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Abstract Review History
Introduction: One of the important topics in the design of steel structures is the selection of Received: Aug 24, 2024

member cross-section types. I-shaped, H-shaped, box-shaped, and tubular sections are the most Revised: Sep 11, 2024

common steel sections used in building structures, bridges, and industrial structures. In the design  Accepted: Nov 23, 2024

of these types of structures, one of the design criteria is controlling shear in steel members. If the
lengths of the flexural members are short, controlling this limit state can be very necessary. Keywords
Study of theoretical and regulatory relationships: In this article, first, theoretical and code- ~Shear Strength
based relationships of nominal shear strength of H-shaped members with respect to the strong H-shaped Section
axis, tubular, box-shaped, and H-shaped members with respect to the weak axis were studied. Tubular
Then, the nominal shear strength of each mentioned section was evaluated using numerical Box-shaped sections
modeling in Abaqus software. The material and geometric modeling of the created members in  Redistribution of stress
Abaqus software were validated based on laboratory models. For numerical parametric
evaluation, 35 members with different cross-sections were used. Each of these members was
modeled in Abaqus software and each of them was subjected to both pushover and cyclic
analyses. The lengths of each of these models were such that in all models, the shear limit state
was more decisive than the flexural limit state.
Conclusion: Based on this research, the results of the relationships presented in the AISC 360
for determining the nominal shear strength of H-shaped members with respect to the strong axis
have very close conformity with the results of numerical modeling in Abaqus software, and the
difference of approximately 10% between them is due to the fact that in the AISC 360, for
calculating the shear strength of these types of sections, in order to make calculations easier, the
same value for the elastic and plastic section modulus is assumed. Also, the results of this
research show that in this type of sections at higher drifts, the results of the AISC 360 method are
approximately 10% less conservative. At lower drifts, the results of the relationships presented in
the AISC 360 for determining the nominal shear strength of tubular sections have very close
conformity with the results of numerical modeling in Abaqus software. The reason for this is that
in the AISC 360, for determining the shear strength of these types of sections, the maximum
shear stress of the section has been used. Also, the results of this research indicate that in this
type of sections at higher drifts, the results of the AISC 360 method are approximately 20% more
conservative. At lower drifts, the results of the relationships presented in the AISC 360 for
determining the nominal shear strength of box-shaped members have very close conformity with
the results of numerical modeling in Abaqus software.The reason for this is that in this types of
sections due to the closed section, conditions for redistribution of shear stress are available, and
each of the flanges resists shear equally. In this case, the insignificant difference between the
results of the AISC 360 method and the results of numerical modeling is due to the fact that in
the AISC 360, for determining the shear strength of these types of sections, in order to make
calculations easier, the same value for the elastic and plastic section modulus is assumed. The
results of the relationships presented in the AISC 360 code for determining the nominal shear
strength of H-shaped members with respect to the weak axis do not have close conformity with
the results of numerical modeling in Abaqus software, and the nominal shear strength obtained
from the AISC 360 is about 20% non-conservative. The reason for this difference is that in these
types of sections, the difference between the nominal stress obtained from the AISC 360
approach and the average stress of the section is about 35%, and in higher drifts, it is not possible
to redistribute 100% of the shear stress and only 15% of these stresses are redistributed.
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Fig. 1. A simply supported beam with a length of 2L under the
effect of the same moment at both ends
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Bending deformation and (b) shear deformation
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numerical samples
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Table 1. Stress-strain characteristic of the steel used Link-beam
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] Q';.A.C G‘»lesdlm

Cbu,, Y sl (JKa Hass ol ps andllas 3550 IS5 b3 5 sl s (IS8

. 16 My aisc) D b Cw1 Lutodetin 7 Omar Shear deformation
Section Vaiso) (mrpn) "7 26 or (mm) g 5 oue Area

