5/19/2023

Mass Timber Rocking Wall Systems
and Design

Reid Zimmerman, PE, SE
Technical Director | KPFF Portland

WoodWorks Seminar: State-of-Art Mass Timber Seismic Design
and 10-Story NHERI Shake Table Test

May 19, 2023

Disclaimer: This presentation was developed by a third party and is not
funded by WoodWorks or the Softwood Lumber Board.

Outline

» Introduction to mass timber rocking walls
« Current state of research and project applications
» Design procedures and examples

« What comes next?
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Introduction to Mass Timber Rocking Walls
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Introduction to Mass Timber Rocking Walls

Left figure from Framework project 5

Introduction to Mass Timber Rocking Walls

Single Panel w/ Boundinq Coupled Panel Singe Panel
Column Configuration Configuration Configuration

Figures from Busch et al (2022) 6
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Introduction to Mass Timber Rocking Walls
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Left figure of TallWood 10-story specimen, middle figure of Tallwood 2-story specimen, right figure of OSU 3-story specimen

Current State of Research and Project Applications
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Current State of Research
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Current State of Research

TallWood 2-Story
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Current State of Research
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Current State of Research

0SU 3-story Building
Specimen Testing
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Current State of Research
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Current Project Applications in the U.S.
Oregon State University Killingsworth
Peavy Hall, Corvallis, OR Portland, OR
Framework
Portland, OR
Center and right renderings courtesy of LEVER Architecture 16
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Design Procedures and Examples
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Prescriptive Design Procedure

« Either Equivalent Lateral Force or Modal Response
Spectrum Analysis acceptable in state-of-the-
practice software

« Majority of checks performed at DBE; several
additional checks at MCEg

* Based on proposed AWC SDPWS Appendix
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Prescriptive Design Procedure

Figures from Busch et al (2022)

21

21

Prescriptive Design Procedure
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Prescriptive Design Procedure

From ASCE 7-16 Chapter 12
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Prescriptive Design Procedure

Figures from Busch et al (2022)
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Prescriptive Design Procedure
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Prescriptive Design Procedure
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Prescriptive Design Procedure

Figures from Busch et al (2022)

27

27

Prescriptive Design Procedure

Figures from Busch et al (2022)
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Prescriptive Design Procedure

> 0 to ensure recentering

Left figure from Busch et al (2022)
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Prescriptive Design Procedure
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Figures from Busch et al (2022)
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Prescriptive Design Procedure

Set minimum ratio of
areas to ensure sufficient
damping

Left figure from Busch et al (2022)
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Prescriptive Design Procedure
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Figures from Busch et al (2022)
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Prescriptive Design Procedure

Limit Wall Toe
Crushing at DBE

Left figure from Busch et al (2022)

No Post-Tensioning Yielding at
DBE
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Prescriptive Design Procedure

Figures from Busch et al (2022)
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Prescriptive Design Procedure

No Post-Tensioning Failure

at MCE,

Left figure from Busch et al (2022)

No Energy Dissipation
Failure
at MCEg
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Prescriptive Design Procedure

Figures from Busch et al (2022)
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Prescriptive Design Procedure

Figures from Busch et al (2022) 37
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Prescriptive Design Procedure
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Left and right figure from Busch et al (2022) 38
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Prescriptive Design Procedure

Left figure from Busch et al (2022)
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Prescriptive Design Procedure

From ACI 318-19

18.10.3.1 The design shear force ¥, shall be calculated by:

(18.103.1)

where ¥, ©, and o, arc defined in 18.10.3.1.1, 18.10.3.1.2,
and 18.10.3.1.3, respectively

18.10.3.1.1 ¥, is the shear force obtained from code lateral
load analysis with factored load combinations.

18.10.3.1.2 Q, shall be in accordance with Table

18.103.12
Table 18.10.3.1.2-f-Overstrength factor Q, ht critical
section
Condition 0,
1 Greater of
18
h L5 10

18.10.3.1.3 For walls with &, /I, < 2.0, o, shall be taken
as 1.0. Otherwise, o, shall be calculated as

m
©,=09+—~ <
10 18.103.13)

o, |ull <18 n,>6
X

where #, shall not be taken less than the quantity 0.007h,...

Left figure from Busch et al (2022)

From prescriptive design provisions

[

[foo¥hy =\
oo Vyon
() s
N

B Vi :
AR
| 4=1( 3 )

40

40

20



5/19/2023

Prescriptive Design Procedure

Left figure from Busch et al (2022)
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Prescriptive Design Procedure

Left figure from Busch et al (2022)
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Design Examples

3-Story 6-Story 12-Story

43
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Design Examples

6-Story example for N
hypothetical site in Seattle, WA / AT F 1584 O 105

RoofiLevel 7 - @=44.5mm (1§in)
A =98 cm? (15.2in%)
Fer = 2,890 kN (650 kips)

Level 6

~; Ply EIM1 CLT

P Length = 5.9m (19.5 ft)
4 o) Thickness = 244.5 mm (9.625 in)
+—— Wall-to-Diaphragm

Connection

Level 4

{— wall Splice

Level3 /

o |- U-Shaped Flexural Plates | A
ASTM A572 Gr. 42
(24) Each Side of Wall

Level2

i~
1

L Bounding Columns

Foundation/Level 1

: Foundation

Center and right figures from Busch et al (2022) 44

44

22



5/19/2023

Performance-Based Design
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What Comes Next?
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What Comes Next?

From ASCE 7-16

Post-Tensioned Mass
Timber Rocking Walls 141land 145 6? 2%2 5?

NL?

NL?

160? 160? 100?
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Thank You
Reid Zimmerman, PE, SE
Technical Director | KPFF Portland
reid.zimmerman@kpff.com
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Design Examples

6-Story example for

hypothetical site in Seattle, WA

From prescriptive design provisions

Center and right figures from Busch et al (2022)
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Design Examples
I

Figures from Busch et al (2022) 51
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Design Examples
Demands: Capacities:
Check:
Figures from Busch et al (2022) 52
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