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LEARNING OBIJECTIVES
o 1. WHY GENERATIVE DESIGN FOR MEP
o 2.GETTING STARTED WITH PROJECT FRACTAL

o 3. MEP EXPLORE : GENERATIVE DESIGN WORKFLOW FOR ALLOCATION

OF AIR TERMINAL DEVICES
o 4. GENERATIVE DESIGN IMPLEMENTATION : TAKE ACTION IN YOUR

ORGANIZATION

Format:
Instructional Demo

Attendee skill level:
Intermediate

Track:

Generative Design to Intelligent Automation



WHY GENERATIVE DESIGN?
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GEMERATIVE DESIGN I_'I_

FOR ARCHITECTURE

1. GENERATE

2. EVALLIATE

3. EVOLVE

4. EXAPLORE

By Autodesk
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GENERATIVE DESIGN FOR MEP
EMBRACING OPPORTUNITIES

* MOOVING AWAY FROM TIME & MATERIAL BUSINESS MODEL

BURNING PLATFORM

 BENEFITS:
o HIGHER QUALITY DELIVERABLES (OPTIMIZED SOLUTIONS)

o SPEED IN DESIGN PROCESSES (DELIVIRING FAST WITH
CONFIDENT)

o LOWER PRODUCTION COST (AUTOMATED DESIGN)



GETTING STARTED WITH GENERATIVE

DESIGN FOR MEP DESIGNERS




PEOPLE & PROCESSES FIRST,
TECHNOLOGHY SECOND



REQUIREMENTS FOR
GENERATIVE DESIGN

o STANDARDISED AND OPTIMIZED DESIGN PROCESSES

THIS CLASS WILL BE FOCUS HERE \

PROCESSES 3

o PEOPLE’S DIGITAL MINDSET AND NEW DESIGN SKILLS

o DIGITAL LEADERSHIP




COMPARISON WITH CAR PRODUCTION HISTORY

* DETROIT 1950's: e JAPAN 2018
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GENERATIVE DESIGN SCOPE — WHEN AND WHY?

GENERATIVE DESIGN GOAL IS TO INCREASE THE DESIGN VALUE OF MEP SYSTEMS IN EARLY PHASES AND REDUCE THE
WASTE OR RESOURCERS DURING THE DETAIL DESIGN PROCESSES
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Outline Project Pre Main Construction R Proposal Project Project RIS

Proposal Proiect Proiect

THIS IS ACHIEVED BY AUTOMATING THE DESIGN PROCESS WITH GENERATIVE DESIGN IN EARLY PHASES AND
PARAMETRICAL DESIGN IN DETAIL DESIGN PHASES



PROJECT FRACTAL

(Cloud platform for Generative Design

Enhance your design power.

Explore the parametric design space of models created in with the automatic generation of a

° It’s free’ you Only a Dynamo Studio Iicense wide sampling of options. Try Project Fractal and on this experimental prototype

Get Started

* https://home.fractal.live/

 Available since 2016



https://home.fractal.live/

PROJECT FRACTAL GETTING STARTED

DYNAMO STUDIO

SEND TO WEB FROM DYNAMO

P ROJ ECT F RACTAL STUDIO TO FRACTAL. BE AWARE

THAT DYNAMO STUDIO CAN'T
TALK DIRECTLY TO REVIT

I —
LOG IN PROJECT FRACTAL

DYNAMO STUDIO WEBSERVICE AND REQUEST

YOUR FREE ACCESS TO FRACTAL
I —

INSTALL LATEST VERSION OF
DYNAMO STUDIO

PROJECT FRACTAL

GENERETIVE DESIGN
GENERATION AND EXPLORING



DATA FLOW BETWEEN REVIT AND PROJECT FRACTAL

Webservice

CSV Download
PROJECT FRACTAL

N
Q)

oweruAQ @

Send to Web

B Dynamo
D DYNAMO STUDIO

SAT and CSV import (local file)

REVIT MODEL (local file) REVIT MODEL (local file)



