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Introduction . Speaker

Eckart Schwerdtfeger is an architect
with 12 years of experience in all project phases
and in implementing large-scale, high-profile
j international projects in Europe, Russia, the

’ Middle East and China.

During his time at Behnisch Architects, Coop Himmelb(l)au and
LAVA he parametrically designed, optimised and implemented
several remarkable facades. His main fields of work were
computational design, BIM management and programming.

Currently, Eckart is BIM Associate at Zaha Hadid Architects
and responsible for managing the office’s BIM team. Besides
leading and implementing several large-scale BIM projects, he
focuses on developing the ZHA global BIM workflows.

He develops and writes proprietary software, plugins and scripts
to effectively facilitate, optimise and automate BIM and cross-
application tasks and to enable the design team to contribute to
the BIM models more directly and fluently.
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Introduction . Aims

Effective cross-application workflows from design to BIM

. Be able to use content created in 3rd party software
. Prevent duplicated work

Parametrise and automate as much as possible

. Enable + accelerate creation of design iterations and implementation of changes
. Save time spent on repetitive tasks

Custom...

. BIM Elements
. Visual Scripts / Scripts / Macros
. Software / Plugins

e over s | Zahea Hadid Architects



Introduction . Customisation Options

Visual Script

Script

/ero Touch Node
Custom Node

Extension

Modelling
Parametric geometry + conditions + formulas

Scripting
Access to Revit programming interface

Programming
Standalone library with advanced capabilities

Visual Scripting
Graphical access to the programming interface

Scripting
Access to Dynamo + Revit programming interface

Programming
Standalone library with advanced capabilities
Simple user-defined functions

Custom user interface possible

Global access and extension of Dynamo possible

Revit family editor

Integrated editor, SharpDevelop

External editor, e.qg. Visual Studio

Dynamo

Integrated script nodes

External editor, e.qg. Visual Studio

Eckart Schwerdtfeger
AU Las Vegas 2018
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. Master plan with extent of about 800 x 300 m
. Around 40 buildings with varying size and typology
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. Parameterisation and automation of the design process
. Effective use of freeform geometry in BIM
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Native Elements

Creation

E.g. floors, walls, columns, beams,
curtain walls, doors, furniture, etc.

Manual drawing
Manual conversion of
ore-existing CAD lines

Preset constraints and restrictions

for every category Automated custom workflow

Preset parameters
Custom parameters can be added

et | Zana Hadid Architects
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Native Elements . 3D Model
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3D Rhino Geometry
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Native Elements . 3D Output

3D Geometry

\\\\\\\\

® 3D Output for Revit
=
< = 7
LTV T
I
A/E TR
R *Tiﬂ/ 2 R —s 3D Output for Revit . 1 Floor

e atss | Zaha Hadid Architects



ZHA BIM




/HA BIM . Introduction

Maya

ZAA B8IM

for Rhino + Revit

=7 — R

Design BIM +
Model Documentation
Model

Grasshopper

To Transfer an element
cross-application we need

L
Geometry

of element or it’s
underlying geometry

Instructions
for transfer process
and targeted software

Building element information
Parameters, meta data
[optional]

e over s | Zahea Hadid Architects



/HA BIM . Process

ZHA BIM for Rhino ‘&=

OFF PROJECT 2466 - Sberbank TechnoparkBldg  ~
e e e T L PARAMETER SET:  Facade
- Instructions opene 10
) BIM Parameters (1 Objects selected)
I . I 4 ZHA BIM
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Import Adaptive
Matenal Glass
i — =
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— — Family Type lass
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0 — EWS Key EWS 11
I I Surface Are 4 560726
Location Main
+ Orientation West
Geometry Type  Single Curved
I I Glass Type ransparent
Glass Type 2 Frit
Material Type Glass
5 Door Type
Rhino [ I o
Door Type 3
Mirrored
Column 50
Geometry o J

Attach —
Meta data .% 7 |n
S |
\ /7 Rhino 3DM
“BIM” Model

Elefront for GH

To Transfer an element
cross-application we need

L
Geometry

of element or it’s
underlying geometry

Instructions
for transfer process
and targeted software

Building element information
Parameters, meta data
[optional]
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/HA BIM . Process
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Native Elements . Revi

Native Elements
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Freeform Elements

Creation
. E.g. sculpted roof, facade and . Manual import [tedious process,
balcony cladding, balustrades, etc. slow, limitations]
-reeform geometry not supported by . Automated custom workflow

preset building elements

. Custom parameters can be added
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Project 1. BIM Model
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Freeform Elements . Forms

Mushroom column 360°
Cladding

0 O @ DW

Extrusion Blend Revolve Sweep Swept Void
Elend Forms

Forms
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Freeform Elements . Forms

Mushroom column 360°
Cladding

Revolve e ove s | Zaha Hadid Architects



Freeform Elements . Forms

Mushroom column 180°
Cladding
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Freeform Elements . Forms T
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Freeform Elements . Forms

Mushroom column 90°
Cladding
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Freeform Elements . Forms
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Freeform Elements . Adaptive

Bousgmanmn IR

Curve
+ Parameter-based profile
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Freeform Elements . Adaptive

Facade cladding

Curve

+ Parameter-based profile
+ Profile family instances

Type R H W
Width 2000 2000 6300
Width Top 1000 1000 3150
Width Bottom 500 500 1700
Width Recess 120 475 475
Height 2500 7000 2500
Height Top 375 1900 375
Height Bottom 1500 3250 1500
Radius Top 250 250 2000
Radius Bottom 250 250 1600
Radius Edge 30 100 30
Radius Recess 450 1150 200

Reqular
; R
High
; <
Wide
R
R

R
H
H R
Profile family instances
Placed on curve
e.g. 3 different types with ﬁ—\’
varying parameter values — %
Swept
Elend
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3D View: {3D} - test
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Family: ’ZHA_Adapﬁve_Proﬁle_Lﬁdaddingl-iollou v | Load...
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‘l la ﬂ I le L}
Type Parameters
Parameter Value

Thickess
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Width_Top
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Keynote

