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{ SUMMARY )

O Final objective : Development of Structural Systems for Built-up Composite
Mega Column under High Axial Force with 1 Meter Width
O Sub research objective
1. Determination of cross section shape and composition for inner binding
frame - considerations of manufacturing ability and constructability
2. Verifications of analytical and experimental structural performance -
confinement effects and deformation performance
3. Preparation of strength formula and design procedures for mega composite
columns - Presentation and accreditation of design methods for site
applications
4. Verifications of analytical and experimentally structural fire performance

Purpose & - non fire protection and reduction of fire protection
Contents 5. Preparation of validation procedure for structural fire performance of mega

composite columns in fire - suggestions of strategies of non fire
protection and reduction of fire protection reduction

6. Connection developments and performance evaluation between mega composite
columns and steel/composite beams

7. Endurance of effective production systems and process for mega compostie
columns

8. Endurance of off-site constructability for mega composite columns

9. Considerations of production ability of NI steel

10. Activation of off-site applications and feedback for ensuring production
quality

11. Expansion of off-site applications and activation of projects

1. Domestic paper (3)

(® A Study on Hydrauli Test of Composite Mega Column with 1m Width Confined Inner
Binding Frame, Journal of Korean Society for Advanced Composite Structures,
March 2017

@ Proposal of Strength Formula and Type Development of Composite Mega Column to
Beam Connections with T-shaped Stiffener, Journal of Korean Society for
Advanced Composite Structures, March 2018

® Numerical Study of Residual Strength for Inner Reinforced Mega Composite
Columns Exposed to Fire, Journal of Korean Society for Advanced Composite
Structures, March 2018

Results 2. International conference proceeding (4)

(@ Development of Advanced CFT column and Application of Building Construction,
11th PSSC, pp.1503-1509, 2016

@ A Study of Cross Section for Built-up Composite Mega Column with 1 Meter Width,
International Korea-Japan Conference, 2017

@ Tensile Tests on the Column-to-Beam Connections of Composite Mega Columns with
Internal Diaphragms, [SSS, 2017

@ Composite Effect of Binding Frames Installed inside Composite Mega Column (More
than 1m in Width), Eurosteel, 2017

3. Domestic conference proceeding (8)
® A Study on the Tensile Strength of Built-up Column-Beam Connections for

_7_



Composite Mega Column with 1 Meter Width, 2016 AIK Fall Conference, Vol. 36,
No, 2, pp.732-733
@ A Study of Cross Section for Built-up Composite Mega Column with 1 Meter Width,
2016 AIK Fall Conference, Vol. 36, No. 2, pp.734-735
@ Numerical Investigation of Fire Resistance Performance on Composite Columns
with 1m or Over, 2016 KIFSE Annual Fall Conference, pp.131-132
@ Fire Performance Analysis of Welded Built-up Square Mega Composite Columns,
Korean Society of Hazard Mitigation Annual Conference, Vol. 2017, No. -[2017],
pp. 1-1
® Experimental Study on Improvement of Compression of Composite Mega Column Inner
Reinforced with 1 Meter Width, Korean Society for Advanced Composite Structures
Annual Conference, pp. 66-68
® Experimental Study on the Eccentric Load of Composite Mega Column Inner
Reinforced Binding Frame, Korean Society for Advanced Composite Structures
Annual Conference, pp. 69-70
@ Numerical Study of Residual Areas for Mega Composite Columns Exposed to
Elevated Temperatures, Korean Society for Advanced Composite Structures Annual
Conference, pp. 49-50
® A Simple Tension Experimental Study on Structural Performance of Composite Mega
Column to Beam Connections with Internal Diaphragm, Korean Society of Steel
Construction Annual Conference , pp. 27-28
4. Patent application (2)
@ 10-2017-0008342 : Producing method of steel column assembly for filling
concrete and steel column assembly
@ 10-2017-0008343 : Producing method of steel column assembly for filling
concrete and steel column assembly
5. Workforce development (4)
M Master thesis(2016), Structural Characteristic of 9.0m Deck Plate Slab applying
Tendons, University of Seoul
® Master thesis(2017), Compressive Behavior for Built-up Composite Mega Column
with Binding Frame, University of Seoul
® Master thesis(2018), Structural Behavior of Internal Diaphragm Connections for
Composite Mega Column Using Binding Frame, University of Seoul
® Master thesis(2018), Structural Performance of Double Angle Brace Reinforced
by Non-Welded/ Assembled Lightweight Steel Elements, University of Seoul
6. Trial products (3)
@ Hydrulic Pressure Test Specimens of Composite mega columns (6)
® Central Compression Test Specimens of Composite mega columns (6)
® Eccentrical Compression Test Specimens of Composite mega columns (9)
@ Beam to Column Connection Simple Tension Test Specimens (12)
® Width to Thickness Ratio Evaluation Test Specimens (9)
® Beam to Column Connection Cyclic Test Specimens (4)
@ Fire Resistance Performance Evaluation Test Specimens (5)
7. Sample for display (2) : Shape model for display of composite mega columns (2)
8. Guidelines for manufacturing & construction (2)
® Manufacturing guidelines of composite mega columns (draft)
@ Construction guidelines




Expected
Contribution

O Application plans of outputs
1. Research outcome diffusion throughout national standards and specifications
(» Preparation design guidelines and manufacturing and construction
specifications
@ Preparation of structural fire design procedures and evaluation criteria
® Presentation of technical information such as structural performance of
mega composite column systems and structural fire performance
2. Technical advice and education for small and medium industry
@ Organization of special seminars for construction companies
@ Performance of technical advice with various societies
3. Publicity of research performance
(» Sustainable publicity throughout domestic and international conferences
@ Report of papers with research outputs
® Participation of domestic and international exhibitions
@ Preparation of patent application and registration

