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Objectives
 Be introduced to design requirements for CLT shear 

walls appearing in SDPWS-21 Appendix B

 Learn about seismic design coefficients and the 
associated height limits for the CLT shear wall system 
appearing in ASCE/SEI Standard 7-22

 Learn about the CLT shear wall design example 
appearing in the 2020 NEHRP Provisions: Design 
Examples
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Background

Cross-laminated timber (CLT) 
• Stadthaus, London, 2009
• Residential 
• 9 stories
• 9 weeks of CLT construction
• 4 laborers
• 1 supervisor 

Photo credit: Will Pryce
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Background

Photo credit: Will Pryce
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Background

Photo credit: Will Pryce
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Background

Fort Drum, NY (4-story), 2017; Courtesy Jeff Morrow, Lendlease
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Background
• FEMA P-695: Quantification of Building Seismic 

Performance Factors
• Peer review throughout
• Archetypes
• Design methodology
• Nonlinear time history analysis
• Performance evaluation (CMR & ACMR)
• Project Documentation: van de Lindt, J., Amini, M. O. , 

Rammer, D., Line, P., Pei, S., and Popovski, M. (2022) 
“Determination of Seismic Performance Factors for Cross-
Laminated Timber Shear Walls Based on the FEMA P695 
Methodology.” General Technical Report FPL-GTR-281, 
Madison, WI: U.S. Department of Agriculture, Forest 
Service, Forest Products Laboratory.

Ground MotionsGround Motions AnalysisAnalysis

MethodologyMethodology

Test Data 
Requirements

Test Data 
Requirements

Design 
Information 

Requirements

Design 
Information 

Requirements

Peer Review 
Requirements
Peer Review 
Requirements
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6.2 Background
ObjectiveTest Type

• Behavior under cyclic loading
• Interpanel connector behavior

Connector tests 

• Boundary condition
• Gravity loading
• Connector type
• CLT panel thickness
• Connector thickness
• CLT panel aspect ratio
• Inter-panel connector (vertical joint)
• CLT grade

Isolated Wall Tests

• Three Configurations 
− 4:1 aspect ratio panels
− 2:1 aspect ratio panels
− 4:1 aspect ratio panels with transverse walls

• Effect of diaphragm on wall behavior
• Effect of out-of-plane loading on the connector
• Vertical joints between perpendicular walls will also be 

investigated
• Hold-downs in the corners
• Stability of the walls
• Effect of diaphragm rotation 
• Combined loading on the connectors

Full-scale Two-Story 

Shake Table Test
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6.2 Background
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6.2 Background
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6.2 Background

Note: Scaled results
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6.2 Background

• Shake Table Video
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6.2 Background

• Shake Table Video
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6.3 CLT Shear Wall Example Description

• A three-story, six-unit townhouse 
cross-laminated timber building of 
platform construction

• The CLT shear wall design in this 
example includes:

• Check of CLT shear wall shear 
strength

• Check of CLT shear wall hold-
down size and compression zone 
length for overturning

• Check of CLT shear wall deflection 
for conformance to seismic drift

Figure 6-2. Elevation

Figure 6-3. Typical Floor Plan (first story openings shown)
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6.3 CLT Shear Wall Example Description

WeightDescriptionItem

25 psfLight-frame roof, gypsum board ceiling, roofing, insulation Roof/Ceiling 

35 psf5-layer CLT (6.875 in. thick), gypsum board ceiling, flooring. 
Includes 8 psf of floor area for wall partitions

Floor

20 psf3-layer CLT (4.125 in. thick), light-frame wall, gypsum board 
finish, sound insulation

Interior Walls

30 psf3-layer CLT (4.125 in. thick), light-frame wall, gypsum board 
interior finish, stucco exterior, insulation

Exterior Walls

Table 6-1: Weights of Roof/Ceiling, Floors, and Walls
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6.4 Seismic Forces

Seismic base shear calculation assumptions:

• SDS = 1.0

• Ie = 1.0

• R = 3 (for CLT shear walls)

