Desal WWang

let basics = function

‘hometown” -> [ “Xi'an, China”; “Ann Arbor, Michigan” ]
‘education” -> [ “BArch, Cornell University”: “CompSci Minor” ]
‘interests” -> [ “sustainable design”; “software development” |
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Motivation: X
. . . Y,
LCA needs to be integrated with design! il
- early stage design offers most opportunities °
for embodied carbon reduction =
- need tool to give designers feedback about
aesthetic choices
“-IIIIIIIIIII..
*
: ®  Facade-Finder Tool point of use
Multiple geor_netries and ideas - " Rapid feedback on the range of
Agility in design tools . ®  potential environmental
Rapid iteration " »  impacts for facade concepts
MITI Il ai:ma.l-“‘."‘“‘!:
: Q.
Settling on a set of ideas, OneClickLCA g)l_
geometies BIM-oriented tool o)
Module widths, floor-plate depths Well-definede model with -]
Materiality more-or-less set massing/facade
Detail Design
Refining selected scheme Environmental Product Declarations (EPDs)
Estimations of material quantities Standardized documents that
Specifications created describe a product/family of
products

Construction Doc.

Drawings out for bid
Selection of contractors/builders
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Tool Development

Natural Stone

Aluminum panel

. o

Sl

4

Cladding thickness: 3mm
Cladding Panel weight: 4.9 kg/m?2
Cladding Support: x8 Aluminum
Frames + Fixings

Embodied Carbon:
231kgCO2e/sgqm

Cladding thickness: 30mm
Cladding Panel weight: 44,7 kg/m2
Cladding Support: x13 Aluminum
Frames + Fixings

Embodied Carbon:
226 kgCO2e/sgm

Early Stage Design Choices
 generalized parameters instead of specifc

products

- interface to visualize and compare options

Terracotta

Cladding thickness: 40mm hollow extrusion

Cladding Panel weight: 31.7 kg/m2

Cladding Support: x9 Aluminum Frames +

Fixings

Embodied Carbon:
223 kgCO2e/sgqm

UHPC

Cladding thickness: 30mm
Cladding Panel weight: 371 kg/m?2
Cladding Support: Fixings

Embodied Carbon:
204 kgCO2e/sqm

N +do 44
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Baseline Madule

Improvement from baseline [kgCO2e/kg]

15000
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Payoffs of different facade upgrades

5000 ®F

-10000

2022

2030

2050

Dense horizontal shading:
Save 13452 kgCQ2e by 2050

Extra insulation:
Save 9574 kgCQO2e by 2050

Triple-pane glazing:
Save 7854 kgCQO2e by 2050

Vertical fins:
Spend 1867 kgCQ2e by 2050

N +do 44
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KPF ep + ui Visualization Aug 18 2022
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Aluminium Frame

Embodied Carbon:
197 kgCO2e/sqgm

Insulation + Back
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Glazing

> Glass and Aluminium Curtain Wall

Glazing Unit

Main Aluminium Frame

Insulation + Back Panels
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Grasshopper

£:51771_SustainableDesign’0_Work
Organization’l WorkPlan\2022_Sum
(merlntecshipi\DesaiWang’\ToollDevel
opmenti081222 Scoutimaterial datc
abase_updates.json

ReadJSON

core_depth
perimeter_depth
structural_bay_width
floor_floor_height

1]
{0} floor_thickness

num_glazing_units
wall_width
wall_depth

floor_to_glazing

floor_to_sill
is_center
hor_louvres

louvre_depth

num_louvres
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context_geom
facade_srf
WWT
louvres
span_finish
ext_finish
glazing
frame
brackets
studs
int_finish
label_pts

guide_lines

T« 1 | 1o O b

| 0 gypsum _board

{5}
0 stesl_stud

ExtFinish

SpanFinish

SpanFinish

ExtFinish

Insulation

|Bracket Mass (kg
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IntFinish
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Brackets

Script Editor

C‘ Seript component: Curtain Wall

- |
PEe AT

19 =
50
55 private void RunScript (double core depth, double perimeter depth, double structural bay width, double floor floor height, double floor thickness, int nu
56
57 //last update: QBIE22
58
59 //base point and vectors (currently using default xyz, and not paramterized into script)
80 Point3d origin = new Point3d (0, 0, 0);
61 Vector3d z_unit = new Vector3d(0, 0, 1);
62 Vector3d y_unit = new Vector3d(0, 1, 0);
63 Vector3d x_unit = Vector3d.CrossProduct(z_unit, y_unit)s
64
65
//double floor thickness = floor floor height - floor ceiling_ height;
double floor ceiling_height = floor_floor_height - floor_thickness;

slabs based on depth (= core_
= new Plane (origin, z_unit);

h + perimeter depth), width and height,

ght

BoundingBox bounding b = new BoundingBox(origin, new Point3d(structural bay width, core depth + perimeter depth, floor thickness)):

BoundingBox context_b = new BoundingBox(origin, new Point3d(4 * structural_bay_width, core_depth + perimeter_depth, floor_thickness));:

//legacy for creating single floor modules
17 (bounding_b) i
Ip
m.Translation (0, 0, floor_floor_height));

I’
i

Box base b = new Box(context b);

Box top_b = new Box(base b);

base b.Transform(Transform.Translation(-3 * structural bay width, 0, 0));
top_b.Transform(Transform.Translation(-3 * structural bay width, 0, floor floor height)):

Brep p0_b = context_b.ToBrep();
p0_b.Transform(Transform. Translation(-3 * structural_bay_width, 0.05, 0)); //
Brep nl_b = p0_b.DuplicateBrep();

nl_b.Transform(Transform.Translation(0,

ffset so geom doesn't clash

=3

~floor_fleer_height));

Brep pl_b = p0_b.DuplicateBrep();
pl_b.Transform(Transform.Translation(0, 0
Brep p2_b = pl_b.DuplicateBrep();
p2_b.Transform(Transform.Translation (0,
Brep p3_b = p2_b.DuplicateBrep();
p3_b.Transform(Transform.Translation(0, 0

floor_floor_height));

floor_floor_height));

floor_floor height)):

List<Brep> b_lst = new List<Brep>():; //holds slabs in context geometry
b_lst.Add(nl_b);
b_lst.Add(p0_b);
b_lst.add(pl_b);
b_lst.Add(p2_b
b_lst.Add(p3_b);

//create glazing tem for WindowWall

//initialize line and srf lists

double glazing_unit_width = structural_bay width / num_glazing_units;
List<Line> WallLines = new List<Line>();

List<Line> Windowlines = new List<Line>();

List<Line> UnitFrame = new List<Line>();

List<Line> Cassette = new List<Line>();

List <Line> Studs = new List<Line>();

List<Point3d> LouvresPts = new List<Point3d>();

List<Point3d> LouvresStPts = new List<Point3d>();
List<Point3d> AnchorBracketPts = new List<Point3d>();
Cache Recover from cache

in vis

IN + do 4dM
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Web Ul

N +do 44

Module is centered?

Wall Width

Floor-Sill Distance
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Shading Type

Metrics

(] Component Embodied Carbon

6123.3 kgCO2e

The global warming potential (GWP) of the production
processes for all the materials (A1-A3) as they are
found in a facade.
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KPF ep + ui

Customizing Scout
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Wall Width

Floor-Sill Distance

Module is centered?

Shading Type

Component Embodied Carbon

Aug 18 2022
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d4dM

T hanks!

IN + do

sajoupud

Carlos + Luc
Benjamin
Eric

EP + Ul

KPF
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