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ABSTRACT

Recently, CFT Column has reported a lot of study result, because a CFT column has certain superior structural

properties as well as good productivity, execution efficiency, and improved rigidity over existing column. However,
CFT column still has problems clearing the capacity evaluation between its steel tube member and high-strength
concrete materials. Also, high-strength concrete filled steel square tube column(HCFT) examined numerical value
explanatorily about transformation performance(M-g) of when short-column receives equal flexure-moment from axial
stress on research for concrete. And, with basis assumption, executed development of analysis program of
moment—curvature relation for analytic analysis of transformation performance of HCFT section that get by an
experiment. This study investigated to properties of Structural(capac1ty, curvature), through a series of experiments
for HCFT with key parameters, such as strength of concrete 600kgf/cm) D/t ratio, slenderness ratio(A) and concrete
kinds under eccentric load. And, 1 executed comparative analysis with AISC-LRFD, Al] and Takanori Sato etc. and

experiment result that is capacity design formula.

Keywords : high-strength concrete filled steel square tube column, d/t ratio, slenderness ratio, eccentric ratio,

existence axial force ratio, curvature
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Fig. 1 Test by eccentric axial loading using U.T.M
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Table 1 Test results of tension

Specimen P | Ome /o (tf/EmQ) (E%S

[] - 75X75X32| 3547 | 4414 | 0.799 2373 | 237
[]-100x100x3.2f 3.715 | 4439 | 0.836 2203 | 214
[}-100x100x 23| 3.743 | 4743 | 0.796 2064 | 22.1
o, ' Yield strength Omax - Tension strength

E : Modulus of elasticity Elo : Elongation

Table 2 Test results of compressive strength

Strength Unit weight(kgf/m®)

of mixed | MG | SP ST MS
design  ((mm)|(cm) (%)
(ke em’) ClAgl SIGIW ]| A

600 13 | 13 [480i 53}744/931{160| 8 {554 0.31

MG : Size of gravel SP : Slump C : Cement W : Water

Ag . Agent S @ Sand G : Gravel A @ Admixture
ST : Stuength MS ' Stuain of compressive strength

O

A3l 37 5o AISC-LRFD **74]”4 2 AoldE
W] odT, Se RAVIFY A dRATRS
WA SRR o Ae Ao shelsle] o
A ) o] Bk Y™a MALe] Bas) 33
o2 AR AL CFT 7150 obd 7hawae
7zd S4SEE AN 2RAMANA)Y W
oHskn slos, BOFT7I59] e 49 2 44 72
29 482 AN

:LEL,E, NSBAZA CFITEE ALSa] i
2 722 Aol wekor & Aolm, o] Fzol vhat A
R 7o) 74 i oto] Fast sk

=2 By

31 AISC-LRFD (NL)

ditdoe nm AAZRES CFTT2d dd dEE
kel ACIL Code (ACI 318-99)9F AISC-LRFDAAIAM
(19909 23& Adste] wtgsta st 22, o7]q
MEAISC-LRFDell thgh 23ths AdAste] durizt
gk o] A feldtel @715 AAe HIEA
T ¥74< RC g@dlez IAE FHst F3oiud 4372
dael ZAYEE A FEF dou fErIE
A dshrst 92 gk 7159 Seksd de
TARES e 2.

0 Pr= 0 AF i Fry= F40.857 (59 ()

E,=E+ O.4EC(%£) s My,=M,=2F, (2

oA71A, 4.=085014,

At WAY BRA M, 24 EEAE
En: $AWAS Pt 349%89Y
Al 865



Fo @ 9AFE$E 7 A9 24
Fry : 7885888 f E3YE

32 AI-CFTAA - AIBXIE (NAL)

2 e JRAZSHAlS H2 0929 GFT
Fzol B ATANE WYY RZAYEFVRRTE
ANFAL, (7, olsh CFTAR) Reolth wwiZ -
Zolule] me J|3A GFUEe A~6)4 det I
w0z AR

