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Due to their high strength, dimensional stability and positive environmental performance, mass timber building
products are quickly becoming materials of choice for sustainably-minded designers. This presentation will
provide a detailed look at the variety of mass timber products available, including glue-laminated timber (glulam),
cross laminated timber (CLT), nail laminated timber (NLT), heavy timber decking, and other engineered and
composite systems. Applications for the use of these products under modern building codes will be discussed,
and examples of their use in U.S. projects reviewed. Mass timber’s ability to act as both structure and exposed
finish will also be highlighted, as will its performance as part of an assembly, considering design objectives related
to structural performance, fire resistance, acoustics, and energy efficiency. Other topics will include detailing and
construction best practices, lessons learned from completed projects and trends for the increased use of mass

timber products in the future.
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Identify mass timber products available in North America and consider how they can be used under current
building codes and standards.

Review completed mass timber projects that demonstrate a range of applications and system configurations.
Discuss benefits of using mass timber products, including structural versatility, prefabrication, lighter carbon
footprint, and reduced labor costs.

Highlight possibilities for the expanded use and application of mass timber in larger and taller buildings.
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MASS TIMBER S A \\ \*' \

CATEGORY OF FRAMING
STYLES OFTEN USING SMALL &
W0OD MEMBERS FORMED
INTO LARGE PANELIZED
SOLID WOOD CONSTRUCTION
INCLUDING CLT, NLT OR
GLULAM PANELS FOR FLOOR.
ROOF AND WALL FRAMING |

A TIMBER

WHAT 1S1T?
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BUILDING FRAME SYSTEMS




Mass Timber Framing Systems

Framing
Styles

Post & Beam

Two-Way
Panel Deck

Hybrid Light-
Frame &
Mass Timber

“Honeycomb”
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What’s in a mass timber building? —

Products used .
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Mass Timber Framing Systems

Framing

Styles

Post & Beam

J

Two-Way
Panel Deck

Hybrid Light-
Frame &
Mass Timber

J

J

“Honeycomb”

J

A Vertical framing — columns &

beams - is commonly glulam



_MASS TIMBER PRODUCTS

GLULAM

PHOTO CREDIT: ALEX SCHREYER




MASS TIMBER PRODUCTS

GLULAM

GLULAM = A STRUCTURAL COMPOSITE OF LUMBER AND ADHESIVES
+ RECOGNIZED IN IBC 2303.1.3 USING ANSI/AITC A 190.1AND ASTM D 3737
+ CAN BE USED FOR FLOOR, ROOF PURLINS, BEAMS, ARCHES, COLUMNS &
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MASS TIMBER PRODUCTS

GLULAM SPECS: GLULAM
TYPICAL WIDTHS:

3-1/8",3-1/2",5-1/8",5-1/2", 6-3/4", 8-3/4", BEAM CROSS SECTION

10-3/4”, 12-1/4”

TYPICAL DEPTHS:

INCREMENTS PER # OF LAMS FROM 6" T0 60"+
WESTERN SPECIES LAMS ARE TYPICALLY 1-1/2" THICK
SOUTHERN PINE LAMS ARE TYPICALLY 1-3/8" THICK

| DEPTH

TYPICAL SPECIES:
DOUGLAS-FIR, SOUTHERN PINE, SPRUCE G
ALSO AVAILABLE IN CEDAR & OTHERS MAGE: A LLLAM PRODLET U
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THE AMERICAN INSTITUTE OF TIMBER CONSTRUCTION
Structural Glued Laminated Timber

GLUED LAMINATED
BEAM DESIGN TRBLES
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http://www.aitc-glulam.org/capacity.asp

American Institute of Timber Construction
Glued Laminated Timber Columns with Eccentric End Loads®
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http://www.aitc-glulam.org/column.asp

MASS TIMBER PRODUCTS

GLULAM

~ "= GLULAM SPECS:

PT READILY AVAILABLE

FRT MAY BE AVAILABLE,
VARIES BY MANUFACTURER
& TREATER

CAN BE CAMBERED, CURVED
& TAPERED

DIFFERENT APPEARANCE
| GRADES AVAILABLE
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MASS TIMBER PRODUCTS

BLULAM LAYUP: LA
VARY STRENGTH OF LAMINATIONS | HIGH STRENGTH OUTER
+  HIGHER STRENGTH LAMS AT TOP AND BOTTOM - - i ULELE
TENSION AND COMPRESSION STRESSES ARE HIGH | = MEDIUM GRADE INNER
»  LOWER STRENGTH LAMS IN CENTER PLIES COMPRESSION LA
AR . LOWER GRADE
penees INNER LAMS
¥ _) MEDIUM GRADE INNER
- “— COMPRESSION LAM
i 3 “— HIGH STRENGTH OUTER
LA TENSION LAMS
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IMAGE: APA GLULAM PRODUCT GUIDE
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LONG SPAN GLULAMS
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MASS TIMBER PRODUCTS

GLULAM

BUILT UP SECTIONS:
AVAILABLE FROM SOME
MANUFACTURERS FOR WIDE
BEAMS, LARGE COLUMNS.
WIDTHS OF 24"+ AVAILABLE

PHOTO: UNALAM
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FIRST TECH CREDIT UNION

HILLSBORO, OR




Mass Timber Framing Systems

Framing
Styles

Hybrid Light-
Frame &
Mass Timber

Two-Way

Post & Beam Panel Deck

“Honeycomb”

J J J J

& Horizontal panels — & vertical panels

in “honeycomb” - many options




VOOV

Glue Lamminated Timber Laminated Verseer L umer

& Y -

Nad | aminated Tnber
NLY

Paraliel SLrand Lumber Laminated Straed Lumber

Timbes -Concrete Composite
TcC

DLT Dowel Laminated Timber

MPP Mass Plywood Panel

Mass Timber Products

’hoto credit: StructureCraft Builders/Freres Lumber




PHOTO CREDIT: STRUCTURECRAFT BUILDERS




MASS TIMBER PRODUCTS




MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS

When does the code allow

it to be used?
IBC defines NLT as

mechanically laminated decking

per IBC 2304.9.3

Permitted anywhere that 2015 premarom.
combustible materials and heavy
timber are allowed, plus more

E54 CODE COUNCIL




MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS

| .
“ v

When is it used?
NLT i1s typically used for

floor and roof panels.
Plywood/OSB added to one
face can provide in-plane
shear capacity, allowing the
product to be used as a
diaphragm. Can also be used

for walls, shafts.
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MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS
CONTENT INCLUDES:

ARCHITECTURE

FIRE

STRUCTURE

ENCLOSURE

SUPPLY AND FABRICATION

o o CONSTRUCTION AND INSTALLATION
gA" - ERECTION ENGINEERING

FREE DOWNLOAD AT
WWW.THINKWOOD.COM/NLTGUIDE




MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS

PHOTO CREDIT: STRUCTURECRAFT BUILDERS




- MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS

T SHRINKAGE/EXPANSION DESIGN:
~ RULE OF THUMB: LEAVE ONE PLY OUT PER 8'-
10° WIDE PANEL



MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS

FLUTED PANEL OPTIONS




MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS

NLT PANELS CAN BE BUILT ON-SITE/IN-PLAGE OR PRE-FABRICATED OFFSITE

/
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MASS TIMBER PRODUCTS

DOWEL-LAMINATED TIMBER (DLT) PANELS




MASS TIMBER PRODUCTS

DOWEL-LAMINATED TIMBER (DLT) PANELS

Dowel Laminated Timber
The All Wood Panel

{ Mass Timber Design Guide

DLT: SIMILAR TO NLT — BUT LAMS ARE USUALLY FINGER
JOINTED IN DLT SO JOINT LAYUPS NOT A CONGERN

CREDIT: STRUCTURECRAFT BUILDERS




MASS TIMBER PRODUCTS

DOWEL-LAMINATED TIMBER (DLT) PANELS




CREDIT: NUEMANN MONSON ARGHIT%
COURTESY: RYAN COMPANIES




o A
__ CREDIT: STRUCTURECRAFT BUILDERS

4 STORY, 66,800 SF SPEC OFFIGE BUILDING
DLT PANELS, GLULAM FRAME
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MASS TIMBER PRODUCTS

GLUE-LAMINATED TIMBER (GLT) PANELS

CE:fA\géséiAc ;
GLULI-\M DECKING:

SIMILAR TO DEEP GLULAM BEAMS LAID ON THEIR SIDE

SAME CODE REFERENCES AND MANUFACTURING STANDARDS AS
GLULAM BEAMS AND COLUMNS

 BE CAREFUL OF DESIGN STRESSES AND LAYUPS USED — SPEC
UNIFORM LAYUP (ALL LAMS SAME SPECIES & GRADE)

IMAGE SOURCE: STRUCTURECRAFT BUILDERS



MASS TIMBER PRODUCTS

IMAGE SOURCE: STRUCTURECRAFT BUILDERS
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GLUE-LAMINATED TIMBER (GLT) PANELS

NDS SUPPLEMENT LISTS DIFFERENT
1 DESIGN VALUES FOR BENDING.

| LAYUP COMBINATIONS TYPICALLY
| OPTIMIZED FOR BEAM APPLICATIONS.

