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Summary

* Mass-timber construction worldwide is on the rise, and

Canada is contributing to the developments

e Several novel solutions for hold-downs are available for

mass-timber shear walls to meet high seismic demands
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UNBC’s Wood Engineering program is housed in the 24.5m tall
Wood Innovation Design Centre
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Our research is conducted in the Passive-house certified Wood
Innovation Research Lab, NA's most airtight industrial building
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Early tall timber buildings

Leckie Building, Vancouver, 1908
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Early tall timber buildings

Butler Square, Minneapolis, 1906, 44m tall

Objective-Based Building Code since 2005
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6-storey light-frame wood construction since 2009

British Columbia Wood First Act in 2009
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Introduction of Cross-Laminated Timber in Canada

FPInnovations’ CLT Handbook: PN

D

ANSI/APA PRG 320-2012

AMERICAN NATIONAL STANDARD

Standard for
Performance-Rated

Cross-Laminated

Timber

“Tall Wood” initiative starting around 2011
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“Tall Wood” initiative

>

FPinnovations

CLT included in CSA-O86 IN 2014

086-14 - Engineering design in wood

E Publication Year: 2014

Total Pages: 280

Clause 11.9 has been added for the design of CLT
shearwalls and diaphragms for platform-type construction



Tannert: Seismic performance of CLT shear
walls and recent research on hold-downs

Dec 2023

UBC Brock Commons student residence 2016

; il

4
bl |
bl |
“q
<q

.
bl |
-q
L |
bl |
bL |
<q
bl |
<q

q

-
=]

(7
Taya

Height restrictions of wooden buildings

| Construction: | Constrction Construction: | Construction: Construction:
Heavy Timber Combustiole
No code 1 HR Fire Sep.
Sprinklered
4 Storeys
NBCC
Pre- 1900 1941 1853 EIWEHSBE 1990-2005 12008 -2022

Encapsulated
mass-timber

Up to 12 Storeys
NBCC

- Present



Tannert: Seismic performance of CLT shear
walls and recent research on hold-downs

Content

*  Mass-timber construction in Canada

* Lateral load resisting systems

* Design of CLT shear walls according to CSA-0O86

* Hold-downs for mass-timber shear walls

Load path need to be provided to resist
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Lateral load-resisting systems

Light-frame wood shear walls

Cross-laminated timber shear walls

Braced frames

Moment frames

Post-tensioned frames { i il

Hybrid systems

Platform vs balloon framing

J ]
In

CLT handbook
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Seismic ductility reduction factors in NBCC 2020

Dec 2023

Structural type DCM |Overstr.
CLT shear wall system (platform-frame) | 2.0 1.3
Light-Frame buildings 3.0 1.7
CLT Vertical cantilever (balloon-frame) | 1.0 1.3?
Concrete coupled ductile shear walls 3.5 1.7
Behaviour factors for systems in pre EN 1995
Structural type DCM | DCH | Overstr.
CLT shearwall system (platform-frame) | 2,0 3,0 1.3
Light-Frame buildings 2,5 4,0 1.3
CLT Vertical cantilever (balloon-frame) | 2,0 - 1.6
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Light-frame wood shear walls

Dec 2023

Wood
structural
panels

thickness

Specific
nail size

Courtesy of APA - The Engineered Wood Association

oy
T

i

anchors
Specially Base shear
designed studs anchor bolts

Light-frame wood shear walls

of specific

and spacing
requirements

Holddown

Connections typically
the critical element!

rack

+ Shear Walls - ing resistance

— =

perimeter nailing &

aliding

reaiatance

Source: APA DES130: Lateral loads
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CLT shearwalls

CLT shearwalls: possible kinematic motions

—d

sliding rocking combination

R —— — S ) S s A

sliding/rocking

NO RaCking!
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Impact of wall aspect ratio on wall kinematic

q g q
s vs vy vevy ., [Fv vy vy vvvyel ey vv vv vvval
F F, Foy
I
: i : Ny =Nup Ny = Nap i
4 i | V== Ne =N Ny = (x2/01) Np Ny = (X221} N¥g
N Xt o Nay o= (x3) Ng i Ny = (x3) N*g &

bh=1:15 Bbeh=151

8.8, = 1:8.1 8,18, = 1:0.6

Shahnewaz et al

Coupled vs. single wall kinematic behaviour

(b) 7777777777777 7 T L () I TP T T

Figure 4 (a) CLT shear wall made of two vertical panels connected to each other with a half-
lap joint; (b) shear wall panels acting as two segments; and (c) shear wall panels behaving as one
segment (a rigid connection)

CLT handbook
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CSA-086 2016 supplement

11.9 Design of CLT shearwalls and diaphragms

Note: The provisions in this Clause should be used in conjunction with the CWC Commentary on CSA 0O86.
11.9.1 General
11.9.1.1

Clause 11.9 shall apply to platform-type constructions not exceeding 30 m in height. For high seismic
zones (i.e., I Fy $4(0.2) > 0.75), the height shall be limited to 20 m. Alternative systems shall be designed
in accordance with Clause 4.3.2 of this Standard and NBC subsection 4.1.8.

