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Experimental Study on the Flexural Capacity of the
U-Flanged Truss Hybrid Beam
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Abstract

U-flanged truss beam is composed of u-shaped upper steel flange, lower steel plate of 8mm or more thickness, and
connecting lattice bars welded on the upper and lower sides. The hybrid beam with U-flanged steel truss is made in the
construction site through pouring the concrete, and designated as U-flanged truss hybrid beam. In this study the structural
experiments on the 4 hybrid beams with the proposed basic shapes were performed, and the flexural capacities from the
tests were compared with those from the theoretical approach. The failure modes of each specimen were quite similar. The
peak load was reached with the ductile behavior after yielding, and the failure occurred through the concrete crushing. The
considerable increasement of deformation was observed up to the concrete crushing. The composite action of concrete and
steel member was considered to be reliable from the behavior of specimens. The flexural strength of hybrid beam has been
evaluated exactly using the calculation method applied in the boubly reinforced concrete beam. The placement of additional
rebars in the bottom instead of upper side is proposed for the efficient design of U-flanged truss hybrid beam.

Keywords : U-flanged truss, Hybrid beam, Flexural capacity, Composite action
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(Fig. 4) Manufacturing of specimens

(Table 1) Test specimens

Specimens ID Upper chord Upper reinforce Lattice Lower plate Lower reinforce
CIB01 CIB-R25-L8-P400 3-R25 X 2-¢12@400 PL-320%8t X
CIB02 CIBn6x-L8-P400  C-160x70x6t X 2-¢12@400 PL-320%8t X
CIB03 CIBn6x-LoR-P400  C-160x70x6t X 2-¢12@400 PL-320x6t 2-D19
CIB-04 UIBn6R-L8P400  C-160x70x6t 2-D19 2-¢12@400 PL-320%8t X
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(Fig. b) Experimental plan of U-flanged truss hybrid beam
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(Table 3) Material test results (concrete)
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Specimen f'c (MPa) E, (GPa)
3 2 2 N EN # 318 26
) 0 32 242
AFA A AR AR e FAe] Average 24 24

126 _HI 18H HAZ SH 743, 2018. 12



U-Z2%| EB{A SeiEol 3 Lol oiet Ad o7

3.3 ma| 2kt

CTB-01 A&A= 37 25mme] g5 3715 43d
A= AXstal, stEAZ 8mm IS AMESH 53]

1 AdA oty A3} &5 58.0kNolA Z7] FLGo]
WA o™, S50 Ftel wet ddo] AU
ot Y S4FS 324kNoE AZHoH, H
al% o]F AR FE TAYEY ¢H=E Szl I
Askedt

CTB-02 A3A= 6mm 49 4o A=
2)&8kaL, SAAZ Smm BIS A3 FF
AGAoltt. A}t 5 F 50kNoA %7 7
HAER o, 3o Skl whet gdo] AU
t}. A 5L 2995kNoZ AZH o, Hu)
3% o) ZAES = shFo] A

CTB-03 A3+ 6mm F#e JdA= =3}
3 SEAZ emm FHS ARESIHCH, 19mm
5 o]&35te I S-S BAS EE AF

—

Aotk Ast sk oF 100kNoIA 7] THo] HA
stdom, stz F7tel wet dgo] AHEATh
A 352 343.1kN2.2 AZHoH, A 5%
o]% 4= ZAYES R dtzol| AT
CTB-4 A3dA+= 6mm FHS JAA=Z 23}
1 AR 8mm FHS AHEER O™, 19mm
o5 o &3l A dESS RS 53R Y
Aoltk. As} 315 oF 50kNelN Z7] Fho] B
stlom, stae] F7tel wet ddo] A=A
AW 35S 319.0kNC.E AZ=H o, A 35
o]% b= FAYEY HYE dtso] AT
<Fig. 7>°| 7} A Y 3] s e
m BE ARAL Al vEebTh sHE o]
FESH= A olA AdAe & eyl #EH
, FE AT o] ¢F5 FAYEY] A <t
AAR AsE veH Hd Az =gaidth
o A% o] x Fs] & HATMA A

e ARHN ASS ki

K

L

(c) CTB-03 specimen
(Fig. 7) Failure mode of specimens

(d) CTB-04 specimen

re
Okl
™

AZURTRIN _127

(>3
1o



3.4 8-l B Ao} gkt B Z7hE wolnl, Ad A% 2 4
2] Aeds] oFAR A o] oA 9o 18]
29¢ B4 de A AgA s w1 SR WHHY WL AeE e
oAU 4w AH AF 4F9) 4w gat 48
FE <Fig. 8> UeRSITh 1-olA LVDT 1 .
A B3} 9% 2AUE Ajo] 24 B4 I8 4
532 71 el M3 WeAol, LVDT 25 e :
- - oz gt ofd] tEE 35 5 A% A9
Fo4) ol AAT WAl 2] T Wy
2 BelA B% WG B40] oo} A & 92
she Aol AgAlsl 20 94 Best was o 01 T 1
% A A= A
W, olF B2 Aol £RY WA AR AF ek CIBOLE CTB0: SRS At
‘ S gm oF 2 WeIE Uehed, ot g% Fa)
o Uehith 8% 9gEd) 1wy A2 WA
zaee9 g} AAs) BEe Aoz

sob] Fad oulg AT & % 9 AR YA B2 Tage Band P A
Addon AR BB AL olFe] WS F  AWUS Al o2Hd T 5L 4

