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ABSTRACT :

In this research, we carry this study into effect on the basis of utilizing character of composite beam and

developing applicable section to some of high strength steel. We evaluated flexural capacity of composite beam that is a
unit member through experiments. The existing nominal strength formula of Composite Beam which is a previous method
was reviewed and the experiment had been progressive by using each composite members as main variables though the
result. Capacity evaluation of U-shape Hybrid Forming Beam(HyFo Beam) which is a new shape show as follow from the

result. First, it

is resonable to resist demand moment by couple moments which are occurred

in concrete

compressive-strength and steel tensile-strength. Second, the capacity was stably increased in proportion to the depth of
beams and the thickness of steel plates. The last, HyFo Beam was showed as ductile behavior.
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Fig. 2 U-shape Hybrid Composite Beam with Concrete Slab
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Table 1. Test Specimens

. Thickness | Bottom Covering | Space of
No. Specimen (Ellfg) of Web Plate %)éﬁ(;rrn Depth Bolt S(t;_dd()qlg)l) etc
(mm) (mm) (mm) (mm)
01 D300-F6Rn-B300Cn 6 - - 300
02 D300-F6R25-B300Cn H 6 D25 0 300 _ . Steel :
300%x270 150 eel -
03 D300-F8R32-B300C30 8 HD32 30 300 F,= 325 MPa
04 D300-F8R32-B600C30 8 HD32 30 600 " Re-bar :
5 5 f,= 400 MPa
05 D500-F6Rn-B300Cn 6 6 - - 300 . Concrete
06 D500-F6R25-B300C30 6 D25 30 300 f4= 35 MPa
07 D500-F10R32-B300Cn 500%270 10 HD32 0 300 100 | fla_b 1’1;(1)ickness
08 | D500-F10R32-B600CH 10 HD32 0 600 s SO0
09 D500-F10R32-BO00Cn+£4 10 HD32 0 900
10 H-506%201x11x19 506x201 - - - - - 100 Base Specimen

D500 - F10 R32 - B300 Cn

- Covering Depth : Cn — Omm, C30 — 30mm

Space of high strength bolt :
B300—300mm, B600—600mm, B900—900mm + welding

Bottom Re-bar : Rn — non. R25 — HD25, R32 — HD32

Thickness of bottom plate : F6 — 6mm, F8 — 8mm, F10 — 10mm

Beam Depth : D300 — 300mm, D500 — 500mm

1,000 B3lo] TR 24 7HE3idT), 300, 500(mm)e B &
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<8 HFS00 © @100 2307 7129) 52 2eteld ARSIk TRiSEE 95 o
8= E10T M20 Hell= 0.05mm/sec, B o|FE 0. lmm/secolth.
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Fig. 3 Section Shape of HyFo Beam
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ZAYE AAV|EUEATE 35MPaclH, £ E wig
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Table 2. Concrete Proportion

Design criterion strength W/C ratio Maximum size of coarse aggregate Slump Air content Salt content
35MPa 37.5% 25mm 120mm 4.5=1.5% 0.30kg/m’°| 3

Table 3. Mechanical Properties for Rebar : Tensile test

Specimen Yiled Strength (MPa) Tensile Strength (MPa) Elongation percentage (%)
HD10 468.2 553.5 16.5
HD13 491.1 588.7 16.7
HD25 462.1 592.9 27.9
HD32 506.7 630.5 20.2
Table 4. Mechanical Properties for Plate : Tensile test
Specimen Yiled Strength (MPa) Tensile Strength (MPa) Elongation percentage (%)
PL-6 355.0 529.1 234
PL-8 386.7 501.8 19.2
PL-10 459.1 562.6 15.8
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Fig. 7 Estimation of Yield Load
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Fig. 10 P— ¢ curve of D300series specimens
(Bottom plate thickness - 10mm)
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4.2.3 D300-F8R32-B300C30 2 &A

D300-F8R32-B300C30 A& (No. 3)= X E<] 300mm
oli, sHdo] Smmel™, sHFEZE HD32, EEIAL
300mmel . d3} sH7ke] o]4L 30mmeltt. s
I 2o ofal WEe] HlEdeR FrlleAE HENL
o, Ao ATFAYE Ko} T AEFAE FAlslok
SheAlE 1817 Al Mo 2HE 30mm o] AAIZ T
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4.2.4 D300-F8R32-B600C30 234

D300-F8R32-B600C30 A& (No. 4& X %<] 300mm
o, 31F7Ho] SmmolH, FEEE HD32, EEZ S
600mme) i 227} s o] 32 30mmelt}. 19 ~3%
AdAe EEZHFC] 300mm °loy, B8 ddAs BE
7HE 28191 600mm= 7 AT A8 A1 3 409kN A

Folld 2wl skgAst BAd F, 23 EV de|
AFFsITE 2 ¥ 232E STiudA 430kN7d 2719 %
of WAt eH, HAHd EdaliE W EIE SYE
o 47F BT AF FE Al AN EHOIES Y
EolEZr 5mme] ML B en, HopdolA <
6mme] FZHE THFFol ettt 39 A3A 9 3LT
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N

