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Fig. 10 Comparison of finite element method and PINN method results for defective plates
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Table 1 Vertical displacement at mid span under different grid divisions

Yo EE DT I TN KBTS I BT A B SLERIT 4 255 v 0% i v RS H
AR TTHIR 1 2 2 4 0. 09403
HRRTCEER 2 10 100 1000 0.124103
A IRICHR 3 100 100 10000 0. 124796
A bR TC R 4 100 1000 100000 0.125062
PINN #2 / / / 0. 124982
T fif / / / 0.125

5 MHEMESHITWSEREMm

5.1 REEEHSHETHAE

TE 52 P I G5 o A v s BS0GZ J2 RIORI i 22 0 19 %
L ol 22 0 265 19 )1 2 200 A Slort B T 510 5
Wi 3o 2 14 BeUCZ AT RE S BOH B2 1 2k sk 2t A 1
(7] 8L 1 A 1) e e 2 7 DR B 2 I 3 e . T i
/D B 1) J2 R AT e 2 BIR A AE TR~ o] BOHlE Y RE T
SRS . 2R LT RE T BOL S S
A Gt B R B Ry (HAE K4 iz A BE ) 3K
ZE. T A0 B A 2 o0 ) 2 PR AR R A 05 BB T . R B
RANE . PG AR BT i 28 ) 45 A TR ) 5 AR 46 B
AR TR L 114 52 3% P DR 30 4% 3 3 1Y) B U= 45 4 LA S B
51K BRI A RO AR AT R A BT P BE.

AP 11 P s H o gl o 25 JE ) Cepoch) s 20
il g 4 i I 5 R Cepoch) 9 45 2% BRI (Lossepon) 5
550 ORI 51 5% BR KU (Loss, ) FEAE A X 2. X
TR — BOR)Z RO 4, 8RR A& IO 60 £
AR LA ARG . T 50 M AT G R,
1M 60 A 22 052 3 B/ HARSR F e JE v - 70 4>
MTT . I 60 A Ff 48T, SRR UL . B 22 T A
e 2 5 1 JRC AT AR i 1 22 0 1 L A B UCF
iy — 7 W R (AR A B B AR R BE. S5 Ah . I 11
(b)) 7R 2o IR G2 2 Dok g 453 O T I 1 3k 32 I
A—RE R IR T RS E.

S S X A [a] e 72 126 A [ et 28 0 A B0 A7

TXFEG AN 11Co) TR AT RLE B4 S0 53 4] —
A [i) o R J22 5 BUAH [+ 1) ot 28 0 000 A0SR B A TR
i FF R [ Ao 6 70 506 o B 507 9 24 B 7B 0 6 AR
Do 2% 11 i — J22 BB DA AT — J2 42 JC B A [R) 250 R AIE L
A R T W 45 1 e
5.2 HiEEH

T PRI e R X i I % SR AR K
S EH IO R B IO [R] b2 I 45 11 M g A
WA A 3 AN T S B 3 1 U R T D B v A T
I ZRssoR Az AL RE 1 AR SO i) PINN A8 A
AT ReLU pR %k . Sigmoid p& %4 . Tanh &%k DL K&
Softplus p& ¥ P A [6] /49 5 T 0 80 o8 5K, 38 3 %)
fr 2 ) 2 B IR (1 5 S, T AR A A 7] 7 i) 024 78 33
B 38 T PR SO T it g Pt 22 T 5% 1 P i A i A
BE. RelLU bR $IGHE 5 76 Beu 2 rb T 4R 0] 2 76 TR B
it 22 I 24 vh L BB A A AR A 6 B T 2R [R) L. Sigmoid
PRBCAE S 2 T A0 2SR B AR TR E Bl 4 )
g5 rp i . Tanh R E000 SIGH B 5L 38 5 76 ROBUZ
R B A 4 1 SR 1 A 2 M 1. Softplus bR 45
HTE B2 T L RE S SR AT T I AR . 7E 1
WA — oy B b, B & Tanh pRERVE R i% B
TR () 3G PR

WE 12 iR, % F LR — ., Tanh 3
I BRECAT DL 36 3 B AR B2, Tanh 006 R 2015 3 1Y
S5 5L 00 T LA = R OE sR L OF BAEBR TR
U E AR T.



