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Scaling Offsite and Volumetric Modular

Todd Beyreuther PE
Head of Platform Development, Earth Force Build

Disclaimer: This presentation was developed by a third party and is not funded by WoodWorks or the Softwood Lumber Board.




Technoeconomics of resources

Strategic Intent:  Connect natural environment offtakes with built environment offtakes
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Technoeconomics of stewardship

Strategic Intent:  Connect natural environment offtakes with built environment offtakes



O Market (size = population)

0/%\ 10-digit forest shed (DF shown)

Mill (active or mothballed)

Technoeconomics of markets

Strategic Intent:  Connect natural environment offtakes with built environment offtakes



Technoeconomics of community

Strategic Intent:

Connect natural environment offtakes with built environment offtakes

E————rmee———

200

90 minute drivetimes (forest-to-mill)

relative volume available

LOG = depots (active or mothballed saw mills)
LAM = lamstock mills / depots

BIL = mass timber billet factories



DF = Douglas-fir

PP = Ponderosa Pine

Technoeconomics of species

Strategic Intent:  Connect natural environment offtakes with built environment offtakes



Western larch Douglas-fir Western hemlock Ponderosa pine Lodgepole pine
Larix occidentalis Pseudotsuga menziesii Tsuga heterophylla Pinus ponderosa Pinus contorta
230 ft 200 ft 165 ft 165 ft 100 ft

Technoeconomics of species

Strategic Intent:  Connect natural environment offtakes with built environment offtakes



Technoeconomics of restoration

Strategic Intent:  Connect natural environment offtakes with built environment offtakes

photo credit: Earth Force Technologies



Technoeconomics of grading and sorting

Strategic Intent: Connect natural environment offtakes with built environment offtakes
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Technoeconomics of milling

Strategic Intent:  Connect natural environment offtakes with built environment offtakes



DEVELOP 35mm and 30mm ELAM programs

Key Takeaway:  BID projects are designed on a 35mm and 17mm basis (external specification).
MOD projects will be designed on a 30mm basis (internal specification).

Technoeconomics of manufacture



1.1 LUM = lumber development 1.2 LAM = lamstock development

prescriptive CLT from commodity lumber (edgewise properties)

Visual Grade SPO (1.4V) c dity 2x6 Lumb
SPF2x12values + DF-Lsubstitution o Y 4 Qmmf;.)l IE,YAN )EJSAum er
(875 fb, 450 ft, SG 0.42) ;f,geé::' SSY(P Ush

82.5mm 3-ply (min) - 315mm 9-ply (max) Cost Model Validation(E) /@

SYP 2x12 values
(750 fb, 450 ft, SG 0.55)
97mm 3-ply (min) - 175mm 5-ply (max)

MSR Grade SPO (1.5M)
SPF 2x6 or 2x8 values + DF-L substitution v =
(1650 fb, 1020 ft, SG 0.42)

105mm 3-ply CLT Characterization (150mm - E)

WSU Pullman (WA)

150mm 5ply - GF
MSR Grade SPO (1.8M)

SPF 2x6 or 2x8 values + DF-L substitution . ————— @
(2100 b, 1575 ft, SG 0.46)
97mm 3-ply (min) - 175mm 5-ply (max)

CLT Characterization (90mm - E)

WSU Pullman (WA)
90mm 3ply - GF, DF, WH

MSR Grade SPO (2.0M)

SYP2x6or2x8values / ————— @
(2400 fb, 1975 ft, SG 0.57)
105mm 3-ply (min) - 245mm 7-ply (max)

<===30mm LAM electronic grade lamstock

Electronic Grade Qualified (1.5E MSR)

performance lamstock-based CLT
90mm / 105mm 3-ply - 150mm / 175mm 5-ply

performance lamstock-based CLT
90mm / 105mm 3-ply - 150mm / 175mm 5-ply

38mm LUM electronic grade lumber

Electronic Grade Qualified (0.9E)

performance lamstock-based CLT
90mm / 105mm 3-ply - 150mm / 175mm 5-ply

Market Demand Model Validation () v/ —————@

performance-based CLT from custom lamstock (flatwise properties)

v @

v e

v

ELOG Pilot Runs 1,2,3
IFG Lewiston mill (ID)
Grand Fir

ELAM Characterization
TU Graz (AT)
GF, DF, WH, LP, PP

IFG Lewiston mill (ID)
Grand Fir = GF

ELAM 33/38x140/184mm DF
IFG Chilco mill (ID), Yakama (WA), Vaagen (WA)
Douglas-fir = DF

