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Flexural Behavior and Design of Composite Beams
Fabricated with Sinusoidally Corrugated Web

Kim, Dae Kyung'*
"Professor, College of Architecture and Design, University of Ulsan, Ulsan, 44610, Korea

Abstract - This study presents a design guide for composite beams with sinusoidally corrugated web considering the out-of-
plane resistance and accordion effect. In the full-scale experimental results with the composite ratio of the corrugated web
composite beam as a variable, shear buckling of the corrugated web was not observed, and excellent flexural strength and
ductility were expressed. Therefore, it was confirmed that the plastic stress distribution method that excludes the web can be
applied to calculate the flexural strength of the corrugated web composite beam if the shear performance of the corrugated
web beam according to EC3 Part 1-5 Annex D is guaranteed. In addition, the theoretical solution of the effective flexural
stiffness calculated by the non-cracked cross-sectional stiffness excluding the web predicted the that of the experimental
specimens well, and the strain-compatibility analysis excluding the contribution of the corrugated web was found to be in good
agreement with the experimental results in strain and neutral axis prediction.

Keywords - Composite beams, Sinusoidally corrugated web beams, Plastic stress distribution method, Strain compatibility

method, Accordion effect, Composite ratio
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(a) Geometry of corrugated web beam
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(b) Sinusoidal corrugation geometry
Fig. 1. Geometry and dimensional symbols
for sinusoidal corrugated web beam
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Fig. 2. Accordion effect in corrugated web
subjected to horizontal axial forces
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Table 1. Test specimens
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Specimen” Steel section Concrete slab Shrinkage Shear studs L L, L,
P (H X B Xty X ty) (be % 1) reinforcement (mm) (mm) (mm)
CW333-FC $16@120
CWH-349x150%3x8 1,500x120 #10@200 (SD400) 6,000 | 2,600 800
CW333-PC $16@360

"Specimen designation A-B: A = corrugated web height; B = composite level (FC = fully composite, PC = partially composite)
H = total depth of steel section; B = flange width; #,, = thickness of corrugated web; #; = thickness of flange; b, = effective width of concrete slab; 7. = thickness
of concrete slab; L = span length; L, = (L — L,)/2; L, = distance between loading points (see Fig. 4(a)).
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Fig. 3. Details of test specimens
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Table 2. Tensile coupon test results

. Yield Tensile .
Steel h'P 11?126 Eletllc strength | strength Yle.ld
grade thickness m]?/[ ;)1 us Fym F, r;a{t}l{o
(mm) (MPa) (MPa) | (MPa) (YR)

SS275 3 238,055 355.5 483.2 0.735
SM355 8 216,131 391.1 538.4 0.727
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Fig. 4. Overall view of test setup and
4-point loading condition
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(b) Concrete crack
at loading region

Fig. 6. Failure mode of CW333-PC
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Table 3. Summary of test results
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Neutral axis (mm)
. M, M, Ou 0.
Sipeti (Nm) (kN"m) M./Mpm (mm) (rad) b b
e p
80.3 17.7
CW333-FC 348.6 268.1 1.30 250.3 0.083 (in sab) (in 4
80.3 123.89
CW333-PC 311.7 218.6 1.42 217.9 0.073 (insiaby | (in top Mange)

M, = maximum moment observed in test; M, , =

plastic moment computed based on mean of measured material strengths; J, = center deformation at

maximum moment; ¢, = end rotation at maximum moment; D, = elastic neutral axis location from the top of the concrete slab computed based on mean of

measured material properties, D, =

plastic neutral axis location from the top of the concrete slab computed based on mean of measured material strengths
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Fig. 10. Material models for strain compatibility method
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Fig. 11. Comparison of moment-strain relationship
between analysis and test of CW333-FC
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