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Cathedral rasilia Part 1

Introduction: The lesson involves the start of making a representative model
an iconic cathedral in Brasilia. The Cathedral Brasilia, designed
by Oscar Niemeyer, is a hyperboloid structure constructed from
16 hyperbolic concrete columns. This exercise demonstrates the
practical use of conic sections and parabolic structures in civil
engineering. For more information see below:

e https://www.youtube.com/watch?v=ZKIhOG04ncw
e GPS co-ordinates: 15°47'54.4"S 47°52'31.1"W

A Learning Intentions: This lesson will focus on using the use of the & | Ellipse
conic and block command. @ | partial Ellipse
The lesson will also use the following
commands: segment, block, loft, circular % Parabola
pattern, cut with surface, [aY CO“";R“‘

! <https://upload.wikimedia.org/wikipedia/commons/8/8c/Brasilia_Cathedral_by Adonai_Rocha.png>
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[  Make
Prerequisite knowledge: ~ Knowledge of the following commands are BT | Edit
required in this lesson: Sketching, Loft, ‘B nsert.

Extruded Boss/Base, Adding Appearances,

Assembly Folder
Create a folder called Cathedral Brasilia and save Cathedral Brasilia Frame. This folder
will be used to save all related files; parts, assemblies, drawings etc.

New Part

Start by creating a New Part and saving this part as “Cathedral Brasilia Frame” in AN

folder created earlier

Note: this part will be used in a later exercise to complete the building

Change Units

[ .
MKS (meter, kilogram, second)
CGS (centimeter, gram, second)

MMGS (millimeter, gram, second)
IPS (inch, pound, second)

Edit Document Units...

1 Sketch1 @ Mks - | [

Create the throat circle sketch
Start by creating reference plane 26metres above Top Plane
Press F to see plane

Sketch circle on plane and make for construction
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O

Select Segment command. Select circle and divide into 16 points
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(D | Magnified Selection
m Box Selection

| Lasso Selection

L Select ANl Cri+A

Compare

Find/Modify

Design Checker
A | Format Painter..

Sketch Entities
Sketch Tools
Sketch Settinas
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N\ Chamfer.
7 Offset Entities..
D Convert Entities
& Intersection Curve

#% Segment

2 Trim

T Extend

/A  Split Entities

i Jog Line
» |2} Construction Geometry
» © ' Make Path
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Draw a midpoint line through the midpoint of one of the segments to the centre of the circle.
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Creating the Hyperbolic sketch path

Exit sketch and select Reference Geometry Plane using the midpoint line and Top Plane as

references.

5] = i e -9 Cathedral Brasilia Fra.
v X =
Message ;
Fully defined 4= Material <not speci
—

D Linel@Sketchl % Right Plane

| L | Perpendicutar 2 Pt
Coincident € () Sketchl
| ot

[second Reference |
iw) ITop Plane J
\Q Parallel .
m Perpendicular
[ coincigent
@

[= wiapiane

all

Create the following sketch on plane (in metres)

26

A Select Conic command and draw conic using the 30m lines 1%, then centre line for the
vertex and finally the “x” co-ordinate
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_ Trim  Convert ﬁ
A%. Entities Entities Entitic

Ellipse

Partial Ellipse
Parabola

Coniﬂ

Define the top vertex “x” co-ordinate

by adding a dimension.
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RHO VALUE: %

If you click on a conic in SolidWorks you will . yypemoia /N

see a list of properties/relations. If you : \\

imagine the conic as a rounded corner, then / \
0.5 = Parabola ,/ 3

Rho is the ratio of the distance of the peak of
the rounded corner to the sharp corner
(D1/D2). If Rho is 0.5, then the conic is a P <0.5=Elipse
parabola. If Rho is greater than 0.5, then the

conic is a hyperbola. If Rho is less than 0.5,

then the conic is an ellipse

Exit the sketch

Create the Loft Profile Sketches

Create another reference plane coincident with the top of the hyperbolic sketch and parallel
to Plane 1
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Create another sketch as shown below on Plane 1(where the throat circle was drawn earlier).
Use the convert entities command to select a segment of the circle constructed earlier.

