}%ﬂ]* 300 mmEo]Z o] 20 mm FAFS Z= FYHS
Fol ZAYE B ZAE FAE FAFT & UEE 9k RAGY PAY HF
Aol 254 mm AR YA AT 45 Aol Fo R wjxslom, 9.5 mm A7
o WAZE 150 mm 7HA o2 W33k



® A-A” GHEE
B
(@) YH= (b) B-B’ @H=
2% 3.10 RAE A3A
®) A-A” G =
=-40x25x4
7; 3N\ 100-30
30
50
(@ 948z () B-B* @ =

a9 311 PAE AEA

) A-A” 9=
(@ Y8 = () B-B’ =

% 312 CFTAEA

O 3 34°l& American Institute of Steel Construction (AISC), Eurocode4 and Korean
Building Code (KBC)°lA Fd 3l = CFT7153 #AHE A3 AAVFES 2ok}
of Yetdlilth. AISCS} KBCOA = #7750l AHEHE= A Haddd (A4, )
W Ho BZFAN((Bor D)/t,)2 Aol Aa @stE= WFoE sfAPEGeH, Qs
BEY (f)F F 0 AR SEa gtk o] dATtellA Azt pAE APA
3% CFTARAE 242 3.2 mme 7.0 mm G3& ARgarglon, AAn] (4,/4)= 2
7} 3.6 %S9t 7.0 %E FE 34004 YeRd AATIFNA S A E AL AANE ¥
L3kt BFFAN(B/t,)E CFTAEA ] 3§ 50224, KBC, AISCS Eurocode491
TS WSS A" wdd, PAE APAES] BEFAN = 1
7)o F-skA gkiEth ol Alekd “ﬂ"l Hxo] gk uls o f‘ﬂ-*.%loi At
43ty FRARE LA G PR grdoz #EF/ANE IA AV
witolth PAIE APA9] el = 11?42 Sl 9 MEgE BAr] A 54
o7 4o Ao oF C-40x25x4 AES 300 mm 7HZ O 3
FOoRE L25x25%32 YZFE 600 mmitA R wjx)3te] dolwd Ade] §4 HE
Ed=

O AgA o] AHgd ZAYE WgEE = 350 Uebdl vhe Zon, AASEREE 21
MPa¥} 30 MPa¢]x, A8 A3} 7Z+7} 263 MPa® 442 MPaZ 4 % SQlth H3h 25 mm
27 2] SD400¢} SD600 “HAFE Mo FEAEE 47 460 MPast 690 MPa® =7 &
Aok PAE AdAel CFTAE A AFEE 32 mme 7.0 mm FA° HI#ALS BF
ss4000] ™, AEANY Ay} FEFEE Zh2E 350 MPagl 388 MPalo 2 =7 & 3l

fit
4 =
o
34
o
£
+
o
%

— 42 —



E 34 FAYFHIAY FF

KBC AISC
Code Eurocode 4
2005 2009 1999 2005
3 % or 1 % or 4 % or 1 % or
AJA, 2% - 9%
above above above above
, 20.5 MPa
f. 21-70MPa 21-55MPa 21-70MPa 20 - 50MPa
or greater
F;/,max 415  MPa 440 MPa 415  MPa 440 MPa 450MPa
Shape O (@) O o O @) O ) O ]
3F 8E 5.1F|0.15F 3F S8E 5.1F | 0.15F 235 235
(BorD)/t, |, 2= RN BRI 5 90
v F‘/ Fy Fy E/ FLL/ Fy Fy E/ El/ E/
¥ 35 ZIE WFE
Design Unit volume
G .
strength e wie 5/4 weight (kg/m®)
(mm) (%) (%)
(MPa) w C S G AD,
21 25 56.1 48.8 179 319 856 915 1.60
30 25 42.1 46.9 120 284 844 974 3.25

O 29 3.13¢] Yerd
mm/sec®] HEZ AFA Y Filo] WAZ Tt
2 =437 g8 AFA dEAge 2z 17488 LVDTS

23} ol

10 MN §39 wWsAE7|(UTM)E

a7 fsiAl F Wl LVDTE 1718 A3t

|

0% 313 4AA A9H =7

— 43 —

P

ARE-3ke] 0.02
718 A AgA Y AR
Adzalskelom, FWLE

O 2% 31l4@9 e 44

6000

5000

4000

3000

Load(kN)

2000

1000

O 19 3.15@ JERA

: Initial local buckling

: Initial local buckling

o]

o]

o ofy

: Gap closed

<PPSFRC>

Gap

<CFT>

<RC> <with Gap>
10 20
Deformation(mm)
(@) R213%} P21AIE A AA

: Gap closed

<PPSFRC>

Gap

<RC> <with Gap>

10 20
Deformation(mm)
(b) R307 P30AIE H@A

FZ=7F 21 MPaQl APAET 30 MPadl AFAE

Ste-AgBAE YeERATh o] ul AMgE oW 4719 LVDTOlA 73

Ao Btk AHEHen, A= 80 %7HA] o

3FTE R21-S6002 A ¢} R30-S6004 3 A= 9157
K3

Z}7} 3,042 kN7 3,782 kN, HH A= 247 7.9 mmel 6.8 mmoE 57

A A7 o], P21-S600A A= <F 3,000 kN9 3tFoll Al FF =25
B B2 (175 mmEol FEeIA Hze] FRatzol WARAN Fyol WA FAEY
3, FRaFo] /5o FRANTE =4

Aag ARl S

4
AE GHkEl RC7IE )

Mg of\ i lo

——R21-S600

----- P21-S600

.............. P21-S400

P21-S600G

CFT

30

R30-S600

P30-S600

P30-S400

——-P30-S600G

13 314 SAYFAIAES ste-HEgaA=A

=3

PFoE YHHOE HHE ASEA

Heti e 298 3.15Mb)el vebd 23 o] Husks 5,396 kNelM & FH-a=o] of



6000

I(kN)

3000

Load

0
0

300 mm Ao WAFAEE, o= Qoo v Ade sHAAT Tt
Atk AfstE ol Fol 1% 3159 Holx wish @ol /F ARolA WA F2
F2Zo T A Uegi, AEHost AgWe] 204 mmeld 19 3150 2
SIEEEE

(2.1 mm, 2994 kN)

