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Course Description

This presentation will provide an introductory review of structural wood design for vertical (gravity) 

loads, including bending, shear, deflection, vibration, tension, compression, and connections. 

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 gravity framing material under current 

building codes.

2. Discuss design considerations specific to wood wall, floor and roof framing that resists gravity forces 

in non-residential and multi-family buildings.

3. Identify code-compliant connection design processes for dowel-type fasteners in wood members.

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

efficiently utilize and design each.



» Design Basis & Notation

» Bending Design

» Shear Design

» Deflection

» Compression

» Bearing

» Other Axial

» Connections

Outline



» Design Basis & Notation

» Bending Design

» Shear Design

» Deflection

» Compression

» Bearing

» Other Axial

» Connections

Outline



Structural Wood Design

Lateral Loads

Wind Uplift Loads

Gravity Loads

Structural building design loads:

» Gravity

» Lateral

Gravity loads:

» Dead

» Live

» Snow

» Rain

» Ice



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 stresses and 
nominal (unfactored) loads

Structural Wood Design

LRFD

» Load and Resistance Factor Design

» Based on nominal strengths and 
factored loads

ASD vs. LRFD

» NDS Section 1.4:

» Designs shall be made according to 

the provisions for Allowable Stress 

Design (ASD) or Load and Resistance 

Factor Design (LRFD)



Structural Wood Design

Nomenclature:

» Demand: Load, stresses, etc. applied to a member or structure

» Capacity: Resistance a member, connection, or system is capable of 
withstanding before a limit state is reached

» Limit State: Defined point at which a member, connection, or system 
can no longer perform its intended function

» Service limit state

» Strength limit state

» ASD (Allowable Stress Design): Design methodology comparing 
unfactored loads to scaled down capacities

» LRFD (Load and Resistance Factor Design): Design methodology 
comparing scaled up loads to scaled down capacities



Structural Wood Design

𝑓𝑡 ≤ 𝐹′𝑡Demand Capacity



Structural Wood Design

Stress type

ASD Notation:

𝑓𝑡 ≤ 𝐹′𝑡
Adjusted
CapacityDemand



Structural Wood Design

Stress type

LRFD Notation:

𝑇𝑢 ≤ ∅𝑇𝑛
Adjusted
CapacityDemand



Reference Design Values: 

» Mechanical properties associated with commercial grades of wood

Structural Wood Design: Capacity

Reference Design Values

Fb
Bending

Ft
Tension parallel to grain

Fv
Shear parallel to grain

Fc⊥ Compression perpendicular to grain

Fc
Compression parallel to grain

E, Emin
Modulus of elasticity



AWC NDS Supplement, Table 4A

Reference Design Values:

Structural Wood Design: Capacity

Species

Grades

AWC NDS Supplement, 2018



Structural Wood Design: Capacity
Adjustment Factors:

AWC NDS, 2018



Structural Wood Design: Capacity
Adjustment Factors:

AWC NDS, 2018



Structural Wood Design: Capacity
Adjusted Design Values:

» 𝐹′𝑡 = 𝐹𝑡 ∗ 𝑎𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟𝑠

ASD
𝐹′

𝑡 = 𝐹𝑡 ∗ 𝐶𝐷 ∗ 𝐶𝑀 ∗ 𝐶𝑡 ∗ 𝐶𝐹 ∗ 𝐶𝑖

LRFD
𝐹′

𝑡 = 𝐹𝑡 ∗ 𝐶𝑀 ∗ 𝐶𝑡 ∗ 𝐶𝐹 ∗ 𝐶𝑖  ∗ 𝐾𝐹 ∗ ∅ ∗ λ

→ ∅𝑇𝑛  =  𝐹′𝑡 ∗ 𝐴

AWC NDS, 2018



Section properties: 

» Cross Sectional Area: 

» 𝐴 = 𝑏 ∗ 𝑑

» Shear, compression, tension

» Moment of Inertia: 

