%64t o MRl (A SRBRE P2 30) Vol. 64 No. 6
20254 11 A ACTA SCIENTIARUM NATURALIUM UNIVERSITATIS SUNYATSENI Nov. 2025

DOI:10. 13471/j. cnki. acta. snus. ZR20250140

ST PR3 R4 T i 2 5 i B P

GabEk', KR, 2, A

L XREIRFERIEEEHRFIR, B KX 430070
2. PR KA TAZ AR IA A, #3 KL 430040

O ARSCR TR LT R 2 R0 2% (GNN) B A BRASR HT TMT 42 25 MM 7 T . 6 P13 , 1) P PRI 6 E D7 i
FE R TGS B F FNAE AL B S 0 A R N7 AR S (] 1) A S PR S L 454 T U AT 5 BERRAE A )1 2523 1)
R 5 BeAh  FEARY vh 5| A3 R I HLEIAE RO T AT S AR E , T 5L T 5o K [ A At 4 B 2R 1 s S 3l i FRAE
AR, 0777 S AR I 5t B P HER AR L2840 v 1 ) 2R B B AR . IRe , A3 AN LA 1019 127 AR S M 2R 4544
), %) Br 4 AR R UK BEEAT T 0PAG o S5 R I « Bl E I 2R A (9 1, GNIN AR B 1) T 15 2 i 35 A1
FAEREA S A T W RTEE T, AR v 24 [0 ST 8 AR A AR e 1) TOUIDORG B, 5 AR T A% e 1 BRASE R A AR B0 o 3 K
ALk FH e A ] R ET FOU 0 A 22T AR ) s

SR IR] < FCHIARIRD 5 (2] 0 22 I 265 5 S5 M 00T s TINS5 5 THA R

RESZESTU3234 XERE:A  XEHS:2097 - 0137(2025)06 - 0102 - 09

Graph neural network-based surrogate modeling for

truss structures response
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Abstract: A surrogate model based on graph neural networks (GNN) is proposed for truss structure
response prediction. Based on graph theory,a graph representation method is employed to describe the
topological characteristics and physical information of truss structures. Graph convolution is used to
establish correlations among variables, achieving dimensionality reduction of the training space through
structural geometric and physical features. Furthermore, an attention mechanism is integrated into the
model to effectively incorporate node and edge features, with feature weights of neighboring nodes and
edges adaptively assigned according to element stiffness, thereby accurately simulating force
transmission paths during training. Three truss structures with 10, 19, and 27 design variables,
respectively, serve as examples for evaluating prediction accuracy using the mean absolute percentage
error metric. Comparative analysis indicates that the prediction error of the GNN model decreases
significantly with an increasing number of training samples and remains exceptionally.
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Fig. 1 Two truss structures with different topologies
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Fig. 8 Initial layout and numbering of the 37-bar planar truss
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Table 2 Grouping of 19 cross-sectional area variables

B Eem® MG | B REem®  MESS | PR Eem’ WSS | Bt REem® PGS
Al 1.2 A6 11.12 All 21,22 Al6 30.31
A2 3.4 A7 13,14 Al2 23.24 Al17 32.33
A3 5.6 A8 15.16 Al13 25.26 Al8 34.35
A4 7.8 A9 17.18 Al4 27 A19 36.37
AS 9.10 A10 19.20 Al5 28.29
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Fig. 10 Initial layout and numbering of the 47-bar planar truss
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Table 4 Grouping of 27 cross-sectional area variables

Bt AR em®  MPESS | BOT AR em® MRS
Al 1.3 Al5 27
A2 2.4 Al6 28
A3 5.6 Al7 29.30
A4 7 Al8 31.32
A5 8.9 A19 33
A6 10 A20 34.35
A7 11.12 A21 36.37
A8 13.14 A22 38
A9 15.16 A23 39.40
A10 17.18 A24 41.42
All 19.20 A25 43
Al2 21,22 A26 44 .45
Al13 23.24 A27 46 .47
Al4 25.26

MAPE/%
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Fig. 11 The MAPE of various methods for the 47-bar truss
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Table 5 Comparison of the results of different surrogate

models for a 47-bar truss %

PR AR Kriging RBF ANN GNN
-3 MAPE 32.6 30.5 16.7 6.2
i MAPE 29.9 27.4 15.9 5.6
2 MAPE 33.6 36.0 18. 1 7.3
FrifE 2% 3.2 1.2 0.7 0.6
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