10 20 30

Deformation(mm) 6000 (8.1 mm, 5396 kN)

Load(kN)

3000

o
0 10 20 30
Deformation(mm)

(@ 7] FHa= T4 () 533k

o
eu
N

6000

(23.5 mm, 4592 kN)
3000

Load(kN)

0
o 10 20 30
Deformation(mm)

o
I:lII z
ES (29.4 mm, 4321 kN)
3

o 0 » 30
Deformation(mm)

@ HF A
1% 3.15 P21-S600d F A o] AT

O o2 PAY AIFAEE hAZ P21-S6008 A 2 H5=F AFEHL YeEdeh &
FAAFAT 7FEE A Abolol 10 mm Zo]e] gape E=Y3F P21-5600G9+ P30-S600GA
PAo Aol 7tE 27 AFHT EABA oo EYHE gap S2 AFH FHF
o] ZAYEZ FAY AZH7] wEo] RCEFAS R21-56003 R30-S6004 3 A <}
Y3 =44S JeEHQIY k5o FUkgtel whelA gape =717 Hxk Eoiexn 4l
FAe SR 10 mmE AN siEARG FAAFHl HEFs HA
P21-56009} P30-S6002 @12l AE 3 AR A5 F4S YA

O CFTAEA 2] AS, AT stx0] A¥oz Zyaltizt oF 4500 kN2 &5 A ol A

AR Bgomn 1 B2vtg "olxl RRo)| Hzxeo IRHZo| BT A Aol
AAH3 gasitrl F3HF 4,700 kNolA A3 A FRFo] a4 dapsol 3
e 12 mmolA A=Ak CFTAE A= PAE AgA vls) vig e Hys
g HoFglon, I AdES 17 3160 YEd FHFFo2HEH FFF 5 U
%, 29 3.16(0) o Yebd H Zo], PAE AgAY AF 71T UFe] mixE d=

— 45 —

A FpaFol Wrel A AFH/ Brke ¥ Ao A FRRBEO|
2 W o) CFTAEAe) Agols 18 3160 Rol npe} 2o 7% A% &

2RE geuE "oln RmolA MR 27 HFo| FFb we AFHO
BN A H WEdl PAL ARA W) CFTA5] WY welol 4o
= Wl vehg o s,

o | =3

<Front> <Back>

(@) R21-5600 (b) P21-5600 (© CFT
1% 316 AFAES] A RF

O ACI318-084 4= University of Illinois and Leigh University o4 1927\d%¥ 19337}k
A AFEE 56471 7ITAD g AAE Mo R VT FAEE

f!/ st ( jc/)(Ag_As) (32)
s} Zol A3 Utk AZIA, £, AT A I FEFES} ddHeH, £ 9t

A A7 2aYES] AFAES VFe] dAgwAen. 4 G2 st A=
T8 ASE 7l SAHAFAEWP)E viaste] 19

3.173% . B FAEATC U APAE F
AR ng (P,/P)o] 0.65 oA 0.95 Ato]o]l Bxats Aoz Ve On, 2(3.2)
of p7t A@AY ZEEWP)E AuBIEkE A& & 5 Atk ol o] VFY A=

S 7 sk ol fre Al A BATE 2712 e)I APA L A" AN AT
ol olEE HALSTHA (¢,)0] 2B mHEH] A ¢by] wWEelth ol
F2 ACI318-08°M & AHZ4d ©ag 713 RC7IF9 E3EE 08P AASIAL Q)

o A

£
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2.0

Pu/PO Pu/Pn Pu/Pe

Load Ratio

0.5

0.0
1 2 3 4 5 6 7 8 9

Number of Specimens
a9 317 AgAdet A va

# 36 d@AAet HA wa

No. | Specimen (S\“]) (153) (lg\}’) (;’[’Ill) (1:131;1 ) (rrfm) (](FI)S) pP/FR, | P/P, | P,/P,
R21-S600 3,042 | 4,011 | 3,209 13 7 20 3,354 0.76 0.95 0.91
2| P21-S600 5,396 | 5,748 | 3,109 7 7 14 4,895 0.94 1.74 1.10
P21-S400 5,041 | 5,282 | 2,736 7 7 14 4,895 0.95 1.84 1.03
4 | P21-S600G | 5,062 | 5,748 | 3,109 20 7 27 4,507 0.88 1.63 1.12
R30-S600 3,782 | 5,789 | 4,631 16 7 23 5,313 0.65 0.82 0.71
P30-S600 5,964 | 7,571 | 4,567 20 7 27 6,185 0.79 1.31 0.96
P30-S400 5,660 | 7,104 | 4,194 18 7 25 6,138 0.80 1.35 0.92
P30-S600G | 5,721 | 7,571 | 4,567 26 7 33 5,864 0.76 1.25 0.98
CFT 4,797 | 6,250 | 5,000 27 7 34 4,933 0.77 0.96 0.97
Average 0.81 1.32 0.97

O o d7elAds FAY x71dds n#str] #As)A Eurocodedoll A Algkstar 3
L/200& 27123 ofd Halle)e =2 7Hgstdnh A AHEE 71F9 Zole B

ool

1400 mmol~] wgo] A@ASe 2714
w3, BAlo] Hgals HrewHAe 1
FAo BEAEsL AEHT 7HR s

7 mmZ 7HAste ML FYsAh
1 918kl 29 3.18% o] FA
. BEAE o3 WA= AN

)
.

o
)
i)

ro

tand ~0=L1/D 3.3
o2 AT & k. UM LE VT E9] Akl p/20l1, De HW whEo A9

FHPozA T T4 Ao ddoA LVDT o ZAHE #e A&staith
A AolgFor JRUWETL AT A5, FA FAAO)FH ZHMEM)] BAE

— 47 —

M= 0? 3.4

o2 Ul & Atk @714 Eol Ae wASe dE2dEdEelt. 5o £
E A2 8 ABOR o|Fojzl F4VIFol] Wil 4 GAolA B} K= BAEH
W olgsted AgsATh AZE HAAOE 4 Goel tstd ARMEUNE
Y & 9o, B, o) 2e

e

_u

w="p (3.5)

o2 AT & Aot olFA AR AdIAEY HETHA(e,)S 7.0 mm oA 27.0
mm Apolo]l EE3tH, o]F Aste] & 3.6 el AT

