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About the speaker

Maciej Wypych

Maciej is a Design Technology Coordinator at BVN, previously Warren
and Mahoney Architects and Design Information Management
Sessional Tutor at UNSW. He is a committee member and frequent
speaker at Dynamo User Group Sydney as well as BUILT ANZ,
Wellington Digital Design User Group and other conferences. He has
over 15 years’ experience in the architecture and building industry in
Australia and UK. Maciej brings extensive knowledge in architectural
design technology, parametric 3d modelling and the rationalization

and delivery of geometrical complex designs.




About the speaker

Adam Walmsley

Adam Walmsley is a Civil Infrastructure Technical Specialist for Autodesk based
in Sydney, Australia.

He focuses on enabling the industry to design, document and construct Civil
Infrastructure projects using improved connected workflows. His passion lies

in using computational design processes to help automate and improve
design.

Prior to joining Autodesk in April 2019, Adam had worked for 12 years in the
structural design and civil construction industry, holding lead Digital
Engineering roles on challenging major projects in Australia.
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LEARNING OBJECTIVES:

*PROJECT TIMELINE
*MODEL SPLIT
*LINKS VS GROUPS
*BUILDING FORM
*AUTOMATION
*FACADE ELEMENTS
*SUMMARY



SYDNEY
MELBOURNE
AUCKLAND
TAURANGA
WELLINGTON
CHRISTCHURCH

QUEENSTOWN

Warren and Mahoney is an architectural and design practice with seven
locations functioning as a single studio.

The practice has nearly 300 people - working across architecture, interior
design, masterplanning, urban design, customer experience, workplace
strategy consultancy and sustainable design.

Our one studio approach allows us to draw from the wider group for skills
and experience on every project, regardless of the location.

Our design philosophy is founded on the belief that human experience is
improved through enduring design excellence, delivered through formal
simplicity and material quality
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MODEL SPLIT
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LINKS VS GROUPS




Sync Times (Seconds)

Multiple Typical Models

Single Tower Model
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Model Size

"Multiple Typical Floors *One model (groups)

Multiple Typical Floprs One model (groups)
230 220




LINKS

Annotation is dropping off
Need to open multiple files
Harder to maintain consistency
Bigger and slower overall

Not flexible if design changes
Can’t reference between files

GROUPS

Break if you don’t follow best practice
All within one file

Bigger file but smaller project overall
Flexible if design changes

Drawing references within single file
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Working with Revit groups:

* Plan

* Don’tungroup

* Don’t group if it’s not repeated
* Don’t exclude

* Don’t nest

* Unjoin walls



BUILDING FORM
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INITIAL WORKFLOW

A =

700+ Lines per floor outline

MAX

CURRENT WORKFLOW

B

20-30 Arcs & Lines per
floor outline




MODEL USING DYNAMO
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Design Create



ONSTRAINTS CREATED USING MODEL
LINES AND GENERIC MODEL FAMILIES

B

]

r

AN

Fd



o—o——B
0
O h
2 9 0: 03““...
3 . )
o . —35
0~ & v [«n'l?.ﬂﬂm“ o 33 —0—2- @—F 5y : s - - H—-@ = T —4 3 — 3
0— & — . H 8 ——g @ @ 8- & o i 0
BRI S ~ = e A " — e —
" ‘T + v v - 7 2 -V
it -  — - - ol = ~— .
& rom &
c‘\\llo & — ———6 ¢
¢ . & Y, o -9
0— & B r' -0
0- & & ©
0 o - = — S
T n 5 4 O
0— % - ——— 9 -0
o— R 27 - . —
00— —— - —— -
0 0 0 0 0 0
OOO 0 0 0 ¢ ¢ 0
0 00 0 0 0 0.0 0 0 ooc
0 o & 0 0 o 0 § :
0 0
0 0 "0 % oeooooooooooooooooooocooaooooooo
0
0 o 0 0 : 0 0 ooooooooooooooooooo%o%ooooooaoc
00 0p 0 O 0 0 00 00 0 0 0 0 0 0 0 0 0 0
0 ¢ 0 0 0 0 0 0 0 0 ¢ 0 0
0 0 0 0
0 0 0 0 0 Op G 00 0 00 00 000 000 000%0 00 000 000 000
3 0 0 0 0 0 0 o O 0 0 0 0 co 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 % Vs & 0 5 A 0 o "% o % % 0 5
o 0 0 0 0 0 g g ® 0
0 0 0 0 0
5 o 0 00 o o 0
0 0 0e 0 0 0 0 o 0 0 0 0 0 0
0 0 0 §: 1@ 0 0 0
0 o O & O 0 0 0 0 0 0
0 0 0 o 0 0
0 0 0 0
0 0 0 0 0
0 0 0 0
¢ 0 . 0 © o 0 0
0 . 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0



