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Analytical Study on Tensile Behavior of Circular CFT Column to H-Beam
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Abstract - This paper focused on concrete-filled circular steel tabular column to H-beam moment connections with external
diaphragm. Finite element simulation and the latest design formula proposed in Japan (A1J2008) were used to analyze connections.
Six connection tests were adopted to validate the feasibility of the FEA model and AIJ2008 formula. Both analytical and
experimental results showed good agreement. In addition, five models of non-diaphragm (ND) moment connections were made to
prove the influence of the external diaphragm on concrete-filled circular steel tabular column to H-beam moment connections. It is
shown that the external diaphragm can increase the yield strength, initial stiffness and energy dissipation ability of the connections.
Keywords - Circular CFT Joint, External Diaphragm, Energy Dissipation, A1J2008, FEA
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Fig. 1. Photo of CFST connection
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Fig. 2. Force transfer mechanism of an

external diaphragm connection!'”
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Fig. 4. A general view of the FEA model
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Table 1. Mechanical properties of steel materials""

Material Thickness Fy Fu
(mm) (N/mm?) (N/mm?)

45 391 547

SM490
22 378 561
6 515 663

SA440
12 544 648
9 806 914

SHY685NS

22 748 874

31475 0 74

B8] 7153 FER Alole] BEATE FAsH] 91
A Surface-to-Surface contact(Standard) HZH E44-& Hof5l%
O 9192 /9] BE T S AE A otol el
jo . 1 Aol Rl 1 455k QhAIet el Q5
o) 23] 75k o] 212 To] Wi AL o S2ie)
RS /s Bk 21 w3 75 Alolol A
Z15{(normal behavior)2- hard contactE A& 1 HARIEF A
5(tangential behavior) - 7 Ajolo] HE3 212 HEkal/] 917
AREEIL O M CFTolA £22|E Fojet PP HE5H0 &9
A0l B2t Dueral 9] 347 A AT S uigro = 0.479] o}
ZA4(friction coefficient) S -&3}rt.

3.2342d AF

A RRALT D] e BF-L SI9) Fukumoto ef al
(2000/" IFAI] BB H Hlo eI AR STk 315
9] (AR St T ER A S vl S
ol Shymag At

RS =4 A3 1 A2S(EH A1159%) 20199 4€ 121



olcfolobzao] g 2Pl U)o HAEAR A5

©)

3.2.1 sl5-H9 A

A5 Autol oA Aate] HA| 2l S v S $ll oF5-1H
9 A& H|wstoict. 6719] AgA ol ALgst ALt XS
Table 2.0] A 2jatgloH a4 2zl A Avte] T v)w
= Fig. 5.0 Yepigict. vlwdal, feta 454 AafofA]
Ehd FEJT, 27] 34, W, A4 Aeke 5ol A dTte}
- AR T ApAeH HI RS flaf 2717343 FEAE
o] gt MW ZATE Table 3.9 HsIAth Q&L

|88 — 34 g . "
100 (%) 9] o2 AN 43

Ao} s o] FEAE Aol Qg 1.22~2.962] o
A B 3% o2 Uehton, 27|74 1.27-6.829] <]
oA 7% o] Z4Tt RAE Hir:. FEoIF MY A W
P BotY oA I S7T A A AT} iAo
F AR -SHE UEUH I

Table 2. Dimensions of specimens!')