ELAM 33/38x140/184mm LP
IFG Chilco (ID) / Stolze (MT) / Vaagen Bros (WA)
Lodgepole Pine =LP

ELAM 33/38x140/184mm PP
IFG Laclede mill (ID)
Ponderosa Pine = PP






1.3 LAM electronic grades (proprietary)

lamstock certifying agency

mill number

7 MOE [mean, measured] (flatwise)

E indicates electronically-graded lamstock (flatwise).

—

1.8E-1 S78T

30x140 DF
1216 1.8E LAM-6

MC12 0.52SG 1575 Ft 2100 Fb

section (mm) and species

E-rated lamstock grade per
ASTM D6570-18a

r—
Bending Strength [0.05] (psi)
Tension Strength [0.05] (psi)

Specific Gravity [mean]

™ Moisture Content [mean] (%)

1.4 LAM sections
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1.5 LAM strength and stiffness certifications TABLE 1.X

ASD Design Values® for Laminations Used in CLT and GLT

Allowable Design Properties for Laminations Used in CLT
1 8 E - 1 5 7 5 I Laminations Used in Major and Minor Strength Directions
n LAM (minimum properties allowed)
Grade
35x135 DF E R B foos fonas
(10°psi) (psi) (psi) (psi) (psi) (psi)
1 2 1 6 1 8E LAM_6 ELAM grading rules limit the percent- fretnsen® fenm e
» age of the cross section allow for a 2.1E-2050T 2.10 2050 2550 2037
combination of knots, knot holes, burls,
MC 1 2 O 50 SG 1 575 Ft 21 OO Fb distorted grain, an decay at the edges 2.1E-1575T 2.10 1575 2100 1869
. of the cross section. The actual size
changes with graded width and can be 2.0E-1925T 2.00 1925 2400 1981
expressed as a size for clarity with
setting the grading machine. 1.9E-1750T 1.90 1750 | 2250 | 1925
Normalization with external lumber grades to internal lamstock categories is possi-
ble after transformation to lamstock in the factories. All incoming lumber is sorted 1.8E-1575T 1.80 1575 2100 1869
and remediated to lamstock specifications without negating the external strength
and stiffness grading. 1.8E-1375T 1.80 1375 1950 1813
1.8E-1020T 1.80 1020 1650 1701
ASTM ASTM
Des70183 Des70-183
1.5E-1575T 1.50 1575 2100 1869 X X2
1.8E-1575T 1.8E-1575T 1.56-1375T 150 | 1375 | 1950 | 1813 o 136 331
. o . i 0»40 141 376
L 146 421
35x135 DF 35x180 DF 1.5E-1020T 1.50 1020 | 1650 | 1701 042 152 466
1216 1.8E LAM-6 1216 1.8E LAM-6 044 157 511
1.5E-0750T 1.50 750 1250 | 1552 046 162 556
MC12 050SG 1575 Ft 2100 Fb MC12 0.50SG 1575Ft 2100 Fb 048 168 601
0.50 173 646
1.5E-0500T 1.50 500 900 1421 052 178 691
0.54 184 736
0.56 189 781
1 8E_1 575T 1 8E_1 575T 1.2E-1375T 1.20 1375 1950 1813 058 194 826
35x135 DF 35x180 DF 1.2E-1020T 1.20 1020 | 1650 | 1701
1216 1.8E LAM-5 1216 1.8E LAM-5
1.2E-0750T 1.20 750 1250 1552
MC12 050SG 1375Ft 1950 Fb MC12 050SG 1375Ft 1950 Fb
1.2E-0500T 1.20 500 900 1421
1.2E-0350T 1.20 350 750 1365
1.8E-1020T 1.8E-1020T
35x135 DF 35x180 DF 090 750 1250 | 1552
1216 1.8E LAM-4 1216 1.8E LAM-4
0.90 500 900 1421
MC12 1020 Ft 1650 Fb MC12 050SG 1020 Ft 1650 Fb
0.9E-0350T 0.90 350 750 1365




lamstock certifying agency

mill number

7 MOE [mean, measured] (flatwise)

7 'E'indicates electronically-graded lamstock (flatwise).