11.9.1.2

I The factored shear resistance of CLT shearwalls shall be governed by the resistance of connections

between the shearwalls and the foundations or floors, and connections between the individual panels,
calculated using methods of mechanics, assuming each individual panel acts as a rigid body.

11.9.1.3

The factored shear resistance of the diaphragms shall be governed by the resistance of the connections
between the diaphragms and the supporting structure and the connections between the individual
panels, calculated using methods of mechanics, assuming each individual panel acts as a rigid body.

Dec 2023
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CSA-086 2016 supplement

11.9.2 Seismic design considerations for CLT structures

11.9.2.1 General

Factors Ry< 2.0 and R, = 1.5 shall apply to platform-type CLT structures where the energy is dissipated
through connections as specified in Clause 11.9.2.2 following the capacity design principles given in
Clause 11.9.2.4, and wall panels act in rocking or in combination of rocking and sliding. Type 4 or 5
irreqularities as defined in the NBC shall not be allowed. Other types of irreqularities shall be dealt with in

accordance with the NBC. CLT structures with wall panels with aspect ratios (height-to-length) less than
1:1 or acting in sliding only shall be designed with R4R, = 1.3.

ote: See the CWC Commentary on CSA O86 for further information.

H/L>1.0 H/L< 1.0

R4Ry=3.0 RgRo=1.3

CSA-086 2019 design provisions

11.9.3.4.1 Energy-dissipative connections

Energy-dissipative connections shall be designed in accordance with the requirements in
Clause 11.9.3.3.1 to ensure that all principle inelastic deformations and principle energy dissipation

occurs in

al connections between vertical joints of adiacent shearwall segments; and
b) shear connections of shearwalls to foundations, and shearwalls to floors beneath, in uplift only. ]

Dec 2023
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CSA-086 2016 supplement

11.9.2.2 Energy dissipative connections

Energy dissipative connections of CLT structures shall satisfy all of the following requirements:

(a) connections shall be designed so that a yielding mode governs the resistance;

() connections shall be at least moderately ductile in the directions of the assumed rigid body motions
of CLT panels; and

(c) connections shall possess sufficient deformation capacity to allow for the CLT panels to develop their

assumed deformation behaviour, such as rocking, sliding, or combination thereof.
Note: for further information on moderately ductile connections, see the CWC Commentary on CSA O86.
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CSA-086 2016 supplement

11.9.2.2 Energy dissipative connections

Energy dissipative connections of CLT structures shall satisfy all of the following requirements:

(a) connections shall be designed so that a yielding mode governs the resistance;

|(b) connections shall be at least moderately ductile in the directions of the assumed rigid body motions

of CLT panels; and

(c) connections shall possess sufficient deformation capacity to allow for the CLT panels to develop their
assumed deformation behaviour, such as rocking, sliding, or combination thereof.

Note: for further information on moderately ductile connections, see the CWC Commentary on CSA O86.

= The ductility ratio should be calculated
(ASTM E2126) using the EEEP curve

» The strength reduction during the first and
the third cycle of testing should be less than
20% (method B)

= Moderately ductile connection ¢ = 3.0

— Pu208P

Load (P)

== Envelope curve

~—EEEP curve
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CSA-086 2016 supplement

11.9.2.2 Energy dissipative connections

Energy dissipative connections of CLT structures shall satisfy all of the following requirements:

(a) connections shall be designed so that a yielding mode governs the resistance;

(b) connections shall be at least moderately ductile in the directions of the assumed rigid body motions
.and

(c) connections shall possess sufficient deformation capacity to allow for the CLT panels to develop their|

assumed deformation behaviour, such as rocking, sliding, or combination thereof.

ote: For further information on moderately ductile connections, see the CWC Commentary on CSA O86.

=

Sliding
Combinatio

CSA-086 2016 supplement

- ipative connections
Non-dissipative connections shall be designed to remain elastic under the force and displacement
demands that are induced in them when the energy-dissipative connections reach the 95 percentile of
their ultimate resistance or target displacement, in accordance with engineering principles of equilibrium
and displacement compatibility. The seismic design force need not exceed the force determined using
R4R,=1.3.