400 T 400 -
—— LVDT 1 —— LVDbT 1

350 —LVDT 2 || 350 —— LVDT 2 ||
——LVDT 3 ——LvbT3

AN 300
ol A \\ \\ Nl

|/ \

- I / /]
. I .
| 1 [ BN 8

0 50 100 150 200 250 300 0 50 100 150 200 250 300

Load (kN)

Load (kN)
3

a

—

o ——
T—
o

Displacement (mm) Displacement (mm)
(a) CTB-01 specimen (b) CTB-02 specimen
400 - 400
— LVDT 1
350 —— LVDT 2 | 350
% W ——LVDT 3
300 Tl 300 el i s

250 ﬂ - NKJ 250 ﬂr - ——LVDT 1 H }
ot ol | N

|
/; //// | 2 -
% - .

0 50 100 150 200 250 300 0 50 100 150 200 250 300
Displacement (mm) Displacement (mm)

(c) CTB-03 specimen (d) CTB-04 specimen
(Fig. 8) Load-displacement relationships

Load (kN)

Load (kN)
g

&i“?ﬁ%
T
—

128 _Hl 1834 H4Z SH 743, 2018. 12



?.

1

O:
P

[==]

5t Al

s

LH=dof| o

sl

=

=4
S

=l

<Table 4>°l|4] H]aL

=

N=o0

0

23

7t AAE

KR
.

o). o] AoA A=
A 9HE, gy

il

)
il

SF 2ol 24

=
==

A7) B8 2gnoA 2Rt

3T

=
A #geol

£ 54 U

)
=

A
mr

al ]
T

olo

f

=

==
Z

9

_?4

=

=

1.03
1.01
097
1.08

o)
Ratio
Pll’l ax / P’”«

Ao A &

)

ks

=1
g A7

A3te} 71E ol

1A= At w2t

/é]
<]

3+ o
fa

fs
T

=
3133
29.0
355.2
296.6

P, (N

e}

bl 2yes

= A
Theoretical

1<

=]
RL

[eX3
w

FoN BE

o
U-ZWA EY2 BFR| 7|2

Test

Prax (N
325
299.7
3433
3192

1

FYE HZH o

1

A Evf EH

H
==
T

A7 FE31A

Aol A

=

3 A

}
CIB-01
CIB-02
CIB-03
CIB-4

s

=
70
A U-

Specimens

(Table 4) Comparison of maximum loads

g Eo]

)( 0.85f b )
£y
)
T+

fid
1—£,/600

|

M, =A/f,(d=d)
0.85f b

(As - As’ )fy

Mnl + MIZ

N
M, = (A, — As’)fy(di %)

M,

ﬂnmo

of

(0.85f4b)a” + (0.003E,A4," — A, f,)a

—(0.003E,4, 8,d")

2N _129

RIS

°

UERRH o 3
-

o

o=
=

Fe

[¢]

Ao 9}

1=

A

1) BE
E9) A7 A A

0

0.85f .ab

CYC_




Bl
Y
o
-l |
=)
X
i,
N
e
gy
x0
lo
tlo
o]

References

1. Chae, H. S, Ryoo, J., Chung, K. S., Moon,
Y. M, & Cho, S. M., “Experimental Study
on Structural Performance of End-reinforced
Steel-beam system(Eco-girder)”, Journal of
Korean Society of Steel Construction,
Vol.22, No.6, pp.533~541, 2010

2. Heo, B. W, Bae, K. W.,, & Moon, T. S,
“Flexural Capacity of the Encased(Slim
Floor) Composite Beam with Deep Deck
Plate”, Journal of Korean Society of Steel
Construction, Vol.16, No.2, pp.235~245, 2004

3. Kim, D. B, Kim, Y. H, Oh, M. H,, & Kim,
M. H., “Experimental Study on the Flexural
Capacity of the Concrete-Filled Composite
Beam with Exposed Top Flange”, Journal of
the Korean Society of Hazard Mitigation,
Vol.17, No.4, pp.1~9, 2017

4. Kim, S. B, Hwangbo, C,, Lee, T. K., Cho, H.
S, & Kim, S. S, “The Shear Strength
Evaluation of the New Shear Connector by
Push-out Test”, Journal of the Korean
Society of Hazard Mitigation, Vol.14, No.1,
pp.1~10, 2014

5. Kim, Y. ], Bae, J. H,, Ahn, T. S,, & Jang, D.

W., “Push-out Test on Welded Angle Shear
Connectors used in Composite Beams”,
Journal of Korean

Construction, Vol.26, No.3, pp.155~167, 2014

Society of Steel

6. Lee, M. H, Oh, M. H,, Kim, Y. H,, Jeong,

S. C., & Kim, M. H., “Experimental Study
on the Shear Capacity of Slim AU
Composite Beam”, Journal of Korean

Association for Spatial Structures, Vol.17,
No.3, pp.99~105, 2017

7. MOLIT, “Korea Building Code”, Ministry of

Land, Infrastructure and Transport, 2016.

®m Received : November 24, 2018
m Revised : December 12, 2018
® Accepted : December 12, 2018

130 _HI183 M4z SH 74, 2018. 12




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