GENERATIVE DESIGN INSTRUCTIONAL
MEP Explore — AIR TERMINALS




GENERATIVE DESIGN FOR AIR TERMINAL DEVICES

 SECTION CONTENT:

o 1. EXPORT REVIT GEOMETRY TO DYNAMO STUDIO (SCRIPT)

o 2.1. DYNAMO STUDIO — AIR TERMINAL FAMILIES (SCRIPTS)

o 2.2. DYNAMO STUDIO — CEILING GRIDS GENERATION (SCRIPTS)

o 2.3. DYNAMO STUDIO — PERFOMANCE SCORE GOALS (SCRIPTS)

o 3.1. CEILING ANALYSIS EXPLORATION — PROJECT FRACTAL (WEB SERVICE)

o 3.2. PROJECT FRACTAL RESULTS IMPORT IN REVIT (SCRIPTS)



1. EXPORT REVIT GEOMETRY TO DYNAMO STUDIO
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Autodesk Revit 20183 -  MEP Explore_Demo.rvt - Floor Plan: 2 - W

BIMcollab

Design
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BIMHawk

Design Options

B Dynamo

Webservice

PROJECT FRACTAL

A

Send to Web

CSV Download

REVIT MODEL (local file)
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REVIT MODEL (local file)



1. EXPORT REVIT GEOMETRY TO DYNAMO STUDIO

1.0 Get Revit Spaces in Active View

‘ elemernls

abj

Code Block

Lise Filter ByBoolMazk

1.1. Get highest space surface

Blement » war(] Lopalogy
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¥
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1.2.1. Export Surface
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1.2.2. Export Space Data to CSV
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2.1 DYNAMO STUDIO - AIR TERMINAL DEVICES /

FROM DATA SHEET SPECIFICATION
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REVIT MODEL (local file)

* TO GENERATIVE DESIGN FAMILY
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cross product
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[ Q© Generate ]

54 designg

CSV Download

PROJECT FRACTAL

Send to Web
oweuAq @

D DYNAMO STUDIO

SAT and CSV import (local file)

REVIT MODEL (local file)

Powered by Autodesk Dynamo Studio



2.1 DYNAMO STUDIO - AIR TERMINAL DEVICES
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2.1 DYNAMO STUDIO - AIR TERMINAL DEVICES

* FROM PRODUCT SHEET SPECIFICATION

5 @@ w

|b= 0.5X|02 bh=1.0><|02

-\"‘-\._

TO DESIGN SCRIPT GEOMETRY DEFINITATION

Air Jet Boundary 2 ways - Surface

Lb2
Bh2_2

Code Block

Pfhnundary curves

pt® = Point.ByCoordinates(9,0,0);
ptl = Point.ByCoordinates(Lb2,
Bh2 2,0);

pt2 = Point.ByCoordinates(Lb2,
-Bh2_2,0):

pt3 = Point.ByCoordinates(Lb2,
0,0);

11 = Line.ByStartPointEndPoint(pt@,ptl);
12 = Line.ByStartPointEndPoint(pt@,pt2);

arcl = Arc.ByCenterPointStartPointEndPoint(pt3, pt2,

//1list of curves to PolyCurve
t1 = {11,12,arcl};
polyCurvel = PolyCurve.ByJoinedCurves(tl);

//PolyCurve to Surface
surfacel = Surface.ByPatch(polyCurvel};

//Mirror of PolyCurve and Surface

vectorl = Vector.XAxis();

planel = Plane.ByOriginNormal(pt®, wvectorl);
polyCurve2 = polyCurvel.Mirror(planel);
surface2 = Surface.ByPatch(polyCurve2);

//ByJloinedSurfaces
t2 = {surfacel, surface?};
polySurfacel = PolySurface.ByJloinedSurfaces(t2);

ptl);

LT T T T




2.1 DYNAMO STUDIO - AIR TERMINAL DEVICES

* 2.1. IF CONDITION - 1 WAY, 2 WAY, 3 WAYS DEVICES * 2.2.JET DISTRUBTION SURFACE AREA
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I
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© ¢ Conditional Stament S z}\’\{/h
PR

-<,/ 1 way vs 2 way

Display.BySurfaceColors

surface >

SN SR
v
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2.1 DYNAMO STUDIO - AIR TERMINAL DEVICES
FRACTAL — COMPUTATIONAL DESIGN FAMILIES

o G Iy X W ™ o ™, 44 By

v D 5 N~ ~ o o R & ™ vz = = o 2, & D & o, ) (A
lConnecttc | @2 Outloc |AMMEF|DAuzo:|mcamm|D‘ Create | @ Lindat | [ Forme | ¢\ Fractal | [ Projeci | G lookup | [ LCApc | @8 (2220) | & databs | G lookup | BB Looku; | BB Topic: | [ ProjectlDC;eate||AApplyi;|AFracta! [ Pre

