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The aim of this assignment is to analyze the following concrete hyperbolic Shell under

selfweight, explaining the behavior of all the stresses presented.

Figure 1.1 — Geometry and Meshing in GiD

Boundary conditions

The types of boundary conditions that are enforced in this problem are the following:

e Displacements Constraints / Linear Constraints: For represent the clamped con-
straint the Movement in X Y and Z and the rotation in X and Y direction is pre-

vented along the boundary of the plate (Figure 1.2).

Displacement-¥ 0.0 m

X Movement Constraint Z:

Displacement-Z|0.0 m
X Rotation Constraint X loc:
Normal-Rotation 0.0 rad
X Rotation Constraint Y locS:

Tangential-Rotation 0.0 rad
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Figure 1.2 — Boundary Conditions
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Material

We use a material with the following mechanical characteristics (Figure 1.4):
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Figure 1.3 — Material

Meshing

A structured mesh will be used I to define the a suitable meshing for the figure. The
structure was discretized in a mesh of 162 triangular elements and 100 nodes. To generate
each mesh that the problem asks for, we must go to:

e Mesh / Quadratic type: Normal.

e Mesh / Element type: Triangle.

e Mesh / Structured/ Surfaces/ Assign number of cells: Divide the different lines
of the surface into the selected parts.

Problem Data
In this section we specify some data necessary for the analysis:
General Data (Figure 1.4):

e Problem title: AS8
e Consider self-weight: Yes

Problem data n
N2 A

Problem Title AS8

X Consider Self weight

Accept Close

Figure 1.4— Problem data
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Results and Discussions

Displacements

Deformed shape (Z displacements)

Z-Displ

0
-60317e-6
-1.2063e-5
-1.8085e-5
-2.4127e-5
-3.0158e-5
-3619e-5
-42221e-b
-48253e-5
-5.4285e-5
-6.0316e-5
-6.6348e-5
-7.2379%e-5
-7.8411e-5
-8.4443e-5
-90474e-5
-9.6506e-5
-0.00010254
-0.00010857

X displacements Y displacements

X-Displ
6.5282e-6
5.8028e-6
50775e-6 .
43521e-6 b
3.6268e-6 -

- 28014e-6
-21761e-8
-1.4507e-6
- 7.2536e-7
85265e-13
-7.2535e-7
+-1.4507e-6
-2.1761e-6
-2.9014e-6
-36268e-6
-43521e-6
-50775e-6
-5.8028e-6
-6.5282e-8
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¥-Digpl
§.538e-6
5.8115e-8
5.0851e-8
4.3586e-6
3.6322e-6
2.58058e-6
- 2.1793e-8
-1.452%e-6
- 7.2644e-7
-3979e-13
-7.2644e-7
- -1.4529¢e-6
-2.1753e-6
-2.8058e-6
-36322e-6
-4 358Be-6
-5.0851e-6
-58115e-6
-6.538e-6

As for the displacements, it can be seen that the vertical displacement in the z direction
increases as we approach the center of the shell, being null in its boundary due to the

clamped configuration.

In the case of displacements in "x" and "y" we can observe that they are very small and

parallel to its axis, with opposite sign value.
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Rotations

Rotations around X direction

X-Rot
3.3376e-5
2.9667e-b
259595
2.225e-5
1.8842e-5

- 1.4834e-5
1.1125e-5
7.4168e-6
37084e-6
-56843e-12
-3.7084e-6

- -7.4168e-6
-1.1128e-5
-1.4834e-5
-1.8542e-5
-2.225e-b
-2.585%e-5
-2.8667e-5
-3.3376e-5

Rotations around Y direction
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¥-Rot
33415e-5
29702e-5
2598%e-5
2.2278e-5
1.8564e-5
1.4851e-b
-1.1138e-5
- 7.4255e-B
-37127e-6
2.0484e-12
-37127e-8
+-7.4255e-6
-1.1138e-5
-1.4851e-5
-1.8564e-5
-2.2276e-5
-2.598%e-5
-2.8702e-5
-3.3415e-6

Rotations occur perpendicularly to their corresponding x and y axes, the values are
practically equal values and in the opposite direction.

Membrane Stresses

Membrane Stresses Tx

T
75528
67264
58002
50741
42479
34218
25958
1768.5

1 943.32
117.18

Membrane Stresses Ty

Membrane Stresses Txy

Tey
11165
10545
9924.4
9304.2
8683.9
8063.6
74433
6623.1

62028
55825
4062.2

43419
37217
3101.4
24811
1860.8
12406

il

620.28
0
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Ty

67595
50115
5263.4
45153
3767.3
13019.2
22712
1523.1

775.08
27.024
72103

©-1469.1
22171
29652
37132
44613
52094
5957 4
67055
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Due to the hyperbolic geometry of the Shell the membrane stresses in x and y direction
occur at opposite corners perpendicular to the corresponding plane. the values of these

are zero in the center, so the stresses Txy are maximum in these points.

It is worth mentioning how the lower points of the shell are subjected to compressive
stress, while the upper parts are under traction and the axial stress at the center of the sell

is close to zero in both directions.

Moments

Mx Moments My Moments

/|

Mxy Moments

Mx
74325
67.951
61578
55.205
48831
42.458
-36.085
-2971
1 23.338
16.965
I105m
- 42181
~ -2.1552
-8.5285
-14.902
-21.275
-27 648
-34.022
-40.395

Mxy
21.024
1882

16,618

14411

12.207

10.003
7.7985
55943
339
1.1857
-1.0185
-3.2228

. -5.427

-76313
-9.8356
-12.04

-14.244
-16.448
-18.653

My
74.184
67.819
61455
5500
48725
42,361
35,996
29631
23267
16902
lwosss
14173
21916
-8.5562
-14.921
-21285
2765
-34.015
-40.379

"Mx" and "My" diagrams present the highest concentrations at the edges, since the self-
weight of the shell generates a torque perpendicular to the boundary conditions

The doubly ruled surface explain why the moment it is positive at the edges and negative
at the center similar to a beam clamped in both sides. In the case of the moments "Mxy"
they will naturally be concentrated in the corners symmetrically, although the hyperbolic

geometry slightly distorts this appreciation.
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Shear

Shear Qx

A

Qx

13025
11578
10131
86834
72362
57888
43417
28945
14472
-0.0018311
-1447.2
28945
43417
-5788.9
-7238.2
-8683.4
-10131
-11678
-13025
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Shear Qy

Qy
13007
11662
10117
86715
72263
5781
43358
28005
14453
0
14453

|1 -28005
43358
5781
-72263
86715
10117
-11562
13007

The shear stresses are zero all over the surface and only appear at the edges perpendicular

to their planes, due to the effects of the boundary reactions.
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