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Abstract : Stainless steel structures have increasingly become high-performance, environmentally-friendly building
materials in engineering and construction due to their excellent corrosion resistance, low maintenance
requirements, and other benefits. Despite this, stainless steel displays strain hardening, and currently employed
design codes for calculating the shear bearing capacity of I-section beams are relatively conservative. The
present study investigates the shear buckling bearing performance of stainless steel I-section beams based on
continuous strength method, considering the geometrical nonlinearity of the material and the influence of
geometrical initial defects. Using an experimentally verified finite element numerical model, a parametric
analysis was conducted to examine the influence of each key parameter on the shear bearing capacity of stainless
steel beams. The calculation results were compared with those of the current codes in China, the United States,
and Europe. The study demonstrates that the ultimate bearing capacity of the web of stainless steel I-beams
reduces as the web width-to-height ratio increases, given that the web thickness and other parameters remain

constant. Moreover, the results of the Chinese code calculations are deemed insufficient, underestimating the
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actual shear capacity of the members. In contrast, utilizing the continuous strength method yields a more precise

estimation of the shear capacity of stainless steel I-beam sections.
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Fig. 1 Schematic of specimen geometry
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Table 1 Specimen naming and nominal geometry

SNl it i
V-304-500R-4w-adl 1174 500 500 200 14 4 1.0 80
V-304-500R-8w-ad1l 1174 500 500 200 14 8 1.0 80
V-304-400R-ad1.5 1374 600 400 200 14 4 1.5 80
V-304-400R-ad2 1774 800 400 200 14 8 2.0 80
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Fig. 3 Specimen failure modes
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Fig. 4 Displacement-load curves of specimens
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test result
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Table 2 Part of stainless steel I-beam parameter analysis parameters

%5 L/mm a/mm h,/mm b,mm t/mm ¢,/mm a/h e/mm
V-304-r500%200*12*4ad 1 1 200.2 500 500 200 12 4 1.0 100.1
V-304-r500*%200*12*5ad 1 1200.2 500 500 200 12 5 1.0 100.1
V-304-r500*%200*12*6ad 1 1200.2 500 500 200 12 6 1.0 100.1
V-304-r500*%200%12*7ad 1 1 200.2 500 500 200 12 7 1.0 100.1
V-304-r500*%200*12*9ad 1 1200.2 500 500 200 12 9 1.0 100.1
V-304-r500*%200*12*11ad1 1200.2 500 500 200 12 11 1.0 100.1
V-304-r500%200*12*4ad1.5 1700.2 750 500 200 12 4 1.5 100.1
V-304-r500%200*12*5ad1.5 1700.2 750 500 200 12 5 1.5 100.1
V-304-r500%200*12*6ad1.5 1700.2 750 500 200 12 6 1.5 100.1
V-304-r500%200*12%8ad 1.5 1700.2 750 500 200 12 8 1.5 100.1

V-304-r500%200%12*10ad 1.5 1700.2 750 500 200 12 10 1.5 100.1
V-304-r500%200*12*12ad 1.5 1700.2 750 500 200 12 12 1.5 100.1
V-304-r500*%200*12*4ad2 2200.2 1000 500 200 12 4 2.0 100.1
V-304-r500%200*12*5ad 2 2200.2 1 000 500 200 12 5 2.0 100.1
V-304-r500*%200*12*6ad2 2200.2 1 000 500 200 12 6 2.0 100.1
V-304-r500*%200*12*8ad2 2200.2 1 000 500 200 12 8 2.0 100.1
V-304-r500*%200%12*10ad2 2200.2 1 000 500 200 12 10 2.0 100.1
V-304-r500%200%12*12ad?2 2200.2 1 000 500 200 12 12 2.0 100.1
V-304-r500%200*15*4ad1.5 1700.2 750 500 200 15 4 1.5 100.1
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Table 3 Ultimate bearing capacity corresponding to strain intensification factor

n 5.0 8.0 9.0

9.4 11.5 11.6 15.8

V/kN 603.089 652.468 685.770

645.598 745.598 794.182
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Table 4 #=12 mm series stainless steel I-beam ultimate bearing capacity kN
WH  AFaEk t,=—4 mm 1,=5 mm {,—6 mm {,=7 mm £,=9 mm t,=11 mm
R 562.058 1 048.980 1052.390 1257.77 1648.93 2107.70
wl NR — 683.689 937.174 1296.76 1759.82 2 187.49
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Table 5 #=15 mm series stainless steel I-beam ultimate bearing capacity kN
W T Ak t,—4 mm £,=5 mm £,=—6 mm £,=7 mm
adl NR 683.689 968.476 1075.790 1 306.92
adl.5 R 784.016 879.537 1 149.400 1195.45
ad2 R 445.160 931.144 953.575 1 089.75
x6 t=16 mm BRI NFWLFRRRAIEN
Table 6 #=16 mm series stainless steel I-beam ultimate bearing capacity kN
LR e & & H ok t,—4 mm {,=—5 mm {,—6 mm 1,—8 mm t,—10 mm 1,=12 mm
_ R 626.609 688.888 928.665 1428.770 1802.10 2124.03
o NR 466.682 829.594 — — — —
437.385 634.573 886.268 995.978 1478.45 1675.17
iz NR 426.398 652.299 — — — —
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Fig. 10 Trend of stainless steel beam shear bearing

capacity with width-thickness ratio
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Table 7 Ratio of Vi and predictions (R)

F8 A% TEAL  EEAL CSM B HL e
¥ {E 0.91 0.94 0.70 1.04
I E 0.15 0.14 0.31 0.11
R K AL 1.06 1.21 1.15 1.26
= AME 0.81 0.80 0.41 0.84

*x8 Vi STUNERIL{E(NR)
Table 8 Ratio of Vi and predictions (NR)

18 A7 TEME  EEAR CSM B LT
345 0.96 0.95 0.89 1.01
FE 0.13 0.13 0.53 0.14
B K AL 1.21 1.15 1.14 1.28
BoME 0.81 0.79 0.58 0.86
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bearing capacity with and without head plate ribs

Comparison of predicted values of shear
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