|| & KATERRA

Product vs. Project:

Addressing Localization in Industrialized Construction

Forest Flager
Director of Software and Design Automation

Katerra

CitA TECHLIVE 2020
September 25, 2020



Growing Team

8,000+ Global Team

Manufacturing | Design | Construction
Engineering | Supply Chain | Software
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End-to-End Integration

Katerra delivers end-to-end building
products and services.

Architecture

Interior Design
Engineering
Manufacturing
Building Materials
Supply Chain Services

General Contracting
Skilled Labor

Renovations

Software

Intelligent Buildings




Market Experience

We have market experience
across industries and continents.

Multifamily
Senior Living
Student Housing
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Offsite Manufacturing

We move as much construction completion
as possible to the factory environment.
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1. Industrialized construction

7
KKATERRA



US Historical Housing Prices
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Consumer Price Indexes for Electronic Goods & Services

. Cable and satellite,
television and audio
service

@® Alitems

. Internet services and
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Photographic
equipment and
supplies

Audio equipment

Computer software
and accessories

| . ~ @ Televisions

Personal computers
and peripheral
equipment
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2. Mass customization
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Seismic Hazard Map of the United States

Highest hazard

Lowest hazard
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Climate Zones of the United States

Marine (C) Dry (B) Moist (A)
I il |l I
q
]
Warm-Humid
below white line
Thermal Criteria
2 Zone CDD 50* HDD 65**
1 > 9000 -
2 6,300 - 9,000 -
1 3 4,500 - 6,300 -
4 < 4,500 < 5,400
5 - 5,400 - 7,200
6 - 7,200 - 9,000
7/ - 9,000 -12,600
8 - > 12,600
* Cooling Degree Days over 50°F
** Heating Degree Days under 65°F
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Construction Labor Rates

USD per hour
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Building Platforms

Katerra Building Platforms take the
ouesswork out of construction by applying
the principles of repeatable manufacturing
to entire buildings.

Katerra buildings are made from manufactured assemblies
and components; including wall and floor panels, casework,

bathroom and kitchen kits, and more.

48 State Compliance

Complete Bill of Materials

1000’s of Unique Design Configurations
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Wall Design Process
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Wall component design activities

Component Desigh Automation Roadmap

] Project Setup e
M Build Walls

B Define Riser Block Outs

B Apply Wall Framing Types

M Build Openings (doors + windows)
B Apply Opening Framing Types

M Build Posts & Stud Packs

B Add Structural Hardware

I Panelize Walls

Reduction in design effort
by May 2020: 70%

B Define Structural Blocking

] Generate Initial Framing

[1 Coordinate Structure & MEP Systems
M Detail Framing for MEP Components
B Detail Framing for Arch. Components
M Construction & Logistics Planning

] Generate Shop Drawings

M Internal QA/QC

I Response to External QA/QC

1 Release to Manufacturing
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80%
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Impact on Design Skills and Experience?

BEFORE AUTOMATION AFTER AUTOMATION
(JAN 2018) (JAN 2020)

® Novice
M Journeyman

W Expert
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Inevitabilities

1. Industrial construction

2. Mass cugomization

3. Automat®® design
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Which Wall Type?

Type B

Stud Type

Stud Spacing

Sheathing Type

Sheathing Thickness

Nail Spacing

Field Spacing

Sheathing Orientation

Shear Capacity

Bearing Capacity

Double Single

16” 8”

Ply OSB

3/8 3/8

3” 27

127 6”
Horizontal Vertical
1000 Ib/ LF 1020 Ib/ LF
2775 Ib/ LF 2775 Ib/ LF
$582 / LF $453 / LF
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Wall Costing Methodology

LO_sAW_OUTPUT_CHECK1Z20_RO

aB-aaEE a8

SAW OUTPUT CHECKRough Opening

121 _HWD 125 ELECTRIC_PREF 130_SUBCOMP

Hardware Electrical prep Sub Components

For each panel by station:
Material cost = quantity x unit cost

Labor cost = takt time x (labor rate + overhead rate)
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Dispatcher
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Exterior Windows Final Operation
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Wall Optimizer Tool

Engineering Performance Criteria

Wall Design Optimizer

Design Options ordered by Cost

Bearing Capacity

Shear Capacity

Design Variables

235942

Stud Species & Grade
¥| DF#1

*| DF1800

Stud Spacing

Ll

Stud Size
Zxd

o Juf

Stud Type
single

Double Sheathed?

*| False

Sheathing Thickness
¥ 1h/32

Sheathing Type
¥ 0SB

Sheathing Crientation

| \fertical

Nail Type

#| 10d

Nail Spacing
v 2

Field Spacing

¥ 6

|| & KATERRA

DF#Z
#| DF2400

#| 12

Jx4
2

Double

| True

#| 19/32

| DSBStruct?

Horizontal

| 6d

12

HF#2
¥ SPF1650

¥| Triple

Ply

SELECT f UNSELECT ALL

SUBMIT

S\SPF#2
| SRF2400

| 24

Ix8

*| 7116

Parameters

Cost ($/LF)

Axial Capacity
Shear Capacity
StudSize

Spacing

Stud Type

Grade

Double Sheathed?
Sheathing Thickness
Sheathing Type
Sheathing Orienation
Nail Type

MNail Spacing

Field Spacing

Option 1
53.37
27620.0
1740.0
2%5

16

Triple
DF2400
False
15/32
OSBStruct
Vertical
10d

2

6

Option 2
54 29
276200
1740.0
2%6

16
Triple
DF2400
False
19/32
OSB
Vertical
10d

2

6

Option 3
57.86
276200
1740.0
2%6

16

Triple
SPF2400
False
15/32
OSBStruct1
Vertical
10d

2

B

Option 4
583
27620.0
17200
2%5

16

Triple
DF2400
True
15/32
OSBStruct
Vertical
ad

4

6



Structural and Component Design Automation

Building Platform Case Study

Traditional Design il . _ %
Process Automation | | N N -

B

Structural Engineering o | A T 7 S
Design Effort 71 hours 39 hours = - i+ e T . T

_459° ] D o e
(A baseline) (-45%) L - _ oo ‘

# Options Considered <20 3.03E6 - e ' A L
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Material Forecasting

Process and Impact

Revit Model Fill Data
Extraction Gaps
90(y Reduction in 40(y Reduction in early
0 QTO effort O forecast error?

e >65,000 Revit elements e Al predicts material
extracted automatically guantities for in progress
designs

1 Applies to projects that are 6 months or more from material need date.

BOM Transformation

F a Ste r (Bizl:\/leration

e Automation creation of
Design, Costing and
Production BOM

Dashboard

5 1 O(y Cost savings
- O by category

e Visualization of
aggregated quantity
information by need date

24
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Thank you.
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forest.flager@katerra.com

katerra.com info@katerra.com
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