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Use four-noded plane stress elements with reduced integration - see NAFEMS FE Primer for
discussion of Pros and Cons of reduced integration.
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Design Section
Point x Y
1 020000 -0.34641 Point x \
2 298461 126129 7 3.55070 2.05000
3 368853 181129 8 6.18853 181129
4 3.68853 1.26129 9 6.18853  1.26129
S 313726 181129 10 318724 172468
6 000000 000000 11 278461 160770

Pressure?]

| Consider unit Pressure, E=30GPa and v=0.2
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www.ramsay-maunder.co.uk/benchmark-challenge/stress-linearisation/
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Bending Moment v }yl p(zl)z
Shearforce {17@

Axial Force e "CI k3 N

1=2.5m

AN SIN) | | pIN/mi]
Loading " qum 4 ( X ) -
M [Nm] |
2d =0.55m
150° P Applied pressure
q Axial force
d Half depth of section
1 Half length of wall
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\ 0.2756N (Force due to applied pressure)
¥ s.5in(30) 2.5m

{15 Q _oAssmi
Tl
S,

Al

Total force = 0.276+5.5in(30)-A.Cos(30)

A. Cos(30)

0 Continuity of displacement requires §, = &, and from the relationship
between stress and strain, § = ~2<< 1t gy,
AreaE

.1 2.5

4
cos30-(0.276+S-sin30—A-cos30)-m = ‘0553089

Solvingthis equation gives A=1.11IN
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Beam
Axial 1.1IN
Shear 2.5N
Moment 2.083Nm
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T=25N
it oy=1Pa . y
oM=4132p
) v v v
6
QI Tri-CellWall %x
| <
7,,=6.81Pa | ! 2.5m :
a8-2.02Pa :

A 6M 3
1 . C ot=— o =— txy=§'

§=25N  A=1.11IN M=2.083Nm

The shear stress distribution is assumed to be parabolic so that the peakvalue, at the centre of the section, is 1.5 times the average value.
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+43.34 P2

W
+24.98
+15.79

Note: The contour range used in this figure will be used throughout this article.

This solution for the axial and shear stress may be derived using an Airey Stress Function approach — see, for example, E.J. Hearn,
‘Mechanics of Materials’, Vol. 2, 2" Edition, p699, Pergamon, (1985).
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FE Exact
Ox 2.018 2.018
Txy -2.273 -3.409
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~— Length Weighted Average (LWA) Shear Stress
I Taydx o
16 = 3 Yo
[ dx
§i Ty dA
16 = ___ Area Weighted Average (AWA) Shear Stress
Jda
Where:

jdx:a; fdy:b ’ JdA:a-b
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Left of Section Design Section Right of Section
+14.072 +374 < -659
0+14.07 5 5 0 -6.59
+2.02 § +2.02 s +2.02
v °
0-10.03 2 & 0 +10.63
1003f 84030 ¢ +10.63
Gauss point stress g 8

Stress averaged on design section

Note that the design section shown above is not in the same position as that of figure 1. The current design section is being used simply as
an example of how stress linearisation can lead to different stress resultants depending on whether it is performed to the left or right of
the section or using averaged values on the design section itself.
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Relative Error in Stress Resultant (%)

Relative error (%) in a stress resultant is abs{(S-5»)/S)x100%

where Sisthe exact value and Shis the finite element value.

I Range of acceptable engineering accuracy (1% - 5%) |

" )
—&—M (Right)
01 - : . . i
2 4 8 16 32
Number of Elements/Edge
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From hand calculation: A=1.11N, $=2.5N and M=2.083Nm ‘
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Stress Resultants (N and Nm)
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