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Hyperboloid Shaped Roof

One of the structures that made Felix Candela one of the most renowned
“creator of forms” was the roof over “Los Manantiales” restaurant at
Xochimilco. This roof consists of an octagonal cross vault formed by the
intersection of four paraboloids, whose parameters were chosen to create a
both a strong and engaging shape.
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Problem Description

The roof is a circular array of four curved-edge saddles that intersec
at the center point, resulting in an eight-sided groined vault. The plan
is radially symmetric. Trimmed at the perimeter to form a sloped
parabolic overhang, the shell simultaneously rises up and out at each
curved surface.
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The thickness of the concrete shell is strikingly thin (40mm).
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' Hyperboloid Shaped Roof

With CivilFEM the user can create this type of geometries using different
tools like Extrusion an Boolean operations. e
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Geometry

The parabola is extruded along an arc. Subsequently, using the symmetry,
rotation and subtraction operations the user can obtain the expected
geometry.

| Multiple copy |

Multiple copy

Creates multiple copies rotating the
Jeration geometric entity
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Mesh:

We create a parameter to define the mesh size of the structure in order
to try different values of mesh size. The shell elements are defined

Default group * Properties o X
Parameter list x Name Type | EE |
Paramet... Parame.. Unittype Coordi.. Formula Value Unit P [&SP5-R1 shell =
sz Real nu... Length 0.25 m &Ps5-R3 Shell
&5-Ra Shell Name 3-T1
Ps-Rs Shell Material HA-40
&P5-R6 Shell N
5-R7 Shell Geometry -
&P5-RE shell Thickness 0.04 m £
&s-R2 Shell Coordinate 51,r
Offzet 0O m

Angle of comp... 45 °

=
Control Paraso
...4:‘- =
Elemen... Quadrangle
. . . . . . Edgess... 0.25 m
A cylindrical coordinate system is defined to reorient Curvat..
the mesh elements. Bxport -
Lo U;E ° ! Defarm s
Merge nodes (To join nodes Merge | " Undefamm
nodes ™
from different structural 2 Struct, elem,
2 elements): e
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Static Analysis

In the static analysis we create a Load Case only considering selfweight of the
structure and boundary conditions (displacements restricted in the base of the

structure.
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Static Analysis: Results

Result type: Mode results

We can obtain the reactions on Z axis:

-

Result: Z-component of reaction force
4 Model view  Load case - RFz £ Units KN E
Results ! kN |A
7128 -3.947 4.120 1.421 I 95,254 i
BN
And plot the result that the user wants to see: ot
¢ ozf
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Z-component of displacement [m]
0.0002627

0.0001222
-1.833e-005
-0.0001588
-0.0002993
-0.0004398
-0.0005803
-0.0007208
-0.0008613
-0.001002
-0.001142

-0.001283
-0.001423 \

Linear

Displacements on Z Axis
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Static Analysis: Results

Direct membrane force per width unit in local X-direction kN/M]  ciViiFe M

Linear

Axial Force in X Direction (kN/m)
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Static Analysis: Results

Direct membrane force per width unit in local Y-direction [kN/m] CivVIIEEM

14.9
-12.48
-39.85
-67.22
-94.6
-122
-149.3
-176.7
-204.1
-231.5
-258.8
-286.2
-313.6

Linear

Axial Force in Y Direction (kN/m)
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Static Analysis: Results

Maximum principal stress [MPa] CivIIFEEM

Load case

Tension values (MPa)
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Static Analysis: Results

Maximum principal stress [MPa] CIvIIEEM

Load case

Compression values (MPa)
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