O Expectancy effects
1. Science and technology aspects
@ Developments of stable design methods for connection with ease
constructability
@ Easiness of manufacturing, increase of site application with construction
duration reduction
® Enhancement of reliable technologies throughout the verification of
analytical and experimental performance for beam-mega composite column
connections
@ Developments of connection shapes and consturction methods
® Developments of reasonable earthquake resistant structural systems in
accordance with the characteristics of members
2. Social-economic aspects
(™ Reduction of frame construction costs according to the effective use of
steels
@ Reduction of indirect construction costs according to construction
duration reduction
(® Easiness of winning a contract for overseas construction projects
@ Reduction of construction waste according to the reduction of concrete

use
® Through the technology is effectively applied to the big logistics
industry, it will increase export competitiveness

3. Political aspects
@ Efficiency of construction methods and contribution of winning a contract
for overseas construction projects
@ Reduction of waste treatment costs
® Social property protection from natural hazards such as earthquakes
throughout construction of reliable structures

Keywords

. Concrete Filled . Concrete
Composite ) Welled Built—up .
Inner Reinforced Steel Tube Confinement
Mega Column Type .
Column Effective




_’IO_



1, HALTHEFTIHQ] THR wrevseeerersrsersrsmssmsmsssnsnssnsssassnssssssnsnsnsssasnsssansnss 13
2. ZLU| 7|2 THEL SEF v 17
3, AT ASH LI D M} e 03
4, B2H SIME QI T EOp J|OfIE oo 57
I L ] N S = - 63
6. A IO St 312 TBIT|E KB wrverrrrssnenns 67
7. GRIHLAMTIO| HOESE st 69

8. Z7afelv|eS5els

9. Ayt hol E ALY S| 2 =X| Ol #H 73
10, SRIHLTIMIC] CHER STl AlK e 77
11, T|E} AFBE  coererreresmessssmsssstsssssssss st 79
12, ZH B8] o ——————s 81

_’I’I_



( Contents )
1. Outline of Research and Development Task «:s::sssssmssees 13
2. Domestic and Foreign Technology Development Status 17
3. Research Perform Contents and Result -::ssrsrmmsrmsassmasee: 23

4. Objective Achievement Level and Related field Contributions

5. Application Plan of Research and Development Result --63
6. Foreign Science Technology Information Collected in
ResearCh Process ............................................................................ .67
7. Security Level of Research and Development Result 69
8. Research Facilities and Equipment Status Registered to
National Science and Technology Information System -------- 71
9. Implementation Result of Safety Measure, such as lab
according to performance of Research and Development Task
.............................................................................................................. 7 3

10. Representative Research Result of Research and

Development Task ............................................................................ 7 7
1 1 . Other detalls ............................................................................. 7 9
1 2. References ............................................................................... .81

_12_



/

H1E gi2tde] e

14 a7 =3

71l sl Z2EE A APFH 7IS(ACT Column)2: HIEIBE 7lg, HE7]
5, AEHIETIEE 713 il TRl t Aol ot dHEsel 2 YOl

oh. Zeu A0 Al 2AAAe] g lsl gt 2717k ARt QIekE 616
X 616m). E3t LotEL thETiEol AL, AZTHACIN ZIelE e Al ZERGHHA 9
N2 susty] S8 9% A Wy Aojd & 9k ML AY Wasieh E3t
A 2 - QoA RO YAl HIEY} Zvkstn glom ol thE QTEL BH-J|E AHE
ROl HYHLE Buste e W Fasit

ACT Column®| A2 {AIste, 37| Ags S22, +

=
) =N
Fu 9 AT PHETE SAATIE GA7IFE Aol ezt

28 ATALe BaA

Az A ARA 9 AR
otk A%ge nEBL 72

[e]
A2 QA, ZAES BAZ e7stm gtk 2 A
oF 2

ofo
()
o
rlo
ok
o
Hl
4z
2,
1©
ok
o
X
<0,
o
fo
lo
do
o
£
K
[
_k‘oj
)
K

R 84 =2
278 B ohst 28 PRy

=
o 2Eo| thopa}, B3k 9|3l
i)

et
)%
rg
=
>
ofy
N
1o
fot
nrl

=2

77zt e 28 E X F2A A

bt she PEgAlo] Q7E® gtk wety V|2 2wt ulmstel TRQPHA, AILA,

AN o
& 2Eetn Aam 72 9 Zel EIA olgg

AR, AR GAARE ZANT|E 7|59 Jio] Wastct,

3
N
-~

ZZ 7V 7}k Concrete Filled Steel Tube, CFT)#-2L Hthy Hzj=
A FEUES Rokst= Jiato] Qo Qlu G Hukst= 232 ET Yo glo] 73t
E32E7t 733e] FRIZFE Yot are] 2ot
ZA| &80 vlg] -Ldtct, olE3t CFT 7|59 F+&2A9]
o AEAT U g7 PRAIME AU Solus

o
FT 7152 743e] S7ie Almglol 47he] me mAjeldoln 243t

5t7] whRoll ChggAr Al Agol HolAlAl Hek 4,

)Y



32|E0 Ztuo] o WMREA, A87FE0] Eoety] Ao Watwo] wA gelety] wRo]

AAEL vehls] Qs

S rpy

2. A8 - BAH 59

A2 Sol /2% Aol 27 Al olxl: ggfol Zoketm gl Ao, IT/2%
QARG Basto] HMQA AR/HE AHAANS B WUET 1S AR
Zelstolo 3t IT/28 AYLAS] TRAXEL 74727} da] ALRE o] et 2ok
O 21 Q7L ToiFE YISOl AEHE Aol ATYREIAEY ZepfrE
2271 AeElo] ALED gout, mrke] Tatulel A By So2 AR THo I
A8 Fldista gl Aol