To use this profile sketch again on the top and bottom of the hyperbolic path, make a
block. Select the three lines of the sketch and select the midpoint of the arc as the
insertion point.

Simulation PhotoView 360 Window Help & [+ (¥ v [d ~ & ~ 9 v ]

®
Quick
Snaps

& )
Rapid Midpaint !
Sketch Line

ﬁt +i
Display/Delete poo.i.
Relations

SOLIDWORKS Applications

Xpress Products Sketch

€ | Defeature.. _ —
Export To AEC.. Qaagms

Select

@  Magnified Selection
Box Selection

& | Lasso Selection

I | select All Cirl+A
X |Invert Selection
Power Select...

Compare »
Find/Madify »
Design Checker »

& | Format Painter.

Sketch Entities b
Sketch Tools 4
Sketch Settings »
Blacks B Make
Spline Tools | & |edt

Dimensions > 8 Insert.,

Relations ¥ | [ | Add/Remove Entities.

A | Rebuild.
4B | Measure.
I | Save.

i | Explode

3% | Mass Properties...
[%] | Section Properties.

Check.. Customize Menu

Create a sketch on the Top Plane. Insert the block, changing the scale to 0.5 and coincident
with the end of the hyperbolic sketch.
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Blocks to Insert &
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Browse...

o Link to file:

»

= Parameters
: O 3 i J
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Repeat the block command using the same method and details on Plane 3 on the top of the
hyperbolic path

Create the Loft
Select the Loft command and use the hyperbolic curves as the path and the 3 triangular
sketches as the profiles

¥ R

Profiles o

2 Sketchi0

Sketchg —_—
Sketchg /Planes —— ——— —
L I TT—
Start/End Constraints

Guide Curves

Guide curves influen

type:

To Next Guide Ik / .,:-*_; SE R B

|

Sketch3-Tangency

Naone
Centerline Parameters

Sketch Tools

m

) Profile(Sketcha)

Drag Sketch

Ontions

Create a Base circle
Create a sketch on the Top Plane. Draw to concentric circles coincident with its centre on the
origin and their radii the base points of the hyperboloid

Cathedral Brasilia 1 SW 2015 Design & Communication Graphics Page 8



PDSTO

Professicnal Development | An tSeirbhis um Fhorbairt
Ghairmigil do Mhointeoir

Service for Teachers

Extrude 0.1m

Complete Structure

ME R B E =B Cathedral Brasilia Fra..

Create Circular Pattern by Bamatems ] 20
v R =-{A] Annotations

selecting the centre line as axis

and loft as the feature to ¥ senoosey

# 16

Equal spacing

pattern 16 instances, equal

/IFeatures and Faces %
Loft

spacing

]
)

«

Instances to Skip

»

Options
|| Geometry pattern

Propagate visual
properties.

() Full preview

(@) Partial preview

| |Instances to Vary ¥

3= Material <not speci.
(8 Front Plane
2 Top Plane
(=& Right Plane
L Origin

& Planel
& () Sketchl

& floor

(-4 CirPatterns
& Planed

R surfaceCut2

F

Insert a plane 40m above the Top Plane. Use the Cut with surface command to remove the

top of the structure with this surface plane
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S Features Revolve... o
Pattern/Mirror b [  Sweep..
l Fastening Feature | [ | Loft..
FeatureWorks *| ® | Boundary..
& | Thicken...
Surface 4 g —
i ace..
Face 4 X
Curve 4 Customize Menu
»

Reference Geometry
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Chamfer the tops of the hyperboloids using the dimensions below.
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@ Face<1>

(@) Angle distance
(") Distance distance
Vertex

[v]Fiip ‘{ Distance (Enter a value or start wi

ith = to create an equation)

‘10.00deg

2 &

[]select through faces
Keep features

[ Tangent propagation
(@) Full preview

(") Partial preview

(“) No preview

<] [«

Distance:
Angle:

The cathedral frame is now complete.
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