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Load carrying capacity of locally compressed I-girders with rectangular

concrete-filled tubular flange and corrugated web
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Abstract: The load carrying capacity of locally compressed I-girders with rectangular concrete-filled tubular
flange and corrugated web (RCFTFG-CW) is investigated through numerical simulation method. Finite
element (FE) models of steel I-girders with rectangular concrete-filled tubular flanges and corrugated web
and corresponding I-girders with flat-plate flanges and corrugated web (IG-CW) under concentrated load at
mid-span are built. The reliability of the presented FE models is verified through comparing the FE results
with reported experimental results. Through FE analyses by using the FE models, local compressive
strength, stress development, and effect of loading location on the strength are analyzed and
compared. The influences of variation of geometric parameters, material properties, load distribution

length (along the span of girder) and the ratio of the stretched length of the wave to the wave length on the
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local compressive strength are further investigated. Based on parameters analysis, formula for calculating
the local compressive strength of RCETFG-CW are proposed, and the accuracy of the formula is verified by
the results of finite element analyses. The results indicate that RCFTFG-CW has a higher local compressive
strength compared to that of IG-CW. The local compressive bearing capacity increases proportionally to the
equivalent moment of inertial of the concrete-filled tubular flange to the 1/4 power, the thickness of the
web, the ratio of the stretched length of the wave to the wave length and loading length. The presented
formula are proved to be accurate to predict the local compressive strength of RCEFTFG-CW.

Keywords: I-girders with rectangular concrete-filled tubular flanges and corrugated web (RCFTFG-CW);

local compressive strength; loading location; equivalent moment of inertia; finite element analysis
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Fig. 2 Interaction between components and boundary conditions of FE models
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Table 1 Geometric parameters of SP-G4 ,SP-CWG,B3 and GJ2 and results
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Fig. 5 Comparison of load-deformation curves between FE and test
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Fig. 6 Comparison of the failure modes between FE and test
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Table 2 Geometric parameters of models

) hy Xty by Xh,Xt, by Xt M/
21 55 71 W ' e L/mm C/mm o
/mm /mm /mm (kg *m 1)
RCFTFG-CW-1 600X 2 120 X6 25.2
A 1 120 X60X3
1G-CW-1 600 X2 120X 8 26.1
RCFTFG-CW-2 600 X2 120X 6 24.1
B 2 120X 60X 3 1 680 120
1G-CW-2 600 X2 120 X8 25.1
RCFTFG-CW-3 600 X3 150 X8 33.5
C 1 150 X 60X 3
1G-CW-3 600X 3 150 X10 40.1
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Table 3 Geometric parameters of corrugated web
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Fig. 18 Load-deflection curves obtained with different ¢
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Fig. 19 Influence of the loading length C
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Load-deflection curves obtained with

different concrete strength f.
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Fig. 22 Influence of the web yielding stress f,

K AP FEL- FE 75 00T T 28 Lo cho st ot Cy s f o fOMIRBITHIRE A . o3 AT 45 R w0 T I
JTR AR RS P IRAR P 5 TR 0.25 WITIMIER P oo (Coy Ml f BIRERNER R sh o 5 ¢ X P2
Maf AR /1N 5 b S8 G A A N ELTR 06 L 7 9 I 3 5 A o 0 V7 e R o B ) T B T L AR SR 4R e TR R LR B )R
T AR I R 28 7 AT B B R