3. ABH Zd

FUOIE F7Iggstet 1gHE SO BHOR 1003 o PR 2WFTOl S
2 gt 222720 PRAAHCRE on b i Fol, 22T ol JHAE
o QUSIEE okgaln AlAEe] Mgo| Zrkska gt 1232 72O RYYEErolE 87l
o wWrbEH RCZOIY, 22l% E AES| ofgalAet WEEAAT} ATt 2au A
222 ER ZAA4EE WIS Alg Foll 2AYY Z2EE FEEA, A AR A
e 2WEH HZEJA AF o WEiges st 3717t AQAE g2 AL = 9

B Aol MEEt AU A - AALTAY 2SS 72 9 Bkt
AANL ARSIED, UBHALS A2stelct 22m 715 yae] M3MAC] wet B-v]%
MRl ML ASSHGC Tt YA Al e 5 Wele 3A ohy
A2 BRAGC, BG B APALL PATE F PAIISO GY Ao, WAel=et 2
Bl A2 PAIIEH Bol5 YOl R ARARE SUSGL G @ A
23 FAT AAAIZ, 1L TgRDA SE SRRt

* =% ZM : http://www.ndsl.kr, www.riss.kr

C;Y A YT, URAZ, GIIVPENY, FREGABAL,

71&80A @ ZERER AAMAZ|S, Bi-Steel, POSCO, NI-STEEL &

L RIS AFEA a7t

7PEel & Imolde] dgPdrles g2 a2 g B§7t
A 9 AlY =l 1 500mn X 500mm, 1,000mn X 1,000mn

2"-
NG

® e o

> - A > 2 2 AlS
A RYAY, FAYRNY, B

_’IA_



@ W4 B - 5, H7} 714(L0D, 0.5D), M7} wHRH(LO, 2.0)

L 59

2. TAMAPIEY AHEEA 245 Ht

1A% 2E  500m X 500mm X 800mn

AOFEAIS ®dl ¢ 500mm X 500mm X 1,750mm

1 TH - SAYSAY, BAYSAE(c=025D0r05D)
°

- &, B7F 7FA(1.0D, 0.5D), B7} ©hHA(1.0, 2.0)

OECHONONC)
> i o o

B Zi](150 X 14T(23HR), 150 X I0T(Y¥FsER), 100 X 8T(H3HR),

t

B3RS (TY 2E| Y, pYAELY, viql]Zeq),

SPPARA, UIPA), TN SAA 1, B wt2)

4. FEH771s Wetds B7t

© 7M4el & Imolel thggArleS o A 9 Add A5e B3 A% wet
o2&k 7}
-1 O o

@ YAUIIS A2 wE WstuEat gy A AE

o

5. F7lE FEALHS A 3 A uiwd AT

_15_






H 28 U2l 7l 7iY =g

7 12 el 7% 9 A 5

7 FU RS ASEC ALEs F2AILFL ol PCRAE €43t PC

FRA|LELS A2t PCLRAIAELS PC 7|5 AMRO| $ZPCHE 3 & PCuicRS:
Axstn PAEtd Z3BE LHBE 28 Aslch olEt PCRLRAILEL Ao A2z}
Ao| 170 tio2 S8liE|o] A|Z7|7to] A7|3tE]L AlXolt}, EF H-7]E AL T}
7]%_21:5:_ o] 1\474]7“1;10 7tA3 9jow, PCE7} thAE|o] 9itt PCHLE ofct
gl 90° ¥3E J|FUIRol AT HAAME HQlth ol B thE Ho| A

=2 1. HH L5
gust 5 9lm HyRo|A AlZo| Ztmstth, PCLRAAES AZASHS 37 2110 u
EbiQIch,

I .rrm iy

L ||||

2] 2.1.1 PCELRA|IAE] AJZALSE

ZOOALE A A YA 35~43% FmO| BEFTo] 400% HE ZAAE0] 9
oo, #A 543F 29 PC ZIZol ALgHAC] ok =3t F2o 9= tiglAlolA 43%
29| Xiwang Wdlo] AMES 9low un]Zo| tfEA Q] FFAIR Nl I;HEEJ/\]L\.ELO]]E 393
9 PC71gol Z1/d=lo] it ol¢t Fro] LA = 7|Ee HAl PC FRoA Hulste] Het
7|502 JIAEL ZREAo] AZglo]lA FPAHUPAlS gl-_Q:‘;_} A 2EIO] Jfulu} ALBEALS. E

stel ded QEyHoln HAHY FREYOR MEo] gt

'..

_’|7_



g 28 NFESE 24
FH AZAFE 20149 OF 84 2Y FRE INED gJon, 201IGRE AFFRA A
23k glo] 2016WelE oF 90&e] o2 o2 AT Grk olg o] ZrREE AXA

9
AN 2TZUYT FRAUUZES FHOE PYTRALHO AASHE wFL Z71Y

HAOR oifElch ESt JAAFRALELE tEE ZAONA ARE BAE AN the 27
S B3 AlFEEDE, SIEAIE Hol: ZIAZHAT dHitiE 2 =FH|9 ASZAE nEY
o, YAFZAILE AEARIE F71E Aolth olFEt FIRAE Boles AN 2
U7 e E838 SHTEAILRL JHAE LRGP - AlSA - RS AR, Al
2ol w9 Ertt

95,000,000

90,000,000

85,000,000 83,042,697

80,000,000

75,780,877 75.680,582 76,044.475
75,000,000 S 73,912.060
72.349,934 ..
70,000,000

20074 20084 20099 20104 20114 20124 20134 20144 20154

23 2.2.1 F AZRA UGS Wakg)

