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“The Wood Products Council” is a
Registered Provider with The American
Institute of Architects Continuing
Education Systems (AIA/CES), Provider
#G516.

Credit(s) earned on completion of this
course will be reported to AIA CES for
AlA members. Certificates of Completion
for both AIA members and non-AlA
members are available upon request.

This course is registered with AIA CES
for continuing professional education.
As such, it does not include content
that may be deemed or construed to be
an approval or endorsement by the AIA
of any material of construction or any
method or manner of handling, using,
distributing, or dealing in any material
or product.

Questions related to specific materials,
methods, and services will be
addressed at the conclusion of this
presentation.




Course Description

Part of the family of mass timber products, nail-laminated timber (NLT) is mechanically
laminated from dimension lumber to create solid timber panels for floor, roof and wall
applications. Based on the NLT Design and Construction Guide, this presentation will explore
architectural and engineering topics associated with the use of NLT in modern timber
structures. Construction types, code applications, specifications and appearance grades,
fire-resistance, acoustics, enclosure, structural gravity and lateral loading will all be
discussed, with an emphasis on structures that comply with current code provisions. Project
examples will be highlighted to show how these topics have been addressed in modern
buildings, and to illustrate the many application and grid possibilities.




Learning Objectives

1. Review nail-laminated timber as a structural building material and demonstrate its
code-compliance and permitted uses.

2. Discuss common specification aspects of NLT such as species, appearance grade and
structural properties.

3. Highlight methods for designing NLT to achieve fire resistance and acoustical
performance when exposed on one side as a floor, roof or wall panel system.

4. Explore structural design topics associated with NLT, including joint lay-up and
diaphragm capacity.




NLT Design Guide

Content includes:

 Architecture

e Fire

e Structure

e Enclosure

 Supply and Fabrication

e Construction and
Installation

 Erection engineering

Free download at

www.thinkwood.com/nltguide
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Mass timber 1s a
category of framing
styles often using
small wood members
formed into large
panelized solid wood v\\mw T
construction — —
including CLT, NLT or
glulam panels for
floor, roof and wall
framing f
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Nail-Laminated Timber

What is it?

Part of the family of mass timber products, Nail-
laminated timber (NLT) is mechanically laminated to
create a solid timber panel. NLT is created by placing
dimension lumber (nominal 2x, 3x, or 4x thickness and 4
in. to 12 in. width) on edge and fastening the individual
laminations together with nails.
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Image: Think Wood



Nail-Laminated Timber

NLT DEPTH  TYPICAL SPAN RANGE

& In. noMmina D 12N

What is it?

2x4, 2x6 and 2x8 most common

d

Uses commodity softwood lumber
framing — common species are

SPLE, Southern Pine, Douglas Fir

lr"..,,,q. Pive PAT) a0 Wa ey andiige (Ariy Fed i

drpendany cu miv, adiay, sud ridraiee (T

Source: NLT Design & Construction Guide




Nail-Laminated Timber

When is it used? it o, ‘ :
NLT is typically used for vy
floor and roof panels.

Plywood/OSB added to one

face can provide in-plane

shear capacity, functioning as

a diaphragm.




Na11 Lammated_ T1mber

When is it used?
NLT can also be used for

walls, elevator shafts, and
stair shafts. Plywood/OSB
added to one face can
provide in-plane shear

capacity, allowing it to also
function as a shear wall

Imége: StructureCraft Bhilders
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Nail-Laminated Timber

When is it used?

Can use preservative treated or
naturally decay resistant wood for

—

exterior applications






Nail-Laminated Timber
A

When does the code allow

it to be used?
IBC defines NLT as

mechanically laminated decking

per IBC 2304.9.3
2015 INTERNATIONAL

Building Code

Permitted anywhere that
combustible materials and heavy
timber are allowed

INTERNATRONAL
CODE COUNCIL




Nail-Laminated Timber
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Source: IBC 2015 Table 601




Nail-Laminated Timber

Chapter 6:
Types of Construction

Where does the code

allow NLT to be used?

