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Course Description

This course navigates the design steps for mass timber elements through the National 

Design Specification for Wood Construction (NDS) and Fire Design Specification for Wood 

Construction (FDS). The presentation will outline key design checks for mass timber 

elements—covering panels, beams, and columns—along with criteria for moment, shear, 

and deflection. Worked examples accompany this presentation, and a new WoodWorks 

design guide will be available for download prior to this session. A brief overview of 

multi-span panel conditions, beam/column connections, and fire design will lay a 

foundation for a comprehensive design strategy. 



Learning Objectives

1. Understand the necessary design checks for mass timber elements, including panels, 

beams, and columns, using the International Building Code (IBC) and its referenced 

standards, including the National Design Specification (NDS) for Wood Construction and 

the Fire Design Specification (FDS) for Wood Construction (FDS).  

2. Distinguish between various mass timber panel types and their inherent structural and 

fire protection qualities.   

3. Account for multi-span conditions and deflection in mass timber panels to enhance the 

experience of the building occupant.   

4. Become familiar with the building codes, reference standards, and design guides 

necessary for mass timber floor, wall, beam and column elements. 



» Structural Design

» Mass Timber panels: CLT, GLT, DLT, NLT

» Glulam Beam

» Glulam Column

» Additional Design Resources for Connections, 

Fire-Rated and Lateral Elements

Introduction

Structural Design of Mass 

Timber Elements: Gravity 

Design Examples
A new resource with worked examples.



https://www.woodworks.org/resources/structural-design-of-mass-timber-elements-gravity-design-examples/





CLT

CSU Chico University Services
Dreyfuss + Blackford Architecture, 

Buehler, Swinerton

photo Kyle Jeffers



CLT – Cross Laminated Timber panels

CLT Design includes:

» Design stresses from PRG-320 or 

manufacturer’s literature

» Bending: Fb(Seff)

» Shear: V, is in pounds per ft of panel 

width

» Deflection: EI and GA, flexural and 

shear stiffnesses



FLATWISE Panel Loading – “Out of Plane” Behavior

Span in MAJOR Strength Direction

“Parallel” Direction
Use subscript ‘0’ or ‘II” in Notation

Span in MINOR Strength Direction

“Perpendicular” Direction

Use subscript ‘90’ or “ꓕ” in Notation

Reference & Source: ANSI/APA PRG 320



EDGEWISE Panel Loading – “In-Plane” Behavior

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference &  Source: ANSI/APA PRG 320



Strength Directions of CLT

Major Strength Direction Bending

Minor Strength Direction Bending

CLT is an Orthotropic Material



FLATWISE Panel Properties

MAJOR Strength Direction

“Parallel” Direction
Use subscript ‘0’ in Notation

MINOR Strength Direction

“Perpendicular” Direction
Use subscript ‘90’ in Notation

Reference: ANSI/APA PRG 320 and Product Reports

Vs,0

(EI)eff,f,0

bending

strength

stiffness

shear

(FbS)eff,f,0

(GA)eff,f,0

Vs,90

(EI)eff,f,90

(FbS)eff,f,90

(GA)eff,f,90

bending shear



The Standard Covers:

» U.S. and Canada Use

» Panel Dimensions and Tolerances

» Component Requirements

» Structural Performance Requirements

» Panel and Manufacturing Qualification

» Marking (Stamping)

» Quality Assurance

North American CLT Product Standard

ANSI/APA PRG 320 Standard for Performance-Rated Cross-

Laminated Timber



3rd Party Product Qualification of CLT



CLT Product Reports

CLT Grade

(basic or custom)
Layup Panel Properties

Major Strength Direction Laminations Minor Strength Direction Laminations



Structural Design Standardization

National Design Specification for Wood Construction



Major Span Direction Analysis

For actions resisted by primarily 1-way spanning behavior, common 
to analyze as a beam.  1 ft strip a very convenient width. 

Can use this approach for multiple spans, cantilevers, etc.