1216

1.8E-1575T

30x140 DF
1.8E LAM-6

MC12 0.52SG 1575 Ft 2100 Fb

—— section (mm) and species

* E-rated lamstock grade per
ASTM D6570-18a

| |

== Bending Strength [0.05] (psi)

—  Tension Strength [0.05] (psi)

—  Specific Gravity [mean]

Moisture Content [mean] (%)
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1.6 CLT strength and stiffness certifications

outer lams MOE [flatwise mean]
composite bending stress [flatwise, 0.05] (psi)
‘ H_‘ Cross-section min [measured]

v | S 1.8E-1775F
ESY 61300 oF

millnumber = ESR-XXXX >E1

77e6 El ,, 3600F,S,, 1hr FRR

eoff,0

fire resistance rating [tested]
composite bending strength [0.05] (psi)

composite stiffness [mean]

Like lamstock, stiffness and strength classes can be established for composite sec-
tions of CLT and GLT. This normalization is similar to prescriptive glulam grades in
published standards and allows normalization of material performance parameters.
Design values for each section and species combinations are clearly noted at the
bottom of the grade stamp. The complexity of the multiple agency and standards
pathways is captured in the overarching ICC-ES product report.

ot =~ 1.9E-1400F
ES im0 cF

ESR-xxxx >£2,E5
64eb Elm 2825F S 1hr FRR

el

e~ 1.2E-1050F
ESY 13000 o

ESR-xo0x >E3

526 El,, 2125FS,, 1hrFRR




CLT V & M grades ($1500 / m3 baseline)

SUPPLY CHAIN® milling panel subtractive systems integration aité
harvestin rading > i fi ri > %
(baseline 2011) 9 Bal Q(LUM)Q F(CLT)‘ (cLm) <4 site construction
MERCER SPOKANE (current) = bid projects 30k m3 quota
SMARTLAM {U.S.) = bid projects
Strategic Intent: Add CLT production dedicated to modular. oo v PTG
SUPPLY CHAIN 1 harvesting | grading pressing f ing fysiana inlegrauon site .
Lo . . (proposed 2015) (LAM) cLm (cLm il site construction
1. Existing CLT production serves BID project growth
2. New CLT production serves /|0 project growth
milling panel subtractive additive systems sys site
SUPPLY CHAIN 2 harvesting |- grading pressing facturing facturing | Integration | int construction
(proposed 2017) (Lum) (CLT) (CLT) (CLT) factory site
LINDBACKS (Sweden) = platforms
VOLUMETRIC BUILDING COMPANIES (U.S., UK, Polan) = platforms
CLT E grades (81150 ) m3 baseline)
SUPPLY CHAIN 3 N " milling gra:iing pan?l sb'tr subt‘racliv_e ad‘di(lve_ ) stysleTs s_y‘s site
roposed 2025 arvesting - | SOIting pressing mig | — ing ing  integration in .
{propo ) (LAM) (LAM) (cLn o)) (MOD) (MOD) (MOD) site Sonstriction
A%k m3 target

weden, Findand, Austria) = bid projects + build systems (Sylva)

BINDERHOLZ (Germany, Austria) = bid projects + build systems (b solutions)
HASSLACHER (Austria) = bid projects + build systems
D e —

KALESNIKOFF (Canada) = bid projects + assembly

Technoeconomics of value chains

Key Takeaway:  Modular (MOD) projects are a market expansion strategy to complement
existing design-bid-build (BID) projects.



Strategic Intent:

Increase CLT production from ~25k m3 to ~75k m3.

(2025) capitalizes existing primary manufacturing assets

(2026) capitalizes proposed secondary manufacturing
assets

«  PNW market diffusion models by Beyreuther, Ganguly 2016-2020 model

Technoeconomics of scale

Key Takeaway:

MOD projects on 30mm basis complement BID projects on 35mm basis.

