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Mass Timber Comparative
Life Cycle Assessment Series

Comparing the embodied carbon impacts and cost of

mass timber buildings to functionally eqguivalent buildings

Introduction
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CRADLE TO GRAVE + MODULE D
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Raw Material Supply
Transportation
Manufacturing
Transportation

Construction/Installation
Use
Maintenance
Repair
Replacement
Refurbishment
Operational Energy Use
Operational Water Use
Deconstruction/Demaolition
Transportation
Waste Processing
Disposal
Reuse
Recycling
Energy Recovery

1
Note that the stages and information modules shown here deviate slightly from the naming convention used in ISO 21930.

However, this series denerally uses terminology consistent with ISO 21930. 1
|
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Material Incineration Landfill Recycling/Recovery Accounting Method

Recycled into aggregate, credited for avoided
Concrete 45% 55% burden of production of aggregate, considers
impact of grinding energy

Introduction

Recycled virgin material is credited for
2% 98% avoided burden of production (net scrap),
considers processing impacts

Steel &
Reinforcement

Incineration is credited for energy recovery,
landfill considers 50% decomposition and
release of biogenic carbon (with credit for
Mass Timber energy recovery due to landfill gas capture)
and 50% is permanently stored, recycling is
credited as avoided burden, considers impact
of grinding energy

Glass

— Gypsum Board 100%

Plastic 100%

Insulation

R L



Office / H_igher ducation Architect: Shears Adkins Rockmore
Type IlI-A Construction Engineer: KL&A — [ ..
98,280 ft2 (9,130 m?). | Contractor: P o
4 Story — — i,
Foundations: Spreadioo Al e M o
No below grade. ' | ' - ] :
L1: Concrete Slab onlGrade 1 III |
12 - Roof: CLT Panel|§ Glulam |
. Lateral: Precast Concretes@ore Walls + Glulam Brace -
Grid: 20’ X 34’ N, ;

ﬂ_PI |
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Floor finish N
Castn-place fopping slab ——————— =
Aeingte urdarlaymont mat T
CLT fooe pana -
Ghularn framing

Mote: Floos finish s considensd
architecsural fintsh and excluded fram
e LCA. Acoisstic . i
wathathed due 1o lack of avadabie datn,

FLOOR: 5ply CLT Floor, Concrete Topping
Slab, Glulam Framing

ROOQF: 5ply CLT, Glulam Framing

LATERAL: Precast Concrete Walls,
Glulam Brace

MASS TIMBER
(AS DESIGNED)

Depped caling finish

Mabe: Floor Tinksh ks considered
architeciural finksh and oxchsded from the LCA

FLOOR: Concrete on Metal Deck, WF Framing

ROOF: Metal Deck, WF Framing

LATERAL: Precast Concrete Walls,
Steel Brace

STEEL



Goal: Design & Component Specifications to achieve Functional Equivalency

* Construction Type

Fire Resistance Rating

* Design Efficiencies & Considerations

* Framing Scheme
* Span Lengths
* Grid Layout s f
* Floor Assembly Thicknesses - Building Height
* Building Weight - Foundations, Lateral System
* Acoustic Assembly
° Cei I i n g Asse m b Iy Concrete Mix Proparty Assumptions
. . Element Concrete (psl, SCM%)
 Component Specifications 4000, 20 A
Pilasters 5000..40'\;FA
Mat Slabs S000. 40% FA
Floor Elevations and Building Height Foatings 5000, 40% FA
Structural System Floor-1o-Floor Haight Floor to Ceiling* Total Building Haight Foundation Walls S000, 40% FA
e I R w7 | | Pecrsnesrwos 5000,40% FA
Steel Lo 100" B5-7T" Slab on Metal Deck 4000, 20% FA
Topping Slabs 4000, 20% FA




FUNCTIONAL EQUIVALENCY

DENVER OFFICE
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[ Structural Column Locations
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I Precaed Concrete Cone Wall
m— Stes| Braced Frame