Jﬂn |uJu||

| LAYUP COMBINATIONS AREN'T EFFECTIVE
IN GLT DECKING APPLICATIONS



MASS TIMBER PRODUCTS

GLUE-LAMINATED TIMBER (GLT)

SAME SHRINKAGE AND DIAPHRAGM

CONSIDERATIONS AS NLT:

e GAPPANELS TO ALLOW
MOVEMENT

 GOVER WITH WOOD STRUCTURAL
PANEL FOR DIAPHRAGM

 AVAILABLE IN VARIETY OF
LAMINATION OPTIONS

Fluted
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MASS TIMBER PRODUCTS

TONGUE AND GROOVE DECKING

TONGUE AND GROOVE DECKING:

2X, 3X OR 4X SOLID OR LAMINATED W0OD DECKING

LAID FLAT WITH INTERLOCKING TONGUE AND GROOVE

ON NARROW (SIDE) FACE

 RECOGNIZED IN IBC 2304.8 (LUMBER DECKING)

 2X USUALLY HAS A SINGLE T&G; 3X AND 4X
USUALLY HAVE A DOUBLE T&G

« 6" AND 8" ARE COMMON WIDTHS

 CAN BE USED FOR FLOOR, ROOF DECKING




MASS TIMBER PRODUCTS

TONGUE AND GROOVE DECKING

_T56 DIAPHRAGM DESIGN

CAN BE USED BY ITSELF AS A
DIAPHRAGM: SDPWS TABLE 4.2D

OR ADD LAYER OF WSP ON TOP, TREAT
AS BLOCKED DIAPHRAGM




MASS TIMBER PRODUCTS

T&G DECKING DESIGN TONGUE AND GROOVE DECKING
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MASS TIMBER PRODUCTS

CROSS-LAMINATED TIMBER (CLT)
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MASS TIMBER PRODUCTS

CLT PANEL FABRICATION CROSS-LAMINATED TIMBER (CLT)

THE WOOD-MECHANISING COMPANY




~ MASS TIMBER PRODUCTS

CROSS-LAMINATED TIMBER (CLT)

GLT PREFABRICATION
FINISHED PANELS ARE PLANED, SANDED, CUT
TO SIZE. THEN OPENINGS ARE CUT WITH
PRECISE CNC ROUTERS.

»  THIRD PARTY INSPECTION AT FACTORY

»  CUSTOM ENGINEERED FOR MATERIAL
EFFICIENCY

»  CUSTOM DESIGNED FOR PROJECT

»  EACH PANEL NUMBERED, DELIVERED &
INSTALLED IN PREDETERMINED SEQUENCE
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ARCHITECT: LEVER ARCHITECTURE
IMAGE CREDIT: LEVER ARCHITECTURE
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CANDLEWOOD SUITES

REDSTONE ARSENAL, AL

IMAGE CREDIT: LEND LEASE & SCHAEFER - *’s"‘. -



CANDLEWOOD SUITES

REDSTONE ARSENAL, AL

IMAGE CREI]IT LEND LEL\SE&SCFEI?P e

* 62,600 SF, 4 STORY HOTEL, 92 PRIVATE
ROOMS

 CLTUTILIZED FOR WALLS, ROOF PANELS,
AND FLOOR PANELS

* 1,557 GLT PANELS; TYPICAL FLOOR PANEL IS
8'X50" & WEIGHS 8,000 LBS

 GOMPLETED LATE 2015




Gross square feet (sf)

Average # of employees
Structural duration (days) 18

Structural person hours 8.203
Structural production rate/day BO3 sf
Overall schedule

* PAL New Build Hote! Historical Average

Source Lenglesse Sa_v:i_n S On this CLT




[BS] CROSS-LAMINATED TIMBER. A prefabricated
engineered wood product consisting of not less than three
layers of solid-sawn lumber or structural composite humber
where the adjacent layers are cross oriented and bonded with
structural adhesive to form a solid wood element.

2303.1.4 Structural glued cross-laminated timber. Cross-
laminated timbers shall be manufactured and identified 1n

accordance with ANSI/APA PRG 320.




HITAN HATITHEAL FTAHEFEARLE

Standard for Performance-Rated
Cross-Laminated Timber

APA ©

V2 67/8"

MILL 0000 ANSIAPA PRG 320-2012




INTERTEK DIRECTORY OF BUILDING PRODUCTS

KLH Massivholz GmbH - Massivholzplatten (solid wood slabs)

CLT
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http://www.structuremag.org/wp-content/uploads/2016/05/C-StrucDesign-Breneman-Jun161.pdf

VIBRATION

INTRODUCTION 10, ENCLOSURE MASS TIMBER PR[]DUCT?l

MANUFACTURING  11. ENVIRONMENTAL

STRUCTURAL 12 LIFTING CROSS-LAMINATED TIMBER [CLTJ'
LATERAL
CONNECTIONS
DOL AND CREEP

PHOTO CREDIT: DAVID SUNDBERG AND GRAY ORGANSCHI ARCHITS@RLRE




Timber Concrete Composite

Design Considerations:

;A * Unigue composite
& connection options
* Not standardized in code
— requires unique analysis

Timber Concrete Composites and project approval

Graphic Credit: StructureCraft Builders



TIMBER COMPOSITE TECHNOLOGY

www.TiComTec.de

UBC Earth Science Building, Vancouver, Canada
ARCHITECT: Perkins + Will

ENGINEER: Equilibrium

Photo Credit: Structurlam




MASS TIMBERPRODUCTS
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GRID OPTIONS AND MEMBER SIZES:
WHAT'S BEEN DONE



BULLITT CENTER
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SEATTLE, WA
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\

GLAY CREATIVE

PORTLAND, OR

~8 FINISHED FLOOR TO BOTTOM OF BEAM
29'X30° AT PERIMETER

30°X30° BAYS AT GENTER

2X6 NLT SPANS 15°

EXTERIOR STEEL MOMENT FRAME KEEPS
CORE AREA MORE VERSATILE




Bl J——
25'X25" GRID, 1 ROW INTERMEDIATE
BEAMS
.* 15°-18' FLOOR TO FLOOR HEIGHTS

e [COMPOSITE FLOOR: 2X4 AND 2X6 NLT

FLOOR PANELS WITH 3 '>”
REINFORCED CONCRETE TOPPING



T3 MINNEAPOLIS

MINNEAPOLIS, MN

™
e :
‘\ *
= 4 20°X25’ GRID
[i 2X8 NLT FLOOR PANELS SPAN 20’ W/3" CONCRETE TOPPING
IMAGE CRE ER

a
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IMAGE CREDIT: SWINERTON BUILDERS




«  5-PLY CLT FLOOR PANELS, 3-PLY ROOF
PANELS SPAN 16.5 FT i J ;

3 i T3
IMAGE CREDIT: LENDLEASE 0
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JOHN W, OLVER DESIGN

e 5-PLY CLT FLOOR PANELS, COMPOSITE

WITH HBV SYSTEM
* GRIDS 20° X24 10 26°

.




5 PLY CLT PANELS, 2-WAY SPAN Ny
-9’13’ GRID OF COLUMNS B %
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MASS TIMBER APP




MARKET DRIVERS FOR MASS TIMBER

» Construction Efficiency & / -

Speed I I
b" (% o
. ) "‘

Urban Infill

» Construction site constraints —
» Innovation/Aesthetic
B 4

SECONDARY » Carbon Reductions
» Structural Performance —

DRIVERS lightweight

IMAGE CREDIT: STRUCTURE FUSION






MASS TIMBER APPEAL

MURRAY GROVE, REDUCED CONSTRUCTION TIME

LONDON UK
8 STORIES OF CLT OVER 1
STORY CONCRETE PODIUM

LESS TIME ON SITE =
LESS $S

8 STORIES BUILT IN 27
DAYS (~1/2 THE TIME OF
PRECAST CONCRETE)

SOURCE: ARCHITECT MAGAZINE®

FRANKLIN ELEMENTARY

ﬁ SCHOOL, FRANKLIN, WV
| 45.200 FT2 2 STORY
'.‘EJ ELEMENTARY SCHOOL

SOURCE: CITY CONSTRUCTION® ©_*~ —* ‘s » -_._;..-w 2.5 MONTHS TO ERECT CLT




MASS TIMBER APPEAL

REDUCED CONSTRUCTION TIME

1 Flooxr = 3 Days

17 Floors Erected?’/'- 3 -
in 9.5 Weeks '

Brock Commons, Vancouver, BC
Source: naturally:wood?



