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Experimental Study on Two-Seam Cold Formed Square CFT Column to
Beam Connections with Asymmetric Diaphragms
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ABSTRACT : The concretefilled tube column has the excellent structural performance. But it is difficult to connect with column and beam
because of closed section. It suggests that pipe should be produced by welding two sides together where two shapes are joined after a channel
is pre-welded onto the three sides in order to form an internal diaphragm. The upper diaphragm of the connection used the horizontal plate
and the lower diaphragm used the Vertical plate. This research performed 6 monotonic tension experiments describing the connection upside
and downside in order to evaluate the structural capability of the offered connection. And the cyclic loading experiment was performed about
2 T-Type column to beam connections. As to the experimental result edge cutting geometry, there was no big effect. An increase in the
number of holes of the plate ultimate strength was increased by 5% and The thickness of the plate increases, the maximum strength was
increased by 4%. T-Type connections until it reaches the plastic moment showed a stable behavior.

KEYWORDS : concrete filled tube(CET), internal diaphragm, simple tension test, cyclic loading program, cold forming
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(a) Slope Diaphragm (b) Overlap Diaphragm

Fig. 1 Detail of According to Beam Depth
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Fig. 2 Specimens of internal anchor type”

(a) Horozontal T-bar

Fig. 3 Process of Production with 2 seam Square pipe
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Fig. b Shape of Proposed Connection
(Detail of Asymmetric Connection)
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(b) Straight type
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Fig 6. Shape of Internal Diaphragm

(b) DX
Fig. 7 Loading Axis and Details
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Fig. 8 Detail of Specimen (Upper)
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Table 2. Specimen list (Bottom)

Table 3. Process of Production
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Fig. 10 Dimension of Specimens
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Table 4. Mechanical Property of Steel
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A% |SM490|12mm
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Table 5. Mechanical Property of Concrete
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Fig. 12 Load-Displacement Curve
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Table 6. Load and Initial Stiffness of Specimens

A | 2718 (kN/mm) | FEoke(kN) | Hisks(kN)
TS-1 230 538 1375
A5 | TS-2 286 640 1114
TS-3 245 594 1384
SH-1 142 246 976
S | SH-2 145 271 1020
SH-3 134 223 1014
2.4.2 91343
2 AAY HIRFS L FAA AF 5, 1 FAA
o 71 AR I, X FAAG 71§84 9 5 3
GG DISER IR RN L e EES

Table 79 VERAT.
AR Aol AL TS-1 A= 712 Al 1375kNolA
217} necking®’d= Holw X Z¢A| sitto] Yo
O] TRYAUT. TS-2 AgA= 71 Al 1114kNell
A9k 71w ST s EwA Aol £
=¥ TS-3 AgA= 71 Al 1384kNefd B Zal]
7} necking®’d< Holw B ZwA] sitto] doju} Aol
z2d9T}.
O]"T XJKLHA

O

il

ok r%

R s
o
1|

r%

Ao 976kNoA Hogs 23] T B Zux9} 7|5
| S wo] HolxdA AdA7E g7t Hgie}. SH-2
AdAE T31kNGd A2)7F YA dige] o "ol
e Helo} HFAo® 1020kNoA Hoyzs ws
ot & SH-1 AdAe 22 39432 Jepdch SH-3
A8A = SH-1, SH-2 AdAe 2] staitd glo] 254
o2 Yol 18Itk 1014kNelld Hojuig S w33l
T SH-1 AgAeh e d959S vyepoith

[¢]

rot
H
o
-
M
Lo
Tob
rr
Ho
il

| Mosd 15(EA 1225) 20134 22 39



Table 7. Failure Mode
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Fig. 14 Detail of Connection Specimen

B BAlE SS4007-89] H-500%200x 10160},

aeulekS o] 83le] Fig. 159 2ol
shehS EEd] AR Adsta,



Ast 08 chojotzaio

72 2] 433 W7l 7Fsd 2000kNE 2] Actuator
& S /K A 28] 4422 AP Aok
b 7RIS AXeeic) 71 T2 038 Seismic Provisions
For Structural Steel Building (2002) 13@ S 6.2 Loading
Sequence for Beam-to- Column Moment Connection®l
olall Fig. 163 o] 719sisint. ste7kal e Shasizt
°] 0.00375, 0.005, 0.0075¢w 27+ 6 AlelZ, 0.01L4H
T 4 ARlZ, 0.015 olF2E 2Ale]E4 A&siA 71 s
0.03 o|ell= 32 w7iA] 24l Enitt 0.014 S7}eit.
AA Y AAA] AsS S5k Hate] WAAE Fig.
173} o] AX3l3la MPEE S43P7] 95t $8F 5]
o dEl= AR 13 AlCIAE Fig. 187 o] F-a}9itt,

