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PLANE STRESS

PLANE STRESS
The plane stress variant ot 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
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Figure 14-2: Plane stvess models plates wheve the loads are only in the plane; it does not
include any out-of-plane stvess 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 21D interface that assumes that all out-of-plane strain

components of the total strain &,, &y, and &, are zero.

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, burt 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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RELATION OF STRESS/STRAIN
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TURNER TRIANGLE (1)
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TURNER TRIANGLE (2)
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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)

q
rITTit g

forr=R:

o, =0

o, =0(1-2c0s26): —

o, =0

i

T~ - o~ Consider portion of plate within concentric circle of radius

...-n,
R \ - R’ >> R so that stress field is not perturbed by hole
R \l — (Saint-Venant's Principle)
¥ ; — o :%(1+ c0s 20)
/ - stress field at r = R'(Mohr's cirle):
'Aﬁf‘ — o, =—2sin20
- —b 2
2o
o, R°) o R* R’
q’b ) o, = —|1-— |+—| 1+ 3——4— |c0s 20
- 2 r 2 r r
2 4
solution: <o, = g 1+R—2 -2 1+3R—4 cos 26
3 2 r 2 r
V/AeY/A
max: o, =3c @60 =—,— 4
22 G\ :—££1—3R—4+2R—2]sin 26
min: o, =—c@6=0,r | 2 r r

stress concentration factor = 3 independent of R
solution applicable to finite plates with width > 4R
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KIRSCH’S PROBLEM: FEM
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O4 -

40

VY Y Yy vy

2D approximation
* Plane stress
« Plane stain
Material Properties
« E=200x10°
« v=0.3
Element Properties
* Thickness =17
Loads: 6, =1
BCs: none
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PLANE STRESS
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SR

« Stiffness matrix of Turner triangle

« 2D plane stress model

v Kirsh’s problem

e Quarter model
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SYMMETRY CONDITION

Symmetry condition AntiSymmetry condition
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Vertical (y) motion of one
node such as C or D may be
constrained to suppress y-RBM
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(2) Compute the value of K changing the radius(0.2 ~ 0.5 m). Compare the value of K on table with computing
result from FEM. (mesh option : quad & extremely fine) (15 pts)«

(3) Construct the quarter model and check the maxumum stress with r = 0.5 m. Compare the quarter model with
full model. (10 pts)«

50
Cobnvriaht © 2021 Combputational Desian L ab. All riahts reserved



