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AXIAL STRESS & TIME CHART

ELEMENT S22 USER

NO. TYPE (M pa) TIME
1A CPSAR 177 0.2
ELEMENT 1B CP4 286 0.2
SEED = 1.0 1C CPSSR 372 0.2
1D CPSS 353 0.2
2A CPSAR 304 0.4
ELEMENT 2B CP4 371 0.5
SEED =0.3 2C CPSSR 375 0.7
2D CPSS 370 0.9
3A CP4R 337 2.0
ELEMENT 3B CP4 374 2.9
SEED =0.1 3C CPSSR 367 55
3D CPS8 369 7.3
4A CPSAR 336 0.4
BIASED 4B CPs4 371 0.5
MESHING AC CPSSR 372 0.8
4D CPSS 368 1.1
5A CPS3 342 0.5
TRIANGLE ELEM =5 CPe =75 To

Part | Comments:

1) Thefirst value obtained by equation 1b) assumesthat the platein tension isan

infinite width plate with local stress concentration on the edge of the circular hole.

The second value obtained from the Chart |11 isfor a plate of finite width, and infinite axial
length. Because the plateisfinite, the axial forcein the plate must be redistributed over a
smaller areaat the equatorial cross section, thusincreasing the average stress at that section.
The stress concentration due to the geometry of the hole is super posed to thisincrease. For an
infinite width plate, thereisno actual areareduction duetothe hole. In thegraph, asthea/w
ratio approaches 0, meaning thewidth goesto infinity, Kt approaches 3, which istheinfinite
width value.




Part Il Comments:

1) If themesh is coar sg, it doesn’t make much of a difference asfar asthe user
timeis concerned, whether it islinear or quadric, or it isreduced or fully integrated.

2) Asthe mesh becomesfiner, there are noticeable differencesin the user
time, but the maximum stress values generally conver ge to the same value.
If it isthe maximum stresslevel that we
arelooking for, it would be more efficient to use CPS4 elements with 0.3 seed
szerather than CPS8R eementswith 0.1 seed size. Theresultswere
both accurate, with CPS4 elementstaking up lessuser time. (0.5 vs. 5.5)

3) In general, quadratic elementstook longer to mesh (more nodes and
integration points), but yielded better stressresults. Linear reduced
integration elementsdid poorly in general.

4) A biased mesh representsthe best solution, wher e accur ate results are obtained with lower
computational times. This suggests an approach wherea part isfirst analyzed with a uniform
coarse mesh. Then, based on the coar se mesh results, the areas of steep stressgradientsare
identified, and the mesh is selectively refined in the critical regions.

5) The discrepancy of stress contoursin the vertical direction isdueto the

asymmetric boundary conditions of the geometry. We haveimposed uniform stress on the top
boundary, and uniform displacement (0) on the bottom boundary. These boundary conditions,
enforced at arelatively small distance from the hole, are also responsible for the enhanced stress
concentration at the hole (~370 M Pa) which exceeds the value obtained from the chart for an
infinitely long plate, where the uniform axial stressisimposed far away from the hole.

6)The profiles of axial stressalong the ligament for models 2a, 2b, 2c, 2d, 5a, 5b, are
superposed in thefigure below. We seethat even for thisfairly coarse mesh all the quadratic
elementsarein good agreement and give a satisfactory solution. The linear reduced integration
elements grossy underestimate the stress concentration,

and the stress distribution is not accurate in the vicinity of the hole. Thelinear triangular element
also underestimatesthe stress. Linear triangles are constant strain elements and can only be used
in very refined meshes, or as (few) filler elementsfor a mostly quadrilateral mesh for oddly
shaped domains.




S22 along the equatorial ligament (MPa)
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