Model

Manufacturer

Type Comments
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Dynamo
Visual Scripting




DynamO N |ﬂtTOdUCUOn Input/s Processing  Output/s

Visual Scripting

Line.ByStartPointEndPoint

: : : PO
Graphical userinterface for . Linear sequence of startromt

Dynamo + Revit application instructions [Nodes]
programming interface [API] AUTO

endPoint

e oavesss | Zana Hadid Architects



i SRR

V& | \

namo . Visual Scripting
| Zaha Hadid Archirects

Eckart Schwerdtfeger
AU Las Vegas 2018

s

)

.
4




Dynamo . Tree Columns

Process

. Analyse live building model - main beams, floors

. Collect + sort meta data - origin XYZ, height, angles
. Store meta data - csv spreadsheet file

. Generate structure - automated Dynamo process

Elevation

Height

Van '\ D
7 o

Origin Z

North

(

(

¢ Angle A

(

(

v4
Angle E
Origin XY
/ ]\ \ )

Plan View
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Dynamo . Tree Column Structure
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Dynamo . Tree Column Cladding

Process

. Analyse live building model - main beams, floors

. Collect + sort meta data - origin XYZ, height, angles
. Store meta data - csv spreadsheet file

. Generate structure - automated Dynamo process

. Generate freeform cladding

. Automated Dynamo + T-Splines process

Axis lines

Dimensions + Design intent

Eckart Schwerdtfeger
AU Las Vegas 2018

| Zaha Hadlid Archirecis



Dynamo . Tree Column Cladding

Process

. Analyse live building model /
. Collect + sort meta data

. Store meta data

. (Generate structure

. Generate freeform cladding

. Automated Dynamo + T-Splines process

L]

=— N e

= il Control mesh out
Axis lines Dimensions + Design intent WY of lines [Dynamo]
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Dynamo . Tree Column Cladding

Result
. Freeform cladding

Create Revit family Generate
with meta data smooth shape | J'

R

Tree column
family [Revit]
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e |
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‘ﬂ' Control mesh out
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Dynamo . Tree Column Cladding

Automated process

- Eed \ A=
. Tree columns with 2-6 branches N \i
and varying angles a7 <=\ 4 i
QL =F Wt Ay
‘-\‘na‘; Nz A i
- REL
K N2 il i
= ~!¢\\\\\s\: éi—‘ -‘gi»':o,;.
‘«ﬂ%
\","“L
iy D

=0

X5

AXis lines
X6

Angles X4 Dynamo preview

X3 [Revit 3D view]

X2 _ _
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Dynamo . Custom Nodes

Automation Plugin

Repeater Node

Custom user
interface node

Run a Dynamo script
repeatedly and with
varying input values
that are loaded from
a spreadsheet file

Inactive
Mode

File with spreadsheet
—_—

File Path

Browse... =

ATreeColumns.csv

Name + value of input
node are overwritten

-—t

B
)

W

Height

3023.00 =

AngleB

Inputs

AngleD

67.00 >

Inputs are used

for Dynamo script

Active
Mode

Repeater

el

- [[-]

Repeater

TreeColumns.csv

Spreadsheet columns

are mirrored in ports

OriginX 121.12
OriginY 414.22
OriginZ
Height | 10f8e4da | 3023.00

Spreadsheet values
ID of connected

AngleA 12.20
AngleB 32.20

input nodes

Controls

Enable previous row
First row number

Current row number

AngleC 44.00
AngleD | 039a9788 67.00
AngleE 120.22
AngleF 200.21
AngleG 260.21

~[o] 2 [5]->

Eckart Schwerdtfeger
AU Las Vegas 2018

Last row number
Enable next row
Repeat

| Zaha Hadld Archirecis



TreeColumnRepeater.dyn®

= +
: = e +
C\TreeColumns > %

| \TreeColumns.csv

Repeater

OrlglnX TreeColumns.csv

40000 > —

0r|g|nY

JriginX | 3f5d88a6 40.0

OriginZ ‘ -20.000 iny | 0282b840 | 200 i
oooo > Helght _‘ InZ | 637f796b 0.0
AngleA 4.600 > He 902e17c1 4.6

-‘ - ,,,.,,,,nj. bleA | 971ccc959 60.000 ’ = r p vy 4 Bt =
N B60d4 N ) - /% £ = . X A L T

60 000 = AngIeB

AngleC
211.469

-

)G ‘}‘h /Yl ;%, 20.Comy

AngleE 14d88925
285 555

250.498

bb4d8348 | 289.533

284de04d 354.875

b63df52e

«[o] 13 [1a)p[x]

14

itemO | + | - | list

U s vegas c0s | Zana@ Hadid Archirecis
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Dynamo . Tree Column Cladding

Automated process

. Tree columns with 2-6 branches
and varying angles

Resulting families
[Revit 3D view]

oavetses | Zana Hadid Architects



Dynamo . Skylight
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Aims

Exchange geometry
via cloud server

scripting in Revit
by Dynamo + Revit

-

via physics simulation

Visual
Structurally sound design

Detailled model generated

meta data + schedules

L
=

=
D
O

@)

&
A
™
>
—
an

e atss | Zaha Hadid Architects

Detailed
3D Model

Outline of
atrium void

Base geometry

\‘ from Rhino

Dynamo . Skylight



Dynamo . Skylight

Base geometry ole
\‘ from Rhino *

()

'Aﬂux

&) 2466_Sberbank X

Geometry transfer
via cloud service

A FLUM

Predictably Great Building
Connecting Architects, Engineers, and Contractors

to the information they need, when they need it.

