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Course Description

Prefabrication, modularization, offsite and industrialized construction are increasingly being used as strategies
to address mounting supply chain challenges, labor shortages, and escalating costs. The market for factory-
based construction continues to rise in the U.S., especially in multi-family housing, as developers seek
alternatives to conventional delivery models. The approaches are also evolving. This type of construction
changes the planning and procurement processes, and therefore the scope of various project team members.
This webinar examines how the roles of architect and engineer are changing to meet the demand of offsite

construction workflows.

Presented by architecture academics and consultants at MOD X, who are experts in offsite and modular wood
construction, the session will begin with a discussion of market drivers and an overview of light-frame and mass
timber modular systems. It will then shift to four personas or archetypes representing the roles architects and
engineers are playing in this changing construction landscape. The personas will be illustrated with case studies
of contemporary practicing design professionals in the U.S. who are leading the practice of offsite construction
and leveraging its value in unique ways. Their stories characterize the offsite wood design sector and the role of

design teams in the future of wood modular construction.



Learning Objectives

1. Assess the drivers for offsite and modular construction in the U.S. based on
macro-economic context, labor shortages, and cost escalation.

2. Review current and emerging offsite wood systems, including light-frame
and mass timber panelized and volumetric modular solutions.

3. Discuss the changing role of the architect in the offsite and modular
construction supply chain, design for manufacture and assembly workflow,
and business models (vertical and horizontal integration).

4. Share four case studies of specific architects in offsite and modular
alternative practices as illustrative examples of the changing role of the
architect.
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1. Drivers
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DE-INDUSTRIALIZATION OF CONSTRUCTION, USA

Gross value added per hour worked as measure of productivity (McKinsey, 2017)
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> 60%

Productivity boost
(onsite)

> 1000%

Productivity boost
(offsite — onsite)

FOR TECHNOLOGY TO DELIVER, THE CONTEXT NEEDS TO CHANGE
(McKinsey, 2017)

@ Reshape regulation

@ Rewire contracts

@ Rethink design

@ Improve procurement and supply chain

© Improve onsite execution
© Infuse technology and innovation
@ Reskill workers

© Move to a manufacturing style
production system



McKinsey Market Share?

Current offsite share of housing, %
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2. Offsite Wood Systems
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Industrialized stick built Construction

Source: Rupnik, “Home Delivery”, 2011, Northeastern University.



Open Panel (Closed Panel) Construction

(2) 2X6 TOP PLATE

e (2) 2X6 END STUDS

PANEL SEAM
(2) 2X6'S

2X6 STUDS @ 16" O.C.

(1) 2X6 BTM PLATE

PANEL SEAM LINE

Source: Ryan E. Smith, Prefab
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Manufactured / Modular

Regulated by HUD CODE Regulated by IRC, IBC
Nearly 100% factory completed 50-80% factory completed
Platform frame (steel chassis) Platform frame (70%+ of manufacturers)

Source: Rupnik, Mass Production, 2014



Volumetric Modular

(2) 2X6 BTM PLATES

(2) LVL RIM JOISTS

- -

Ine

Matel

(marriage wall)

Source: Smith, Prefab



Manufactured / (Volumetric) Modular
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3. Role of Designer




> 60%

Productivity boost
(onsite)

> 1000%

Productivity boost
(offsite — onsite)
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Reshape regulation
Rewire contracts
Rethink design

Improve procurement and supply chain
Improve onsite execution

Infuse technology and innovation
Reskill workers

Move to a manufacturing style
production system



TRADITIONAL: Offsite Team Approach

Developer Designer Builder

Offsite Team >

Project based design
Prototype Manufacturing - DfMA



To Rethink Design of Offsite
>

Modularized

Product Platforms

>

Digitalization

Industrialization

Circularity



Modularization is the activity of dividing a
product or system into modules that are ...
flexible (so as) to create different requested
configurations, while reducing the number of
unique building blocks (module variants).

> (by) re-using module variants across
multiple configurations ... economy of scale
IS reached without standardizing the product.



Product platforms are a collection of
modules ... that are common to several
products. This commonality is developed
intentionally to achieve desired effects in
order to create value. (source: Springer)

A product platform can be understood as a
game with a finite but flexible set of

playing pieces. (e.g., LEGO® or Dominoes)

Product platforms are not products.
Modularization is not productization.