_18_



y

38 ATALHAY $54

200847EA] Al 99191l S-elutet olAstErA wiZeFo] 2009l & THA o A5
AA 8915 1SSt Ze=2 Atk FHZ ulg oux] FAZIHQ oUAFEA(EIA;
Energy Information Agency)?] ¥r#o w=w 200940 -2|uetoflA vlZEl oJARSIELA
2 20084l 3} 1.2% Solut 50 2,813% Eolgirh. ol 1990wl ulsh Ral 118%7
F Z71st gFolrt. olof thsl f-2lvtets FAIAZI 2R E EtiElE AL 9 odz] o]l A&
sfoll Tt A& QAL WR GOn, HAMS T HYH AL FYstel A
WL gl Agelch FuU ZAROEE oleid el dlelvt ohin, @HRAL A2 A
ARl 7t 2231 o4 F stutolth, FU| AMGHEE o] AH|ESHS Y JFolA
HIAE| = R0l 23%0l Sufstar E3] 7AE9 AAoi7] WollA ZAATHAIZE 36%E5 XAstaL
Stk .o % 7MLl A% AWMESH TS AN - 4 AFE % Ful Y A olF
Zof AA ouR| 42%7t AH|ET 9ict o] AJZTHAA Z2Ao] that ouA|A =
ol AHFEoloF dtth= Ag HojRo], 772 ol2dt ZHlAN [2lg F2A= A

T B4
QEI\OEI_
OE] T }J]\ .

B Ojur]ae] SANSAL Wolsr] stel F129] FST SIS CO, wiEe
o ulmstglom, Az: o met Zrh ZAztel vehyt uleh o] AW A of

E d
B2 ZAAZAIA ARG El= HAZHZEIEE(SRC)7IEH HZEZZ2E(RC)7IEol s

CO, WiZTol o He o= Uehfrh ol AUl TRA, AAH AHE g
2 ol5g thAlste] WAl el M2E AL JlEHT CO, WAL FAAZOEH AN
Hofol AAHAQl BAFAA AAEZ MG £ Yrhe HL AARITE CO, WE 9olE A
WIS ARG AL P ZUOE A HMIIES WANIIA FEch: HolA o

AT FHS AT e,

Scrap, 2%

Ect, 1%

(ORI EREL] (b) 215 AJolsr] ARG oA L]

22 2.4.1 Bopy ofuix| Aulg

_19_



E 2.4.1 7|2 7153 SAW7]5-2 CO, vi&ef ¥

COzliH%EF
e CO;, ¢ | RC7IE
= AL A S2KA) (AXB)
A °co ° o] 2 Tfju
of8M¥Z | 16 tonf 0.3856 616.96
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No | A%AY | 715 & | wRig=agz) | 4w 2o
1 | A-CMC-1 | 500mm FH7F 1,500mm
HIloR 7| Hubsk
2 — _2 ooZ2 1. 0O
A-CMC 500mm (40X 40X 3) 1,500mm
3 | A-CMC-3 | 500mm B27EA 1/24) 1,500mm
T o on)
4 | A-CMC-4 | 500mn (60 %60 4) 1,500mm
enio BN TR
5 | A-CMC-5 | 1,000mm (60X60x 4) 3,000mm
— SHEOHH : 0,54 MPa(EMdCH tiy] 2,34f)
— 9&2F : 0,23 MPa Al 1.0mn ©Ju
Su | 2P [EEYT -
= (MPa/mm) | (MPa)
A-CMC-1 0.071 0.291 LR~ b
A-CMC-2 | 0.340 0.541 272 71248F (40%40X%3)
A-CMC-3 1.984 0.841 H7W7EA 1/26)
A-CMC-4 | 0.524 0.841 | 7|E43k il 2uf (60X 60 X4)
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1 |CMC-1| 500 FHzt 1,500 X X
BN 7| Hursk
2 —9 ooa2 i-0O0
CMC 500 (40X 40 % 3) 1,500 X X
3 |CMC-3| 500 B7W7EA 1/26) 1,500 X X
7|EuksE choiA owj
4 MC—-4| 500 o0 i 1,500 X X
CMC-4 500 | &5l eoxapmzr | 0
Hotol2 7| Hulsk
5 MC-5| 1,000 oo=2 “h-00 3,000 (0] X
CME=51 1, (60X60X AR |
BRT F1E
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Displacement{mm)
ome2
omcs

2o-9 WA

ome1 ome3

omcs

0 5 10 15 B 2 £ 35

w0 45

omea

T CMC-1 | CMC-2 | CMC-3 | CMC-4 | CMC-5 | CMC-6
AGE 0.042 | 0.131 | 0.389 | 0.259 | 0.147 | 0.337
i Loon | o | osm | 02 | our | o
shEolz
A 0.854 | 1017 | 1.410 0.85 | 0.598 | 0.693
(MPa)

(2) Algskzoll chist 71ate] F2AE 7t
©BA  gaRlE S 9L PAPIES F4Y
398 54 2245 9 A% veIgEee
kg Bt

. g
- uaoulely ZAQ) MG 2
- e 3t

JE = | 239E Ll
18] il = =] o
C-X-N 500 X -

C-X-B | 500 X HRIgZGl | 10D | 25X25%6

- MIPEIE OF 7% £ 7Y, OF 13% £ YRAES

urg]
’é‘%‘zﬂtg 'K; 2 y P, max PmaX 6,1/ 5Pm,aac 61)maz
(kN/mr) | (kN) | (kN) P, | (om) | (om) 9,
C-X-N | 1,254.6 | 7,200 | 7,841.2 | 109 | 6.1 | 8.25 1.35
C-X-B | 1,473.7 | 7,200 | 8,289.7 | 115 6.2 | 10.0 1.61
10,000 10,000
- 7,500 J,o’ " 7,500 e \a\
= 5000 i 2 5000 4
T s = : > ;
R R
2,500 2,500
f — Axial aver. JI — Axial aver.
0 0 .
0 5 10 15 20 0 5 10 15 20