3.3 A}

2 Aol AE Al T1AE 5s sl 93
o] KS B 0801"Y 2 KS B 08027 Tte] wht 7%

B gy, B FAA, 4} vrjelolzd 3 54 FejoEo
A AR ARL A5} O]zl—}\]z;lo a9l on 23z
E FAA Uik 289 945 AT AlES skt A E
A3= Table 83 2t}

Fig. 15 Boundary Condition of Connection Experiment

Step 1 Step 2 Step 3 Step4 Step6  Step 8
20 ] : ' b1 0C4radl
(SRR : i 2dycle:
130 i QGzrad
i H : e t'l"_let 4
i g ; CER :
sp |-0.00375rad i 000Srad | 0.0075rad | 4cycle 5
scycle . boycle | écycle :

Displacement (mm)
o

aedal i

-50
“100° - omsm !
2 r;rcln Step 7,

: : - ' odarad) H
| ansumisc sspec-z00z cyelic loading program | | 2dyciel  stepd

-200 - = 0.05rad
Accumulation Number of Cylces .y

1)

Fig. 16 Loading Program

3.4.1 DX A9

get olg =91l DX AdA= 3step (0.0075rad) 5
cycledd &2 A HATE 9step (0.05rad) oA E
ZA e} 71FHol gaso] A¥e FRNY. Fig. 19
DX Adde] wHlE-gdz ZAo|th Mps Weol 2Awd

E(512kN-mE YEY Mye FEEHE(448kN-m)E

_ 350 [ 3375 //

LVDT-5 = | =
Flivors/ oot
o ol
g NoTolst
, | Vot oo 81_.
LVDT-6 =5 ° L\:’DT‘T’"” 2 :
LVDT-2 // LVDT-1
L 3500 A
Fig. 17 Location of LVDT
[ ] L ]
T TT]
(111 [ 1l
oIl ®
nm
| i
|
| ||
T 'R
@O® ® ® @
[ ] [ ]
Front Rear
Fig. 18 Location of Gauge
Table 8. Results of material Property
oy |BEsE[9geA] g
T& A (—nrlm) Fy Fu Fy/Fu
(MPa) | (MPa) (%)
SM
{50
AR 190 12 332 443 75
LR =) 10 315 440 72
B ZYx ss 16 297 435 68
F4- tieololzy
‘o mgoz | 00| 16 | 340 | 437 | 78
2 ZYolE 12 300 451 67

TAYE 289 YFEE  42MPa

5) 20134 22 41

rot
H
o
-
M
Lo
Tob
rr
Ho
il

| H25¢ 15(8d 122



to
o
rd
oy
[
ot
B
0x
H

Mamani [k mi

=008 ooe

(a) 7step(0.03rad) (b) 8step(0.04rad) (C) 9step (0.05rad)

Fig. 20 Step by step main picture (DX)

UeRIth M, 7 ZRlER} vlasid 4RIl (577.5
kN-m) 13%°1d H7kE1om, &5 4521 (549.5kN-m)
% 491 23S Ui aL 3Tk

3.4.2 DY A3

&3t ol¥ Lé?l DY A& 3step(0.0075rad) 2
cycledln & ASS BT} 8step(0.04rad) 2cycle
JMe A9 7] B2l o] =L Istep(0.05rad)
i B ZWA 7T HPHo] e dAE TR
o} Fig. 212 DY A@AS ERE-3147 Fdo|tt. 19t
L WHeR M (512kN-m)E 7} 34 ZHE gz}
Hlashd, A QA Ao RalEw 612kN—mi o 19%
o[ dHFEAY. FF hEAl Hdl EHEZHS 560kN-m=E
M, 4] 9% o9l WS et

35 =4 4 ¥

35.1 2134 2 Auaz
Fig. 23 7 4@A9] Wj2ish 24S wasp] gjstel 7
@ Wsh Selnk Ppi= SASEE Uehipl Py et
T Uit 271732 DY g7t DX A38AE 4
Vg A 7%, 3% A A 1% A Jepen) Ao
F& DY Ak DX AgAun A 4 A 6%,