* Type IB & II: Root
Decking

Image: StructureCraft Builders =8



Nail-Laminated Timber

Chapter 6:

Types of Construction

Where does the code
allow NLT to be used?

Type 1II: Interior
elements (tloors, roofs,
partitions/shafts) and
exterior walls 1if FRT
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Nail-Laminated Timber
Where does the code allow NLT to be used?

* Type IV: Any interior elements & roofs if meets min. size;
exterior walls 1if FRT. No concealed spaces permitted

Chapter 6:
Types of Construction




NLT Fire Resistance

NLT in Type IV Construction (minimum sizes, no

concealed spaces):

Floor decking:

* 4” nominal (2x4) set on edge, well spiked, covered with 1”” nominal
flooring or 15/32” WSP or ¥2” particleboard FEESSSSS=<S
Roof decking: | —

* 3” nominal (2x3) set on edge, well spiked
Interior partitions:

* 4” depth or 1-hour rating
Exterior walls:

* FRT NLT




NLT Fire Resistance

Example of concealed space

NLT in Type IV Construction - no concealed spaces

* Concealed spaces include dropped ceilings, attics, chases, others

* Concealed space restriction does not apply to any other
construction type. If using mass timber elements in non type IV
construction, concealed spaces are permitted but may be required

to be sprinklered
* IBC 602.4.8 permits 1 hour fire resistance rated construction for
partitions
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T3 Minneapolis

Minneapolis, MN
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Minneapolis, MN

Photo Credit: Blaine Brownell



Nail-Laminated Timber

Chapter 6:
Types of Construction

—=w= Where does the code
"—  allow NLT to be used?
* ’Type V: Interior
E: elements, roofs &
& exterior walls

“0;'.‘ '

Image: Christian Columbres Photography




NLT Fire Resistance
NLT in other than Type IV Construction:

* Permitted where no fire-resistance rating 1s required:
* Roofs in Types 1B, 11
* Floors, roots & certain walls 1n types I1IB & VB
* Testing is on-going to determine fire-resistance characteristics of

NLT in various applications — contact WoodWorks for additional
information




Hudson Building

Vancouver, WA

3 stories
45,000 SF

Type VA

Photo Credit: Christian Columbres



Vancouver, WA

IEEE e




Type I11: 6 stories Nail-Laminated Timber

Allowable building
size for group B

occupancy with NFPA
13 Sprinkler

Image credlt Chr1stlan Columbres

ﬂ Type V: 4 stortes
ype

Type IV: 6 stories







Nail-Laminated Timber

* NLT does not have an accepted
standard for production; project
specifications should address this

* Raw material is standardized

(ASLC/IBC/NDS)

* Some requirements for assembly

(lam to lam nailing) are in IBC
* Quality control a key factor in
overall project success



Nail-Laminated Timber

Source: NLT Design & Construction Guide

Specifications: —

RELATED DOCLAEMNTE

* Issue NLT specs as a complete resource
for the fabricator and contractor teams

* Require the GC to submit a weather
protection plan

* Outline special inspection requirements

* List limits for tolerances, field
modifications

* Expectations for delegated design items

* Species, appearance, profiles

* Sealers - coordinate with Div. 9




Nail-Laminated Timber

. Samples & Mock-Ups
| * Even with good

e specifications, some items are
difficult to communicate in
writing — require sample
panels and/or mockups to
review appearance, colof,
knots, etc.

* Review manufacturer’s culling

process and QA/QC
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Figure 211 1/

e

Figure 1.9: K r . Vigure 212

Nail-Laminated Timber

T

Options:
Stock
materials or
planed edges
Fluted profiles
Rough or

sanded

Source: NLT Design &
Construction Guide



Nail-Laminated Timber

Fluted profiles
provide texture,
shadow lines

Image Credit: StructureCraft Builders/Dialog Architects
Pl B+v: A =






Source: NLT Design &
Construction Guide
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Curved Profiles







