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- Abstract

Elastic-Plastic Analysis of Thick Plates under different Dynamic Loading Conditions by
the Meshless Local Petrov-Galerkin
Ahmad Rezaei Mojdehi

In this thesis at first, elastic analysis of plates under static and dynamic loading by the
meshless local petrov-galerkin method is performed. Two methods of shear deformable plate
theory with second order approximation in thickness direction and three dimensional (3D)
approximations in static loading of plates are used. In this state, influence of different
parameters such as radius of support domain and local sub-domain in the obtained results are
investigated and optimum values of these parameters for next analysis are achieved. On the
other hand, second order basis for decreasing the effect of thickness locking is used. By using
obtained parameters from static analysis, dynamic analysis of plates in elastic foundation
based on 3D approximation is performed and responses of supposed plates under different
dynamic loading condition are investigated. In the next step, elastic-plastic analysis of plates
under static and dynamic loading is presented. Two theories are used in plastic analysis of the
plates under static loading. At first Hencky’s total deformation theory is used for elastic-
plastic analysis of plates and its formulation is presented. In this theory effective parameters
such as effective Young modulus and poisson ratio which are functions of final stress state
and material properties are obtained. By solution of related equations in an iterative process,
this procedure continued until all the effective material parameters converge and equivalent
stress falls on the experimental uniaxial stress—strain curve. In the next theory, by using flow
theory and its related equations and von mises yield function as yield criteria, MLPG
formulation for incremental loading is developed. In this theory, directions of plastic strain
increment are obtained by the normality hypothesis in plasticity. On the other hand, by using
consistency condition, plastic multiplier, or equivalently for a von mises material, the
increment in effective plastic strain is determined. With these parameters the values of stress
increments and finally displacement increments will be achieved. With note that Hencky’s
total deformation theory is acceptable only in proportional loading, flow theory is used for
elastic-plastic analysis of plates under dynamic loading. In this analysis, incremental
parameters are computed in each time step and Newmark method is used for time integration
of equilibrium equations. By solution of the equilibrium equations in each time step, values
related to displacements for each node are determined. At last numerical results obtained by
the present method are compared with those obtained from Finite Element commercial
software ABAQUS and shown that the present meshless method is highly efficient and very
effective with lower nodes and increment numbers.

Key Words: MLPG Method, Plates Analysis, Elastic-Plastic Analysis, Equilibrium
Equations, Dynamic Loading.




1doddo

WSz SYole bawgh g (SoSolom (pliord coulid (o) o S S (Sl slo ooy Sl el e 50 L enpy
SYolae cul jl (o8 dhwd do oy ol (s pé Coplo g Sz 4 4z b wites Gy JB IS0 G Jeslyipo
wslloz 0051 oy Sl soue sl o) 51l Jalews sileidly Jo gl 5 0l o0us; lgz 4 (o g 385 &g
| 2,5 oolitul &Yolxe ol (sly (o085

b gy ol Jlod a5 0uS oo eolitul oouzmyy hilus Jo sl s8l5e go0e (sl by 5l Glataiils 5 ludige oy el
a5 erd (sl Sgame J2lis by Sl laiatils 5 plusige g0l ooy Sie el Bl e 40 59, 4
J= sl oy ol wio 5 e eolitul  pls &y (232 Olitie b OVl olKiws o g ple Ojg0 & wdige slo
sl i b calises Jilus "ogamme ol g ol S (59, b et 08 danilyl 5l iogy cibio asls dnszn b Jiluws
A8 e Al B ooles oS a5 gy ol mesiis g 0385 18 Jalow 0590 YU (203k 5 (g pdy SBlhasil (235 b ooy
1o by oz Sl 5155l Jalod Culilh 48 sl a9z gy guiie Jilons Jo 53 s9kadlg Sl clo

Ceoms & 1y Gludige a5 0lly oo Al hnd blas slls obj Lo slo Cuye (yos Lls o ple dgumme olall g, Lol
231052 50 Wil (gmpt 2 4ol )3 &5 420 oo G el 0 51 gy Aoz 51 5 iz (sle b, 5l oozl

il Joab 4y Jab (800

iJgh Joad

sle o9y Sl eoliil Cuyga pu a2y Gloll (a0 sl 29, Az b g (Brme s ple Sjgo 4 lazl (o b ol o
Jelo 09505 5 awmliia 00 b 1 lall s sl gy O3l mp 098 (o0 ol Sgamme lall g, b dusaliio yo loll g0
Wigd (oo duliio oo b LT 0 il

iy Jab

Meshless Local Petrov-Galerkin (MLPG)lsie b lall (905 sla Gbg, 3l (S ol &g & b ol o
D9 (o0 03l gy d gy (al b Plawe Sl gty Jpoyb 0920 5 00l (5 pne

ipge Joad

ot Pluo Jol Coond 0008 (o aiSlo g MLPG () 5l eoliiul b guseds clovio SVl Julos 4y Juad ol 4o

Jlo sy 6095 90 3 S (o0 S (i 950 (Senlad I8 s Jilune pgo Ceannd 10 5 (Sl (5,138

1- Finite Difference method (FDM)
2- Finite Element method (FEM)
3- Mesh Free Method
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1- Ordinary Differential Equation (ODE)
2- Partial Differential Equation (PDE)
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Element Free Galerkin (EFG)[2],

Meshless Local Petrov-Galerkin (MLPG) [3],

Point Interpolation Method (PIM) [4],

Point Assembly Method (PAM) [5],

Finite Point Method (FPM) [6],

The finite Difference method with arbitrary irregular grids (71,
Smoothed Particle Hydrodynamics (SPH) [8,9],

Reproducing Kernel Particle Method (RKPM) [10],
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1- Shape function
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Geometry creation

FEM /\ MFEree

Mesh generation

Node Generation

i

l

Shape functions based
on a pre-defined
element

Shape functions based
on nodes in a local
support domain

Discretized system equations

|

Solution for field variables

)

Post-processing
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Trems FEM MFree method
Mesh Yes No '
Shape function Based on pre-defined Based on local support
creation elements domains

Discretized system
stiffness matrix

Banded, syminetric

Banded, may or may not
be synunetric depending
on the method used.

Imposition of Easy and standard Special treatments may be

essential boundary | - required, depending on the

condition method used

Computation speed | Fast Slower compared to the
FEM depending on the
method used.

Accuracy Accurate compared to More accurate than FEM

FDM

adaptive analysis Difficult for 3D cases Easier

Stage of Well developed Infant, with many

development challenging problems

Commercial

software packages | Many Few

availability
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Classification Categories Example MFree
methods’
MFree methods based on strong-forms of  MFree collocation
governing equations methods, FPM etc.
?ased on MFree methods based on weak-forms of EFG, RPIM, MLPG,
formulation governing equations LRPIM , etc.
procedure
MFree methods based on the combination ~ MWS. ete.

of weals-form and strong-form

Based on

MFree methods using MLS

MFree methods using integral
representation method for function

EFG, MLPG, etc.
SPH. etc.

intemcigtioq approximations
lapproximation
method MT'ree methods using PIM RPIM, LRPIM, etc.
MFree methods using other meshfiee PUFEM, Aip-clond, etc.
mterpolation schemes,
Domain-type MFree methods SPH, EFG, RPIM,
Based on domain MLPG, LRPIM, etc,
representation
Bowndary-type MFree methods BNM, LBIE, BPIM,
BRPIM, HBRPIM, etc.
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Meshless Local Petrov-
Galerkin (MLPG)