-{m

™~
DO
ror
H
O~
-
o
o
ol
i
Mo
jigal

| H25@ 12(83 1223) 20134 2

Mamanl kN ml

‘008

(a) 6step(0 02rad) (b) 8step(0.04rad) (c) 9step(0.05rad)

Fig. 22 Step by step main picture (DY)

Skeleton Curve

Fig. 23 Skeleton Curve

Table 9. Initial Stiffness and Load of Connection
Experiment

o | BE0S @8 | AdaE| 2198 | oo
AW oy | e | N | e/mmy | TR
180 | 915 | 165 | 4.73
DX 7159 g
s | 26 | 1275 | 157 | a1z | ° i
e[ 010 | 993 | 175 | 5.07
DY 7154 gz
a2 | 359 | 1515 | 160 | 461 2
Vg A 1% = vestch. ol 2ol vl aole Bkt

N

F 4gAe) s WS skl Siske] 271

=
712718 e s 271738 718719 1/3¢) e B3

rr



e

g T
] g ® S AN g
M g 2 = oo
= i .~ oy
S £ = = M = Lo mﬁ
3 S 2288 & W T g
- c o L ~-8 . v, Q o BE =
© m - - F/IHJIX o —o ) _..\i M_M O ,__lﬁr
= ®- e ] n |_| = o ﬂmﬂ ol
= m w%l\\l\l\l\vﬂ\\\hlwlw@mwlwﬂ\, \\\\\\ ¥ = BT\_ =0 %o
= B B R = aﬂma Ml_‘_\:\ml
< j S e 37 o=, ™
s B a 1 s _ .. ___._ b Ho =
- T o= ! P o =T
88 5 L . Lt 1z % | , -
,, FE oo g8t 8 %5 5 8- s %55 TTET
vt | o L 4 h = 4 ’ T ‘h 5 5 2 o
N s -2 3 T - - =4 2 Taxté
X.\” \ m ” ”/../ e} © e =~ 8 —_ o = g .= |\ ) = A EWEV =
e ” w ” ” .wn ..m ® — ..t, - .. l«.v\4_|\ - 1\” |\ . —. w - L —e - IIl:hML._I-P‘.. :,0\ . % HT_ ,_Wd EE M
| 1 T | | o | l:uv\m| . - w ” C ,.;L HL VO
| m | | (- | I £ T | ‘S ﬂ dﬂ OL
| =t | | ‘S ” m © m | = —_ q‘._ ,AIv_M|
uw)yoleH lesg = o %) & , » m 5° mW
2} (W) yipim ~ wuw)yipim [ee) i == o
© o~ N = o
o ke 2 W mE
i = W T
T W
I op 5 af G R TR DT
~—— o Eoag B A I R W TR S
g N g ) o 2= Mw\ Hr - e} =) il o 2L ] o ol Z No m
I U S G s o) o - 2 = !
< o et _L BT oF M %o EE nD._ ﬂ._._ HL N QT — N ui m.wH
AT g = = 2 el R U TR gl
n 5 , ) BR = b N o JpP B T X O N o -
Sl meess1d 8 zzzE8 8 ®oaw o o SERFEE R o
u .._|C © e CCIT 2 \m\._. R ) & ,ul o & M .MVE =z AT ﬂ.” ol 1R ‘UI w _OrO i~ N Je)
F= S Fm.?w.a\e < o %oi oo X N - S mP PN T KR
¢ —--—e-— BT T = 4 o = or m- oW W o R P (YS!
{ s oSO 2 AeR TR Qb gpmEoagndr o
& — S kEY wIgm TP TaEpa_ EFE
: es PR HERE defapnifiicodc
5 Bs w»g= Woop T e R o O ﬂﬂmmwmum o o
= " = o o Ew B 7)oy o g o © Eﬂ i mﬁ W o o0 TR
ow 582 8 2 = <o o B - o _W_u mul WL o w o L — Mrw Wy N
T 3 3 OREE wmg N BT a5 B
A S e el THEgT olbo@me o i
8 \ _ o T Tagwm PERgm_ Mo g wg W
L . i EON TR o MITm L0 TR
n - = K T K Wl Y MWI No & B
Y O 0 - mr 2 G N oW S B W el s o
N o P ZWUEZeENe,oﬂZEmWﬂfINadﬂ%aT
- ko) LA - 0 < o = S i) g =) il ™ ,DrL
i <~ o K A s I S B oo o (= H > %o ) g
Ho P 7o o N o Ao ™ e © B @)
o A T R ReeH <o

o

) 20134 28 4.3

k=2

(3 122

H25H 15

Xl
=



to
el
ru
N
rx
lon
B
0x
H

m

A

Beam Height(m

idth(mm'