» Design properties based on an Extreme Fiber Model:

» Flexural Capacity Check:

» Mb ≤  (FbSeff)′

» Mb = applied bending moment

» (FbSeff)′ = adjusted bending capacity

» Seff = effective section modulus

» Fb = reference bending design stress of outer lamination

Flatwise Flexural Strength

Mb

Bending Stress

Separate values 

for most 

components



Flatwise Flexural Strength

MbBending Stress

Commonly 1.0

Provided

Mb ≤  CD (1.0) (FbSeff)

per

NDS

For ASD:  (FbSeff)′ = CD CM Ct CL (FbSeff)

Here and in the following, items in 

Red are provided CLT properties

Check applied moment =  Mb ≤  (FbSeff)′ adjusted capacity



Flatwise Shear Strength

Rolling Shear



Shear Capacity Check:

Va ≤  Fs(Ib/Q)eff′

Va = applied shear

Fs(Ib/Q)eff′ = adjusted shear strength  

Flatwise Shear Strength

Va
Shear Stress

Jargon Alert!  AKA “Planar Shear”, “Out-of-Plane Shear”, or “Rolling Shear” Strength

Wood Structural 

Panel Term

Structural 

Engineering Term
WSP &

CLT Term



Flatwise Shear Check (ASD)

Va

From Manufacturer

Duration of Load Effects (Cd and λ) 

NOT applicable to Flatwise Shear 

Strength of CLT in the NDS

PRG 320 notation

Va ≤ (1.0) Vs

Fs(IbQ)eff′ = CM Ct  (Fs(IbQ)eff) = CM Ct Vs

Per NDS. 
(Commonly 1.0)

NDS reference 

shear capacity
NDS adjusted 

shear capacity



» General Purpose: 1 Way, Beam Action

» Needed Stiffness: EIeff,0   GAeff,0  

» Analyze as a beam representing a strip (e.g 1. ft) of CLT

» Can model multiple spans, cantilevers, etc.

Deflection Calculations



Single Span Beam Deflections, including shear deformations

For single span, simply supported uniform load

What is Apparent Flexural Stiffness, EIapp, such that

Set equal to each other and solve for EIapp

Deflection Calculations

Span, L

Uniform load, w

EIapp
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Deflection Calculations
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Apparent Flexural Stiffness depends on Span Length

L1 = 20 foot

�����  � � �����  �

L2 = 16 foot

Apparent Flexural Stiffness depends on Load Shape and Support Conditions

NDS Commentary



Long Term Deformation to Loads:

Deflection Calculations

Δ! � �"# Δ$! 	 Δ%! NDS Eq 3.5-1

Δ%!

Δ$!

�"# 

Deflection due to short-term loading (e.g. live load)

Immediate deflection due to long-term loading (e.g. dead load)

2.0 for CLT in dry service conditions

w plf

In addition to code (IBC) required deflection limits, 

also check total deformations, including creep. 

Particularly in exposed long-span roof panels, where 

only meeting code minimums may lead to undesirable 

visible panel deflections. 



Two-way CLT design

Brock Commons in Vancouver, BC.

Photo: Acton Ostry Architects

Cooley Landing Project in East Palo Alto. Photo: WoodWorks

Photo: Swinterton



CLT is an Orthotropic Material

Major Strength Direction 

Stiffness

Minor Strength Direction 

Stiffness

(EI)eff,f,0
(EI)eff,f,903 to 30+ times

Equal property plate analysis not accurate



Flatwise Two-Way CLT Analysis

Finite Element Model Grillage Model
Approximate Strip 

Analysis

Image from KPFF in US Mass Timber 

Floor Vibration Design Guide Image from proHolz Cross-Laminated 

Timber Structural Design, Vol 2

Image from proHolz Cross-Laminated 

Timber Structural Design, Vol 2



Possible, however not common.

Structural design issues include:

» Compression perp to grain at support points

» Bi-directional bending stress interactions

» Punching shear

Point Supported Plates

Not covered in NDS

Expert Tip

https://www.woodworks.org/resources/design-strategies-for-two-way-spanning-cross-laminated-timber/



Acoustics and Vibration in Mass Timber Panels

Image: AcoustiTECH



Vibrations vs Acoustics

Floor

Vibrations

1 Hz -- 100 Hz 20 Hz -- 15,000 Hz

Acoustic

Vibrations

Transmitted through

structure or through ground

Transmitted through

air, walls, floors, windows

Physical effects Audible effects



https://www.woodworks.org/mass-timber-fire-acoustic-database/



Vibration Criteria for CLT Floor Span

CLT Floor Span Limit (base value) from FPInnovations method

Where, for 12 in wide strip:

EIeff =  effective flexural stiffness (lbf-in2)

& = in-service specific gravity of the CLT, unitless

e.g. weight normalized by weight of water

A = the cross-section area (in2) = thickness * 12 in

�'(� ≤
�

��.*+

,-.//
0.123

45 0.611
[ft]

Where, for 12 in wide strip:

EIeff =  effective flexural stiffness (lbf-in2)

w = CLT weight per area (lbf/ft2)

Reference “US Mass Timber Floor Vibration Design Guide” Chapter 4
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Vibration Criteria: Floor Topping Impacts

Recommended CLT Floor Span Limit (adjusted for floor topping):

Decrease span by 10% when topping is greater than 2 x panel self weight

Topping is not greater than 2 x self weight, therefore no adjustment.

Otherwise, decrease span by 10%.

Reference “US Mass Timber Floor Vibration Design Guide” Chapter 4.2

Concrete topping weight = (2 in/12 in)(150 pcf) = 25 psf

CLT self weight = 16.1 psf

2 x self weight = 32.2 psf



https://www.woodworks.org/resources/us-mass-timber-floor-vibration-design-guide/



Multi-span CLT Panels as Simple Beams

Single span
L

L L L
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Reaction

9:;<

Deflection

@:;<

Shear

>:;<

Moment

=:;<

1.00 ��.0130 
���

��
.500 ��.125 ���Single span

1.25 ��.0054 
���

��
.625 ��.125 ���Double span

1.10 ��.0069 
���

��
.600 ��.100 ���Triple span

1.20 ��.0099 
���

��
.617 ��.117 ���Triple span

Skip load (2 of 3)

Uniform Load, Equal Spans, Comparison of Critical Design Values

Sources of span tables:

• AWC Design Aid No. 6 - Beam Design Formulas with Shear and Moment Diagrams

• AISC  Manual of Steel Construction



Reaction
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Deflection
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Shear

>:;<

Moment
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1.00 ��. FGHF 
IJK

LM
.500 ��. GNO IJNSingle span

G. NO IJ.0054 
���

��
. PNO IJ. GNO IJNDouble span

1.10 ��.0069 
���

��
.600 ��.100 ���Triple span

1.20 ��.0099 
���

��
.617 ��.117 ���Triple span

Skip load (2 of 3)

Uniform Load, Equal Spans, Comparison of Critical Design Values

What if the number of spans per panel is unknown?

Often the case in design before a manufacturer is selected.



Reaction

9:;<

Deflection

@:;<

Shear

>:;<

Moment

=:;<

1.00 ��. FGHF 
IJK

LM
.500 ��. GNO IJNSingle span

G. NO IJ.0054 
���

��
. PNO IJ. GNO IJNDouble span

1.10 ��.0069 
���

��
.600 ��.100 ���Triple span

1.20 ��.0099 
���

��
.617 ��.117 ���Triple span

Skip load (2 of 3)

Uniform Load, Equal Spans, Comparison of Critical Design Values

A panel design strategy for unknown panel layout of regular 1-way span lengths: 

• Design CLT panels as single span

• Design interior support points for potential 25% increase in reaction 



Vibration Criteria for CLT Floor Span

What’s the impact of multi-span panels on floor vibrations?

• Check the longest span, if unequal

• Recommend a 20% increase in the Base Span Limit when non-structural 

elements are present which provide enhanced stiffening effect*

*Partition walls, finishes, ceilings

Reference “US Mass Timber Floor Vibration Design Guide” Chapter 4



GLT – Glue-Laminated Timber panels

GLT Design includes:

» GLT panels are glulam sections laid on their 

side (plank orientation)

» Sections are 12 to 48 inches wide (in plank).

» Glulam beams (and sometimes columns have 

laminations with varying structural 

properties

» GLT panels often use “column” sections with 

uniform structural properties

» NDS Supplement Table 5B (Members stressed 

primarily in axial tension or compression)

Photo credit: Unalam



GLT – Glue-Laminated Timber panels

Layup:

» Table 5B & adjustment factors

» CV = 1.0 as plank loaded

» Flat Use factor, Cfu

Use Table or Calc per NDS 5.3.7



GLT – Glue-Laminated Timber panels
Eapp



GLT – Glue-Laminated Timber panels

GLT Design includes:

» Fire Design per NDS Chapter 16 for beams exposed on three sides.