Displacement(mm)

C-X-N

Displacement(um )
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T T
)\E]'t?:‘}“%] Pmax(kN) Bhem*y(kN) max/f)theory
C-X-N 7,841 1.01
7,257.5
C-X-B 8,289 114

(3) PdTAIe +=2/d5 Bt
O HE-77u] H7t
o TE-FAu] wE USTEA 77 A-8(KBC2016)
o St Aolgt BAR| AL Sute] 2gfciHo|og  mhE
~SAu] AL me
o W1 HEEA AR
o Y 2 TR AR

b

|

S, l

—

|

\ tra

’L *:té
Thick plate’ s thickness

Average thickness

- A AYEYZA)

Cross section of steel
. . . |Distance| Steel
NO. Specimens Cogl En | aver bt Filled [Eccentric of BF | grade
() | () | (t)
1 | ACT-C-F-E0,25D-1.5D 1.5D
0.25D
2 | ACT-C-F-E0,25D-1.0D F 1.0D
7114|105 | zml
3| ACT-C-F-E0.5D-1.5D pe 22 05D | 15D |SM490
5 | ACT-C-NF-E0,25D~1.5D © [ NF | 025D | 15D
6| CFT-C-F-E0.25D-X | - | - | 10,5 F | 0.25D -
7 |ACT-NC-F-E0.25D-1.5D| 5 [10 | 8 |wzmw| F | 0.25D | 15D
9| CFT-NC-F-E0.25D-X 8 |6667| F | 025D -
$5400
10| ACT-S-F-F0.25D-1.5D {3.2| 7 | 5.0 | & | F | 025D | 15D
12| CFT-S-F-E0.25D-X 50 |98.04| F | 025D -
- A Ao
NO Specimens K (kN/ l]ll!l) max (kN) 5max (mm)
1 | ACT-C-F-EO0.25D-15D | 1,745.43 8,995.3 10.02
2 | ACT-C-F-E0.25D-1.0D | 1,790.55 9,386.1 12,53
3 ACT-C-F-EO.5D-1.5D 893.34 6,316.2 14.83
4 |ACT—-C-NF-E0.25D-1.5D| 1,547.30 5,562.3 5.67
5 | CFT-C-F-E0.25D-X | 1786.72 | 6,500.5 6.83
6 |ACT-NC-F-EO0.25D-1.5D| 1,216.66 5,727.5 10.07
7 CFT-NC-F-EO.25D-X 1,504.54 4,350.3 7.62
8 | ACT-S-F-EO0.25D-1.5D 995.25 4,532.2 9.57
9 CFT-S-F-E0.25D—X 848.88 3,778.9 9.13
-~ ACTI 71§ 29 - vlzgth A¥HE Aty ¥

o|% A5} -r7}°ﬂ/~1 okxu. yiuto] wigl ubAy

_3’]_




QT =& 8 g+ g Q7 Az
- CFT 7I5 2% - ul=Y - At AgHe 25 2d)
sloll =sy] Aol FEE ARRolA Weousko s

o g
g

()

(g) CFT-NC-F-E0.25D-X (h) ACT-S-F-E0.25D-15D (i) CFT-S-F-E0,25D—X

10,000

BACT DO Existing CFT
8,000 I

Compact Noncompact Slender

Bl A
> o
S S
S 3

The maximum load (kN)
N
[=3
S

(=}

The specimens

- BFEAL ARGY ME-SAN TRl O 45T =

F 9S0] 4GS,

FU o] $AS ALY ME-Sofulo] Olgt 22
ol RIME 3391 Y5 RS,

— ZuhEo| F|SES| 50% oAkl AR AAWS A3
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200 9000 o f -
6000 - 6000 o z 6000 -
3,000 ﬁ} 3,000 /\R 3,000 \\

’ = . = : 20

X i X , L

0 500 1,000 1,500 2,000 0 500 1,000 1,500 2,000 0 500 1,000 1,500 2,000
M(kNm) M(kNm) M(kNm)
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o 9
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< tojs. | Ml7EA °
Specimens (m) (24MPa) 7oy | HIpEA chaiy
C-F-N 500 ¢} - - -
C-F-B 500 ¢} B.F 1.OD | 1.0(264mr)
C-F-B—2A 500 ¢} B.F 1.OD | 2.0(528mr)
C-F-B-0.5S 500 ¢} B.F 0.5D |1.0(264mm)
- uRigEae) BRI QRS 1% o 27 9

ol ofy] 110% ©

— EL:’E]E

‘-'THL di3]

& _9_37_]- 221

— dHiolg] Qo] i g vtg oISt Y= 2ot el A
A abEslel A4 TKsA g

- el maole. ok 2|uc WXIZEAS FA stol 7
e 227012 2ol Jo] o HIAHSL

Soeci K, P, P... The ratio for C-F-N
POCImE® lav/m) | ) | &) | K | P, | B
C-F-N 2,233 | 12,300 | 13,957 | - - -
C-F-B 2,496 | 13,100 | 15,603 1.12 1.07 1.12
C-F-B—2A 2,572 | 14,150 | 16,072 1.15 1.15 1.15
C-F-B-0.5S| 2,430 | 14,150 | 16,418 | 109 | L15 | LI18

(d C-F-B-0.5S

18,000

12,000

[l

Load(kN)

