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CREDITS 

The materials used herein are based on the following as well as standards referenced by these 

documents: 

• IBC 2015, “International Building Code”, 2015

DISCLAIMER 

While the information presented in this webinar and proceedings is believed to be correct, SEAW and 

the speakers assume no liability for its accuracy or for the opinions expressed herein. The materials 

presented in this webinar and proceedings should not be used or relied upon for any specific application 

without express examination and verification of its accuracy, suitability and applicability by qualified 

professionals. Users of information from this webinar and proceedings assume all liability arising from 

such use. 

Included documents prepared by others are subject to change by the preparers. Users are cautioned to 

obtain the latest versions of all such documents prior to use on a specific project.
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About the Presenters 

Hans-Erik Blomgren, PE SE P.Eng. Struct.Eng. 

Director of Testing and Characterization, Katerra 

At Katerra, Hans-Erik is director of mass timber product and building systems. He has managed 

certification for the company’s cross-laminated timber product line which will be manufactured at a 

new 270,000 sq. ft factory in Spokane Valley, WA starting in the summer of 2019. As well, he has led 

Katerra’s efforts to technically justify and test cross-laminated timber panel assemblies and systems for 

code compliant fire, structural, and acoustic use. Hans-Erik represents Katerra on the PRG 320 CLT 

Manufacturing Standard and AWC Wood Design Standards code writing committees. 

Robert Gerard, PE 

Associate Fire Engineer, Katerra 

Robert Gerard is a licensed Fire Protection Engineer based in Katerra’s Seattle office. He holds a 

Bachelor’s Degree in Architectural Engineering from Cal Poly, San Luis Obispo, and a Master’s Degree 

in Fire Engineering from the University of Canterbury in New Zealand. Robert’s experience in timber 

fire safety has seen him involved in timber building research and testing programs around the globe, 

including placements in London and Sydney in addition to his home base of Washington. His 

participation in a number of research forums, seminars, conferences and projects has made him an 

authority on fire safety in timber buildings. 
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Agenda 

11:30-11:35 Introduction by the SEAW Education Committee 

11:35-12:00 1- Mass Timber Background

12:00-12:20 2- Fundamentals of CLT and Glulam Behavior

12:20-12:40 3- Mass Timber Building Design Requirements

12:40-1:00 4- Best Practice for Building Design

1:00-1:20 5- Additional Requirements

1:20-1:30 Q & A 

1:30 Adjourn 
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Learning Objectives

• Understand the structural and fire 
engineering requirements for mass 
timber commercial buildings

• Define the IBC (2018) code 
compliance pathways

• Provide proper specification of 
materials and assemblies

• Define and apply appropriate design 
methods

June 12, 20193 Engineering Requirements for Mass Timber Buildings

Agenda

June 12, 20194 Engineering Requirements for Mass Timber Buildings

Introduction

Mass Timber Background

Fundamentals of CLT & Glulam Behavior

Mass Timber Building Design Requirements

Best Practice for Building Design

Additional Requirements

Q&A
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The Origins of the Mass Timber Movement

June 12, 20195 Engineering Requirements for Mass Timber Buildings

CLT Missionaries

June 12, 20196 Engineering Requirements for Mass Timber Buildings
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CLT Missionaries

June 12, 20197 Engineering Requirements for Mass Timber Buildings

CLT Cowboys

June 12, 20198 Engineering Requirements for Mass Timber Buildings
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CLT Pioneers

June 12, 20199 Engineering Requirements for Mass Timber Buildings

CLT Snake Oil Salesman

June 12, 201910 Engineering Requirements for Mass Timber Buildings
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CLT Sheriffs

June 12, 201911 Engineering Requirements for Mass Timber Buildings

CLT Civilization

CLT Assimilation

June 12, 201912 Engineering Requirements for Mass Timber Buildings
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Engineering Requirements for Mass Timber Buildings13 June 12, 2019