Char on 3 exposed sides, typically



DLT – Dowel Laminated Timber panels

DLT Design includes:

» Proprietary testing by the DLT manufacturer 

produces stress values

» Design values found in catalog or ICC report

» Bending: Fb(Seff) similar to CLT design 

» Shear: V, is in pounds per ft of panel width

» Deflection: EI, combined for species and grade

» Very few manufacturer’s at this time



DLT – Dowel Laminated Timber panels



DLT – Dowel Laminated Timber panels

DLT Design includes:

» Non-standard and Acoustical profiles can be tricky. 

» Contact the manufacturer for design values for these profiles.

Credit: DowelLam



DLT – Dowel Laminated Timber panels

DLT Design includes:

» Fire design: be mindful of gaps between panels (FDS 3.2.3)  

» Char depth, per FDS, shares NLT approach

» Affected by panel profile as well

Credit: DowelLamCredit: DowelLam



NLT – Nail Laminated Timber panels

NLT Design includes:

» Determine if finger-jointed or not, simple-

span or random

» Design values found in the NDS Supplement 

Tables 4A thru 4C – Sawn Lumber

» Fb, Fv, E,  similar to beam design

» Applicable adjustment factors from 

NDS Chapter 4

» Repetitive Member Factor, Cr often 1.15 

(NDS 4.5.9)

» Size Factor, CF often greater than 1.0 

(NDS Supplement)

Photo: Think Wood



NLT – Nail Laminated Timber panels

NLT Design includes:

» Fire Design: uni-directional or bi-directional char

» NLT Guide talks more on this as well as our new paper “Fire Design of 

Mass Timber Structural Members: Demonstrating Fire Resistance Rating 

of Mass Timber Products”

» Design Example assumes uni-directional (NDS 16.3.1) similar to a beam

Uni-directional char 

(bottom surface only)

Bi-directional char 

(bottom surface and between laminations)



NLT Design Guide includes:

» Architecture

» Fire

» Structure

» Fluted Sections 

» Enclosure

» Supply and Fabrication

» Construction and Installation

» Erection engineering

» Free download from www.thinkwood.com

NLT Structural Design

https://info.thinkwood.com/download/nlt-design-and-construction-guide-usa



» Allowable building material in IBC Section 2303.1.3 

when manufactured in accordance with ANSI/APA 

A190.1

» NDS Chapter 5 – Structural Glue Laminated Timber

» NDS Supplement – Tables 5A thru 5D design values

» Covered in many excellent sources:

Timber Construction Manual (AITC), 

Design of Wood Structures (Breyer)

» American Institute of Timber Construction -> 

Pacific Lumber Inspection Bureau (PLIB.org)

Glulam Beam & Column Design



» Reduction for Notches, NDS Section 5.3.10

Glulam Beam Design

The applicable adjustment factors for shear in NDS 

Table 5.3.1 are:

• load duration, CD

• wet service factor, CM

• temperature factor, Ct and 

• shear reduction factor, Cvr. 

Photo: Structurlam

Photo: Adam Hunter



Glulam Column Design
Start with a basis of design column size and then check actual 

loading conditions to assess adequacy, assuming a load duration of 

1.0 and a maximum eccentricity of d/6. 

Design steps include: 

• Preliminary Glulam column size- Table 9 of APA’s Y240 –

Design of Structural Glued Laminated Timber Columns

• Glulam column slenderness ratio

• Glulam column axial and buckling 

• Glulam column axial and buckling – structural fire 

resistance. 

Table G1 in NDS Appendix G provides effective length 

factors for different column end support conditions. 

Per NDS Section 3.7.1.4, the slenderness ratio (Le/d) 

should not exceed 50. 

https://www.apawood.org/publication-search?q=Y240&tid=1



» Fire Design per NDS Chapter 16 included

Glulam Beam & Column Design

Main differences from a non-fire check: 

• Uses reduced beam cross-sectional dimensions. 

