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Tension test considering the shape change of CFT Column-to-Beam
Interior Diaphragm

Sung-Shin Kwak, Byong-Jeong Choi
Department of Architectural Engineering, Kyonggi University Graduate School
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Abstract The diaphragm used for CFT columns has a small amount of steel to be used, but has a disadvantage that
welding is difficult and openings are required because the steel tube and four sides must be welded. The improved
diaphragm to be examined in this study was cut into four corners by cutting the center hole for concrete filling. In
the improved diaphragm, the width of the center hole is the same as that of the previous diaphragm, but the width
of the diaphragm contacting the steel tube is reduced, thereby reducing the welding length by about 70% compared
to the previous diaphragm. The in-plane strain of each specimen was analyzed when the same load was applied to
the interior diaphragm through a simple tensile test. Using the general FEM program(ANSYS 19.2), the analysis was
performed under the same conditions as the actual simple tensile test, and the load transfer between the improved
diaphragm and the previous diaphragm was compared. When the width of the diaphragm is equal to or smaller than
the flange width, stress is concentrated from the end of the diaphragm, and when the flange width is larger, stress
is concentrated at the center.

Keywords : Interior Diaphragm, CFT, Welding length, FEM, ANSYS
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Experimental investigation of new internal-diaphragm
connections to CFT columns under cyclic loading[4]°]l
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Table 1. List of specimens
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< — Thickness
Type A | 372(0.9R) 20 390 1,200%1,200%36 Diaphragm, t —PL-26
Type B | 414(1.0R) 26 300 1,200%1,200%36 (b) Section A-A’ view of diaphragm
Type C | 456(1.1R) 36 216.7 | 1,200~1,200~36 Fig. 3. Specimen details of previous diaphragm
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Table 3. Material test results

Fo| B R,
Steel Steel ’ Y | Ho.
Member grading | specimen E, (%)
(N/mmz) (%) o
1 47439 | 545.11| 87.03 | 28.71
Steel SM3sS | o 2 | 477.87 | 549.7 | 86.93 | 29.11
t
tube (SM490) 3 | 475.55 | 547.13 | 86.92 | 28.49
Avg | 47594 | 547.31| 86.96 | 28.77
1 357.58 [ 531.11 | 67.33 | 28.66
Diaphragm
$$275 2 | 371.00 | 541.99 | 68.45 | 28.11
32t
Beam | (55400) 3| 362.24 | 531.68 | 68.13 | 29.16
flange Avg | 363.61 |534.92| 67.97 | 28.64
600
500
Ultimate Stress — |
_ 400
£ \ Necking —
£ 300 !
Z N Yield Stress 52751321
£ 200 $8275-T32-2
N —o—§5275-T32-3
. ——SM355-T38-1
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Strain (mm/mm)
Fig. 4. Stress-Strain curve of steel
3. LHCto|op==l QlFtAH
3.1 HEA 7HH 4Y % £ Wy
wictolobzg) QA F A A BE FalA ALy
© oS a5t Fig 5(b)e 2ol 7HE A6k
ol 2 AP FAe] Aol e ss P o <
FEE(F )R FEAE(F)E AHete] 35S

gletglon] gy Wl ul A saske] &5 g ol
A HES JPatich 7HES Wa)e v B ZalA] 7
oA shto] WAEH =W UT.Me $20|

70

gy
= ¢

g FWA7F 24 o= dAlsks Mol 0.005
mm/sec?] WA 2 713}, tholofzale] WMy
55 =43817] S84l Fig. 5(c)9 2o] A3 da &

== 3%
EdQ) AolAE e

L]

(a) Diaphragm tensile test

(b) Experiment setting
situation

A ® 0O E
Row 1 = i = E
Row 2 = = = 1
Row 3 \I 1 I{/i

i

(c) Location of strain gauge installation

Fig. 5. Diaphragm pressing force situation

e B
m 2 fo L2 o

olo
A5



CFT 7]5-3 ujcholozale]

BEHsE

AR A

250

/>—" (0.001, 235.52MPa)

/

0.0005

200

I
=

Stress (MPa)
g

o
3

o

o

0.001 0.0015 0.002

Strain (mm/mm)

0.0025 0.003

(a) Stress-Strain curve of Type A

S92 23536 MPa, HUWHELS 0.002642 LEFSL
t}. Type C&= B FHA| 9] Zo|rt} thololzF o] Fo
t F& APAR, SRAZTE shFo] 12E 9 BE
o §go] WA AEr

Table 49} o] F4et 35S WAS o Ho ©y
&5 7] AP A(Type B)9F wlaLste] vERATE Type
A9 A WY EL 7E *E‘ﬁd A o) <F 35% WA UEel

