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Critical condition for tensile tearing failure of unidirectional stiffened
plate under strong impact load
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Abstract: The critical condition of tensile tearing failure of stiffened plate under impact load was studied. Firstly, the
unidirectional stiffened plate with fixed support under uniform impact load was simplified into beam structure model attached
with band plate. Based on the theoretical solution of the impact deformation of the fixed beam, the theoretical solution of the
maximum deformation of the stiffened plate was given. At the same time, the applicable condition for calculating the large
deformation of the unidirectional stiffened plate by using the “beam theory” model was given. Then, the motion mode of the
fixed beam under strong impact load was divided into four stages. Based on the composite motion model, the relation between
the tensile strain at the end of fixed beam and the maximum deformation of beam was corrected. Finally, taking equivalent
strain equal to failure strain as the tensile tear condition, the critical condition of tensile tear of stiffened plate under impact load
was established. In this paper, three unidirectional stiffened plates of T profile with different stiffness were selected, and the
maximum deformation and critical tensile tearing load of the stiffened plates were analyzed by commercial finite element
software LS-DYNA. The numerical simulation results show that the theoretical solution of maximum deformation of
unidirectional stiffened plate and the critical condition of tensile tear failure based on the “beam theory” are applicable, and
The error of theoretical and numerical simulation is less than 15%. Therefore, the theory in this paper can be applied to
practical engineering prediction and has certain guiding significance.
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Fig.3 Schematic diagram of the final motion mode of the plate
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(a) Experimental cabin (b) Numerical simulation model cabin
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Fig. 12 Experimental cabin and numerical simulation model cabin
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Table 3 Experimental bulkhead structural parameters
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Fig. 13 Experimental and simulation damage of S1 bulkhead
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Table 4 Comparison of experimental and numerical simulation results
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Fig. 14 Displacement contour of unidirectional stiffened plate under 8 MPa rectangular impact load
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TableS Comparison of deformation of unidirectional stiffened plates

AR BOORAIE mm 5y MR BRI mm R/ R BOURAIE/mm 5y
T _ PG U — TR —_—
MPa Mt BdEsE % MPa it BfEsE % MPa i BERd %
8 366 326 12.27 8 327 320 2.19 8 306 307 0.33
9 413 372 11.02 9 370 364 1.65 9 346 350 1.14
1 10 459 416 10.34 2 10 412 405 1.73 3 10 387 390 0.77
11 505 459 10.02 11 453 445 1.80 11 426 432 1.39
12 550 502 9.56 12 494 485 1.86 12 466 471 1.06
14
—=— § MPa
12
10 |
< st
3
& 6f
4.
2.
0 1 1
1 2 3
Stiffener

15 ARG BT

Fig. 15 Calculation error of deformation of different stiffened plates
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