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Abstract — In this study, a flexural performance evaluation experiment was conducted on a filled composite beam (HyFo Beam)
in which high-strength steel (SM460) was applied to the lower flange and normal-strength steel (SM355) was combined for the
remaining part, with composite ratios of 100 %, 75 %, and 50 % as test variables. The nominal flexural strength was calculated
by applying the plastic stress distribution method to the hybrid section with different steel grades. The experimental results
confirmed that the ratio of maximum moment to nominal flexural strength (3£, /M, ) was 1.05 or greater for all specimens. In
addition, the initial stiffness increased by approximately 14 % with the application of high-strength steel, and the displacement
ductility ratio exceeded 3.0 for specimens with composite ratios of 75 % or higher, confirming that sufficient flexural strength
and ductility were secured for hybrid filled composite beams with SM460 applied to the lower flange.
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Fig. 2. Shape of hybrid forming composite beam
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Table 1. Experiment plan for evaluating flexural performance

&3t Ug stolEg=
%“E]E—J AT A& &3l 248822y 48 7
S48 0I5ty o, Jun et alBS T} T} AL 4|
B3 stolHel= PR eI HSA6S0 18 A ¥
B7As HEoz TYLHTUAE thu] ok 10 %15 %
W o] AstEnE A9 a4 S0 dE R
AE7F 2938 B35t} Cho and KimP®'& HyFo
AAE 1F =T A Al FEIN P 5o g
2 FAsteh. AR, o] Hel = RS e Tt
TR QU Bl Eeo] 4 F7bo] B A
et e, So) Bead e S5 © ggo
Y9 YPEs} IR 2GS olAtE A
)& ARG B g LA o, BT A
AGQRAZ A A8 BHY dolas
oA BAE ot 9
T o}z BE3E A Ho|},
2 Aol A= sHE-EHA o 1 ETHSM4A60)= 2
B oA S QUHSMISS)S 2T 3ol
T }/J H(HyFo Beam)9| /52 H7Fs3t.

_

oZ: tlo rlo

i
tlo
ofN
E?l"
_IZi
O
fr
jansy
f
et
ra

|z oln?

i)

>

ook

Mo

ol

ol

o,

|

)

i s

sl % ox
oX,

ox I [

Mo 1o 19

rlo o o

o;l“‘ M oox o,

= 4 o o

L o [ =2

I ) H o M

o Jp =2

> mE of

flo
o M -z
)

do R = omd ok oo
e/ = P U TS SO o

(=4

ol
-
N,

. Size Span | Top Plate | Bot. Plate | Composite
No. Specimen i) [mm] | Z, [MPa] F, [MPa] Ratio [%] Stud Angle
1 HF 3-100 355 100 2-¢19@125 | L-50x50x6@500
2 HF 4-100 100 2-¢19@120 | L-50x50x6@420
3 HF 4- 75 HF-700x270x8 6,000 353 460 75 2-419@130 | L-50x50%6@1000
4 HF 4- 50 50 2-¢19@155 -
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Fig. 4. Position of displacement transducers
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Fig. 5. Position of strain gauges
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Fig. 6. Specimens setup

Table 2. Concrete mix proportion
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35 55.8 180 180 25 47.5 46.1
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Table 3. Tensile test result of rebar and steel

H-EsA] ol LI EF(SM460)S 283t lo] E.2] = FHJ E (HyFo Beam) ] 3Hd-&of & A3 B7}

Material Yield strength [MPa] Tensile strength [MPa] Elongation [%]
D10 (SD400) 463.1 573.4 20.2
D13 (SD400) 465.0 608.4 19.9
Rebar

D22 (SD500) 549.1 678.0 10.4

D25 (SD500) 538.8 668.4 12.9

Steel SM355 (8mm) 458.5 557.3 21.9

SM460 (8mm) 535.3 628.2 19.2

Angle SS275 (#19) 338.3 464.5 33.5

Stud HS1 408.7 487.3 23.1

Table 4. Bending test result of composite beams
: 1{1 P1 6 Pu 61; 6u/ /

No. Speciment | 1 \imm] | [kN] il [kN] [mm] [mm] BIF, 019,
1 HF 3-100 117.6 2854.7 31.2 3282.7 59.9 96.6 1.15 3.10
2 HF 4-100 134.5 3096.9 27.1 3468.9 40.1 114.5 1.12 423
3 HF 4- 75 116.0 2725.3 29.2 3151.0 76.3 98.2 1.16 3.36
4 HF 4- 50 125.8 2192.2 20.1 2459.7 27.1 56.2 1.12 2.79

K : Initial stiffness
P, : Maximum load

4, : Displacement at maximum load
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P, : Yield load
6, : Displacement for expected yield load

4, : Displacement when reduced by 80 % after maximum load
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Fig. 7. Definition of yield point and initial stiffness
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(c)HF 4 -75

(d) HF 4 - 50

Fig. 8. Failure modes of specimens
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Fig. 10. Strain distributions of test specimens at different load levels
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Table 40 WERd AR ] 271734 (£)& ] L,
QATAHLQ] HF 4-100 (134.5kN/mm)S HF 3-100
(117.6 kN/mm)°]l H] 3} oF 14 % &2 7342 UetRlth
o= SM460 SH-J O] =2 FEFEE Q] 35 o]

Table 5. Comparison of nominal flexural strength and composite ratio

No. Specimen [ljclg] ][lﬁ“ﬁi‘ M, /M, %(I%] Sft(f::;?ﬁ;l]e [ "Z) | Classification
1 HF 3-100 3,913.5 4,150.9 1.06 7360.6 7609.0 96.7 Full composite
2 HF 4-100 4,178.4 4,383.6 1.05 7965.6 7953.1 100.2 Full composite
3 HF 4- 75 3,257.6 3,986.3 1.22 5959.9 7953.1 74.9 Partial (75%)
4 HF 4- 50 2,291.3 3,122.2 1.36 4041.2 7953.1 50.8 Partial (50%)

M, : Nominal flexural strength (measured material strength)

Steel tensile force : A, - F,,+ Ay, - F,,t Ay [,

M, : Maximum moment (test, including self-weight)

max

7 =X Q,/ min (Steel tensile force, Slab compressive force)
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