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Course Description

This presentation will provide an introductory review of structural wood design for lateral (wind 

and seismic) loads, including traditional diaphragms and shear walls as well as alternate systems. 

Referenced codes and standards, design properties, design examples and detailing best practices 

will be covered. 



Learning Objectives

1. Review wood’s role and allowable uses as a structural lateral framing material under current 

building codes. 

2. Discuss design considerations specific to wood diaphragms and associated chords and collectors 

that resist lateral forces in non-residential and multi-family buildings. 

3. Identify code-compliant design processes for light wood frame shear walls and associated drag 

struts, hold downs and load transfer members. 

4. Explore the variety of options for wood as a lateral force-resisting system and discuss how to 

efficiently utilize and design each.
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Structural Wood Design

Lateral Loads

Wind Uplift Loads

Gravity Loads

Structural building design loads:

» Gravity

» Lateral

Lateral loads:

» Wind

» Seismic



2018 IBC
2018 NDS 2015 SDPWS

ASCE 7-16
(2016)



2021 IBC
2018 NDS 2021 SDPWS

ASCE 7-16
(2016)



2024 IBC
2024 NDS 2021 SDPWS

ASCE 7-22
(2022)



ASD

» Allowable Stress Design

» Based on allowable strengths and 
nominal (unfactored) loads

Structural Wood Design

LRFD

» Load and Resistance Factor Design

» Based on nominal strengths and 
factored loads

ASD vs. LRFD

» SDPWS Section 2.1.2:

» Engineered design of wood structures to 

resist wind and seismic forces shall be by 

one of the methods described in 2.1.2.1 

[Allowable Stress Design (ASD)] and 2.1.2.2 

[Load and Resistance Factor Design (LRFD)].



Wood Design: Lateral Loads
Seismic forcesWind forces

» Caused by ground movement 

» Magnitude based on building 
weight

» Caused by wind pressures 

» Magnitude based on 
exposed building area

istockphoto, Juanmonino, 155442167 istockphoto, Varunyu, 908961098



Wood Design: Lateral Loads

» Wind forces

Surface pressure (psf) Linear floor load based 
on tributary height (plf)



Wood Design: Lateral Loads

» Seismic forces

Loads based on      
building weight (lb)

Loads distributed as 
linear floor loads (plf)



Wood Design: Lateral Loads

» Lateral force resisting system
» Diaphragms

» Shear Walls

Diaphragms Shear Walls



Example building

» 2-story

» Diaphragms

» Exterior shear walls

Lateral loading

» Wind: Applied to exterior

» Seismic: Based on seismic weight

Design Example: Lateral Loads

» L = 36 feet

» W = 24 feet

» h = 10 feet
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Example building

» 2-story

» Diaphragms

» Exterior shear walls

Lateral loading

» Wind: Applied to exterior

» Seismic: Based on seismic weight

Design Example: Lateral Loads

» L = 36 feet

» W = 24 feet

» h = 10 feet



Wind load

» 25 psf (windward + leeward)

» Roof trib. height = 5’

 → Roof load: 25 𝑝𝑠𝑓 ∗ 5 𝑓𝑡 = 125 𝑝𝑙𝑓

» Level 2 trib. height = 10’

 → Level 2 load: 25 𝑝𝑠𝑓 ∗ 10 𝑓𝑡 = 250 𝑝𝑙𝑓

Design Example: Lateral Loads



Seismic load

» Story load based on seismic weight

» Seismic load V per ASCE 7

» Assume V = 9 kips

 → Roof load: 4 kips

 → Level 2 load: 5 kips

» Distribute along building length, 36ft

 → Roof load: 4𝑘𝑖𝑝𝑠/36𝑓𝑡 = 111𝑝𝑙𝑓

 → Level 2 load: 5𝑘𝑖𝑝𝑠/36𝑓𝑡 = 139𝑝𝑙𝑓

Design Example: Lateral Loads



» Lateral Design Introduction

» Diaphragms

» Shear Walls

» Other Lateral Options
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» Diaphragms:

» Roof

» Floor

» Other horizontal 

bracing systems

Wood Design: Diaphragms

Roof 
Diaphragm

Floor 
Diaphragm



Wood Design: Diaphragms

Floor or Roof Framing 
(Blocking if Required)

Boundary Elements      
(Double Top Plates, Rim 
Joist, Truss, Beam, etc.)

Sheathing:
• Wood Structural 

Panels (WSP’s)
• Lumber



» Diaphragm flexibility (ASCE 7-16, Section 12.3.1):

» Flexible

» Rigid

» Semi-Rigid

Wood Design: Diaphragms

C.R. Center 
of Rigidity

C.M. Center 
of Mass



» Light-frame wood diaphragms:

» Traditionally idealized as flexible (ASCE 7-16, Section 12.3.1.1, Item c)

» Consider diaphragm complexity!

» Semi-rigid or rigid may be more appropriate

Wood Design: Diaphragms

ASCE 7-16



Diaphragm design checks:

» Diaphragm: Aspect Ratio, 
Shear, Deflection

» Chords: Tension, 
Compression

» Collectors (Drag Struts): 
Tension, Compression

Wood Design: Diaphragms

APPLIED LOAD (w)

Length (L)

vmax

vmax

Chord (T)

Chord (C)

W
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W
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» Nominal Unit Shear Capacities: 2021 SDPWS

» Blocked Wood Structural Panel Diaphragms (Table 4.2A)

» High Load Blocked Wood Structural Panel Diaphragms (Table 4.2B)

» Unblocked Wood Structural Panel Diaphragms (Table 4.2C)

» Horizontally or Diagonally-Sheathed Lumber Diaphragms (Table 4.2D)

Wood Design: Diaphragms
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Wood Design: Diaphragms
Nominal Unit Shear Capacities (2015 SDPWS):

Sheathing

Fasteners
Framing at Edges & Boundaries

Load Type

Panel 
Layout

2015 SDPWS
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Wood Design: Diaphragms
Nominal Unit Shear Capacities (2021 SDPWS):

Sheathing

Fasteners

Framing at 
Edges & 
Boundaries

Single Table for 
Wind & Seismic

Panel 
Layout

2021 SDPWS



Wood Design: Diaphragms
Nominal Unit Shear Capacities (2021 SDPWS):

Sheathing

Fasteners

Framing at 
Edges & 
Boundaries

Single Table for 
Wind & Seismic

Panel 
Layout

2021 SDPWS



Wood Design: Diaphragms

Read the footnotes!

