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Fig. 1 Schematic diagram of tire impact on stiffened plate struc-
ture
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Table 1 Structural dimensions of stiffened plate

ZH Hft
BK/m 7.2
M /m 3.6
RS /m 0.016
HME /m 0.6
A2 (1] /m 12
A (K3 x5 ) /m 7.2%0.2%0.01
REZE(Kex B x5 ) /m 3.6%0.2%0.01

FRAE R (Kox B > JE /m) 3.6%0.5%0.01
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Fig. 2 Finite element model of tire
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Table 2 Material parameters of tire components
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Fig. 4 Inversion error at different sampling periods
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Fig. 6 Optimal selection of regularization parameters
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Fig. 7 Load identification results
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Table 3 Relative errors of different responses(% )
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Fig. 15 Convex wheel print load inversion
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Table 5 Relative errors of convex wheel print load inversion

HAfEMAS FI F2 F3 F4 F5 F6 F7 F8 F9

AHXTIRZE/% 344 115 1.57 1.16 139 2.10 2.67 235 3.81
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Fig. 16 Saddle-shaped load distribution surface
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Fig. 17 Saddle wheel print load inversion
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Table 6 Relative errors of saddle wheel print load inversion

HfEHA FI F2 F3 F4 F5 F6 F7 F8 F9

AR ZE/% 223 3.61 3.08 1.58 225 3.77 1.81 3.09 3.57
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Fig. 18 Concave load distribution surface
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Fig. 19 Concave wheel print load inversion
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Table 7 Relative errors of concave wheel print load inversion

WEEMA F1 F2 F3 F4 F5 F6 F7 F8 F9

FAXTRZE/% 297 1.17 1.04 1.13  1.82 178 2.39 2.65 3.14
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Study of inversion method of tire impact load characteristics
based on Green function

SHI Guijie", LI Qiang’, WANG Deyu"
1 State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai 200240, China
2 Institute of Marine Equipment, Shanghai Jiao Tong University, Shanghai 200240, China
3 School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093,
China

Abstract: [ Objectives | This study aims to indirectly identify tire impact loads and their distribution charac-
teristics through structural responses, providing a basis for deck design and safety assessment. A load inver-
sion method based on Green's function is proposed. [ Methods | The study focuses on a ship deck stiffened
plate. The impact load is represented as a superposition of unit impulse loads using Green's function. The
Green kernel function matrix is obtained through finite element simulations. An inversion model is established
by combining the Tikhonov regularization method with the generalized cross-validation criterion. For single
and multiple tire impact scenarios, the influence of multi-source loads on inversion accuracy is analyzed. For
three typical wheel print load distribution forms—convex, saddle, and concave—the load distribution character-
istics are inverted by equivalently dividing the force application area and applying unit impulse loads. [ Res-
ults | The proposed method can effectively identify the time history and distribution characteristics of tire im-
pact loads, with a relative error of less than 5%. Specifically, the inversion based on strain and displacement
responses achieves higher accuracy, with errors below 2%. Even under a 5% noise interference, the inversion
results remain consistent with the actual loads. [ Conclusions ] The proposed method addresses the chal-
lenges of short impact load duration, limited structural response range, and the joint action of multi-source im-
pact loads. It provides a new approach for identifying wheel loads on real ships and holds significant engineer-
ing application value.

Key words: deck design; structural response; stiffened plate; bearing capacity; impact load; wheel load
distribution; Green’s function; load inversion; numerical simulation
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