CLT Global 
Product Supply

CLT – Global Manufacturers/Fabricators

Montana

Oregon

Quebec

British 
Columbia Austria Austria Germany Europe Europe

Austria

New 
Zealand

JapanAlabama

June 12, 201914 Engineering Requirements for Mass Timber Buildings
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Mass Timber Products – Washington State

CLT 
(Walls, Floors)

Fastening Systems 
(Screws, Plates)

June 12, 201915 Engineering Requirements for Mass Timber Buildings

Mass Timber Products – Washington State

CLT 
(Walls, Floors)

Fastening Systems 
(Screws, Plates)

Colville WA Spokane Valley WA

June 12, 201916 Engineering Requirements for Mass Timber Buildings
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Engineering Requirements for Mass Timber Buildings17 June 12, 2019

Mass Timber Precedents

Mjøstårnet – Norway (Height = 280ft)

Engineering Requirements for Mass Timber Buildings18 June 12, 2019

Current CTBUH Record Holder

17
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Oregon State Peavy Hall – Corvallis

Engineering Requirements for Mass Timber Buildings19 June 12, 2019

Oregon State U – Emerson Advance Wood Products Lab

Engineering Requirements for Mass Timber Buildings20 June 12, 2019
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Catalyst Office/Education – Spokane WA

Engineering Requirements for Mass Timber Buildings21 June 12, 2019

The Postmark, Shoreline WA

Shoreline Apartments, Shoreline WA

June 12, 201922 Engineering Requirements for Mass Timber Buildings
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T3 – Hines Atlanta GA, Minneapolis MN

Engineering Requirements for Mass Timber Buildings23 June 12, 2019

Source: 
Structurcraft

Engineering Requirements for Mass Timber Buildings24 June 12, 2019

Wood Properties

23
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Wood Properties

June 12, 201925 Engineering Requirements for Mass Timber Buildings

Concrete Properties

June 12, 201926 Engineering Requirements for Mass Timber Buildings
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Relative Mechanical Properties

June 12, 201927 Engineering Requirements for Mass Timber Buildings

Representative Stress v. Strain Relationship for Wood

June 12, 201928 Engineering Requirements for Mass Timber Buildings
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Representative Stress v. Strain Relationship for Wood

June 12, 201929 Engineering Requirements for Mass Timber Buildings

1 2 3

4

5

6

6

5

4

3

2

1

Representative Load Deformation Relationship for Fasteners

June 12, 201930 Engineering Requirements for Mass Timber Buildings
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Truss Chord Splice - Axially Loaded Screws

June 12, 201931 Engineering Requirements for Mass Timber Buildings

Fire Properties

June 12, 201932 Engineering Requirements for Mass Timber Buildings
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Fire Properties

June 12, 201933 Engineering Requirements for Mass Timber Buildings

Char rate (NDS / TR-10)

*Accounts for 
delamination

Engineering Requirements for Mass Timber Buildings34 June 12, 2019

IBC Construction Types

33
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Combustibility

How easily a substance will ignite and burn
ASTM E136 – Test Method for Behavior of Materials

Engineering Requirements for Mass Timber Buildings35 June 12, 2019

Combustibility

How easily a substance will ignite and burn
ASTM E136 – Test Method for Behavior of Materials

Engineering Requirements for Mass Timber Buildings36 June 12, 2019
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IBC Construction Types

Building classification based on materials (2018 IBC Chapter 6)

Engineering Requirements for Mass Timber Buildings37 June 12, 2019

Element Type I Type II Type III Type IV Type V

Primary 

frame

Non-

combustible

Non-

combustible
Combustible Combustible Combustible

External walls
Non-

combustible

Non-

combustible

*Non-

combustible

*Non-

combustible
Combustible

Internal walls
Non-

combustible

Non-

combustible
Combustible Combustible Combustible

Floors
Non-

combustible

Non-

combustible
Combustible Combustible Combustible

Roofs
Non-

combustible*

Non-

combustible*
Combustible Combustible Combustible

* CLT permitted with non-combustible protection

IBC Construction Types

Types III and IV (2018 IBC 602.3 and 602.4)