» Adjusted capacities:

» 2015 SDPWS:

» Reduce capacities if not Douglas-Fir-Larch or Southern Pine

» ASD: 𝑣𝐴𝑆𝐷 = 𝑣𝑛𝑜𝑚/2.0

» LRFD: 𝑣𝐿𝑅𝐹𝐷 = 𝑣𝑛𝑜𝑚 ∗ 0.80

» 2021 SDPWS:

» ASD, seismic: 𝑣𝐴𝑆𝐷 = 𝑣𝑛𝑜𝑚/2.8

» ASD, wind: 𝑣𝐴𝑆𝐷 = 𝑣𝑛𝑜𝑚/2.0

» LRFD, seismic: 𝑣𝐿𝑅𝐹𝐷 = 𝑣𝑛𝑜𝑚 ∗ 0.50

» LRFD, wind: 𝑣𝐿𝑅𝐹𝐷 = 𝑣𝑛𝑜𝑚 ∗ 0.80



» Aspect ratio requirements:

Wood Design: Diaphragms

2021 SDPWS

Length (L)

W
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th
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W
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Diaphragm aspect ratio check (Level 2):

» L = 36 ft

» W = 24 ft

» Unblocked wood structural panels

» 𝐿/𝑊 = 36𝑓𝑡/24𝑓𝑡 = 1.5 → Aspect ratio OK

Design Example: Diaphragms
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Diaphragm loads (Level 2):

» Assume flexible diaphragm (ASCE 
7-16, Section 12.3.1.1, Item c)

» Wind:

» Roof load: 125 plf

» Level 2 load: 250 plf

» Seismic:

» Roof load: 111 plf

» Level 2 load: 139 plf

Design Example: Diaphragms

APPLIED LOAD (w)



Diaphragm wind loads (Level 2):

» Wind: 𝑤𝑤𝑖𝑛𝑑 = 250𝑝𝑙𝑓 

» 𝑅𝑤 = 𝑉𝑤,𝑚𝑎𝑥 =
𝑤𝑤𝑖𝑛𝑑∗𝐿

2
=

250𝑝𝑙𝑓∗36𝑓𝑡

2
= 4,500𝑙𝑏

» 𝑣𝑤,𝑚𝑎𝑥 =
𝑉𝑤,𝑚𝑎𝑥

𝑊
=

4,500𝑙𝑏

24𝑓𝑡
= 188𝑝𝑙𝑓

» 𝑀𝑤,𝑚𝑎𝑥 =
𝑤𝑤𝑖𝑛𝑑∗𝐿2

8
 =

250𝑝𝑙𝑓∗(36𝑓𝑡)2

8
= 40,500𝑓𝑡-lb

» 𝑇𝑤,𝑐ℎ𝑜𝑟𝑑 = 𝐶𝑤,𝑐ℎ𝑜𝑟𝑑 =
𝑀𝑤,𝑚𝑎𝑥

𝑊

 =
40,500𝑓𝑡−𝑙𝑏

24𝑓𝑡
= 1,688𝑙𝑏

Design Example: Diaphragms

Shear diagram

vmax

vmax



Diaphragm seismic loads (Level 2):

» Seismic: 𝑤𝐸𝑄 = 139𝑝𝑙𝑓 

» 𝑅𝐸𝑄 = 𝑉𝐸𝑄,𝑚𝑎𝑥 =
𝑤𝐸𝑄∗𝐿

2
=

139𝑝𝑙𝑓∗36𝑓𝑡

2
= 2,502𝑙𝑏

» 𝑣𝐸𝑄,𝑚𝑎𝑥 =
𝑉𝐸𝑄,𝑚𝑎𝑥

𝑊
=

2,502𝑙𝑏

24𝑓𝑡
= 104𝑝𝑙𝑓

» 𝑀𝐸𝑄,𝑚𝑎𝑥 =
𝑤𝐸𝑄∗𝐿2

8
 =

139𝑝𝑙𝑓∗(36𝑓𝑡)2

8
= 22,518𝑓𝑡 − 𝑙𝑏

» 𝑇𝐸𝑄,𝑐ℎ𝑜𝑟𝑑 = 𝐶𝐸𝑄,𝑐ℎ𝑜𝑟𝑑 =
𝑀𝐸𝑄,𝑚𝑎𝑥

𝑊

 =
22,518𝑓𝑡−𝑙𝑏

24𝑓𝑡
= 938𝑙𝑏

Design Example: Diaphragms

vmax

vmax

Shear diagram



Diaphragm shear check (Level 2):

» Diaphragm type: Unblocked WSP’s (Table 4.2C)

» Sheathing type: 3/8” Structural I OSB

» Fastener type & spacing at boundaries & panel edges: 8d @ 6” o.c.