& > C 8 Autodesk Inc. [US] | https://www.fractal.live/share/5be84e96cad0687f2b8a9253 % 8 0 & B3
Air Terminal - Generative Design Families
= X Q Q <4 QO
o
1 way - Roation Angle 2 way - Roation Angle 3 way - Roation Angle Num:tfgrofWays Surface Area INPUT VARIATIONS //’
250 2501 /
201
200 200 251 e 1 ’//
N : o el 270 @3 3 /
150+ 150
™ 201 2
2 WAY - ROATION i~1 A
100+ 100 . ANGLE 90 M 2 3
50+ 201 50 .
3 WAY - ROATION - -
0. 0. o 10l ANGLE 270 g3 5 S
Design Options Sort by | creation time v|1 [ [ Clear ’ = NUMBER OF WAYS ™ - N 3 @3 <
; r
| £ saved ’ !cross product '! | © Generate ]
54 designs

https://www.fractal.live/share/Sbe84e86cad0687{2b8a025a# Powered by Autodesk Dynamo Studio



Which features make an
object to be generative
design friendly?

2 Do ool -

1. To be a computational designh object

1. To have movement within a geometrical space ._ -



2.1 DYNAMO STUDIO - AIR TERMINAL DEVICES

FRACTAL — GENERATIVE DESIGN FAMILIES R - R

oweuAq @

SAT and CSV import (local file)

REVIT MODEL (local file) REVIT MODEL (local file)

* SAME SCRIPTS THAN BEFORE, HOWEVER BOUNDARY POINTS ARE DEFINED AS UNKNOWN VARIABLES

Air Jet Boundary 1 way - Surface

Code Block

pt0 | //boundary curves
Lb1
Bh1 2 pto;

- .._)‘7'. ..

- ‘e \'.' ¥ Y
¥ : Fhads " XFOYF
—— / / A P s . : e
- f A~ ~ g e

pt1 = Point.ByCoordinates((Lbl+pt@.X),(Bh1 2+pte.Y),pte.z); B e Il S A S s R RN D7
pt2 = point.ByCoordinates((Lbl+pte.Xx),(-Bh1_2+pte.Y),pte.z); R AT LARL. 72 YRTANT ™ YATANS A ATIANZC e
pt3 = Point.ByCoordinates((Lbl+pte.X),pte.Y,pte.z); ' ¢ Z.IF C'ON DITION _1WAY,Z WAY, 3 WAYS DEVICES Stariard

-
-
-
..... )
ol =i,

111 = Line.ByStartPointEndPoint(pte,ptl);

12 ; Line.ByStartPointEndPoint(pte,pt2); L L SR, i Ay R, PRI ey
‘arcl = Arc.ByCenterPointStartPointEndPoint(pt3, pt2, ptl); 8 1 AIR JET DISTRIBUTION SURFACE PR g . 43 ,-f-,-}:";‘!‘g-.—.—,u_—_-_-_r_\ :

|//1ist of curves to PolyCurve e R, e i | i Y
t1 = {11,12,arc1); > TR T A — var

‘t2=List.Transpose(t1); >
'polyCurvel = PolyCurve.ByJoinedCurves(t2); > - _—

viviviviviviv

| //PolyCurve to Surface 7
surfacel = Surface.ByPatch(polyCurvel); | > pm——

=== — y -y ': f * .'. -." - '3 . < J
~ / - — i - 3 d l'. . ._0 ~ : 2ay. - J ‘ol
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\._ \\.\ ,’ L::lht‘_:n—‘!‘:: — 3 - l‘ \ "" - .:, - ' o Iy .’ F ’ N E “:ﬁ'/
“ 3 . 4 'y v . —
— J » : : : P .

== = 7./ s 3.0UPUTVISUALIZATION
‘ s .._". ‘.,. € .‘. ‘.. Y -_l\‘ s '- B :.‘_ < '.. '." o) N A- ; 4 .l
| - o R I - ~ . ' ." P ;- g -' i \ :. e .a ..

\\-_;\_ _ — -
\ 'l\(é—f*;u:——
\ RS :
\\ —
/l .
R FEr—e—— /
\-‘-!: e . | )

- :
i
¥ - !
=/
\ .