Nail-Laminated Timber

Compound Curves
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NLT Acoustical Design
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 to the other
* Applies to walls and floor/ceiling assemblies

e - " . ‘ y
Avm' ”c J‘ ~"»' .
sound -
SOUrce ’ T 1AN%S TS S 10N o ‘ :
» TYOUON Wikl ¢
»
~
» - ' o. .
T -. S
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Image Credit: ’

NRC Canadal! Sepwratng sssenbly Photo Credit: Shutterstock




NLT Acoustical Design

Structure-borne sound:
Impact Insulation Class (IIC)
* FEvaluates how effectively an assembly blocks impact sound from

passing through 1t
* Only applies to floor/ceiling assemblies
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Image Credit: Wood Products FI2



NLT Acoustical Design

Code requirements (IBC 1207) only address residential

occupancies:

3

For unit to unit or unit to public or service areas:

Min. STC of 50 (45 if field tested):
Walls, Partitions, and Flootr/Ceiling Assemblies

Min. IIC of 50 (45 if field tested) for:
Floor/Ceiling Assemblies
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NLT Acoustical Design
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Several acoustically tested NETasé@
exist, WoodWorks 1s working with
acoustical mat manufacturers on others,

contact WW for info




NLT Acoustical Design

More acoustically tested assemblies exist for CL.T than NLT

* Some designers use CLT values and subtract 3 points (STC &
I1C) as an approximation

* (Can use comparative data to perform an acoustical engineering

analysis of CLT vs. NLT| permitted in IBC 1206
TABLE 2.2 STC AND IIC TESTING DATA COMPLETED FOR NLT FLOORS

FLOOR ASSEMBLY (TOP TO BOTTOM) STC liC

1/2 in. plywood + 2x6 NLT (baseline measurement)
Bare CLT (5-ply, 6-7/8 in. thick)

Source: NLT Design & Construction Guide




NLT Acoustical Design

Examples for >45 FSTC CLT Walls

Top 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

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”
Source: US CLT Handbook




NLT Acoustical Design

Common NLT floor

assembly:

* Finish floor (if applicable)

* Underlayment (if finish
tloor)

* 1.5” to 3 thick
concrete/gypcrete topping

* Acoustical mat

* WSP (plywood/OSB)

* NLT panel

Image credit: AcoustiTECH




NLT Acoustical Design

Options without concrete topping:

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

* Proprietary products

Image credit: AcoustiTECH




. Image credit: Regupol NLT AcouStical D eSign

Image credit: US

' ' CLT Handbook
Options without concrete andboo

topping:
* Wood sleepers

* Honeycombs

* Sand fill

e Mineral wool insulation
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«- CLT/NLT Acoustics Resources:
« US CLT Handbook
 Acoustics Manufacturers Literature:
e Maxxon
* Pliteq
 AcoustiTECH
 Kinetics
« USG
* Regupol
e Rothoblaas
* Industry tests — FP Innovations, NRCAN

LS

Contact WoodWorks for information
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MEP in NLT

Due to exposed NLT
structure and finish, unique
MEP accommodation
solutions are required

If using type IV construction,
no concealed spaces are
allowed

oredit: ;EructureCraft Builders



MEP in NLT

Two most common
approaches in NLT
buildings are
exposing services
on ceiling side or
concealing in raised e LT
access floor system - Rul L N
— Or a combination

i
l

Photo Credit: StructureCra Juilders
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ally:wood

Raised access floor
Installed on top of floor

structure
Provides 2’ to 18+ of

plenum space for MEP







MEP in NLT

callll

. e, e
% 1 r

(43(5.)(6.)

Figure 2.15: Serrice chase in NL
= Small service lines
L Covervie NI (sprinklers, electrical

Plywood conduit) — possible to
= conceal within NLT panel

Source: NLT Design &
Construction Guide
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MEC Head Office

4 Stories, 112,000 SF Va_ncouver BC
2x8 NLT includes 5l
sacr1f1c1a1 charring zone




Carbon Summary . MEQ@ Head Office

Vancouver, BC

Volume of wood products used:

2,394 cubic meters (84,543 cubic ft) of lumber
and sheathing I

Carbon stored in the wood*: ll" - | -
1,726 metric tons of carbon daaxide - ' ‘" -

: et

Avoided greenhouse Gas CMISSIONS: 11 : R
' N . s ! A‘ .
3,668 metric tons of carbon dsoxide

“We realized that wood could give the
T space the atmosphere the client wanted:;
at the same time being the most
Equivalent to: environmentally responsible choice.”