I.ll-.lllnlllllnl
” l." .I'l. Illlll.l-l -l -l -l-l-l-lﬁlﬁiﬁiﬁlﬁtﬁi‘ B I\l Ihﬁ“ﬁ”ﬁ”‘”‘”‘”‘”‘”-”-”-”“l-ll.I
. — -l-l-l l‘lllllllﬂl‘ll..l.l‘!‘.'l‘l.l-l'fl.l fflﬂ..f.f..fl’l.l.l'l.f.ll.f.l
-o-olthﬁhﬂnnonnnonnnnc-hh%ﬁh%ﬁh%hﬁ%ﬁh%h---
" omm gt uvuen "% Ta'e B o o e e

® s = 0 &N Jlll.lll".“."lllquq

] -.--Wh-h-l-ﬂ“-‘lﬂ-o-‘l
.-Clllllcnlnnnn
TR EEREELEEE N A e

BEEENR e R ESRRTRDE Ny
ll-lllhﬁ-.--l-.n--.-lnnllnlo
H

a o
a --.--‘Ill--..ll..-- ---.--ﬁ\ﬁ\l-l.l-ln
L B
T EEEEEEE EEEEEEEREEREEE N i w o o ol R L B R

Q. -.--Q-l-ll.--l-lﬂ-ﬂnnf.f-fuf-fnf-f-f-'-'nnunllnnll'-'llnllllllﬁuﬁnt-tl- -.-I-l“cl " " mmm0

I TEEEEEERRRRAAAARAAAAANLLLAA ANt
R ERERNMINIIIIIERREELL

e — - B Tam Tha = T

Ba = e = S S S S S S S
- -tr\. !
El

4 = -~
- e G| ! = gl = N T a o At oy

..... — = o e T T s -




XA I POICH OO 3OO 20000
DG

ARAXAIAXAX __
1 I \. i
N

RRERRERREReEereREER YRR YO
.

CCRARAAAARRARARARRARAAAKLS

NAANNS
QW ,..,..,.....,.........f

a0 BXNNNNANBAA,
AN

AN
(L \\\&\&\\&\\\&% \\%é

” " « _

NSO ///

R AR/
SRR RSOy

v



\\\\\\\

SR .
.\,._‘\\\\\.,.. "’ “,.. NN
’ \...\‘.» \\\.\\Q‘ll"‘

“““‘ AR/ AN

\ /X ’ {
/ \\ \\\:\ : “ ﬁ _:: \\\:\x

ZT,_»_;\I?

| YTARAR \\\
\A&\\,.A\,,A\\,, ,\.,_.‘,\.,\.,\.,i.% (e \?

$¢$¢®§§§§\Q mpp,p

A T T T T T I TR A A
l............oﬂﬁﬂﬁ?)v........,.,¢o'o
o.,..,,,,,,,,, \AANANANAAANA SN S 4000
'o'......c:cclllllllcolz,/,,,,,,,,,




1 2
O Y0 O

List.GetltemAtindex

Code Block _
~ Arc.ByThreePoints
8, > list =2 [P item
firstPoint >
inde:x >
secondPoint >
AUTO
thirdPaint >

List.GetltemAtindex

list [z B

4 index

Code Blocdk
23 =

List.GetltemAtindex

list L2 iterm

Code Block
1; =

index >




Arc.ByThreePoints

firstPoint > Arc
secondPoint >
thirdPoint >
Ll Curve.TangentAtParameter

curve > Vector

param b

Code Block AUTO
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Code Block List.GetltemAtindex

Arc.ByStartPointEndPointStartTangent
startPoint ? Arc

List.GetltemAtindex Arc.ByThreePoints endPoint >

ist [z B> item firstPoint > Arc startTangent ’
—q index ? secondPoint b v e
AUTO thirdPoint >

Curve.TangentAtParameter

List.GetltemAtindex | curve > Vector
ist [o2 B> itern param >
—d index 3 Code Block AUTO

