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Abstract: A new type of thin plate model and the related nonclassical boundary value problems were established within the
framework of strain gradient and velocity gradient elasticity. The closed-form solutions of deflections and free vibrational
frequencies of a simply supported plate resting on an elastic foundation were obtained. The results of the present model
agree well with those predicted by the molecular dynamics. Numerical results show that, the elastic foundation and the
strain gradient parameter have a stiffness-hardening effect, while the velocity gradient parameter has a stiffness-softening

effect. The proposed boundary value problems are of great significance to the study of the mechanical behaviors of plates

*

WimBHA:  2021-09-16; EiTHHEA:  2021-10-13

E€WA: EEAARBIEEES (12072266); H1 @ i BEABM L 55 5% (300102219315); BEVE4A B AR = ILRIBF 53
(2020JQ-337)

EERIN: R (1986—), H, BI#EEZ, i+ (E-mail: xuxiaojian@mail.nwpu.edu.cn);
AFIR(1964—), B, #d%, Wi+ T GHIRIEH . B-mail: dweifan@nwpu.edu.cn).

SIAMK: R, ABTR. TR AN A B S T Kirchhoff AR g (i 1R) 851 4 vk K HORE FH (0] I B Fn Ay
2%,2022,43(4): 363-373.

363


http://www.applmathmech.cn
http://www.applmathmech.cn
mailto:xuxiaojian@mail.nwpu.edu.cn
mailto:dweifan@nwpu.edu.cn

364 MO % % M h 2022 4F A 43 %

under complex boundary conditions and external loadings. Furthermore, it will be useful for developing effective numerical

methods such as the finite element method, the finite difference method and the Garlerkin method.

Key words: plate; vibration; deflection; strain gradient theory; variational principle
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Fig. 1 Boundary conditions and loadings
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Table I Three common boundary conditions (BCs) for a rectangular plate

boundary condition BCl1 BC2 BC3
clamped w=0 w,=0 M.=0 or w,=0
simply support w=0 M =0 M,=0 or w,=0
free Qi +phliv =0 M =0 M,=0 or w,=0
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Fig.2 A fully simply supported rectangular plate resting on an elastic foundation
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Fig.3 The fundamental frequency vs. the side length of a simply supported square plate

3.2 HERNIESHEE
Fl 4 BT y=a/2 I FHIES BT x J7 AR 520 . f i R AT 50, A B B 2 b 3R K S50
FEIUE S, - ELE TR ERAS  RHE . X R 0H, b RSB b A S5 AR K



%4 TRIpea, 45 TR R AERE BEFHE T Kirchhoff AR 1 {8 R R4 $Rk vk KL 371

K 5 25 T AR EE ST B BB K A Ao AR L i &l A, Bl 12 R, HC R
BENT T . (RN, A 14 TC B A L0 i 4 W E 250 38 T . sk e Y, BRI B B S HORN b S 2 Mt
B SERL M BEAE K.

17 T
10 20 30 40 50
side length @ /nm
B 4 3R 2R B0 A i i SO AR R TR AR B 2 B 5 IR F B0 J i ) S5 AR Y 5
Fig. 4 Effects of the foundation stiffness on the displacement of a simply Fig. 5 Effects of the foundation stiffness on the fundamental frequency of a
supported square plate for y=a/2 simply supported square plate
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Fig. 6  Effects of strain gradient parameter /, on the displacement of Fig. 7 Effects of strain gradient parameter /, on the fundamental frequency

a simply supported square plate for y=a/2 of a simply supported square plate
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