—-— C-F-B-2A

0 15 30 45 60

Displacement(mm)

ulolglmaolo] 37

= CEB0SS

0 15 30 45 60
Displacement(mn )

sl Aol 71
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44
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T Z[2eE| 57 | 27 | 53 o
B w) earg | ax | A | 2l
FO.25-N . — = 0.25D
EO.5-N N - - 0.5D
£0.25-B BF | LOD | 10264 | 0.25D
B05-B | .| [ BF | LOD| 10@64 | 05D
E0.25-B—2A BF | LOD | 2.0(28) | 0.25D
EO.5-B—2A BF | LOD | 2.0(28 | 05D
F0.25-B—0.55 BF | 05D | L0264 | 025D
EO.5-B~0.5S BF | 05D | 1064 | 05D
The ratio for
Specimens A Prax | FO,25-N or E0.5-N
(KN/um) (kN) K, P...
FO.25N | 29599 | 8.346.8 |  LO 1.0
F0.25B | 2.893.8 | 8,507.7 1.0 1.02
FO.25-B-2A | 30764 | 86754 | 104 1.04
F0.25-B-055 | 33322 | 9,969 | 113 110
FO.5-N 1095 | 5439 | Lo 1.0
EO.5-B 10655 | 5,689.9 1.0 1.05
FO.5-B—2A | 13363 | 59334 | 122 1.09
F0.5-B-0.5S | 1,062.9 | 6.122.0 1.0 113

(9) E0.25-B-0.58  (h) EO.5-B-0.5S
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— E_7J-_‘§_j7_]- : 7(]'}5] al &]tﬂ?]‘i '(')']:}\]'
- H]‘Ql‘ﬂ&ﬂ]o]% ‘ﬂ'l_ F7)|¥ct I:IHX]7]-_|E H7~]] Shod 7]-
]I]-O] }}%7]0 % ]‘-— 7-]0] l:-] _9_,‘,"_]-7\-]01
- E?HIE{]OIOI dae wewyS Aty uiR 232
Eo| F2a3 23]
— P-MTA TR
M The ratio for
Specimens | rﬁ*) mac | B0,25-N or EO.5-N
Wm) [y M
EO.25-N 2.08E+14 | 1,043.4 1 1
EO.25-B 1.97E+14 1,063.5 0.95 1.02
EO.25-B—2A 2.79E+14 | 1,084.4 1.34 1.04
EO.25-B-0.5S | 2.76E+14 1,149.6 1.33 1.10
EO.5-N 2.30E+14 | 1,359.0 1 1
EO.5-B 2.30E+14 | 1,422.5 1.00 1.05
EO0.5-B—2A 2.58E+14 | 1,483.3 1.12 1.09
E0.5-B-0.5S 2.64E+14 | 1530.5 1.14 1.13
1600 1600 —
: : i
g1,200 /7“’\\T\ % 1200 // :
g 800 /I/' ————— E0.25-N g 800 ;’l ---- E0.5-N
= a0 / :_-_-'Egéiig,m 1 = a0 - Egiiﬁg,z/\
. —— B0.25-B-0.55 . —— E0.5-B-0.55
000000 0.00001 0.00002 0.00003 0.00004 0.00000 0.00001 0.00002 0.00003 0.00004
Curvature(®, 1/mm) Curvature(®, 1/mm)
-0 Pn-Mn —o— OPn-OMn w0 Pn-Mn —o— OPn-OMn
A E025N X E025-B —— 05N X E05-B
X E025-B2A 0 E025-B05S X E05-B-2A 0 E05-B-0.55
—~ 16,000 s 16,000
= 12000 | = 12000 |
8,000 8,000 -
4,000 4,000 -
0 > 0
0 500 1,000 1,500 2,000 0 500 1,000 1,500 2,000
M(kNm) M(kNm)
EO.25 series EO.5 series
AU |+ QAT BAS B () 2IRIE eIl ot vreIgEAy By
_Q] }gzﬂ‘{]‘ Z-“ ‘(?_]_- 5]}5"]_0,] ) JQ}\, . B]-O]E]JIEHOIO] 7]—7—']'7]- E]-U:]Z']Oﬂ H"‘]— 1\‘] H]jl
ot A — =gl zaglof] ool epdgtoll chgt 7‘1%”6% Flie's

- WP 3 S ol 277033 YU £
S5 CMC-2 CMC-3 CMC-4
27174 (MPa/mm) 0.131 0.389 0.259
3k okl (MPq) 1.017 1,410 0.85

(2) Algsksl Higt FA715e As

Inner Pressure(iPa)

15 2
Displacementimm)

-1 —amc2 — ez

- -avca

sl ey & - 2 sielszae) 7h - oy

M7FETER 2704 O ORAZFE 10% O|AF 3FAF

oo A
AArctdo 2 Bag shgy|o] okxvte tHH] 115% A
L gk
o 2 v
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47 BE | 2o 97 Ug a7 27
gy | o oo e | e
(kN/mm) (kN) (kN) B,
C-X-N 1,254.6 7,200 7,841.2 1.09
C-X-B 1,473.7 7,200 8,289.7 115
10,000 10,000
- 7.500 i - 7.500 ¥ \a\
S 5000 { £ 5000 4
T s 5 3 ;
R R
2,500 2,500
f Axial aver. Jj Axial aver.
0 0 .
0 5 10 15 20 0 5 10 15 20
Displacement(mm) Displacement(um)

C-X-N C-X-B
(9 SABARN oI M sl R W A4
+ lRIYEALL ki Zojuct WXZAS FA St
o 2270012 Fole 7o of azAl

K, P, P The ratio for C-F-B
&N/m) | &N) | &N) | £ P, | Buax
C-F-B 2,233 | 12,300 | 13,957 - - -
C-F-B—2A | 2,496 | 13,100 | 15,603 | 1..03 1.08 1.03

C-F-B-0.5S| 2,572 | 14,150 | 16,072 | 0.97 | 108 | 105

Specimens

18,000

12,000 S

,; ]

