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* Integrated collaborative
environment (3D, 4D, 5D, 6D)
= Shared digital representation
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Structural
Parametric Design
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i Digital Technologies for
Structural Engineers

Digital for Materials !
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Key Areas Covered:

WHY SOFTWARE MATTERS IN STRUCTURAL ENGINEERING
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i - Structural Analysis Software

\
(
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. Parametric Structural Design _'0_@
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. BIM Coordination
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@
Performance-Based
@ Design
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_ Automation of Calculations
and Documentation
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WHY SOFTWARE MATTERS IN STRUCTURAL ENGINEERING

Software has transformed structural engineering by:

0 Improving 9

@7\ accuracy and k

© reliability

op@-; Enhancing collaboration
&-& amongdisciplines
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Reducing
design time

Supporting
complex
structural
systems

Automating
repetitive
engineering
tasks
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H
STRUCTURAL ANALYSIS SOFTWARE
A;

e
I-Analyze structural behavior under varlou s loac s a 1d conditions
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« Static analysis
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« Dynamic analysis S
- Seismic analysis' | = -
« Wind load analysis §

Finite Element Analy5|s (FEA)




STRUCTURAL ANALYSIS SOFTWARE

Popular Software
th ETABS

i SAP2000

th Plaxis 2D & 3D
h Strand7

ih RAM Concept
i STAAD.Pro
“ifh MIDAS Civil

Benefits

Faster calculations

Higher accuracy

Ability to model complex

structures
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Structural Analysis and Design "
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Structural Analysis Software

T |

LilllAdlAAL AR

"
B
=]
-
-
-
-
| 2
»-
-
>
=
>
»

AT |l |
T

‘N1sadududvdansvaly nwudulkonnu X nwudulkonnu Y

asnisv o) NN 0002 v

CeR CR2LS Gensler



PARAMETRIC STRUCTURAL DESIGN

HORIZONTAL SURFACE ROTATION ROTATION ALONG THE YZ PLANE SCALED DOWN SCALED DOWN WITH ADDED ROTATION

VERTICAL SURFACE HEIGHT CHANGE RANGE ROTATION SERIES ROTATION SCALE WITH ROTATION
FLORENCIA SAHANIUK

Parametric workflows allow engineers to generate and optimize complex structural geometries through algorithm-based design.
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PARAMETRIC STRUCTURAL DESIGN

Advantages

RAPID GENERATION .
of Design Alternatives

OPTIMIZATION
of Structural Forms

Q) . EFFICIENT HANDLING
of Complex Geometries

Al
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PARAMETRIC STRUCTURAL DESIGN

A design approach where geometry and structural properties are controlled through parameters and algorithms.

Tools
rGrasshopper
Rhino %&;{ _
Dynamo /

‘Rhino
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PARAMETRIC STRUCTURAL DESIGN
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PARAMETRIC STRUCTURAL DESIGN
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PARAMETRIC STRUCTURAL DESIGN

VARIABLE

e __ INTEGRATED
GRID CANOPY =~ ™.

LIGHT WELL

T\ ADAPTIVE
GEOMETRY

TERRACED
SUPPORT
\ /STRUCTURE

FROM COMPUTATIONAL GEOMETRY TO NATURAL INTEGRATION
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THE JOURNEY OF DESIGN

M L R

-

THE RESULT

THE REALIZATION

Physical Prototype, Early Stage Construction.
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The Iconic Design, Complete and Illluminaté /




60m. Cantilever Span

Pre-stressed steel
truss system

Lightweight : :L,-:'_
mesh cladding

’ Dipterocarp

Sustainability Score

Solar Power Rainwater Harvest  Green Roof
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PARAMETRIC STRUCTURAL DESIGN
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BUILDING A DIGITAL WORKFLOW IN PRACTICE

Coordination
Single source of data
Auditable digital markups
Reuvision tracking
Ability to revert changes

e

Central Data ‘Hub’

> Rhino + Grasshopper
(Parametrically defined structural

<

included as Revit-compatible families)

Changes are syncronised \
back to the data hub for

coordination. Data is in effect
‘pulled’ from the structural and/or
BIM models and then ‘pushed’
out again following coordination

geometry - possibly with loads <4 - -

Structural Model

Direct link, or updatable
reference driven by Central
Data Hub

Geometry is always the same as

the data being used by the
BIM/ Documentation model

—————————— P  Collaboration with

other consultants /
disciplines

BIM / Documentation

Direct link, or updatable
reference driven by Central
Data Hub

Direct translation from elements
into Revit families
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BUILDING A DIGITAL WORKFLOW IN PRACTICE

Design Pre-Production

O

Architect | Structural Engineer
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O (One-way data transfer
over ‘freeze, boundary)
Scheme
S Freeze v ! v
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[0 Detailed element checks
g Quantity confirmation _:—> Calculations
o Construction documentation €—— Quantity confirmation
..g | Construction documentation
o
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BUILDING A DIGITAL WORKFLOW IN PRACTICE
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BUILDING INFORMATION MODELING (BIM) COORDINATION

What is BIM?

A collaborative digital process that integrates architectural, structural, and MEP information into a shared model.

~ :ff“l-“ :

Common BIM Software
R Autodesk Revit

N Navisworks e

& Tekla Structures e
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~=BUILDING INFORMATION MODELING (BIM) COORDINEI]ON -3

Denefits ' WHAT IS SEEN i

| Better project visualization 3D VISUALIZATIONS SOFTWARE

3% Improved collaboration <] COORDINATED DWGS - HARDWARE | \

(s Reduced construction errors =—
| Clash detection BIM DELIVERABLES BIM REQUIREMENTS
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BIM WORKFLOW

Detailed Design

Conceptual
Design
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PERFORMANCE-BASED DESIGN (PBD) & AUTOMATION

Design structures to achieve specific performance objectives under hazards such as earthquakes, wind, or fire.
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PERFORMANCE-BASED DESIGN (PBD) & AUTOMATION

Automation of Calculations and Documentation Technologies
Scripting (Python)
Visual Programming

. APl Integration

Applications

. Automated design checks

. Report generation
Quantity take-offs
Drawing production

Benefits

v/ Reduced human error
v Increased productivity
v Consistent documentation
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FUTURE TRENDS IN AEC P - . 3
Digital Twin vs BIM

Design, Simulation, Monitoring—All in One Digital Workflow

Artificial Intelligence (Al)

Generative Design
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“The future structural engineer is empowered by
both engineering knowledge and digital technology.”

o ‘?%Mf

E =modulus of elasticity
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