AUTO

List.GetltemAtindex
list [zz P item
—f index p

AUTO




errorReport
crvs = []
e pnts:

arcs = []
al=Arc.ByThreePoints(e[@],e[1],e[2])
arcs.append(al)

ind, 1 enumerate(e[3:]):

atnd = Arc.ByStartPointEndPointStartTangent(arcs[ind].EndPoint,i,arcs[ind].TangentAtParameter(1l))
arcs.append({atnd)

afnd = Line.ByStartPointEndPoint(arcs[ind].EndPoint,i)
arcs.append(atnd)

crvs.append (PolyCurve.ByJoinedCurves(arcs))
traceback
errorReport = traceback.format _exc()

errorReport == None:
OUT = crvs

OUT = errorReport
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Structure

Systens  Inset  Annotate  Analyze  Massing & 5ite Collaborate View  Manage
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Geometry Modify

1els € [ ] Moves With Nea rby Elements
Anz 2009, nvt

/IEWS) ,...,,

ORTS ***

Q 3D View: {30} - Built_Anz_2019.rvt

{PORT
PCRT
EXPORT

Views on Sheets)
s [Plan_{GeneralArrangement)
00
01
0Z2
03
z [Plan_Site)
ins [Plan_Ceiling)
(Elevation_External)
ION - EAST
ION - NORTH
ION - SOUTH
ION - WEST
: (Gross Building)
: (Residential Areas)
W5_(Project Working Views)
s [Plan_Site_ShadowAnalysis)
s [Plan_Working)
ETOUT PLAN
00_working
AN TRUE NCORTH_werking
AM_working
01_working
02_working

END

IC LEGEMD
LEGEND

5 LEGEND
STEMS LEGEND
ICAL

M STANDARDS

OMNS

 TAGS A1 O W

1: 100 W g g w9 Ch il e N d «

alternates, CTRL adds, SHIFT unselects.

Add-Ins

Reviztod  Enscape™  Aconex  BIM Interoperability Tools

o

Edit Pick
Family Mew Host

Mode Host Model

File

CASE Apps #1

CASE Apps #

Edit View Packages

Library

Q, all elements of catego

A
%
&
A

GetCategory

Element ? Revit

y ‘? Clockwork

All Elements of Category
Selection Revit

MaterialCategory
Material ? Revit

OfCategory

LinkElement

BimorphNodes

Material

Category ? Clockwork

Category+
Element ? Clockwork

LineColor

Automatic b

Rewvit Express Tools

Settings Help O

diofus  JdTools  |ldeate Software  pyRewit  RIV Tools  LINIFI = -

Properties
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SELECTION
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e
IN[2] == True:

collector = FilteredElementCollector(doc).0OfCategory =

(BuiltInCategory.OST GenericModel) .WhereElementIsNotElementType F I Ite re d E I eme nt

().ToElements()

Collector
2 gms =[]

pts =[]
i collector:

i.Name == "BalconyControls”
gms .append(1)
pnts.append(i.Location.Point.ToPoint())
comments=| ]
i gms :
comments.append(i.LookupParameter(”“Comments™).AsString())

>

Filter‘ID:[] crue; > | l:d t4!t5 = Lis JFl-.,pD"""ltd -J, - [ ]) i
- . ' t6 = DesignScript.Dictionary.Values tkey(t5, "groups”); 3
1. S . "o ." . . , t8 = _;;Tg' ro L;.‘i,\c‘)\uﬂ ,- 4121); é - e >
FilterID.append(i.LookupParameter(”"Filter ID").AsString()) £9 = DesignScript.Dictionary.ValueAtkev(ts, "groups™)s |s
ti1l = List.GroupByKey(tO@lL2<1>, te@L2<1i>); >

t12 = UaswnSCNpt.Li':tiu:‘n'_' ValueAtKey(tll, "groups”); | > pm=

errorReport = None

Save Changes



DIMENSIONS



m Architecture  Structure  Systems  Insert  Annotate  Analyze  Massing & 5ite Collaborate  View  Manage  Add-Ins  Revizto 4 = - ile View ackages Settings 2lp 0: DynaMonito DynaHub Speckle Monocle

| @ssza p oo [
Madify M%Eh[ﬁ]l@m E e - El E I 2 .

Additional Desig... Mana... Phases E‘ﬁ' Vicual Pr... Create_DimensionsAndSpotCoordinate

I]:Fﬁ' i [:E' Settings @v “E? i
Select - Settings Project Location - - Phasing Selection Inguiry Macros -

Flc  Plan: Plan_Working w

i =
Properties — (& 52 rS

Floor Plan -
Plan_Woerking

Floor Plan: L12 " Edit Type

Constraints Ao

Folders : < & & e o as ®
FI|1:EF_|D .................... ............................................ ¢
— ............................................ ¢<
e D_new ......... ............................................ ¢
e D_l:leleted ............................................ ¢< [ R I h‘q—““-—-.___q__
e D_mnved ............................................ :¢

..............................................................................................

