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« Those with highly irregular geometric form
« Typically respond to architectural aspirations.

« May be efficient if appropriate tools are employed
to rationalise and refine the form.
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Buro Happold originally developed a reputation
for tensile structures.

This specialised ability is still carried in the firm,
however the company now undertakes most types
of engineering activities.
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The following are the most a selection of the most common
structural systems adopted in complex geometry structure design.
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Beam Structures

* Interesting forms can be generated through clever use
of sequential beam elements.

» Typically manageable to generate via more
conventional engineering modelling and drawing
processes.
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Truss Structures
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» Similar to beam structures, although significantly
more members to model.

» As the complexity of the structure increases the
process required to model the node points becomes
more difficult through conventional means.
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Arched Structures « Can be highly efficient depending on dominant load
effect on the structure.

» Potential for optimisation comes through formfinding
the arch shape.

Sheffield Winter Garden
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Space Frame Structures

« Used in two way spanning applications.

» Detailed design typically undertaken by
specialist contractor (eg Novuum Structures)

* In purest form tend to provide an out-of-
fashion aesthetic if exposed.




Engineering Complex Geometry Structures
Buro Happold

Steel Grillage Roof Structure

* If an appropriate form is found are
extremely structurally elegant.

» Typically costly and requires significant
scaffolding.

» Complex nodes which often need site
welding.
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Presenter
Presentation Notes
Columns either side and beam / truss roof.

Columns inset, with a space frame / two way spanning roof.

An arch

A gridshell
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Timber Gridshell Structures
« Agridshell structure is a lattice of thin timber members

laid out in an orthogonal pattern and then pushed or lowered
into a doubly curved form.

« Light and efficient, but requires good edge support and
even more importantly, capable contractors.
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Timber Lamella Grillage Structures
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« Lamella roof grids are typically square pattern but can
also be rhomboidal (which can be in-filled to give
triangular patterns).

» The structure provides increased bending capacity
over a gridshell structure — connections may be
expensive.
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Timber Geodesic Structures

» Provide a structure that can act in both bending
and membrane actions depending on the
geometry.

» Bending forces can be resisted by introducing
ties into the structure as per the Alnwick visitor
centre, maintaining some compression in the
system.

sConnections can be very expensive!

Typical Node Connection ENRINE" Vi{’slll_tor‘ﬁ ntre

Details
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Tensile Structures require specialist analysis typically
involving a form finding process. Can be light and
elegant solutions

Pneumatic structures are those with inflated cladding
systems like ETFE or PTFE. These are mounted on
structural subframes and are again extremely light.
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Key activities that are likely to require the
structural engineer’s attention are:

Engineering Complex Geometry Structures

Formfinding
Optimisation
Panelisation

Form to Fabrication
Advanced Analysis
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Equal length

\ members

Identical panels
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219 245 324 406 457 559 711 813 914

Optimised section diameters (mm)

{ Abu Dhabi

= One-step and iterative
= Stiffness, strength, buckling
= Structure, lighting, etc
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Form

Grid

Optimise

Size

Fabricate

Scunthorpe
Sports Academy

= Geometry optimisation: form and grid
= Structural optimisation: member sizing
- Digital fabrication
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SMART Form | Autodesk Robot
Surface and grid Structural analysis
optimisation

SMART Sizer
Tensyl

Fabric/form Structural optimisation

analysis/design |
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Presentation Notes
Text and single image example
Main title: Arial, 24pt, BH blue
Text: Arial, 18pt, line spacing 20pt
Bullet 1: BH blue 100% of text
Single image to be positioned on right-hand side
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Using BIM for Complex Structures




Parallel Modelling
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Cost Analysis Post Productions Fabrication Model

Model

People Flow Energy Structural

Architectural Analysis Check Model
i

Model Model

Fagade Design Clash Detection  Structural Drawing
Civil Drainage Mode Production Model

Model

Structural Structural Structural Structural Structural Structural Structural Structural Structural
Model Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9




BIM Modelling — One Model
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BIM — Complex Structures
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Challenge of using multiple
software platforms

Custom interface
tools —using API's



BIM — Complex Structures
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Writing in-house links between
Rhino — Revit — Robot - Other

« Complex/warped slabs/panels
e Positioning

« Geometric Updates

e Custom Parts/Connections

e Rhino link does not exist



BIM — Complex Structures
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» Parameters ——» Splines
Offsets

Member CL’s

Sizes

Building Information Model

Simulation
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Early Examples
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* Linking Buro in house analysis software (Tensyl) with Revit

