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Stream power
Mechanisation

Cenotaph for Newfon (1780s)
E.-L. Boullée
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Assembly line
Electric power
Mass production

Crystal Palace (1850s)
J. Paxton




20th Century

Third
industrial revolution

Automation
Electronics

Guggenheim Museum
Bilbao (1990s)
F. Gehry

HSBC Building (1980s)
N. Foster, O. Arup
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Worldwide interest trend of the topic "Fourth Industrial Revolution" since 2004 (Source: Google Trends).



Digital Design in AEC

involves softwares, tools, and applications
process data with the help of algorithms and
parameters to propose solutions. With the use of
computational technology, every input is tfranslated
info a computer-coded language for generating
models and analysing reports. By entering data, the
machine can repeat tasks a desired number of fimes
and generate a favourable outcome.



Digital Design in AEC

4 N

---\ /--v = A4 \/-

N /

Algorithm




The current transition from Computer Aided Design
(CAD) to Computational Design in architecture
represents a profound shift in design thinking and
methods. Representation is being replaced by
simulation, and the crafting of objects is moving
towards the generation of integrated systems
through designer-authored computational
processes. While there is a particular history of such
an approach in architecture, its relative newness
requires the continued progression of novel modes
of design thinking for the architect of the 21st
century. This AD Reader establishes a foundation for
such thinking. It includes multifaceted reflections
and speculations on the profound influence of
computational paradigms on architecture. It
presents relevant principles from the domains of
mathematics and computer science,
developmental and evolutionary biology, system
science and philosophy, establishing a discourse for
computational design thinking in architecture.
Rather than a merely technical approach, the book
will discuss essential intellectual concepts that are
fundamental not only for a discourse on
computational design but also for its practice.

Scroll through cool
projects online.

!

REPEAT

Get inspired
to create.

Look for new
motivation.

Take an oath to
learn the software.

Begin a project and
abandon it half-baked.

Look for free
tutorial videos.

}

YWhg

Get flustered and
overwhelmed.




MODULAR WOOD PAVILLION
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The system development process
started with inspiration from the
natural world. Slime mold - a single
cellular organism renowned for its
ability to find the most optimal route
to find the source of food was an
initial driver of the design. During the
development of the project initial
ideas shifted towards a wooden,
modular system which could be
assembled and disassembled with
ease. Timber planks of the same size
would allow anyone to use and build
the system
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The system development process
started with inspiration from the
natural world. Slime mold - a
single cellular organism
renowned for its ability to find the
most optimal route to find the
source of food was an inifial
driver of the design. During the
development of the project initial
ideas shifted towards a wooden,
modular system which could be
assembled and disassembled

Shell height: Scm Beam section: 14x14cm biicd

Mass: 6401 kg Mass: 9630 kg
Min util: 1.05% Min util: 0.09%
Max util: 44.83% Max util: 71.49%
Mean util: 10.71% Mean util: 9.52%
Max disp. 0.268 cm Max disp. 0180 cm
Mean disp. 0.088 cm Mean disp. 0.067 cm
&5 Z 4

w"‘h eqse. T|m ber plO N ks of ‘I’he Shell height: 2cm Beam section: 9x9cm
same size would allow anyone to :| ‘::;kg :l :t:’ "
. in util: 3 in u!i.:l X
use and build the system Nt SR Motk BT
Max disp. 0.367 cm Max disp. 014 cm

Mean disp. 0101 cm Mean disp. 0.04 cm
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The system development process
started  with inspiration from the
natfural world. Slime mold - a single
cellular organism renowned for its
ability to find the most optimal route
to find the source of food was an
initial driver of the design. During the
development of the project initial
ideas shifted towards a wooden,
modular system which could be
assembled and disassembled  with
ease. Timber planks of the same size
would allow anyone to use and build
the system

1. Picking half-sphere for
simuloting growth pottern of
the mold

2. Using voronoi (just for a
platform for simulation)

3. Specifying origin location
of mold and food

4. Finding shortest way to
connect slime with food
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The system development process
started with inspiration from the
natural world. Slime mold - a single
cellular organism renowned for its
ability to find the most optimal route
to find the source of food was an
initial driver of the design. During the
development of the project initial
ideas shifted towards a wooden,
modular system which could be
assembled and disassembled with
ease. Timber planks of the same size
would allow anyone to use and build
the system