Graphics A
View Scale 1:100 5

Display Model ‘Mormal

........................................................................................ ot

Detail Level  iCoarse

............................................ .- -

Parts Visibility :Show Original

........................................................................................ Grenend

Visibility/Gra... | Edit... =

............................................ : lovrrerrrrerTTTITITEYRTTITTIITIYOL. ... |

Graphic Displ... Edit...

........................................................................................ q..;

Crientation éPru:nject Morth @ )

Biecione g
Show Hidden.... By Discipline &

Color 5chem... (Background

............................................ O = -

e~ 1

o

"
E,
=
=

P

5
9 ¢

System Cu:nlu:nr...é Edit... N L unchBox

Sun Path |:| "™ LunchBoxML

...............................................................................................

Underlay S
Range: Base L.... None - Rennery

Rhynamc

Scope Box

............................................ OO Y.

Column Sym... :304.800 Poiw

Properties help A ppl

o

Project Browser -Euilt_An...| Properties [ 110 Fix GELEw o B a <
Click to select, TABE for alternates, CTEL adds, SHIFT unselects. 0 Main Mod

; i D K - R R R R 3

1010
=
=)
[ 4]



errorReport = None
TransactionManager.Instance.EnsureInTransaction(doc)
dimensions=[ ]

opt = Options()

opt.ComputeReferences=True
opt.IncludeNonV¥isibleObjects=True

opt.View = doc.ActiveView

element inelements:
geometry = element.get Geometry(opt)

solid geometry:

edges= solid.Edges

T iee . emmerate(edges) * Get solid of floor element

edge.Evaluate(l).Z == edge.Evaluate(2).Z

scrate start point ': » Get edges of the solid
o]  Discard edges underside of slab

h hgridcurves:

disth.append(h.Curve.Distance(pnt)) ® Get Edge Sta rt pOIntS

Ferate Tix of diste * Calculate Distance between curve start
distv.append(v.Curve.Distance(pnt)) . .

e T et point and each grid

o L * Create reference for grid at the minimal

h.Curve.Distance(pnt) == minh:

distance to point
lv=Line.CreateUnbound(pnt,XYZ(1,2,8))

e o  Add items to Reference Array

v.Curve.Distance(pnt) ==

e (Create dimension

elementsReth=ReferenceArray()
elementsRefv=ReferenceArray()

pntref = edge.GetEndPointReference(2)

elementsReth.Append(pntref)
elementsRefh.Append(Reference(refgh))
elementsRefv.Append(pntref)
elementsRefv.Append(Reference(refgv))

dimh= doc.Create.NewDimension(doc.ActiveView,lh,elementsRefth)
dimv= doc.Create.NewDimension(doc.ActiveView,lv,elementsRefv)
dimensions.append([dimh,dimv])




A reference stable representation string Is
a collection of Uniquelds combined with
table indices, delimited by the colon :
character. ... The structured data contained
INn the string can be used to reliably access
geometry objects that are not completely
exposed by the API.

Jeremy Tammik
https://thebuildingcoder.typepad.com/blog



https://thebuildingcoder.typepad.com/blog

A reference string for a PlanarFace of a Familylnstance element —
accessed through its GetSymbolGeometry method — looks like this:

66a421da-90cb-4df2-8efe-c312e4f78aa0-

0003d32b:0:INSTANCE:a2177cbb-03d8-4416-a4d8-8adabfc0165a-
0003ebf0:78:SURFACE
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pclist | pc = pclist; >

panellength =1668; >
divide =[Imperative] >
{
//create an empty lisﬂ
ret=[1];
for(i in ©..List.Count(pc)-1)
{
for(j in ©..List.Count(pc[i])-1)
{
//split polycurve in the middle
split = pc[1][]].SplitByPoints(pc[1][]].PointAtParameter(8.5));
//first curve add points at segment length from starting point !
splitl = split[@].PointsAtSegmentLengthFromPoint( L
split[@].StartPoint,panellength);
//second curve reverse add points at segment length from starting poii
split2 = List.Reverse(
split[1].Reverse().PointsAtSegmentLengthFromPoint(
split[1].EndPoint,panellLength)
) ;
//create a list
ret[1][]j]=pc[1][]].SplitByPoints(List.Flatten([splitl,split2]));
}s

}s

return = ret;