� Noncombustible exterior, combustible interior

� Type IV: No concealed spaces

Engineering Requirements for Mass Timber Buildings38 June 12, 2019

37
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IBC Construction Types

Type V (2015 IBC 602.5)

� Any material permitted by code

Engineering Requirements for Mass Timber Buildings39 June 12, 2019

IBC Construction Types

Construction type allowances (2018 IBC Chapter 6)

Engineering Requirements for Mass Timber Buildings40 June 12, 2019

Parameter I-A I-B II-A II-B III-A III-B IV-HT V-A V-B

Allowable Height UL 180 85 75 85 75 85 70 60

Allowable # Stories UL 12 5 5 5 5 5 4 3

Allowable Area UL UL 72,000 48,000 72,000 48,000 61,500 36,000 21,000

FRR

Primary Frame

Ext Bearing Walls

Int Bearing Walls

Floors

Roof

3

3

3

2

1-1/2

2

2

2

2

1

1

1

1

1

1

0

0

0

0

0

1

2

1

1

1

0

2

0

0

0

HT

2

HT

HT

HT

1

1

1

1

1

0

0

0

0

0

39
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Type IV - T3, Minneapolis MN

6-Story wood over 1 Story 
Concrete

<85ft, Exposed Wood

Type IVC - Carbon 12, Portland OR

8-Story wood over 1 Story 
Concrete

<85ft, Exposed Wood

Type IVB - Origine, Quebec CA

12-Story Wood
>85ft, Partially Encapsulated

Type IVA - Brock Commons, Vancouver BC

18-Story Wood/Concrete Hybrid
>85ft, Fully Encapsulated

3hr 

FRR

2hr 

FRR

2hr 

FRR

1hr 

FRR

June 12, 201941 Engineering Requirements for Mass Timber Buildings

Tall Wood Buildings

Tall Wood Buildings

Modern mass timber buildings

� Larger and tall engineered timber structures

Engineering Requirements for Mass Timber Buildings42 June 12, 2019

41

42



Reproduction not permitted without permission

2019 SEAW Spring webinar
Mass Timber Buildings

22

Tall Wood Buildings

Type IV-A, -B, -C, HT Construction (TWB / 2021 IBC)

Engineering Requirements for Mass Timber Buildings43 June 12, 2019

Parameter IV-A* IV-B* IV-C* IV-HT

Allowable Height 270 180 85 85

Allowable # Stories 18 12 9 5

Allowable Area 184,500 123,000 76,875 61,500

Exposed Area 0% Up to 20/40% 100% 100%

Sprinkler Protection NFPA 13 NFPA 13 NFPA 13 NFPA 13

FRR

Primary Frame

Ext Bearing Walls

Int Bearing Walls

Floors

Roof

3

3

3

2

1-1/2

2

2

2

2

1

2

2

2

2

1

HT

2

HT

HT

HT

Concealed Spaces Permitted Permitted Permitted NP

Engineering Requirements for Mass Timber Buildings44 June 12, 2019

Design Values and Design Methods

43

44
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Definition:

Cross-laminated Timber (CLT) is a large-
format, prefabricated, solid-engineered wood 
panel product consisting of several layers  of 
kiln-dried and planed lumber boards stacked 
in alternating directions, bonded with 
structural adhesives and pressed to form a 
solid, dimensionally stable, rectangular panel.

CLT is a part of the mass timber family.

Cross-Laminated Timber

June 12, 201945 Engineering Requirements for Mass Timber Buildings

CLT Flatwise Bending and Shear Behavior

CLT is an orthotropic plate element.

Bending and shear behavior are significantly influenced by the cross-wise layup of the laminations

Rolling shear of the transverse layups is characterized by low strength and low stiffness.

In the CLT Handbook and accepted by APA-PRG 320 (but not defined in NDS) a simplified analytical model 
called the  shear analogy method (Blaß and Fellmoser) is derived to provide reasonably accurate closed-
form equations to calculate design values.