Hugh Cochlin, Principal - Proscenium Architecture
+ Interiors Inc.

1,030 cars off the road for a year

Qiote & Carbon Summary. SO *MEC WW! CACase tuay
Energy to operate 3 home for 458 years hitp://cwc.ca/wp-content/uple ds/ 2015/05/Mountain- 1
Equipment-Co-Op-Case-Study_.pdf ~ Photo Credit: Seagate Structures




9'11_
esl s
losureD
Enc

T

NL 5

Hi\\\\




NLT Enclosure Design

NLT enclosure design focuses on 2 key
aspects:

* NLT floors and roofs — temporary construction
moisture protection

* NLT Roofs — long term enclosure performance

Photo Credit: StructureCraft Builders




Source NLT Design & Constructlon Guide

-

NLT floor and roof panels exposed
to moisture during construction
can cause expans1on in lam widths

= ‘ l =SENLT Enclosure Design

|

11 d
“!. UL V- A
= ~ “’ S

i u "‘" g
H Wﬁ

rreu-«

Bl ers\



AT 1)

NLT shrinkage/expansion
design:

Rule of thumb: leave gap between
72" and one ply wide per 8’-10’
wide panel




NLT Enclosure Design

NLT panels often pre-
sheathed

Once 1nstalled on site, add
stitching strips. Some
recommend taping panel
joints, keeping standing
water off system — helps
minimize moisture
absorption by NLT




NLT Enclosure Design

Water Control

Protect NLT from wetting and condensation: Dry
= Durable

Thermal Control/Insulation

Wood provides some thermal resistance, but
additional insulation still needed in
assemblies/details

Vapor Control

Wood is a vapor barrier, no supplemental VB
needed. Consider drying by design & material
placement in NLT assemblies

Air Flow Control

NLT is not an airtight material supplemental
materials & details needed for air barrier

system
y Source: RDH Building Science
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Source: NLT Design & Construction Guide
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NLT Enclosure Design

-

Consider importance of
continuity of control layers
at assembly intersections:
balconies, parapets, wall
offsets, floor soffits

Source: NLT Design & Construction Guide



NLT Enclosure Design

& TeRRAS; COmBe THITY LU 00 COMGAEN Wl LdTeuld LA 004

EA NG

Wood has inherent
thermal benefits

 NLT wall and roof panels w
can contribute to

envelope’s thermal needs
* R1-1.3 per inch of NLT
thickness

Source: NLT Design & Construction Guide
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| Slmphstlcally, NLT Gravity design is 2x Joists @ 1-1/2” o.c. [
However, there are a few nuances to consider ,
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NLT Structural Design

NLT Lam to Lam Nailing

* Prescriptive lam to lam and lam to
support nailing patterns given in
IBC 2304.9.3.2

* 2018 IBC Revisions allow alternate

Pigure 4.1 NLT Crow Santea nailing patterns

* Can also specify nailing pattern
based on an engineered design

* Under type IV, IBC 602.4.6.1 only

requires that lams are “well
Source: NLT Design & Construction Guide .
spiked”




IR TP NLT Structural Design

Laminations continuous
and sngie span

ADJUSTMENT FACTOR

Mawrmym strengt™ for 8 green Oeph

yIC A SAarmum ergh Oy WmetaDirm
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. f 16% 0 et Longer ymenglons
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Source: NLT Design & Construction Guide



LA TR NLT Structural Design
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ADJUSTMENT FACTOR

Bending Strength Stiffness
(K, D

Manmum strengh and shiffress for a
pver depth. Typecsl maxrmum engh
for laminations of 16 to 20 fest. Longer
mraliond can be Tabncated aih
structural finger jords (Certfied extenor

s Oof Cortifed &l oenis)