(MMsf)

a

Gross Floor Are

CLT Market Diffusion in the PNW
MM sf of achievable residential market

100% 3ply CLT3-090

factory capacity 9.82
=86k m?
- 9.15
00 ’, 892
., 30mm +35mm E e
~ (cost advantage ALL 1-12 storie/s)z
00 . - 8.13
7 5c
_ 75
~ 7751
4
7
00 Z 703
e
100% 5ply CLT-150 L7 65
factory capacity Prg
=96k m3 00 &1
7
s 568 -
- _- 57
531 ~ - 533
) / 30mm E AL
483 . _ = T435 30mmE
(cost advantage 1-3 StOrIeS)/ -7 (cost disadvant@ge 1-3 stories)
s 44 443
100% module CLT-090 and 150 . 423 el T
factory capacity 0 - o :
=89% m? 8 376 i} 372
- 3 3.56
- 3
I 327 524
300 ,/1@2 — S
24 . 254 .
100% 5ply CLT-175 -~ 70
Eazt;)kr):rlgapaoty 00 -~ 20050 VM
/ ' (cost advantage 4-12 stories)
N 124 35mmV,M
" 097 (cost disadvantage 4-12 stories)




Technoeconomics of manufacture

Strategic Intent: Increase utilization in CLT production processes



Technoeconomics of manufacture

Strategic Intent: Increase utilization in CLT production processes






Technoeconomics of manufacture

Strategic Intent:  Increase utilization in CLT production processes



Tmx Tmx Tm = (1) timberblok

(1) 18.3m x 3.6m x CLT3_090mm billet approximately = (6) timberbloks

Technoeconomics of manufacture

Strategic Intent: Increase utilization in CLT production processes



CLT V & M grades ($1500 / m3 baseline)

milling panel subtractive systems integration site
SUPPLY CHAIN.D harvesting grading B pressing manufacturing g site ¢ construction
(baseline 2011) (LUM) (CLT) (CLT)

US (current) = custom, prescriptive bid components

CLT E grades ($1150 / m3 baseline)

SUPPLY CHAIN 3 ' milling grading panel sbtr subtractive additive _systems sys sito
(proposed 2025) harvesting o (LAM) —p-| sorting pressing mfg |—5 manufacturing | manufacturing = integration int construction
(LAM) (CLT) (CLT) (MOD) (MOD) (MOD) site
100~ 1cc IcC
LAM . CLT . ASSY
@ Certification @ Certification @ Certfication

Key Takeaway:  Modular (MOD) projects are a market expansion strategy to complement
existing design-bid-build (BID) projects.



POST and BEAM

GLT columns, beams, purlins

CLT one-way floor plates



POST and BEAM

GLT columns, beams, purlins

CLT one-way floor composite ribbed plates
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CLT one-way floor plates



BEARING WALL

CLT walls
CLT floor plates



POST and PANEL

GLT columns
CLT floor plates (two-way)

CFS non-structural infill



POST and BEAM

STEEL columns, beams
CLT floor plates

CFS non-structural infill



BEARING WALL

CFS structural walls

CLT floor plates



POST and BEAM

GLT columns, beams
CLT floor plates

CFS non-structural infill



MOD ASSEMBLIES

CLT floor plates
CLT framing components

CLT non-structural infill



MOD ASSEMBLIES

CLT floor plates
CLT framing components

CLT non-structural infill




MOD ASSEMBLIES

CLT framing components

CLT non-structural infill



4 A

WA
local ecologies and economies focus
state political boundary
4 A
K J WA, OR, ID, MT
supply chain focus
regional resource boundary
N J
4 A
WA, OR, CA, (BC)
market focus
regional policy boundary
\ J

;

S
t’odcs and standards focus

Technoeconomics of regions [

Strategic Intent: drive codes and policy at regional scales




Mass Timber Code and Policy Development
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LAM - CLT - MOD
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Mill (active or mothballed)

[ ] Mass timber factory (Spokane)

systoms sys -
harvesting - o

integration int
<, o construction




panel
harvesting - milling > pressing
(CLT)

subtractive
manufacturing
(CLT)

additive manufacturing

systems
T integration
o, tactory

Technoeconomics of manufacture

O 300 mile radius

sys
int

site

site
construction

® MANUFACTURE (primary mass timber)




SUPPLY CHAIN 3 panel subtractive additive systems sys site
(2022) harvesting —>| milling b—e pressing ing ing i i —e=] int construction
(CLT) factory factory factory site

O 300 mile radius

Py MANUFACTURE (primary mass timber)
PY MANUFACTURE (secondary assembly)

Technoeconomics of manufacture



‘Boolean’ methods

Tectonic detailing denved from linear scripting of processes

Technoeconomics of manufacture



‘Boolean’ methods

Tectonic detailing derived from linear scripting of processes.