» 𝐼 =
𝑏∗𝑑3

12
» Bending, deflection, vibration

» Elastic Section Modulus: 

» 𝑆 =
𝐼

𝑐
=

𝑏∗𝑑2

6

» Bending

Wood Design: Member Properties

Beam 
Orientation

Plank 
Orientation



Multi-ply members: 

» Ply interfaces parallel to 
direction of load

Wood Design: Member Properties

» Ply interfaces perpendicular to 
direction of load

» Shear flow: 𝑞 =
𝑉∗𝑄

𝐼
, 𝑄 =

𝑏∗ℎ2

8
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Wood Design: Bending

AWC NDS, 2018

» Bending design check:
» 𝑓𝑏 ≤ 𝐹′𝑏

Adjusted Capacity

Demand



Actual bending stress:

» Actual bending stress

» 𝑓𝑏 =
𝑀∗𝑐

𝐼
=

𝑀

𝑆
 (NDS Equation 3.3-1)

» For rectangular members

» 𝑓𝑏 =
𝑀

𝑆
=

6∗𝑀

𝑏∗𝑑2 (NDS Equation 3.3-2)

Wood Design: Bending



Maximum moments, 
simply supported beam:

» Uniform loading 

» 𝑀 =
𝑤∗𝐿2

8

» Concentrated mid-span load

» 𝑀 =
𝑃∗𝐿

4

Wood Design: Bending



Beam stability factor, CL (NDS Section 3.3.3):

» 𝐶𝐿 = 1.0 if:

» Depth of member ≤ breadth (d ≤ b)

» Sawn lumber laterally supported per NDS Section 4.4.1

» Compression edge supported throughout length

» Otherwise:

» 𝐶𝐿 =
1+(𝐹𝑏𝐸/𝐹𝑏

∗)

1.9
− [

1+(𝐹𝑏𝐸/𝐹𝑏
∗)

1.9
]

2
−

𝐹𝑏𝐸/𝐹𝑏
∗

0.95
   (NDS Equation 3.3-6)

» Check slenderness ratio 𝑅𝐵 ≤ 50 (NDS Section 3.3.3.7)

Wood Design: Bending

» 𝐹𝑏
∗= reference bending design value (not including Cfu, Cv, CvL)

» 𝐹𝑏𝐸 =
1.20∗𝐸𝑚𝑖𝑛

′

𝑅𝐵
2 » 𝑅𝐵 =

𝑙𝑒∗𝑑

𝑏2 » 𝑙𝑒 = effective span length



Loading:

» Loads:

» Live load = 50 psf

» Dead load = 30 psf

» Total Load = 50 + 30 = 80 psf

Framing:

» (3) 2x12 beam

» Douglas-Fir Larch #2

Design Example: Bending

Beam to Design

Tributary Region



Design Example: Bending

Bending stress for (3) 2x12 beam:

» Elastic section modulus:

» 𝑆 =
𝑏∗𝑑2

6
=

(4.5𝑖𝑛)∗(11.25𝑖𝑛)2

6
= 94.9 𝑖𝑛3

» Span = 8 ft

» Tributary width = 12 ft

» Uniform load w = 80 psf * 12 ft = 960 lb/ft

» Maximum moment:

» 𝑀 =
𝑤∗𝐿2

8
 =

960
𝑙𝑏

𝑓𝑡
∗(8𝑓𝑡)2

8
= 7,680 𝑙𝑏 ∗ 𝑓𝑡

» Bending stress:

» 𝑓𝑏 =
𝑀

𝑆
=

(7,680 𝑙𝑏∗𝑓𝑡)(
12𝑖𝑛

1𝑓𝑡
)

94.9𝑖𝑛3 = 971 𝑝𝑠𝑖



Design Example: Bending

Douglas-Fir Larch #2 capacity: 
» 𝐹𝑏 = 900 𝑝𝑠𝑖 (NDS Supplement)