DURATHIMN 1N BMADNTHS

%
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&
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1E

BRIODPORT HOUSE

SCHEDULE COMPARISON

17
-3 5 - 15
¥

11

b L]

‘ ]

CARLISE LANE MASSIVE LIVING EMMARTLIFE THE LOMG HALL

LOFT% CEMTRE

B 5alid Timber Construction B Conventional Corstrusction

14 14

UBC DEKANAGAN
FITNESS &
WELLNESS CENTRE

Source: Solid Timber

Construction®, Ryan Smith



MASS TIMBER APPEAL

FORTE TIME LAPSE VIDEO REDUCED CONSTRUCTION TIME



MASS TIMBER APPEAL

ALTERNATE TO CONCRETE & MASONRY

PHOTO CREDIT: CHARLES JUDD



MASS TIMBER APPEAL

MATERIAL MASS



MASS TIMBER APPEAL

MATERIAL MASS

75% LIGHTER WEIGHT THAN CONCRETE

SOURCE: STRUCTURLAM’




MASS TIMBER APPEAL

| > MATERIAL MASS
o ’
<A N COMPLETED IN 2012
ﬂl“l g: ) 10 STORIES
AL A TR ~ 105 FT. TALL, > 18.6 K SOFT.
i e 3 YEAR INVESTMENT IN RGD
o Mig POOR SOILS REQUIRED A MUCH LIGHTER
17 ™ 8 | BUILDING

;

4
1

: ".;L. "‘ .
FRRe A 1.

FORTE’, VICTORIA HARBOR, MELBOURNE, AUSTRALIA
ARCHITECT: LENDLEASE | SOURCE: LENDLEASE®

s




ESTIMATED ENVIRONMENTAL
IMPACT OF WOOD USE

Volume of wood products used:
2,233 cubic meters of CLT and Glulam

LS. and Canadian forests grow this much wood in:
& minutes

Carbon stored in the wood:
1,753 metric tons of CO,

Avoided greenhouse gas emissions:

679 metric tons of CO,

Total potential carbon benefit:

2,432 metric tons of CO,
THE ABOVE GHG EMISSIONS ARE EQUIVALENT
511 cars off the road for a year

<

Energy to operate a home for 222 years : ’

orl‘oo;oj

F

'ﬁ:l:l.uuhl'ty i Wee! Carbon Dakulator for Beildings, baved o rewsarch by Saihre.

HLMH]E#W#M#WWMWW
Levipea T, FPfvcvelmany (il erlafel e caviion ataned avdl cregided GHG]

"0 i thi case sty refers 2 €02 equivalert oy pnE. NATURALLY-WOOD®




MASS TIMBER APPEAL

MINIMAL WASTE




MASS TIMBER ELEMENTS FABRICATED TO MASS TI M BER APPEAL

TIGHT TOLERANCES PREFABRICATED AND PRECISE

—A'A N

COMPUTER NUMERICALLY CONTROLLED (CNC) .
CUNNECTIUNS b PHOTO CREDIT: NATURALLY:WO0OD



MASS TIMBER APPEAL

ENERGY EFFICIENT

‘Thermal resistance of typical softwood at various thicknesses and 12% moisture content

R-value (h-ft.*-°F-Btu") 1.25 5.00 7.5U 10.00

RSI (m*K-W*) 0.22 0.88 1.30 1.80

CLT HAS AN R-VALUE OF APPROXIMATELY 1.25 PER INCH OF THICKNESS.
SOURCE: US CLT HANDBOOK ™



MASS TIMBER APPEAL

DISASTER RESILIENT
|

USFPL WOOD fd{NAnﬁs "




MASS TIMBER APPEAL

DISASTER RESILIENT

INNOVATIVE MASS TIMBER LATERAL
FORCE RESISTING SYSTEMS

.‘ A

‘‘‘‘‘‘‘

RS B CLT ROCKING SHEAR WALL CONCEPT
MASS TIMBER SHAKE TABLE TEST AT UCSD SOURCE: KPFF



Tm’age Credit: USDA FS FPL/SLB/WoodWorks Live Blast Testing at Tyndall Air Force Base
http://www.woodworks.org/publications-media/blast-testing-research/




MASS TIMBER APPEAL

STRUCTURAL FLEXIBILITY

~ PHOTO CREDIT: APA



= IN TIMBER BUILDII

WHY m WOOO ENVERONMENTN
pig- -

MARE FROPLE Moy
p .o-.-u-.

ASS TIMBER APPEAL

AESTHETICS/0CCUPANT COMFORT




MASS TIMBER SUCCESS

AS A DEVELOPER IS IMPROVED BY ...

HAVING A RANGE OF SCALE IN YOUR PORTFOLIO
OPERATING REPETITIVELY IN THE SAME
JURISDICTIONS

STARTING WITH HORIZONTAL APPLICATIONS
(ROOFS AND FLOORS)

BEING FLEXIBLE WITH REGARDS T0 LEVEL OF
MASS TIMBER EXPOSURE

COMMITTING EARLY AND HAVE TIME FOR
NEGOTIATION



MASS TIMBER DESIGN

DESIGN TOPICS

* CONSTRUCTION TYPES

* FIRE RESISTANGE

* ACOUSTICS

* SHAFTS

 MEP DETAILING

* BUILDING ENCLOSURE
 LATERAL FRAMING

* CONNECTIONS
 GONSTRUCTION PROCESS



MASS TIMBER DESIGN

CONSTRUCTION TYPES

0: OF THE 5 CONSTRUCTION TYPES, WHICH
ONES CAN MASS TIMBER BE USED IN?

A: ALL 5t



CUNSTRUCTIUN TYPES

IBC CHAPTER 6

WHERE DUES MASS TIMBER FIT IN IBC S 4
CONSTRUCTION TYPES?




CONSTRUCTION TYPES

BC602

..‘1‘.;‘

JEQUIRED 70 BE NON- “=




CONSTRUCTION TYPES

ALL WOOD FRAMED BUILDING OPTIONS: IBC 602

TYPEII
EXTERIOR WALLS NON-GOMBUSTIBLE (MAY BE FRTW)
INTERIOR ELEMENTS ANY ALLOWED BY CODE, INCLUDING MASS TIMBER

TYPEV
ALL BUILDING ELEMENTS ARE ANY ALLOWED BY CODE, INCLUDING MASS TIMBER

TYPES III AND V ARE SUBDIVIDED TO A (PROTECTED) AND B (UNPROTECTED)
TYPE IV (HEAVY TIMBER)

EXTERIOR WALLS NON-GOMBUSTIBLE (MAY BE FRTW OR CLT)
INTERIOR ELEMENTS QUALIFY AS HEAVY TIMBER (MIN. SIZES, NO CONCEALED SPAGES)




CONSTRUCTION TYPES

IBC 602

When does the code allow mass |

timber to be used?

IBC defines mass timber systems in
IBC Chapter 2 and notes their
acceptance and manufacturing/testing

standards in IBC Chapter 23
p 2015 INTERNATIONAL

Building Code

Permitted anywhere that combustible
materials and heavy timber are allowed,

INTERNATIONAL

plU.S 100(0) (& | CODE COUNCIL




CONSTRUCTION TYPES

Chapter 6:
Types of Construction

Where does the code

allow MT to be used?

* Type IB & II: Roof
Decking

Image: StructureCraft Builders .
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Portland International Jetport

e LEED Gold
e Completed 2012

Design Team: Gensler, Oest Associates
Photo Credit: DeStafano & Chamberlain, Inc, Robert Benson Photography
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Construction Type IB

Exposed Timber Roof Decking
and Framing
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CONSTRUCTION TYPES

Chapter 6:

Types of Construction

Where does the code
allow NLT to be used?

* 'Type III: Interior

elements (floors, roofs,
partitions/shafts) and
exterior walls if FRT



CONSTRUCTION TYPES

Where does the code allow mass timber to be used?
* Type IV: Any interior elements & roofs if meets min. size;
exterior walls if FRT. No concealed spaces permitted

Chapter 6:

Types of Construction

e ———————————————————————————————— ————————————————————————————————
v

4

"I-i* J
. @
f . ———— o ] “
o 4
——— e — "-

Image ™ Perk







CONSTRUCTION TYPES

CONCEALED SPACES IBC 602

TYPE IV CONSTRUCTION REQUIRES THAT INTERIOR ELEMENTS

BE WITHOUT CONCEALED SPACES: _f

«  CONCEALED SPACES INCLUDE DROPPED CEILINGS, ATTICS, =~
CHASES, OTHERS

«  CONCEALED SPACE RESTRICTION DOES NOT APPLY TO ANY
OTHER CONSTRUCTION TYPE. IF USING MASS TIMBER ,L 0 L
ELEMENTS IN NON TYPE IV CONSTRUCTION, CONCEALED
SPACES ARE PERMITTED BUT MAY BE REQUIRED TO BE
SPRINKLERED EXAMPLE OF CONCEALED SPACE

« IBC 602.4.6 PERMITS 1 HOUR FIRE RESISTANCE RATED CREATED B DROPPED CEILING
CONSTRUCTION FOR PARTITIONS




CONSTRUCTION TYPES

Chapter 6:
Types of Construction

=== Where does the code
"—  allow MT to be used?