Source: NLT Design & Construction Guide



i v NLT Structural Design
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Source: NLT Design & Construction Guide



LAYUP TYPE NLT Structural Design
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NLT Structural Design
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NLT Joint Layup

* Factors based on IBC Table
2306.1.4 & European research

Plgure 4.2 Gollggy Mad * Other layups possible

- * IBC 2304.9.2

* Custom designs for alternate

layups
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Source: NLT Design & Construction Guide



NLT Structural Design

''''''

Fluted panel options
Vary lamination depths
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NLT Structural Design

L] = Sl STIFFNESS (K__...) BENDING (K.,  SHEAR(K_,)
, |
d, ; d. |
Koo e = X+ X, | — l Koo o= X+ X, —] K =X
=Xt X = ] I ——
K. ciion 1S always < 1 and applied assuming
TS R — full panel depth of x,
Ky
el AR Example: 2x4 and 2x6 alternating lams
i “i | iy WvRERee B de xl —_ xz —_— 0.5
i K = 0.5 + 0.5[>2]*=0.63
DYy ST S (g S section,b —

AN Tt 0L =1 L 1 o A e b

Source: NLT Design & Construction Guide




NLT Structural Design

NLT STRESS NLT CAPACITY

F.or =F.K

bB.NLT b la:.r.;p.bKﬂ-::h:-n b

NLT STRESS NLT CAPACITY

-

i ¥
pane

b

panel

d3
El=E 'I=FK,__K

layup.E" “section.E 12

Source: NLT Design & Construction Guide




NLT Structural Design

NLT Vibration Design Options:

* Deflection limits (L./480, L./600, etc)

* Fundamental frequency Lower limits
(8-9 hz)

* AISC Design Guide For Steel Structure

Vibrations
e ISO 10137

Consider impact of partitions, structural

supports
Damping value of 2%0-4% assumed for

I Pl s PT) aWd W Tl Alliiae (0wl PRy

Srpendiny ca v, oadeny, avd rréraleg rUerL

bar C NLT Source: NLT Design & Construction Guide



NLT Structural Design

Openings up to 3” dia. (pipes) —
typ. no reinforcing req’d

Openings between 3” & 9” typ.
Reinforced with self tapping
screws or supplemental steel
angles or channels

Source: NLT Design & Construction Guide



Openings between 3” &

9” reinforced with steel NLT StruCtuIa]- DeSign
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Source: NLT Design &
Construction Guide



Openings > 9 reinforced

with steel both directions NLT StruCtuIa]' DeSign

Source: NLT Design & Construction Guide
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hoto credit: Struct

raft Builders/James

NLT Structural Design

Cantilevers

* NLT cantilevers in strong axis
are straightforward

* NLT cantilevers in weak axis
require reinforcing screws ot
supplemental framing

il
I\l

Source: NLT Design & Construction Guide




NLT Structural Design

Larger Cantilever (>9”) with

Supplemental Framing

Source: NLT Design & Construction Guide



NLT Structural Design

Grid Options and Member Sizes:
What’s Been Done

05 e



Bullitt Center

————— — 4
Seattle, WA

mn spacﬁlg at ex
| Spacing. 2
x6 NLT I




120 Clay

Portland, OR

|  ~@& finished floor tosbottomyofw
y /: beam ,
1 * 25x30’ at perimeter

* 30°x30’ bays at centet
* 2x6 NLT Spans 15
e Exterior steel moment frame

=

: keeps core area more versatile




Hudson Building

Vancouver, WA

A —— S
25’x25’ Grid, 1 row
intermediate beams
15’-18’ floor to floor heights
Composite floor: 2x4 and 2x6

NLT floor panels with 3 72”
reinforced concrete topping

Image Credit: Christian Columbres




T3 Minneapolis

Minneapolis, MN

™

e

_\ ) ‘-

' | h

-

2

| B
- 20’x25* Grid
8 NLT Floer Panels span 20’ w/3” Concrete Topping

ge Credit: Ema Peter L
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NLT Connections