Dynamo Pavilion
Autodesk’s AEC Generative
Design Team

Designed by Autodesk and pre-
fabricated by BLOX, the Dynamo
Ribbon was a research project that
allowed the team to develop new
workflows that integrate design,
analysis, fabrication, and
construction.  The team  was
challenged to go from concept to
completion in under three months,
with the additional constraint of
only two days on site in Las Vegas
to build the structure.
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Digital Design in XJTLU Workshop_THE WEEK OF LIGHT

AIM: The future of lighting in social/outdoor
spaces, residential, and working environment
in fen-years framework
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Digital Design in XJTLU

Formulate a “area of interest” to starting your
trend research. Example : lifestyle activities

2

o

> 3
Transition a
EC:‘ eD World

o8

world AGING

10 GLOBAL UNCERTAIN

MACRO TRENDS
FOR THE NEXT .
& FIVE YEARS Middle

-
Challenge CLIMATE

Youth

Workshop_THE WEEK OF LIGHT

Run a research based on possible concrete
trends and possible directions of the near
future.

0101

A B\ e
XS it
#1 Artificial Intelligence. #2 Internet of Things. #3 Mobile/Sacial Internet #4 Blockchain i
Al /Machine Learning / Deep 10T, llOT, Sensors &  Advancements - Search/Sacial/ Distributed Ledger Systems, Apps, Infrastructure, Technologie
Learning Wearables Messenging/Livestreams Cryptocurrencies & DApps + Predictive Analytics
o, RS T D
; # ‘ ka' - #7 Robots #8 Immersive Media_ #9 Mobile Technologies #10Cl mputin
,:’;1 orr‘mallgn, ask, ::00?55‘ Cons./Comm./Indus., Robots, o/ AR/ #MR/ 360°/ Infrastructure, networks, Saa$, laaS, PaaS
achine, Decision & Action  Drones & Autonomous Vehicles Video?Gaming standards, services & devices & MESH Apps
#11 3D Printing #12CX #13 EnergyTech #14 Cybersecurity #15 Voice Assistants
Additive Manufacturing & Customer Journey, Experience Efficiency, Energy Storage  Security, Intelligence Detection, Interfaces, Chatbots &
Rapid Prototyping Commerce & Personalization & Decentralized Grid Remediation & Adaptation ~Natural Language Processing
a Fge N/
e & %6
&J A £ @
#16 Nanotechnole #17 Collaborative Tech. #18 Health Tech. 419 Human-Computer Interaction #2 -spatial Tech.
Computing, Medicine, Crowd, Sharing, Workplace & Advanced Genomics, Facial/Gesture Recognition, GIS, GPS, Mapping & Remote

Machines + Smart Dust  Open Source Platforms & Tools Bionics & Health Care Tech.  gio 1 atrics Gaze Tracking Sensing, Scanning, Navigatior

55 ¢ e

®
#21 Advanced Materials #22 New Touch Interfaces 453 \wireless Power
Bio-/Enviro-Materials + Solutions,
Composites, Alloys, Polymers, Touch Screens, Haptics, 3D Touch, R -
Sustainability, Treatment & Efficiency

Biomimicry, Nanomanufacturing Paper, Feedback & Exoskeletons [:E:l

#25 Quantum Computing

+ Exascale Computing

— . ) #28 Faster, Better Internet #29 Proximity Tech #30 New Screens
#26 Smart Cities #27 Edge/Computing Broadband incl. Fiber, 5G, Beacons, .RFID, Wi-Fi, Near-Field TVs, Digital Signage, OOH,
+ Infrastructure & Transport + Fog Computing Li-Fi, LPN and LoRa Communications & Geofencing ~ MicroLEDS & Projections

@ Created by: Sean Moffitt @seanmoffitt, Managing Director, @Wikibrands #twm]BRAH[]s
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The world of 2034 — Time machine journey
What will you see when you will open the door
in the 20342

ACTIVITY INSTRUCTION:

Continued
growth

Collapse Discipline Transformation

Each parficipant draws one idea on a A3 paper and
writes a catchy title coming from the previous
analysis + sum up sentence.