» 𝐹′𝑏 = 𝐹𝑏 ∗ 𝐶𝐷 ∗ 𝐶𝑀 ∗ 𝐶𝑡 ∗  𝐶𝐿 ∗ 𝐶𝐹 ∗  𝐶𝑓𝑢 ∗ 𝐶𝑖 ∗  𝐶𝑟

» 𝐶𝐷 = 𝐶𝑀 = 𝐶𝑡 =  𝐶𝐿 = 𝐶𝐹 =  𝐶𝑓𝑢 = 𝐶𝑖 = 1.0, 𝐶𝑟 = 1.15

» 𝐹′𝑏 = 900 𝑝𝑠𝑖 ∗ 1.15 = 1,035 𝑝𝑠i

AWC NDS Supplement, Table 4A

AWC NDS Supplement, 2018



Design Example: Bending

Design Check: 

» Demand: 𝑓𝑏 = 971 𝑝𝑠𝑖

» Capacity: 𝐹′𝑏 = 1,035 𝑝𝑠𝑖

» 𝑓𝑏 < 𝐹′𝑏 → OK for bending
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Wood Design: Shear

AWC NDS, 2018

» Shear design check:
» 𝑓𝑣 ≤ 𝐹′𝑣

Adjusted Capacity

Demand



Shear stress:

» Actual shear stress

» 𝑓𝑣 =
𝑉∗𝑄

𝐼∗𝑏
 (NDS Equation 3.4-1)

» For rectangular members

» 𝑓𝑣 =
3∗𝑉

2∗𝑏∗𝑑
 (NDS Equation 3.4-2)

Wood Design: Shear



Maximum shear, simply 
supported beam:

» Uniform loading 

» 𝑉 =
𝑤∗𝐿

2

» Concentrated mid-span load

» 𝑉 =
𝑃

2

Wood Design: Shear



Shear at supports:

» NDS Section 3.4.3.1

» Uniform loads within “d” of support 

permitted to be neglected

» Concentrated loads within “d” of support 

permitted to be reduced

Wood Design: Shear

AWC NDS, 2018



Adjusted design shear in notched members:

» Notched tension face:

» 𝑉𝑟
′ =

2

3
∗ 𝐹𝑣

′ ∗ 𝑏 ∗ 𝑑𝑛 ∗ (
𝑑𝑛

𝑑
)2 (NDS Equation 3.4-3)

» Notched compression face:
» 𝑉𝑟

′ =
2

3
∗ 𝐹𝑣

′ ∗ 𝑏 ∗ 𝑑 −
𝑑−𝑑𝑛

𝑑𝑛
∗ 𝑒  (NDS Equation 3.4-5)

Wood Design: Shear of Notched Member

» 𝐹𝑣
′ = adjusted shear design value

» 𝑑 = depth of unnotched member

» 𝑑𝑛 = depth of member remaining at notch

» 𝑒 = distance notch extends from support



Loading:

» Loads:

» Live load = 50 psf

» Dead load = 30 psf

» Total Load = 50 + 30 = 80 psf

Framing:

» (3) 2x12 beam

» Douglas-Fir Larch #2

Design Example: Shear

Beam to Design

Tributary Region



Design Example: Shear

Shear stress for (3) 2x12 beam:

» Uniform load w = 960 lb/ft

» Maximum shear:

» 𝑉 =
𝑤∗(𝐿−2∗𝑑)

2
 =

960
𝑙𝑏

𝑓𝑡
∗(8𝑓𝑡−2∗

11.25𝑖𝑛

12𝑖𝑛/𝑓𝑡
)

2
= 2,940 𝑙𝑏

» Shear stress:

» 𝑓𝑣 =
3∗𝑉

2∗𝐴
=

3∗2,940 𝑙𝑏

2∗(4.5𝑖𝑛∗11.25𝑖𝑛) 
= 87 𝑝𝑠𝑖



Design Example: Shear

Douglas-Fir Larch #2 capacity: 
» 𝐹𝑣 = 180 𝑝𝑠𝑖 (NDS Supplement)