P
M
L
0
9 D
Top surface
of column
LVDT

a9 318 3 IRWET}L gt 7T Haeww

e

O ZAUE 7N g Axd A4l (e, )% 271243 o3 dAsteE Walle)d] Fo=

AdA ] 2ZeEHe AAHA ()2 14.0 mm oA 34.0 mm Alo]o] Exsch whehA,
2% 319@9l HolE uhel o] AAWA(e)2] FFo= sl AP PR 7
25, 2% 31900l P21-S6002 @Al thate] Ao dFE e HHA7}
£ dAZ Ydetdidt. 39 #AdF 27123 o HAe Fel AAHAAd el o
A BAse FRAES Fr1HQ IFE nYste] FASPE(P)ZREH Had 7
Eo fAZAE(P)E A4S AY, 1 ANESS 1 3179 ® 360 U =

A v p/pPol 09724, #HA A ARG Ve FR=P)T A
A} WS FAE RS & odrh oA AFFE niek o] ACI318-08 A= WA
2ol wWl2® RCEY BASAE(P)E P9 80 %2 AFsta gornz ol 1y
319l JERA WHo R W, GEE(RY 100 %5 HaUN ()R uHI A
o} FU3 Zol, o] AFeA FYPE rlFHA N talA= 35.0 mme] HA | 3T

e
>
o
R
v

rn

(i
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=3
FAZ AHEEA ¢
aEkA stk 1
=9 ul(p,/P)e) #

kol A A

= A%E RC /5L
4e H8Y & 98 Qo BuA

(@ P-MBIFHol A BAe)
29 319

o HAAGFHo| Ag3te

O & The] VA%

40

6000 _ e=0,5825kN
e,=7 mm, 5128 kN
5000 ——7 = -
o e=14 mm, 4895 kN
Z 4000 ;
=
S 3000
=}
|
2000
1000
0
M 0 10 20 30
Deformation(mm)
B (b) HAo] AH P21-S600d Ao =
g 319 HAle] e 12 P-MEHTA 23
AzHRE715 Adds AF
APAE AFeA o, & 379 vYebA ukek Zo] RCAIA 1A,

CFTA & A 17H PAE élfﬂﬂl SAZ TA4EH Utk PAG AFA Y A AAWEEA

(@ t7 7% o] vg), A2 R 2o FEE WS T dPAE 1
3.209] vhebdl A3 o) A%Zfa:a doe AwARA WA AFSl FAw
< &34 F, A% i ZaYUEE et AT
E 37 HANSAIA
) . . Yielding
Eccentric ratio Rebar ratio
No. Name Method % @ strength
0 ’ (MPa)
1 R25-1-600 RC 25 1.65 600
2 CFT25 CFT 25 - -
3 P25-1-600 AzH7)% 25 1.65 600
4 P25-1-400 MzH7 5 25 1.65 400
5 P50-1-600 AzH71% 50 1.65 600
P25-3-600 Az{/71%5 25 3.30 600
7 P25-3-400 AzH71% 25 3.30 400

— 49 —

O 19 3.210] Jehd

O A3A Azt AHeE ZAYE

(@ F==d () 7AF3 ol Aau 2

(© Z3YE g4 @ kg8 HgA
9 3.20 HAY ks 3183 P- M/\l-d,].q.;q] u%

A3 7ol %ﬂ_‘ﬁdﬂlzﬂ ZolE 3,230 mme] 1 =
R 350 mmelth, A 71 Al SHFTE HAser] 918t é?ﬂﬂl«l *Q%P =
7 40 mme] Aoz RGO, /\]'o}- Az} 7% X‘jfg-ﬂlou——
Z+zk 12 mme} 75 mmgl Z~E] ZU(stiffnen) S zt@H el zHzb 271 & 8IS
ZeAch AFA R ZAYE BHES 5t EAEY ZNOﬂE 2475‘ 150 mm<]
THhole)E FALH, 71T zZ+ mAgdE HA 30 mme IV HE Fol 2
agest DA ZAHEE 3 RCA YA PPSFRCA A A o= A 2n|o what
254 mm 7o YA HIE 747 409k 8 1 RAE A wxstRen, dZe
BYE s hE A g5k AN gEZ L 95 mm AA H2E& 150
mm {FA S 2 w2t

_,VL
)
o
th
e
o

= 30 MPag Ag=om, A5AY
S =AU} 254 mm A7) SD4007 SD600 UAHE HZY FEAE=
690 MPaZ =AUt} CFTA @At PPSFRCAE A o Ag® 3.2 mme}t 7.0 mmE#H-
BE SS400 AFS AHgstEom, gAY An FEPE= zkzk 360.8 MPad 2235
MPa, JAA == 27} 441.0 MPa¥} 273.0 MPaZ A=At 13 3.22¢] Jehd A
Zo] 10 MN %%k«l WA E71E AHESFY 0.02 mm/sece] S 2 AGPA ] FAlollA A

A7 26.3 MPa®
Z+7} 460 MPaz}

A dARE ozl AgolA @A =2 st @A FHAHE S5}
7] st AFA vimAged 474 "MASAZILVDDE dAsislen, AMAE FA¢)
7] 9gke] ARl £/4334 (L: AJA ZoDez 3749 LVDTE 2kt



75

<RC specimen>

<CFTspecimen>

L

40[

<RC specimen>

10 MN UTM

LVDT
for horizontal
displacement

LVDT

for vertical
<PPSFRC_rebar ratio 1.65%> displacement

a9 322 AFA AR S

<PPSFRC_rebar ratio 3.30%> O 7HE3kze] Husks ol % Hulslze] 85%lstE A AldS AdA] g2 153t A
e TR I 3232 APAEY 3s-FHY WAE HoEth R25-1-6004FA= oF
734 KNellA| 27|dgo] S FdRe BAsIFon, #do] IS ZE HollA FHsH
s oiets 1,837 kNoll =23 2% sk g4 3 45 SYFolA 238E
7F B9 T8 324@eF 2ol SEsich 27 3233 I8 3.25¢] Jehd ule} o)
R25-1-6002 gA12] Hulg=] 9 9= 22 6.4 mme} 18.9 mmE =it

(@ 2= (A-A)

