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e Beam model: 2D

v'  Textbook of “Solid Mechanics”

e Beam model: 3D

2D plane stress/strain model
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PLANE STRESS

PLANE STRESS

The plane stress variant of the 2D interface is useful for analyzing thin in-plane loaded

plates. For a state of plane stress, the out-of-plane components of the stress tensor are

ZCro.

Figure 14-2: Plane stress models plates where the loads are only in the plane; it does not
include any out-of-plane stress components.

The 2D interface for plane stress allows loads in the x and y directions, and it assumes
that these are constant throughout the material’s thickness, which can vary with x and
y. The plane stress condition prevails in a thin flat plate in the xy-plane loaded only in
its own plane and without any z direction restraint.
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PLANE STRAIN

PLANE STRAIN
The plane strain variant of the 2D interface that assumes that all out-of-plane strain
components of the total strain &,, &,,, and &,, are zero.

O

[ wy

Zy

Figure 14-3: A geometry suitable for plane strain analysis.

Loads in the x and y directions are allowed. The loads are assumed to be constant
throughout the thickness of the material, but the thickness can vary with x and y. The
plane strain condition prevails in geometries, whose extent is large in the z direction
compared to in the x and y directions, or when the z displacement is in some way
restricted. One example is a long tunnel along the z-axis where it is sufficient to study
a unit-depth slice in the xy-plane.
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STIFFNESS MATRIX

Plane stress
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TURNER TRIANGLE (1)
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o Stiffness matrix of Turner triangle

2D plane stress/strain model

v" Kirsh’s problem

 Thick plate

v Benchmark problem LE10
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TURNER TRIANGLE (2)
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DIMENSION SELECTION
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PHYSICS SELECTION
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STUDY TYPE SELECTION

File v Home Definitions Geometry

Select Study

4 ~® Preset Studies

[ua Eigenfrequency

[ Frequency Domain

[\ Frequency-Domain Medal

Depend
~& Custom Studies
~2 Empty Study

Added study:
[7 stationary
Added physics interfaces:
L Beam (beam)

e Physics

Help e Cancel E;/ Done

Materials

Physics

Mesh

Study Results

Stationary

The Stationary study is used when field variables do not change over
time.

Examples: In electromagnetics, it is used to compute static electric or
magnetic fields, as well as direct currents. In heat transfer, it is used to
compute the temperature field at thermal equilibrium. In sclid
mechanics, it is used to compute deformations, stresses, and strains at
static equilibrium. In fluid flow it is used to compute the steady flow and
pressure fields. In chemical species transport, it is used to compute
steady-state chemical compesition in steady flows. In chemical reactions,
it is used to compute the chemical compaosition at equilibrium of a
reacting system.

It is also possible to compute several solutions, such as a number of load
cases, or to track the nonlinear response to a slowly varying load.
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STIFFNESS MATRIX
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KIRSCH'S PROBLEM: THEORY

Infinite plate containing a circular hole (Kirsh, G. (1898), V.D.I., 42, 797-807)

& - ™~ Consider portion of plate within concentric circle of radius
- R’ > R so that stress field is not perturbed by hole
C’ ::. — (Saint-Venant's Principle)
— ) )
. pL &
— — o =£(1+ c0s20)
a— [ stress field at r = R'(Mohr's cirle): 2
o .
> o,, =——=sin 260
o« —b ' 2
( 2 4 2
] o, =71-2 |12 1138 4% oos20
- 2 r 2 r r
2 4
forr=R: solution: < o, =%[1+R—2j—%£1+3R—4jc0326’
r r
o =9 max: o —30@6’—” 37 4 )
) = -z 27
o, =0 (1-2¢0s20); - 22 Gy = —g(l—BR—4+2R—2]sin 20
c,=0 min: o, =—c @60 =0,7 2 r r

stress concentration factor = 3 independent of R

solution applicable to finite plates with width > 4R

19
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o Stiffness matrix of Turner triangle

« 2D plane stress/strain model

v Kirsh’'s problem

 Thick plate

v Benchmark problem LE10
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KIRSCH'S PROBLEM: FEM

Ga

A A |
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VY Y Yy

40

2D approximation
* Plane stress
« Plane stain
Material Properties
e E=200x10°
e v=0.3
Element Properties
e Thickness =17
Loads: o, =1
BCs: none
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PHYSICS SELECTION
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STUDY TYPE SELECTION

File v Home Definitions Geometry
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[ Frequency Domain
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Added study:
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Help e Cancel E;/ Done

Materials

Physics

Mesh

Study Results

Stationary

The Stationary study is used when field variables do not change over
time.

Examples: In electromagnetics, it is used to compute static electric or
magnetic fields, as well as direct currents. In heat transfer, it is used to
compute the temperature field at thermal equilibrium. In sclid
mechanics, it is used to compute deformations, stresses, and strains at
static equilibrium. In fluid flow it is used to compute the steady flow and
pressure fields. In chemical species transport, it is used to compute
steady-state chemical compesition in steady flows. In chemical reactions,
it is used to compute the chemical compaosition at equilibrium of a
reacting system.

It is also possible to compute several solutions, such as a number of load
cases, or to track the nonlinear response to a slowly varying load.
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