- ‘ B Secure | https://flux.io/apps/inspector/alwWEMMgD49621.2WB

5 Apps ® *Tasks [| AWD [] AU [] ACAD [] Blsoft Cloud DATA CcC RevitMacros | | RFV g Online Reverse Videc
0 2466_Sberbank v +.,Q. ;p:; g v E;;Jpp“:;rt }:I\V
< Start typing X [+] — : : : : e
Q YPIng = MainSkylight_Outline | Raw MainSkylight_Outline 3D v o el X
. 1~ [0 z
KEYS (113) ~ 5=
3~ "curves": [
; (‘D ar 1
] ) ) S~ "end": [
MainSkylight_Outline I A 6 52869.7947939979,
5 hr ago e 7 122930.674953525,
S 8 50299.9999999999
il 2 1, i
25 \——\___x 1@ "id": "3b5de@87-a432-4a80-9895-9bd5ef74c563",
4 temp(2) I 3 v ‘“—-______A__/ 11 "primitive": "line",
5 hr ago 12~ "start”: [
13 60435.9468663736,
14 1886380.719329177,
= 15 50299 .9999999999
™ E?mp?:ﬂ' E A 16 1.
ocalbes 17 ~ sz {
18 "end": "millimeters",
19 "start": "millimeters"”
3, | escalator cladding g Ao 5 ¥
December o 21 I
22+ I
23 ~ "end": [
24 54951.2154252857,
R femp (‘] ) $ 2 25 129689.356411415,
December e 26 5@299.9999999999
27 1,
28 "id": "eB8edbcce-82f9-4133-b628-839@a3c64bfd",
N 29 ~ "middle”: [
| Ceiling L2 g A 30 52510.7250014285,

uilding Data

reat building. Our
t models, planning
ir easy collaboration and
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Dynamo . Custom Nodes 2
P

Plugin Cloud Server Plugin

Cloud Plugin

for cross-application transfer
of base geometry and meta data

Flux Project Receive from Flux

Filter | Enter project name... v | + | KeyS pemm———=gq Keys |Pleaseloginto Flux v | + | Value pr———q > >

Mode Empty List

Filter

Flow Control

© Once Mode

@ Constantly

e over s | Zahea Hadid Architects



Dynamo . Custom Nodes

Cloud Plugin

?
®
Al - - > bOd - - >

Plugin Cloud Server Plugin

for cross-application transfer
of base geometry and meta data

Flux Project Receive from Flux

Filter | Enter project name... - | KeyS pmm—mgq Keys | Please log in to Flux - Value pr—— > >

Mode Empty List

Filter

Flow Control

© Once Mode Replacement for Flux.io Dynamo package

@ Constantly

Aims

Research, develop and innovate
Efficient, intelligent and adaptable nodes
Better user interaction and user friendlyness

e over s | Zahea Hadid Architects



Dynamo . Custom Nodes

Cloud Plugin & Account + -9
pccount setection  Wsnepmmenesne < RA| Account

Account Node Projects

" fe
B Streams "
Custom user Account Selection
interface node Mode
Select an existing ,
account or login + Account Login  [aygeam: 7 Adaptive windows
;ec(.glosjﬁ; a new Reglstraygg e P like control buttons for
additional functions
LOGIN Existing User e.g
Server URL e
All necessary Email Stfbdrg%tdigerrge?cfglggg
functionality is Password ' ’
embedded inside node Confirm
NO(gﬁ lafsllout adapts Name User interface adapts
on e y Surname

to user interaction
Company for g uidance

Custom colour scheme @

e oavesss | Zana Hadid Architects




¢ Account

Test@parametrised.net

LOGIN Existing User

S BI B https://cloudserver

Email

Password

Confirm

Nam

Account
> >

Account: Test@parametrised.net

Projects

2 Project: Indian project
|
2| L1 v 3
v A
> >
List

@ Stream: SJKT7UG]jf // GeoTest
1 Stream: SknlIzhsG // Anonymous
2 Stream: ryghlhnif // MeshTree

Ml navessssw V Zana Hadia Architects
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Dynamo . Custom Nodes

Cloud Plugin

Stream Node

Custom user
interface node

Select a data stream
and receive the
associated geometry +
meta data

O Stream QO N

B1p2dwvaz // Nurbs Test : S

2:10:36 Receiver done

Stream selection

Stream
@_yers
Geometries

\/

Manual
Updates
Mode
Automatic & Stream DO
Updates gz s e
Mode 2:10:36 Receiver done

Dictionaries

Adaptive windows-
like control buttons for
additional functions

e.qg.

Click icon to switch mode

Custom colour scheme

Stream “ O

. B1p2dwvaz // Nurbs Test H S

2:10:36 Receiver done

Live messages from
executing code

Load geometry,
reload

Eckart Schwerdtfeger
AU Las Vegas 2018

Animation triggered on
server interaction

| Zaha Hadlid Archirecis



Simple.dyn*

& Account + -2 Stream Geometry MetaData

+
Congpmomaricins |- IR :
Ps © Stream “ O Stream: rlQFhJoyX // Geometry B List List B
@ EllipseArc(Normal = Vector(X = ~ @ Dictionary
= H S I EllipseArc(Normal = Vector(X = number 435.324
17:37:32 Receiver done Ls 20 EllipseArc(Normal = Vector(X = String) TestString
3 EllipseArc(Normal = Vector(X = integer 352
Gs 4 EllipseArc(Normal = Vector(X = v 1 Dictionary
| 50 EllipseArc(Normal = Vector(X = AumbERY 435 .324
S Layers s EllipseArc(Normal = Vector(X = i string TestString
' B EllipseArc(Normal =fVlector(X = I : tnteger) 352
o > "8 NurbsCurve(Degreé = 3) w2 Dictionary
91 NurbsCurve(Degree = 3) \ number | 435.324

List 18 NurbsCurve (Dégree = 3) Bstring TestString
@\layer: arcs // 8 Objects 11 NurbsCurve(Degree = 3) ‘?.t‘egf?r‘ 352
20 Layer: nurbs // 8 Objects 12 NurbsCurve (Degree = 3) "R ctionary
2) Layer: polycurves /f 1 Objects 137 NurbsCurve (Degree = 3) -nt?er‘ “:’5"“24-
NurbsCurve (Degree = 3 BSEring| TestString

Layer: planeg // 8 0Ob

Q s . M ts 14
https://vimeo.com/eckart/aulasveg

)
( : Bilceger | 352
&g ! — « 4 Dictionary

oLz e (26)

el oaveeses | Zaha Hadid Architrects
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Dynamo . Custom Nodes