4000
3500
3000 <CFT specimen>
<PPSFRC specimens>
2 2500
4
< 2000
'g <PPSFRC specimens>
S 1500
1000 R25-1-600 CFT25
P25-1-600  ——P25-1-400
500 _ P50-1-600  ---- P25-3-600
<RC specimen > P25-3-400
<CFT specimen> <PPSFRC specimen> 0
() YHE= 0 5 10 15 20 25

a9 321 HA}HAGA Vertical Displacement(mm)
a9 323 AWAY FY3} FAMY Y FRE



O CFT254 Aol HsE2 3,377 kNojH, AFA7F AslEo] =E39S w 2 A
o h&FZ AHEHE b2 ol BEo Hxo jRIIo] FAS AT olF, WFPol
AL 7124 et FZFo] HA AFeH, AFHow a9 324D YERN A 2
o] ZHow go] VAFHHEA Ut} w3 A] CFTHAEA 2 )42 9 =%
Wele 29 3.239 19 3.259 JERA A Zo] 12.6 et 24.6 mE SAHEHAOH
RC71% < R25-1-6004 FA B} o] A42A AsS YeEPATH
O P25-1-600F P25-1-4004 & Aol A= 7zt 2,334 kN3 1,884 kN F5ollA] A @A A5
?}% o] FRFZo] FZHAULE ol AT FAU Ao gFr] wEd Hs)
F Aol ZHaZo| WY CFTHAPA R} o2 AHo] IRAZo] WG Aoz By
ot 23y, CFT254 A9} g skso] F7igel met 55 A o] 7Y FR3=0]
AujaE7tA) BT, P25-1-6009F P25-1-400287] Hulakee 27t 3,125 kN3t 2,979
KWNe= SAHFAL. Hdsks olFole 45SF TUFY I53t=o] 7P 24 34=%en,
SZo| A DAY FFo] SH7FA] EHEHAA o] A THasE] I8 3.24(09] UERE A
I Zo] ATt g A F AP ANy Ay O9 3.238 17
3,250 UERA 3} o] 27t 17.4 mm, 50.1 mmst 163 mm, 44.4 mmE =0, 7=
9] CFT71%%%] CFT258 Ao w3l wl-g- A42Q0 A% BRIk
O #zu7} 402 = P25-3-6009F P25-3-4004 %A= P25-1-6009} P25-1-40041 & (@) R25-1-600
Aol vlal tha B 2/AAES Byon, 247 5% 2195 kN3 1,897 kN4 A&
A AR QFEZe) 2 @4@01 Basy]) AT olF A4S AR e =R
FFo] LA, HNeEFS 22 3344 KN 3,500 kN2 ZHHUTE HslE o]
Tol= AEFF FTYH ]/\1 FAH FRFZo] /M A THFHNSH, AFZFAA T
W@ FHFo] ZUAA WAHWA sHFo] WA i} o o=y} B A F q
AgAe A 52 9 5@ Wels 19 32339 19 3250 U A o] 7z
17.2 mm, 46.9 mm®} 18.4 mm, 51.3 mmEA, ZFZH7} 1.65%% AIAAETH FAS 984S

(b) CFT25 (©) P25-1-600

=
=
=
=

e A
O P50-1-6004 @A = 3 373 19 3.2300 e 213} o] & WAle] JFoz olF @ P0-1-600
o ¢ AdF®E 2 PPSFRCAZAEC wla] e 27174ES veuien, 1,150 a9 324 AFASe w1 mL
kNO| w2 stFollM APA hEZol FHF=ol BRI AFEAT. ol F, Hds}
% 1865 kN7HA W3 o] o=t Aol =2 FoE 2 A e
) shgol we WA ga=on AdsEel of 87% 1621 kNl 1) —
3.24(doll vEbd A3 Zo] IdFF HAAFF Y &R HoAAHEA A HUT o] §
£ P50-1-6004 @Al 7HsiA iz om 2 Aol st AFZ WPl w2 5 2w
FAEgon, g0 s dudoR st Aoz AYHA SR @40111 £ Middle of
B @yl BAHAY] WEor AdHEth w3 A A £33 £ ddE &1 Specimen
3.233% 1% 3.250] Y A o] 747} 21.6 mo} 56.0 m=A AFAES oﬂ/ﬂ 7} B
A ARHA Aes BT @a R25-1-600 CFT25
E 500 P25-1-600 P25-1-400
P50-1-600 P25-3-600
P25-3-400
OO 10 20 30 40 50 60

Horizontal Displacement(mm)
1% 325 AFAe =¥ AP FEE



O &A dF8 nkeh Zo] 873a AFg o] vl af7] wEel 74 dA A ZFd A3
Aol N E&L 7159 =AMt wgetA Fa, dIFAE TdHe] Vo =T v
3o AL webd, AkE PPSFRC 7]15& KBC 20169 “A5% #3
AAE el o3 3o FFIA WFPE AFRAS URAVE S
AAE 4 vk o, o] AFlA = PPSFRC 75l s AU & =24
Zog RCAAY B3t olyzst 213 FEAFA QAN Y HEE 5~
ARk

O dA 4En%H 1A KBC 2016 (Korea Building Code)oll M2 FHE A 3A ol
A=Y} ol T A&t Aol tst FY3} go FHAAP-M=4)e &
I 22 27HA HHer AT £ UEF AAstL Ak A AR FHES I3 3.269)
YeRd uhel Zo] o] =g vt FAje UAZES ol ¥ (bi-linear) dA=dL
2 ot Aoy, o5 Aog FHEH v Zrh

z]

=

L
[e)

-
4
09:,1

PT 20] AL P’ 8 ﬂ[T (3.6a)
> —_—t — < 1.
Pcf() U BT P[Jr9 7 < 1.0 .6a
B 920] AL £ + M, 1 (3.6b)
- < U =1 .
c O °r 2PC j‘/[(‘ 0
P

O o714, p3t M 242 2A
o} 2o84Eclth o WHe T

2o g P-M=4d 28 4
Mz vW 8 A4 2ade 348 BHdE Ao s AHo YA
g, BAle] 4EE A Hagsistd AAdel AstHtis waol Ut

p : compressive zone
C.L.
P. A
C.L.
PN.A
Ne C
C.L.
12N, D
B
M, M
C.L. PNA
O9 327 24SHEEIY S 483 daA