Mass timber material
contributes 0.5% to
superstructure GWP

\ Total Building GWP =
300

279

250 2322
£ 200 \ B B e e :
k= =
42% TOTAL % 150 13.9 5‘* = Wood ® Thermal &
S Moist
REDUCTION ©) O M Metals oisture
Em, 100 9.3 g = Masonry Protection
Glazing &
32% ARCH o o L .
REDUCTION S 50 — 48 2 E;:E;;vall
0 0.0
46% STRUCTURAL _
Mass Timber Steel

REDUCTION



Mix Assumptions for Wood:

3,940 km (2,450 miles) 32% Permanently Stored
*  63.5% Landfill

e 22.0% Incineration
* 14.5% Recycle @

Total Building GWP per Life Cycle Stage

300 \ /

260

220

180 \\
140

100

0 37
A4 GWP = 35% of 60 ol w
-14

Stored Biogenic -100
End of Life Module D

Production Transportation Maintenance
Ca rbon and Replacement

GWP (kgCO,eqg/m2)
GWP (kgCO,eq/ft?)
r
1
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-256 kgCO,eq/m?
vs
140-239 kgCO,eq/m?

GWP (kgCO,eq/m?)

Stored Biogenic Carbon GWP

CLT
Panels

CLT Wall
Panels

Glulam
Beams

Glulam
Columns

-0.9

-1.9
-2.8
-37
-4.6
-5.6
-6.5

-84

GWP (kgCO,eq/ft?)
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Total Structure
Raw Material

Total Structure
Construction

Whole Building

2.5 Months Faster Construction

0% S Premium

Construction Cost

I 3.2%

0.0%

0% 20% 40% 60% 80% 100% 120%

140%

" Mass Timber
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Return To Form

Comparative
Life Cycle Assessment Study

Author: KL&A Engineers & Builders
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Multifamily / Retail ;
Type IV-B Construction, IBC 2018 with Denver Amendments (2024 1BC) '

139,000 ft (12,900 m?) i | '! I an e | N
: - e,
12 Story ;-1‘1 | ,u:!.: T ‘H —_ !m"
Foundations: Drilled Piers . & | JSEHRE R L
No below grade i | (WL } fane w4 AN
L1: Concrete Slab on Grade '''" ° a— e —
Mnae 8 F 1L O ][
L2-L4: Concrete Slabs w8 | mE e v
L5 - Roof: CLT Panel & Glulamdill | F 1T - TI07 o7 § Em
Lateral: Congrete Cores '}.‘-"I-r I " :-I'I r T i d i!lllﬂ
. G.r-iqfinO"x 0’ L b = Y. E;-H"}"-‘ﬂ
At Ve teert, IIERSASSSRRICIESR] LRI SRR =
P GG TR ST T T e 5 o
. —_— 1 1 o 1 i) & = o el R = i tom .
" Owner: Katz Development o i s i :] j :urL e

“"“Architect: tres birds

Engineer: KL&A
Contractor: Swinerton

.. % _RETURNTOFORM

? Denver, Colorado




Flaar finish
Cast-in-place topping slab
Sound contral floor finish mat
Acoustic underlayment mat
CLT foor panel —

Hobe: Floor finish and scund control floor finish mat are

MASS TIMBER
(AS DESIGNED)
Type IV-B

Filaor finish
Sound control floor finksh mal

Dropped celling attachment
Insutatian
Dropped celling finish

Compaosite siab — concrate on melal deck —— |

Kota: Floor finish and sound control ficor finish mat am L s I finish and axchuded from the LCA.

Sound controd floor finish mat
Post-lensicned concrete slab

Mot Floor finish and sownd contnol Boor finksh mal are consadened anchitectural finish and excuded from the LCA.

STEEL “CFS”
(CFS & DECK)
Type |I-B

l_rII'I_I

CONCRETE
(PT)
Type I-B
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MT < CFS < CONC
21%-25%
REDUCTION

GWP (kgCO,eq/m?)