Cloud Plugin

Stream Node

Custom user
interface node

Responsive
colour schemes

Visualise node
status and events

Enable user
customisation

Inactive
Mode

Colour scheme can be
individualised and is
stored in Dynamo file

Active
Mode

Flevated
Mode

& Stream & O

Ss S
Ls
Gs
Ds

Node colour greyed out
e.g. missing input

Base colour active when
node runs normally

& Stream ”0 N

Ss I JQh8JoyQ // Geometry A H

23:30:20 Receiver done

& Stream €0 9

rJQh8JoyQ // Geometry A I

23:30:39 Receiver done

(o)

Eckart Schwerdtfeger
AU Las Vegas 2018

Node colour flashes
green and fades back
to normal

e.g. to display event

| Zaha Hadid Archirecis



Rainbow.dyn*

—— %
= ‘Q"“ ,
_ ' Ss | SkT7UGjf // GeoTest S ~, o )
Ls | Ss © | SIkT7UG]f // GeoTest S
’ Gs 27:03 Receiver dc \ 2
‘ Ds G‘s
Ny Acca 25, P e — a - - =4
Test@parametrised.net v A , Ss SJkT7UG|f // GeoTest v
Ps el 0 3 J U3 Recelver done Ls
Ss Ss BJuZHOFRM // TaikangSlabs v S Gs
s Ds
Gs ~
- Ss £ | S)KT7UG]f // GeoTest
il - “
SS SJkT7UGJf/ /_G?_QTESt S F// GeoTest _ — AR — N :
AL RR LR LR R = TRV LS

Gs |

"W s vegas o0is | Zana Hadid Archirects
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Dynamo . Extensions

ViewExtension Plugin Out of the box nodes
without extension

Node is transparent,

CUStom NOdeS TSplineSurface.BuildFromLines
; lines > TSplineSurface colour SCheme cafl
can integrate new user ER— N be adjustec
interfaces + functionality snappingTolerance TSplineSurface ByExtrude
. : . curve > TSplineSurface
W1 t h'l N Dy NAaMoOo nodes f:reaseOuterVertlces ection v
. . nemeothiods —— S Out of the box nodes
Access 1s restricted to S X with Extansion
the current node E— ;
N NurbsSurface.By TSplineSurface.BuildFromLines
_: controlVertices i back.Spans 2 lines > TSplineSurface
EXtenSionS 7 uDegree y POTIE polis ' maxFaceValence
:-": vDeggree 1 .uniform > P — TSp|ineSurface.ByExtrude~
have dCCessS tO Dyna mo + i inSmoothMode > remsaliatariertices curve > TSplineSurface
the open script and enable L N oo direce 2
p . p . —— | . ; i frontDistance >
global functionalities and B N
adaptations [ yionspans N
All nodes receive a button icontrol\_/ertl_ces ;Mf'/cml\'lzrbsSurface 2
e.q for changing the colour s i .
R L scheme °F
Individualisation of pUDeRCE ? St =8

Ve | Zana Hadlid Architecrs



Packages Settings Help o

Home*
rbsSurface
% ByControlPoints
3 e ° 1oTolerance
ttps://vimeo.com/ec
Q
ByPoints 1S5\ L |
ByPointsTangents J B e e ‘ =
S e vl i. 7 =
iInSmoothM ode hté
ByPointsTangents = L LS
" ControlPoints e EEe S
| L 2 4 > NurbsSun ace - G
... UKnots A == . L WLE B = — -
.M. VKnots _ e e )3 l e T

:..

A" Weights

DegreeU
DegreeV
IsPeriodicInU
IsPeriodicInV
" IsRational
. “ NumControlPoints
*  NumControlPoints

Ef*‘,;zgfl;‘Jr;ijﬂiffé*“; | Zana Haald Arc'ﬁl acis

Automatic v
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Adaptive Elements
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Adaptive Elements . Process

Concept Design B Im port R Detailed design
Rationalised Pamafestion Points + BIM BIM Outout
Geometry Meta data Families Model P
ZHA BIM - 3D Model
— &
0 ,
E Drawings
T
)
Schedules
Global
Parameters
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Adaptive Elements . Process

Concept Design arass Import R Detailed Design
Rationalised Pamafestion Points + BIM BIM Outout
Geometry Meta data Families Model P
ZHA BIM - 3D Model
— &
0 ,
E Drawings
T
)
Schedules
Global
Parameters
Changes Concept Design

Geometry / Panelisation

e oavesss | Zana Hadid Architects



Adaptive Elements . Process

Concept Design 1 * Import R
Rationalised Pamafestion Points + BIM
Geometry Meta data Families
_ ZHA BIM
P
I : ATERR I LL

Minimize effort of changes
+ length of feedback loop

Detailed Design
Output

3D Model

>

Drawings
T
L

Schedules

Detailed Design

Level of detail
Profile / Dimensions
Material / Thickness

Concept Design
Geometry / Panelisation

| Zaha Hadlid Archirecis

Changes
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Adaptive Elements

Geometry for Revit

3D Surfaces + Solids

for form-based families
Freeform / double curved
Point cloud

for adaptive families

Rational / rule-based

The points for 1 building
element are packaged in
1 polyline

Control points of polyline =
Placement points for adaptive family

Direction of polyline =
Point order for adaptive family

Eckart Schwerdtfeger
AU Las Vegas 2018
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Adaptive Elements . Facade Panels

Panel types

2 Points = Line
3 Points = Arc

Edge location Edge location Edge location Custom

restricted restrictec restricted geometry
\ Skewec Single
Twisted Cylindrical cylindrical Conical curved

e over s | Zahea Hadid Architects



Adaptive Elements . Facade Panels

Adaptive Family 2 3 4 5

Create frame Place edge Blend both edge Add parametric
! out of lines [2  profiles using  profilesintoa  reporting
Set up adaptive points]and arcs nested family solid object parameters
points, order [3 points] that  that deals with for scheduling
and placement allows for panel panel offset and where necessary

edge offsets thickness

.4

3 @

1@

Thickness | | | Offset

e over s | Zahea Hadid Architects
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Adaptive Elements . Facade Columns