@)
He
X

deE RCEARYA F 7kA FAEFA AAF ofste] 2hg=d P25-1-6004 A A
50-1-600d @A o] P-M=d-& 19 3.28¢] Jebiich. RCAA A g P-M &
APA Y Z=E w¢ FaFrtete AL & 5 Aok =3, FARA AAWEY
15 d3Ae] F=g FaGrlsts AS & & dok F AFA
z7lde Ao FFE Y VeVl AL AP s FUsigr) &
| whe} FEHPo] Fap AXAA P-A&Fo] & HAY AsS YERA

Eo tig FF Aol B A P25-1-600d @A A =LA LAY
o2 HAd o AolRn ¢FHH Aol wWE Aoyt ¥ & ¥

of [ i

41 of
=
rlo
o%
rE
Do
2
=9

'iﬂ_-ﬂoigl}‘ﬂ
N
o M
o
N o
Y
td
=3

ot
tlo rlr
o
o
N
2
d
o
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5000
4000
—_~
E Secondary P216002
%3 000 moment
8 <P50-1-600>
Primary
i 2000 moment
<
%
< Design
1000 for RC
Method 1 Method 2
0
0 100 200 300 400 500

Moment (kN-m)
1% 3.28 P25-1-6004 @ A <} P50-1-6004 & Al o P-M=34

O # 38d= RCHEAMA F 7HA dAFA AW st 4HE BE dFAEY
5

4% D PYEE 4P} vimstel erIleh RCEAM) % AFA ] HA
FEe AARGEE 242 P Mole], FARA AW W 1% 2 Method 1
A

3 Method D8 ol §aiA 443 2+ durle] HAYZF=s A BF== 242

b e |

rr
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P, P,3& M, M, oth RCAAWNL RE A¥A 9 = 9 IPEE 0 Fa Ip—
BRI 9l AE FAF vk =3, FARA AN P 19 FEAEA L g
DA A vl BEHoln, WY 29 A W 1o wis) FE=r) vl E -
o ]
=% \{-4-D25 (SD600)
% 38 A¥gAFget HAAE v N
<A-A section>
Design strength for Composite N -
Design strength for member
Test results
No. | Name RC Method 1 Method 2
Py Moy Pyogt Mg Loy Mg Progt M
(kN) (kNm) P, M, P,y M., P, M.
1 |R25-1-600 | 1,837 188 1.26 1.44 - - - -
2 CFT25 3,377 350 - - 1.67 2.01 1.27 1.52 <B-B section>
3 | P25-1-600 | 3,120 345 171 2.63 1.43 1.82 1.17 1.48
<Elevation>
4 | P25-1-400 | 2,977 327 2.04 2.54 151 191 121 151
(a) R30-600 4%
5 | P50-1-600 | 1,865 382 1.79 2.60 1.24 1.48 1.02 1.07
6 | P25-3-600 | 3,342 365 1.82 2.27 1.34 1.66 1.07 1.30
7 | P25-3-400 | 3,500 306 1.96 1.99 1.61 1.62 1.23 1.22
Average 1.76 1.99 147 175 118 1.36
<A-A section>
2} FYo] ZAgats A=dRE7ITe 7245 HS
O %43 Ago] FAd Fgste 7T 724%5E AFsr] At 71E2 RC7IF 1
M, CFT71% 1 2 AxY 7% 05 AAstd LIPS FPdstAdnh. AFA A "Bl
3900 LhERA wlsh gon], FawsE /53 TR} FHDe FEolnh

s 55 3t 4l ZHlE 7tE 8

FARYE - '

2| Name |ZWe =7 MPa) (kN) &N) (kNm) kN) vl <B-B section> 2
5y 10% M. p, i <Elevation>
1 R30-600 RC&H 600 4,288 428.8 212.1 267.3 (b) CFTA & A
2 CFT CFT&H - 5,136 513.6 472.2 617.0
3 P30-600 |AzE3H 600 5,493 549.3 434.6 564.1
4 P30-400 |AzE3H 400 5,088 508.8 388.3 503.1
5 | P30-600G | A =93 600 5,493 549.3 434.6 564.1 with gap
6 | MP30-600 | X =H&H 600 5,493 549.3 434.6 564.1 tjojof
O 1% 329+ /1848 E fste Ad AFAEY dHES YdHEE YERRS

o ddA= RC, CFT, 24 3H& A&’ PAE 434 9 14%71%011*1 Aoy



o o, Lo ©
ol & Lo
o 77PL12
o o
o o ‘g0 o

<A-A section>

<B-B section>

<Elevation>

(© PAIE AFA

<A-A section>

350

175, 175

PL32
8 PLS
I
R D10@150
4-D25 (SD600)

350

175_, 175

<B-B section>

<Elevation>

(d) MP30-600-4 3
a3 329 "t APA A

g P2& AASEL dFol toloj =S X3 MP30-600E FAZ T4 50

oo

E9 7=¥ 30 MPaolt}.

O 2% 330@° vebd Ax o] =H(WMzk FHol| o7 e 2Hgshes
B2 I9 3309k 2ol vehd & Aok Yukdog g4 1%°M 7159w
D/2%tg HolR JA7A = £A3A FIhelH, 7)o LASHE EHMEWM,)E

B

=)

Qo)
2R

E 7159 dolot %2 Zb7+ 2,100 mmet 350 mmel™, 71F Wiel edE 4

M, =P (L/2— D/2)+ NA,/2 3.7
S} Zo] A, A71A P,ok N2 747 7)Fol FAgste 493 S¥oln, L3 De
7159 Aolgt &, A& 71 AWF MEFelt A, 4 BN HZS A WA
g Yol oA A= FRUAEC| L, F WA & o oA T I
ERIEC|t

16 a,a01)

N

—

a9 329 227 go] Agete A%

O o] AgoA AR 715E AA AFT nhket o] Aeol(D)7h 2,100 mmel Z(D)&
350 mmol™, dAEE A FAIES 4 %2 s FHI(A)S 84 mmE A
stk 7HEAR Al 71T AEde FHL 71§ RSP 10%2=A AP
o ol Al AAsAh sk 10%0] F8 g Al Ve RUMEZE )=
UM AFT P-MEAEE Tt A3tk o)A A4AE FES A QD dYst
o 7%l 7HEE F9L g on, o5 & 394 Uehisdch