W

- 30N

—+ -0
- - 1200
—e - 1504

SrEn(10%)

Fig. 30. Strain Distribution of DY with Bottom flange

A 9% W) W] 27 wyehe AL 8 0

BRAAE 150kNAH 2 EAY] WMol zml sk
AL BT ol % BT A4 3
Yt gag 324 A wUEA 59 Aoz 3
Sul 3% o] d%e] WY TEBe| ol 37

4.4 8

B AoA Aokt CFTV)S—H AE¥e At o]d U
EMO}E%*OH ek e 283 CFT 7158 HEye
Nl ARS £9% F 4 9 22 Fal] thew
e ARE A

el S 2130

>~
&S
rot
H
oy
-4
b
Lo
Yol
rr
Ho
A
_‘>|_
N
o1
H
ol

223) 20134 28

o
() 54 fow %o_xg gaas AR e
Aol 5% Z7A0M, 54 O%ﬁr ol )

A Aol 4% 7RI 2199 S0
vebgt

(3) CFT 715-2 435 WE71 Agel 9o} 71852 v
2 % DX A@As DY A8AE o w2 g Aol

7} 3R] 52 ERlskt

(4) W71 Ag4y) 2 AdA= 0.04rad 2CycleolA]
2E o] WolHAIR, 0.03rad7A] FgAQ0 AsS
VRN AL Tt

ALl 2

B A7E aRrAT oAseaol Age 203
=59 8& A 2 e AT (F06A2204) 0 o
Aglom olFoifion ANAAY AANIEAAR 7]
Aol “%Lixﬂsa} ARAAS o] g3 Wz AT
7371 P (20111020100040) A€

Qe e =fn

PNy e

[e]
Lm e =
o,
—
L2 g
b
10
2
S o
é
K

£t 1 2 8l (References)

(1) A=, w2, He, 374, 415(2010) 800MPa
2 100MPa »—aﬂgg 283 idd 47159
T, SEATxEs| =2, TR, A224,
A5 pp.497-509.
Kim, C.S., Park. H.G., Choi, I.R., Chung, K.S., and Kim,
H. (2010) Structural Performance of Concrete-encased
Steel Columns using 800MPa Steel and 100MPa
Concrete, Journal of Korean Society of Steel
Construction, KSSC, Vol. 22, No. b, pp.497-509 (in Korean).

(2) Holg HAS AAE, TA5(2012) o2 HS AL
g W% CFT §FAlY] F24d%, eEd7xsls =
22, =7tz #2448, A6%, pp.711-723.
Chol, I.R., Chung, K.S., Kim, J.H., and Hong, GH. (2012)
Structural Performance of High-Strength Concrete-Fillef
Steel Tube Steel Columns using Different Strength
Steels, Journal of Korean Society of Steel Construction,
KSSC, Vol. 24, No.6, pp.711-723 (in Korean).

(3) A7HA, A, a9, HAR(1996) 22E F4 7
AW HIZE Ao @y Asd #e a7,
CistzAzets| =23, diekdzds], Aled, Al=,
pp.417-421.

Kim, K.S., Shim, J.S., Han, D.J., and Cho, S.M. (1996)



st oy ctojop=2

An Experimental Study on the Elasto-Plastic Behavior
of Concrete-Filled Steel Square Tubular Column to
H-Beam Connections, Journal of the Architectural
Institute of Korea, AIK, Vol. 16, No. 1, pp.417-421 (in
Korean).

PR, w04, Aes, 14715(2003) oF shitieolo}
ZHo g B 7Y CFT 7]%—E HEF<] Wzl
ek AT, AT ESE| =2, SR, Al1hY,
A5%., pp.579-589.