* ’Type V: Interior
D elements, roofs &
* exterior walls

k!

Image: Christian Columbres P[uotography




Type ITI: 6 stories CONSTRUCTION TYPES

Allowable mass timber
building size for
group B occupancy

with NFPA 13
Sprinkler

anl Type V: 4 stort
- ype V: 4 stories

Type IV: 6 stories

< 2

Image: Christian Columbres Photography




ALLOWABLE BUILDING SIZE

TYFE QF COMSTRLUC TICN

HEIGHT
[l
STORIE S5}
GROUP |
F S = . il ¥ - il & SR a T o T ol ™ e = o= - i
A1 = LIt > 3 y 3 2 3 2 1
r A LI uL | 15500 | 8500 14000 | &500 | 5000 | 11.500 [ 5500
P 5 UL 11 3 2 3 P ] 2 1
. A UL UL | 15500 | 9500 (14000 | 9500 | 15,000 | 11.500 | 6.000
A3 2 T 11 3 3 3 z 1 3 1
A LiL UL | 15500 | 9500 || 14000 | sson | tso000 | ti500 | 6000
& 5 L 11 ] 7 j 7 3 2 1
A T UL | #5500 | 9500 [ 14000 | 5500 | t5.000 | t9.500 | 6000
|
P 5 T UL LiL T T UL LiL T T
. A LiL UL UL 11 WL UL LiL L L
5 g LiL 11 i q L 3 i 3 3
| A Lt ut  [\arsoo ) 72.000 [\2% igo0 |\ gn0a J teooo | o000
i | 5 T : 3 | 2 3 2 3 | 1 1
A UL uL | 26500 | 14500 l| 23500 | 14500 | 25500 | 8500 | 9500

IBC 503



ALLOWABLE BUILDING SIZE

MULTI STORY BUSINESS OCCUPANCY (B)
BASED ON IBC 2012 TABLE 503 W/ ALLOWABLE INCREASES

STORIES' 4
HEIGHT' (FT) 19
MAX STORY AREA(FT?) /K
TOTAL BUILDING AREA® (FT2) 171K

TASSUMES NFPA 13 SPRINKLERS THROUGHOUT (IBC 504.2)
2 ASSUMES NFPA 13 SPRINKLERS THROUGHOUT (IBC 506.3)
3ASSUMES 3 OR MORE NUMBER OF STORIES (IBC 506.4)

10
04K
162K

IBC 503



ALLOWABLE BUILDING SIZE

MULTI STORY BUSINESS OCCUPANCY (B)
BASED ON IBC 2012 TABLE 503 W/ ALLOWABLE INCREASES

STORIES' b b b
HEIGHT(FT) 89 89 89
STORY AREAZ (FT?) 1125 855K 108K

TOTAL BUILDING AREA® (FT)  337.5K 256.5K 324K

TASSUMES NFPA 13 SPRINKLERS THROUGHOUT (IBC 504.2)
2 ASSUMES NFPA 13 SPRINKLERS THROUGHOUT (IBC 506.3)
3ASSUMES 3 OR MORE NUMBER OF STORIES (IBC 506.4)

IBC 503
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COMPARATIVE STRENGTH LOSS OF WOOD VERSUS STEEL

25% loss @
30 minutes

S0% |oss @
30 minutes
1380°F

20 30

TIME (MINUTES)
Results from test sponsored by National Forest Products
Association at the Southwest Research Institute

SOURCE: AITC
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TABLE &0
FIRE-AESMSTANCE RATING REQUAEMENTS FOR AUILMNG ELEMENTS [HOUAS)
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Unexposed surface

T — | —
LI / /
| i j-. - I

T

' o Char rane
Tull strength

Fire exposed surface SOURCE: US CLT HANDBOOK




7033 Methods for determining fire resistance. The apph-
cation of any of the methods listed in this section shall be
based on the fire exposure and acceptance criteria specified in
ASTM E119 or UL 263. The required fire resistance of a

building element, component or assembly shall be permitted
to be established by any of the following methods or proce-
dures:

3. Calculations in accordance with Section 722.

722.1 General. The provisions of this section contain proce-
dures by which the fire resistance of specific materials or
combinations of materials is established by calculations,
These procedures apply only to the information contained in
this section and shall not be otherwise used. The calculated
fire resistance of concrete, concrete masonry and clay
masonry assemblies shall be permitted in accordance with
ACI 216.1/TMS 0216. The calculated fire resistance of steel
assemblies shall be permitied in accordance with Chapter 5 of
ASCE 29. The calculated fire resistance of exposed wood
members and wood decking shall be permitted in accordance
with Chapter 16 of ANSIVAF&PA National Design Specifi-
cation for Wood Construction (NDS).
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Table 16.2.1B Effective Char Depths (for CLT

with f.=1.5in./hr.)

Regquired Effective Char Depths, a,,
Fire in.

Endurance lamination thicknesses, he (in.)

= m-mm
- 2.0 1.9




NDS Table 16.2.2
Design stress
adjustment
factors applied to
adjust to average
ultimate strength
under fire design
conditions

Table 16.2.2 Adjustment Factors for Fire Design?

e
z
|
=
.E
-

L |
=

Bending Strength X
Beam Buckling Strength X
Tensile Strength ' X
Compressive Sirength X

X

Column Buckling Strength Fog -

I Sec 4.3, 53,83, and 10,1 for spplicalelny of adpstmest facofes for spocificl prodects.
1 Facwr shall be based oo initisd cross-soction dimensions

¥, Fagten ahall he hasgyd o= redecen] Sroms-soction dasemuan
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1-hr 1-1/2 and 2-hr
Fire Resistance Rating Fire Resistance Rating

:
i

Inner Tension

(a] (&) (e
Figure 3-1 Typical glulam unbalanced beam layups SOURCE: AWC'STR 10




Wigad = 8 (qdead ¥ qﬁvc) - (6](25 i 100) =750 plf

M. = Wigaq L2 / 8 = (750)(182)/8 = 30,375 ft-lb

S; = bd?*/6 = (6.75)(13.5)°/6 = 205 in’

b = Fy, (Co)(Cy)(C))(lesser of C; or Cy)

= 2400 (1.0)(1.0)(1.0)(0.98) = 2343 psi (NDS 5.3.1)

SOURCE: WOODWORKS



M’ =F, S, = (2343)(205.0)/12 = 40,032 fi-1b SOURCE: AWC'S TR 10

Structural Check:

Table 16.2.1A

Required Fire
Endurance

1¥2-Hour
2-Hour

M, >M_,, 40,032 ft-Ib> 30,375 ft-lb

Effective Char Rates and Char
Depths (for - = 1.5 in./hr.)

SOURCE: WOODWORKS




S, = (b-2a)(d-2)*/6 = (6.75-3.6)(13.5-1.8)%/6 = 71.9 in® (NDS 16.2.1)

r

F% ¢= (2.85) Fy ¢ (lesser of Cy or Cy)

18’
= 2.85(2400)(0.98) = 6703 psi (NDS 16.2.2) //’/,

6’ o.c.

M'e=F'y ¢ S¢= (6703)(71.9)/12 = 40,145 fit-1b (NDS 16.2.2)
Fire Check: M'> My, 40,145 ft-1b > 30,375 ft-Ib

SOURCE: WOODWORKS




7V 7~

Solid wood with Char rane
full strength

Fire exposed surface SOURCE: US CLT HANDBOOK




'suunc‘wunmmnks‘ g ) e




Table 16.2.1B Effective Char Depths (for CLT
with (+=1.5in./hr.)

Required Effective Char Depths, a...
Fire in,
Endurance lamination thickngs sl - (iN.)

i IIMII 1-3/4
22 232 Jao a0 [ 10 |

28 | 2.6
356 | 36

1'-Hour 34 |32 31 |30 | 29
44 |43 | 41 (40| 3.9




TABLE A2,
THE ALLOWAELE BENDING CAPACITIES!=*« FOR CLT \STED IN TABLE A1 [FOR USE IN THE U.5.)

Lamination Thickness (in.) in CLT Layup Major Strength Direction Minor Strength Direction

El #h.0 E I-Hl.!ﬂ-
CLT CLTH FuSwie | n0tibf-  ©Awe  FiSuise (100 IbF-  CAuise
Grode (in.) ! | (bf-f/0) | in2/H)  (10% iR (Ibf-f/R)  in/f)  (10% IbE/)

218 13/8 08 165
13/8 13/8 13/8 4 BOD
13/8 13/8 13/8 13/8 13/8
160
13/8 13/8 1378 1,370
13/8 13/8 13/8 13/8 13/8 3.125
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Unrestrained Assembdy Rating - 1-1/2 Hr

Restricted Losd Condition = 50% mazimum allowabls bending momant from manufacturers published load tables
devaloped in accordance with the NDE-I0132 and CLT Handbaok, US Edition,

* Indicates such preducts shall bear the UL or cUL Certification Mark for jurisdictions empleying the UL ar cUL

cation [swch ap Canada ], respectively.