General Relationship for most softwood species

E0 = E parallel to grain
E90 = E perpendicular to grain ~E/30

G0 ~ E0/16

G0 = G parallel to grain
G90 = GR rolling shear ~G0/10

E0 ~ 16xG0 ~ 160xG90

June 12, 201946 Engineering Requirements for Mass Timber Buildings

45
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CLT Cross Section Stresses

Engineering Requirements for Mass Timber Buildings47 June 12, 2019

5-Ply Major Axis 5-Ply Minor Axis

Rolling Shear Influence

Engineering Requirements for Mass Timber Buildings48 June 12, 2019

Deflection Equation (USDA Handbook):

(Flexure) (Shear)

Rolling Shear FEM Model

47

48
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CLT Test Specimen Failure Modes

Engineering Requirements for Mass Timber Buildings49 June 12, 2019

Specimen 
Span/Depth ~30

Specimen 
Span/Depth ~6

CLT Layups and Associated Design Values

Example:

June 12, 201950 Engineering Requirements for Mass Timber Buildings

49

50
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Flatwise Bending and Shear NDS Chapter 10 Design 
Method

Creep

Deflection Due to Creep:

June 12, 201951 Engineering Requirements for Mass Timber Buildings

Flatwise Bending and Shear Design method – CLT Designer

CLT Designer – To Eurocode 5
www.cltdesigner.at

Provides Explicit Analysis for 1, 2, 3 
span CLT floors, with design checks 
for:
• Strength
• Deflection
• Vibration
• Fire

Major European CLT manufacture 
product Lines are Included.  Custom 
layups can be created.

June 12, 201952 Engineering Requirements for Mass Timber Buildings

51
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Edgewise - Compression - (Tension)

Source:  Horvat et al.

June 12, 201953 Engineering Requirements for Mass Timber Buildings

Edgewise – In-Plane Shear

June 12, 201954 Engineering Requirements for Mass Timber Buildings

53
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CLT Edgewise Shear Stiffness – Project Testing

Source: Framework - KPFF

Source: Zimmerman

June 12, 201955 Engineering Requirements for Mass Timber Buildings

CLT Edgewise Shear – Strength Testing

PRG 320 Strength test standard ASTM D5456 a3
Sample size - 28 specimens
Specimen span/depth = 5.5
The characteristic value is divided by 2.1 to determine the ASD 
design value (Empirical)

June 12, 201956 Engineering Requirements for Mass Timber Buildings

55
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CLT Edgewise Shear Strength Design Values

COMPARISION – 5,000 PSI CONCRETE SHEAR STRENGTH:
2*sqrt(5000) = 141PSI � /1.6 = 88PSI 
4*sqrt(5000) = 282PSI � /1.6 = 176PSI

Edgewise Shear Strength Values Attained By:
• Structurlam
• Nordic
• KLH
• (Katerra)

June 12, 201957 Engineering Requirements for Mass Timber Buildings

ASTM D5456 CLT 5-Ply Apparent Shear Stress Results

June 12, 201958 Engineering Requirements for Mass Timber Buildings

57
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CLT Edgewise Shear – Stiffness Testing

PRG 320 Strength test standard ASTM D198 Sections 45 - 52
Sample size - 28 specimens
Specimen span/depths = 5.5, 6.5, 8.5, and 20
The shear modulus is the measured slope of line per Fig. 17

June 12, 201959 Engineering Requirements for Mass Timber Buildings

CLT Edgewise Shear Behavior – Stiffness Calculated

A calculated method for edgewise shear 
stiffness is provided in Flaig M. and Blass H. 
(2013):

b = lamination width (mm)
nca = number of face bond lines
tgross = total thickness (mm)
m = number of longitudinal lamellae

Suggested design method – for use with NDS:

June 12, 201960 Engineering Requirements for Mass Timber Buildings

59

60
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Edgewise Bending Behavior – Strength & Stiffness