Revise all the generated ideas in a shared session
with peers’ feedback.
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Background

Continued growth:The world of the future is an
extension and expansion of the present. Nature is collapse:natu ral disasters,wars,

becoming more and more important to us. Biophilic i ¥
lighting is an innovative design philosophy that dra p]agUES, famines, economic

unceasing inspiration from the natural world to collapse, underpopulation or
conceive lighting solutions that replicate natural light .
patterns, seamlessly integrate organic elements, and OVerPOPU|at|0n

elevate overall wellbeing.

N

.nnnlnmmmmw‘mww" 3

44

transformation:The shift in biophilic design
lighting combines the allure of nature with

discipline:Man and nature coexist in groundbreaking lighting solutions. It has the

potential to revolutionize the way we perceive
and experience spaces, as well as enhance
their aesthetics and overall well-being and
productivity.

harmony
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Imagine the future

The world of the future is an extension and expansion of the present. Nature is becoming more and
more important to us.

Biophilic lighting is an innovative design philosophy that draws unceasing inspiration from the natural
world to conceive lighting solutions that replicate natural light patterns, seamlessly integrate organic
elements, and elevate overall wellbeing.
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Research trend

French biochemist Pierre Calleja has spent several years working on a way to harness the
microorganisms’ special abilities to help mitigate the global warming, threats to ecosystems and the
need for renewables.

His solution comes in the shape of a cylindrical algae-powered lamp that requires no electricity

and is thus completely self-sufficient, operating through a process wherein all the energy produced
during photosynthesis is collected and stored in a battery that helps to power the light during the
evenings.

https://www.smithsonian
mag.com/innovation/c
an-an-algae-powered-
lamp-quenchour-thirst-
for-energy-3509307/
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Design outcome

v < R - AT -

= o

PROMPT:FUTURE PLUBLIC SPACE WITH FROMPT:FUTURE PLUBLIG SPACE WITH LIGHT- T:FUTURE PLUBLIC SPACE WITH LIGHT-
BIO-LIGHTING(LAYOUT 1.2 ),COMBINE WITH BI- ING(LAYOUT),COMBINE WITH BIOLOGY TO SAVE ING(LAYDUT),COMBINE WITH BIOLOGY TO SAVE
OLOGY TO SAVE ENEREY,FI_EIATINE,. ABSTRACT, ENERGY ENERGY, FLOATING, ABSTRALCT, SURREALISM

SURREALISM

, o T S ]
PROMPT:CHANGE LIGHTING A LITTEE-BITWITH . PROMPT:CHANGE LIGHTING A™LITTLE BIT ITTLE BIT |
GREEN ALGAE INSIDE, SURREALISITIC, AB- WITH GREEN ALGAE INSIDE, SURREALISIT- WITH GREEN ALGAE INSIDE, SURREALISIT-
ISTRACT, FLOATING [=} : STRACT ATING, SPACE DESIGN,

LIGHFING DESIGN - - LIGHTING DESIGN
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Design outcome
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BEng Architecture Level 3

AY2526

AIM: Building a pavilion that combines digital
design and fabrication within 10 weeks.

Leyuan Jiang (Module Coordinator): PVC Force-Responsive

lasef Md Rian, PhD: 3D printing concrete

Yang Song, PhD: VR supported assembling

/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels
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Construction strategy Digital Fabrication Panel Development
process



Digital Fabrication in XJTLU
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels

Interlocking bricks have three types of locking (jointing) methods: The interlocking system restrict brick
 Tongue and Groove (T&G), movements both perpendicular to the
» Profrusions and Depressions (P&D), wall surface and along the wall

« Topological non-planar locking (osteomorphic brick)

PINS
TAILS
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels

Equipment: Material:
Six-axis robotic arm EPS panel
Hot-wire equip size: 650 x 450 mm Size_1000 x 600 x 600 mm

Density_ 20 kg/m?
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ARC301_Architectural Technolog

BEng Architecture Level 3
/helun Zhu, PhD: interlocking blocks using

EPS is thermoplastic. After heating and foaming, each
cubic decimeter has 3-6 million sealed bubbles, over 98%
volume is air. This gives it many properties. EPS foam
plastic deformation increases with loading time. It's rigid
foam plastic. Under load, it shows viscoelasticity, a brittle-
hard material trait. ts bending, compressive, and tengile
strengths are proportional to apparent density.