» 𝐹′𝑣 = 𝐹𝑣 ∗ 𝐶𝐷 ∗ 𝐶𝑀 ∗ 𝐶𝑡 ∗ 𝐶𝑖

» 𝐶𝐷 = 𝐶𝑀 = 𝐶𝑡 =  𝐶𝑖 = 1.0

» 𝐹′𝑣 = 180 𝑝𝑠𝑖

AWC NDS Supplement, Table 4A

AWC NDS Supplement, 2018



Design Example: Shear

Design Check: 

» Demand: 𝑓𝑣 = 87 𝑝𝑠𝑖

» Capacity: 𝐹′𝑣 = 180 𝑝𝑠𝑖

» 𝑓𝑣 < 𝐹′𝑣 → OK for shear
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Wood Design: Deflection

AWC NDS, 2018



Deflection limits: IBC Section 1604.3.1

Wood Design: Deflection

International Building Code, 2021



Maximum deflection, simply 
supported beam:

» Uniform loading 

» ∆=
5∗𝑤∗𝐿4

384∗𝐸∗𝐼

» Concentrated mid-span load

» ∆=
𝑃∗𝐿3

48∗𝐸∗𝐼

Wood Design: Deflection



Loading:

» Loads:

» Live load = 50 psf

» Dead load = 30 psf

» Total Load = 50 + 30 = 80 psf

Framing:

» (3) 2x12 beam

» Douglas-Fir Larch #2

Design Example: Deflection

Beam to Design

Tributary Region



Design Example: Deflection

Deflections for (3) 2x12 beam:

» Uniform load wD+L = 960 lb/ft

» Uniform live load wLL = 50 psf * 12 ft = 600 lb/ft

Douglas-Fir Larch #2: 

» 𝐸 = 1,600,000 𝑝𝑠𝑖 (NDS Supplement)

AWC NDS Supplement, Table 4A

AWC NDS Supplement, 2018



Design Example: Deflection

Deflections for (3) 2x12 beam:

» Moment of Inertia: 

» 𝐼 =
𝑏∗𝑑3

12
=

4.5𝑖𝑛∗(11.25𝑖𝑛)3

12
= 534 𝑖𝑛4

» Maximum (dead + live) deflection:

» ∆𝐷+𝐿 =
5∗𝑤∗𝐿4

384∗𝐸∗𝐼
 =

5∗960
𝑙𝑏

𝑓𝑡
∗

1𝑓𝑡

12𝑖𝑛
∗[8𝑓𝑡∗

12𝑖𝑛

1𝑓𝑡
]4

384∗1,600,000 𝑝𝑠𝑖∗534 𝑖𝑛4 = 0.10 𝑖𝑛

» Maximum live load deflection:

» ∆𝐿𝐿 =
5∗𝑤∗𝐿4

384∗𝐸∗𝐼
 =

5∗600
𝑙𝑏

𝑓𝑡
∗

1𝑓𝑡

12𝑖𝑛
∗[8𝑓𝑡∗

12𝑖𝑛

1𝑓𝑡
]4

384∗1,600,000 𝑝𝑠𝑖∗534 𝑖𝑛4 = 0.06 𝑖𝑛



Design Example: Deflection

Maximum allowable deflections:

» ∆𝐷+𝐿,𝑚𝑎𝑥 =
𝐿

240
 =

8𝑓𝑡∗
12𝑖𝑛

1𝑓𝑡

240
= 0.40 𝑖𝑛 » ∆𝐿𝐿,𝑚𝑎𝑥 =

𝐿

360
 =

8𝑓𝑡∗
12𝑖𝑛

1𝑓𝑡

360
= 0. 27 𝑖𝑛

International Building Code, 2021



Design Example: Deflection

Design Checks: 