CLT On Edge – Long Span Roof Beams
KLH ETA – In Plane Design Methods

SlidingUplift Shear Flexure

June 12, 201961 Engineering Requirements for Mass Timber Buildings

Glulam Beam & Column Specification

Engineering Requirements for Mass Timber Buildings62 June 12, 2019

Manufacturing Standard
• ANSI A190.1, 405, 117
• CSA O122, O177
• EN 14080
Species Group
• DF-L/SPF/AC/Euro Spruce
Adhesive
• PRF/MF/PUR
Stress Class
Camber
Lamination thickness
Layup width
• Staggered, Block Glue
Layup Type
• Balanced/Unbalanced
Intended Use
• Beam/Column
• Fire rating
• Interior/Exterior
Appearance Classification
Moisture Content
Metal hardware connections

Block Glue Line

Staggered Layup

Source: Western Arch Rib

61

62
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Glulam Beams – Building Service Penetrations

Engineering Requirements for Mass Timber Buildings
63 June 12, 2019

Glulam Beams – Notches & Concentrated Loads

Engineering Requirements for Mass Timber Buildings
64 June 12, 2019

Source: KL&A Builders

63
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Glulam Beam-Column Connections – Seismic Drift Testing

(Source: My Ti Conn)

(Source: KPFF)

Deformation Compatibility to Satisfy ASCE 7-10 12.12.5

June 12, 201965 Engineering Requirements for Mass Timber Buildings

NDS – CLT Fastener Design Requirements

June 12, 201966 Engineering Requirements for Mass Timber Buildings

65

66
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Mass Timber Threaded Fasteners

PRODUCT APPROVALS
• ETA
• CCMC
• ICC-ES (AC 233)

PRODUCT APPROVALS
• IAPMO (AC 233)

PRODUCT APPROVALS
• ETA
• Pending - IAPMO (AC 233)

June 12, 201967 Engineering Requirements for Mass Timber Buildings

CLT Fastener Design Engineering Guidance

June 12, 201968 Engineering Requirements for Mass Timber Buildings

67
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CLT Fasteners – OSU Testing

(Source: Sullivan)

(Source: Sullivan et al)

June 12, 201969 Engineering Requirements for Mass Timber Buildings

CLT Diaphragm Floor Design Example

June 12, 201970 Engineering Requirements for Mass Timber Buildings

A method of design is presented that 
aligns with the framework of IBC and 
ASCE 7.

The AWS WDSC is currently 
balloting proposed code language and 
commentary for CLT diaphragm for 
2021 SPDWS.

The AIA Seattle Mass Timber Group 
is working with SEAW EEC to draft 
an white paper on this subject.

69
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CLT Diaphragms Floor Shake Table Testing

June 12, 201971 Engineering Requirements for Mass Timber Buildings

A method of design based on 
ASCE 7-16 Alternative 
Diaphragm option.

P.I. – Dr. Andre Barbosa

Source: Barbosa et al

Engineering Requirements for Mass Timber Buildings72 June 12, 2019

Fire Rated Mass Timber Members

71

72
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Code Requirements: Approvals

Code compliance:

- Pre-application meeting(s)

- Construction type awareness

- Code compliance documentation

- Fire protection strategy

June 12, 201973 Engineering Requirements for Mass Timber Buildings

Code Requirements: Fire-Resistance Rating

Fire-Resistance rating (FRR):

Period of time a building element is intended to perform a given 
structural function

FRR’s defined by Table 601

June 12, 201974 Engineering Requirements for Mass Timber Buildings

73

74
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Code Requirements: Fire-Resistance Rating

June 12, 201975 Engineering Requirements for Mass Timber Buildings

Performance criteria

- Stability

- Integrity

- Insulation

Code Requirements: Fire-Resistance Rating

Methods of compliance (2018 IBC 703.3)

- ASTM E119 Standard Fire Test

- Prescriptive design (Section 721)

- Calculations (Section 722)

- Engineering analysis (PBD)

June 12, 201976 Engineering Requirements for Mass Timber Buildings

75

76
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Code Requirements: Fire-Resistance Rating