Product platforms are not products or
prototypes

Product platforms enable economies of
scale

NOT because of standardization at the
product level, but because of standardization
at the module level to allow for more variety
at the product level.



MODULARIZED PRODUCT PLATFORM
Smart Phone Context / Site / Design
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MODULARIZED PRODUCT PLATFORM
Automobile

@ %295?27 »

I.D. Family of Electrical Vehicles Volkswagen Group

Disc Brakes

Charging Port

23 Battery

Drivetrain/

Front Powertrain o S 5 Volkswagen Motor Unit

Radiator

MEB Product Platform



AEC Business Model — Project

CUSTOMER INPUTS

}

PROJECT




Manufactured Goods Business Model - Product

CUSTOMER INPUTS CUSTOMER INPUTS

.

PROJECT

Not a prototype!



Offsite Construction from Project to Product

ideooupling point between platform and customer

. [Typical
Codes and Standards Project Construction]
more “open” systems Combination of parts
more “closed” (modular) systems Configuration
. [Car]
product variant Product [Hup code Home]

»

Level of predesign

Source: MOD X / Helena Lidelow



Product Platforms / Business Platforms

ldecoupling point

. [Typical
Codes and Standards Project Construction]
Product Platforms

that balance standardization
2D modular Confiaurat and customization
3D modular onfiguration

. [Car]

Source: MOD X Network Insights



MODULARIZED PRODUCT PLATFORM
Continual Improvement

customer input

l i i l . [Typical
Codes and Standards Project Construction]

customer input

) C
Product ES?nr;rt Phone]

Continual
improvement

customer input

l

variant product




Established US Offsite Business Model

HUD CODE (Manufactured Home)

Dealer

Network

. [Car]

The core business model for volumetric modular comes from the manufactured housing industry as well >
“productization without a modularized product platform”



Product / Business Platform Examples

Dealer Net.

2D modular
Configuration
3D modular 9
“model”



International Model: Product Platform

Product Platform

h

Designer

2D modular
il ti
3D modular Configuration

Product Platform



Modular Team Approach
(variable manufacturer)

Product Platform

Manufacturers Designer Developer Builder




MODULARIZED PRODUCT PLATFORM

Product Platform

Architect

Manufacturer

2D modular
3D modular

Product Platform



Modular Business Model > Product Platform

Product Platform

Client
' > Builder
Designer —

2D modular
il ti
3D modular Configuration

Product Platform



MODULARIZED PRODUCT PLATFORM

Product Platform

X X

Designer

2D modular
3D modular

Product Platform



Offsite in Context

Product Platforms - Between Business and Tech
00 - Context

 Market
Material
Labor
Regulatory
Culture

01 — Business Platform
« Value Creation

« Supply Chain
 Integration

02 - Product Platform

* Modularization

* Product Platforms

« Continual Improvement

03 — Technology
- Automation
- Digitalization




4. Case Studies



TRADITIONAL: Offsite Team Approach

Developer Designer Builder

Offsite Team >

Project based design
Prototype Manufacturing - DfMA
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TRADITIONAL: Offsite Team Approach



TRADITIONAL: Offsite Team Approach

Preapproved modules
Preapproved connection details

Source: Jackson Main Architects



TRADITIONAL : Offsite Team Approach

=

»

Source: Jackson Main Architects



MODULARIZED PRODUCT PLATFORM
Katerra

Product Platform

h

Designer

2D modular
Configuration
3D modular

Product Platform



MODULARIZED PRODUCT PLATFORM
Katerra Garden Apartments (USA)

Katerra Optimized Units

Unit Planning Modules

Repeatog parts reduce comgled, manual Seid-work
Modules are planed t) ACCommodate AIB0N-whde
ccesudiity stndands

Continvous Bearing Line: Fewer Jogs, Corners & Wall Panels

Longer. stragneer walls Simpily sTuctere
prefadacated wal pansl manutachuring, sSpong
and eslalaton  Alows for fewer panely, foanr
PICKS, fTewer CONBeCtions and more efcent
shpping  Straight and contnuous Structurl
Sadring nes sampily Noor panels. warl panels and
Soundatn beang systems