O AgA e 238 3300 JeRd 2 Zo] 1000 kN dFoolHE o] &3te] 7|5 4
594 10%°ll #lF3he FZo] 7t Eglon, v dXE 1000 kN o Foojej= F
EH o] =Y oju] 75| TRoA BAEE= IHES WA A LA 3
7S Axstgth A¥A stEAgosA 19 331 Uehd AT o] 75 FE
HAA)HAE stFAlol2 7HEstn FEEe] o] FREHE wiAloEder 71
on, 19 331MeE 7HERSES YEATH
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1000 kN Actuator ﬁ
Stiff L beam
] : Reaction wall
1000 kN Actuator
Pantograph Roller
19 330 FYHEAYE AFA AE A=
Load Displacement
control control 4A,
3,
24,
y
=
|
1
2A
Yy
34,
4Ay
(@ 7HEAE b 7HERF

29 331 9Y7E AR EEAE 2 Ry

O ¥ 332% ¥d wE& AFASe] IS dehd Aot 7]¥ RCIHAY
RC30-600d @A e A9 715 87t FEHLA(Q) A =238h7] Mol A»He] 2§
St Aol dd ot 7 AR Afolo] R FoA vite] wAste] I3 333@el HEH
W A} o] g d o] APA A A sFol FAs AstE A, CFTEE
A} 75 2™ 3320l yebd st PALS] APAEG E A BEE BoH,
SRR o) Fol GFZF FHAR] FHEo] TASIHA shFo] FAS HoAE AF

3.32(0° YR A3} #Zo] P30-600d FA 9k P30-40028FA = ME FAE A

O 1% =
< et A2 8357 Z P30-6008 A= P30-4008PA R E AAH
ZAEE Yeligien, 7 AFA 2T WALdnl oF 48 %7hA 543 skEASE glo]
AHQ AeE AAth HAZAHA g gdLe 2Y 3330 ©° UEhd AT} Zo] &

Load (kN)

reve pageld FIWANA A4AA AT A Awe FTRAA HZe| o3
AQe #AY 5 Yk
O A¥H Ao dokro] 10 mme] Agap)e £ PI0-600GARA 5 RCI0-6004%

Aot mRA7A R Aol Fgsts FHEII rEER Afolo] &xFolA 13 3.33(d)
o Hole upgh Zol 7] AAHAT EF Wil P& AASIL toloj=Zh e 4
217 MP30-600d E A 2] Z--oll= Zold Adol gl7] wiEol P30-600d @42t 7
dolu FErt vha WAl FAFEUY. 28y, 29 332Dl UEhd npe} o] A4 =
Aol FAFE ASS YER AT

700 — 700

500 500

300 ? 300

~
Z
100 -~ 100
=
b
-150 -100 -50 -100 0 50 100 150 51 -150 -100 -50 100 0 50 100 150
-
RC30-600 .
300 CFT 00 RC30-600
e
-500 -500
P30-600G P30-600
MP30-600
700 700
Displacement(mm) Displacement(mm)
. = = o z= = =
(@ AEA & shF-H9FA O 7159 FT7ol BE stF-Ae34
700
700
500
500
300 300
~
Z z
é 100 é 100
2 B s ; ;
S -150 -100 -50 -100 0 50 100 150 S -150 -100 -50 -100 0 50 100 150
— —

P30-600

=300 -300
P30-600 P30-600G
-500
=00 P30-400 MP30-600
-700
700
Displacement(mm)

© FA29 F2o BE HF-u
1

Displacement(mm)

ot 4o

3 @ 2715 Wl BE sE-w Ry
332 37ty 4y At
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(a) RC30-6004 g A

(©) P30-400 @A

) 71E-E A

O ME71Ee Wi

NguEe +

E(HyFo) A E

245 2

t;
ROg )
2
- 1o
N
off

19 3.33 FYriEA

o])(

o

AE87) Qste) A =719 B-7)F HGH
sttt o714 FRARJ] Be gu o dF0] HE Ha de 3
ARSI HyFodtd we] 4 mwl
W oukel Zo] SHe fEEZ U £3EV}

Ox6x6ﬂr HF-700x270x6x6 HyFo%
J=& X 3100 YR

- 63 —

ZA3} o] UHD4ITFA e F

(b) P30-6004 =

(d) P30-600G4 g =

EFE 29 3.34@00
Gl AFeta, AR} shE
A} =S, BRAEFIAA 27 335 YERA A Zo] 24T
Ao AFgetH, FEF W
B A HEgshe= &

P.N.A
t, @ e
a
d H H*ytfz
Vst P, =As-F +Ag - fyr
b

(2) FRAETIe] AT

(b) BrmlETzre] A G
19 3.34 HyFo@d R e AAE mrus

310 71e-2 A AdAe] 3=

Hol F% RHo AT 7159 A=
No. | 4@ o B3 o 37 Ao zam | o0 B
(A9, kKN-m) (F--gF, KN-m) (kKN-m)
1 HF-500 1,220 1,052 12-UHD32 1,601
2 HF-700 1,883 1,601 12-UHD41 2,481

£ ARt

AR Agstgon, 2
% 23 2ok A7) 5-okne] At
Ze= B F759 1.258] o)A HE=E /142“0]_%1\013:] HF-500
% 3.35%F Zo] Z} mAge] UHD32 74
3tk HF-7002 A 9 A HF-700x270x6x6 AR %.171‘:«] 1.25u)7} QE% 7]‘5
< AAsIG o, 27 33600 JeERA
% 1270E WA st

oz 3N =

28 7 mAel 314

O Ao Ag" AgA 7% 2ol 3,300 mm, &HA7]= 800x800 mm o|t}. B}

A4"E HYFoles 16 mm FA ] Fo] AEEHUoH, 1 29 JFHEE 42 mm F
A ABE AHEES AFSAT. 715S ETES LM Hole} & A7 4279
mm$}t 2,000 mme]™, F7= 150 mm o]t} HF-5002 @A)l AH&® HyFodidRnel =
ol¢} % ZZt 500 mme}t 270 mm o], AHEE Hue] FA= 6 mm etk HF-7004
PAoll A8 HyFo@Adre] Folo} Z2 717 700 mme} 270 mm o|™, A& A%
o] FAl& 6 mm °|t}. 7]FxH 400 mm 7.4_0194 B (brackeD S H st 7153
BE AZsgon, B fHe) siRZux s THEER HYL YL, FFZTAAE
|33t RUE HF FASATH

