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Ultimate Flexural Strength of Cylindrical Steel Shell for Wind Tower
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Abstract - Ultimate flexural buckling strength of cylindrical steel shells for the wind turbine tower structure was investigated by
applying the geometrically and materially nonlinear finite element method. The effects of initial imperfection, radius to thickness
ratio, and type of steel on the ultimate flexural strength of cylindrical shell were analyzed. The flexural strengths of cylindrical
shells obtained by FEA were compared with design flexural strengths specified in Eurocode 3 and AISI. The shell buckling
modes recommended in DNV-RP-C202 and the out-of-roundness tolerance and welding induced imperfections specified in
Eurocode 3 were used in the nonlinear FE analysis as initial geometrical imperfections. The radius to thickness ratios of
cylindrical shell in the range of 60 to 210 were considered and shells are assumed to be made of SM520 or HSB800 steel.
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(a) elliptical mode

(b) dimple mode

Fig. 5. Elliptical and dimple modes imposed on FE mesh

Table 1. Physical properties of applied steel
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Fig. 6. Idealized stress-strain curve for steel
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SM520 355 520 0.00173 3.6 0.02078
HSB800 690 800 0.00337 22.85 0.00337
Table 2 Ultimate flexural strength of cylindrical shell (kN-m)
GMNA-FEA GMNIA-FEA
Seel | ¥ () 1, My e | Mg | M pd | Mypd | Mo
10.0 49,864 49,557 22,471 34,233 42,309 32,661
13.5 67,477 66,144 36,339 53,607 67,800 50523
SM320 20.0 109,500 109,044 72,300 93,300 109,564 91,847
35.0 201,944 201,944 144,114 179,309 202,208 194,448
10.0 78,892 77,000 30,834 45,205 53,300 46,018
HSBSOO 13.5 123,875 119,100 62,450 80,306 117,113 83,200
20.0 203,373 203,569 129,651 151,977 195,380 153,261
35.0 402,027 404,148 302,259 344,715 404,142 363,006
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(a) perfect shell (b) shell with elliptical imperfection
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(c) shell with ring buckled imperfection (d) shell with bend buckled imperfection
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+8:212e+00 12144400

(e) shell with panel buckled imperfection (f) shell with dimple imperfection

Fig. 8. Effective stress distribution of SM520 shell at ultimate state (7/¢=105)
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(b) shell with elliptical imperfection
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(d) shell with bend buckled imperfection

S, Mises
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(Avg: 75%)
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+7.271e+02
+6.619e+02
+5.967e+02

+3.361e4+02
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(f) shell with dimple imperfection

Fig. 9. Effective stress distribution of HSB80O shell at ultimate state (/¢ =105)
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(b) HSBS0O shell

Fig. 10. Comparison of flexural strength of shell obtained by FEA and design criteria
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Fig. 11. Comparison of flexural strength of shell with different
steel materials
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