2018 IBC Required Fire-Resistance Ratings (2018 IBC Table 601)

June 12, 201977 Engineering Requirements for Mass Timber Buildings

Parameter I-A I-B II-A II-B III-A III-B IV-HT V-A V-B

Allowable Height UL 180 85 75 85 75 85 70 60

Allowable # Stories UL 12 5 5 5 5 5 4 3

Allowable Area UL UL 72,000 48,000 72,000 48,000 61,500 36,000 21,000

FRR

Primary Frame

Ext Bearing Walls

Int Bearing Walls

Floors

Roof

3

3

3

2

1-1/2

2

2

2

2

1

1

1

1

1

1

0

0

0

0

0

1

2

1

1

1

0

2

0

0

0

HT

2

HT

HT

HT

1

1

1

1

1

0

0

0

0

0

Code Requirements: Fire-Resistance Rating

Mass Timber Fire-Resistance Ratings (2021 IBC Table 601)

June 12, 201978 Engineering Requirements for Mass Timber Buildings

Parameter IV-A* IV-B* IV-C* IV-HT

Allowable Height 270 180 85 85

Allowable # Stories 18 12 9 5

Allowable Area 184,500 123,000 76,875 61,500

Exposed Area 0% Up to 20/40% 100% 100%

Sprinkler Protection NFPA 13 NFPA 13 NFPA 13 NFPA 13

FRR

Primary Frame

Ext Bearing Walls

Int Bearing Walls

Floors

Roof

3

3

3

2

1-1/2

2

2

2

2

1

2

2

2

2

1

HT

2

HT

HT

HT

Concealed Spaces Permitted Permitted Permitted NP

77
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Code Requirements: Fire-Resistance Rating

FRR’s for Mass Timber

- Calculated method using: 

- NDS Chapter 16 and AWC 
TR-10

- Demand / Capacity 
calculations for the required 
FRR

June 12, 201979 Engineering Requirements for Mass Timber Buildings

NDS Chapter 16 and AWC TR-10

Code Requirements: Fire-Resistance Rating

June 12, 201980 Engineering Requirements for Mass Timber Buildings

Wood char and contraction (TR-10)

79

80



Reproduction not permitted without permission

2019 SEAW Spring webinar
Mass Timber Buildings

41

Code Requirements: Fire-Resistance Rating

June 12, 201981 Engineering Requirements for Mass Timber Buildings

GlulamCLT

Char rates and adjustment factors (NDS / TR-10)

Code Requirements: Fire-Resistance Rating

June 12, 201982 Engineering Requirements for Mass Timber Buildings

Delamination (CLT EN 1995)

81

82
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Code Requirements: Fire-Resistance Rating

June 12, 201983 Engineering Requirements for Mass Timber Buildings

ASTM E119 Full-scale furnace testing

Code Requirements: Fire-Resistance Rating

June 12, 201984 Engineering Requirements for Mass Timber Buildings

ASTM E119 Full-scale furnace testing

83

84
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Code Requirements: Fire-Resistance Rating

June 12, 201985 Engineering Requirements for Mass Timber Buildings

ASTM E119 Full-scale furnace testing

Code Requirements: Fire-Resistance Rating

Video – In Furnace Video – End of Test

June 12, 201986 Engineering Requirements for Mass Timber Buildings

ASTM E119 Full-scale furnace testing

85

86
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Code Requirements: Fire Protection Systems

Video – In Furnace Video – End of Test

Passive systems:

- Encapsulation (non-combustible protection)

- Charring

- Firestopping

June 12, 201987 Engineering Requirements for Mass Timber Buildings

Code Requirements: Fire Protection Systems

Video – In Furnace Video – End of Test

Active systems:

- Fire extinguishers

- Fire alarm systems

- Automatic sprinkler protection

June 12, 201988 Engineering Requirements for Mass Timber Buildings

87

88
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Code Requirements: Fire Protection Systems