2.1 DYNAMO STUDIO - AIR TERMINAL DEVICES
FRACTAL — GENERATIVE DESIGN FAMILIES

& > C @ Autodesk Inc. [US] | https://www.fractal.live/share/Sbe84e96cad0687f2b8a925a % 8§ 0 & BE S & O f :

/
1 way - Roation e 2 way - Roation e 3 way - Roation Angle Number of Wa Surface Area /
» g i Angl » ¢ Dg- of Ways i INPUT VA%IATIONS /
230 - 230 ;
400 //
200 200 25 1 WAY - ROATION , /
] 3801 | -
80 ANGLE ?70 B3 s /
1501 1509 201 360- /
401
2 WAY - ROATION & /
1001 1001 A0 4 |
S 3 ANGLE 0 wl2 <
50 2 50 - 3201
3 WAY - ROATION : , &
oA 04 oA 1.0 200+ ANGLE 270 13 5
Design Options Sort by | creation time vt | [ Clear | NUMBER OF WAYS |2 gi3 &
", |
| E3save ' | cross product v { Q© Generate ]
5 54 designs
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PROJECT FRACTAL €SV Download

B Dynanto
D pynamo sTuDIO
SAT and CSV import (local file)

REVIT MODEL (local file)

oweuAq @

K}
=
g
2
3

2.3 DYNAMO STUDIO - CEILING ANALYSIS

-

REVIT MODEL (local file)

* TO CONCEPTUAL VENTILATION DESIGN ANALYSIS WITH DYNAMO STUDIO

* FROM SPACES




2.3 DYNAMO STUDIO - CEILING ANALYSIS
EXISTING PROCESS — INSPIRATION

* 2. AIRTERMINALS ARRAY GENERATION

. 4
\ 7 Product Installation u
v Alignment: 7 ' cEe
L x}% E QEE @
= 24060 [ 24031 SURNG )" | eee x
F End of Side of | Array Apply C I
. D 3 13762 3 24000 e Suc Dic T PR -ance
MagiCA + 3. AUTOMATIC MODELLING
[ ]
Array size
) Maximum distances Row height: 3000 /, \ |
- i
) Exact distances Column width: 3000 : | = |
O O
@ Exact distances (center) _
' Mumber of instances Rows: 3
[ ] [
Columns: 3 © ‘ | ©
Instance alignment |
@ Even Rotation: 0 i
— ) Interleaved . I (¢
» 1. SELECT SPACE _ =
Update
1 Product Installation a " u — - — — — ‘
Alignment: F (fg J z [+ - . © | | 0]
= +
3 21060 (3 24031 K =0 go @ Product Installation u
Free | Endof Side of Select Create | |
£ 5162  [J 24000 Duct  Duct Product Similar Alignment: A M E EEE @ O ®)
- e x —_ —_ —_ — -
Offset Placement % Draw Area ] g 2406.0 g 24031 L@U x_} ] 000 - ! J
_ F End of Side of | Array Apply C I
Prupert_',f- Value Deﬁneﬁ.rea g 2376.2 g 24000 ree [r]-ll_ll:i ::h::ci f—-r'r;ﬂ_':.- pply CLance
Supply Air Inlet
System Type Offset Placement Array Layout
System s Array size
Flow 0 Ifs :; Select Detail Line ':_-:' Maximum distances B oo hEIght: 3000
Annotation o ) Exact distances Column width: | 3000
Tag On Placement i ) Exact distances {center)
General - )
Object Variable 1 I @ Mumber of instances Rows: 3
Object Variable 2 Columns: 3
Object Variable 3 I Instance alignment .
Object Vanable 4 @ Even Rotation: 0
_ _ _ e ) Interleaved .
Update
i . e il T




* 0.SPACES - IMPORT

2.3 DYNAMO STUDIO - CEILING ANALYSIS

* 2. COORDINATION SYSTEM AT SPACE CENTER

- o 3. POINTS GENERATION
1. GRID DISTANCES INPUT (™ - = R e



2.3 DYNAMO STUDIO - CEILING MODULES ANALYSIS

&« ] B Autodesk, Inc. [US] | https://www.fractal.live/share/5bea8e6398a55a623cc5b590 T 0 lJE-:J - @ 0 E