Adaptive Family 2 3
Create column

1 axis out of lines
Set up adaptive [2 points] and
points, order and arcs [3 points]

placement
.12
.11
'10
.9
.8
@
°
.2 @
© o
@ @

Place column
profiles using
nested family that
controls offset and

dimensions

4

Formulas are used

to generate variable
dimensions. Column axis
and profiles are used to
create a swept blend

12

Eckart Schwerdtfeger
AU Las Vegas 2018

/ L

/
&

5

Add parametric
reporting
parameters

for scheduling
where
necessary

5

>
=
o

6000

//
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/
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GEOMETRY PROFILE

NAME ANGLE 1 ANGLE 2 WIDTH DEPTH MAX DEPTH#5 DEPTH#6 DEPTH#8 DEPTH#9 DEPTHMIN LENGTH1 LENGTH2 LENGTH3 LENGTH4
FColumn0001 115,00° 75,00° 350 mm 900 mm 900 mm 802 mm 751 mm 350 mm 350 mm 8580 mm 2736mm 1.361mm 4.741 mm
FColumn0002 115,00° 75,00° 350 mm 900 mm 900 mm 803 mm 750 mm 350 mm 350 mm 9.705mm 2.736mm 1.361mm 4.450 mm
FColumn0003 115,00° 75,00° 350 mm 900 mm 900 mm 805 mm 749 mm 350 mm 350 mm 10920 mm 2.736 mm 1.361mm 4.136 mm
FColumn0004 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5805mm 2.736mm 1.361mm 5459 mm
FColumnQ005 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5805mm 2.736mm 1.361mm 5459 mm
FColumn0006 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5805mm 2.736mm 1.361mm 5459 mm
FColumn0007 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5820mm 2736 mm 1.361mm 5455 mm
FColumn0008 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5850 mm 2736 mm 1.361mm 5447 mm
FColumnQ009 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5910 mm 2.736mm 1.361mm 5432 mm
FColumnQ010 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 8.060mm 2.736mm 1.361mm 5.393 mm
FColumn0011 115,00° 75,00° 350 mm 900 mm 900 mm 799 mm 752 mm 350 mm 350 mm 6.375mm 2736 mm 1.361mm 5.312mm
FColumn0012 115,00° 75,00° 350 mm 900 mm 900 mm 799 mm 752 mm 350 mm 350 mm 7110mm 2736mm 1.361mm 5.121 mm
FColumn0013 115,00° 75,00° 350 mm 900 mm 900 mm 801 mm 751 mm 350 mm 350 mm 8535 mm 2736mm 1.361mm 4.753mm
FColumn0014 115,00° 75,00° 350 mm 900 mm 900 mm 799 mm 752 mm 350 mm 350 mm 6930 mm 2.736mm 1.361mm 5.168 mm
FColumn0015 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 6.315mm 2736 mm 1.361mm 5.327 mm
FColumnQ016 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 6.060mm 2736 mm 1.361mm 5.393 mm
FColumnQ017 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5940 mm 2736 mm 1.361mm 5424 mm
FColumn0018 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736 mm 1.361mm 5.465mm
FColumn0019 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736 mm 1.361mm 5.465 mm
FColumn0020 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736 mm 1.361mm 5.465mm
FColumn0021 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2.736mm 1.361mm 5465 mm
FColumn0022 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736mm 1.361mm 5465 mm
FColumn0023 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736 mm 1.361mm 5465 mm
FColumn0024 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2.736mm 1.361mm 5.465mm
FColumnQ025 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2.736mm 1.361mm 5.465mm
FColumn0026 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736 mm 1.361mm 5.465mm
FColumn0027 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736 mm 1.361mm 5465 mm
FColumn0028 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2.736mm 1.361mm 5465 mm
FColumn0029 115,00° 75,00° 350 mm 900 mm 900 mm 801 mm 751 mm 350 mm 350 mm 8565mm 2.736mm 1.361mm 4.745mm
FColumn0030 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2.736mm 1.361mm 5.465 mm
FColumn0031 115,00° 75,00° 350 mm 900 mm 900 mm 800 mm 751 mm 350 mm 350 mm 7635mm 2736mm 1.361mm 4.986 mm
FColumn0032 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2.736mm 1.361mm 5465 mm
FColumnQ033 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2.736mm 1.361mm 5465 mm
FColumn0034 115,00° 75,00° 350 mm 900 mm 900 mm 799 mm 752 mm 350 mm 350 mm 7020mm 2736mm 1.361mm 5.145mm
FColumn0035 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736mm 1.361mm 5465 mm
FColumn0036 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736mm 1.361mm 5465 mm
FColumnQ037 115,00° 75,00° 350 mm 900 mm 900 mm 799 mm 752 mm 350 mm 350 mm 6.630mm 2.736mm 1.361mm 5246 mm
FColumn0038 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736mm 1.361mm 5465 mm
FColumn0039 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2.736mm 1.361mm 5465 mm
FColumn0040 115,00° 75,00° 350 mm 900 mm 900 mm 799 mm 752 mm 350 mm 350 mm 6.375mm 2735mm 1.361mm 5.312mm
FColumn0041 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 6210mm 2.735mm 1.361mm 5.354 mm
FColumnQ042 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736 mm 1.361mm 5465 mm
FColumn0043 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm 350 mm 350 mm 5800 mm 2736mm 1.361mm 5465 mm

GEOMETRY PROFILE
NAME ANGLE1 ANGLE?2 WIDTH DEPTH MAX DEPTH#5 DEPTH #6

FColumn0001 115,00° 75,00° 350 mm 900 mm 900 mm 802 mm 751 mm
FColumn0002 115,00° 15.00° 350 mm 900 mm 900 mm 803 mm 750 mm
FColumn0003 115,00° 75,00° 350 mm 900 mm 900 mm 805 mm 749 mm
FColumn0004 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm
FColumn0005 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm
FColumn0006 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm
FColumn0007 115,00° 75,00° 350 mm 900 mm 900 mm 798 mm 752 mm