NLT Connections

Long self tapping
screws used
extensively

throughout NLT
construction



NLT Connections

NLT to Bearing Support

Figure 4.11: '

Source: NLT Design & Construction Guide



=l NLT Connections

Source: NLT Design & NLT to Beafing Suppor t

Construction Guide

Figure 4. 12: NI

Figure 4.15: NI Sap M o
I st i ad LT Perpemdin L b W ; ' r Wi



NLT Connections
NLT to Foundation

(3 )
&

BN
?.\
.
b A i LT
h P P e o
- T il .
)
i
:

\

Source: NLT Design & Construction Guide
Fu:uﬂ:' 4.16: NI Conanctsn o Cancrety W sl

Source: StructureCzraft Builders



NDS

e

895 BTN

NLT Connections

s IEE AL BET N
S

SECE
ICC-ES Report
et - Long self tapping
eSS screws not covered
- in NDS
T mmmm connection
- ...:.E":.'....“._ provisions.
Reference ICC
ESR or other

product reports




Photo Credit: Bullitt Ce



Bullitt Center
_————— — 4

Seattle, WA
2x4 LT

W 2x6 NET F]

&1
bly top 0 bc
topping, a >al mat, WSP, 2x¢

.




Bullitt Center

Seattle, WA

"
1l
Beam to column & column

to column connections
B ' = T Y

Photo Cre*plit: Jo *tamets




N e — — . NLT Diaphragms

-
tamet\s

Lack of tested, pubhshed d1aphragm
values for bare NLT lead many

engineers to covering with wood
structural panels. Design ) blOCde, Photo credit: StructureCraft Builders
sheathed diaphragm. Use SDPWS
Table 4.2A/4.2B




NLT Diaphragms

Diaphragm design Options

for central core:

* AWC’s 2015 special design
provisions for wind and seismic §
(SDPWS) 4.2.5.2 permits a
semi-rigid or rigid, cantilever
diaphragm up to 35 ft

* If more than 35 ft, consider
perimeter lateral resistance

such as moment frame

Courtesy of Arch Nexus




NLT Diaphragms

l'l_ru.?t ‘- -:‘ L a0 alegd (Frvr degimag Vaen

Kes

I-wd - radanind Miypeed 1L1) 2
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- " bl e oy
f}ﬁh e Ihﬂ,ﬁbruﬂ:q
s T LN rh de ateen Mer el oy
i T T B LY
| e o daedra Plrygesad [ 15 L] e T
-'-ll...'i‘:-"-
."'i'..."f.._'l.,] o

|
| ey b

il B e S5SE BP0

] f _} W
High Load Dnapbrigm Source: NLT Design & Construction Guide




NLT Diaphragms

NLT diaphragm chords &
collectors can be edge lams,

wall top plates, supplemental
steel or other

Source: NLT Design & Construction Guide




i " ' Mn NLT Lateral Systems

d| - Although NLT can be sheathed with
| l X WSP and used as a shearwall, typical

approaches use other vertical lateral
force resisting systems




» >







n\‘ M“ | if ﬂ N Nﬁ.ﬂ'fﬂateral Systems
A\ 'R .ry " “,‘ g ;

P I e e

Steel moment frame



NLT Lateral Systems




| B
~ Can source NLT from a

I manufacturer that specializes in
= NLT or from a competent

_ framer/GC/timber install crew
' — " i




Sourcing NLT

.T:— S

NLT does not require ! N
a dedicated A\ 2
manufacturing facility.
Is fabricated with
readily available
dimension lumbert.

» .'c S
Photc’ 'feqn: John Stamets



Crane with pick points on panels,

= L typically direct from truck to install :'

oto Credit: StructureCraft Builders "Consider erection engineering
‘ e ~v . 1 AN R
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NLT Design Guide

Free download at
www.thinkwood.com/nltguide

NLT Guide

Download the US or Canadian Design and Construction Guide

US NLT Guide
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