2.2 DYNAMO STUDIO - CEILING MODULES ANALYSIS

L=
y. d ol [T

WaRogsetvalue Slg0gs ol Sio!Velue INPUT VARIATIONS
2,500
.. . . WALLOFFSETVALUE [}: 1000 3 2
1,500 S 3,000
GRID_X_VALUE (3000 ¥ 3 =
1,000 L 4
2,000 2,000
=0 GRID_Y_VALUE 12500 ¥ 3 =
o- 1,000 - 1,000
Design Options Sort by | creation time '._ T | [ Clear | | E3 Saved I | cross product v | Q Generate
e o 27 designs
J:l.-al"' = N

Powered by Autodesk Dynamao Studio



2.4 DYNAMO STUDIO - EXPLORING
LAYOUT OF AIR TERMINAL DEVICES

oweuAq @

D pynamo sTupio

— T~ -
—— -

- Y S—
—l pantod -

* 1. IMPORT REVIT GEOMETRY (SAT) * 3. CEILING ANALYSIS

Ll
— —
3 = P e o~ R gy~ —F | A — _—
e — — = e —x e —

—_— - —

——| — =
_ - '——. —_—

—y 2 ———
— — — e —
— - -

* 4.1 IMPORT CSV DATA FROM REVIT SPACES * 4.2 PERFORMANCE ANALYSIS

. —_ 4~*—_

- - “‘ - L i —
L \ y
‘_—
—t—
— — —rry -
— ) \ —— =
N — ’

2. GENERATIVE DESIGN “FAMILIES” — = g
P g SN



2.4.1 DYNAMO STUDIO - EXPLORING
IMPORT CSV DATA FROM REVIT SPACES

e g & oy
&

°* 4.1.1 IMPORT CSV DATA FROM R

LSUDATION OF AIR FLOW REQUIRED 3
< PSR KACH TERMINAL

(| Z 7

Count (Number of Air Terminals by Space)

f*"

2.0 Read from CSV to Calculate All‘ oW requited b ipterminal

Code Biock
AfrTecuinalFlow = SpecitiedSupplyAictlon / MamberGfConpone!

\¥ ;_{"_’ SpeislimaSupplyAT ow

-~

llllll




2.4.2 DYNAMO STUDIO - EXPLORING
PERFORMANCE ANALYSIS — GENERATIVE DESIGN THEORY

Metrics

Goals A it o + AIR FLOW RATE
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2.4.2 DYNAMO STUDIO - EXPLORING
PERFORMANCE ANALYSIS
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2.4.2 DYNAMO STUDIO — MEP EXPLORING DEMO
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2.4 FRACTAL TO REVIT — PROJECT DOCUMENTATION
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FINDINGS : MEP EXPLORE - GENERATIVE DESIGN

* Generative Design can be also used for MEP Design

* Process Standardization and people comes first

* Available technology is primary for prototyping and it’s difficult to scale up.

* Most of MEP companies of not ready get. Missing to fix the basics
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EXAMPLE OF DETAIL DESIGN- MEP AUTOMATION CESAR SCALANTE
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RAMBOLL EXAMPLE — ADVANCED MEP DESIGN INNOVATION PROJECT

ADVANCED MEP DESIGN
GENERATIVE DESIGN

RAMBOLL AUTODESK WORKSHOP - JUNE 2018
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FINDINGS : MEP EXPLORE - GENERATIVE DESIGN

V GENERATIVE DESIGN CAN BE ALSO USED FOR MEP DESIGN X DIFFICULT TO SCALE UP AT THE MOMENT

vt of Wapn

il

SCALING UP

PROCESS AND PEOPLE COMES FIRT X MANY OF MEP COMPANIES ARE NOT READY

MEP GENERATIVE DESIGN
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Implementation & moving forward




IMPLEMENTATION ROAD MAP - OPPORTUNITIES
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Waterfall Rather than doing all of I o .
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IMPLEMENTATION ROAD MAP - OPPORTUNITIES

- Generative technology and design process improves productivity and quality of AEC projects
- To get value from generative design approach, people and processes need to be ready. Don’t follow the waterfall

- Think BIG, start small (Minimum Valuable Product)



NEW GENERATIVE DESIGN TECHNOLOGRHY IS COMINGS— STARTUPS
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NEW GENERATIVE DESIGN TECHNOLOGRHY IS COMINGS— STARTUPS
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By Alejandro Mata almat@ramboll.dk RAMBGLL

https://www.linkedin.com/in/alejandro-mata-5b639343/
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