4.5 Exposed CLT Floor Example [Allowable Stress Design)
Simply-supponed cross-laminated timber (CLT) floor spanning L=18 0t in the strong-axis direction. The
design loads are g, = B0 paf and g4 = 30 psf including estimated self-weight of the CLT pancl. Floor
decking, nailed to the unoxposed face of CLT panel, s spaced to restrict hot gases from venting through
half-lap joints at edges of CLT panel sections, Caloulate the required section dimensions for a one-hour fire
roiasiance tooe.

For the structural design of the CLT panel, cal¢ulate the maximuom induced moment. Calculate panel Load

{per foot of width):

Wit ™ (Qicas * Quine) = (30 psf = BO psf)(1ft width) = 110 plfifi of width
Caloulate maximum induced moment (per foot of widih):
Moy ™ Wigge L P8 = (110N 1878 = 4,455 N-10/R of wikdth

From PRG 320, seleci a 5-ply CLT Boor panel made from 1% in x 3'/: inch lumber boards (CLT thickness
of 67 inches). For CLT grade V1, tabulaied properties are:

Bending moment, FyS 40 = 4673 R-10'R of width (FRG 320 Annex A, Table A2)
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AIR-BORNE SOUND:

 SOUND TRANSMISSION CLASS (STC)

MEASURES HOW EFFECTIVELY AN

ASSEMBLY ISOLATES AIR-BORNE SOUND
AND REDUCES THE LEVEL THAT PASSES
FROM ONE SIDE T0 THE OTHER

STRUCTURE-BORNE SOUND:

* |MPACT INSULATION CLASS (iC)

EVALUATES HOW EFFECTIVELY AN
ASSEMBLY BLOCKS IMPACT SOUND FROM
PASSING THROUGH IT

———+

------

dB

MASS TIMBER DESIGN

ACQUSTICS



NO ACOUSTICAL CODE REQUIREMENTS FOR MANY MASS TIMBER BUILDING TYPES SUCH AS
OFFICES AND ASSEMBLY. HOWEVER, MANY OWNERS REQUIRE A MINIMUM LEVEL OF

PERFORMANCE

CODE REQUIREMENTS FOR RESIDENTIAL OCCUPANCIES:

MIN. STC OF 50 (45 IF FIELD TESTED):
 WALLS, PARTITIONS, AND FLOOR/CEILING ASSEMBLIES

MIN. IIC OF 50 (45 IF FIELD TESTED) FOR:
* FLOOR/CGEILING ASSEMBLIES

MASS TIMBER DESIGN

ACOUSTICGS — IBC 1207




MASS TIMBER DESIGN

Sound Insulation of Bare CLT Floors and Walls AGHERTIES

Number of |[Thickness (in.) | Wall or Floor
Iayers

3-3/4 to 4-1/2 Wall 32-34
“ 5-1/3 Floor 39 23
“ 5-3/4 Floor 39 24

Measured on field bare CLT wall and floor

N[1]3 1T ]88 Thickness in. Assembly FSTC FIIC
layers type

“ 4-1/8 Wall 28 N.A.

8-1/5 Floor N.A 25-30

Credit: US CLT Handbook



MASS TIMBER DESIGN

Design Examples for >45 FSTC Walls ACOUSTICS

Plan view of cross-section Wall detail FSTC

1 = 3-layer CLT ~ 4-1/8"
2 =1/2" air gap
3 = 2" by 3" wood studs at 16” o.c.

4 = 2-1/2" mineral wool
5 = 5/8” gypsum board

50
1 & 9 =5/8" gypsum board

2 &7 =2"by 3" wood studs at 16” o.c.
4 & 6 =1/2" air gap
5 = 3-layer CLT of 4-1/8”

Credit: US CLT Handbook



- » ,

Lightweight concrete topping
or other similar materials can
provide improved acoustical
performance, increased
durability

MASS TIMBER DESIGN

ACQUSTICS

Hard Surface Finished 1-1/2° [38 mm) min. opproved

3/87 (16 mm)
Gypsum Board

Image credit: Maxxon



MASS TIMBER DESIGN

ACQUSTICS

Acoustical mat - typically installed
between subfloor and topping or
flooring

Image credit: Pliteq



MASS TIMBER DESIGN

ACQUSTICS

Common mass timber
floor assembly:
* Finish floor (if applicable)

* Underlayment (if finish
floor)

 1.5”to 3” thick
concrete/gypcrete

topping
* Acoustical mat
« WASP (if applicable)
 Mass timber floor panels

Image credit: AcoustiTECH



MASS TIMBER DESIGN

ACQUSTICS

Options without concrete
topping:

 Gypsum/cement board
(Fermacell, Permabase, etc.)

* Proprietary products
Image credit: AcoustiTECH



Aasembly Description from Top to Bettam [(7.1)

Gypsum fiberboard FERMACELL of 1.0 in. (25 mm)

Sub-floor ISOVER EP3 af 0.79 in. (20 mm)

Honeyeomb acowstie infill FERMACELL of 1.18 . (30 mm]

Honeycomb acoustic infill FERMACELL of 1.18 in. {30 mm)

Kraft paper underiayment »

E-layer CLY panel of § 5/16 in. (135 mm) Credit: US CLT Hand




Table A2 - 13 Teated Sy CLT Roor specimena with descripbions and STC and BC ratinga
I R Flosas Topgung Crypiarn Badid Coving
... CLT Acoustics Resources:

« US CLT Handbook
s»v o Acoustics Manufacturers Literature:

-

* Maxxon

+ Pliteq =
* AcoustiTECH

* Kinetics

« USG

* Regupol

* Rothoblaas
* Industry tests — FP Innovations, NRCAN

Favtenng Method

-

Contact WoodWorks for information

Tew a Tear
- 14 B



TARLER.Z 5TC AND IC TESTING DATA COMPLETED FOR NLT FLOORS

FLOOR ASSEMBLY (TOP TO BOTTOM)

17 . phywood + 236 NLUT (baseling measaremest)

Bare CLT (5-ply, 6 7/8 in. thick)

4 in. normal weght concrete topping + Pileg GenieMat FFOG

rmal waighl concreie 1oppen;

' i plywood + 2xb MNLIT

Credit: NLT Design &
Construction Guide




PHOTO CREDIT: ALEX SCHREYER




MASS TIMBER SHAFTS
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| {| Frayd
o - PHOTO CREDIT: ALEX SCHREYER




%&HAFTS
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PHOTO CREDIT: WILL PRYCE



MASS TIMBER SHAFT WALL CONSIDERATIONS: 2 :
«  COST i
e  CONSTRUCTION SCHEDULE l

e  MATERIAL COMPATIBILITY (MOVEMENT &

LATERAL LOAD RESISTANCE)
 GANDOUBLE AS ARCHITECTURAL FEATURE CE
SIMILARTOTILT UP OR CONTINUOUS WALL I

APPLICATIONS |
SUCCESSFUL FIRE TESTS FOR 2 HR MASS i g | p

TIMBER SHAFT WALLS EXIST (EXPOSED AND B e

PRUTECTED]
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MASS TIMBER PRODUCTS

ACCOMMODATING MEP

DUE TO EXPOSED MASS e
TIMBER STRUCTURE AND
FINISH, UNIQUE MEP
ACCOMMODATION SOLUTIONS
ARE REQUIRED

IF USING TYPE IV
CONSTRUCTION, NO
CONCEALED SPACES ARE
ALLOWED

PHOTO CREDIT: ALEX SCHREYER



MASS TIMBER PRODUCTS

ACCOMMODATING MEP

EXPOSED MEP

MEP ITEMS LEFT EXPOSED, USUALLY ON
CEILING SIDE OF FLOOR ASSEMBLY
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PHOTO CREDIT: WOODWORKS



- MASS TIMBER PRODUCTS

I ACCOMMODATING MEP
=% N

RAISED ACCESS FLOOR
INSTALLED ON TOP OF FLOOR STRUCTURE
PROVIDES 2" TO 18” OF PLENUM SPACE

FOR MEP

PHOTO CREDIT: WOODWORKS
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COVER MEP BETWEEN CLT BANELS
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WIDC MEP ACCOMMODATION



ROCKY MOUNTAIN INSTITUTE INNOVATION CENTER

BASALT, GO




ROCKY MOUNTAIN INSTITUTE INNOVATION GENTER

= ‘ BASALT, CO
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EDDED CONDUIT IN
CONCRETE TOPPING SLAB. =

PHOTO CREDIT: ALEX SCHREYER



4

ACCOMMODATING: =

MASS TIMBER PRODUCI

EMBEDDED
CONDUITIN
WALL PANELS

PHOTO CREDIT: CHARLES JUDD
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How is MEP accommodated in exposed mass timber bulldings-e.g.,
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MASS TIMBER DESIGN

BUILDING ENCLOSURE

MASS TIMBER BUILDING ENVELOPES

SIMILAR TO OTHER WALL ASSEMBLIES:
CONTINUOUS INSULATION AND OTHER CONTROL LAYERS
INSTALLED ON OUTSIDE OF WALL PANELS




MASS TIMBER DESIGN

BUILDING ENCLOSURE




MASS TIMBER DESIGN

SPLITTING AND CHECKING

ARE SPLITS AND GHECKS IN MASS TIMBER
ELEMENTS A STRUCTURAL CONCERN?