(mm) v I Cw ave (mm?)
Majorl:PL500x200x20x8 1625.1 1998.4 62.5 5 0.98 1000 112 112 42675
Majorl:PL500x200x20x10 1335.8 1920.8 50 5 1 1000 113 1.13 5312.1
Majorl:PL500x200x20x12 1164.6 1851.9 41.67 5 1 1000 115 115 6347.8
Majorl:PL500x200x20x15 993.4 1762.3 33.33 5 1 1000 117 117 7885.2
Majorl:PL500x200x20x20 822.2 1641.2 25 5 1 1000 120 120 10406.9
Majorl:PL500x200x40x8 2826.7 2188.7 62.5 25 0.98 1000 112 112 4605.5
Majorl:PL500x200x40x10 2273.6 2136.4 50 25 1 1000 113 113 5738.1
Majorl:PL500x200x40x12 1942.5 2087.9 41.67 25 1 1000 114 114 6863.4
Majorl:PL500x200x40x15 1611.5 20214 33.33 25 1 1000 115 115 8537.9
Majorl:PL500x200x40x20 1280.5 1925.2 25 25 1 1000 117 117 11294.3
Majorl:PL500x400x20x8 2935.3 4376.8 62.5 10 0.98 1000 1.08 1.08 4302.6
Majorl:PL500x400x20x10 2363.0 42715 50 10 1 1000 1.09 1.09 5367.4
Majorl:PL500x400x20x12 2020.6 4173.6 41.67 10 1 1000 110 1.10 6427.8
Majorl:PL500x400x20x15 1678.2 4038.8 33.33 10 1 1000 111 111 8009.9
Majorl:PL500x400x20x20 1335.8 3841.5 25 10 1 1000 113 113 10624.2
Majorl:PL500x400x40x8 5360.1 4613.4 62.5 5 0.98 1000 110 1.10 4636.0
Majorl:PL500x400x40x10 4259.8 4550.8 50 5 1 1000 110 110 5785.4
Majorl:PL500x400x40x12 3597.7 4490.6 41.67 5 1 1000 111 111 6931.1
Majorl:PL500x400x40x15 2935.6 4404.9 33.33 5 1 1000 111 111 8642.5
Majorl:PL500x400x40x20 2273. 6 4272.8 25 5 1 1000 113 113 11476.2
MinorH:PL500x600x8x10 540.1 9433.7 50 375 0.747 400 151 145 8226.4
MinorH:PL500x600x10x10 416.5 9666.3 50 30 0.967 400 151 145 10280.2
MinorH:PL500x600x12x10 402.3 9849.4 50 25 1 400 151 145 12333.1
MinorH:PL500x600x15%x10 401.8 10066.9 50 20 1 400 151 145 15411.0
MinorH:PL500x600x20x10 401.3 10342.2 50 15 1 400 151 145 20536.8
Pipe: 600x8 905.4 8870.2 75 - - 500 129 2.00 9922.7
Pipe: 600x10 930.8 8840.7 60 - - 500 129 2.00 12364.1
Pipe: 600x12 955.8 8811.3 50 - - 500 1.30 2.02 14790.5
Pipe: 600x15 993.3 8767.4 40 - - 500 1.31 2.00 18402.3
Pipe: 600x20 985.0 8694.8 30 - - 500 1.32 2.00 24350.4
Box: 600x8 1501.7 10242.5 75 - 0.778 1000 1.14  1.09 9418.7
Box: 600x10 1175.7 10208.4 60 - 0.987 1000 1.14 1.08 11779.9
Box: 600x12 1152.6 101744 50 - 1 1000 115 107 14103.8
Box: 600x15 1141.0 10123.7 40 - 1 1000 115 1.06 17595.9
Box: 600x20 1121.8 10039.9 30 - 1 1000 116 1.04 23367.1