Video – In Furnace Video – End of Test

Allowances for exposed mass timber

- Type IV-A: 0% exposed

- Type IV-B: 20-40% exposed

- Type IV-C: 100% exposed

June 12, 201989 Engineering Requirements for Mass Timber Buildings

Code Requirements: Fire Protection Systems

Video – In Furnace Video – End of Test

Allowances for exposed mass timber

- Type IV-A: 0% exposed

- Type IV-B: 20-40% exposed

- Type IV-C: 100% exposed
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Engineering Requirements for Mass Timber Buildings91 June 12, 2019

Fire Rated Mass Timber Beam Connections

Credit: David Barber

Code Requirement: Connection Protection

June 12, 201992 Engineering Requirements for Mass Timber Buildings

Connections protected for the required FRR:

- Wood

- Fire-rated gypsum board

- Other approved materials

91
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Credit: David Barber

Code Requirement: Connection Protection

Source: Softwood Lumber Board

June 12, 201993 Engineering Requirements for Mass Timber Buildings

ASTM E119 Beam-column loaded furnace test

Credit: David Barber

Code Requirement: Connection Protection

June 12, 201994 Engineering Requirements for Mass Timber Buildings

ASTM E119 Beam-column loaded furnace test

Source: Softwood Lumber Board

Beam 1: 
Ricon 290

Beam 2:
2x Ricon 200

93

94



Reproduction not permitted without permission

2019 SEAW Spring webinar
Mass Timber Buildings

48

Credit: David Barber
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ASTM E119 Beam-column loaded furnace test

Code Requirement: Connection Protection

Source: Softwood Lumber Board

Credit: David Barber

Code Requirement: Connection Protection

June 12, 201996 Engineering Requirements for Mass Timber Buildings

ASTM E119 Beam-column loaded furnace test

Source: Softwood Lumber Board
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Code Requirement: Connection Protection

Engineering Requirements for Mass Timber Buildings97 June 12, 2019

Thermocouple temperature data

Source: Softwood Lumber Board

Test #2: Double Ricon S VS 200x80test, temperature vs time

Code Requirement: Connection Protection

June 12, 201998 Engineering Requirements for Mass Timber Buildings

Fire-resistance rating summary

Source: Softwood Lumber Board
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CLT Walls

CLT Shear Wall Lateral Systems

CLT Shear Wall USA

June 12, 2019100 Engineering Requirements for Mass Timber Buildings
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CLT Shear Walls – FEMA P-695

Engineering Requirements for Mass Timber Buildings101 June 12, 2019

Source: Rammer et al

Engineering Requirements for Mass Timber Buildings102 June 12, 2019

Best Practice: CLT Floor Plates - Multifamily
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Mass Timber Products

June 12, 2019103 Engineering Requirements for Mass Timber Buildings

CLT 
(Walls, Floors)

Glulam 
(Columns, Beams)

Fastening Systems 
(Screws, Plates)

Cross-Laminated Timber – IBC Definition

June 12, 2019104 Engineering Requirements for Mass Timber Buildings
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Project Requirements

Project

Jurisdiction

Code

Use

Stories

Height

Sprinklered

Construction Type

Fire Resistive Rating

Reference Project: Virtuoso (Vancouver, BC)

Multifamily Project

Anywhere USA

IBC 2018

R-2

5 wood over concrete podium

<85ft

Yes

VA (or IIIA)

1hr

June 12, 2019105 Engineering Requirements for Mass Timber Buildings

Reference Project: Virtuoso (Vancouver, BC)

CLT Floor Plates

June 12, 2019106 Engineering Requirements for Mass Timber Buildings
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CLT Floor Plates

June 12, 2019107 Engineering Requirements for Mass Timber Buildings

Floor Details

Katerra Project Detail Examples

June 12, 2019108 Engineering Requirements for Mass Timber Buildings
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Floor Details

Katerra Project Detail Examples

June 12, 2019109 Engineering Requirements for Mass Timber Buildings

CLT Floor Plate – Structural

CLT Floor Plate - Structural

CLT Product Certifications

APA PRG 320

Product Reports (e.g. APA, ICC-ES)

CLT Design Methods

NDS Chapter 10 (bending, shear, tension, compression)