1s
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LOG
LO7
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o073z
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* GET FLOOR * CREATE FORM * CREATE FAMILY TYPES

OUTLINES * PLACE AND ADJUST * PLACE INSTANCES
* GET PROFILES PROFILES

* CREATE SOLIDS

* FILTER UNIQUE
ELEMENTS



Code Block

solidgeometry | solidgeometry.BoundingBox.MinPoint; | =

Code Block

solids [Autodesk.Solid.ByUnion(solids); | = Familylnstance.ByPoint

FamilyType.ByGeometry

familyType > Familylnstance
solidGeometry > FamilyType
point >
name >
Code Block > AUTO
: t
"Cladding”; category
Category.ByName("0ST GenericModel™); | = templatePath b S
Revit.Material.ByName("Default™); = aterial >
subcategory >
AUTO

File Path

Browse... ot

CACARevit_Family_Templates'2018\Generic_Model_WM.rft




Constraints defined with
Detail Lines in sections




Constraints used to cut
geometry




PolyCurve.ByjoinedCurves

curves

joinTolerance

> PolyCurve

>

curves

joinTolerance

PolyCurve.ByJoinedCurves

>
>

Code Block

0..1..#20;

>

PolyCurve

AUTO

Code Block
0..1..#20; | >

Vector.ZAxis

Vector

AUTO

/-

Curve.PointAtParameter

curve

param

Curve.CoordinateSystemAtParameter

curve

param

> Point

>

>
>

AUTO

Curve.TangentAtParameter

> Vector
, /

AUTO

curve

param

vector

Cross

Vector.Cross

Vector

CoordinateSystem

AUTO

CoordinateSystem.ByOriginVectors

origin
XAXIS
yAXIS

ZAXIs

>

>
>
>

CoordinateSystem

AUTO




Profile from Revit Transformed profiles



Lo Block
solids Autodesk.%olid.ByUnig

Code Block

"Cladding”;/
Category.ByName( "05T_|
Revit.Matelrial.Bylame
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List.Flatten

' {0 M M M f M (M M M M

1]

M m W

~ M OMOM M oM X M X

A -

1
= O i L LT
L O I T R

—— 1 | //get next curve
c=List.AddItemToEnd(List.FirstItem{cl),List.DropItems(
List.ShiftIndices{cl,-1),-1));

ffeget startpoint of next curve

i = c.PointAtParameter(@);

ffget end point of curve

il = cl.PointAtParameter(l);

//get tangent of next curve at start

f = c.TangentAtParameter(@);

//get tangent of curve at end

f1 = cl.TangentAtParameter(l);

ffget points where curve is not continous

pnts = List.Clean{Vector.IsParallel(f,f1)?null:i,false);

ffsubtract the wvector between curve and next curve if it's not continous
ffand cross to get perpendicular

vc =List.Clean{Vector.IsParallel(f,f1)null:f.5ubtract(fl),false).Cross(
Vector.ZAxis());

ffcreate planes at points with normal from vector cross

planes = Plane.ByOriginNormal(pnts,vc);

=

Curve.ParameterAtPoint
List.SortBykKey
list > sorted list

Rectangle.ByWidthLength
plane > Rectangle
width >

length

>




C2

T1.Subtract(T2
2

C1 — R = T2 =C2.TangentAtParameter(0)

S

o

.

T1=C1.TangentAtParameter(1)

vc =List.Clean(Vector.IsParallel(f,f1)?null:f.Subtract(fl),false).Cross(
Vector.ZAxis());
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Dynamo Player
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Bl /' ready
Create_Views&Sheets_ForSelectedRooms_Simplified4Elevatior
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MULTIPLE DYNAMO
DEFINITIONS USED FOR
DESIGN EXPLORATION

19,942 MODEL ELEMENTS
CREATED OR PLACED

USING DYNAMO FOR REVIT
INCLUDING:

+ STRUCTURAL SLABS
+ FLOOR FINISHES

+ ROOF

+ CLADDING PANELS

+ BALCONY DIVIDERS
+ FLOOR UPSTANDS

+ BALUSTRADES

23,508 MODEL ELEMENTS
PLACED MANUALLY AND
DISTRIBUTED ACCROSS
50 LEVELS INCLUDING 7
LEVELS OF BASEMENT
USING MODEL GROUPS

DYNAMO PLAYER USED TO

CREATE, POPULATE AND
ALIGN 200+ SHEETS.

EXCEL DATA FROM
CONSULTANTS IMPORTED
THROUGH DYNAMO TO
POPULATE ELEMENT
PARAMETERS
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