= .l
4 -y
L2
s ¥
L
g N~
=, fi"’ﬂ

NG
. —
.L'-.\r“' - --:._'z%_-,. r

Ve v

=
T——

SOURCE: AITC TECH NOTE 11



WHAT CAUSES SPLITS AND GHECKS?

CHECKING AND SPLITTING IS A RESULT OF
LOSS OF MOISTURE. AS OUT FIBERS IN WOOD
MEMBER TRY TO SHRINK, THEY ARE
RESTRAINED BY INNER PORTION OF MEMBER
WHICH HAS A HIGHER MOISTURE CONTENT.

MASS TIMBER DESIGN

SPLITTING AND CHECKING

SOURCE: APA FORM F450



MASS TIMBER DESIGN

SPLITTING AND CHECKING

WHAT CAUSES SPLITS AND GHECKS?

THE MORE RAPID THE RATE OF DRYING, /oo iovoaree sonn croee
THE GREATER THE DIFFERENTIAL IN ﬁ Tﬁ =
SHRINKAGE BETWEEN THE OUTER AND ;f_;gf:eﬁe;‘:: R

INNER FIBERS RESULTING IN HIGHER ”"’ 1 = ._:t : ’-'_'5.:_-_'I |
SHRINKAGE STRESSES. THESE -"'r:r ;a.,,;..;,a, PR

RESULTANT STRESSES G177 S e
PERPENDICULARTO GRAINCAN CAUSE "2 .77 @ 70 is
CHARACTERISTIC SEASONING CHECKS, e e e s non s e

SOURCE: APA TECH NOTE R475



MASS TIMBER DESIGN

WHEN DOES CHECKING OCCUR? SPLITTING AND CHECKING

CHECKING IN MEMBERS IN
ENCLOSED BUILDINGS IS USUALLY
COMPLETED WITHIN THE FIRST St
FULL CYCLE OF ENVIRONMENTAL = =
CONDITIONING OF THE SPACE.
HOWEVER, CHANGES IN THE END
USE OF THE STRUCTURE MAY
EFFECT FUTURE CHECKING.




MASS TIMBER DESIGN

SPLITTING AND GHECKING

ARE SPLITS AND CHECKS IN MASS TIMBER
ELEMENTS A STRUCTURAL CONCERN? |

THE INFLUENCE OF CHECKS ON THE "-.
STRUCTURAL PERFORMANCE OF GLUED I
LAMINATED TIMBER MEMBERS IS GENERALLY | |
MINOR. CHECKING CAN BE MINIMIZED BY
CAREFUL INSTALLATION PRACTICES THAT i
AVOID PROLONGED EXPOSURE OF THE
MEMBERS DURING CONSTRUCTION.




MASS TIMBER DESIGN

SPLITTING AND GHECKING

RESOURCES:

 AITC TECH NOTE 11

* APATECHNOTE R475
* APAFORM F450




MASS TIMBER DESIGN

4 the spenim ol e glulem beom gresoies than

D SPLITTING AND CHECKING

Whave do ihe cheoks oppeor?

i EVALUATING SPLITS AND CHECKS IN GLULAM

u Bem v b pprwi e T par d mamul!
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MASS TIMBER DESIGN

LATERAL FRAMING SYSTEMS

COMMONLY USED WITH GLAZING/CURTAIN LIGHT FRAME SHEARWALLS:
WALLS »  TYPICAL FOR 1-5 STORIES

MAY USE RIGID OR SEMI-RIGID (IF USED WITH *  TYPICALLY ASSUME FLEXIBLE DIAPHRAGM
FRAMES AT EXTERIOR) ANALYSIS *  NEEDAMPLE WALL AT PERIMETER




MASS TIMBER DESIGN

LATERAL FRAMING SYSTEMS

DIAPHRAGM DESIGN OPTIONS FOR

CENTRAL CORE:

+ AWC'S 2015 SPECIAL DESIGN PROVISIONS [ T
FOR WIND AND SEISMIC [SDPWS) 4.2.5.2 o |
PERMITS A SEMI-RIGID OR RIGID, IR S 1 I R

CANTILEVER DIAPHRAGM UP T0 35 FT iy %
+IF MORE THAN 35FT, CONSIDER B R " e i i P
PERIMETER LATERAL RESISTANCE SUCH
AS MOMENT FRAME e (L e L.

COURTESY OF ARCH NEXUS
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EXTERIOR STEEL MOMENT FRAME

PHOTO CREDIT: WOODWORKS



MASS TIMBER DESIGN

LATERAL FRAMING SYSTEMS

INTERIOR STEEL MOMENT FRAME

PHOTO CREDIT: WOODWORKS




| MASS TIMBER DESIGN

LATERAL FRAMING SYSTEMS

BRAGED

: JOHN STAMETS



" MASSTIMBER DESIGN

| - LATERAL FRAMING SYSTEMS
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MASS TIMBER DESIGN

LATERAL FRAMING SYSTEMS

PHOTO: ANDREAS SAUTER, TIM CLAY PHOTOGRAPHY

PROPRIETARY RIGID/SEMI-RIGID FRAMES
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(>
MASS TIMBER DESIGN-
z CONNECTIONS
CONNECTION DESIGN NS
CONSIDERATIONS: |
STRUCTURAL CAPACITY " | ‘
SHRINKAGE .' b

FIRE
CONSTRUCTABILITY
AESTHETICS

HIN|

PHOTO CREDIT: ALEX SCHREYER



- MASS TIMBER DESIGN

CONNECTIONS

LONG SELF TAPPING
SGREWS USED
EXTENSIVELY
THROUGHOUT MASS
TIMBER CONSTRUCTION

PHOTO CREDIT: ALEX SCHREYER



/ BEAM TD*BEAM
BUNNECTIONS

. PHDTU CREI]IT - ALEX SCHREYER




MASS TIMBER DESIGN

CONNECTIONS

PHOTO CREDIT: STRUGTURECRAFT BUILDERS

BEAM T0 COLUMN
CONNECTIONS

 BHAL0 CREDIT: STRL FT BUILDERS {‘ |

! PHOTO GREDIT: ALExmlREVEn




$S TIMBER BESI

BEAM TO COLUMN &
COLUMN TO COLUMN
CONNECTION

L
PHOTO CREDIT: JOHN smn&rq




~ MASS TIMBER DESIGN
- M,

}PHITI CREDIT: AL#HREYER
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MASS TIMBER DESIGN

CONNECTIONS
A

£D F
CONNECTIONS

DT0 CREDIT: ALEX SCHREVER . i
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MASS TIMBER DESIGN

CONNECTIONS

PANEL TO FOUNDATIO
CONNECTIONS o v

PHOTO CRIEML STRUCTIJRCM B ILDERS m

PHOTO CREDIT: CHARLES JUDD
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MASS TIMBER DESIGN

CONNECTIONS

PANEL TO PANEL CONNECTIONS

PHOTO CREDIT: STRUCTURLAM CORNER WALL JOINT T-WALL JOINT



MASS TIMBER DESIGN

CONNECTIONS




MASS TIMBER DESIGN

" CONNECTIONS
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PHOTO CREDIT: ALEX SCHREYER
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CLT Manufactures for use in the US - PRG-320 Certified

* SmartLam, Columbia Fall, Montana

* DR Johnson Lumber, Oregon

* Nordic Structures, Quebec, Canada

e Structurlam, British Columbia, Canada

 KLH USA, Subsidiary of KLH Massivholz, Austria

I
gl
=—1

SMARTLAM STRUCTURLAM



Certified North American CLT Manufacturers

. 3&1-“.’;: '
o '

Certified CLT:

* Nordic (Chibougamau, QC, Canada)
e SmartLam (Whitefish, MT, US)

e Structurlam (Penticton, BC, Canada)
* DR Johnson Lumber (Riddle, OR, US)

.




