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CSMD - Assignment 8: Shells Nikhil Dave

Problem:

Analyse the following concrete hyperbolic shell under self weight. Explain the behaviour of
all the stresses presented. (t = 0.1)
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Solution:

For this assignment, the MATLAB program and GiD interface file available at http://www.
cimne.com/mat-fem/shells.asp is used. Firstly, the geometry definition of the shell is per-
formed in GiD as shown in Figure 1.
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Figure 1: Geometry of the shell created in GiD



http://www.cimne.com/mat-fem/shells.asp
http://www.cimne.com/mat-fem/shells.asp

CSMD - Assignment 8: Shells

Nikhil Dave

Next, the boundary conditions are applied as shown in Figure 2. In our case, displacement
and rotation constraints are applied on the boundary edges of the shell as the given shell is
clamped and no forces are considered.
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X Movement Constraint X:

Displacement-X 0.0

X Movement Constraint ¥:

Displacement-Y 0.0

X Movement Constraint Z:

Displacement-Z 0.0

X Rotation Constraint X loc:

Normal-Rotation 0.0

X Rotation Constraint Y locS:

Tangential-Rotation 0.0
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Figure 2: Assigned boundary conditions

The concrete shell is also assigned with the following material properties:

E =3.0e10 N/m?
v=20.2

p = 2500 kg/m?
t=01m

The assigned material properties and concrete material shell geometry is shown in Figure 3.

Figure 3:

Materials u
Goncnté B0 K= @
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YOUNG 3.0e10 3
m
POISSON 0.2
kot
SELF-WEIGHT 2500 3
m
THICKMESS | 0.1 m
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Close

Assigned material properties for the concrete shell geometry
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This is followed by assigning the problem data in GiD. In the given problem, the we need to
analyse the behaviour of the shell under self weight, therefore self weight is considered in
this analysis as shown in Figure 4.

Problem data n
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Problem Title Concrete chell under self wei
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Accept Close

Figure 4: Defined problem data

Now, we generate the mesh for the geometry using 3-noded triangular elements as shown in
Figure 5.
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Figure 5: Generated mesh

Finally, we can generate the pre-processing file for the given MATLAB program. The .dat file
generated from GiD is used as an input for the Shell T_ RM_v1_1.m program. Running this
MATLAB solver generates the mesh and results files, .msh and .res, respectively. These output
files are used in the post-processing stage performed in GiD. The post-processed results are
shown below.




CSMD - Assignment 8: Shells Nikhil Dave

Results:

Firstly, Figure 6-8 show the displacements in the x, y and z-directions, respectively.

X-Displ

- 7.4791e-6
B.2326e-6
4 0861e-6
37385e-6

- 2.493e-6

- 1.2465e-6
23874e-12
-1.2465e-6
-2.493e-6
-3.7395e-6
-4 9861e-6
-6.2326e-6
-74781e-6

Figure 6: Displacements in x-direction
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-3.7444e-6
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Figure 7: Displacements in y-direction
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Figure 8: Displacements in z-direction

The behaviour of the displacements in the above plots is as expected. The effect of the
symmetry of the problem can be seen in the = and y-displacement results. Since there is
no external force applied to the shell, the displacement values in these directions are very
small and similar in nature. The effect of considering the self-weight can be seen in the z-
displacement results with maximum deformation in the centre and no displacement on the
boundaries.
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Next, the rotations of the shell are shown in the Figures 9-10 below. The results in the plots
look reasonable as the effect of symmetry is seen again. Also, since the shell is clamped at

the boundaries, no rotations are seen there.

Figure 9: Rotation 6,

Figure 10: Rotation 6,

X-Rot
; 3.7595e-5
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Now, the membrane effects are shown in Figures 11-13 below:
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Figure 11: Membrane effects T,

Figure 12: Membrane effects T},
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Figure 13: Membrane effects T,

The results for the membrane effects show the symmetry effects with maximum and minimum
values seen in the upper and lower corners, respectively. Here 7, and 7, correspond to the
compression or tension in the neutral axis. On the other hand, 7, correspond to the forces
that are parallel to the neutral axis like shear on the plane surface which is maximum in the
middle and disappear on the boundaries.
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Moments in the shell M,, M, and M,, are shown in Figures 14-16 below:

Mx
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Figure 14: Moment M,
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Figure 15: Moment M,
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Figure 16: Moment M,

The results for the moments show that in case of M, and M, as expected, the maximum
values are seen at the boundaries of the shell whereas the minimum values could be seen at
the centre of the shell since the rotation effect vanishes. The symmetric effects can be seen
in the result plot for M,, which shows the combined effects of both moments.
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Reaction forces in the shell are shown in the Figures 17-19 below:

qﬁ‘dﬂiﬂrmiﬂﬂifdr‘ 7

i
:
’

X-Force
88825
74021
59217
44413
- 29808
14804
00012817
-1480.4
-2860.8
-4441 3
-R9217
-74021
-88825

Figure 17: Reaction force in z-direction
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Figure 18: Reaction force in y-direction
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Figure 19: Reaction force in z-direction

The results for the reaction forces in z, y and z-direction show the symmetric effects as
expected. It is interesting to note that the results for x and y direction are just shows a
rotated result with similar values. Since, the self-weight condition is applied in this problem,
the z-direction reaction forces show important results with maximum reaction forces at the
clamped end i.e. on all the boundaries and minimum at the centre of the shell.
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Reaction moment are shown in the Figures 20 and 21 below:

Local-X-Moment
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Figure 20: Reaction moment in z-direction

Local-Y¥-Moment

50823
42352
3388.2
26411

- 16841

-847.04
0.000G4087
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Figure 21: Reaction moment in y-direction

As expected, the symmetric effects are seen in the results for reaction moment in both di-
rections with maximum on one side and minimum on the opposite side. The results in both
directions are exactly same, but just rotated showing the symmetry of geometry and loading.
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Finally, shear stresses results are shown in the Figures 22 and 23 below:
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Figure 23: Shear stresses @,

Again we see higher values of shear stress at the clamped boundaries and almost zero at the
centre. As expected, the symmetry in the x and y-directions are clearly visible.
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