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Stress Classification Lines Passing
Through Areas of Very High Error

Summary

Stresses at sharp corners rise towards infinity as the mesh size is reduced. However
the forces have to balance in a Finite Element model regardless of the mesh size used. In
these studies SCL (Stress Classification Line) results are compared a different mesh sizes.
This report shows that it is possible to take stress classification lines through these areas of
peak stress and get ultimate stresses — however the results will not be as expected.

Two studies are shown. In Study 1, the SCL passes between 2 sharp corners. The
stress classification method produces results that do not vary as the mesh is refined.
However, it misses the magnitude of the membrane and reports no bending stress. This is a
limitation of the stress classification method.

In study 2, the SCL passes through only one sharp corner. This study shows results
that converge to a finite value. Again, the reported membrane stress is less than expected.

It is best not to run an SCL through sharp corners (areas of very high error).

Study 1
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The test shape — a simple flat plate modeled at ¥4” thickness.

Disclaimer: This document is provided for educational purposes only. Pressure Vessel Engineering
Ltd. is not liable for its use.



The split lines to provide nodes in fixed locations regardless of the mesh size used. The first line
passes through the corners with zero radius and a theoretical infinite stress.
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Applied loads — 500 psi at the left edge. The right edge is fixed. The shell model is meshed at
¥4” thick. Line 1 and Line 2 are identified. They are referred to as Stress Line 1 and Stress Line

2 in the rest of the report.
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Stress results at 1” mesh size. Stress Intensity (Tresca*2 or P1-P3)
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The error plot for the 1”” Mesh size — the error around the corners is greater than 5% and should
not be used. However, the results will be included in line #1. Line 2 only passes through
elements with less than 5% error and should be acceptable.
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SCL through Stress Line 1 at 1” mesh size.
Membrane Stress = 282.93 psi
Membrane + Bending Stress = 289.28 psi
von Mises with all Components
400.00
350.00
300.00
Sn
250.00 St
200.00 sh
[}
g : Tnt
% 150.00 Tnh
Tth
100.00 wvon Mises
50.00 — — Pm
— — Pm+Pb
0.00 — — Peak
0.
-50.00

Distance i toj

SCL through Stress Line 2 at 1”” mesh size.
Membrane Stress = 333.45 psi
Membrane + Bending Stress = 334.59 psi
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SCL through Stress Line 1 at 0.5” mesh size.
Membrane Stress = 289.963 psi
Membrane + Bending Stress = 290.71 psi
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SCL through Stress Line 2 at 0.5 mesh size.
Membrane Stress = 333.43 psi
Membrane + Bending Stress = 333.92 psi
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SCL through Stress Line 1 at 0.25” mesh size.
Membrane Stress = 286.58 psi
Membrane + Bending Stress = 288.69 psi
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SCL through Stress Line 2 at 0.25” mesh size.
Membrane Stress = 333.42 psi
Membrane + Bending Stress = 333.66 psi
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von Mises with all Components
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SCL through Stress Line 1 at 0.125” mesh size.
Membrane Stress = 290.21 psi
Membrane + Bending Stress = 292.58 psi
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SCL through Stress Line 2 at 0.125” mesh size.
Membrane Stress = 333.42 psi
Membrane + Bending Stress = 333.53 psi
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Error plots for the 4 mesh sizes studied. Same 0-5% scale
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Conclusions for Study 1:

1) Although SCL 1 passes through 2 areas of theoretical infinite stress, and resulting high
error, the SCL results are practically unchanged as the mesh is refined. Although the stresses are
rising at the ends of the SCL at points that are approaching infinity, these high stresses are
affecting increasingly smaller element areas and are having smaller impacts. The end result is
constant reported Membrane and Membrane + Bending results.

2) The reported membrane stress for SCL 1 is less than for SCL 2. The expected answer is
that the membrane stress is the same for both lines — 333 psi. For SCL 1, shear stress Tnt
provides a large component of the stress. This stress is positive at one end of the SCL and
negative at the other. The membrane stress is calculated by averaging these stresses over the
length of the line, so Tnt makes no contribution.

The stresses at both ends of SCL 1 increase. They are not alternating (increasing on one
end, decreasing on the other) as is found in a bending stress. The SCL tool does not see these
stresses as being a bending stress because they are not alternating.

The results are not as expected for SCL 1 — this is a limitation of the stress classification
method. Stress classification lines should not be run between 2 sharp corners.

This shape is cut in half for the next study. SCL 1 runs from a sharp corner to a smooth
surface. Identical stress classification locations are used.
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Study 2
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The test shape #2 — One half of the test shape used in study #1 - again modeled at 1/4” thickness.
The split lines to provide nodes in fixed locations regardless of the mesh size used. The first line
passes through one corner with zero radius (and a theoretical infinite stress). Line 1 and Line 2
are identified. They are referred to as Stress Line 1 and Stress Line 2 in the rest of the report.
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Applied loads — 250 psi at the left edge. The right edge is fixed. The shell model is meshed at
Y4 thick. Stress results are shown at 1” mesh size. Stress Intensity is shown (Tresca*2 or P1-
P3). Theoretical stress is 250 1bs/(3” x 0.25”") = 333.33 psi.
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The error plot for the 1” Mesh size — the error around the corners is greater than 5% and should
not be used. However, the results will be included in line #1. Line 2 only passes through
elements with less than 5% error and should be acceptable.
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SCL through Stress Line 1 at 1”” mesh size.
Membrane Stress = 280.98 psi
Membrane + Bending Stress = 337.22 psi
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von Mises with all Components
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SCL through Stress Line 2 at 1”” mesh size.
Membrane Stress = 333.35 psi
Membrane + Bending Stress = 334.85 psi
The remaining Stress Line 2 plots look identical and are not shown.
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SCL through Stress Line 1 at 0.5 mesh size.
Membrane Stress = 289.43 psi
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Membrane + Bending Stress = 365.89 psi
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SCL through Stress Line 1 at 0.25” mesh size.
Membrane Stress = 293.38 psi
Membrane + Bending Stress = 381.87 psi
von Mises with all Components
1,000.00
800.00
Sn
600.00 St
Sh
2 Tnt
£ 400.00
[} Tnh
Tth
200.00 wvon Mises
— — Pm
0.00 — — Pm+Pb
0. — — Peak
-200.00

Distance i to j

SCL through Stress Line 1 at 0.125” mesh size.
Membrane Stress = 296.27 psi
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Membrane + Bending Stress = 392.75 psi

Linel Line 2
Mesh Line 1l Line 1 Line 2 Line 2
Size M M+B M M+B
1 290.98 337.22 333.35 334.85
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Conclusions for Study 2:

1) SCL 1 which passes through an area of theoretical infinite stress reports increasing
Membrane and Membrane + Bending results as the mesh is refined. However, these reported
results converge to fixed, not infinite values. Ultimate stresses at zero mesh size can be
extrapolated for the Membrane and the Membrane + Bending stresses. The ultimate membrane
stress is less than the 333 psi expected because some of the stress is interpreted as bending.

2) Avoiding the areas of high error on one end of an SCL is desired if possible.
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