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Structural Behavior of Beam-to-Column Connections of
Rectangular CFT Structures having Different Diaphragm Opening

Kim, Ki Hoon', Lee, Myung Jae?*
ITechnical Engineer, Engineering CS Depart, Midas IT, Seongnam, 463-400, Korea
?Professor, Building Science & Engineering, Chung-Ang University, Seoul, 156-756, Korea

Abstract - The steel tube of Concrete-Filled Tube(CFT) confines the concrete and the concrete restrains the buckling of the tube,
The objective of this study is to investigate the influences of the opening shape of the through diaphragm in case of the
rectangular CFT column-to-beam connection through the structural experiment. The experiment results are compared with
analysis results obtained by using the FEM program. These results are shown that strength of the rectangular CFT
column-to-beam connection have similar structural performance regardless of the opening shape if opening areas of the through
diaphragm are same. Also in case the connection area/shape of the through diaphragm and the flange of H-beam are similar, it
was ascertained that the bending stress occurred at the beam can be transferred to the column through the diaphragm.
Keywords - Rectangular CFT, Beam-to-column connection, Diaphragm shape, FEM
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Fig. 4. Load-strain relationship of P1 flange and diaphragm
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Fig. 14. Deformation shape of P3 connection
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Fig. 20. After FEM analysis of P2 model

Fig. 22. After FEM analysis of P3 model

URERRgITh e HlEAE, U SEelA o AR
o] 2ol HolAuk AAHOE 7] ZHeA] Hchjeizt
Ao Aol A S fARE 2 BT 4 gtk

4 ENDEEY:

3.2.2 P2 A& =Y

Fig. 7o) P2 A9 melo] s} Aaks A A e} 3

(a) P2 Connection region

(a) P3 Connection region

Tension side

Compression side
(b) P2 Diaphragms

Fig. 21. Stress distribution of P2 model

Tension side

Compression side
(b) P3 Diaphragms
Fig. 23. Stress distribution of P3 model

et AakE vlamslng, e RielA o A
of ol Holxuk AA Aoz 27| 7oA el 7t
A9 Ago] A HE SARE RS BT 5 Sk, E o)
) A3 oA AF Ao} oA 2 me) A re
1kN 2H| =g3t 5 yjgo] E*OVL 2 geld 5 9o
], Q1% thoolLeo] 9F=E tho|ofL o H] gl A|ufj A
ZE A= Ar 8015 4 011:} AA Ao 2 p1
2ell AA oF v FARRE A5S Hol= Ak 2eld 4= 9l
. o A L) A1 5 A 28 HEE ot pig

20, Fig. 210 YERH AT

3.2.3 P3 &gy 2

ufu

Fig, 11o] P3 AFA =] s|xAzel AgAz
g, 2200 94 AL ekl
Ae vaeu, AF A thololmda HY 7} S

296 s TEE =R AW A3E(EW A1363) 20159 69



180

160 -~
140
120

100

Load [kN]
8
1

o
o
[

N
o
(-

20 4

—_— 77—
80 100 120 140 160 180 200 220 240 260
Displacement [mm]

0 20 40 60

Fig. 24. Load-displacement relationship among 3 models

O] 84 GYaFH gt o] oA U Kt Afo]E Ho
ARE AA A 02 27] 7404 H W 7EA o Asol A
G AR e SIS 4 Qi

HA T AFA L} nET A & S tholofzo] o
Z tojolz ol Hlsh AujA ¢l & REE 7HA= A% &
Qg &= gl whd, Hohi ¥ HYEZ SHA Y =735=
o SHAl = ARAo| vlsl 2, EFWA| FYFEol S0l
AEH As e 4= U}, P8 YA mE9) a4 & 52
325 Fig, 239 YEH ST

3.2.4 SHMZADH|w

o
fu
_g
\l
N
BL
Q
s
H
N
o{n
HI
o =
o
Jr >
1o
=
1
rlo
ko
o
o
[
o
1o

3 S| 9. 71, P2 Ao Wlo) 243k dfelol o
ARk 71 Aoz A H o2 At Zhz AgA| s mee]

A2 Fig. 24 YERH AT

4. 2 &

o A ZHORT T2 HPHoIA BE cholopraly
el 2, SIS o TR A A
0 wrE AR H7lskal, thojojaxal Al B =

i)
rir
2

o
g
=
g
DO
> ‘”10
u)i?j_' ruSZ
5
i)
:Oé‘
ot
oX
i)
=
)
o

S, AT
>y

o 2
.