6,000 [’ —CF-B

Load(kN)

—= C-F-B-2A

0 0
0 15 30 45 60 0 15 30 45 60

Displacement(mm) Displacement(mm)

—— CF-B-0.55

upelglma|olo] F7]ul ulolC] Zaolo] FhAu|

(@) BAEAEOD oI 33 IR WA A
. wrmgolo] 7iate] WOMRS oAl R TaelE
of 74a7 271
. slgEAe T 2ol WS FA S 74
o] ZZ7I0lE Fol= Fo| o HIAY

The ratio for

Specimens £ Mina EO0.25-B or E0.5-B
(Nmr) (kKNm) I M,

E0.25-B 2,893.8 | 8,507.7 1.0 1.0
E0.25-B—2A 3,076.4 | 8,675.4 1.06 1.02
E0.25-B-0.5S | 3,332.2 | 9,196.9 115 1.08

E0.5-B 1,065.5 | 5,689.9 1.0 1.0
EO0.5-B—2A 1,336.3 | 5,933.4 1.25 1.04
E0.5-B-0.5S 1,062.9 | 6,122.0 1.00 1.08
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A A b Zucd - elachEe] o5 QAL BE,

. ZOMR Tuto] TS AMGY TE-Tafulo] o PR
A 388 YRS WIS,

o BuEO] 7|SEO 50% OJANl AL s Tuko] Za
2 oRE-Sofu] A TR

2 15000 Z 15000 e 2 15000
2000 9000 n
6,000 - 6,000 VS i 6,000
ORI i | o |
0 L 0 0 -
o o m isw 2ow o w0 L w2 o w0t w2
M(kNm) M(kNm) M(kNm)
The compact section The noncompact section  The slenderness section

() ASTAA Zdel g A
o HRQIQZQ] a2 Qlel 7hte] TEFAuO] o AA

o Hx X
e swdl =

)\E]?'}z“tg Pmax(kN) ‘Pt/LeoTy(kN) Pmax/‘Pth,eory
C-X-N 7,841 1.01
C—X-B 8,289 7,257.5 1.14

(3) U715 Qe CFT7 152t AJsula
© FFFAS ARESE TE-FAE Aol 2 b
B Ut CFT7153e] ¢24ds vl

z 10,000 z 10,000 ;\0.000 TS IE025D 1D
R = % 0 % rom [ SPESERSDX
XTI A 5000 - 5,000
2500 — ACT-C-F-E0.25D-1.5D PR/
--------- CFT-CFE025D.X
0 0
0 1 30 5 0 15 30 45 0 15 30 45
Lateral Displacement(nz) Lateral Displacement(un) Lateral Displacement(nn)
The compact section The noncompact section  The slenderness section

(3) Pur7IEel AAZ=as g
o AANBAE ARl oldt GUI PRAATE I e

e

SIS Sl input

FA7E1E A FRARA
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3. WAMZIB WekdE Suet Fujsty s 73

T
A7 5= 8 47 Mg A7 Az
SAUIIS o GAUPPISE 2 |(1) ZeAlE EX
WS 7| 71 s zkEy AR A2 3 A gazE
2 29| sjMA 2A it A% (W/m’K) 25 10
o YRS 0.7 0.8
9 (kg/m’) 7840 2400
ol ] 0.3 0.18
2Eut-Exut BAF ARMW/mKY) | 2.67x10-8 | 2.67x107°

W7t

©)

(1) 1,000mm

1200
5] M i)
1

—t

(3) 1,400mn

(1) 1000mn

(3) 1400mn

() 712 9715 WEhael sy B ol
- QE 23 A 247 Fo SARE LE BE ol

277t
SIS0 st 230
. ‘6‘H}S|]E.t£

12

e o0
X x

2) 1,200mm

a0

(4) 1,600mn

« 3AIZt ol% GAIPISO] LENE o)

(2) 1200mn

(4) 1600mn

TIME: 10800 sec
11027t
[ [
.,
——— 596,69
581.35

— 80
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1. BN FRALE BYS 9T V150 JIE 45

deEn | 2a 97 2z 2
715-E e FAUIIE () Y R 2
B A A5 | 2o HAQ E| o AUPAE . DT Wiio] Z3ES AGoE2M,
(Girder) =3 A YALo] 9A3tw, ZuA7I0| FHsd}
T 2 ~ Hohy 7R 7R ChAL ZoiE AlZsRR|

-3 o1
PRSP 3

o By, WA TF HE s

Truss deck& Deep deck$ ok ulchA))
DRI CE Tt
¢ PAUIPISS wsel S uhe saelel ynst
of Aol A A BUE AP HE
o 715 vsol Uiclolohalo] @7E|s, EAE ZAHS
et kel =) M ZHE

4= sHo=E

(AU =)

1V i i
+AU AHO — BRACKET TYPE

- Deep deckg

os EI0IE

D/D§ AU/J=e =qlE A3} T/D§ AUG3E] 2dE 3t
IS Rl () A5 A ey
WA AT e B 5o gl utiolobna fy] B o
q 455 AU HE
o Ha  Uictolorsl EANTY, 44, uilgdEY), B
FA(H§3)
A 9
A | 2 S(m) Z3A(um) | uictololn 88 | $A

NF-500T3-HL| 500X500 150%14 T8 2AE]ZLL X

F-500T3-HL | 500X500 150%14 T AE]Zy] X

F-500N-NL 500500 150X10 Binding Frame X

NF-500T2-NL | 500X500 150X10 2 AE|ZY 0]

F-500P-NL 500500 150X10 Td AE|ZLy] 0]

F-500T2-NL | 500%500 150X10 Td 2AE]Ly] 0]