42 kb BTAE . IR A SRR I 4% O VR SR i Y TV g T) R « 239 -

i — 4X40 iF —4X60
—— 4X50 ——5X60
—— 4X60 ——6X60

0 — 4X70

1g (Loss,,,/Loss,)
1g (Loss,,,/L0ss,)

1 1 1 1 _7 1 1 1 1
0 1X10°  2X10* 3X10° 4Xx10* 5Xx10° 0 1X10° 2X10* 3X10° 4X10* 5x10*
epoch epoch
(a) NP ZITE R R H (b) 7[R B 2= B i 4 2k %o b

(a) Comparison of loss of different neuron numbers (b) Comparison of loss in different numbers of hidden layers

1 — 60-60-60-60
—— 80-70-60-50
0 —— 70-60-50-40
~—— 60-50-40-30

lg (Loss,,,./Loss,)

_7 1 1 1 1
0 1X10°  2X10°  3X10° 4x10° 5X10°
epoch
(c) IR Uz #h 2 T80 X L
(¢) Comparison of the number of neurons in different hidden layers
FLL N[ T 4% 2 B0 50 2K B8 B0 SRy P 1 52w

Fig. 11 The influence of different network parameters on the convergence characteristics of loss function
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vergence characteristics of the loss function
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Physics-Informed Neural Network Method for Solving Plane Stress Problems

Ke Du'* Zhipeng Lin'** Wenxian Wu'*? Huan Luo’ Zifa Wang'* Ruizhi Wen'**
("Key Laboratory of Earthquake Engineering and Engineering Vibration , Institute of Engineering Mechanics ,
China Earthquake Administration, Harbin, 150080)

(*Key Laboratory of Earthquake Disaster Mitigation s Ministry of Emergency Management , Harbin, 150080)

CCollege of Civil Engineering & Architecture, China Three Gorges University . Yichang , 443002)

Abstract Most methods for solving plane stress problems currently rely on the finite element method
(FEM), which is widely accepted for its established effectiveness in various engineering applications.
However, FEM often suffers from shear locking during the solution process. To address this challenge and
improve the solution of plane stress problems without the risk of shear locking, this paper adopts a phys-
ics-informed neural network (PINN) approach. The PINN framework integrates physical laws directly into
the neural network training, allowing for the bypassing of traditional mesh requirements, which presents a
considerable advantage. In this approach, internal and boundary points are randomly generated within the
specified domain[ x,y ], serving as the basis for calculations. The geometric equations, constitutive equa-
tions, and balance equations that describe the behavior of the materials involved are incorporated into the
model. Additionally, the physical constraints of boundary conditions for the boundary points are included
in the loss function of the neural network model. This integration ensures that the model accurately re-
flects physical reality and adheres to the governing equations. By minimizing the loss function, the model
effectively approximates the solution of the partial differential equations (PDEs) associated with plane
stress problems. Importantly, this method does not require mesh generation, simplifying the computation-
al process. Instead, it focuses solely on optimizing the loss functions for the internal and boundary points.
To validate the proposed approach, further analysis is conducted to compare the PINN method with tradi-
tional FEM. The results demonstrate that the PINN method can solve plane stress problems without the
need for labeled data. Furthermore, it effectively addresses finite element defects arising from spurious
shear deformation due to mesh generation, specifically shear locking. Additionally, case studies indicate
that the PINN method maintains high accuracy even with complex boundaries and varying stress condi-
tions. This feature suggests that the method has significant potential for practical engineering applications
in the future.

Key words plane stress element, neural network, machine learning, physical information, shear loc-

king