Table 2. I-shaped, H-shaped, tubular and box sections studied in this research
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Fig. 7. Shear stress distribution in the studied sections
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Fig. 7. Comparison of the obtained numerical and theoretical
results for the shear strength of the I-shaped cross-section subject
to shear in the plane of the web
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Fig. 9. Comparison of the obtained numerical and theoretical

results for the shear strength of tubular section
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Fig. 10. Comparison of the obtained numerical and theoretical
results for the shear strength of box section
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Fig. 8 .Comparison of the obtained numerical and theoretical
results for the shear strength of the H-shaped cross-section subject
to shear in the weak-axis
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Shear Shear strength Shear strength . .
strength (kN) (kN) (kN) Numerical shear Numerical shear
Prototype (AISC 360 (Shear (Maximum Shear strength (kN) . strength (kN).
method) deformation area) stress) (Pushover analysis) (Cyclic Analysis)
Majorl:PL500x200x20x8 876.4 865.7 785.3 900.9 832.8
Majorl:PL500x200x20x10 1117.8 1099.6 992.7 1107.6 1048.7
Majorl:PL500x200x20x12 1341.4 1313.1 1180.8 1312.9 1262.8
Majorl:PL500x200x20x15 1676.7 1632.2 1456.7 1611.8 1569.6
Majorl:PL500x200x20x20 2235.6 2154.2 1905.9 2027.7 1992.8
Majorl:PL500x200x40x8 941.3 934.3 844.2 1137.1 883.2
Majorl:PL500x200x40x10 1200.6 1187.8 1060.6 1356.8 1158.5
Majorl:PL500x200x40x12 1440.7 1420.7 1256.1 1574.1 1407.8
Majorl:PL500x200x40x15 1800.9 1767.3 1541.9 1895.1 1739.1
Majorl:PL500x200x40x20 2401.2 2337.9 2001.0 24205 2260.1
Majorl:PL500x400x20x8 876.4 872.8 800.3 972.0 838.8
Majorl:PL500x400x20x10 1117.8 11111 1016.2 1182.7 1060.1
Majorl:PL500x400x20x12 1341.4 1330.6 1212.8 1392.4 1291.4
Majorl:PL500x400x20x15 1676.7 1658.1 1505.1 1704.3 1618.9
Majorl:PL500x400x20x20 2235.6 2199.2 1983.7 2217.9 21324
Majorl:PL500x400x40x8 941.3 940.5 871.6 1402.6 941.7
Majorl:PL500x400x40x10 1200.6 1197.6 1102.5 1624.0 1243.2
Majorl:PL500x400x40x12 1440.7 1434.7 1312.1 1844.0 1541.8
Majorl:PL500x400x40x15 1800.9 1789.0 1621.0 2172.1 1882.4
Majorl:PL500x400x40x20 2401.2 2375.6 2121.2 2719.4 2420.1
Minorl:PL500x600x8x10 1484.4 1272.0 1023.8 1741.3 1585.6
Minorl:PL500x600x10x10 2402.0 2057.8 1656.6 2199.3 1989.1
Minorl:PL500x600x12x10 2980.8 2553.0 2055.7 2642.1 2392.6
Minorl:PL500x600x15x10 3726.0 3190.0 2569.7 3301.1 3000.9
Minorl:PL500x600x20x10 4968.0 4251.1 3426.2 4390.8 4010.8
Pipe:PL600x8 1539.9 2054.0 770.0 1881.1 1813.5
Pipe:PL600x10 1918.4 2559.4 959.2 2360.6 2266.5
Pipe:PL600x12 2294.3 3061.6 1134.7 2811.6 2741.7
Pipe:PL600x15 2853.22 3809.3 1426.6 3525.7 3440.8
Pipe:PL600x20 3771.8 5040.5 1885.9 4781.2 4585.2
Box:PL600x8 1546.0 1516.9 1418.4 1932.0 1759.7
Box:PL600x10 2451.7 2406.7 2265.9 24459 23175
Box:PL600x12 2980.8 2919.5 2775.4 2976.8 2888.5
Box:PL600x15 3726.0 3642.4 3508.5 37735 3660. 4
Box:PL600x20 4968.0 4837.0 4772.3 5113.5 4955.3

Table 3. Comparison of the numerical and theoretical results for the shear strength of I, H, tubular and box sections
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