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Analyze the following concrete
hyperbolic Shell under self
weight.

Explain the behavior of all the
Stresses presented.
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The geometry of the given problem is constructed in GiD

Fig 1- Hyperbolic doubly curved shell




Parameters
The following parameters were taken into consideration-

Material-Concrete

Thickness- 0.1m

Loading- Self Weight

Boundary Condition- Clamped on all sides in the boundary

Meshing
Three noded normal triangular elements were taken to generate the following mesh. The results were

also verified for quadrilateral elements.
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Fig 2- Structured mesh with 3-noded triangular elements

The above geometry was constructed in MAT-fem_shells problemtype environment. After the mesh is
ibtained, the file was exported to MATLAB to calculate the desired matrices. The result was then
imported in GiD again for post-processing.



Results

Displacements

The following displacement contours are obtained in x,y and z directictions.

X-Displ
9.0081e-06
7.0527e-06
5.0974e-06

- 3.142e-06
1.1867e-06
-7.687e-07
-2.7241e-06
-4.6794e-06
-6.6348e-06
-8.5901e-06

Contour Fill of Displacement, X-Displ.

Fig.3- Displacement in X-direction

Y-Displ

1.0476e-05
7.5994e-06
4.7233¢-06

- 1.8471e-06
-1.029e-06
-3.9052e-06
-6.7813¢-06
-9.6575¢-06
-1.2534e-05
-1.541e-05

Contour Fill of Displacement, Y-Displ.

Fig.4- Displacement in Y-direction

Given the hyperbolic profile of the shell and the fixed boundary conditions imposed at the boundary, the
displacements obtained for the X and Y directions for opposite ends will be either towards each other or



away from each other which can be seen from the post-process figures. However for the Z- direction,
since all sides are fixed the centre deforms the most as can be seen from the figure below.

Z-Displ
0
-14187e-05
-2.8374e-05
- -4 256e-05
- -5.6747e-05
-7.0934e-05

- -8.5121e-05
I -9.9307e-05

-0.00011349

-0.00012768
Contour Fill of Displacement, Z-Displ.

Fig.5- Displacement in Z-direction

Rotation

The rotation profiles are presented below in the xand y directions

X-Rot

4.7891e-05
I 3.58e-05

2.3709e-05
- 1.1618e-05
.- -4.7328e-07

-1.2564e-05
-2.4656e-05

-3.6747e-05
-4.8838e-05

-6.0929e-05

Contour Fill of Local Rotation, X-Rot.

Fig.6- Rotation in X-direction




We find a similar profile compared to the displacements in x and y directions for the rotations also. This

can be similarly attributed to the clamped boundary condition and the hyperbolic nature of the shell
structure.

Y-Rot

4.487e-05
3.5164e-05
2.5457e-05
- 1.575e-05
6.0439e-06
-3.6628e-06
-1.3369e-05
-2.3076e-05
-3.2783e-05
-4.2489-05
Contour Fill of Local Rotation, Y-Rot.

Fig.7- Rotation in Y-direction

Bending Moment

The bending moment profiles obtained in x, y and x-y directions are presented below-

Mx

196.69
162.56
128.43

- 94.303
60.173
26.042

-8.088
-42.218
-76.349
-11048

Contour Fill of Moment, Mx.

Fig.8- Bending Moment in X-direction
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-73.082

Contour Fill of Moment, My.

Fig.9- Bending Moment in Y-direction

Since the sides of the shell are clamped it is natural that the center of the shell will experience least
moment while the clamped sides along the respective directions will experience maximum bending
moments. This theory is well verified the the figures obtained from the post-process.
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Mxy

36.09
27.79
19.49

-11.191
2.8909
-5.4088
-13.709
-22.008
-30.308

-38.608

Contour Fill of Moment, Mxy.

Fig.10- Bending Moment in XY-direction

Membrane Stresses

The membrane stress profiles obtained in x, y and x-y directions are presented below-



Tx

10769
8319.3
5869.1
- 3419
968.82
-1481.3
-3931.5
6381.6
-8831.8
-11282

Contour Fill of Membrane, Tx.

Fig.11- Membrane stress in X-direction
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9472.4
7397.6
5322.9
£ 3248.1
1734
901.34
2976.1
-5050.8
71256
9200.3

Contour Fill of Membrane, Ty.

Fig.12- Membrane stress in Y-direction

Since the structure is hyperbolic the curved ends will face tensile and compressive forces depending on
the direction of load which here is the self weight of the shell acting along z- direction. Hence, we find

two opposing ends with similar curvature under compression and the other two opposing ends under
tension.



Txy
14585
11349
8113.2

4877.3
1641.5

-1594.4

-4830.2

-8066.1
-11302
-14538
Contour Fill of Membrane, Txy.
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Fig.13- Membrane stress in XY-direction

Shear Stress

The shear stress will be naturally high at the clamped edges that will face a shear force due to the self-
weight in the respective x and y directions.
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Fig.13- Shear stress in X-direction

Fig.14- Shear stres in Y-direction