» Framing width at edges & boundaries: 2x

» Nominal capacity: 𝑣𝑛𝑜𝑚 = 505𝑝𝑙𝑓

Design Example: Diaphragms
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Diaphragm shear check (Level 2):

» Allowable (adjusted) diaphragm shear capacity:

» Nominal shear capacity from Table 4.2C: 𝑣𝑛𝑜𝑚 = 505𝑝𝑙𝑓

» Adjusted wind shear capacity (ASD): 𝑣𝑤,𝑐𝑎𝑝 = 𝑣𝑛𝑜𝑚/2.0 = 253𝑝𝑙𝑓

» Adjusted seismic shear capacity (ASD): 𝑣𝐸𝑄,𝑐𝑎𝑝 = 𝑣𝑛𝑜𝑚/2.8 = 180𝑝𝑙𝑓

» Shear forces:

» Wind: 𝑣𝑤,𝑚𝑎𝑥 = 188𝑝𝑙𝑓 < 𝑣𝑤,𝑐𝑎𝑝 = 253𝑝𝑙𝑓 → OK for wind

» Seismic: 𝑣𝐸𝑄,𝑚𝑎𝑥 = 104𝑝𝑙𝑓 < 𝑣𝐸𝑄,𝑐𝑎𝑝 = 180𝑝𝑙𝑓 → OK for seismic

Design Example: Diaphragms



Diaphragm chords:

» Chord forces:

» 𝑇𝑐ℎ𝑜𝑟𝑑 = 𝐶𝑐ℎ𝑜𝑟𝑑 =
𝑀

𝑊

» Chord stresses:

» Tension: 𝑓𝑡 ≤ 𝐹′𝑡 

» Compression : 𝑓𝑐 ≤ 𝐹′𝑐

Wood Design: Diaphragms

» 𝑓𝑡 =
𝑇𝑐ℎ𝑜𝑟𝑑

𝐴𝑐ℎ𝑜𝑟𝑑

» 𝑓𝑐 =
𝐶𝑐ℎ𝑜𝑟𝑑

𝐴𝑐ℎ𝑜𝑟𝑑

Chord force 
(Tension)

APPLIED LOAD (w)

Chord force 
(Compression)

Length (L)

W
id

th
 (W

)

vmax

vmax



Chord check (Level 2):

» Wall top plates: (2) 2x6 Douglas-Fir-Larch #2

» Assume (1) 2x6 effective chord: 𝐴𝑐ℎ𝑜𝑟𝑑 = 8.25𝑖𝑛2 

» Chord forces & stresses:

» Wind: 𝑇𝑤,𝑐ℎ𝑜𝑟𝑑 = 𝐶𝑤,𝑐ℎ𝑜𝑟𝑑

 = 1,688𝑙𝑏

 → 𝑡𝑤,𝑐ℎ𝑜𝑟𝑑 = 𝑐𝑤,𝑐ℎ𝑜𝑟𝑑

 = 1,688𝑙𝑏/8.25𝑖𝑛2 = 205𝑝𝑠𝑖

» Seismic: 𝑇𝐸𝑄,𝑐ℎ𝑜𝑟𝑑 = 𝐶𝐸𝑄,𝑐ℎ𝑜𝑟𝑑

 = 938𝑙𝑏

 → 𝑡𝐸𝑄,𝑐ℎ𝑜𝑟𝑑 = 𝑐𝐸𝑄,𝑐ℎ𝑜𝑟𝑑

 = 938𝑙𝑏/8.25𝑖𝑛2 = 114𝑝𝑠𝑖

Design Example: Diaphragms

vmax

vmax



Chord check (Level 2):

» Chord stress: 𝑡𝑐ℎ𝑜𝑟𝑑 = 𝑐𝑐ℎ𝑜𝑟𝑑 = 205𝑝𝑠𝑖

» Chord capacity:

» Compression: 𝐹𝑐 = 1,350𝑝𝑠𝑖 (2018 NDS Supp. Table 4A)

» Tension: 𝐹𝑡 = 575𝑝𝑠𝑖 (2018 NDS Supplement Table 4A)

Design Example: Diaphragms

» Load duration factor CD = 1.6

» Assume other adjustment factors = 1.0

» 𝐹𝑐
′ = 1.6 ∗ 1,350𝑝𝑠𝑖 = 2,160𝑝𝑠𝑖 > 𝑐𝑐ℎ𝑜𝑟𝑑 = 205𝑝𝑠𝑖 → Compression OK

» Load duration factor CD = 1.6

» Assume other adjustment factors = 1.0

» 𝐹𝑡
′ = 1.6 ∗ 575𝑝𝑠𝑖 = 920𝑝𝑠𝑖 > 𝑡𝑐ℎ𝑜𝑟𝑑 = 205𝑝𝑠𝑖 → Tension OK

2018 NDS



W
id

th
 (

W
)

Length (L)
APPLIED LOAD (w)

vmax

vmax

Diaphragm collectors (drag struts):

» Collector forces:

» 𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡 = 𝐶𝑐𝑜𝑙𝑙𝑒𝑐𝑡 = 𝑣 ∗ 𝑙𝑐𝑜𝑙𝑙𝑒𝑐𝑡

» Collector stresses:

» Tension: 𝑓𝑡 ≤ 𝐹′𝑡

» Compression : 𝑓𝑐 ≤ 𝐹′𝑐

Wood Design: Diaphragms

» 𝑓𝑡 =
𝑇𝑐𝑜𝑙𝑙𝑒𝑐𝑡

𝐴𝑐𝑜𝑙𝑙𝑒𝑐𝑡

» 𝑓𝑐 =
𝐶𝑐𝑜𝑙𝑙𝑒𝑐𝑡

𝐴𝑐𝑜𝑙𝑙𝑒𝑐𝑡
Collector

Collector



Collector check (Level 2):

» Wall top plates: (2) 2x6 Douglas-Fir-Larch #2

» Assume (1) 2x6 effective chord: 𝐴𝑐ℎ𝑜𝑟𝑑 = 8.25𝑖𝑛2 

» Collector forces & stresses:

» Wind: 𝑇𝑤,𝑐𝑜𝑙𝑙𝑒𝑐𝑡 = 𝐶𝑤,𝑐𝑜𝑙𝑙𝑒𝑐𝑡

 = 188𝑝𝑙𝑓 ∗ 12𝑓𝑡 = 2,260𝑙𝑏

 → 𝑡𝑤,𝑐𝑜𝑙𝑙𝑒𝑐𝑡 = 𝑐𝑤,𝑐𝑜𝑙𝑙𝑒𝑐𝑡

 = 2,260𝑙𝑏/8.25𝑖𝑛2 = 274𝑝𝑠𝑖

» Seismic: 𝑇𝐸𝑄,𝑐𝑜𝑙𝑙𝑒𝑐𝑡 = 𝐶𝐸𝑄,𝑐𝑜𝑙𝑙𝑒𝑐𝑡

 = 104𝑝𝑙𝑓 ∗ 12𝑓𝑡 = 1,248𝑙𝑏

 → 𝑡𝐸𝑄,𝑐𝑜𝑙𝑙𝑒𝑐𝑡 = 𝑐𝐸𝑄,𝑐𝑜𝑙𝑙𝑒𝑐𝑡

 = 1,248𝑙𝑏/8.25𝑖𝑛2 = 151𝑝𝑠𝑖

Design Example: Diaphragms

APPLIED LOAD (w)

vmax

vmax



Collector check (Level 2):

» Collector stress: 𝑡𝑐𝑜𝑙𝑙𝑒𝑐𝑡 = 𝑐𝑐𝑜𝑙𝑙𝑒𝑐𝑡 = 274𝑝𝑠𝑖

» Collector capacity:

» Compression: 𝐹𝑐 = 1,350𝑝𝑠𝑖 (2018 NDS Supp. Table 4A)

» Tension: 𝐹𝑡 = 575𝑝𝑠𝑖 (2018 NDS Supplement Table 4A)

Design Example: Diaphragms

» Load duration factor CD = 1.6

» Assume other adjustment factors = 1.0

» 𝐹𝑐
′ = 1.6 ∗ 1,350𝑝𝑠𝑖 = 2,160𝑝𝑠𝑖 > 𝑐𝑐𝑜𝑙𝑙𝑒𝑐𝑡 → Compression OK

» Load duration factor CD = 1.6

» Assume other adjust. factors = 1.0

» 𝐹𝑡
′ = 1.6 ∗ 575𝑝𝑠𝑖 = 920𝑝𝑠𝑖 > 𝑡𝑐𝑜𝑙𝑙𝑒𝑐𝑡 → Tension OK

2018 NDS



» Deflection (2021 SDPWS Equation 4.2-1):
»  𝛿𝑑𝑖𝑎 =

5∗𝑣∗𝐿3

8∗𝐸∗𝐴∗𝑊
+

0.25∗𝑣∗𝐿

1,000∗𝐺𝑎
+

σ 𝑥∗∆𝑐

2∗𝑊
 

Wood Design: Diaphragms

» 𝑣 =  unit shear force

» 𝐸 = modulus of elasticity of chords

» 𝐴 = cross sectional area of chord

» 𝐺𝑎 = apparent shear stiffness

» 𝐿 = diaphragm length

» 𝑊 = diaphragm width

» 𝑥 = distance from chord splice to support

» ∆𝑐= chord splice slip (calculate per 2021 SDPWS Commentary)

chord 
deformation

panel shear 
+ nail slip

chord splice 
slip

2021 SDPWS



» Deflection check (Level 2): 𝛿𝑑𝑖𝑎 =
5∗𝑣∗𝐿3

8∗𝐸∗𝐴∗𝑊
+

0.25∗𝑣∗𝐿

1,000∗𝐺𝑎
+

σ 𝑥∗∆𝑐

2∗𝑊
 

Design Example: Diaphragms

» vw = 188𝑝𝑙𝑓

» 𝐿 = 36𝑓𝑡

» 𝑊 = 24𝑓𝑡

» 𝐴𝑐ℎ𝑜𝑟𝑑 = 8.25𝑖𝑛2

» 𝑥𝑐ℎ𝑜𝑟𝑑 = 12𝑓𝑡

» 𝐸𝑐ℎ𝑜𝑟𝑑 = 1,600,000𝑝𝑠𝑖 (2018 NDS Supplement Table 4A)

2
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» 𝐺𝑎 = 6.0 (2021 SDPWS Table 4.2C)

» Calculated ∆𝑐= 0.05𝑖𝑛



» Deflection check (Level 2): 𝛿𝑑𝑖𝑎 =
5∗𝑣∗𝐿3

8∗𝐸∗𝐴∗𝑊
+

0.25∗𝑣∗𝐿

1,000∗𝐺𝑎
+

σ 𝑥∗∆𝑐

2∗𝑊
 

» Chord deformation: 
5∗𝑣∗𝐿3

8∗𝐸∗𝐴∗𝑊
=

5∗188𝑝𝑙𝑓∗(36𝑓𝑡)3

8∗1,600,000𝑝𝑠𝑖∗8.25𝑖𝑛2∗24𝑓𝑡
= 0.017𝑖𝑛

» Panel shear + nail slip: 
0.25∗𝑣∗𝐿

1,000∗𝐺𝑎
=

0.25∗188𝑝𝑙𝑓∗36𝑓𝑡

1,000∗6.0𝑘𝑖𝑝𝑠/𝑖𝑛
= 0.282𝑖𝑛

» Chord splice slip: 
σ 𝑥∗∆𝑐

2∗𝑊
=

2∗(12𝑓𝑡∗0.05𝑖𝑛)