Seismic base shear, V, per ASCE/SEI 7-22 Equation 12.8-2 (for 
short-period structures):

The portion of base shear tributary to the CLT shear walls of interest is:

V(Line 4) = 42.3 kips

𝑉 ൌ 𝐶௦𝑊 ൌ
𝑆஽ௌ

𝑅 𝐼⁄ 𝑊 ൌ
1.0

3.0 1.0⁄ 𝑊 ൌ 0.333 𝑊 𝑘𝑖𝑝𝑠 

31



5/20/2023

32

32

6.4 Seismic Forces

Unit Shear Force per 
Foot of Shear Wall 

Length

Lateral 
force, Vx

Story

(plf)(kips)

47715.93
1,00933.52
1,27342.31

Table 6-4:  Summary of Cumulative Lateral Seismic 
Force and Unit Shear Force per Story 
(Along Line 4)

V(Line 4) = 42.3 
kips

Figure 6-4. Vertical Distribution of Seismic Force and Dead Load 
Tributary to the CLT Shear Walls Located Along Line 4
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6.5.1 Shear Capacity of Prescribed Connectors

LRFD design unit shear capacity for seismic: 

𝑣ୱሺୱୣ୧ୱ୫୧ୡሻ ൌ ϕ 𝑛 ଶ଺଴ହ
௕ೞ

𝐶ீ (SDPWS-21 Eq. B-2)

where: 

• n = number of angle connectors along bottom of panel face 

• 2,605 = connector nominal shear capacity (lb) 

• bs = individual CLT panel length (ft) 

• CG = CLT panel specific gravity factor which equals 1.0 for 
G>0.42 specific gravity panels used in this example, and 

• ϕ = resistance factor equal to 0.5 for seismic design
From SDPWS Figure C-B.1
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6.5.1 Shear Capacity of Prescribed Connectors

vs(seismic), 
LRFD design 

unit shear 
capacity, (ϕ= 

0.5)

vn, 

Nominal 
unit shear 
capacity,

(nꞏ2605)/bs

Number of 
connectors at 
each adjoining 
vertical panel 

edge

Number of 
connectors per 
panel at top and 

bottom panel 
edge

Panel 
height, h

Panel 
length, bs

Panel thick-
nessStory

(plf)(plf)(n x h/bs)(n)(ft)(ft)(in.)
5481,096429.54.754.1253

1,0972,193849.54.754.1252
1,3712,7421059.54.754.1251

Table 6-5: CLT Shear Wall Connectors and LRFD Design Unit Shear Capacity
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6.5.1 Shear Capacity of Prescribed Connectors

Figure 6-5. CLT Shear Walls at 1st, 2nd, and 3rd Story with 
Connector And Hold-down Location

Figure 6-6. Wall-floor Intersections
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6.5.2 Shear Capacity of CLT Panel
For this 3-layer E1 grade CLT panel, the allowable stress design (ASD) in-plane shear 
unit shear capacity is converted to LRFD using NDS-2018 Table 10.3.1: 

𝒗𝒓
ᇱ ൌ 𝝓𝛌𝑲𝑭𝑭𝒗 𝒕𝒗 ൌ 𝟎. 𝟕𝟓 𝟏. 𝟎 𝟐. 𝟖𝟖 ሺ𝟗, 𝟕𝟎𝟎ሻ ൌ 𝟐𝟎, 𝟖𝟒𝟗 𝒑𝒍𝒇 

where: 

Fvሺtvሻൌ 9,700 plf (ASD value from CLT panel manufacturer’s evaluation report)

CLT panel in-plane unit shear capacity, 𝒗𝒓
ᇱ ൌ 20,849 plf is greater than the largest 

unit shear force story demand of 1,273 plf (from Table 6-4)

𝟐𝟎, 𝟖𝟒𝟗 𝒑𝒍𝒇 ≫ 𝟏, 𝟐𝟕𝟑 𝒑𝒍𝒇

In-plane unit shear capacity value does not to account for holes, cuts or other 
modifications
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6.6.1 CLT Shear Wall Hold-down Design