Bathroom Bath Kits

Pre-Cesigned, pre-engineered 10 iastal 1 2 day
Designec for optemal livabiity, efficiency and
accessibiity compiance Repeatatie bathroom
Ryouts reduce the cost and Bme 10 Sevelop 2
progect  Parts within bath kits are configurabie
Tuts and showars within the typical bath kit an
contigurabie

Load Center

Dxpecites stalanon by providing ador rtensive
SCTICH GSY0UBON In 3 pro-manutactured assembly

Laundry Utilty Claset

Laundry closet 089S ICOMRrNe Dr-engneernd
paneilzed utiity wals optmized for space sfclercy
and nstalason

Pocket Doors

Pochet doors $24p rmide wall panels
They save space by greaty reducing
accessbilty Clearances

K3 L Shaped Kitchen

Naterra kEchens are pre-desgned
pre-engretred and ophimzed for cost
manutacturing MEP skaplihcation and
1ccessdity Furnture islards ae
avalible &8 a0 p00ed amendy

KEChen 308 DANoOm assambies
Incomporate hurred-out Uty wals
alowin) for pre-assemtdy and
optonzaton of MEP system enpewerig
nstalation and assembly



MODULARIZED
PRODUCT
PLATFORM
Katerra Garden
Apartments (USA)
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| & KATERRA




|[% KATERRA

Total Man Hours: 26,511
/ Man Hours per unit:187




Modular Team Approach
(variable manufacturer)

Product Platform

Manufacturers Designer Developer Builder




MODULARIZED PRODUCT PLATFORM

RES 4 Modern Modular (USA)

——

-




MODULARIZED PRODUCT PLATFORM
RES 4 Modern Modular (USA)

| 500 MILES |
| |

Since 2004, Resolution: 4 Architecture has refined the list of build with the quality and expectations of their own design
factories they prefer to work with, seeking factories that standards, shown here highlighted in red.




MODULARIZED PRODUCT PLATFORM
RES 4 Modern Modular (USA)

8idding

A local contractor is responsible for all the site work before and after the modules are set. So, RES4 requests and then analyzes contractor bids,
Y
o help the client select the right contractor for the job.



T
Ll

T
] |







Mass Timber Product Platforms

MASS TIMBER SYSTEMS EVOLUTION

Product platform development Platform-based building projects
= PROJECT - A
. j . ” ............................... ’
o 4
N
) PROJECT - B
......................................‘
Customer inputs
Platform design PROJECT -C
Prototype i i s
Test

Project Data
Improve




Mass Timber Product Platforms

MASS TIMBER PRODUCTS

OFF - SITE ON -ISITE
[ ]
‘ harvesiing H miling H e L;,:;;;g } —[ e I s assombly ]
\ . J
CLT MANUFACTUF!ING ASSEMBLY
MASS TIMBER SYSTEMS
OFF - SITE ON -1SITE

|
, o panel panel systems | site
L H pressing I formatting H e I integration assembly
| | |
\ Y ) | { J k_\(i

CLT MANUFACTURING SUB-ASSEMBLY ASSEMBLY
VALUE ADD

—




MODULARIZED PRODUCT PLATFORM
Connect Homes

Product Platform

Architect

Manufacturer

2D modular
3D modular

Product Platform



Connect Homes SF / ADU / Homeless Housing (US — CA)




Connect 1

480 3F TOTAL | | HEDEOOM | | BATHROOM | } STORY

Connect 4T

1200 8F TOTALI 2 HEDROOMS | 3 DATHNOOMN 1 2 STORMS

EXPLONE MOUELE THAY
BEST FIT rOUS LiFFRIILE

Square footage

<

# of stories

<

# of bedrooms

LAPLORE MODELD TyAY
BEST ¥(T YOUN LIFFLTYLE

Square footage

<

Connect 2

R40 5F TOTAL | 1 RERROOM | | BATHRDOM | ) STONY

£

# of stories

# of bedrooms

S

Connect 10

2300 5F TOTAL | & REDROOMS | J DATHROOMS | 3 STORME

ERPLORE MOOKLS THAY
MEXT FiE Youm GTEnRtYLl

Square footage -

<

i# of stories

# of bedrooms -

LAPLORE MOOELYE THAL
BEAT FITYOUN LIFESTYLS

Square footage

# of stories

# of bedrooms -







MODULARIZED PRODUCT PLATFORM
Sekisui Chemical

Product Platform

B Manufacturer S Builder

X X

Designer

2D modular
3D modular

Product Platform
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MODULARIZED PRODUCT PLATFORM
Housing / Sekisui Chemical > Evolution through Continual Improvement