(image- Beyreuthar, 2022)
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Technoeconomics of manufacture



MOD volumetric assemblies




MOD assemblies

European precedents demonstrate durable assemblies and
advanced manufacturing processes integrating ‘light’ mass

timber components (Renggli AG, Schotz, Switzerland)







MQOD hybrid framing

Targeting prefabrication assembly lines, MOD framing
components with both cross-laminated timber (CLT) and

glued-laminated timber (GLT) material offers custom

solutions for assembly lines.




(2)35%19.9'x9.9 MODS

(2)9.8'x 282 CLT5-150
(1)9.8'x20.7" CLT5-150
(3)35'x19.%5' CLT5-150

total count = (8)
total weight = 22k Ibs

MOD hybrid framing

Targeting prefabrication assembly lines, MOD framing
components with both cross-laminated timber (CLT) and
glued-laminated timber (GLT) material offers custom

solutions for assembly lines.

Grades: 1.2E, 1.5E

Layups: CLT3-090, CLT5-150, GLT3-090, GLT5-150

Species: DF, GF, WH, SPF
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MOD hybrid framing
Grades: 1.2E, 1.5E
Layups: CLT3-090, CLT5-150, GLT3-090, GLT5-150

Species: DF, GF, WH, SPF




MQOD seismic detailing

Assemblies with mass timber components require new ways
of detailing to demonstrate seismic equivalency with existing,

mature systems (e.g. light wood frame).




MQOD seismic detailing

Assemblies with mass timber components require new ways
of detailing to demonstrate seismic equivalency with existing,

mature systems (e.g. light wood frame).




MQOD seismic detailing

Assemblies with mass timber components require new ways
of detailing to demonstrate seismic equivalency with existing,

mature systems (e.g. light wood frame).




outer lams MOE [flatwise mean]
composite bending stress [flatwise, 0.05] (psi)

Cross-section min [measured]

MOD seismic certification _.® 1(-:?5_-019 HVSHF

millnumber — ——= ESR-XXXX >E1

A li ith i i
ssemblies with mass timber components require new ways 7766 El,,, 3600F,S,,, 1hr FRR

of detailing to demonstrate seismic equivalency with existing,

eff.0

fire resistance rating [tested]

mature systems (e.g. light wood frame).

composite bending strength [0.05] (psi)

composite stiffness [mean]

CLT lamstock MOE [flatwise, mean] (10° psi)
| shearwall level specifies nailing, holddowns

Y
o 1o~ 1.5E-SW3
ED CLT5-150 WH

CLT section (mm) and species

designation (Western Hemlock)

ASCE7-22 seismic coefficients

otk —p= ESR-xxxx  R=6.5, Q;=3, C =4

System Standards Seismic Design IBC Construction
Coefficients Type
R Q, C,
Ordinary CLT SW SDPWS 2021 15 25 1.5 Typelll, IV,V
B SDPWS 2021 3 (2:1) 3 3
SDPWS Appendix B CLT SW ASCE 7-22 4 @) 3 2 Typelll, IV,V
Oregon Alternative CLT SW Oregon SAM 15-01 2 25 2 Typelll, IV,V
ASCE 7-22
ASTM D79 LT L =]




MOD seismic certification

Assemblies with mass timber components require new ways
of detailing to demonstrate seismic equivalency with existing,

mature systems (e.g. light wood frame).




MOD volumetric assemblies

Grades: 1.2E, 1.5E 1.8E, 1.4V
Layups: CLT3-090, CLT5-150,
GLT3-090

Species: SPF, DF, GF, WH




MOD volumetric assemblies

Grades: 1.2E, 1.5E, 1.8E

Layups: CLT3-090, CLT5-150
GLT3-090

Species: GF

Alpine Housing (1.2+ AMI)

(image: Beyreuther, 2024)
AMI = Area Mean Income



MOD volumetric assemblies

Grades: 1.2E, 1.5E, 1.8E

Layups: CLT3-090, CLT5-150
GLT3-090

Species: GF

Alpine Housing (1.2+ AMI)

(image: Beyreuther, 2024)
AMI = Area Mean Income



Scaling Offsite and Volumetric Modular

Todd Beyreuther PE
Head of Platform Development, Earth Force Build

This concludes The American Institute of Architects Continuing Education Systems Course.