Figure 6-1. Illustration of Rocking Behavior of Seven Individual Panels in A Multi-
panel CLT Shear Wall Designed in Accordance with SDPWS-21 Appendix B

Figure 6-7. Free-body Diagram for the Tension 
End Panel of the CLT Multi-panel Shear Wall
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T for 2 x vs(seismic)
requirement for 

load combination 

1.0E - 0.7D

TT from 
story 
above

2 x 
vs(seismic)

vs(seismic), 

LRFD design 
unit shear 

capacity, (ϕ= 
0.5)

Unit shear 
force per foot 
of shear wall 

length

Story

(lb)(lb)(plf)(plf)(plf)
11,29301,0975484773
34,54011,2932,1941,0971,0092
63,96834,5402,7421,3711,2731

38

6.6.1 CLT Shear Wall Hold-down Design

෍ 𝑀୭ ൌ 0

𝑇 ሺ𝑏௘௙௙ሻ െ 𝜈𝑏௦ℎ ൅ 𝑤𝑏௦
௕ೞ
ଶ

െ 𝑇்ሺ𝑏௘௙௙ሻ ൌ 0  (SDPWS-21 Eq. C-B.1)

𝑇 ൌ
ఔ௕ೞ௛ି௪௕ೞ

್ೞ
మ

௕೐೑೑
൅ 𝑇்   (SDPWS-21 Eq. C-B.2)

Table 6-6: Solution for Tension Force, T, for Hold-down Strength Requirement
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6.6.1 CLT Shear Wall Hold-down Design
The same screw attached hold-down is used for all locations 
with each having an LRFD design tension capacity of 17,678 lb
and associated deflection of 0.253 in.

• 1st story walls to foundation, four hold-downs

4 x 17,687 lb = 70,748 lb > 63,968 lbs

• 2nd story to top of 1st story, four hold-downs

4 x 17,687 lb = 70,748 lb > 34,540 lbs

• 3rd story to top of 2nd story, two hold-downs

2 x 17,687 lb = 37,374 lb > 11,293 lbs

Check CLT panel for tension, row and group tear out
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6.6.1 CLT Shear Wall Hold-down Design

T for load combination 

1.0E - 0.7D
Unit shear force per foot of shear wall 

lengthStory

(lb)(plf)
4,7144773

14,6041,0092
27,4721,2731

Table 6-7: Solution for Tension Force, T, for Hold-down Deflection Requirement

∆௛௢௟ௗିௗ௢௪௡ൌ ଶ଻,ସ଻ଶ ௟௕
ସ ଵ଻,଺଻଼ ௟௕

0.253 𝑖𝑛. ൌ 0.098 𝑖𝑛. ൏ 0.185 in.

From SDPWS-21 Section B.3.4, hold-down device deformation 
for each story shall not exceed 0.185 in. for T forces from strength 
design load combinations (see Table 6-7).

Deflection of most highly loaded hold-down is less than 0.185 in. The 
SDPWS-21 deflection limit is satisfied
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6.6.2 CLT Shear Wall Compression Zone
Compression force, C, and length of compression zone, x, from 
compression end panel moment equilibrium

෍ 𝑀௢ ൌ 0

𝐶 𝑏௦ െ ୶
ଶ

െ 𝜈𝑏௦ℎ െ 𝑤𝑏௦
௕ೞ
ଶ

െ 𝐶் 𝑏௦ െ ௫೅
ଶ

ൌ 0 (SDPWS-21 Eq. C-B.3)

𝐶 ൌ 𝐹஼ୄ′ ሺ𝑡ሻሺ 𝑥ሻሺଵଶ୧୬.
୤୲

ሻ            (SDPWS-21 Eq. C-B.4)

𝐶 ൌ 𝐹𝑐ᇱ 𝑡௣௔௥௔௟௟௘௟ 𝑥 ሺଵଶ୧୬.
୤୲

ሻ             (SDPWS-21 Eq. C-B.5)