LGS Structural Chassis LWF / EW Structural Chassis
c ic Claddi . .
LGS Structural Chassis eramic Cladding Stucco / Ceramic Cladding
1970 1973 - Present 1984 - Present
: D N WE— "
| l I )
- = i ' ! A
— - — ey —

SEKISul



MODULARIZED PRODUCT PLATFORM
Housing / Sekisui Chemical > Lifestyle Brands

v B
- & o a

Singe Story House Parfait
Steel / Wood 1 Stories Steel 2 Stories

Smart Power Station Urban
Steel 2 Stories

Steel 2 Stories

Grand To You
Wood 2 Stories

Smart Power Station FR -

Parfait bj " Desio
Steel 2.5 Stories

Steel 3 Stories

Domani o - Life blénning Heim

- - 7.-.#"-.‘

Smart Power Station GR
Steel 2.5 Stories

®

V to Heim
Steel / Wood 2.5 Stories



MODULARIZED PRODUCT PLATFORM
Housing / Sekisui Chemical > Continual Improvement
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MODULARIZED PRODUCT PLATFORM
Housing / Sekisui Chemical > Standard Sub-assemblies / Unique Layouts

H n [ h ” t
90 pre-engineered chassis types 1‘;)’&93"9 ype

60K + Sub assembly components

9 lengths
6’,8.5’12.5’, 16’, 18’ 12.5’ 16’ 18’
Most typical :

2 widths
2 heights
8+9




MODULARIZED PRODUCT PLATFORM
Tokyo Heim Factory— Sekisui Chemical

A

site work (most wet work)

< Part.

Loose components

Subassembly Plant

_ v
< o y R y N A A

Bathroom Pods Kitchens Stairs

Third-party supplier Third-party supplier { Insulation

3D 2D
E | - »
C_U > >
o > ——>
%) A .
2 |
é’ L.

Outside ’
®) Wall
A A
Steel Mill Sekisui Facade
1D Plant 1D/ 2D
- " ) -~
. - .1 ’/ ‘ ? 2 ,_'“ L ”'_;‘,'
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Product Platform / Modularization Sekisui Chemical

T2V R« KUTILRI KR
H~Sh LWL 2=/ —ASVI(—

AEOELSS
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SPF 72&

SEKISUI
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Product Platigrm./ Modularization Sekisui Chemical

SEKISUI






SEKISUI



SEKISUI

Sekisui Heim ' House Rebuilding System

=i |

/\

d

Hl_lﬂ

by

Ll

g
o~
o o

H

Used House

Eco

ransportation

Dismantlin to Plant

Igheck: Repair‘

Reship out
from plant

Deliver to Site

[Rebuilt House|

o




MODULARIZED PRODUCT PLATFORM
Katsuhiko Ohno — Sekisui Heim

Assembly

Numerous “spoke” plants
(owned and partnered)
feed a network of 8
subassembly “hub” plant

y R SEKISUI
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MODULARIZED PRODUCT PLATFORM

Product Platform
Builder

Manufacturer

2D modular
Configuration Product Platform
3D modular
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Conclusion



Modularized Product Platform

ldecoupling point between platform and customer

Project [C-)rgr?;ijlction]
more “closed” (modular) systems

»
>

Role of the designer

[Car]
Product [Hub code Home]

Level of predesign



Role of the designer

00 - Context
 Market
Material
Labor
Regulatory
Culture

01 — Business Platform
« Value Creation

« Supply Chain
 Integration

02 - Product Platform
« Subassemblies
« Manufacturing Logic
« Standards/variants

« Project

03 — Technology
- Automation
- Digitalization



) QUESTIONS?

This concludes The American
Institute of Architects Continuing
Education Systems Course

Ryan E. Smith
Founding Partner
MOD X Advisory LLC
ryan@modx.world
(385)215-0326 (USA)
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