External
. Steel tube Diaphragm Flange
Specimens
ik hdys be t;
(mm) | & (mm) | (mm) | (mm)
DI1-B1/2-6C 25 15 37
D2/3-B1/2-6C | 6.0 17 36
R —— SA440

DI1-B1/3-6C 83 36
DI-B1/2-6A | 12.0 55 46
DI1-B1/2-5C 4.5 | SM490 125 36
DI1-B1/2-8C 9.0 [SHYG685 42

% t. : Thickness of column
hdss : Length of the outer diaphragm protruding
direction of 45°
br : Breadth of H-beam flange
t. : Thickness of flange + fillet size

in a

3.2.2 TR E
27149 A% EAel v wE gisiol A wh] o

o o

33t o1t FrARE Aol S S7 14 HBE(PEEQ)S ©l-85}
of W3 meleh AS daeusit Sleduds
(Equivalent Plastic strain, PEEQ)> JEHP (¢, )& 510
A/ l0] et FEo] tisf MAARE TN FEHF S
il o AJHP I E O3t TR Eg RV FE-S 51 &
o Aefjabd ESRAAHISE( ) “07olch™  Abaqus/
standardol A= AF A 73410] S7HAAAFES he] A3}
Zho] Apksict

(M

of714 eh'e 27] 2K MFSolc},

Fig. 6.2 Fukumoto2] =120l $5% 5 7]2] A3 mt] A
X1} wta] Aol A vehd 7 s A R El0] PEEQ £ &5 H] il
ol 52 Aot} PEEQ R Lol A ¥R 3| 0 2 Ueh =712
< ejrtolofHo] AR ZFA(SA440)S] FHALIHBER]
0.13& Z3sh= F-9jolth

Fig. 6.9] (a)2} (b)i= D1-B1/2-6A A A 9] wt3] P2} it
27 341 9] PEEQ ¥R =5 7t7} Hojrt. YR8 ol A o}
7SR D1-B1/2-6A A A A o] Tt o4 o] PEEQ #-3
oA, AFA 9] ohm) Felet-fAlsHA Ljrtolopgiat 73
9 84Kl A3MS Ve oH Zdix|e} ejrtolofy
o] Breh= OF AP oM & w52 0 & 2 A o] HAYgH
& &4 Utk Fig. 6.9] (c)2}(d)i= D1-B1/2-6C A A 9] 73]
B2} oA 2 F O] PEEQ 2 =5 UERdTE D1-B1/2-6C A3
A= Qjrtoofgiat E3H )7} ok 3 & A 2o A =54
O & mcto] IAYsIGItE S)4 A7 D1-B1/2-6A%L 2], 3HA 5
TP ES 233t o] Qrtolofx izt F0A| 9] et
FolAut F4 02 ettt o & Bl o F-2lollA] ok 7t

AEEI e AT 5 . A A ] dieh =52 < vl

=] =

Table 3. Response comparison results (yield strength and initial stiffness)

Yield strength Initial stiffness
Specimens (kN) (KN/mm)
Exp. FEA error(%) Exp. FEA error(%)
D1-B1/2-6C 568 575 1.23 942 954 1.27
D2/3-B1/2-6C 573 556 2.96 957 910 4.19
D1-B1/3-6C 527 514 2.46 806 751 6.82
D1-B1/2-6A 929 901 1.22 1915 1827 4.60
D1-B1/2-5C 525 532 1.50 832 817 1.80
D1-B1/2-8C 909 887 2.48 1048 1004 4.20
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Fig. 5. Comparison between the calculated and measured load-displacement curves of the connections.
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Specimen Yield strength |Rate of increase| Elastic stiffness |[Rate of increase|Energy dissipation|Rate of increase
p (kN) (D/ND) (KN/mm) (D/ND) (KN*mm) (D/ND)
DI1-B1/2-6C-D 575 1077 15018
1.7 2.3 1.8
D1-B1/2-6C-ND 340 460 8350
DI1-B1/3-6C-D 514 709 12026
1.9 2.1 1.6
D1-B1/3-6C-ND 272 346 7523
DI1-B1/2-6A-D 901 2809 20197
1.2 2.2 1.5
D1-B1/2-6A-ND 782 1270 13041
DI1-B1/2-5C-D 532 913 11910
2.5 2.1 1.9
D1-B1/2-5C-ND 214 442 6316
DI1-B1/2-8C-D 887 L1 1739 . 19806 .
D1-B1/2-8C-ND 819 ' 1562 ’ 18211 '
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