W2 (pn'l BEE Cfwerg's FRABRTAE -  WEHDEE E® I5pente R —tm—."M
R e Pl S e L Ll Transverse shear modulus (KNfem®): 0.00025 KMN/em?
0 24 118 WA [ 030035 (Poisson's ratiov=0.1, G=E/[2(1+v])] = Ef2.2. Based
n - wxan  on the aforementioned E = 5.5 MPa, G = 2.5 MPa ) Transverse shear modulus (EJHJELED)
= -1 14 B - LR -84 [iE-2 H- AL
i oy S s i SR gpecific weight (KN/m®): 0.1862 KN/m® X e e e
H T 1E-TEE (B LE [E AT ) - S N
. . . o e wens  LCalculated from density. 19 kg/m® = 9.80665 m/s® = s
186.326 N/im® = 0_1862 KN/m) ;.,f'”
-Laboratory EPS Density Measurement ) . o "
v ity Coefficient of thermal expansion (1/C ): 0.00007 1/ S T
Gt ligi') gl
When studying the properties of EPS materialg, since the ) e ST
obtained data are range values that vary with density, itis  Yield strength (KN/cm®):0.00006 KNfem® ) )
first necessary to measure the density of the EPS material } . i Poisson's Ratio CiH#a k)
in the laboratory to determine other physical parameters. -Comparison of EPS Properties with
Other Materials R
This report focuses on the comparison of physical ) _._;:--—-'_':_'_'r- -
arameters that cause material deformation. ot e M
V=0295m*02mx0.135 m p Yy T T -
3 '_""___- =1 __,_F-—TTFF_-F#'_'
p= MV=0.224 kg / 0.011505 m* ';_J__,:—— ~ N ——
Density: p = 19.47 g o1 i —
i “;i- :;'5 LT
Tensile Strength ( Fr{fiE# )
-EPS Physical Properties
Tz Samnglh 11 T S
Density-15 - 30 kg/m* —
(Fablab Eps 19.47kg/m?) ) ) ) _ | e
Select two materials with the same density but different B . --,-*';'
Young's moduli, and two materials with different densities e -y
=4 2 ? -
Yl]ung'ls MGMIUS{KN"cm ) U.I;UUSE KH!CI‘H but the same strength. Compare these four materials. The . ) 1
(Young's modulus increases with density.) other three materials compared with EPS are: rubber, wood s g s

hotwires cut EPS panels

Tensile Strength (KN/cm®):0.00055 KN/cm*
Poisson's Ratio: 0.1
In-plane shear modulus (KM/cm®): 0.00025 KNfcm?®

(For isotropic materials, the in-plane and transverse
shear moduli are the same.)

and ceramics.

Young's Modulus{ 345 )

VR BT
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Brick Process
Regular brick transformation——cuboid

i | .:'— | .:'—. | .:'- B

- . - -
- B “_ j:' — —
N B -..* ::'_.-. N

.:'I. é.:'l. é.:'l. é.:'l. A

Iregular brick transformation——triangular

R SR S S

i N N

Grid pattern design

T
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels

Step1

Angle 607
Basic blocks are
assembled inte an
equilsteral trangle.

Type2
Angle 307
Rotate the triangular

connector 00
degrees.

Step2
Angle 907

The basic blocks

ARC301_Architectural Technolog

9 ‘1. /

Typei
embedding
Directly embed the
friangular connector
into

the base block.

Type3
changed

D_ir\eﬂfyurbedlle
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels

THE DESIGN LOGIC OF PAVILION FORM

| Tha Conrection Asstd of Topeiogical Compasara

As the team responsible for designing the pavilion form, our primary considerations include the connection methed of topological [—— [ [AS———
components, the mechanical structure, and the user experience perception, and we strive to achieve the balance and unity among them.

Lher Emprrirce Psoiphios

First, we established the parallelogram as the basic form.This simple theerem—the parallelogram law of forces—was one of the starting
points for our creation.