» Dead + Live:

» Maximum deflection: ∆𝐷+𝐿 = 0.10 𝑖𝑛

» Maximum allowable: ∆𝐷+𝐿,𝑚𝑎𝑥 = 0.40 𝑖𝑛

» ∆𝐷+𝐿 < ∆𝐷+𝐿,𝑚𝑎𝑥 → OK for dead + live deflection

» Live:

» Maximum deflection: ∆𝐿𝐿 = 0.06 𝑖𝑛

» Maximum allowable: ∆𝐿𝐿,𝑚𝑎𝑥 = 0.27 𝑖𝑛

» ∆𝐿𝐿 < ∆𝐿𝐿,𝑚𝑎𝑥 → OK for live deflection



AWC Span Calculator: 
https://awc.org/calculators/span-options-

calculator-for-wood-joists-and-rafters/ 

Beam Design Aids

American Wood Council Span Tables: 
https://awc.org/codes-and-

standards/span-tables/ 

https://awc.org/calculators/span-options-calculator-for-wood-joists-and-rafters/
https://awc.org/calculators/span-options-calculator-for-wood-joists-and-rafters/
https://awc.org/codes-and-standards/span-tables/
https://awc.org/codes-and-standards/span-tables/
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Wood Design: Compression

AWC NDS, 2018

» Compression 
design check:
» 𝑓𝑐 ≤ 𝐹′𝑐

Adjusted 
Capacity                                                                                                                     

Demand



Actual compression stress:

» 𝑓𝑐 =
𝑃

𝐴

» Note: 𝑓𝑐 for eccentrically loaded 
columns will be non-uniform

Wood Design: Compression



Column stability factor, CP (NDS Section 3.7):

» Member supported for full length: 𝐶𝑃 = 1.0

» Member not supported for full length

» 𝐶𝑃 =
1+(𝐹𝑐𝐸/𝐹𝑐

∗)

2∗𝑐
− [

1+(𝐹𝑐𝐸/𝐹𝑐
∗)

2∗𝑐
]

2
−

𝐹𝑐𝐸/𝐹𝑐
∗

𝑐

      (NDS Equation 3.7-1)

Wood Design: Compression

AWC NDS, 2018

» 𝐹𝑐
∗= reference compression design value parallel to 

grain (excluding CP adjustment factor)

» 𝐹𝑐𝐸 =
0.822∗𝐸𝑚𝑖𝑛

′

(𝑙𝑒/𝑑)2

» c varies for sawn lumber, timber poles, glulam, etc.

» 𝑙𝑒 = effective column length

» Check slenderness ratio ൗ𝑙𝑒
𝑑 ≤ 50 (NDS Section 3.7.1.4) 



Loading:

» Loads:

» Live load = 50 psf

» Dead load = 30 psf

» Total Load = 50 + 30 = 80 psf

Framing:

» 6x6 column – 10’-0” height

» Douglas-Fir Larch #2

Design Example: Compression

Column to Design

Tributary Region



Design Example: Compression

Axial stress on column:

» Tributary area = 12 ft * 4 ft = 48 ft2

» Compression load = 80 psf * 48 ft2 = 3,840 lb

» Compression stress:

» 𝑓𝑐 =
𝑃

𝐴
=

3,840 𝑙𝑏

5.5 𝑖𝑛∗5.5 𝑖𝑛
= 127 𝑝𝑠𝑖



Design Example: Compression

Douglas-Fir Larch #2 capacity: 
» 𝐹𝑐 = 700 𝑝𝑠𝑖 (NDS Supplement)

» Must determine column stability factor, CP

» 𝐸𝑚𝑖𝑛 = 470,000 𝑝𝑠𝑖

» 𝐶𝐷 = 𝐶𝑀 = 𝐶𝑡 = 𝐶𝐹 =  𝐶𝑖 = 1.0

AWC NDS Supplement, Table 4D

AWC NDS Supplement, 2018



Design Example: Compression

Column stability factor: 