MODULAR MASS TIMBER

Bringing construction into the
digital / robotic era

INTEGRATED
DESIGN CUBED

MODULAR MASS TIMBER  Peter Rose + Partners | NKBAK | Kaufmann Bausysteme

Disclaimer: This presentation was developed by a third party and is not funded by WoodWorks or the Softwood Lumber Board.



VMODULAR MASS TIMEBER  KEY ELEMENTS

Mass Timber




VMODULAR MASS TIMEBER  KEY ELEMENTS

Mass Timber — Robotically Fabricated




VMODULAR MASS TIMEBER  KEY ELEMENTS

Mass Timber Modules



KEY ELEMENTS

Mass Timber Modules




KEY ELEMENTS
Modular Mass Timber Buildings

m




VMODULAR MASS TIMEBER  KEY ELEMENTS

An Integrated Team

IDCUBED FABRICATORS

Peter Rose, AlA, FRAIC Andreas Krawczyk Christian Kaufmann Todd Thesing Rob McRae
IDCUBED Co-Founder IDCUBED Co-Founder IDCUBED Partner Fabrication Partner Fabrication Partner
Peter Rose + Partners NKBAK Kaufmann Bausysteme (KBS) Highline Partners Highline Partners
Founding Principal Founding Principal Founding Principal Co-Founder Co-Founder
Harvard GSD

Professor

An Integrated team of highly skilled
architects and fabricators, In constant
communication, designing and
directing every aspect of the process.

Stani lordanova Christopher Flass Justin Cook
IDCUBED Senior Director IDCUBED Project Director IDCUBED Co-founder
Peter Rose + Partners Peter Rose + Partners RISD Center for Complexity

Principal Principal Founding Director




VMODULAR MASS TIMEBER  KEY ELEMENTS

Software

Pote”, e L g
-"ﬁ"'l.-'f::""uvz - F SN 4 5 .

T i I EEEEERK

Supply chain and local module assembly
managed remotely by our software.




MODULAR MASS TIMBER PROJECTS
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Exceptional buildings
for users and owners.




MODULAR MASS TIMBER PROJECTS
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MODULAR MASS TIMBER PROJECTS
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A wide range of programs,
scales, and contexts.




PROCESS
Stage 1. Integrated Design Of Everything

Buildings |

Modules KEY OBJ ECTIVE_S..

Timber and Other Components very good buildings

Supply Chain modules - very easy to assemble
Assembly Process buildings - very easy to assemble

constant improvement




PROCESS
Buildings
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PROCESS

Modules

FLOOR/
CEILING

Jlam /0.3 thick

LONG
WALLS

3 lam /0.3 thick

INTERIOR
WALLS ol
3 lam / 0.3' thick 44 J total volume

total components

Modules designed to meet the specific needs
of each project. A wide range of sizes,
configurations, shapes Is possible.




PROCESS

Timber Components

FLOOR/
CEILING

lam { 0.3 thick

INTERIOR .
WALLS |

240

total volume 1322.4 m3

total components 1,128

total component types 14

Robotically Fabricated By Multiple Suppliers



MODULAR MASS TIMBER PROCESS (3 STAGES)

Stage 1. INTEGRATED DESIGN OF EVERYTHING

Stage 2. MODULE ASSEMBLY T

i g

Directed — on tablets - "B ame SR = e
by proprietary software. e T —— ————— .

Supply chain also
managed by proprietary ot 2 SN E np T
software. ENE . 9P

Supply chain and module
assembly are managed
remotely.



MODULAR MASS TIMBER PROCESS (3 STAGES
Stage 7 Module Assembly: Software-directed

Instructions For Every Task On A Tablet At Every Module Station



MODULAR MASS TIMBER PROCESS (3 STAGES)
Stage 2 Module Assembly

Assembly Hall, not a Factory Rented, not Owned A Crane, no Robots



MODULAR MASS TIMBER PROCESS (3 STAGES
Stage 2 Module Assembly

Worker Friendly Builder Friendly



PROCESS = e
Module Assembly: |
Software-directed, remotely o HEA L

Assembly Hall 2
Rostock

KBS Headquarters

Reuthe, Austria
Germany

Assembly Hall 1
Berlin

Remotely Managed From KBS HQ



PROCESS

Module Assembly:
Software-directed, remotely

"I

Reuthe, Austria
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. IDCUBED and Assembly Halls