Certified North American CLT Manufacturers

» .
s B L™
. - e \\""} Certified CLT:
. - . - * Nordic (Chibougamau, QC, Canada)
v 1 X 2 « SmartLam (Whitefish, MT, US)
v ” ' b ,k - e Structurlam (Penticton, BC, Canada)
n~ .‘: ; . * DR Johnson Lumber (Riddle, OR, US)
- . ~ 2
. ~ o0 " Not Yet Certified:
N , -~ an -~ - - * Guardian Structures (St. Marys, ON,
NN ' ' - = Canada)
’,. | ’ ‘ ‘v : * Element 5 (Ripon, QC, Canada)
- - -  LEAF EWP (ON, Canada)
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Certified North American CLT Manufacturers

w

e

'

’

Certified CLT:

Nordic (Chibougamau , QC, Canada)
SmartLam (Whitefish, MT, US)

Structurlam (Penticton, BC, Canada)
DR Johnson Lumber (Riddle, OR, US)

Not Yet Certified:

Guardian Structures (St. Marys, ON,
Canada)

Element 5 (Ripon, QC, Canada)
LEAF EWP (ON, Canada)

Coming Soon:

International Beams (Dothan, AL)
Katerra (Spokane, WA)

Vaagen Timbers (Colville, WA)
SmartLam (TBD)

Texas CLT (Magnolia, AR)



Certified North American CLT Manufacturers

"" \

£7 -
el

ey

CLT Distributer w/ US Certification:

KLH US

CLT Distributer w/ European
Certification:

Stora Enso Wood Products
Metsa Wood

Merk

BinderHolz

Hasslacher Norica Timber

US Distribution (sourced from
Various European Suppliers):

Innovative Timber
Systems/Smartwoods
StructureCraft

Structure Fusion

Cross Lam Timber Solutions
Holzpack

Sauter Timber

* CLT imports may have more restrictions on panel sizes due to
shipping, longer lead times and less access to design assist services.



MASS TIMBER PRODUCTS

WORKING WITH MASS TIMBER: KNOW YOUR SUPPLY CHAIN CONSTRUCTION

MANUFACTURERS - DIFFERENT SPECIES, GRADES AND MAXIMUM PANEL/BEAM SIZES
*  TRUCKING LOGISTICS AND COST

MANUFACTURERS HAVE SPECIFIC CNC CAPABILITIES
* 3RD PARTY FABRIGAT(]RS CAN HAVE ADDITIONAL CNC CAPABILITIES

A 0l
Photo: DRJohn

Photo: Sauter Timber



MASS TIMBER PRODUCTS

CONSTRUCTION

DEFINE & COMMUNICATE THE DELIVERABLES YOU NEED FROM THE SUPPLIER:
* SHOP DRAWINGS

 SHOP DRAWINGS WITH ENGINEERING STAMP
 ENGINEERED DRAWINGS AND CALGULATIONS (E.G. AS A DEFERRED SUBMITTAL)




WHAT DOES A MASS TIMBER
CONSTRUCTION PROCESS LOOK LIKE?

VERY SIMILAR TO A PRECAST GONCRETE
OR STRUCTURAL STEEL PROJECT

MASS TIMBER PRUDUCTS

 SHOP DRAWINGS
 ERECTION DRAWINGS
 PREFABRICATED MEMBERS AND CONNECTIONS



MASS TIMBER PRODUCTS

CONSTRUCTION

* STAGING AREAS
* CGRANES



oS e | 8 MASS TIMBER PRODUCTS

‘REMOVED AFTER PANE[ ".

PLAGEMENT CONSTRUCTION
“ @

- -~
.

',.PHUTU‘[:'REDIT:ALEXSGHRE-YJER i i



MASS TIMBER COSTS

MASS TIMBER CONSTRUCTION COSTS VARY WITH PROJECT
LOCATION, SIZE, SPANS, FINISH LEVEL AND MANY OTHER VARIABLES

PRODUCT MANUFACTURERS ARE THE BEST SOURGE OF PRICING
INFORMATION



MASS TIMBER COSTS

*  GURE TIME: MASS TIMBER HAS NONE. CAN BE WORKED ON IMMEDIATELY AFTER BEING PLACED

 LIGHT-WEIGHT:

. CRANE SIZE: MASS TIMBER IS LIGHTER THAN TRADITIONAL MATERIALS’. SMALLER

CRANE = POTENTIAL SAVINGS

. SMALLER SEISMIC FORCES & FOUNDATIONS = POTENTIAL SAVINGS

 CONSTRUCTION SPEED: ESTIMATED TO BE 25% FASTER'!. SOONER COMPLETION = SOONER
OCCUPANCY = SOONER REVENUE

e  OTHERS: LESS CONSTRUCTION TRAFFIC'!, PREFABRICATED & PRECISE — GOES TOGETHER
SMOOTHLY

 OTHER ITEMS THAT AFFECT COST: SHIPPING DISTANGE, SEALERS/SANDING REQUIREMENTS,
AMOUNT OF CUSTOM GNC WORK

FACTORS RELEVANT TO THE COST CONVERSATION:
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RADIATOR BUILDING

PORTLAND, OR
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BUILDING INFO:

OFFICE BUILDING
b STORIES
36,000 SF
COMPLETED 2015
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COMMON GROUND HIGH SCHOOL

LB N ‘. »
S« 15,000 SF CLASSROOM & MULTI- !} / : 3
PURPOSE SPACE ADDITION T .-'/ P
e (CLT & GLULAM FRAMING SCHEME M - ]
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MCDONALD'S

CHICAGO, IL



19,000 SF

CLT, GLULAM AND STEEL STRUCTURE
A rf#




GCLAY CREATIVE

PORTLAND, OR




CLAY CREATIVE
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GLAY CREATIVE

PORTLAND, OR

~8 FINISHED FLOOR TO BOTTOM OF BEAM
29'X30° AT PERIMETER

30°X30° BAYS AT GENTER

1.5" GYPSUM, WSP, 2X6 NLT FLOOR PANELS
RAISED FLOOR SYSTEM FOR MECHANICAL,
DATA AND AGOUSTICS

EXTERIOR STEEL MOMENT FRAME KEEPS
CORE AREA MORE VERSATILE




D BEAM BUILIINGS
JINNEWYORKOIDY
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Ak zu G 360 WYTHE AVE.

NEW YURK;.N!

3 STORY & 5 STORY BUILDINGS
MOSTLY OFFICE, SOME APARTMENTS *
NLT & GLULAM -

IMAGE CREDIT: FIELD CONDITION/FLANK
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FRANKLIN ELEMENTARY SCHOOL

FRANKLIN, WV




FRANKLIN ELEMENTARYSGHUUL

* 45,200 SF, 2 STORY SCHOOL
 CGLT UTILIZED FOR WALLS, ROOF
PANELS, AND FLOOR PANELS

 CGLT CHOSEN FOR ITS
CONSTRUCTION SCHEDULE
BENEFITS

 COMPLETED JANUARY 2015
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JANKISSELEMENTARY SCHOOL

\‘\’@ . FRANKLIN, WV

PHOTO CREDIT: PAM WEAN, M!DES ARCHITECTS
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* BUILDING HFO:
OFFICE BUILDING
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PHOTO CREDIT: MILLER HULL PARTNERSHIP
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SEATTLE, WA

2X6 NLT FLOOR DECK

2X4 NLT ROOF DECK

FLOOR ASSEMBLY TOP TO BOTTOM:
3" CONCRETE TOPPING, ACOUSTICAL MAT, WSP, 2X6 NL

*PHOTO EE]IJJGI(STD“LS



BULLITT CENTER
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SEATTLE, WA
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‘ | LAMII\'ATED TIMBER DECKS F i
ij’f' ' MAXI IZED SPANS, REDUGED NUMBER OF COLUMNS, MMPE
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CHICAGO HORIZON PAVILION

CHICAGO, IL
o
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PHOTO CREDIT: TOM HARRIS



= CHICAGO HORIZON PAVILION

CHICAGO, IL

86’ SQUARE KIOSK
2 LAYERS UF 3-PLY;4-1/8" CLT

EATING 2 WAY SPANNING PLATE



PHOTO CREDIT: AARON FORREST






. 4STI‘IIESDF W0OD (OFFICE) afl‘tn.gsiunv gF'
CONCRETE (RETAIL & PARKING)

- 6,800 SF
‘/ < PHOTO: JOSHUA Y ELLOT COMPLETED 2015






NEW ENERGY WORKS TOMORROWLAND

FARMINGTON, NY

PHOTO CREDIT: NESEA/NEW ENERGY WORKS






Bl J——
25'X25" GRID

19°-18" FLOOR TO FLOOR HEIGHTS
COMPOSITE FLOOR: 2X4 AND 2X6 NLT
FLOOR PANELS WITH 3 2"

REINFORCED CONCRETE TOPPING
ALL MEP EXPOSED
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a4
11,266 SF GYM ADDITION
 3-PLY CLTWALL AND ROOF PANELS

+ 75 FT SPAN GLULAM ROOF BEAMS
COMPLETED 2016
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BRELSFORD WSU VISITOR GENTER