Wt Type Co| Hu MY E
71% A VERSETE Al 71

mk
o
__)li_rll
lo,
BN
=
rE
oflt
4]
o

o

z

=
250 M3 L8 HAF ZAL Fi 7vo] Bl s}kl A)
/ /Q_' (000154, 235 50MFa) (El_ o H-¥E U= Flg. 79} 1= ] ]JJ—OI'ME]'. =
RN/ AV @A Ao ARES wY RASF go] FE4E W
=
3 , /! FE @ 9 AAE A & 5 Ak 71F A@A S 1)
g — g T w3s o Type C7F Type ARTH 2 Apol7k Vb=
@ MEep) & —Type B_row3_] —
Y /< i : e A Type C& thololzale] Eo| Zhagixr Fr=
" 1 + Type B_row2_C
: ~Dppm.c Z7I7) el i o S Yol 47 AR
0 0.0005 0.001 0.0015 0.002 0.0025 0.003
Strain (mm/mm) E] 7] HHT':O]E]'
(b) Stress-Strain curve of Type B
Table 4. Comparison of maximum strain at the same P
250 - T .
w 1/ %‘H 1.
(0.00264, 235.36MPa) Type Row | Column max test Erost
§ 150 / /y : (kN) (MPa) - °p
g’ o / ,ﬂ) S Type A| 3 C 1837.03 | 23552 | 0.001 | 0.65
s " ,/ B -“ P comemis Type B| 3 B | 1837.04 | 23550 |0.00154 | -
= ol o Type C_rowl_C
- HY :yp““’“u Type C 3 B 1836.81 235.36 | 0.00264 | 1.71
o > Type C_row3_C
0 0.0005 0.001 0.0015 0.002 0.0025 0.003
Strain (mm/mm)
(c) Stress-Strain curve of Type C 250 ‘ —'@
- - - VA A e
Fig. 6. Stress-Strain curve for Specimens 200 -
= /
E 150 /,
Type A9 $9-¥¥E 42 BEHT CEoA % " /,,f' oo | < Tweammic
dHo AgEol 1A 2HEA. cd 3ol ) " f“‘ S | oo
—Type C_row3_B
O E:J.__ 235 52 MPa? éltﬁﬂ 0‘3‘% 0 OOIi I%E]’ 0 0 0.0005 0.001 0.0015 0.002 0.0025 0.003
Type AE B Z x| Zo|rt} tfoJolz o] Zo] ¢ Strain (mm/mm)
Wl o] FWMAE 3 dtzo] FEetA HH thol Fig. 7. Stress-Strain curve difference of three types

ofze] Chell 4402 35S Wil H3 B, DG
Hpgo R Sgo] HAYstER Cge] Wy Eo| Athy
o2 Z AL FAT F itk

Type Bi= B E#WA| <] Zo|9} tfojolazale] Zo] F
Ag 797 HHEFo] BERT Cdo] U A =4
Huck Howgo] wAst BE 389 Hol-e-22 2355
MPa, AAREL 0.00154= e

Type Co $8-HYE Coﬂi‘jr B&A 4
Ao g Wy Ee] =A FHEU B 384 Hj

oo

1

71

w W
W w
30
roy
kO
B>
§I=l
1
o
ofm
roy

= R
)
(o}
)
(Kl
e
-
:

m
=

Satich A A
NSYS<9] Design ModelerE A3}
7 7§ velofz s BEE s

M o mr @
o,
N
rlr

et
i3

o0
i)



S| Eere =R A20d A23, 2019

1
o,

Aol A2 THE Geometry”7} 1A 9]
ofx iz}t ek, w3y} B Zulx ] S AA w4
o A7|= A Hw| Aol TR ekol
o] "oz}, wpzbx] HEHol| ek w4 27]
3l Contact Sizing 7]5S o]&3fo] w4 2
A W4 FAL 1.00] 7MY ASE w7}
AT & 4 Qi) & S sy 24w
Hex8(61 A, 8843} Wed6(5H A, 647)S AA35HS

i, AR v FAS AES A7 Fig 9 3} o] Ut
wron Hit W4 FEL 09372 1.00] 2HEE £

[
=

A

E

(o3
Loy md o me

Bogo Mt = gt o g
R

i
KD

2 et
FraazaNe 24l PR SRt 2
WA A 2935 vssto] a4 Fig. 109 2
o] FHALE ol &3lo] thololzgle] $23) WYE
& FEa90 F WAE 7)E tolelzals A4l ol
bz SFHLL v Aste] FEAEA we
B2 o, AYE Ao, QY] mHRS o) 3
2EE st
Table 5. Material properties
E F F isson’
Member Steél ‘ y ‘ u P01ssons
grading Unit: N/mm2 ratio
Steel SM355
tube (SM490) 205,000 325 490 0.3
Diaphragm SS275
7Beam flange | (SS400) 205,000 235 400 0.3
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(b) Type B diaphragm
Fig. 8. Modeling of experiments using FEM
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(a) Maximum strain at the FEM of the Type A
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(b) Maximum strain at the FEM of the Type B
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ANSYS

R19.2
Academic

Equivalent Stress
Type: Equivalent (von-Mises) Stress
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Time: 3.6-003
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21118
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158.39
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79.213
52821
26428
0.035369 Min
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(c) Maximum strain at the FEM of the Type C

Fig. 12. Stress transfer analysis in FEM

Table 6. Maximum strain comparison of test and FEM

Otest O rEM Etest

Type (MPu) Etest (MPu) ErEm P
Type A 235.52 0.001 235 0.001043 0.96
Type B 235.50 0.00154 235 0.001374 1.12
Type C 235.36 0.00264 237.57 0.001779 1.48
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