% 4 RCFTFG-CW S #1417
Table 4 Information of RCFTFG-CW in parametric study

1 C hoXte — BiXh,Xt, 7 fe fy Y Powe  Pu e 7;: ‘Fmr]
FE1 120 600X 2 90X 60X 3 6 40 345 1.17 277 291 1.05
FE2 120 600X 2 120 X60X3 6 40 345 1.17 293 297 1.01
FE3 120 600X 2 150 X60X3 6 40 345 1.17 313 303 0.97
FE4 120 600X 2 180X 60X 3 6 40 345 1.17 324 307 0.95
FE5 120 600 X 2 210 X60X3 6 40 345 1.17 340 311 0.91
FE6 120 600X 2 120X 40X 3 6 40 345 1.17 246 226 0.92
FE7 120 600X2  120X50X3 6 40 345 117 260 265 1.02
FE8 120 600 X 2 120 X60X 3 6 40 345 1.17 293 297 1.01
FE9 120 600X2 120X 70X3 6 40 345 117 322 329 1.02
FE10 120 600X2 120X 80X3 6 40 345 117 352 360 1.02
FE11 120 600 X 2 120 X90X 3 6 40 345 1.17 383 391 1.02
FE12 120 600X 2 120 X 60X 2 6 40 345 1.17 273 285 1.04
FE13 120 600X2 120X 60X3 6 40 345 117 293 297 1.01
FE14 120 600 X 2 120 X 60X 4 6 40 345 1.17 317 303 0.96
FE15 120 600X 2 120 X60X5 6 40 345 1.17 333 307 0.92
FE16 120 600X2 120X 60X6 6 10 345 117 345 310 0.90
FE17 120 600 X1 120 X60X 3 12 40 345 1.17 135 149 1.10
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R4
I C hyXtw — BrXh,Xt, te fe £, y Pove  Pu o 7PP “[' ”"l
FE18 120 600 X 2 120 X60X3 12 40 345 1.17 292 297 1.01
FE19 120 600X 2.5 120X 60X 3 12 40 345 1.17 382 371 0.97
FE20 120 600X 3 120X 60X 3 12 40 345 1.17 443 446 1.01
FE21 120 600 X 4 120 X60X3 12 40 345 1.17 622 594 0.95
FE22 120 800X 2 120X 60X 3 12 40 345 1.17 296 297 1.00
FE23 120 800X 2.5 120X 60X 3 12 40 345 1.17 381 371 0.97
FE24 120 800X 3 120 X60X3 12 40 345 1.17 456 446 0.98
FE25 120 800 X4 120X 60X 3 12 40 345 1.17 629 594 0.94
FE26 120 1000 X2 120X 60X 3 12 40 345 1.17 297 297 1.00
FE27 120 1000X2.5 120X60X3 12 40 345 1.17 374 371 0.99
FE28 120 1000 X3 120X 60X 3 12 40 345 1.17 471 446 0.95
FE29 120 1000 X4 120X 60X 3 12 40 345 1.17 642 594 0.93
FE30 120 1200 X2 120X 60X 3 12 40 345 1.17 301 297 0.99
FE31 120 1200X 2.5 120X60X3 12 40 345 1.17 382 371 0.97
FE32 120 1200 X3 120X 60X 3 12 40 345 1.17 472 446 0.94
FE33 120 1200 X4 120X 60X 3 12 40 345 1.17 632 594 0.94
FE34 120 1400 X2 120X 60X 3 12 40 345 1.17 299 297 0.99
FE35 120 1400 X 2.5 120X60X3 12 40 345 1.17 381 371 0.97
FE36 120 1400 X3 120X 60X 3 12 40 345 1.17 469 446 0.95
FE37 120 1400 X4 120X 60X 3 12 40 345 1.17 648 594 0.92
FE38 120 600 X 2 120 X60X3 5 40 345 1.17 292 297 1.02
FE39 120 600X 2 120X 60X 3 6 40 345 1.17 293 297 1.01
FE40 120 600X 2 120X 60X 3 8 40 345 1.17 294 297 1.01
FE41 120 600 X 2 120 X60X3 10 40 345 1.17 294 297 1.01
FE42 120 600X 2 120X 60X 3 12 40 345 1.17 292 297 1.02
FE43 0 600X 2 120X 60X 3 6 40 345 1.17 239 248 1.04
FE44 50 600 X 2 120 X60X3 6 40 345 1.17 263 273 1.04
FE45 80 600X 2 120X 60X 3 6 40 345 1.17 277 281 1.01
FE46 120 600X 2 120 X60X3 6 40 345 1.17 297 293 0.99
FE47 160 600X 2 120X 60X 3 6 40 345 1.17 317 308 0.97
FE48 200 600X 2 120X 60X 3 6 40 345 1.17 336 327 0.97
FE49 240 600X 2 120 X60X3 6 40 345 1.17 355 342 0.96
FE50 280 600X 2 120X 60X 3 6 40 345 1.17 375 352 0.94
FE51 320 600X 2 120X 60X 3 6 40 345 1.17 394 397 1.00
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LR C ho Xty B Xh,Xt, t fe 1, y Pove  Pu o PPUI%
FE52 360 600X2  120X60X3 6 40 345 1.17 113 429 1.04
FE53 400 600X2  120X60X3 6 10 345 1.17 433 449 1.04
FE54 120 600X2  120X60X3 6 10 345 1.06 244 269 1.10
FE55 120 600X3  120X60X3 6 10 345 1.06 380 404 1.06
FE56 120 600X4  120X60X3 6 10 345 1.06 514 538 1.05
FE57 120 600X2  120X60X3 6 10 345  1.087 261 276 1.06
FE58 120 600X3  120X60X3 6 10 345 1.087 409 414 1.01
FE59 120 600X4  120X60X3 6 10 345  1.087 542 552 1.02
FE60 120 600X2  120X60X3 6 10 345 1.1 274 279 1.02
FE61 120 600X3  120X60X3 6 10 345 1.1 130 419 0.97
FE62 120 600X4  120X60X3 6 10 345 1.1 560 559 1.00
FE63 120 600X2  120X60X3 6 40 345 1.29 318 328 1.03
FE64 120 600X3  120X60X3 6 10 345 1.29 199 491 0.98
FE65 120 600X4  120X60X3 6 10 345 1.29 673 655 0.97
FE66 120 600X2  120X60X3 6 40 345 1.17 293 297 1.01
FE67 120 600X2  120X60X3 6 50 345 1.17 297 298 1.00
FE68 120 600X2  120X60X3 6 60 345 1.17 298 299 1.00
FE69 120 600X2  120X60X3 6 70 345 1.17 299 299 1.00
FE70 120 600X2  120X60X3 6 80 345 1.17 300 300 1.00
FE71 120 600X2  120X60X3 6 50 235 1.17 217 203 0.94
FE72 120 600X2  120X60X3 6 50 295 1.17 297 298 1.00
FE73 120 600X2  120X60X3 6 50 345 1.17 261 255 0.98
FE74 120 600X2  120X60X3 6 50 390 1.17 330 337 1.02
FE75 120 600X2  120X60X3 6 50 420 1.17 342 363 1.06
Mean 0.032
STD 0.026

T R LT RS B S0 35 mm; £ A/ BB MPa;s P, pe AT IRITEEILES R L P tormua ARG TS5 2R L0110 kN,
Mean 2 5 22 46 X 19T Y . STD 3575 2 .
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Fig. 23 Comparison between analytical results from Eq.(5)and FE results
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