(Ly/D<4) : {Npy=A-F+_ A" 7,  FJ 3

(4<Lk/D$12) : {NAI]= Nul_O.IZS(Nul_NZQ)
4

- (L D—4)}

(12<L,/D) : {Npy= N+ Not ®)

CFTAs) 339 Fee 4udsel aaels 4

T Ee 24 8o dFe 1sid R wPe
HhA o] A 74]*’01111 a2l o} APg g,
@ Nay<No, £ M2 M,(1— NalNp)
Nay= N, (6)
M = M+ M, (1— NNy (7
@ Nag> N EE MM (1= No Np)
Nay=:Ng+ N, ®
M=M,1— N_,/N, 9
Ny=1*(EJ/5+ ED/L} (10)

33 A-SRCTHE (Nn)

B FE8 CFT7Z 320 g3 Alon 7)&e) 4
o4 574 ARE hgolt ey, CRTTEAR i
He # o JIEAd e grey 2as S5
A dig F54EUE (234 N, » N,<0.9 »
N Moy 0.9 thele] AAsISL09], 8, 1)
e o A 2

chu= CGCV C‘A

ASLORH A, (1) = —ALe

CUCV — 2
O 1+Y A+1

Ar=1.04H

—7 — 2(V2— Dexplac(1— )]
B

AW, ops EAYES FFAEclH, ITAYEY
FEATA JEa= AF aE 0700240 kef/cmd),
080( =360 kgf/cm , 0.86(f=480 kgf/cm , 092(f,=600
kgf/end), 1.02(f.=960 kgf/cm)olth. 128l3, o= A
SHE, AT ZYEITY A, e, & SFBEAY
HEER O34 gark £,=0.93( 09" - 10730}

34 Takanori sato2] A2kl (Ny)
£ AgkH Shimizuid 7ledT4ad  Takanor

SATO (19994 128)7} Ak AN 2N Agde| F
VRS T3 GRAH FF AEH Aol 4D

YR WA Bl 2F Zold), FRHoR
£ @Rl gue, Fen Qusvluse) de
2 948 Aojn, AdkAow Hale FTE 1 9
g, 75l e} FRsa am. A5A Al A5e 2
482 x5k Roltk Fig. 2014 BAUZ AP oo
AR F%e) 2487 deie] AW N-MBAZ Y
el Roltt

okqlﬂxl;‘]% 7158 FAAEAE &, J}gﬂg%
FA0)/AAZN (/D) wet sttt 7)15THe
R0, G ALE(Ry, 0T HZAO] - T
Ho] BAga & ¢ 9ok CFIVIEY 71524e 7
(722 dANAS)? 22 ECFTAAS Parabola
2d) 715 AFPE ZTHL dg 578 Aow A

-11“
o

E!
!
%

NED Ve
200 ™ oo T~ Short column
N
L3

Superimposed (Lk/D=4)
ﬁ; capacity oo%
150 -
.Y
e=0 <3 ~ e=3
-

100 [~ ~

- e=x N
.. =3 n\
50 R, Long column
- ] (Lk/D=30)
0 1 1 ! ) Vi l J J
0 100 200 300 400 500 600 700
M(tfcm)

Fig. 2 N-M Relationship at column mid-height by
eccentric load

TR SR =2 143 65(2002)



(IDE Jehdct.

