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The law of remaining bearing capacity of cylindrical shells with
cutouts under axial compression load

LUO Junhao?, LI Xiangyu?, PENG Yong?, ZHANG Kefan?*
(1.College of Science, National University of Defense Technology, Changsha, 410073, China; 2 Test Center, National University
of Defense Technology, Xi’an, 710010, China)

Abstract: To investigate the laws governing the remaining bearing capacity of cylindrical shells with multiple cutouts
under axial compression and meet the safety design requirements in aerospace and other fields, quasi-static tests, numerical
simulations, and machine learning were combined to conduct the study. Fundamental regularities were obtained from tests to
establish simulation benchmark data; based on a validated finite element model, the response characteristics of cylindrical shells
under the interaction of three parameters were analyzed; a neural network model and SHAP (Shapley additive explanations)
analysis were introduced to quantify the contribution of each parameter. The results show that the cutout radius r is the primary
factor causing the reduction of remaining bearing capacity, and the remaining bearing capacity decreases significantly as r
increases. The effect of cutout spacing d is regulated by & and r, and this regulatory effect becomes more pronounced as r
increases. The cutout arrangement angle @ is generally positively correlated with the remaining bearing capacity, but in special
cases, it induces shear failure, leading to non-monotonic reduction of the remaining bearing capacity. SHAP analysis shows that
the contribution degrees of r, 6, and d decrease in sequence, and there are significant interaction effects among the three
parameters. The conclusion provides a quantitative reference for the parameter optimization and load-bearing performance
improvement of cylindrical shells with cutouts.
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Fig.10 Comparison between test and simulation results
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Fig.14 Stress distribution nephogram of case 1-2-0
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Fig.16 Influence of arrangement angle & on stress
distribution
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(b) r=5 mm
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Fig.17 Variation law of structural remaining bearing capacity

under the combined influence of d and 6
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Tab.3 Extended values of cutout spacing d
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Fig.18 Cross-section of the cylindrical shell center for the
d=max case
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Fig.19 Comparison of remaining bearing capacity when d is
10 mm and 20 mm
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Fig.20 Comparison of stress distribution when d is 10 mm

and 20 mm
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Fig.21 Influence of extreme values of d on remaining bearing

capacity when 6=0°
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Fig. 22. Stress distribution contours for Case 3-20-0 and Case
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Tab.4 Neural Network Training Parameters
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Fig.23 Training-validation loss curve
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Fig.24 Comparison between predicted and simulated values
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Fig.25 SHAP summary plot
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Fig.26 Parameter contribution in prediction results
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