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Finite Element Analysis of Bending Performance of
Straw-Cold-Formed Thin-Walled Steel Combined Beam

HU Yi, LIU Jingyi, HAO Xiangwei, YANG Yuying, MENG Zuoquan, YANG Haixu"
(College of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040, China)

Abstract: Taking cold-formed thin-walled steel and straw board as the main materials, a new type of box-section straw-
cold-formed thin-walled steel combined beam was constructed by using the connection method of straw board wrapped
with cold-formed thin-walled steel. The finite element software ABAQUS was used to establish 7 groups of 25 combined
beam models to analyze the effects of connection method, straw board thickness, steel thickness, steel height, web bolt
rows, web bolt spacing and beam span on the flexural performance of the combined beams, and to explore the damage
modes and damage mechanisms of the combined beams in the case of flexural damage. The results showed that the lower
flange of the straw board reached the tensile strength before the upper flange in the finite element simulation loading pro-
cess, which led to bending cracks and bending damage in the mid-span region of the combined beam, and the lower
flange of the straw board underwent localized compression bending and conformal shear damage in the process of load in-
crease. Each parameter had a different degree of influence on the flexural performance of the combined beams, among
which the thickness of the straw board, the thickness of the steel and the height of the steel had the most significant influ-
ence on the flexural performance. The optimum combination parameters of the combined beams were as follows, with
high bending load capacity and small deflection deformation, using adhesive connection, 48 mm thickness of straw
board, 2.5 mm thickness of steel, and 200 mm height of steel. The web bolts were arranged in two rows with a spacing
of 150 mm, and the overall span was 1800 mm, which was verified to be in line with the expectation by the test. The

combination of cold-formed thin-walled steel and straw board can effectively utilize their respective advantages and sig-
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nificantly improve the flexural load capacity of the combined beam.

Keywords: Combined beam; straw board; cold-formed thin-walled steel section; bending performance; finite element

analysis
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Fig. 1 Combined beam mid-span cross-section form
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Fig. 2 Cross-section form of combined beam end to loading point
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Fig. 3 Schematic diagram of the location and dimensions of the stiffeners
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(d) Schematic diagram of perforation on the upper flange of bolted and self-tapping screw-connected steel sections
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Fig. 4 Schematic diagram of hole location
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Tab. 1 Design parameters of combined beams
HE -+
as we MR FatFi/mm WERS/mm BRHH BGRE/mm BE/mm
Group X Straw board . . .
Model number Connection method R Dimensions of steel Bolt rows Bolt spacing  Beam span
number thickness
L R
Glued connection
I A-2 . RIZIER . 18 200 %70 %20 x 2.5 2 150 1800
Bolting connection
B R ST
A-3 . .
Self-tapping screw connection
B-1 18
B-2 A EE 28
I sl . 200 %70 %20 x 2.5 2 150 1800
B-3 Glued connection 33
B-4 48
C-1 200 x 70 x 20 x 1.5
C2 200 x 70 x 20 x 2.0
SEES
1 €5 RRBdiERR . 18 200 x 70 x 20 x 2.5 2 150 1800
Glued connection
C-4 200 x 70 x 20 x 3.0
C-5 200x 70 x20 % 3.5
D-1 200 x 70 x 20 x 2.5
v D-2 il . 180 x 70 x 20 x 2.5 2 150 1800
Glued connection 18
D-3 160 x 70 x 20 x 2.5
E-1 2
A% E-2 sl . 200 x 70 x 20 x 2.5 3 150 1800
Glued connection
E-3 18 4
F-1 100
F-2 SN 150
5%
Vi al ﬁguﬁ’&% . 200 x 70 x 20 X 2.5 2 1800
F-3 ued connection 18 200
F-4 300
G-1 1800
VI G2 sl . 18 200 %70 %20 x 2.5 2 150 2100
Glued connection
G-3 2400
Jéuiliifj
Loading force
L e i
Abutment - Covers
\;
£
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xR
<t
[o\l
o A
~Abutment
100 mm | 600 mm 600 mm | 600 mm | 100 mm
2 000 mm

5 RilmnsE

Fig. 5 Simulated loading diagram
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(a) Tensile specimen damage pattern (b) Compressive specimen damage pattern
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Fig. 6 Damage diagram of test specimens for mechanical properties of materials
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Tab. 2 Material mechanical properties test specimen results
RtRS iR B HUERE Fih iR HUE S
Specimen number Tensile strength Compressive strength Tensile modulus of elasticity Compressive modulus of elasticity
1 8.79 10.56 2 855 2 545
2 7.48 12.13 2672 2795
8 9.64 13.88 2730 2916
4 10.52 16.97 2 645 3250
5 9.40 16.98 2747 3254
6 8.12 16.12 2958 3207
7 10.72 10.37 2 655 2538
8 7.58 12.17 2637 2 801
9 6.69 11.40 2592 2671
10 7.78 12.03 2652 2754
FiE 8.67 13.26 2714 2873
Average value
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Fig. 7 Material intrinsic relationship curve
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Fig. 9 Stress cloud map of combined beam model
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Fig. 12 Load-deflection curves of combined beams
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Fig. 13 Load-deflection curves of combined beams
with different steel heights
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Fig. 14 Load-deflection curves of combined beams
with different web bolt rows
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Fig. 15 Load-deflection curves of combined beams
with different web bolt spacing
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Tab. 3 Combined beam model bending capacity , mid-span deflection values and their ratios
5 7 4 i 7 4
BEES  pmmah (/KN BeHEEE(e)/mm BEES  pamsn(aN  BEEEE)/mm
Model . . . . Fle Model . . . . Fle
Bending capacity Mid-span deflection Bending capacity Mid-span deflection
number number
A-1 238.42 43.68 5.46 D-1 238.42 43.68 5.46
A-2 196.09 49.23 3.98 D-2 213.21 42.02 5.07
A-3 174.36 49.77 3.50 D-3 184.13 39.82 4.62
B-1 238.42 43.68 5.46 E-1 238.42 43.68 5.46
B-2 293.38 45.44 6.46 JE=7) 259.13 43.97 5.89
B-3 332.65 44.35 7.50 E-3 267.90 43.6 6.14
B-4 353.59 42.84 8.25 =1l 249.79 42.26 5.91
C-1 193.95 48.07 4.03 F-2 238.42 43.68 5.46
C 227.43 45.23 5.03 185} 227.45 45.75 497
C-3 238.42 43.68 5.46 F-4 214.62 47.41 4.53
C-4 287.11 42.76 6.71 G-1 238.42 43.68 5.46
C-5 307.16 40.86 7.52 G-2 226.95 47.52 4.78
G-3 209.94 51.62 4.07
x4 MERFHENESHIEEXIL
Tab. 4 Comparison of simulated and test values of flexural load capacity
HEEREN BRE
e Bending capacity Deflection
Model b SN N - S N o
odel number B /KN B E/KN R2/% HAlE/mm {5 fE/mm 12/%
Simulated value Test values Error Simulated value Test values Error
B-4 329.47 7.32 42.84 40.41 6.01
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Fig. 17 Test loading device diagram
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