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ABSTRACT : Structural tests were performed to investigate the structural performance of concrete-filled steel tube column
using different strength steels in their flange and web with high-strength steel HSA800 and mild steel SM490,
respectively. The test parameters included the strength of column flange and infill concrete, and effect of concrete infill.

Connection between different grade steels were welded using the electrode appropriate for mild steel and verified its

performance. To evaluate the behavior of test specimens, eccentric loading tests were performed and the results were

compared with the prediction by current design codes. Axial load and moment carrying capacity of test specimens

increased with the yield strength of compression flange and weld fracture occurred after the specimen shows full

strength. The prediction result for axial load-bending moment relationship and effective flexural stiffness gave good

agreement with the test result.
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Table 1. Chemical Composition of HSA800 (Unit: %)

C Si | Mn p S Co | Lo
KS D
5994 <0.20] <0.55[<3.00]<0.015|<0.006| <0.60| <0.30
ML} 6 048 | 0.16 | 2.44 | 0.008 | 0.001 | 053 | 0.21
Sheet
Table 2. Welding Conditions
Current | Voltage| Speed |Heat input|Interpass| preheat
Gas . temp. o
A | (V) |mn/min) | (J/mm) | () ()
CO2 ]300~
100% | 330 31~321280~320 2000 <150 100
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(b) After test
Fig. 1 Weld Metal Tensile Test Specimen

Bfore test

Table 3. Base and Weld Metal Tensile Test Results

Base metal Weld metal
HSA800 | SM490 | K71T | Spec.”

Classification

Yield stress(MPa) 700 318 459 > 400

Tensile stress(MPa) 849 532 553 490 ~620

Elongation(%) 22 35 27 > 20

YV ETIT-1(AWS A5.29M)
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Aetgiet. A EHE AWS D1.1M°ﬂ w2t 57 25mm,
Z 20mm, E4A8 100mm= A=et] QA AS S35}
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(b) After Test

(a) Before Test
Fig. 2 Welded Plate Tensile Test

Table 4. Welded Plate Tensile Test Results

Specimens | Tensile stress (MPa) | Failure type and location

Ductile / Base metal (SM490)

2 560 Ductile / Base metal (SM490)

24T FUAES WP 9599 AWS DLIM wet
#4099 higen % 10mm, 2] 150mme] 3058
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180% —;L:J Aldg 38199t Fig. 3
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Fig. 3 Side Bend Test Results
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Table 5. Charpy-V Notch Test Results (J@-5T)

Weld metal Fusion line+1mm | Fusion line+5mm
64 569 200
47 259 184
47 238 188
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Fig. 4 Test Specimen and Test Setup (Unit: mm)
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Table 6. Properties of Test Specimens
Specimen: Section” 7 Fy/-S) wag) fck.S) Steel ratio P04) Load rato |Eccentricity Remark
PO LT | om) | Pa) | (MPa) | (MPa) | (AJ4) | GN) | (B/R) | (efm | T
RHE-100 650 325 100 0.28 17771 0.74 0.5 Concrete
RHE-60 [-200%380 900 650 325 60 0.28 15915 0.83 0.5 filled steel
RNE-60 x8x25 (1280) 315 325 60 0.28 9550 0.71 0.5 tube
RHE-0 650 325 0.28 13130 1.00 0.5 Steel tube

v [ FHeight x width x web thickness x flange thickness

2 Column height(Specimen height)

¥ Nominal strength: F, = Yield stress of column flange,
concrete infill

VP =P AR = (A Fy+ AE,

sw yw

T14 s=z7=xsts =28 Mud 65(EA 12135) 20124 129

r,

=Yield stress of column web, f, = Compressive strength of

)+ (085f,A,), A,;=Area of flange, A,, =Area of web, 4,= Area of concrete infill
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Table 7. Results of Tensile Coupon Test

Table 8. Composition and Properties of Concrete Mixture

Concrete mixture 60MPa 100MPa
Water (W) 165 158
Bin- Cement, 333 677
der Slag powder 193 181
(B) Fly ash 59 -
Silica fume - 45
e W/B 28.2% 17.5%
Composition Sand(S) 202 14
(kg/m’) -
(Sand aggregate | (45 005) | (38.0%)
Aggregate(a) 874 847
(Max. size) (20mm) | (20mm)
AE weter-reducing 41 18
agent (7.0%) (2.0%)
Properties Slump flow 670mm 710mm
Air content 3.5% 5.0%

st 2 Aozt gtk A MEE ¢, & 60MPa

ZAEE H# 0.0024%°H, 100MPa ZAYE= ¥

KRS
2o l‘:U

60MPa Z32ES 100MPa ZA|Ecd 7z}
36GPaZt 37GPaZ & zlole giler] &3 AAVIE
AABlL e dISGE, =8500 3/ f., (MPa), o714 £, =
2849 HY=7E, KBC 2009)% fARRE A3 vepdi)
A sl 2AES} Al YA Frsta,
of ALHoAM9 FHuHE WAel] flele] B el
150mm Zol9] ~E|ZUz Helith(Fig. 4). A <
o= 40mm A9 J=ZHlEE AA|slon, 23
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Table 9. Compressive Strength for 28-day Concrete Cylinders