PULLMAN, WA
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PHOTO CREDIT: WASHINGTON STATE UNI\IERSITY I



4,277 SF, 1 STORY VISITOR GENTER
CLT UTILIZED FOR ROOF PANELS WITH
LARGE, EXPRESSED OVERHANGS
COMPLETED LATE 2013

PHOTOS: WSU & BENJAMIN BENSCHNEIDER
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4 STURY 87,500 SF FAGILITY WITH: CLASSROOMS, LOUNGES, MEETING
k ROOMS, MATERIALS-TESTING LAB, GREEN-BUILDING LAB, W0OD SHOP,
DIGITAL FABRICATION LAB, CAFE, EXHIBIT SPACE, AND LIBRARY
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MODERN TALL WOOD
/7 STORIES IN 2016
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"ﬁ‘ T e Ilﬂage I'Greén Architects/Hinés Group
Architect: DLR Group
T3 Office Building — 230,000 sf — Minneapolis, MN
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MODERN TALL WOOD
Carbon12 — 32,000 sf — Portland, OR

8 STORIES IN 2017
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U.S. BUILDING CODE STATUS




U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

Balanced Committee: 2016-2018
Development of code change proposals for prescriptive code allowances of

tall wood buildings.
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Mass Timber Fire Testing at ATF Lab Mass Timber Shake Table Test at UCSD




U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

Three Main Categories:

1. Noncombustible (Types | and Il)
2. Light-Frame (Types lll and V)

3. Mass Timber (Type V)

IBC TABLE 601

BUILDING | TYPE | TYPEN |TYPEm |TYPEIV | TYPEV
ELEMENT| A | B | A | B |A[B|A]B|CIHT|A]B



New Building Types

Tall Mass Timber Type of Construction Comparison
Feature Tvpe IVA Tvpe IVE Tvpe INC
Descnption of mow 100 %2 Noocombustibk M protechion «n all Exposed mass himber (MT,
Tupe IV Tapes LIS ) prctoction <m sl siafipc ¢ ol mass bbbt Rl shaits, conecaled
surfaces ol Mass |MT) encopd for lemised spaces, and oubsade of eviomor
| Tuinbser (MT) | £k Arcas wially
- Permatted Materials | |
Stractisral Buskling MT or NC | MIT o NC MT o NC 3
| Elemenis _ | ] .
| I"|--|:|!|I|.'-.1||JI:-ulr|.|1|,~_ Fxi Walls I'I.'I:'I' or el | MT o MC | MIT or NC ;
'I"n'al.l:llu.ll:l.bﬂ.rh Int Walls | MT or NC | MT o NC MT o NC
LI 0 N - LR —
! |'|I_H|'I-l1=li.'. W 1 wlofids on ML oF MT protesscd ol o MT prosegesd with 2 | NG -ll'l MT proteciesd with ong
| 180 foet: with d {or Jwhon 3 hr | layens of 557 Type X layer of 58" Type X gypwum
FEHR) layers of 58 Esprun of sypny cachsude | gach asds ol shalt or oo osire
Type X 1 i heiad @
I Above 12 stones or 1EO v | NC Mot Permstied o Permuited
| Yew H it s ol iglioies

_—
Source: AWC https://www.awc.org/tallmasstimber



Feature

Tall Mass Timber Type of Construction Comparison

Nancombustible Protection
Intcriot Probocisof
Reg d 3 b FRE }layesof 85" Type X | Sans as Type 1V-A for AN MT 5s allowsd 1o be
VLT profocied MT. Limwied exponed exoept for | layer af
expired MT clomints must | 58 Type X on oulside
Reg'd for 2 bror less FRR | 2 loyers of 357 Tape X | hunve same FRE, but may be | sarfaces of exienor walls,
EVsLET calculabed inside and cutsade of shats
and exi encloswres, anld in
|
Exienor Proicction :H'nimmufllq'ﬂnf_i_ﬂmn{lll}'ﬂﬂﬁ'r Mininum of | layer of 58
| AE Type X gypsum | Type X gypsumn Type X gypsum
Flowr Surfoce :Irrl-:l'l-ui':l'-'-'l'_'tllr-l.rllm I mch of RO protecizm M p o Biom regueed
Foiof | Mo NC proiction on No ML prodoction on Mo prodoction on noof surface
extenor roof surface, 2 | exterior ool surface, 2 or mside of roal deck i
lovers of SB" Tyvpe X | lvers of 38" Type X required | unbess conceabed
Ey i o anasde of gy s o hasde of fool B
| (ool deck. Jdeck. Ly N
Concealed Spaces | B enposed MT im | Mo exposad MT im Mo expesed MT in conoealed
concealed spaces. NC | condealed spaces. NOU spaces. One laver of 387 Tvpe
profection m conceaksd | profection in congealed X gypsuen N prodection in
e T . . ... ..
Table 641 Fire Resistance Rating (FRR)
Primary Franse or '
Hesting Wall Ahr FRR (2he s roof) | 2 he FRR {1 hr a1 ool 2 br FRR (1 B at roof)
Floors: 2 hr FRR 2 hr FRR 2 b FRE
Rwl L5 b FRR I bt FRR - | bf FRE
Fire Resistatice Hating | Mo FRR redaction for | No FRR reduction for Mo FRR reductson for
T rade-of T | sprinkler im #1312 | sprinklor an 403.2.1 sprenkler im 403 2 1

Source: AWC https://www.awc.org/tallmasstimber



Tall Mass Timber Building Code Changes Pass First Hurdle

The highly-anticipated international Code Council (ICC) Tall Mass Timber Bullding code changes
passed a first hurdie in April with approval by the ICC code changes commitiee responsible for this
part of the process. By wide margins a series of 14 proposals was each approved. The Hearings
construction professionals as part of the first public step in approving code change proposals for the
2021 set of ICC codes. The proposals submitted by the ICC Ad Hoc Commitiee on Tall Wood
Bulidings (TWB8), once officially approved by year-end, would allow mass timber bulidings to be
constructed up to 18 stories in height. AWC had a significant number of staff in attendance at the
Hearings who spoke in support of the Ad Hoc Committee proposals. For more information see
www.awc orgtalmasstmber.
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BROCK COMMONS

VANCOUVER, BC

COMPLETED FALL 2017
18 STORIES
174 F1
156K SF

PHOTO CREDIT: ACTON OSTRY ARCHITECTS
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PHOTO CREDIT: ACTON OSTRY ARCHITECTS






S OF TIMBER INSTALLATION VANCOUVER, BG
\RTED JUNE 6, 2016 e 3
HED AUGUST 10,2016 '

...SOURCE: CANADIAN DESIGN & CONSTRUCTION REPORT'2
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Sources & Works Cited

LEVER Architecture: https://leverarchitecture.com/projects/albina yard

Lendlease: http://www.woodworks.org/wp-content/uploads/4-Story-CLT-Hotel-WoodWorks-Case-Study-Redstone-Arsenal-01-05-16.pdf

Architect Magazine: https://www.architectmagazine.com/technology/detail/murray-grove-wood-framed-high-rise o

City Construction, WW case study: http://www.woodworks.org/wp-content/uploads/FranklinElementarySchool CaseStudy.pdf

naturally:wood:
https://www.naturallywood.com/sites/default/files/documents/resources/brockcommons constructionoverview web.pdf

Solid Timber Construction: http://itac.utah.edu/ITAC/ST Perform files/STC%20PPP%20V1.1.pdf

Structurlam: https://www.structurlam.com/whats-new/uncategorized/concrete-vs-cross-laminated-timber/

Lendlease: https://www.thinkwood.com/wp-content/uploads/2018/02/Think-Wood-CEU-Cross-Laminated-Timber-2013.pdf

Naturally: Wood:
https://www.naturallywood.com/sites/default/files/documents/resources/brock commons tallwood house apr 2018 web 003.pdf

CLT Handbook: https://www.thinkwood.com/clthandbook

Fast + Epp: http://www.woodworks.org/wp-content/uploads/GAFNER-Mass-Timber-Building-Systems-Understanding-the-Options-
Webinar-160511.pdf

Canadian Design & Construction Report: https://www.cadcr.com/topping-off-of-the-worlds-tallest-timber-structure-celebrated-in-

vancouver/
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http://www.woodworks.org/wp-content/uploads/FranklinElementarySchool_CaseStudy.pdf
https://www.naturallywood.com/sites/default/files/documents/resources/brockcommons_constructionoverview_web.pdf
http://itac.utah.edu/ITAC/ST_Perform_files/STC%20PPP%20V1.1.pdf
https://www.structurlam.com/whats-new/uncategorized/concrete-vs-cross-laminated-timber/
https://www.thinkwood.com/wp-content/uploads/2018/02/Think-Wood-CEU-Cross-Laminated-Timber-2013.pdf
https://www.naturallywood.com/sites/default/files/documents/resources/brock_commons_tallwood_house_apr_2018_web_003.pdf
https://www.thinkwood.com/clthandbook
http://www.woodworks.org/wp-content/uploads/GAFNER-Mass-Timber-Building-Systems-Understanding-the-Options-Webinar-160511.pdf
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This presentation is protected by US
and International Copyright laws.
Reproduction, distribution, display and use of
the presentation without written permission
of the speaker is prohibited.
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