No=.A- 05 Rot,A" 0y R (1)

4714, N, & CFT7I59 A24% ofn, 2aeley]
wdA( A7 Aue 9EA(,A)L QEET, o, 0,
t 77t 2age GEAEY 4R FEAT R,
Ro Rz ZATES] A7 BB A7EE 77
Yepdth ael3, #3eE 159 L/D<10 e
Ro=1 AN, A8 7159 L,/D<9 o W
M R,=109, 2 o4 L/D dHE 4 (12)~4

(13AAAZE AZAIA bi-linearde] 4% 4S8 Agkst
Ak
. S0-h
b4 Z}—%'@ﬁ‘j’]—g oRcrz Co.: = 40 (12)
L
(10<=F; <30)
o L
0—5— 5
ey R,= e o — B0 Dy
o 81150
L
(9¢-=F5 <30)

Ocrs s0cr

34.2 S

AZ70] - wuBug Yoy ¥ 4 o aHEE
CFT71%9 Beifjde #24o] - gaZnlo] e} 29
ARHOFENES ALHRLDNE Aolen @
% 9tk Fig 4904 & 4 %ol YRR 3
ESEE 4 deiMe FEAE (0,), SATE O
A AABES RS G & % (085,00
ock

mebd), Taknaori satot o) AA4% 598 %
2o] o4 /1% Ao I ABEL T Ao
WA Atsic

MucrzR?L)‘r ) Mu+(1 _Rir) c Mys

Nucr:{Rir‘ Nu+(1_R:2'r) : NAS} ‘R,

xRt HOFTZ IS0 thet LEiSA 2pe-T8e

M Nyey * }4'%7\:_]0] : %tﬂ%‘ﬂ]oﬂ E]"\E: E}@LHE—%
M, N,  TEEAE 183 AAWE(CFTAR)
Mys, Nas - HJFENWE(SRCHE)

M-gBA0 gk

Aol oA Azl 745
g 7Hg ol9jel v 71E7ME 7RIt
i E

e

|) SRy 4, i) WERA, i) FAEAEY 9
3L T4, iv) FATAEY SA-wgWAE v
YAl elale] AT Ao S-WFBAE A, v)
289 A% o SA-AFWAE B & - 24O
2 QA dh $U-wa WA ARARE Disy

st/&, &t WP

A a(=Est/E, Esr:
=3}
i},

oebd, £ =2olA

M35 S HAAFEA 4=

QE= 0/-¢/8, F40]

o

= 247 79 ESANE F
a5 DEQoR, oldH Mot g 248 2

\=] [e)
‘L'T/ByT: =

F 71 WY A 7124 ARE Aed

=z
% gk

Loading point
N = o
N T R R
4 0o o0 [T dedi =
T e g
I e
ﬁ: ‘LTP Lo T — Concrete Steel

Fig. 3 Load condition and stress distribution of
cross section

yNeo
N

Rer

: Total plastic capacity (MuNy)

: Yield capacity of exact solution

: Yield capacity of transpose solution
: Division capacity in inner

: Section capacity Mue,Nuer)

867



e - g
Fig. 59 Yehd Zﬂ?% gHEo] Wkt )9 Xz
Aol k(=eg4ley, ey -
A L), dP4s=1Y HAAT a(=EW/E, Ey;
8 AgAdMY A2EAAS)Y THIE RE= FAMo
£ Aeg Y, seFAe gAYHS
1 gormg zb P giajA, oL 4

ﬁ o lo
===
Oll _H

ox

i)

e
4
¥0,
o M

S = ale—k+1
—ke: a = EST =
S = aleth)—1

35.2 Z3YES &9 =

oguy_qgi % %HoﬂAH ZHEA SEE-HYE &

%o HHow Ho] shsdith 1
o 74]

AZS
f=A(e)-E- 8 TAZ B § k. wgA, B =
drE Z2agEY 2ET-WHE A g v
g3t 84 2l Popovics®9] AQHAE A3l oH,
A

29$ Fig. 69 UYehdLch

ox M FU o B O orff

U
==

. n—1
0=FE-¢ n—1+(e/60)" (16)

LA (=1 {n—1+(e/e)"} B Al 3
Fehe Ao2A FA9) 7879 BAS Yehz Qo
o o] FujE REZIYES uFEEZAE Wil 24z

i S N [e<—k: S = aetak

i . —k{eX—1: S = —,
~1<e1: S = e,
1<e<k: S =1

k<e: S = qge— ak+

Fig. 5 Stress—strain relation including strain
hardening of steel

2] veheet
A% 8] MU B0kglem’®] SIS DI o]