Specimens Thipk./ fyl) fuZ) E 3) Elong.| Y.R. Concrete |CompressivelStrain at peak Elastic modulus
Grade | No. (%i{) (MPa) | (MPa) |(GPa)| (%) |1)/2) o strength, Stffssy € £, (GPa) -
79 T4 |52 1205 | 17 1075 strength No.| fe (MPa) |(10~mm/mm)|Measured|Calculated
SM490-8T| 2 7.9 424 554 | 180 21 | 0.77 1 64 2631 35 34
7.9 421 556 | 178 20 | 0.76 o0MPa | 2 57 2037 37 33
254 | 355 508 | 201 31 0.70 Average 62 9374 % 3
SM490-25T'| 2 | 25.4 | 350 507 | 197 32 | 0.69
3| 253 | 349 | 510 | 199 | 32 | 0.68 1), % 3013 %6 39
Average 254 | 351 | 508 | 199 | 31 | 0.69 100MPa”| 2 | 101 3360 37 40
14.1 717 860 | 212 18 | 0.83 3 103 3230 37 40
HSA800-25T| 2 | 14.1 | 708 | 856 | 200 | 21 | 0.83 Average 100 3201 37 39
3| 14.1 | 684 851 | 202 20 | 0.80
Average 141 | 703 | 855 | 205 | 19 | 0.82 V' E,=8500%/f,, (MPa)

UYield stress: > Tensile stress: ° Elastic modulus

2 Compressive strength at 48 days f; = 103MPa

x M 63(EF 1213) 024 122 715
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Fig. 7 Axial Load - Strain Relationship of Speciemens
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Table 10. Test Result of Specimens

Yield point”’ Max. load Failure” .

Specimens P, 5, K & Pax Omax P, 0, DJ;C%R)Y
(kN) (mm) (kN/m) (kN) (mm) (kN) (mm) v
RHE-100 8720 11.9 832 8954 13.8 7158 425 3.6
RHE-60 8349 11.9 783 8874 15.3 7097 45.2 3.8
RNE-60 3342 4.7 710 4350 14.1 3941 64.4 13.7
RHE-0 6830 11.6 630 7123 154 5695 27.7 2.4

U Initiation of yielding at compression flange (HSA800-25T: €,=0.0054, SM490-25T" €,=0.0017)
? Failure point = the point correspond to 80% of max. load P,.. (RNE-60 = Max. displacement point)
¥ Elastic stiffness(K,) = stiffness corresponding to 3/4 of yield point

sh2uT x| =27 MUH 65(5H 1213) 20124 128 717
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Table 11. Test Results Evaluated at Mid-height Section

Yield Point Max. load

Specimens M, o, ElL, P, M,

Nm | (/m) | @D | &N | &N

RHE-100 980 | 0.0343 | 35087 | 8954 1035

RHE-60 933 0.0347 | 32799 | 8874 1040

RNE-60 348 | 0.0113 | 33781 | 4350 516

RHE-0 779 1 0.0318 | 31011 | 7123 855
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Table 12. Evaluation of Flexural Moment and Effective Stiffness of Test Specimens

Flexural moment at peak load Effective flexural stiffness (EZ ;)
Specimens M, M, M, M, E[pr Efﬂp EL, EL,
(kN-m) Migey Myey Mo (kN-m®) Bl ElLor ElLysc
RHE-100 1035 1.13 1.30 1.18 35087 1.18 1.10 1.01
RHE-60 1040 1.27 1.41 1.31 32799 1.12 1.04 0.96
RNE-60 515 1.02 1.13 1.07 33781 1.15 1.07 0.99
RHE-0 855 - - 1.30 31011 1.117 1.00” 1.00”
Average - 1.14 1.28 1.21 - 1.14 1.05 0.99
! Elpe, =09(E,L +05ET)
? Effective stiffness of steel section EI= E.I (According to EC4, El, =09E.L)
SYUFNGES ¢, = 0.0030% 7Fgsta Slof A7t ARERHAL 9leH, E% diAE fleide FEEAEES 4 (5)
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