FACADE CLADDING - COLUMNS

DEPTH#8 DEPTH#9 DEPTHMIN LENGTH1 LENGTH2 LENGTH3

LENGTH 5

2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm
2.443 mm

BEAMS

LENGTH6 LENGTH7 LENGTH&8 LENGTHTOTAL RADIUS 1

19.291 mm
18.399 mm
17.436 mm
21.490 mm
21.490 mm
21.490 mm
21478 mm
21.454 mm
21.407 mm
21.288 mm
21.038 mm
20.456 mm
19.326 mm
20.598 mm
21.086 mm
21.288 mm
21.383 mm
21.490 mm
21.490 mm
21.490 mm
21.490 mm
21.490 mm
21.490 mm
21.490 mm
21.490 mm
21.490 mm
21.490 mm
21.490 mm
19.303 mm
21.490 mm
20.040 mm
21.490 mm
21.490 mm
20.527 mm
21.490 mm
21.490 mm
20.836 mm
21.490 mm
21.490 mm
21.038 mm
21.169 mm
21.490 mm
21.490 mm

350 mm
350 mm
350 mm
350 mm
350 mm
350 mm
350 mm

1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm
1.963 mm

350 mm
350 mm
350 mm
350 mm
350 mm
350 mm
350 mm

999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm
999 mm

42115 mm
42.057 mm
41.995 mm
42.257 mm
42.257 mm
42.257 mm
42.256 mm
42.255 mm
42.252 mm
42.244 mm
42.228 mm
42.190 mm
42117 mm
42.199 mm
42.231 mm
42.244 mm
42.250 mm
42.257 mm
42.257 mm
42.257 mm
42.257 mm
42.257 mm
42.257 mm
42.257 mm
42.257 mm
42.257 mm
42.257 mm
42.257 mm
42,115 mm
42.257 mm
42.163 mm
42.257 mm
42.257 mm
42.195 mm
42.257 mm
42.257 mm
42.215 mm
42.257 mm
42.257 mm
42.228 mm
42.236 mm
42.257 mm
42.257 mm

1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm
1.200 mm

Adaptive Elements . Facade Columns

Schedule for Column geometry and dimensions

RADIUS 2

3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm
3.500 mm

RADIUS 3

1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm
1.500 mm

8.580 mm
9.705 mm
10.920 mm
5.805 mm
5.805 mm
5.805 mm
5.820 mm

2736 mm 1.361 mm
2736 mm 1.361 mm
2736 mm 1.361 mm
2736 mm 1.361 mm
2736 mm 1.361 mm
2736 mm 1.361 mm
2736 mm 1.361 mm

Eckart Schwerdtfeger
AU Las Vegas 2018
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Add parametric
reporting
parameters

for scheduling
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IE Floor Plan: 1 - FacadePiecea-Detailed-OK

: E 3D View: {3D} - FacadePiecea-Detailed-0OK

= || @ | = | |Elevation: Elevation1 - b - FacadePiecea-... | = || E

1:100 OF % GRED 0 C&fiIE «

1:20 OF e kmE > ¢ Cafmiad <«

<PANELS>

A D E
Mark Length1 Length2 Length3 Length4
Glass_4sidedFlat_250 6,808 mm' 1,518 mm 6,602 mm 1,503 mm
Glass_4szidedFlat_247 7,033 mm 1,520 mm 6,812 mm 1,502 mm
Glass_4sidedFlat_244 7,302 mm 1,527 mm 7,038 mm 1,503 mm
Glass_4sidedFlat 241 7587 mm: 1,530 mm 7.308 mm 1,503 mm

Eckart Schwerdtfeger
AU Las\Vegas 2018

| Zaha Hadid Aranirecis


https://vimeo.com/eckart/aulasvegas2018-14

Facade . Perimeter

Custom panels

Where 2 facades meet the
standardised facade panels
need to be cut. This creates
many custom-shaped panels.

How many additional families
do we need?

\\

Eckart Schwerdtfeger
AU Las Vegas 2018
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Facade . Perimeter

Custom panels

Use standardised
families only + cut
corners with voids

CH# Macro
For every panel...

Read parameter
‘Orientation’

Check intersection of
panel with void of
same ‘Orientation’

Upon intersection...

Subtract void from IR [T TR [
element T T
Update parameters T ““\\aﬂ;\\\ T
‘Cut’ + ‘Aread’ e N 1B L P

e overatss | Zaha Hadid Architects



Facade . Perimeter

Cut panels
with void of

same orientation

Orientation = North

Void South
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Eckart Schwerdtfeger
AU Las Vegas 2018
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Facade . Perimeter

i / il ReVit
1l facade model

i
= . | =
i ‘ 1 I il U
\ ¢ f - \_/
\ —
) = | P
/ || Ll —

LI oavetses | Zana Hadid Architects



g

Wiy
i,
)

~

A A SR AL A
X AR CRR SRR b SR LA

VIO

|
)

g ¥
i




facade model

Revit
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Facade . BIM Model

Building information model

. 3D model + meta data

. Custom parameters
can be added to all
building elements

. Using ZHA BIM this
can already be done in
Rhino + Grasshopper

s Hlity
TR n ity

SNSRI \\
HHE R

Revit 3D Model

Facade

B
22

] ! ll'l" (1777 ‘ f L
il i ,,"%'{ ifn. 7%
RN """" p -.l \t’

.....
%

J
A

The model combines adaptive families
and imported freeform geometry

s

%
WA

,,,,,
il

4%
Wl u"il
\\\\}?\’;2,‘)4’,’;1 | )

Eckart Schwerdtfeger
AU Las Vegas 2018

where needed [double curved]