4 A% 29S Yool B HF 4G 35 a3t o] B
Reyst 49 WA ok 4N 7@ & Uk

60:A . f0+B
17
n= C M f0+ D
A71A, £, A 4& SEE (kgf/end), n: *a"é e
& - AU 4F SHEA9 HIE (
olw A= A B, C D= Table 33 Zt}
3.5.3 M-g@Alo tidt x4y
AYAN?PE nigow g . ANIRUE-ZFY 7%
AS F=3817] 5] Fig 794 71A3% dHed E¥
£ nigoz giAdH QoA dHe IE ob

=
e>0, <0 & 3 g3} 22 gz 2l 5 gtk

£c+ecw_8T_€Tw
H,
e.te,—er—ery,

2 Tz

700 [ folkgf/cm®)
High strength concrete

Normal strength concrete

! 1 { 1 &
[1] 0.002 0.004 0.066 0.008

Fig. 6 Concrete stress-strain model under
cyclic load : Popovics

Table 3 Constants A B,C,.D of popovics

Seu
(kgf/cm®)
600 -102x10{ 2.36x10™" | -5.112x107* | 1.892

A B C D

_HoBo)

> M

Fig. 7 Square steel tube and assumption of stress
distribution

FmEAe|EEE| =7f H14H 65(2002)



[5c+ Eaw €7 ETw/HO]
Ex

H(EM) =olo.= Hyf? (18)

_ €C+ Ccw €T €Ty

- 2

A71M, {e.=e e,

{eT: ST/exs ery=

Con= Ecwl €10
ETw/Sx}<O

, Hy
N=g,xA = [ ; o Body— [ . aBdy (19
- 4
__ O0ZBH; )
M=o f Sh(ed,~ec-d)  (20)

4. el +xsiM0 st nF

41 HEHIZE . 2

=)
=
(o]

A&t

CFT A7} 34 458 e v F 9o TS
AR & FAeAe BE 8 =9 <A %l’“ﬂi}
Au)7L 2k Bl 141?3—3— B FRHZ, ZAYE
o] SH, ¢HAIg A ESY AHWZE o] 5T A
o 9 doju= FEER Fo| #ALh =g, 7T
9] 4EAY gl Axel mAE F23 2907
A SEZa FaoH|(Ly/D)Y 98 £ F Atk

SR ZF 3 Aolv(L/D4 = 8= 12)4 7}l et
Weo] Astatglom, olgdt Ak 7)E °3:FX}~‘5[MA
Saadeghvaziri®, Tomii. M”]¢] M E AZH Aol
& 4 gloh a#y, Saadeghvazini®l ln%oﬂ o)aha 78
Za 959 WAE T-FANDA = 20)04 Lk/D<7 #
2o AAsiger, oA B =R AEd
AJ-CFTA R A o] W99} okzte] AfolE Hojx it

Fig. 8lA% & F dxo] Atdo=2 Nroj ABC-Ty

o)

pedl AIEAY LD & A7} g fEEUE da
3 9 AFE BHiou Nuoj ABC-Typed wHiH
?l Age BATh =3, B-Typed] 75+ Fig. 89 (a)dl
A 086~1.283, (b)ellA 0.808~1.363, (c)ellA] 0.71~1.60¢]
#ozX, ¥4 F-FAM F7ke A L/DY S
T WEE7 oA 15T 22 gogx ArH7HHE
RS BYe ¢ 5 slen, 7Y T4 a=1.8429]
A ABC-Type N3A diste] oS dAsH Wehdn:

oleigt s} gAFdopmle AAE g 7 A

1.4

X (a=0.994)
1.3 ! o Nm(A)
; a Nm(B)
a Nm(C)