CINCHROPET ———— ~———— WORMHOLE

CINCH ROPE 1 STRUCTURAL NET

STRUCTURAL NET 1

SCULPTURAL NET
STRUCTURAL NET 2

CINCH ROPE 5 STRUCTURAL NET &

CINCHROFE & STRUCTURAL NET 8

NOTE: AL SCULPTURAL NETS
HOT SHOWN FOR CLARITY

= n 1"-11 14" n 1'-97/8" " -9 n -7 n _——— EXTERICR CABLE TG QUTER
N , N " N " " RING CONNECTION

54l . 1-101/8 . T-878 » 1-81/8 " r-r . ASSEMBLY (BY OTHERS)

B5L + r-o9s + r-8 + 1-71 + r-61m 4 (3) 3/8” HOLES SHALL BE

el N T8 s . roTus T2, > 218" N DRILLED IN EXISING FLATE FOR
THE ATTACHMENT OF THE

- " 1"-7 38" " 2_418" " 2 -25/8" . 2_ 058" R FABRIC SOCKS. THESE EXFOSED
EDGES OF THESE HOLES SHALL BE

58l " 2-458" " -2 " 2-11/8" . 1'-11314" N SMOOTHED AND ALL EXPOSED STEEL
SHALL BE THOROUGHLY PRIMED AND

B9l . 2-3" I 2-1 . 2-03/8" + 1-11 12 + PAINTED TO MATCH TREATMENT OF

i N N ; . . . EXISTING STEEL

0L n -2 " 2-118 " z-018 N 1-1158 N

1L N 2-1314" N 2-114" N 2-014" P Y
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. . . . " . - FIELD SPLICE (2) HALVES TOGETHER.
B4L + T-5 4 TO5MVE , ToATE |, 168 EEA SE12NG 0 FOLoED EDaE oF
. . . - . - . . SOCK AT CONNECTION TO PLATE

651 o T-538 o Vs, Vo512 b -5 W + TIE SEIZING THROUGH PLATE HOLES

- . T-5T8" ,  T-Gi8 1-6" L, T-B38

B7L o Vo638, T-6I4 |, T-6I4 rorie POLYURETHANE FOAM

- Y O o P o 4 -84 COVER (BY OTHERS)

sl P S 5/ O - 1 I~<Bn 3-7308" N

NOTE: THIS DETAIL SHALL BE IMPLEMENTED BASED
ON THE REQUIREMENTS OF THE GENERAL NOTES
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OG-k - Autodesk Revit Structure 2010 - [Roof Module.rfa - 3D ¥i i » family category
Insert Detail Modify View Manage  Add-Ins =

- - - -

Mame: I j
=
—Family Types = EX;I
I Parameter | Value | Formula |
e, ..
SHS Width 200.0 = Fename
SHS Wall Thickne: 18,0 = —l =
SHS Yoid Width (1640 =5HS Width - 2 * SHS Delete |
RHS Width 150.0 =
RHS Wall Thickn :22.0 =
RHS Yoid 'Width 1106.0 =RHS Width - 2 * RHS Irrj
RHS Woid Depth (456.0 =RHS Depth -2*RH | [~Parameters % _)
RHS Depth S00.0 =
2 Add. .
&
3 Column Height { :7000.0 = Modify. .. |
Baseplate Width {1 1200.0 =
Baseplate Thickn:300.0 = EiE |
Arrature Tip Hei: 12000.0 =
Armature Radius: 170000 =
Armature Length: 10000.0 =|
Identity Data A |
Assembly Code =
Kevnake =
Madel =
Marnufacturer =
Type Comments =
LIRL =
Description =
Cosk =
Casting Radius  :300.0 =
o] 9 | Cancel | Apply | Help |
A
-
1:10 HFHGEHES @ A | r

Ready | W:D
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DRIVING SPLINES
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|
|
|
|
\ 4 [
|
|
|
|

MEMBER DESIGN
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|

MICROSTATION
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SH
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DRIVING SPLINES DEFINE
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www.go-BIM.com

goBIM By lan Keough View More By This Developer

Open iTunes to buy and download apps.

Description

goBIM allows wou to view EIM models on your iFhonel Using a goEIM exporter for vour favorite EIM application, you can
nowe create a ghm file. Load the file onto a web server and you have yvour models whenever, wherever you want
them.

lan Keough Web Site * goBIM Supporth ..Maore

Screenshots

View In iTunes

& & R @ L: LEVEL-1 =

Element ID: 82ece79d-b75c-42a2-af48-45104

$5.89
Categony: Utilities

Comments :
- Jan 1
Rele:ase.d. Jan 74, 2010 S s
Wersion: 1.0 Pl Created -
15.2 ME

Languages; English

Zeller: lan Keough

lan Keough 2009-2070
Fated 4+

Requirements: Compatible
with iPhone and iPod touch.
Fequires ifhone 0% 3.1.2 ar
later.

Customer Ratings
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