All use the same parameters

Rhino parameters
Rhinoceros 3
A ZHA BIM
OFF PROJECT: 2466 - Sberbank TechnoparkBldg -
PARAMETER SET: Facade -
A/ L X F
BIM Parameters (1 Objects selected)
4 ZHA BIM
Name MW_5 50
Import Adaptive
Material Glass
4 Family
Family ZHA_Adaptive_Bdrusion_PanelArched_Base
Famity Type Glass
4 Facade
EWS Key EWS 11
Surface Area 4 560726
Location Main
Qrientation West
Geometry Type  Single Curved
Glass Type Transparent
Glass Type 2 Frit
Materal Type Glass
Door Type
Door Type 2
Doar Type 3
Mirrored
Column 50
Row 5

| Zaha Hadld Archirecis



Facade . BIM Model

Building information model

Revit 3D Model
. 3D model + meta data Facade

. Custom parameters
can be added to all
building elements

. Using ZHA BIM this
can already be done in
Rhino + Grasshopper

Data
Orientation ‘Morth

W5 Title Russian EHL-’])KHL-‘] 1 ®ACA, Data
EWS Type

Data
Orientation ‘South

EWS Type EWS 15
..... ; urfaceArealSlQBm
..... : ocatlonTerrace
..... G eometryTypeFlat
..... ; IassTypeTransparent
..... - IassType?.Nant
..... . atenaIT}fpeGlass
..... * oorTypeDG—TerraceDoor
..... = oorTypEZSlldngoer

/HA BIM
 Rhino parameters

Rhinoceros &3

- BzHaEM - “
OFF PROJECT: 2466 - SbebankTechnoparkBldg  +
PARAMETER SET:  Facade z

A/V L X F

BIM Parameters (1 Objects selected)
4 ZHA BIM

Name MW_5_50
Import Adaptive
Material Glass

4 Family
Family ZHA_Adaptive_Bdrusion_PanelArched_Base
Famity Type Glass

4 Facade
EWS Key EWS 11
Surface Area 4 560726
Location Main
Qrientation West
Geometry Type  Single Curved

Glass Type Transparent
Glass Type 2 Frit

Materal Type Glass

Door Type
Door Type 2
Doar Type 3
Mirrored
Column

Row

it

e atss | Zaha Hadid Architects



Facade . BIM Model

F'i lte r Filter Rules
ST

S —

does not equal
is greater than
And: is greater than or equal to
is less than
is less than or equal to
contains
does not contain
begins with
does not begin with

-

=rie e

i ;
| V - i
Visibility/Graphic Overrides for 3D_COL_EWS_Type . ——— - o Panel type E
Model Categories | Annotation Categories | Analytical Model Categories | Imported Categories | Filters | Revit Links - EWS 1 1 Pe r] me ter
— e — B EWS 12 Winter garden
e VR e Patterns | Transparency|  Lines | | EWS 13 Ground floor
:Z:’Eﬁ'ﬂ g L] EWS 15 Terrace
Param_EWS_13 O | EWS 21 Canyon East / West
Param FWS 1 1 = EWS 22 Canyon North / South
Param_EWS_22 O B EWS 23 Canyon bridge
raram, b2 = B EWS 24 Main entrance
Param_EWS_31 o | Tt > MW EWS 31 Canyon gate
Param_EWS 41 O EWS 41 Skylight

e ove s | Zaha Hadid Architects



Facade . BIM Model

Filter

Filter Rules

Filter by: | Geometry Type v | [ v

does not equal

is greater than

And: is greater than or equal to
is less than

is less than or equal to
contains

does not contain

begins with
does not begin with

A

Panel geometry

Flat

Single curved

B Double curved

Panel type

EWS 11 Perimeter
EWS 12 Winter garden
EWS 13 Ground floor

A

0 EWS 15 Terrace

Eckart Schwerdtfeger
AU Las Vegas 2018

EWS 21 Canyon East / West
EWS 22 Canyon North / South
EWS 23 Canyon bridge

EWS 24 Main entrance

EWS 31 Canyon gate

EWS 41 Skylight

| Zaha Hadld Archirecis



Facade . BIM Model

Filter

Panel size

00 -02 m? 10 - 12 m?
02-04m* @ 12-14m° -------
O4-06m? P 14 -16 m? y i I
06-08m2 P 16- m? il \\\\\\v%%"‘

o ST
P2 T e,

e T,
\\““\’ 2z AR =
— 2 4 i / \ 25X T o o e
= s X ! o,
- "' "'\ XX %
i ey,
(]

)

i

Ill})

S TPx
),

)

\ \~

)

LUIIRNR

A

Panel type

EWS 11 Perimeter

EWS 12 Winter garden

EWS 13 Ground floor

EWS 15 Terrace

EWS 21 Canyon East / West
EWS 22 Canyon North / South
EWS 23 Canyon bridge

Flat EWS 24 Main entrance

Single curved EWS 31 Canyon gate

B Double curved EWS 41 Skylight

A

Panel geometry

e over s | Zahea Hadid Architects



Facade . BIM Model

Building information R

Meta data + custom
parameters are used

to set up schedules o
=EWS Type Distribution=

Revit keeps all A 8 | ¢ | D
SChedUleS U p to date Orientation |  Area | % iQuantity
at all times Sulil ; S
East . 3697.106m*. 11% : 484
I
Y T L Y]
T — e TR
34385073 ¢ — =35 Panel schedules
EWS 12 : , : =Geometry Type by Orientation=
East . 1928569 mF; 23% : 198
T — i " - - -
A ll d a ta Ca n b e eX p O rte d Suuth .................................... ..... 3 []32865m?¢35% ............ 338 e — — ——
: 8414511 @ 943
for further analysis + A —
visualisation EBSt o D14583 M 16% | 86| DoubleCurved | 2322427mF B4% @ 288
Morth . 1788224 ¢ 35% : 141 Single Curved . 1326.086m7: 36% : 108
e — T I o — =
i — il
5174.493 n7@ 420  Double Curved | 821958m* 7% : 121
N TR T
East 1098766m 13% | 114]  FatCut 0 G2984im 8% 157

e over s | Zahea Hadid Architects



Facade . BIM Model

@ = = = -

IIZHA Pane-l Schedu]e 01 RAW” mn g T : man man 1w o mn mn mar man man ma man ma mar man