WL F 7% A= AdtHo] EE

Fig. 11 Local buckling Fig. 12 Concrete Slip

Fig. 14 Failure shape :
bottom rebar

Fig. 13 Failure shape :
no bottom rebar

Fig. 15 Concrete slab collapse Fig. 16 Lateral buckling of
H-composite beam

Table 5. Bending Test result

No. Specimen Pireory KN) | P, (kN) P,(kN) | P/ Peory P,/P, 4, (mm) 4, (mm)
01 D300-F6Rn-B300Cn 545.8 543.7 760.7 1.39 1.40 28.14 78.13
02 D300-F6R25-B300Cn 599.0 527.1 784.1 1.31 1.49 24.712 74.59
03 D300-F8R32-B300C30 706.8 732.4 943.8 1.34 1.29 32.35 68.3
04 D300-F8R32-B600C30 706.8 638.7 882.8 1.25 1.38 30.03 61.04
05 D500-F6Rn-B300Cn 987.6 1036.9 1310.6 1.33 1.26 25.27 57.74
06 D500-F6R25-B300C30 1062.6 1096.1 1361.8 1.28 1.24 24,11 50.78
07 D500-F10R32-B300Cn 1110.4 1360.6 1778.4 1.60 1.31 26.50 56.52
08 D500-F10R32-B600Cn 11104 1160.8 1562.1 1.41 1.35 22.58 50.96
09 D500-F10R32-B900Cn +84 11104 1482.0 1817.9 1.64 1.23 23.44 46.02
10 H-506%201x11x19 1017.84 983.9 1273.0 1.13 1.29 20.02 50.78

Leory - Expected yield load P, : Yield load £, : Maximum load p/ Pyjeory + Max load/Expected yield load

4, : Yield load displacement

526 szzpxstsl =27 moud 5357 1208) 20124 109
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D500-F6Rn-B300Cn &4 (No. 5+ X £°] 500mme],
7o) 6mm, SHREETE o, EEFAS 300mme]
ok 1H~43 AgAe} g 5H~0 HdEAE 2 Fol
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ol WAt e, A=) 60%014 A FE3IIA
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4.2.6 D500-F6R25-B300C30 23 A

D500-F6R25-B300C30 A4 (No. 6)& & F°l 500mme]
i, el 6mm, sH-ESE HD25, BEZMAS 300mm
olx A3} shiARe] olAL 30mmelth. AF AR ¥
540kN7gell FetoliM 2ot AR Eo|EZY o]A0)
LA oY, 27T e E2BE SeHAA 1,016kN HF
olx HuiEd =il o IAE sHEY vt
eIt Ay o]% 1,220kN7] 22 E LAl
BAEIlon, 990kN HE B GFoA FRazo] B
aem, Al 60%14 2485 FEIIH.

4.2.7 D500-F10R32-B300Cn A3 A

D500-F10R32-B300Cn A& (No. 7)€ 2 %] 500mme]
3, 3M70o] 10mm, SRR HD32, EEEL 300mm
ot} Iie] AEA F 71 UlHe] &2 Ao o e
2 o] & A% e JdAd Bdd a8 ASS
A eSS 27]17d-e Ad A1EH$ 1, 728kN AF
A 232 E LB e on, HdidkE 1,778kN of
EEE5E W 22YE S B9 7t dolwtt. Adiss
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Table 6. Analysis of Bending test result
. T Myl M, | 3 My | Mea M, K So7p/9, E

No. Specimen (o) | N | (Nm) | T | DL, | B (mm) | () | N |
01 | D300-F6Rn-B300Cn 682.3 765.4 950.9 1.39 1.24 1.40 19.32 4.24 70,756.7| 9.25
02 | D300-F6R25-B300Cn | 748.8 840.3 980.1 1.31 1.17 1.49 21.32 5.04 75,607.8(11.61
03 |D300-F8R32-B300C30| 883.5 988.8 | 1,168.5 1.32 1.18 1.29 22.64 3.13 71,252.6| 6.01
04 |D300-F8R32-B600C30| 883.5 988.8 | 1,103.5 1.25 1.12 1.38 21.27 3.21 62,776.9| 6.55
05 | D500-F6Rn-B300Cn | 1,234.5 | 1,385.5 | 1,638.3 1.33 1.18 1.26 41.03 488 [126.455.0] 9.65
06 |D500-F6R25-B300C30| 1,328.2 | 1,491.3 | 1,702.3 1.28 1.14 1.24 45.46 2.34  [139,288.0|10.54
07 |D500-F10R32-B300Cn| 1,707.6 | 1,911.9 | 2,223.0 1.30 1.16 1.31 52.68 4.36 |148.907.6| 9.01
08 |D500-F10R32-B600Cn| 1,707.6 | 1,911.9 | 1.952.6 1.14 1.02 1.35 51.41 450 ]124,983.5] 9.54
09 |D500-F10R32-B900Cn| 1,707.6 | 1,.911.9 | 2,272.4 1.33 1.19 1.23 63.23 3.72  [119,920.7| 6.90
10 | H-506x201x11x19 | 1,272.3 | 1,557.0 | 1,591.3 1.25 1.02 1.29 49.15 5.96 [126.508.1/12.85
M,j,0r, - Nominal moment

M, - Obtained by substituting in equation (2) the strength of the material obtained from tests in the nominal moment

ma

M, : Experimental data(=2.5x P,/2),
D : Energy dissipation rate(D= Ep/E,,

Yy

6, * By experiments yield load displacement(mm)

K : Initial stiffness(X=P,/6,),
E,=0.5F,6,),

£y
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Table 7. Calculate space of high tension bolt
No. Specimen - Shear Flow Horizontal Shear Force Bolt space of specimen
; Bolt space .5) (mm) ; Bolt Space S, (mm) (mm)
01 D300-F6Rn-B300Cn 327.8 466.7 300
02 D300-F6R25-B300Cn 321.9 350.0 300
03 D300-F8R32-B300C30 310.9 280.0 300
04 D300-F8R32-B600C30 310.9 280.0 600
05 D500-F6Rn-B300Cn 323.3 466.7 300
06 D500-F6R25-B300C30 311.3 350.0 300
07 D500-F10R32-B300Cn 274.6 233.3 300
08 D500-F10R32-B600Cn 274.6 233.3 600
09 D500-F10R32-B900Cn 274.6 233.3 900+ Welding
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