We camed out planar topology on the parallelogram and obtained various forms.

ey
L a2 TR S8 O

AVAVAVAVAVAVAN
(YAYAVAYAYAVA
RVANAYAVAVAVAN
EYAYAYAYAYAYAN
RFAVAVAVAVAVAN

As the height, side lengths, and interior angles of the parallelogram change, this will affect the

length, height, and width of the pavilion. The topological shapes derived will also change accordingly. Q D\.__\D. A ﬁ% ﬂ
e

MECHANICAL CONSIDERATIONS ATTEMPTS AT THE PAVILION CONFIGURATION
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels

Karamba
Analysis -
L} 4 -
Name Axial Stress
N
T=3
Formula a: axial stress
IV axial force
A: cross-sectional area
Karamba
Analysis
Name Utilization in N Direction
- fir
UN=rsr-1sL
Formula 7N Lrilization-N s dimensionless nurmter).

ar: (Sigma) Tha standard dewiation of $he pracass.

TS L Upper Specliication Lmit.
LEL: Lower Specifiestion LimiL

Buckling Length in Y Direction

Loy = KyL

Liee, vt buckling langth in ¥ direstion
Ky effective length factor in ¥ direction
Lz actual member length

SIG-MAX

SIG-MAXN
o

’ [.f LSL USL .:I’]
min Rk
o

SHCMAK) The sopbity reasirs insenm-of sgma lrighar b baverd
e O N P R o I eSS

LSL: Lowar Ssesfisaon Lk

L1 L Ui S T e vt

T PR NP T —

arm
proes

# %

Cross-Section Displacement

8 = vul +v?+ w?

#: displacement magnitude (em)
i, o, displacements in X, ¥, Z (em)

SIG-MIN

X - L5L USL-— fj
P

ST MIN = max (
T

STG-MIN: The cegabiity measiine in teris of sigma
X -bar) The meanor average of the process.

LSL: Lower Specificstion Limit.

U S L Upper Specification Limit,

af: [SIgMa) Tha stanced deusnon of the procass,

ARC301_Architectural Technolog
BEng Architecture Level 3

Mid-Axis Displacement
Smia = /g + Vg + Wiy

it mid-axis displacement (om)
Winidy Vinkdy Wi Mid-axis displacements (cm)

Overall Displacement

= F] ] ]
Boversn = '\fﬂ‘o‘ + U + Wi

Ulveratt: overall utilization
Demand: combined applied effect
Capacity: total allowable capacity
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels

BEng Architecture Level 3

Preliminary attempt

Basic components Change the dimensiens of the basic components and the connection

methods of each surface, while the unit structure remains unchanged.

Medium-term development

To solve the problem that surfaces cannot be connected, the components were redesigned, and the
opening direction was changed so that the grooves were on different surfaces of a single rectangular prism.

An attem;-l-t ata cufved-shaped pavilion
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels

The bottom connection is repeated in a cross pattemn, and the upward
connection iz maintained mainly by dark blue parts

The entire pavilion is divided into two parts, each of which is repeatedly
ascended by the simplest triangular connecticn
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels

Because of the advantages of modular design, the structure of the pavilion is
formed through continuous repetition from the smallest unit to the layer, so the
total construction speed is about 6 hours in the end.
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels

ARC301_Architectural Technolog

BENng Architecture Level 3

Modular
Interlock Pavilion

DG - Assambly drawing
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels
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/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels

1. Standard Material
= Cost Saving

Using 1 m x 0.1 m x 0.05 m EPS strips allows
purchasing at standard industrial sizes,

2. Less Cutting
= Higher Efficiency

The slender section aligns with the robot’s
cutting reach, minimizing toolpath length,

3. Optimised Workflow
= Time Saving
Lightweight strips are faster to load, position,

and assemble, accelerating every step from
fabrication to module installation.
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AY2526

Modular Interlock Pavilion

ARC301 Architectural Technology
Group D

/helun Zhu, PhD: interlocking blocks using hotwires cut EPS panels



“We stand on the brick of a technological revolution
that will fundamentally alter the way we live, world,
and related to one another. Inits scale, scope and
complexity, the tfransformation will be unlikely
anything humankind has experienced before.”

- Klaus Schwab, World Economic Forum 2015
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LinkedIn

5:5{¢ ZHU Zhelun, PhD, P.E., M.Eng.
Department of Architecture, Design School

Zhelun.zhu@xjtlu.edu.cn

. PhD from Sapienza University of Rome
. Visiting scholar at Inst. AAA, Southeast University (Nanjing, China)
. Visiting scholar at Texas A&M University (Texas, USA)

. Aerospace Committee, Engineers Association of Rome
. Space Habitat Committee, International Astronautical Federation
. Polar Zone Architecture, Chinese Architects Association
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