O 2% 3379 vehd A o] 71534 sfro AFHE Asty dIe w2

F a9 337l vekd A Zo] FAHUEE Mt AdPAE ST ol
l%»} SfBo B Z3ES HAZEE 247 30 MPast 24 MPaZ A dubz <l
AN FFI FLsA A AT
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1% 3.35 HF-5004 A Al

b FH=

1% 3.36 HF-700

Al A
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(b) £z E g4
a9 337 7e-E HEE AgA Az
O A&g AFAE 28¢ X AT & 29 3384 Yed AP Zo] 7|59 JHEE
v Blo] 1A 7|3 Bel RS dAFoolE et AdAste WEsFS Mt TE
o] mHOA JMEAA ] AglE 2,880 mm o|H, ¥HEEELS AISC(Seisnmic Provision
for Structural Steel Building)oll A A|AlSt= wlell wel & 3117 WA W2loz 7}
HHES st

3 3.11 Loading Sequence

6 cycles at 6 0.00375 rad
6 cycles at 0 0.005 rad
6 cycles at 0 0.0075 rad
4 cycles at 0 0.01 rad
2 cycles at 6 0.015 rad
2 cycles at 0 0.02 rad
2 cycles at 6 0.03 rad
2 cycles at 0 0.04 rad

(a) HF-500 & A

(b) HF-7004 & A
19 338 71E-E AT HAIRE

O AISCAIA = 0.8M,01°2] st5& RAISHHA 0.02 radiane] AW I7AA] A4E& FR
T Jlod FTUARWEFZ, 0800139 355 frAstdA 0.04 radiane] <
AEE R  Jow SFRHMEIERE AL Jloh AVA, ME R

s

=9

1744

A7

oH

=
Eolth. KBCAlM= 0.8M,01°89] dta& #AstHA 0.03 radiane] FHARZAA A4 <
SR F glow FUARWEIZE, 08M0142] 35S FA8HA 0.04 radiane] A9
AuAA d4e ARG S glow SeRHEZER st Aok webd, SurlE
d KBColM = EFRMEZ R U 272 ASCe ZAT FARMEZZ o
diMe o 44 A 4RI 5 Ao

O 13 3390115 APAEY -2 24E Jepdch 28 3.39@el veRd A
7 7ol HF-5002 @A A% AwH] 0.04 radianoll Al ZAJZE 80% o]de 7=
BR3P E EFRAEZZE £33t A2 B 4 9tk wd, 29 3.39(b)o YE



N
Y
bt

& FAsA T

W A3} o] HF-7002 A+ FHLM 0.02 radian7tA & 0.85M 2 =
3.40(@)° ek

0.03 radian ©]% F7A3] s}Fo] AstHHA AAHUTE 1 A3

rlo ‘
.l
ot

W A% 2ol @dlnel $A7) 150 st g2 AN 15 A AT e
o dol7t FEEA wstow, oirlo] M2HE cdn Ao FEI FHAHA TaA
Aol WAL B FRAES oshe] WAHE AFHol A 2y HEal
Roz Budth E9 olgh ¥ B1F APPYYOE Seine WPl WA 2
oz BAHYG, of NIE 17 34000l e A5} o] AN oSl ATAE
b FEE RREA RW7) BE ol R LA Auns} o AL F
AT & AT WA oldF Aol HeHTE HE-T00UFAS 2 4AE 2 ¥
AS EFENEZERZ AET 5 JE 2o JtEth 19 3418 24 g o

2 HF-7002 848 <elu 4ol HA% 24 v ol

700 700
Max=0.015, 607.8 kN

Max=0.015, 412.8 kN
500 500

0.8Mp=297. 80l
100

006 004 002 100% 002 004 006 006

0.8Mp=-256.7kN

0
0.8Mp=-383.5kN
Min=-0.03, -384.0 kN

Min=-0.025, -525.3 kN

(a) HF-5004 3 A (b) HF-7004 @ A

9 330 HEE AYA SF-w R

r_‘_.z

(a) HF-FOOE @A <y 23

| =]
(b) HF-7002 %Al o] &3 313
1% 3.40 HF-7004 A9 o7 2G
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Draft ratio : 0.5%

Loading

Column
plate

Draft ratio : 1.0%

Loading Column

plate

Draft ratio : 2.0%

Loading Column

plate

Draft ratio : 3.0%

Loading % Column
plate

Draft ratio : 4.0%

Loading

Column
plate

Draft ratio : 0.5%

Loading

Column
plate
Draft ratio : 1.0%
Loading Column
plate

Draft ratio : 2.0%

Loading Column ﬂ

plate

Draft ratio : 3.0%

Loading

Column
plate ‘@

Draft ratio : 4.0%

Loading

Column
plate

iEkiSS H

(a) HF-5004 @ =)

(b) HF-7004 & Al

a9 341 stFLinlel mE Fdd

O M 715 3o AZo Hgg3 A
A ATE WPste o] g
o] WL 19 3420 JERA ul
5 Ado) &£H3} F, AR 2
ez AZE sle ot

< pestg o, AaA dAFe A
ottt o] AFolAM Mg d29
4, 22 838 71E8e Adsta o
AAs WA den d9e $33

- 70 —



18 342 19H HTol g4 o) by
Y 344 AT SIS HPA A9AH

O a9 3439 YeRd A3 o] AFAY = Zol= 700 mm, AZE 7t £4EHE Ao

3
FAE 25 mm, A1 TAHE | ot FAE z+zt 150 mmet 33 mm o]t O ACI 3183} KCIoI A A2e] $Holge UAZNZFRRE 7,9 125% ol4g BT 4+
APWFEA 2] F4L SDE00 D259} DSA00 D25 o)v, AZHo] WY AAHE A glojof @rbx WAslel 7] Wl SHoLH UM B AHEL 125/,2
275 20, 371 8 40 elth A3tk ¥ 3139 19 34500 Uhebd 2 go] WA FRE F b, 7}