• Adjustment Factors for Fire Design per NDS Table 16.3.3   



Connections

Photo: StructurlamPhoto: Adam Hunter



Wood Design Reminders

• Bearing is Better than Dowel-

Type Fasteners

• Parallel is Better than 

Perpendicular to Grain

• No Screw Withdrawal from End 

Grain

• Edge Distances and Spacing are 

Important

• Notch with Care

BEAM TO GIRDER 

BEARING

WOOD SCREWS 

IN SHEAR

Connections



Wood Design Reminders

• Bearing is Better than Dowel-

Type Fasteners

• Parallel is Better than 

Perpendicular to Grain

• No Screw Withdrawal from End 

Grain

• Edge Distances and Spacing are 

Important

• Notch with Care

BEAM BEARING: 

PERPENDICULAR 

TO GRAIN

COLUMN BEARING: 

PARALLEL TO GRAIN

Connections



Wood Design Reminders

• Bearing is Better than Dowel-

Type Fasteners

• Parallel is Better than 

Perpendicular to Grain

• No Screw Withdrawal from End 

Grain

• Edge Distances and Spacing are 

Important

• Notch with Care

2018 AWC NDS, Section 12.2.2.3

Connections



Wood Design Reminders

• Bearing is Better than Dowel-

Type Fasteners

• Parallel is Better than 

Perpendicular to Grain

• No Screw Withdrawal from End 

Grain

• Edge Distances and Spacing are 

Important

• Notch with Care

• 2018 AWC NDS, Section 12.5

• Manufacturer’s Literature

Connections



Wood Design Reminders

• Bearing is Better than Dowel-

Type Fasteners

• Parallel is Better than 

Perpendicular to Grain

• No Screw Withdrawal from End 

Grain

• Edge Distances and Spacing are 

Important

• Notch with Care

• 2018 AWC NDS, Section 5.4.5

• APA – The Engineered Wood Association (EWS) T300 

Glulam Connection Details Construction Guide

• MTC Solutions ASSY Screws as Tensile Reinforcement 

in Notched Beams

(APA T300)

Connections



Connections
» Connectors for CLT in the NDS – Chapter 12

» Dowel type fasteners: lag screws, nails, bolts

» Reductions for end distance, edge distance and fastener spacing 



Proprietary Products

Variety of Self Tapping Screws

Source:  rothoblaas Source:  Simpson Strong-Tie



A library of commonly used mass timber 

connections with designer notes and 

information on fire resistance, relative 

cost and load-carrying capacity.

MASS TIMBER CONNECTIONS INDEX

https://www.woodworks.org/resources/index-of-mass-timber-connections/



» Fire Resistance Requirements for Mass Timber Members

» Found in Table 601 IBC – vary by building type and structural usage

» Fire Resistance Ratings can be determined through:

» Testing –

-IBC 703.2.1 Tested Assemblies. (ASTM E119 or UL263)

» Calculations –

-IBC Section 722 – Calculated Fire Resistance

-Chapter 16 of the NDS Char calculations along with AWC’s Fire Design Spec (FDS)

» Examples are provided within the new Woodworks publication: 

-Structural Design of Mass Timber Elements: Gravity Design Examples

-Fire design checks for mass timber panels, beam, column included

Fire Design of Mass Timber



» 2024 IBC Table 601 (Same as 2021 IBC)

Fire Resistance Requirements in the IBC



https://www.woodworks.org/resources/fire-design-of-mass-timber-members-code-applications-construction-types-and-fire-ratings/





https://www.woodworks.org/mass-timber-fire-acoustic-database/



Lateral Systems

Photo: Marcus Kauffmann, ODF

Photo: Alex Schreyer

Credit: KL&A Engineers & Builders

» Concrete shear wall or frame systems

» Steel braced frames

» CLT Shear walls

» Wood Light-Frame shear walls & Cold-Formed Steel

» CLT Rocking Walls and Timber Braced Frames



CLT Shear Walls Options in the U.S.

See the WoodWorks Expert Tip

CLT Shear Wall Options in the U.S.
https://www.woodworks.org/resources/clt-shear-wall-options-in-the-u-s/

https://www.woodworks.org/resources/clt-shear-wall-options-in-the-u-s/



https://www.woodworks.org/resources/clt-diaphragm-design-guide/



» Past presentation from Scott on National Webinar May 21, 2025 “CLT Shear Wall and 

Diaphragm Design with SDPWS 2021” on the LMS, maybe grab the link.