C and x summarized in Table 6-8

Figure 6-8. Free-body Diagram 
for the Compression End Panel 
of the CLT Multi-panel Shear 
Wall
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6.6.2 CLT Shear Wall Compression Zone

C, for load 
combination 

1.0E + 1.4D +0.5L

Compres
-sion
zone 

length, x

CT, 
Compres

-sion
from top

Live load, 
wLL

Dead 
load, wDL

Unit shear 
force per 

foot of shear 
wall length

Story

(lb)(in.)(lb)(plf)(plf)(plf)
5,2572.00001904773

20,1447.645,2576907931,0092

36,5454.5620,1446907931,2731

Table 6-8: Solution for Compression Zone Length, x, and Force C

Check of CLT wall panel axial capacity is required
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6.7 CLT Shear Wall Deflection

𝛿ௌௐ        ൌ    
576𝑣𝑏௦ℎଷ

𝐸𝐼௘௙௙ሺ௜௡ି௣௟௔௡௘ሻ
൅

𝑣ℎ
𝐺𝐴௘௙௙ሺ௜௡ି௣௟௔௡௘ሻ

൅ 3∆௡௔௜௟ ௦௟௜௣,௛ ൅ 2∆௡௔௜௟ ௦௟௜௣,௩
ℎ
𝑏௦

൅ ∆௔
ℎ

∑ 𝑏௦

Rigid body 
rotation

Panel rotation  +Sliding   +Panel bending and shear 
+

Total shear wall = 
deflection, 𝛿𝑆𝑊

(SDPWS-21 Eq. B-1)
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6.7 CLT Shear Wall Deflection

𝜹𝑺𝑾, shear wall 
deflection

∆𝒂
𝒉

∑ 𝒃𝒔
𝟑∆𝒏𝒂𝒊𝒍 𝒔𝒍𝒊𝒑,𝒉 ൅ 𝟐∆𝒏𝒂𝒊𝒍 𝒔𝒍𝒊𝒑,𝒗

𝒉
𝒃𝒔

𝒗𝒉
𝑮𝑨𝒆𝒇𝒇ሺ𝒊𝒏ି𝒑𝒍𝒂𝒏𝒆ሻ

𝟓𝟕𝟔𝒗𝒃𝒔𝒉𝟑

𝑬𝑰𝒆𝒇𝒇ሺ𝒊𝒏ି𝒑𝒍𝒂𝒏𝒆ሻ
Story

(in.)(in.)(in.)(in.)(in.)

0.240.040.150.040.023
0.330.040.160.090.042
0.350.030.160.110.051

Table 6-9: CLT Shear Wall Deflection Components and Total Shear Wall Deflection, 𝛿ௌௐ

For allowable story drift limit is 2.5%h from ASCE/SEI 7-22 Table 12.12-1, corresponding 
allowable deflection calculated using, Cd, equal to 3 for cross-laminated timber shear walls:

       𝛿௘ൌ ଴.଴ଶହሺ௛ሻ
஼೏

ൌ ଴.଴ଶହሺଵଵସ ୧୬.ሻ
ଷ.଴

ൌ 0.95 in. > 𝛿ௌௐ
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Building Code Reference of SDPWS Standard

2021 IBC
• References 2021 SDPWS in 

Section 2305 for lateral design 
and construction

45
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Building Code Reference of ASCE 7-22 Standard

Referenced in 2024 IBC
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NEHRP Provisions

https://www.fema.gov/sites/default/files/2020-
10/fema_2020-nehrp-provisions_part-1-and-part-2.pdf

2020 NEHRP Recommended Seismic 
Provisions for New Buildings and Other 
Structures (FEMA P-2082)

47
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NEHRP Provisions Design Examples

2020 NEHRP Recommended Seismic 
Provisions: Design Examples, Training 
Materials, and Design Flow Charts, 
FEMA P-2192

Volume 1: Design Examples

https://www.fema.gov/sites/default/files/documents/f
ema_nehrp_design-examples-training-
materials_volume-1.pdf
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Questions?
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AWC.ORG

Thank you!
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