Dec 2023
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CSA-086 2019 provisions

The NBC subcommittee on earthquake design
requested several changes to clause 11.9 of
CSA-086!

11.9.1.1 Standard systems
Clause 11.9 shall apply to platform-type CLT construction where
a) the lateral-load-resisting system consists of CLT shearwalls; and
b) CLT walls are placed on
i) aplatform of CLT floor panels; or
ii) aconcrete podium or concrete foundation at the lowest level.

11.9.1.2 Alternative systems
Alternative systems shall be designed in accordance with Clause 4.3.2 of this Standard

39

CSA-086 2019 design provisions

11.9.3.1 General
Except as specified in Clause 11.9.3.2.2, a SFRS consisting of moderately ductile CLT shearwalls,
platform-type construction, as defined in the National Building Code, shall be designed to resist forces
calculated using Ry = 2.0 and R, = 1.5, where energy is dissipated in rocking motion of shearwall
segments through designated connections in accordance with Clause 11.9.3.3.1 following the capacity
design principles described in Clause 11.9.3.4, Shearwall segments shall have an aspect ratio as
specified in Clause 11.9.3.5.2.

r)".i

S

Rocking Only!
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CSA-086 2019 design provisions

11.9.3.5.1 Minimum shearwall thickness
CLT shearwalls shall have a minimum thickness of 87 mm.

11.9.3.5.2 Permitted aspect ratio of shearwall segments
Except as permitted in Clause 11.9.3.2.2, all CLT shearwall segments considered part of the SFRS shall
have an aspect ratio of not less than 2:1 and not greater than 4:1.

H/L > 2
! e H/L > 4

H/L< 4
R4Ry =3 RaRp=1.3 R4Rp=1.3

CSA-086 2019 design provisions

11.9.3.4.1 Energy-dissipative connections

Energy-dissipative connections shall be designed in accordance with the requirements in

Clause 11.9.3.3.1 to ensure that all principle inelastic deformations and principle energy dissipation
occurs in

al _connections between vertical joints of adiacent shearwall sesments: and
b) shear connections of shearwalls to foundations, and shearwalls to floors beneath, in uplift only. ]
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Design proposal Casagrande et al.

: Hierarchy
. Hierarchy . _ Eurocode
Required  pyecinative between Limited ~ betweennon- /. 0o,
Level Shearwalls failure Conhectons dissipative ductility  dissipative and factors
modes CORTaCtONS connections dissipative q

components

. vertical joints

) Rocking  wvertical joints; (primary) shear
Level 3 ‘Wutti-panel (CP) hold-down; Il. hold-down  connections Yes ?
{other)
; ; ; shear
Single-panel  Rocking hold-down; N/A Pl LA Yes
Level 2 hg|d-dqwn; - 2
Multi-panel Rocking Vfu{g;ilrigllln'ts No i . Yes
Gapy Dhgie: and N/A N/A N/A N/A No 15

Multi- panel

*yertical joints may be assumed either dissipative or non-dissipative

Will partially be adopted in CSA-O86

Challenges in design

CLT panels that are part of the lateral-force-resisting system shall be designed for seismic forces that are
developed when energy dissipative connections in shearwalls reach the 95t percentile of their ultimate
resistance but need not exceed the force determined using RyR, = 1.3. The in-plane shear resistance of the
CLT panels shall be provided by the product manufacturer. Net section effects and openings shall be
accounted for in the design.

Note: See the CWC Commentary on CSA Q86 for further information.

® Table 8-CrossLam® CLT In-Plane Shear Loading

47V | B7E | 105V |105E | 139V [130F| 175V |175E | 191V |191E| 245V | 245E | 243V | 243F | 315V 315E
W [kN/m1)

54 54 a5 95 108 | 108 | 190 | 190 163 163 | 285 | 285 | 117 | 217 | 380 | 38O

- see page 14
anditions.

183F CONNectors
vinary design only. |

[ table vahues a

Dec 2023
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Challenges in design

— >

3
e
L

O
ﬁ
P

Longitudinal layers

0, +

0.

N

??7?

Table 8.2
Specified strengths and moduli of elasticity of laminations

in primary CLT grades, MPa
[See Clause B.2.4.)

Transverse layers

+0, +0,

Stress
grade  f,
El 28.2
E2 23.5
E3 17.4
V1 10.0
v2 118

E

11 700
10 300
8300
11 000
9500

I
154
114
6.7
5.8
5.5

f.
19.3
181
15.1
140
115

I
0.50
0.63

0.63
0.50

e
53
70
35
70
5.3

!b

7.0
a6
43
a6
7.0

E
o000
10000
6500
10 000
9000

/i

32
21
2.0
21
32

I3
2.0
73
3.2
7.3
9.0

0.50
0.63

0.63
0.50

5.3
7.0
35
7.0
5.3

Challenges in design

11.9.3.5.4 Openings in shearwalls
Parts of shearwalls interrupted by openings shall not be considered part of the SFRS.

Not a shear

wall?