) 1.2 . X o NT(A)

5 X A NT(B)
E 11 a [ ] NT(C)

: L o NL(A)
~ : ! x NL(B)

1ok e . """ x NL(C)
X = NAIJ(A)
oo 4 + NALJ(B)
() N # NAL(C)
0.8
0 2 4 6 8 10 12 14
L, /D
1.45
X (a=1.302)
' 35 x o Nm(A)
a Nm(B)
2 « o Nm(C)
. . ® NT(A)

3 - a NT(B)
2115 : > u NT(C)
o M o NL(A)
Z 1.05 A ] x NL{(B)

-------------------------------- g Ix NL(C)
0.95 g g — NAIJ(A)
2 + NALJ(B)
b
o.ss| (b S |mnavo)
0.75
0 2 4 8 8 10 12 14
L /D
X (a=1 ‘842)
16 2 o Nm(A)
X A Nm(B)
' a % o Nm(C)

i 9 ° e NT(A)

5 A NT(B)
Eﬂ 1o ™ X u NT(C)
23 Y o NL(A)

. x NL{B)
1.0f-eeemmenes ARRRERCERES B F PO
' = ~ NAIJ(A)
ool N é + NAL(B)
N m NA(C)
0.6

0 2 4 6 8 10 12 14
Ly /D

Fig. 8 Non-dimensionallized Li/D vs Nexp/Neal

A5k HOFT7 130l chigt LESEdnt RuE-R82| A 869



FAel digt HHEMN)S] @34 235 Table 49 Hepaick

$5A8d A% £ Q3R
cIAE A5 e 25U e
gk 32~344¢] dE9] A9 dFolA A5k 943
2 e dBoz wre wHulE, TAH0E U

o
Hi-1A 9Jr B
2 7kA 740];(]

Table 4 Test results of columns(M-N)

e Lk/ Nex;n(tf)

D/t (cm)| D Lk {Nag|Nm| Nt | Np y B C
0.00 75.12| 7061 | 76.23
0.69 72.87| 6861 | 73.99
1.37 4129.1156.2)156.2/5688/533 7097|6754 | 7267
2.06 69.921 66.88 | 70.99
0.00 6250 62.48 | 65.14
0.69 60.62 | 60.49 | 62.31

234 137 8| 58.254.9]555|58.7|52.2 53231 56.97 | 60.39
2.06 56.50( 54.46 | 57.86
0.00 59.14| 50.58 | 61.46
0.69 56581 4863 | 59.25
137 12( 87.3 |53.7 (52.6]55.7|50.5 15614712 | 5701
2.06 4981 4556 | 53.69
0.00 104.41102.03/106.35
0.94 102.01 99.22 | 103.86
137 4139.3186.8186.8/93.2{72.3 99731 9701 110170
2.81 98.25] 95.58 | 100.25
0.00 83.35| 87.81 | 91.82
0.94 84.45| 83.90 | 83.93

333 187 81786 |85.1(85.8/92.4|70.9 313312029 | 86.20
2.81 7871|7542 | 84.22
0.00 84.23179.83 | 86.88
0.94 78.00] 73.78 | 80.00
187 121117.9} 83.5180.7/90.1|68.5 373170001 567
2.81 69.031 67.33 | 71.92
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191 4139.71739|73.9|87.2|52.4 83161 8223 | 8738
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0.00 7067|6745 | 74.46
0.95 67.44| 60.09 | 70.56
Lol 12{119.1171.7 |67.9(82.9(49.4 63,981 56.18 | 66.33
2.86 60.03| 52.48 | 62.89

E : Eccentric length  Li/D : Length-width ratio

Nay : AIJ-CFT Nexp : Experimented buckling capacity

Ni * MATSUI Chiaki (Revised formula)
Ny : AISC-LRFD

M : Bending moment
Nt : Takanori sato
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