4-\ Anywhere in North America
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PROCESS

Stage 3. BUILDING ASSEMBLY

Sitework

Setting of modules
Facade / Roof |
Hook-ups N A
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IN NORTH AMERICA
Knight Building, Big Sky, MT

The First Large-Scale
Modular Mass Timber
Building in the U.S.
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IN NORTH AMERICA

120 modules
Set at a max rate of 20 per

96 occupants
12 suites
8 bedrooms per suite

d



BEDROOM LIVING ROOM

IN NORTH AMERICA
Knight Building, Big Sky
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VMIODULAR MASS TIMBER  IN NORTH AMERICA
Knight Building, Big Sky, MT

orkforce housing for 95 employees

1,000 GSF

1 months on-site construction

n time

nder budget

ustainable, all electric, solar array

tores 1,200 tons of carbon




VMODULAR MASS TIMEBER  KEY ELEMENTS

Mass Timber

A game-changing
Innovative material.

Precise, strong, beautiful.

CLT panels available In
very large sizes.

(Up to 12’ x 60’ x 11”)




VMODULAR MASS TIMEBER  KEY ELEMENTS

Mass Timber Components

Components fabricated
robotically with extreme
precision to our specifications by
others.

Available from a wide range of
mass timber suppliers in North
America and Europe.




VMODULAR MASS TIMEBER  KEY ELEMENTS

Mass Timber Modules
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W T = W | Modules designed strategically with the goals of:

1. Easy and quick assembly by small teams of
relatively low-skilled laborers in local assembly
halls.

2. Easy and quick setting on site

3. Exceptional buildings
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INTEGRATED
DESIGN CUBED

MODULAR MASS TIMBER



Resilient Homes

*Disclaimer: this presentation was developed by a third party and is not funded by
WoodWorks or the Softwood Lumber Board
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High
Capital
Cost

Manual Design

Paper
Processes

Worker
Shortage

No Volumetric
Approach

paradigm A
shift

Long Tall
Problem

/ Climate Zones
50 States

~30Kk Zoning
Jurisdictions

Hardware-Defined

Rigid
Systems
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Pipeline
Adaptability
Challenge

Production
Uncertainty



Reframe Systems

3 years old, founding team from
Kiva Systems and Amazon
Robotics.

Delivering homes to paying
customers. Vertically integrated.
40X production growth in 2025

-

MicrofactorX #1 operational in
Andover, M

Microfactory #2 in Los Angeles
EOY 2026

Reframe is building climate-
resilient homes using robotics,
algorithms, and a microfactory
network. We're turning
construction into computation to
unlock housing abundance.

,!l: il

T



We're reframing construction into a software and Al problem

Zoning and
Building Codes

Reframe Sidekick

‘ Customer Order

Mainframe

Low-Cost Flexible Robots



Highly detailed parametric CAD
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Work instructions drive shop floor efficiency

Wiring
. 24 Modules + X ~200 Work Instructions/Module
1 Iriple Decker = 6 Roof Cassettes (100 Annotated Views/Module)

= ~3500 Work Instructions (800 unique annotated views) per project



Reframe Robotic Paneling

50x smaller, 25x cheaper

CAPEX

Installation Time

Flexibility

Scaling/Utilization

Throughput

Footprint

Min Factory Footprint

Modular 2.0

wr

Modular 2.0

High (>$5M)
800 days

Very Low

None/Low

150 linear ft/hr

26,000 sqft

200k sqgft

Modular 3.0

(Reframe Systems)

Low ($200k)
100 days
Very High
Yes/High

36 linear ft/hr

500 sqft

20k sqgft




From #2 Lumber - High performance buildings

Software is material agnostic



Delivered our first climate-resilient home in 48 days

2.9X 20% 85%
Faster Tighter Less Carbon

égu%adyasti\é% ’;Ic)zgljclloaé\,/'csa\ntial 0.47ACHS50 vs. Compared to non-Passive

Competition 0.6ACHS50 two-story home
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Reframe L
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Source: houseplans.com



eframe

YSTEMS

This concludes The American Institute of Architects
Continuing Education Systems Course.
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This concludes The American Institute of Architects Continuing Education Systems Course.
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