300

250

200

150

100

50

-50

Total Building GWP:
System and Material Contributions

79.5%
205% 17.6% 14.0%
Struct  Arch Total Struct  Arch Total ‘ Struct Arch Total

Mass Timber CFs Concrete

279

23.2

18.6

13.9

9.3

4.6

0.0

GWP (kgCO,eq/ft?)
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- e e . .y

1 [
|
|
|
|
I
|
””””” d
= Wood B Thermal &
B Metals Moisture
B Masonry Protection
Concrete | M Glazing &
Curtainwall
Finishes




MT < CFS < CONC
73%-83%
REDUCTION

GWP (kgCO,eq/m2)

180
160
140
120
100

Above-Podium Structural GWP

16.7

B
13.0

— 1

— 93
— 74

- ————— bb

— 3.7

e — 1.9

_ — 0.0
-1.9

T I

Mass Timber CFS Concrete

GWP (kgCO,eq/ft2)

I Wood

B Metals
Concrete



100%
90%
80%
70%
60%
50%
40%
30%
20%

10%
0%

~20% Foundation
Impact

Structural Substructure

and Superstructure GWP

Mass Timber

Concrete

1

[ Superstructure
B Substructure
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MASS TIMBER — LIGHT FRAME HYBRID STEEL
(AS CONSTRUCTED, 2021)

* FLOOR: Plywood Sheathing, I-Joists, Glulam Beams * FLOOR: Concrete on Metal Deck, WF Beams
(No Topping Slab)

* ROOF: 4ply CLT, Glulam Beams & Columns * ROOF: Metal Deck, Steel Bar Joists, WF Beams

e  WALLS: Light Frame Wood Walls & CLT Elevator Walls e  WALLS: CFS Stud Walls & CMU Elevator Walls



MT < STEEL
43% REDUCTION

GWP (kgCO,eq/m?)

Total Building GWP -
System and Material Contributions

300 crorse 279
250 - . 985
_78%
200 " 18.6
150 13.9
57%
100 L 9.3
43% 25%
50— —-— M— - - 46
0 — — -— 00
©Struct Arch " Total Struct Arch Total
-50 -4.6

MT/LF Hybrid Steel

GWP (kgCO,eq/ft?)

© " Roof

: ~ Main floor &
| " Lower floor,

" Wood ® Thermal &
B Metals Moisture
® Masonry Protection
Concrete = M Glazing &
Curtainwall
Finishes




Superstructure Structural GWP

100 9.3

:- ———————— -; Roof
] Main floor
80 7.4 Lﬁ. Lowerﬂocr;
T 60 ——
B T
2 Q
CS 40 3.4 o)
E - - Q @)
S = i brme g 20 1‘9 g
a o
= 0 00 = " Wood
o © ® Metals
69% SUPERSTRUCTURE g
REDUCTION -20 -1.9 Concrete
B Masonry
-40 3.7
MT/LF Hybrid Steel

118% STRUCTURAL
REDUCTION



Office / Higher Education Owner: University of Denver

Type IlI-B Construction Architect: Lake Flato, Shears Adkins Rockmore

22,990 ft2 (2,136 m?) = Engineer: KL&A ”

3 Story ;‘ ’ = Contractor: PCL -
Foundations: Drilled Piers = s

No below grade —

Level 1 .

‘ " bl g = - s
' ! ! - Level 2
:

_ IfWaIIs at Core || , i

M’Uﬁ{t). {;:Fxﬁ




MASS TIMBER
(AS CONSTRUCTED, 2020)

STEEL

* FLOOR: 3ply CLT Floor, Concrete Topping
Slab, Glulam Framing

* FLOOR: Concrete on Metal Deck, WF
Framing

* ROOF: 3ply CLT, Glulam Framing * ROOF: Metal Deck, WF Framing

* LATERAL: 5ply CLT Core Walls e LATERAL: CMU Core Walls & Steel
Brace



Total Building GWP —
System and Material Contributions

300 P - 279 | E
T 250 e 232 & ! ﬂ
= 100% - =
g ' 6.1% m uh -_— _— _— Al — -_— d
~ 200 186 &
Q o
O Q
MT < STEEL 3’ 150 == 13.9 E’ = Wood B Thermal &
31% TOTAL REDUCTION o ik ek = B Metals Moisture
CE— S | = L = Protection
% 100 i 9.2 o B Masonry _
Concrete | M Glazing &
50 —— VE— — 46 Curtainwall
SUPERSTRUCTURE Finishes
40% REDUCTION o 0.0
Struct Arch Total Struct Arch Total
Mass Timber Steel
SUPERSTRUCTURE
STRUCTURE

79% REDUCTION



MT < STEEL
98% REDUCTION

GWP (kgCO.eq/m?2)

25

20

25

20

Lateral System Component

Contributions
2.3
1.9
1.4
0.9
0.5
o1 /0.4 O

Mass Timber Steel

GWP (kgCO,eq/ft?)