F-500TI-NL | 500x500 150%10 FE7E 0]

NF-500B2-LL | 500x%500 100%8 Td 2AE]ZLL] 0

F-500B2-LL | 500X%500 100%8 T8 AE]Zy] 0]

F-500BI-LL 500500 100%8 T8 AE]Zy] 0]

F-650T3-HL 650 X650 150%14 Binding Frame 0]

F-800T3-HL | 800X800 150x14 Binding Frame 0]
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44
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ES
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e

44

P

A7 A%
o A%t : Z32E ufjglEl uRlgZolyt ZIIE oz
9] gglog Ax

— HIgz] mIve Q& It

— 7159] 2719 BAGl EYek, FY BAl the Ak
Al H]-f:']
oo 2T

T
WAy [ ume | A | A |,
(P | (Pas) | (P | Foel Poan
NF-500T3-HL 451 514 769 0.62
F-500T3-HL 760 952 769 0.99
F-500N-NL 121 453 675 0.16
NF-500T2—-NL 412 480 675 0.30
F-500P—-NL 707 810 675 1.02
F-500T2-NL 667 786 675 0.99
F-500T1-NL 701 799 675 1.03
NF-500B2-LL 174 220 386 0.45
F-500B2-LL 377 510 386 0.99
F-500BI1-LL 383 474 386 1.0O
F-650T3-HL 771 1029 769 1.01
F-800T3-HL 771 1069 769 1.01
1200 200, _

N Vs i i S -

5 :iﬂﬁf e T
=7 Esmia N | I I I
: - "':';"'P}’ﬂlio = 00 e 1005 g% =

Displacement(nm) " FSNNL FSNPNL FSOTLNL FS0TLNL

ST AE|ZEIR THAEEY H]w
(2) 7152 AR siMA] 457t
o SiARHE : TY 2E[ZH9] FAo mhE AR A%
o AT : TH AEmuo] ot BIEHz| EATYHHUZ
OFAF HZ
OO uTuo-

st vl

Parameter
Specimen
Reinforcement Section Size (mum)
4-1 X -
4-2 0] 157.06 X110 X 55 X 55
4-3 (0] 135.84 X110 X 55 X 55
Specimen T—shaped Beam Maximum
P Stiffener (kN) | Flange (kN) Load (kN)
4-1 - - 3992.9
4-2 3856.92 5240.0kN 5240.0
4-3 3487.96 5250.1kN 5250.1
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(3) 7152 YT st
¢ 2R 715w YRe] Ao AEAS e v
olomal gadell wE FYEAL A=
Uclolobma SAKTH, sllgmASl, AlshE,
Agfold), we| FAR L)
o TEE ;B 2 TRIQEAS oleAE W)
A Uctolotz (x| e

T3

-1:51'\__

e

HL-T-S| 500X500 |H-612x202x13x23|T& Ae|mui(y - 3HE3)

HL-T-D| 500X500 |[H-612X202X13x23|T¢ 2EJZUH (A - 3tol&)

HL-B-S| 500x500 |[H-612%202x 13X 23| ulQIglmaQl(x} - 5}53d)

LL-B-S| 500x500 | H-496x199x9 X14

slelgzeiley - 3h53)

A Al A7

o u

Cyclic Loading Program

FESSKN) | Fchsh3(kN)
250 400
240 318

92 171
260 364
270 455
245 434
143 225
140 215

A

HL-T-S

271733 (kN/mm) | 5= %] (um)
11.4 22
1.5 21
4.6 20
10.6 26
10.0 26
1.1 21
5.3 25
5.9 26

HL-T-D

HL-B-S|-5

LL-B-S5

Displacement(nn)

7t A sy

2

52 Y

=] O]
T

Ak

A

71E-1
A A Aok

)
() 715-2 g gAd Al
A

o oo
¢ A A - BRSOl A% YRS W
.+ Apstold

PRl 943 AL B

HRUEANA 17 THE] 40%9] TFEEI]
(2) Hictolor=ay B/ Aol
o 2P THAEIEUSL sioIgmad] SARL.

o Fchets o ERITRQlo] 10% 2A vehd,

o o
E- N S o W £ | e
0 0
z g
Eow,am w50 0w 10 20 Eow asm om0 0 w00 10 200
: s ] s
,,,,,,,, W b % i
T T e
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600 & 600 &

Displacement(r)

A= vs, Astold

Displacement(r)

TH2E|ZE vs, vl Zeo]

_43_




i
4fa
2
r
44
ok

Ix

A7 A3
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o PHZBUEZZO] 8745(0.03rad.~0.81) TR

Moment(kN m)

506 005 -obe 003 1002 /oy 561 603 003 004 005 006

2000 -2000
Rotation(rad.) Rotation(rad.)

THLE|IZH(FHES) shoI gl ol (AhakE)
(4) cholopmal AlA|
o FAUIIE AR WS TY 2E|Zu9] G
¥ £32E Cone failure W] oJsf ZAA
o P .=b,Xt,, ><fys X 2 X cosh
¢ PC = Pcl + Pc2
o Py=2x[((vV2b,+b,)xb,)+

b,
(vV2b, x (7‘—%, —b,—b,))] <,

o Py= 2 (b 2t (ot %

Specimen | 15a (m) | & Sdm) | TEAEECm)
5-1 150X14 106.07X28X14X14
5-2 500 X 500 150X10 106.065X20X10X10
5-3 150X10 80X20X10X10
5-4 650 X650 150X14

106.07X28X14X14
5-5 800 %800 150X14

Specimen P, (kN) Px&N) | P, &N) | P[P,
5-1 760 952 769 0.99
5-2 667 786 675 0.97
5-3 701 799 675 1.03
5-4 771 1029 769 1.01
5-5 771 1069 769 1.01
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