2∗24𝑓𝑡
= 0.025𝑖𝑛

» 𝛿𝑤,𝑑𝑖𝑎 = 0.017𝑖𝑛 + 0.282𝑖𝑛 + 0.025𝑖𝑛 = 0.324𝑖𝑛

» Deflection check for Seismic must be performed using strength level 
design loads (multiply ASD loads by 1.4)

Design Example: Diaphragms



Additional considerations:

» Offsets, re-entrant corners, discontinuities, openings

» Open front/cantilever configurations

» Concentrated, localized loads

» Sub-diaphragm aspect ratios

Wood Design: Diaphragms



» Lateral Design Introduction

» Diaphragms

» Shear Walls

» Other Lateral Options

Outline



» Shear Walls:

» Specially detailed vertical 

components

» Not all walls are shear walls

Wood Design: Shear Walls
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Solid or Segmented Walls Perforated Walls Force Transfer Around 
Openings Walls

Wood Design: Shear Walls

Shear wall types:



Wood Design: Shear Walls

Top Plate

Boundary Element 
(End Post)

Hold Down

Hold Down Device 
(Continuous Tie-Down)

Boundary Element 
(Solid or Engineered)Blocking

Vertical Panel 
Orientation

Sheathing:
• Wood Structural Panel (WSP)

• Vertical Panels (can 
eliminate blocking)

• Horizontal Panels
• Lumber

Sill Anchors

Typical Wall 
Stud Framing

Horizontal Panel 
Orientation

Bottom Plate



Shear wall design checks:

» Shear wall: Aspect ratio,     

shear, deflection

» Boundary elements: Tension, 

compression

» Anchorage: Hold downs, shear

Wood Design: Shear Walls
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» Aspect ratio requirements

» Aspect ratios > 3.5:1 not allowed

» Shear capacity reductions:

» Wood structural panels > 2:1

» Structural fiberboard panels > 1:1

Wood Design: Shear Walls

AWC SDPWS, 2021
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Aspect ratio check

» h = 9 ft

» b = 12 ft

» Blocked wood structural panel

» ℎ/𝑏 = 9𝑓𝑡/12𝑓𝑡 = 0.75 

 → Aspect ratio OK

Design Example: Shear Walls
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`

Shear wall wind loads

» Wind: 

» 𝑤𝑤𝑖𝑛𝑑,𝑅 = 125𝑝𝑙𝑓, 𝑤𝑤𝑖𝑛𝑑,𝐿2 = 250𝑝𝑙𝑓

» 𝑉𝑤,𝑅 =
𝑤𝑤𝑖𝑛𝑑,𝑅∗𝐿

2
=

125𝑝𝑙𝑓∗36𝑓𝑡

2
= 2,250𝑙𝑏

» 𝑉𝑤,𝐿2 =
𝑤𝑤𝑖𝑛𝑑,𝐿2∗𝐿

2
=

250𝑝𝑙𝑓∗36𝑓𝑡

2
= 4,500𝑙𝑏

Design Example: Shear Walls

» 𝑉𝑤,𝐿2−𝑅 = 𝑉𝑤,𝑅 = 2,250𝑙𝑏 

 → 𝑣𝑤,𝐿2−𝑅 =
2,250𝑙𝑏

12𝑓𝑡
= 188𝑝𝑙𝑓

» 𝑉𝑤,𝐿1−𝐿2 = 𝑉𝑤,𝑅 + 𝑉𝑤,𝐿2 = 6,750𝑙𝑏

 → 𝑣𝑤,𝐿1−𝐿2 =
6,750𝑙𝑏

12𝑓𝑡
= 563𝑝𝑙𝑓
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Shear wall wind loads – T/C forces

» Wind: 𝑉𝑤,𝑅 = 2,250𝑙𝑏, 𝑉𝑤,𝐿2 = 4,500𝑙𝑏

» 𝑀𝑤,𝐿2 = 𝑉𝑤,𝑅 ∗ 𝐻 = 2,250𝑙𝑏 ∗ 10𝑓𝑡 = 22,500𝑓𝑡 ∗ 𝑙𝑏

» 𝑀𝑤,𝐿1 = 𝑉𝑤,𝐿2 ∗ 𝐻 + 𝑉𝑤,𝑅 ∗ (2 ∗ 𝐻) =

 4,500𝑙𝑏 ∗ 10𝑓𝑡 + 2,250 𝑙𝑏 ∗ 20𝑓𝑡 = 90,000𝑓𝑡 ∗ 𝑙𝑏

Design Example: Shear Walls

» 𝑇𝑤,𝐿2−𝑅 = 𝐶𝑤,𝐿2−𝑅

 = 22,500𝑓𝑡 ∗ 𝑙𝑏/12𝑓𝑡 = 1,875𝑙𝑏

» 𝑇𝑤,𝐿1−𝐿2 = 𝐶𝑤,𝐿1−𝐿2

 = 90,000𝑓𝑡 ∗ 𝑙𝑏/12𝑓𝑡 = 7,500𝑙𝑏
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Shear wall seismic loads

» Seismic:

» 𝑤𝐸𝑄,𝑅 = 111𝑝𝑙𝑓, 𝑤𝐸𝑄,𝐿2 = 139𝑝𝑙𝑓

» 𝑉𝐸𝑄,𝑅 =
𝑤𝐸𝑄,𝑅∗𝐿

2
=

111𝑝𝑙𝑓∗36𝑓𝑡

2
= 2,000𝑙𝑏

» 𝑉𝐸𝑄,𝐿2 =
𝑤𝐸𝑄,𝐿2∗𝐿

2
=

139𝑝𝑙𝑓∗36𝑓𝑡

2
= 2,500𝑙𝑏

Design Example: Shear Walls

» 𝑉𝐸𝑄,𝐿2−𝑅 = 𝑉𝐸𝑄,𝑅 = 2,000𝑙𝑏 

 → 𝑣𝐸𝑄,𝐿2−𝑅 =
2,000𝑙𝑏

12𝑓𝑡
= 167𝑝𝑙𝑓

» 𝑉𝐸𝑄,𝐿1−𝐿2 = 𝑉𝐸𝑄,𝑅 + 𝑉𝐸𝑄,𝐿2 = 4,500𝑙𝑏

 → 𝑣𝐸𝑄,𝐿1−𝐿2 =
4,500𝑙𝑏

12𝑓𝑡
= 375𝑝𝑙𝑓
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Shear wall seismic loads

» Seismic: 𝑉𝐸𝑄,𝑅 = 2,000𝑙𝑏, 𝑉𝐸𝑄,𝐿2 = 2,500𝑙𝑏

» 𝑀𝐸𝑄,𝐿2 = 𝑉𝐸𝑄,𝑅 ∗ 𝐻 = 2,000𝑙𝑏 ∗ 10𝑓𝑡 = 20,000𝑓𝑡 ∗ 𝑙𝑏

» 𝑀𝐸𝑄,𝐿1 = 𝑉𝐸𝑄,𝐿2 ∗ 𝐻 + 𝑉𝐸𝑄,𝑅 ∗ (2 ∗ 𝐻) =

2,500𝑙𝑏 ∗ 10𝑓𝑡 + 2,000𝑙𝑏 ∗ 20𝑓𝑡 = 65,000𝑓𝑡 ∗ 𝑙𝑏

Design Example: Shear Walls

» 𝑇𝐸𝑄,𝐿2−𝑅 = 𝐶𝐸𝑄,𝐿2−𝑅

 = 20,000𝑓𝑡 ∗ 𝑙𝑏/12𝑓𝑡 = 1,667𝑙𝑏

» 𝑇𝐸𝑄,𝐿1−𝐿2 = 𝐶𝐸𝑄,𝐿1−𝐿2

 = 65,000𝑓𝑡 ∗ 𝑙𝑏/12𝑓𝑡 = 5,417𝑙𝑏
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» Shear capacities: AWC SDPWS Tables

» Wood panels (Table 4.3A)

» Gypsum panels (Table 4.3B)

» Plaster walls (Table 4.3C)

» Horizontal or diagonal lumber sheathed (Table 4.3D)

Wood Design: Shear Walls
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Wood Design: Shear Walls
Shear Wall Nominal Capacities (SDPWS 2015):

Sheathing

Fasteners

Load Type

Fastener 
Spacing

AWC SDPWS, 2015



Wood Design: Shear Walls
Shear Wall Nominal Capacities (SDPWS 2021):

Sheathing Fastener 
Spacing

Fasteners

Single Table for 
Wind and Seismic

2021 AWC SDPWS



Wood Design: Shear Walls

Read the footnotes!

» Adjusted capacities:

» SDPWS 2015:

» Reduce capacities if not Douglas-Fir-Larch or Southern Pine

» ASD: 𝑣𝐴𝑆𝐷 = 𝑣𝑛𝑜𝑚/2.0

» LRFD: 𝑣𝐿𝑅𝐹𝐷 = 𝑣𝑛𝑜𝑚 ∗ 0.80

» SDPWS 2021:

» ASD, seismic: 𝑣𝐴𝑆𝐷 = 𝑣𝑛𝑜𝑚/2.8

» ASD, wind: 𝑣𝐴𝑆𝐷 = 𝑣𝑛𝑜𝑚/2.0

» LRFD, seismic: 𝑣𝐿𝑅𝐹𝐷 = 𝑣𝑛𝑜𝑚 ∗ 0.50

» LRFD, wind: 𝑣𝐿𝑅𝐹𝐷 = 𝑣𝑛𝑜𝑚 ∗ 0.80



Shear wall check (lower story)

» Shear wall:

» Sheathing = 15/32” Structural I, Blocked

» Fasteners = 8d, 3” O.C. at edges, 12” O.C. at intermediate framing

» Nominal capacity: 𝑣𝑛𝑜𝑚 = 1,540𝑝𝑙𝑓

Design Example: Shear Walls
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Shear wall check (lower story)

» Shear wall capacity:

» Nominal capacity: 𝑣𝑛𝑜𝑚 = 1540𝑝𝑙𝑓

» Wind capacity (ASD): 𝑣𝑤,𝑐𝑎𝑝 = 𝑣𝑛𝑜𝑚/2.0 = 770𝑝𝑙𝑓

» Seismic capacity (ASD): 𝑣𝐸𝑄,𝑐𝑎𝑝 = 𝑣𝑛𝑜𝑚/2.8 = 550𝑝𝑙𝑓

» Shear wall check:

» Wind design load: 𝑣𝑤,𝑚𝑎𝑥 = 563𝑝𝑙𝑓 < 𝑣𝑤,𝑐𝑎𝑝 = 770𝑝𝑙𝑓 → OK for wind

» Seismic design load: 𝑣𝐸𝑄,𝑚𝑎𝑥 = 375𝑝𝑙𝑓 < 𝑣𝐸𝑄,𝑐𝑎𝑝 = 550𝑝𝑙𝑓 → OK for seismic

Design Example: Shear walls



Boundary Element

» End post force:

» For single story: 𝑇𝑝𝑜𝑠𝑡 = 𝐶𝑝𝑜𝑠𝑡 =
𝑉∗ℎ

𝑙

» End post checks:

» Tension: 𝑓𝑡 ≤ 𝐹′𝑡 

» Compression : 𝑓𝑐 ≤ 𝐹′𝑐

Wood Design: Shear Walls

» 𝑓𝑡 =
𝑇𝑐ℎ𝑜𝑟𝑑

𝐴𝑐ℎ𝑜𝑟𝑑
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𝐴𝑐ℎ𝑜𝑟𝑑

Tension 
Force (T)

Compression 
Force (C)

LATERAL 
FORCE (V)

B
o

u
n

d
ar

y 
El

em
en

t

B
o

u
n

d
ar

y 
El

em
en

t

H
ei

gh
t 

(h
)

Width (b)

T C

vbase

Boundary 
Element 

(End Post)



Boundary Element: End Posts

» (2)2x6 Douglas Fir-Larch #2

» 𝐴𝑝𝑜𝑠𝑡 = 2 ∗ 1.5𝑖𝑛 ∗ 5.5𝑖𝑛 = 16.5𝑖𝑛2 

» Post forces (L1-L2)

» Wind: 𝑇𝑤,𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 𝐶𝑤,𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 7,500𝑙𝑏

» Seismic: 𝑇𝐸𝑄,𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 𝐶𝐸𝑄,𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 5,417𝑙𝑏

Design Example: Shear Walls

» 𝑡𝑤,𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 𝑐𝑤,𝑝𝑜𝑠𝑡,𝐿1−𝐿2

 = 7,500𝑙𝑏/16.5𝑖𝑛2 = 455𝑝𝑠𝑖

» 𝑡𝐸𝑄,𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 𝑐𝐸𝑄,𝑝𝑜𝑠𝑡,𝐿1−𝐿2

 = 5,417𝑙𝑏/16.5𝑖𝑛2 = 328𝑝𝑠𝑖
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End Posts: 𝑡𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 𝑐𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 455𝑝𝑠𝑖

» End post capacity:

» Tension: 𝐹𝑡 = 575 𝑝𝑠𝑖 (NDS Supplement Table 4A)

» Compression: 𝐹𝑐 = 1,350 𝑝𝑠𝑖 (NDS Supplement Table 4A)

Design Example: Shear Walls

» Load duration factor CD = 1.6

» 𝐹𝑡
′ = 1.6 ∗ 575 𝑝𝑠𝑖 = 920𝑝𝑠𝑖 > 𝑡𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 455𝑝𝑠𝑖 → Tension OK

» Load duration factor CD = 1.6

» Column stability factor CP = 0.514

» Assume other adjust. factors = 1.0

» 𝐹𝑐
′ = 1.6 ∗ 0.514 ∗ 1,350 𝑝𝑠𝑖 = 1,110𝑝𝑠𝑖 > 𝑐𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 455𝑝𝑠𝑖 → Compression OK

AWC NDS, 2018



Anchorage

» Axial:

» Tension / Compression at ends of 

wall segment

» Shear:

» Wall below: Fasteners (nails, etc.)

» Foundation below: Anchor bolts

Wood Design: Shear Walls LATERAL 
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Bucket styleStraps Continuous Rod System

Wood Design: Shear Walls

Hold down types:

Simpson Strong-Tie Strap Ties & Holdowns MiTek Holdowns Simpson Strong-Tie Anchor Tie 
Down System & Take-Up Device



Anchorage

» Anchorage forces (L1)

» Wind: 𝑇𝑤,𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 𝐶𝑤,𝑝𝑜𝑠𝑡,𝐿1−𝐿2

 = 7,500𝑙𝑏

» Seismic: 𝑇𝐸𝑄,𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 𝐶𝐸𝑄,𝑝𝑜𝑠𝑡,𝐿1−𝐿2

 = 5,417𝑙𝑏

Design Example: Shear Walls
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Anchorage: Axial

» Tension: 𝑇𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 7,500𝑙𝑏

» Proprietary hold down

Design Example: Shear Walls
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Anchorage: Axial

» Compression: 𝐶𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 7,500𝑙𝑏

» 𝑐𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 7,500𝑙𝑏/24.75𝑖𝑛2 = 303𝑝𝑠𝑖

» Bearing check of wall bottom plate

» 𝐹𝑐 = 625 𝑝𝑠𝑖 (NDS Supplement Table 4A)

Design Example: Shear Walls

Simpson Strong-Tie 
HDU Holdown

» Assume adjustment factors = 1.0

» 𝐹𝑐 
′ = 625 𝑝𝑠𝑖 > 𝐶𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 303𝑝𝑠𝑖 → Bearing OK



Anchorage: Shear

» Shear load:

» Wind: 𝑉𝑤,𝐿1 = 6,750𝑙𝑏

» Seismic: 𝑉𝐸𝑄,𝐿1 = 4,500𝑙𝑏

» ½”Ø Anchor bolts into foundation

» ASD capacity = 650 lb (NDS Table 12E)

» Note: Connection to foundation also must be checked

Design Example: Shear Walls

» Load duration factor CD = 1.6 

 → Adjusted capacity = 1040 lb 

» 6,750𝑙𝑏/1040𝑙𝑏 = 6.5 → (7) anchor bolts

» (12𝑓𝑡 − 2 ∗ 4.5in)/8 𝑠𝑝𝑎𝑐𝑒𝑠 = 16" 𝑠𝑝𝑎𝑐𝑖𝑛𝑔
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» Deflection
» 𝛿𝑠𝑤 =

8∗𝑣∗ℎ3

𝐸∗𝐴∗𝑏
+

𝑣∗ℎ

1,000∗𝐺𝑎
+

ℎ∗∆𝑎

𝑏
  (SPDWS Equation 4.3-1)