::IIID:: ll "lElell "
"ME_1_68","EWS
"ME_1_67","EWS
"ME_1_66","EWS
"ME_1_65","EWS
"ME_1_64","EWS
"ME_1_63","EWS
"ME_1_62","EWS
"ME_1_61","EWS
"ME_1_60", "EWS
"ME_1_59","EWS
"ME_1_58","EWS
"ME_1_57","EWS
"ME_1_56","EWS
"ME_1_55","EWS
"ME_1_54","EWS
"ME_1_53","EWS
"ME_1_52","EWS
"ME_1_51","EwWS
"ME_1_50","EWS
"ME_1_49","EWS
"ME_1_48","EWS
"ME_1_47","EWS
"ME_1_46","EWS
"ME_1_45","EWS
"ME_1_44","EWS
"ME_1_43","EWS
"ME_1_42","EWS
"ME_1_41","EWS
"ME_1_40","EWS
"ME_1_39","EWS
"ME_1_38","EWS
"ME_1_37","EWS
"ME_1_36","EWS
"ME_1_35","EWS
"ME_1_34","EWS
"ME_1_33","EWS
"ME_1_32","EWS
"ME_1_31","EWS
"ME_1_30","EWS
"ME_1_29","EWS
"ME_1_28","EWS
"ME_1_27","EWS
"ME_1_26","EWS
"ME_1_25","EWS
"ME_1_24","EWS
"ME_1_23","EWS
"ME_1_22","EWS
"ME_1_21","EWS
"ME_1_20","EWS
"ME_1_19","EWS
"ME 1 18" ."EWS

13" ,"East”,
r e iy -0
13" "East”
13" ,"East"”,
13","East"
13" ,"East"”,
13","East"”,
13","East”,
13" ) "East"

13","East",
13" , "Eastll .

13", “East"™,
13" ,"East”,
13!! "East"
13" . "East",
13","East"”,
13" ,"East”,
137, "East”™,

13" ; "Eastl' ;

137 ,"East’,
13'! "East”
13" ,"East”,
13" _"Easr” .,
13", "East”,
13" "East",
13","East"”,
13","East"
13" ,"East"”,

13" ] llEaStll ;

13", "East”,
13" . "East"”,
13" “East"
13","East"”,
13" _"EasE
13","East"”,
13" "East"
13", "East”,
13","East"
44" Easr",
13" "East”,

13" . llEaStll i

14", EBST™.
13", "East”,
13" ,“East™,
13", East”,
13","Ea5t"
1311 . "East”
13", "Eastr™,
13" ."East”.

0r1entat1on

Plll ll " mar mar man e man mar

13" . llEaStll .
13" . ”Eastll -

" "

”Ma1n",”11.
AN . A1
"Main","11.
”Ma1n","12.
Hain . 12.
"Main","12.
"Main","12.
"Ma1n","12.
"Main","12.
Main',"12.
"Main","12.
"Main","12.
"Main","12.
"Main","12.
"Ma1n","12.
"Main","12.
Main ; 12.
Main","12.
"Ma1n","12.
"Main","12.
"Main","lZ.
"Main","12.
"Ma1n","12.
"Main","12.
"Main","12.
”Ma1n","12.
"Main","12.
"Main","12.
Main","12.
"Main","12.
"Main","12.
"Main","12.
“Ma1n","12.
"Main","12.
"Main","12.
Main” , A2.
"Ma1n","12.
"Main","12.
"Main","12.
"Main","12.
"Ma1n","12.
"Main","12.
"Main","12.
"Main","12.
"Ma1n","12.
Main ., 12,
"Main","12.
”Ma1n",”12.
"Main","12.
Main","12.
"Main” . 12.

Locat1on

917
917
917
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385
385

Area
m=","Glass",
m=","Glass
m*","G1ass"
e -7 L gl
m=","Glass
m*","Glass
m’","G]ass
m’","G]ass
m=","Glass
m=","Glass

m’" "Glass
m*","G]ass
m=","Glass
m’","G]ass
m=","Glass",
m’","G]ass
m=","Glass
m=","Glass
m Glass
m’" "Glass
m‘","G1ass
m‘","G]ass
m=","Glass
m=*","Glass
m‘","G]ass"
mzll,llG'Iassll
m=","Glass
m=","Glass
m=","Glass
=" . Glass
m=","Glass
m=","Glass
m=","Glass
m‘","G1ass
m=","Glass
m=","Glass
m’","G1ass
m=","Glass
m’","G1ass"
N )
mt" . Glass ,
m’","G]ass"
R, GIASS .
m","Glass",
m‘“,"G]ass
m=","Glass
m=","Glass
m‘”,“G1ass
m=","Glass
m="."Glass

"n
"
"
"
"
mn
"
2'! mn "
"
"
"
"

Mater1a1

Glass
Glass
"Glass
"Glass"
Glass”
Glass"”
Glass”
Glass"”
Glass”
Glass”
Glass”
Glass”
Glass”
Glass"
Glass"”
Glass”
Glass”
Glass"
Glass”
Glass”
Glass”
Glass"”
Glass"”
Glass”
Glass"”
"Glass"
"Glass"
Glass”
Glass"
Glass”
Glass"
Glass”
Glass"
Glass"”
Glass”
Glass”
Glass"”
Glass"”
Glass”
"Glass"
"Glass™
Glass”
"Glass"
"Glass"
Glass"”
Glass”
Glass”
Glass"
Glass”
Glass"
Glass”

"

"

"

"

"

"

"

"

Material Type , Glass Type

:,:Transparent: :No Fr1t: ::,“"
" "Transparent" "NO Fr1t" .
' Transparent NO Frit
<EWS Type Distribution=
A | B | ¢ | D
Orientation : Area : %% :Quantity
EWS 11
East 3697.106 m25 1% : 224
| *i "i",i'éé"ﬁé"# ..... g %1599
N éi'éﬁ"é;i';imﬁ# ..... e =y
G s '] 'éé'é'i"'é;i"*imﬁﬁ ..... g
34385.073 m* gszs  Panel schedules
A , =Geometry Type by Orientation=
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