12
0
0

L

N BN BN EE EE Em Ew
______ = IJ
[}
- e s ss ss osw oew |
mCLT B CMU with
B Steel Plate Mortar & Grout
B Steel
Reinforcement
Steel Brace
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Total Building GWP

350

300

3
=
[=3

kgCO,eq/m?
&
L=

=]

[=1

250
® Mass Timber
H Steel
m Concrete
10
5
21% -43%

Reduction Return to Form Nez Perce Burwell Denver Office Building

_________



.......

Return to
Form — Steel

Return to
Form -
Concrete

Nez Perce

Burwell

Denver Office
Building
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ﬁ = about 10 homes; == about 10 cars



Range of GWP Reductions by System

1@5

7% =I=

S‘Imlrl'lrucl.uu.f Superstructure/
Above-Podium  Above-Padium
(Struct +Arch) {Struct Only)

SYSTEM TRENDS

COMPARATIVE STUDY SERIES

m— Architecture
+ Structure

e Architecture
— Structure



Total Building

21% -43%
Reduction

Total Structure

24% - 55%
Reduction

Superstructure
Structure

63% —-118%
Reduction

GWP [kgCOseq/m?)

25

275

175

125

k]

25

=25

GWP Comparisons Showing System and Material Breakdowns

4% reduction = GWP Reduction of Mass Timber from Alternate
<% increase= GWP Increase of Mass Timber from Alternate
[ Architectural materiais
[ ] superstructuresabove-Podium Structural Materials
[ ] substructure/Podium-And-Below Structural Materials
2

L

Hans Timber Steel

Derwer Office Bulldng

Gongrete Mass Timber-LF Steel

s Timber CF&

Mams Timber Steel

Return to Form Hez Perce: Burwell

175

75

5

kGCO et

Architechural Malerals

® Concrete

o Metals

B Masonmy

m'Wood

# Finishas

W GLaping sl Curlamaall

m Theermal and Moisture Profection

Structural Materials

m Masonny

uWaad

m Metals

wConcrede

B SubsIrUCung Metals
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63% —118%
Reduction

GWP (kgC0O,eq/m?)

175

155

135

115

w
4]

-
L5

o
o

35

15

-5

Mass Timber

Return to Form

Superstructure/Above-Podium Structural Material GWP

f
87

Gy
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Steel

__________

Concrete

Mass Timber Steel

MNez Perce

—

Mass Timber

Burwell

Steel

Mass Timber

- .‘6":?%

Steel
Denver Office Building

—a

u Concrete
= Masonry
m Metals

= Wood




Stored Biogenic Carbon GWP

® Stored Biogenic
Carbon
(165) = Total Building GWP
(300}

BIOGENIC CARBON TRENDS

COMPARATIVE STUDY SERIES



Relative Cost Premiums

] 1.1%
CFs f

Concrete me@%
Msas Tiviber W 18.9%

Steel
Mass Timber | .439(?*
s Tim
7% = Total Structural Raw Material
Steel m Total Structure Contruction
Mass Timber 15.9% 5. 1% m Whole Building Construction

ol O A |
1 |

-10% 10% 30% 50% T0% 90% 110% 130%

COST TRENDS
COMPARATIVE STUDY SERIES




Comparative GWP, Cost, and Schedule

180%
160%
140%
120%
100%
B Mass
80% Timber
50% gg u Steel
E

0% ® Concrete
20%
0%

Returnto MNez Perce Burwell Denver Returnto Nez Perce Burwell Denver Returnto Nez Perce Burwell Denver

Form Office Form Office Form Office
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Comparative GWP, Cost, and Schedule
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BO0%
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Froduction Stage

End-of-Life Stage

N




Photo Credit: JC Buck

This concli@les The American Institute of
Architects O@htinuing Education Systems
Course. '
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