NDS Chapter 12 (fasteners)

NDS Chapter 16 (fire char calculated method)

Diaphragms CLT Horizontal Diaphragm Design Example

Fasteners

IBC Chapter 23, or

ICC-AC 233 

June 12, 2019110 Engineering Requirements for Mass Timber Buildings
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Floor Diaphragms – Design Method

Diaphragms: CLT Horizontal Diaphragm Design Example

Project-specific design method provided by the SEoR

IBC Section 1604.4 Analysis

June 12, 2019111 Engineering Requirements for Mass Timber Buildings

Diaphragm Testing

ASTM D5456 In-Plane Shear Strength (WSU)

CLT Spline Joint Connection (OSU)UCSD Shake Table Testing (2017)

Source: K. Sullivan

CLT Floor System Tests (Clemson)

June 12, 2019112 Engineering Requirements for Mass Timber Buildings
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CLT Floor Plate - Fire

CLT Floor Plate – Fire 
CLT Fire Ratings:

• FRR to ASTM E 119

• Firestops to ASTM E 814

• Flame spread & smoke index to 
ASTM E 84

June 12, 2019113 Engineering Requirements for Mass Timber Buildings

CLT Floor Plate - Fire

FRR to ASTM E 119

Firestops to ASTM E 814

Flame spread to ASTM E 84

June 12, 2019114 Engineering Requirements for Mass Timber Buildings
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Tested to: ASTM E 814

CLT Floor Plate – Firestop Documentation Example

June 12, 2019115 Engineering Requirements for Mass Timber Buildings

CLT Floor Plate - Acoustics

CLT Floor Plate - Acoustics

• Air-borne sound

• Structure-born sound

June 12, 2019116 Engineering Requirements for Mass Timber Buildings
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CLT Floor Plate with Gypcrete Topping

CLT Floor Plate with Gypcrete Topping

Baseline – Standard Joist FloorCLT Floor Assembly

June 12, 2019117 Engineering Requirements for Mass Timber Buildings

Acoustic Test Reports

June 12, 2019118 Engineering Requirements for Mass Timber Buildings
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CLT Floor Plate – Summary of Code Requirements

June 12, 2019119 Engineering Requirements for Mass Timber Buildings
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Additional Items
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Code of Standard Practice

CNC Fabrication – Modelling – Project Delivery

Engineering Requirements for Mass Timber Buildings122 June 12, 2019

Design for Fabrication
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Special Inspection Requirements

ICC Ad Hoc Committee for Tall Wood is developing a Chapter 17 Table 1705.5.3 for >85ft buildings.  Items 
addressed will include:

• Anchorage of mass timber to deep foundation systems

• Erection and sequence

• Connections required to meet design loads

• Threaded Fasteners

• Installation Equipment

• Pre-drilling holes

• Screw specification

• Adhesive anchors

• Bolted connections

• Other proprietary concealed connections

• Field gluing

• Fire protection of connections

Engineering Requirements for Mass Timber Buildings123 June 12, 2019

Moisture Control Plan

Structural specifications should require the 
contractor to submit this document.  Mass 
timber behaves differently that light wood 
framing.

Scope to include:

• End grain sealer, Taped joints, Squeegee, etc.

• Other coatings/temp coverings

• Active drying and dehumidification

• MC Record Log files – track target values

• Methods of repair/restoration of architecturally 
exposed wood

• Roofing system application

Engineering Requirements for Mass Timber Buildings124 June 12, 2019
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CLT Sustainability

LEED v4 (MR)

ISO 14025

Responsible Forest Sourcing

June 12, 2019125 Engineering Requirements for Mass Timber Buildings

Seismic Design with the 2012 IBC and ASCE 7-10126 May 11, 2013

Engineering Requirements for Mass Timber Buildings

Structural Engineers Association of Washington

Contact:

Hans-Erik Blomgren PE SE P.Eng. Struct.Eng. – hans-erik.blomgren@katerra.com

Robert Gerard PE, Fire Protection Engineering – robert.gerard@katerra.com
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