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Analysis of Thin-Walled Steel Sections Filled with Concrete
Using Non-Linear Finite Element Method

J. Emadi
Department of Civil Engineering, Ardestan Islamic Azad University

Abstract: Being economical and performing well under cyclic loads, steel sections filled with concrete have been widely used in
structural buildings. Extensive studies and experiments have been conducted to investigate the influence of different parameters
and loadings on the behavior of these structural components. Based on the data available from previous experiments and studies,
this paper discusses the behavior of composite columns. The results of 3D-non-linear finite element analysis of thin-walled steel
sections filled with concrete are presented. Lastly, comparisons are made between results from finite element analysis and
experimental data available about the specimens. Using a trial and error method, the finite element model was calibrated and was
used to evaluate the capacity of specimens that were not tested in the laboratory. The capacities of the sections were calculated
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based on the LRFD design method. The results are compared to evaluate the accuracy of the proposed method. Because of the
increase in the use of high strength materials in structures, the effects of increase in concrete and steel strengths on the behavior
of composite columns are discussed in this paper. Also the effects that the change in the thickness of the steel shell may have on

the behavior of composite columns are argued.

Keywords: Composite columns, Box cross-sectioned columns, Non-linear finite element
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k) Adem) | F kg Adem’) | L(mm) | b/t cws | tmm) | bmm) | B(mm) | ygeipb
cm cm
eNp b 0 2935 7.04 200 43 2 86 90 S1-1
302 73.96 2935 7.04 200 43 2 86 90 Cl-1
500 129.96 3000 14.04 360 40 3 120 126 HSI1-10
500 207.36 3000 17.64 450 50 3 150 156 HS7-10
320 302.76 3000 21.24 540 60 3 180 186 NSI-10
380 547.56 3000 28.44 720 80 3 240 246 NS7-10
380 846.36 3000 35.64 900 100 3 300 306 NS13-10
304 146.45 3560 15.35 611 40.4 3.15 121 127.3 S1-9
260 139.35 3570 20.7 610 29.2 4.34 118 127 S2-9
238 138.71 3220 21.7 610 27.9 4.55 118 126.9 S3-9
238 130.97 3120 26.84 604 22.3 5.67 114 125.8 S4-9
238 125.16 3470 34.26 608 17 7.47 112 126.8 S5-9
Bl aslis -Y Jyir

FEM/LRFD EXP/FEM EXP/LRFD Nu(FEM) .y Nu(LRFD) .y Nu(EXP) .y 4905 0 ko

0.96 0.96 0.92 19.8 20.62 18.98 S1-1

1.06 0.97 1.03 41.9 394 40.44 Cl1-1

1.16 1.01 1.17 112 96.8 113.3 HS1-10

1.20 1.01 1.21 169 140.3 170 HS7-10

1.13 0.91 1.03 165 145.4 150 NS1-10

1.19 1.00 1.19 310 260.8 309.5 NS7-10

1.11 0.94 1.04 427 384.8 400 NS13-10

1.04 0.95 0.98 96 924 91 S1-9

1.03 1.00 1.03 109 105.7 109 S2-9

1.14 0.99 1.13 113 98.7 112 S3-9

1.04 1.03 1.08 115 110.3 119 S4-9

1.09 1.06 1.15 160 147.3 170 S5-9

1.10 0.98 1.08 oSle
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LRFD/FEM Nu(FEM) Nu(LRFD) 5 1 (ke S g0 b
cm 2
1.00 117 117.4 0 S1
0.91 235 215 200 C2
0.90 266 240 250 C3
0.89 297 264 300 C4
0.88 326 288 350 C5
0.88 357 313 400 C6
0.87 388 337 450 C7
0.86 419 361 500 Cs8
0.90 KT
oY g8 r:LJ g O N gyt g
LRFD/FEM Nu(FEM) ;|  Nu(LRFD) s F, S el
0.89 297 264 2400 Y1
0.88 333 293 3000 Y2
0.88 365 317 3500 Y3
0.91 433 390 5000 Y4
0.94 516 488 7000 Y5
0.90 REEIW
TY FURS RESRCM ESCI N P [ { PR PWL JUC ST IS PR I PR P
LRFD/FEM|  Nu(FEM)|Nu(LRFD) Ac(cm’)|  As(em’)|  b/tRatio] t(mm)| o, b
0.87 280 243 585.64 39.36 60 4 T1
0.89 297 264 576 49 48 5 T2
0.85 332 284 566.44 58.56 40 6 T3
0.86 355 305 556.96 68.04 343 7 T4
0.87 372 325 547.56 77.44 30 8 T5
0.86 402 345 538.24 86.76 26.7 9 T6
0.86 423 364 529 926 24 10 T7
0.87 R
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