O A@5dol PA FRALHY TR ol g3t APA FYsH 19 3449 FRUIY A APAE Adstel AFe FASAT,

Zol mddsPgon, RE SHFEE & F4L JHEI L Belties AHEste mElF

sk ads SAAFIY FEF 24WY T BEHA Ygton], uod §7 ¥ 302 BT §HAYA B8

ClEgael Aol APAL AT olF 125/,717 A ATE Role Ao ; ; P ;

2 Yehgrh R | A¥AH ARAE L e o) A7 .
1 C2-600 2 600 ol
2 C3-400 3 400 D25 Ho
3 C4-400 4 200 o

+ JEIR
@ Ya= ®) gus

3% 343 A &40l A A l

a9 344 A2 gxols AYUA ANAH

o - 72 -



O 2% 34560 ekl wpe} o] C2-6008PAE HEAER 1257,0] £L] ol
JEele] UAbitel @ushal A AEs) Aeaelel SARA HA0E 53]
Bt olE ALEE ATl SDA0 Wg ATeolr] WE Ao oM,
SDE00E ol HF Aol SHuEl AZE AL SUVTUY ZEAE olael 7
28 Hud 4 Y Aotk W, C3-4004F A} CA-4002 A A9 1Y 3463
2% 34790 UER A3 o] Seo] 12570 ETE wWhA ol g olabel f
olF WolA shekslo] B HgITh webd, ARE S0 eL SDA00 Aol ths)A
£ 2 2 go] shseln, SD600 Aol tislA: SDE00 g AZBUE At 2
Zo) Moy Aoz wpuAd,

0 , 125,

b 43A g
1% 345 C2-6008 A o] A¥A
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1.25f,

B 2RA A2
19 3.46 C3-4004 A Ay A=




1000]7 @) M348 2 AAE &4
Oh NeAd 2 AAL 248 9% Mock-up AdA A=
O Mock-up A@A AZAAAHS F3lA AF HE A dAste ZAH £ AAdAL 52
gsta olo] Uig JeW S THo] WP T AAASS FAARL L FFA Tl
N3 5848 =oluA A AFE APAes F 3139 2 3489 vERA A
2o F 5ME 3xe AX ARSATG. HEAGLE ‘EJARRIA Fx)

¥ 3.13 Mock-up4! @ A

@ $-ug ey No. | 494 (:iz) %(;rlf)q h ?S N o
1 FC-1000 1,000 3,338 12+ A2+
2 FC-600 600 1,959 22} A&k
3 FC-800 8,000 800 2,713 221 A&
4 FC-1200 1,200 4,195 22+ A&
) WA 3w 5 FC-1000 1,000 4,326 3z A&

19 3.47 C4-4002 A & AFA
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(W BAAR &4 B
O o dFolME *TEFEARREATL o oFste] 71E RCEH WiHl Mdrlee] AR
A BAZENE FHsAT. A7 A" AAE EAYHES Yo F7)nl8Life
Cycle Cost, LCO°IH, & AlFolA Agd F2E2 Ao} HAol g Hl&& H
Wahe AF/AHJ] AAE BAYHeIth LCCEAAFAE & 31490 vERd nie} 2o,
71&8 RCEHell tinl ALITHL 752 gdar|el wet 144 ~ 6.45% =2 FAA
< Frsts Aog B80T (AT A2 VAN RIAT Z2)

® 314 AAREN FEE

[Et9l © S(RIMAIZE)/A]

HEIe Bl@IIs
@ AEIE [ 4E0E | AE0E | AE0E | G0 | OaUiE | 6a0iE | s
) ®) © 0 () () © S N FA RN I
” ”
0wy |sxeois|useis|azass|ozeos| s | rois | rois | eois [HEIH B CIEIG)| DI ()

(A/E) | (B/F) | (C/a) | (D/H)

) = | 800x800 | 1000x1000 | 1200x1200 | 1500x1500 | 800x800 | 1000x1000 | 1200x1200 | 1500x1500

(ﬁlggi) 4014 401 40 40 401 401 408 40
:J?E} 4,428,358 5,154,990 [6,024,264 7,368,855 (4,508,778 |5,033,572 (6,153,160 (7,569,011 | 98.22% | 102.41%| 97.91% | 97.36%
291 g;‘% 4,321,643 |5,030,765 |5,879,082 |7,191,277 (4,400,105 4,912,258 (6,004,875 |7.386,587 | 98.22% | 102.41%| 97.91% | 97.36%
S gg: -527,244 | 594,263 | -671,072 | 772,298 | -211,695 | 213,869 | -215,980 | -217,673 |249.06%|277.86%| 310.71%| 354.80%
& (8,222,757 (9,591,492 (11,232,274 (13,787,834 (8,697,188 (9,731,961 |11,942,055 (14,737,925 | 94.55% | 98.56% | 94.06% | 93.55%

AARMASZ HEE HEB SIHFEE

14
G\F

88 Dds A2 XY 232(E JISe FHEF JX0 A& HuEASs 20 HndY
ES

CHHl 1.44% ~ 6.45%H| 80| E2EE J|2ds 2

UCH

20174 43 20

I AZHI |2

E® 315 Mriee] Aed ML 1
TE W &
Aleigd 2L EA LA B 3-1-2,3BL USBA
CHx| 9| HAMEA by X| (2 43) 1-2,1-3 4|
AT UdIx|Y, DDEX|, H15 X FEHARTY
=y SR 20MER, HE 10MER, HE 43.5mE2
FBE SuAY BRAY, o BAY, 2HYLAL
CH&| 2 5,639.00 n* (1,705.80 py)
Hady 9,897,118 (1,160,73 py)
x| 4t 39,792,383 (12,087.20 py} gl
=t 29,445,480 rt (8,907.26 py)
deiy
A 69,237,863 o (20,944 ,45 py)
S8 4US 30,462.673 {11,837.43 py)
=0| 70.43m
g 68.05% (¥ : 70%o0/8})
258 609.82% (3 : 700%013)
8 RS a 24 EEl A A AHFR U3
LgolE E R 100.00 n | 135.00 w | 100.00 m 20%
Fxjs %
el 434.00 127.240h | 150804 | 352004 6124200 [122.450 | FojRIFA 130 Eor
Ay 4354 1890 180 s e29d| |[128.00 6
=2 oy 845.86 m 15.00% Ay 85081 |15.24%
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