Dec 2023
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Challenges in design

Dec 2023

Configuration 1

CLT shear wall |
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Impact of perpendicular walls?

Challenges in design
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/ z
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Shahnewaz et al

multi-storey deflection
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Global rotation Rocking Sliding In-plane wall
deformation

How to limit cumulative bending effect to less than 20%?

CLT handbook
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CLT shear wall connections

‘e vertical joint

@+— CLT panel

L bracket

/— hold-down

Contemporary and Novel Hold-Down Solutions for
Mass Timber Shear Walls

by I3 Thomas Tannert - 53C and @ Cristlano Loss 2 =
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Vertical joints

Load per pair of STS (kN)

0 5 10

15 20 25 30 35 40 45 5
Relative displacement (mm)

Comen (s availabile of el

b | Engineering Structures
ke

Jaurnal homapage: wwe lkevine comassisimagsinst
Cross-laminated timber connections bled with a combination of

screws in withdrawal and screws in shear

Afrin Hossain", Marjan Popovski , Thomas Tannert

Deformation compatibility of hold-downs

The factored resistance of discrete hold-downs shall be

at least 20%

greater than the forces developed in them

when the vertical joints reach their nominal resistance.
2% drift = 48mm

Requ
for 4.

—

Required uplift
panel: 24mm

Dec 2023
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“Traditional” Hold-downs

Shear failure

Edge break out Wood crushing Group tear-out

UNBC tests with nail connections

Mt Shabewar ', Carla Dichol . Thomas Tarsen =

Experimental investigation of the hysteretic behaviour of single-story
single- and coupled-panel CLT shear walls with nailed connections
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Dowelled slotted-in steel plates

Foto: Fast+Epp

Pinching-free connectors

Source: Thesis Nicholas Chan

28



Tannert: Seismic performance of CLT shear Dec 2023
walls and recent research on hold-downs

Resilient slip friction connection

35 &+
25 %
15 4

Load [kN]

a3
iy

Displacement [mm]

Foto: Fast+Epp

Modified HSK connector

— L ol

=23

Cotusts lists wnlable at Simaline

Construction and Building Materials

335(# of SL

1EL jeusnal wwialami

High-capacity hold-down for mass-timber buildings
Hiaoyue Zhang ", Marian Popovskl ", Thomas Tannert
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Perforated internal steel plates

Monotonic

20 30 40
Displacement [mm]

[ ———
Construction and Building Materials

onrund g s s e st i

Performance of coupled CLT shear walls with internal perforated steel
plates as vertical joints and hold-downs

Selamawit Dires *, Thomas Tannert

Internal steel tube connector

80
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Monotonic Test
Steel Tube 2" ||
Al \_ | | Enddist 2.5 ||
d\ | \ 1/2" bolt

—Monotonic curve N

>, —CLT-T2-1-C03 B
I I I
0 5 10 15 20 25 30
Displacement [mm]

Engineering Struciures

Iournal hamazaqe s srsiar. o s

Experimental assessment of & novel steel tube connector in cross-laminated

timber

1. Sehnelder™, T. Tanen”, & Testamariam', 6F. Siemer’
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Hyperelastic hold-down

Secure nut

Vertical joint connection
" ]
J
il
| |

Masticord rubber pad
Shear connector dowel
———— Hold-down rod

Shear connector

)
=z, ASCE

Structural Performance of CLT Shear
Walls with Hyperelastic Hold Downs

Thomas Tannert, MASCE"; Oyawoys Abubakar Ajibola®; and Marjan Popovaki, MASCE®

UNBC tests with STS hold-downs

140

100 |

 —— ALY

STEELPLATE
SEECETAL 1D

2116 (Takau]
ASSH Mot LT ScREwS:

80 -

60

Load (kN)

407l

20 oy —====HD-6 (Monotonic)| |
———HD-6 (Cyclic)

—— EEEP

Q 10 20 30 40 50 60
Displacement (mm)

Ll
= ASCE
Experimental Parameter Study on CLT Shear Walls with
Self-Tapping Screw Connections

‘eoin Pan, AMASCE"; Thomas Totissl’; and Thomas Tanned, MLASCE?
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Application in full-scale two-story tests

Extension towards balloon-framed CLT shear walls

% ASCE
i ior of Frame CLT
Shear Walls with Different Ledgers

Wid Besbwawaz'; Carla Dickol; and Thoras Tarne, MASCE?
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