Wood Design: Shear Walls

» 𝑣 =  unit shear

» 𝐸 = modulus of elasticity of end posts

» 𝐴 = cross sectional area of end posts

» 𝐺𝑎 = apparent shear stiffness

end post 
deformation

panel shear 
+ nail slip

wall anchorage 
deformation

» 𝑏 = shear wall length

» ℎ = shear wall height

» ∆𝑎= vertical deformation of 

wall anchorage system



» Deflection: 𝛿𝑠𝑤 =
8∗𝑣∗ℎ3

𝐸∗𝐴∗𝑏
+

𝑣∗ℎ

1,000∗𝐺𝑎
+

ℎ∗∆𝑎

𝑏
  (SPDWS Equation 4.3-1)

Wood Design: Shear Walls

» 𝑣𝑤 = 563𝑝𝑙𝑓 

1.4 ∗ 𝑣𝐸𝑄 = 525𝑝𝑙𝑓

» 𝑏 = 12𝑓𝑡

» ℎ = 9𝑓𝑡

» 𝐺𝑎 = 24kips/in

» ∆𝑎= vertical deformation of

 wall anchorage system

A
W

C
 S

D
P

W
S,

 2
0

2
1

» 𝐴𝑝𝑜𝑠𝑡 = 24.75𝑖𝑛2

» 𝐸𝑝𝑜𝑠𝑡 = 1,600,000𝑝𝑠𝑖 

(NDS Supplement Table 4A)



» Deflection: Calculation of ∆𝑎
» ∆𝑎= ∆𝑇 + ∆𝐶 ∗

𝑏

𝑏𝑒𝑓𝑓

→ ∆𝑎= 0.113𝑖𝑛 + 0.013𝑖𝑛 ∗
12𝑓𝑡

11.3𝑓𝑡
= 0.134𝑖𝑛

Wood Design: Shear Walls

» 𝑏 = 12𝑓𝑡

» 𝑏𝑒𝑓𝑓 = 12𝑓𝑡 −
4.5𝑖𝑛

2
− 4.5𝑖𝑛 + 1

3

8
𝑖𝑛 = 11.3𝑓𝑡

» ∆𝑇= 0.113𝑖𝑛 (per manufacturer)

» ∆𝐶: 

» 𝑐𝑝𝑜𝑠𝑡,𝐿1−𝐿2 = 7,500𝑙𝑏/24.75𝑖𝑛2 = 303𝑝𝑠𝑖

» At 0.73 ∗ 𝐹𝑐 , ∆0.02= 0.02𝑖𝑛 (NDS 4.2.6)

» 𝐹𝑐 = 625𝑝𝑠𝑖 → 0.73 ∗ 𝐹𝑐 = 456𝑝𝑠𝑖

» ∆𝐶= ∆0.02 ∗
𝑐𝑝𝑜𝑠𝑡,𝐿1−𝐿2

0.73∗𝐹𝑐
= 0.02 ∗

303𝑝𝑠𝑖

456𝑝𝑠𝑖
= 0.013𝑖𝑛

AWC SDPWS, 2021
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» Deflection: 𝛿𝑠𝑤 =
8∗𝑣∗ℎ3

𝐸∗𝐴∗𝑏
+

𝑣∗ℎ

1,000∗𝐺𝑎
+

ℎ∗∆𝑎

𝑏
  (SPDWS Equation 4.3-1)

» End post deformation: 
8∗𝑣∗ℎ3

𝐸∗𝐴∗𝑏
=

8∗563𝑝𝑙𝑓∗(9𝑓𝑡)3

1,600,000𝑝𝑠𝑖∗24.75𝑖𝑛2∗12𝑓𝑡
= 0.007𝑖𝑛

» Panel shear + nail slip: 
𝑣∗ℎ

1,000∗𝐺𝑎
=

563𝑝𝑙𝑓∗9𝑓𝑡

1,000∗24𝑘𝑖𝑝𝑠/𝑖𝑛
= 0.211𝑖𝑛

» Wall anchorage deformation: 
ℎ∗∆𝑎

𝑏
=

9𝑓𝑡∗0.134𝑖𝑛

12𝑓𝑡
= 0.101𝑖𝑛

» 𝛿𝑠𝑤 = 0.007𝑖𝑛 + 0.211𝑖𝑛 + 0.101𝑖𝑛 = 0.32𝑖𝑛

» Deflection check for Seismic must be performed using strength level 
design loads (multiply ASD loads by 1.4)

Design Example: Shear Walls



» Lateral Design Introduction

» Diaphragms

» Shear Walls

» Other Lateral Options

Outline



Proprietary Systems

» Panels

» Braced Frames

» Portal Frames

Wood Design: Other Lateral Options

Simpson Strong-Tie 
Strong-Wall

MiTek                   
Hardy Frame Panel 

Simpson Strong-Tie 
Strong-Wall

MiTek                                
Hardy Frame Braced Frame 



Heavy Timber Braced Frames

Wood Design: Other Lateral Options

Apex Plaza, William McDonough + Partners, 
Simpson Gumpertz & Heger, photo Prakash Patel



Wood/Steel Hybrid Systems

Wood Design: Other Lateral Options

MSU STEM Teaching and Learning Facility / Integrated Design Solutions / 
SDI Structures / Photo Kevin Marshall/Integrated Design Solutions



Mass Timber Panels

Wood Design: Other Lateral Options

340+ Dixwell / GOA / ODEH Engineers - WSP / Photo GOA



Concrete or Masonry Cores

Wood Design: Other Lateral Options

1510 Webster / oWow / DCI Engineers / Photo Flor Projects



QUESTIONS?
This concludes The American 

Institute of Architects Continuing 

Education Systems Course

Questions?

Matt Cloninger, PE, SE

Woodworks

matt.cloninger@woodworks.org

Mike Romanowski, SE

Woodworks

mike.Romanowski@woodworks.org
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