—&

o

N

ox
=

i)

o

N

X
i

iuj

5L

=

N

o}rl

[

7
0_1]1
o

ot 10,
ok
o
oot

- |
=
1
e
ok
o
)
B~
oX

% 1
= =
2 o
[ R
o
i
i
s
£
N
lo

o 2
o

b4
d
off

9
(4) P3 3|9 7+

e

jm
ML
o
ox
=
i’l
3
N
il
ne
Ql‘.
u=

o
9
[
o
o
offl
:?L
N
offt o
|o
Fu
ol
Eh
o,
r>~l
e
il
+
s
il

f

J

arel =

[¢]

| A= o,j;LxHD}MA]tﬂg 2012R1A1A2044305) 2]
< Who} 3 AFo| B R ofof] ZhALe] Sg A}

Al

e

A1 2% (References)

[1] =7d+-5812](2003) 242 E
Z.

KSSC (2003) Design/Construction Guidelines for Con-
crete Pipe Structure, KSSC, Korea (in Korean).

[2] ¥HAl, o] A (2013) S-S AMATeE 2H8 CFT 0] 7]
-0 O] T BA, st B, Sh
F-zZ5}+3), A|254, A2E, pp.187-196.

Park, J.Y., and Lee, M.J. (2013) Structural Characteristic
of Beam-to-Column Connections in Rectangular CFT

AT DA

Structures Considering Concrete Filling, Journal of Ko-
rean Society of Steel Construction, KSSC, Vol.25, No.2,
pp-187-196 (in Korean).

[3] BREA&HR, MHELE KEEE BEBH1989) 227
) — N FHARERLBM KL A T 7 7 L 0EIZ O
T, FAAEAEAEE, C: M 11, BASREEFE S, pp.1641-
1642.

Miyao, T., Matsumura, H., Oshima, M., and Kimijima, A.
(1989) Strength of Cast Steel Diapfragms for Concrete

297



2] colobial AT Qo] T /%R R

Filled RHS Columns, Summaries of Technical Papers of
Annual Meeting Architectural Institute of Japan, C: Struct-
ures II, AIK, Japan, pp.1641-1642 (in Japanese).

T2 A%

CFT Structures Improving Concrete Filling, Journal of

Korean Society of Steel Construction, KSSC, Vol.23, No.

6, pp-737-745 (in Korean).

[4] 9A19(2012) /= ANARE 4G CFT22] 751 [6] =7P7]&®EH(2007) S5 = IEAIFH(KS B 0801:
e 24 718, HARE e, SYieh 2007).
Park, J.-Y. (2012) Structural Behavior of Beam-to-Column Korean Agency for Technology and Standards (2007) Test
Connections of Rectangular CFT Structures with Improv- Pieces for Tensile Test for Metallic Materials (KS B 0801:
ing Concrete Filling, Master’s Thesis, Chung-Ang Uni- 2007), Korea (in Korean).
versity, Korea (in Korean). [7] F443(2010) Egctolofazal] HALS: 0]83t CFT7]5-
[5] Bhels, 21315, o] A(2011) S4S AT L CFT T e, HARES e, FohatiL,
TLZ9] 75K AR LR A AE, XSS =R Ruy, S.G. (2010) The Strength of CFT Column-to-Beam
A, =7 z}s], A23 W, A6, pp.737-745. Using Hybrid Diaphragm Type, Master’s Thesis, Chung-
Park, M.S., Kim, H.D., and Lee, M.J. (2011) Structural Ang University, Korea (in Korean).
Behavior of Beam-to-Column Connections of Circular
2 o : CFT 72k 4ol 254%] 22257} 348 P22, 40 22028 T4ala 2aeel 490 43S YT
2 A0 44 8 ZES Z712 4 ok olo] B i BE tololmal AR Babo] ZHCFT 751 FEe] velo]
nAe e AES T AT & fessiE saste] A Ade} Wi Ak
ol ZHHCFT 7)5-1 HPH Wele BE tlololzale] 7% Walo] 2% 2% 7 4ol 2 G WA gon), W tholof
Wik B EAAS) WERE WA L A B, Hol WA Beeo] ololie Fe) /FoR HgE S stk
SHAIRO] : Z1CFT, 715-5 3, tholxa) AL ekt
298 = rzstE =23 A278 ABE(ED A136%) 20154 6Y




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