Choi, SM., Yun, Y.S., Kim, Y.S., and Kim, J.H. (2003)
A Study on Seismic Performance for CFT Square
Reinforced  with
Asymmetric Lower Diaphragms, Journal of Korean
Society of Steel Construction, KSSC, Vol. 15, No.
5, pp.579-589 (in Korean).

olg AR FUL HAR(2009) W FEIS AR
g 24 CFT7]1e 5 el Ao A4 o, st
TUFxes| =28, ddTEEE], A21d, A6w,
pp.57H-583.

Lee, SH., Jung, HM., Yang, 1.S., and Choi, S.M. (2009)
An Experimental Study on Simple Tension Connections

Column-to-Beam Connections

for Square CFT Column to Beam Using Internal Plate
with Holes, Journal of Korean Society of Steel
Construction, KSSC, Vol. 21, No. 6, pp.575-583 (in

Korean).
Wb ol o]4g], uheS

. #HE(2006) 24z
Azte 297 Uigololzal AR Aol B A,
2006HE CiSHAS =2, hekdE
3], A26¢, 1%, pp.289-292.

Park, C.M., Lee, K.H., Lee, S.H., Park, Y.W.,
and Choi, S.M. (2006) Study on Square Tubular
internal diaphragm connection development with

|

P

o}

sts| seuEr

me

¢

two-seam, Proceeding of Annual Conference of
the Architectural Institute of Korea, Vol. 26, No.
1, pp.289-292 (in Korean).

20

oz BUE 24 WZHE 1Y COFT 7IS-2 Hatvol Ags oF

G R(2006) okl =]l pelvtejo] Al H-7] &
#Hsh A7 -CFTE o422~ AFE A

pp.1-255.

Choi, S.M. (2006) A Research on Column-to-Beam

Conne ction suitable in region of weak or moderate

earthquake -In CFT connection-, Research Report,

pp.1-255 (in Korean).

(8) Choi, SM., Sang, Y.Y., Kim, D.K., Kim, Y.S., and Kim,

(9]

(12]

(13]

J.H., (2006) Experimental study on seismic performance
of concrete filled tubular square column-to-beam
connections with combined cross diaphragm, Steel &
Composite Structure.

sl AslE, oEAl(2011) FHAE S 43
CFTT29| 7155 A 724 7%, s=dTxsls|
=28, =7k 12eE], #2335, A63F, pp.737-745.
Pak, MS., Kim HD., and Lee, MJ. (2011) Structural Behavior
of Beam-to-Column Connections of Circular CFT
Structures Improving Concrete Filling, Journal of Korean
Society of Steel Construction, KSSC, Vol. 23, No. 6,
pp.737-745 (in Korean).

77283 (2012) 15 272 FFHATAAA.
Korea Society of Steel construction (2012) Standard Details
for Connection (Architecture Steel Structural) (in Korean).

KS B 0801 (2007) FA1E 1A H AQALE 714

KS B 0801 (2007) Test Pieces for Tensile test for
Metallic Materials, Korea Agency for Tech-nology and
Standards (in Korean).

KS B 0802 (2003) F441E 3418, AR1Ay: 7]
)

KS B 0802 (2003) Method of Tensile test for metallic
Materials, Korea Agency for Technology and Standards
(in Korean).

AISC (2005) Seismic provisions for structural steel
buildings, American Institute of Steel Construction.

dole et HdolRle 54 A tittelolzd Feel

2 o mAE AW )5 S5 T
BAo thi BAZ} Slek AT olald

HE AR PYS A QG Y delolxge F3E

o 724 5L BRP] g9 4G FRYE el veay
SR, T AP FeMsE 4% dololzel 3

12, Aty AEvel ¥t leugeld 4¥dn mie 243ds
16~24% skeh. 54 Felolee] 774sh

£ g Aol 24 ggtor uel 4

A Azl o9 Al

oleld BAZ sdst] 9190 vlel elelolzye] A4 c3uel 2 T AE SRl 43
oIS, St +4 Fo|ES AT B ATE ANE HEY
A3 A 2719 2hel T3 7151 4FRel el Bl 28
Bk 7Rl Sk tholomgle 5% FdolEg] A 77 A%
2 93] gglen]

A2k 27Kl et Aol 7 oF 5% T, AdE T Al ks o

AEge) st 271040

-
F
ol
Tor
rr
Ho
il

| M257 15(EA 122%) 20134 22 45