Lateral

https://www.woodinstitute.org



QUESTIONS?

This concludes The American 

Institute of Architects Continuing 

Education Systems Course

Scott Breneman

scott.breneman@woodworks.org

Matt Cloninger

matt.cloninger@woodworks.org



Covers cross-laminated (CLT) and 

light-frame wood shear wall systems 

available for use now and in 

development

CLT Shear Wall Options in the U.S. 

https://www.woodworks.org/resources/clt-shear-wall-options-in-the-u-s/



Structural Design of Mass Timber Elements: Gravity Design Examples



Structural Design of Mass Timber Elements: Gravity Design Examples



Highlights important provisions for 

SDPWS 2021 for CLT diaphragm design

CLT Diaphragm Design for Wind and Seismic Resistance

https://www.woodworks.org/resources/clt-diaphragm-design-for-wind-and-seismic-resistance/



https://www.woodworks.org/resources/index-of-mass-timber-connections/



Focuses on how to meet fire 

resistance requirements in the IBC 

through tested and calculated 

methods. 

Fire Resistance Requirements in the IBC

https://www.woodworks.org/resources/fire-design-of-mass-timber-

members-code-applications-construction-types-and-fire-ratings/



Fire resistance ratings of mass timber 

members achieved by a combination 

of direct-applied gypsum wallboard 

and inherent char

Fire Resistance Ratings – Calculated Assemblies

https://www.woodworks.org/resources/clt-shear-wall-options-in-the-u-s/



Wood Design Reminders

• Bearing is Better than Dowel-

Type Fasteners

• Parallel is Better than 

Perpendicular to Grain

• No Screw Withdrawal from End 

Grain

• Edge Distances and Spacing are 

Important

• Notch with Care

Connections



Ksection is always <1 and applied assuming full panel depth of x1

Example: 2x4 and 2x6 alternating lams

See NLT Design & Construction Guide for Details

Fluted NLT Design



Fire Resistance Ratings – Tested Assemblies
» Mass Timber Fire & Acoustic Database: Fire Resistance

https://www.woodworks.org/mass-timber-fire-acoustic-database/mass-timber-fire-resistance-database/



Nail-Laminated Timber (NLT)

Photo: StructureCraft

Photo: Think Wood



Nail-Laminated Timber (NLT)

Photo: StructureCraft



The shear check for the routed-in hidden connector for structural fire 

resistance follows a similar design approach as the initial check. 

Main differences this check: 

• Uses reduced beam cross-sectional dimensions. 

• Increases the allowable shear stress by the 2.75 factor from NDS Table 16.3.3   

Common floor panel vibration analysis methods assume fully rigid supports (i.e., bearing walls). 

• Many mass timber projects are supported on beams. 

• The overall floor assembly as a system will dictate vibration performance, not just the panels: 

o It might be appropriate to design the MT floor panel/GLB connection with a level of assumed composite action, 

o or, composite action can be neglected. 

o or, some engineers even adapt the design principles of AISC Design Guide 11 to that of a mass timber system, including 

beams. 

5.1.4 Glulam Beam Shear Check – Structural Fire Resistance

5.1.7 Glulam Beam Vibration Check  

5.1.6

The engineer should assess the required level of vibration performance, determine whether panel-to-beam connections can 

provide some composite action, and analyze the beams for vibration accordingly. 



Start with a basis of design column size and then check actual loading conditions to assess adequacy, assuming a 

load duration of 1.0 and a maximum eccentricity of d/6. 

Design steps include: 

• Preliminary Glulam column size- Table 9 of APA – The Engineered Wood

Association’s Design of Structural Glued Laminated Timber Columns (APA, 2009)

• Glulam column slenderness ratio

• Glulam column axial and buckling 

• Glulam column axial and buckling – structural fire 

resistance. 

5.2 Column Design

Table G1 in NDS Appendix G provides effective length 

factors for different column end support conditions. 

Per NDS Section 3.7.1.4, the slenderness ratio (Le/d) 

should not exceed 50. 

Structural Fire Resistance Check