» 𝐶𝑃 =
1+(𝐹𝑐𝐸/𝐹𝑐

∗)

2∗𝑐
− [

1+(𝐹𝑐𝐸/𝐹𝑐
∗)

2∗𝑐
]

2
−

𝐹𝑐𝐸/𝐹𝑐
∗

𝑐

» 𝐹𝑐
∗ = 𝐹𝑐 ∗ 𝐶𝐷 ∗ 𝐶𝑀 ∗ 𝐶𝑡 ∗ 𝐶𝐹 ∗ 𝐶𝑖 = 700 𝑝𝑠𝑖

» 𝐹𝑐𝐸 =
0.822∗𝐸𝑚𝑖𝑛

′

(𝑙𝑒/𝑑)2

» c = 0.8 for sawn lumber per NDS Section 3.7.1.5

» 𝐶𝑃 =
1+(812/700)

2∗0.8
− [

1+(812/700)

2∗0.8
]

2
−

812/700

0.8
 = 0.74

» 𝐸𝑚𝑖𝑛
′ = 𝐸𝑚𝑖𝑛 ∗ 𝐶𝑀 ∗ 𝐶𝑡 ∗ 𝐶𝑖 ∗ 𝐶𝑇 = 470,000 𝑝𝑠𝑖

» 𝑙𝑒 = 10ft ∗
12𝑖𝑛

1𝑓𝑡
= 120 𝑖𝑛 (assume pinned end connections)

» 𝐹𝑐𝐸 =
0.822∗𝐸𝑚𝑖𝑛

′

(𝑙𝑒/𝑑)2  =
0.822∗470,000 𝑝𝑠𝑖

(120𝑖𝑛/5.5𝑖𝑛)2 = 812 𝑝𝑠𝑖

AWC NDS, 2018



Design Example: Compression

Column capacity: 
» 𝐹′𝑐 = 𝐹𝑐 ∗  𝐶𝐷 ∗  𝐶𝑀 ∗  𝐶𝑡 ∗ 𝐶𝐹 ∗  𝐶𝑖 ∗ 𝐶𝑃

» 𝐶𝐷 = 𝐶𝑀 = 𝐶𝑡 = 𝐶𝐹 =  𝐶𝑖 = 1.0

» 𝐶𝑃 = 0.74

» 𝐹′𝑐 = 700 𝑝𝑠𝑖 ∗  0.74 = 518 𝑝𝑠𝑖

Design Check: 

» Demand: 𝑓𝑐 = 127 𝑝𝑠𝑖

» Capacity: 𝐹′𝑐 = 518 𝑝𝑠𝑖

» 𝑓𝑐 < 𝐹′𝑐 → OK for compression

»
𝑙𝑒

𝑑
= (10ft ∗

12𝑖𝑛

1𝑓𝑡
)/5.5𝑖𝑛 = 21.8 < 50 → OK
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Wood Design: Bearing

» Bearing design checks:
» Parallel to grain:

» Perpendicular to grain:

» 𝑓𝑐 ≤ 𝐹′𝑐 (excluding 𝐶𝑃)

» 𝑓𝑐 ≤ 𝐹′𝑐 

AWC NDS, 2018

AWC NDS, 2018

Adjusted 
Capacity                                                                                                                     

Demand

Adjusted 
Capacity                                                                                                                     

Demand



Actual bearing stress:

» 𝑓𝑐 = 𝑓𝑐 =
𝑃

𝐴𝑏𝑟𝑔

Wood Design: Bearing
Bearing 
Location 
to Check



» Permitted for:

» Bearings less than 6” in length AND

» No closer than 3” to end of member

» 𝐶𝑏 =
𝑙𝑏+0.375

𝑙𝑏
 (NDS Equation 3.10-2)

» 𝑙𝑏 = bearing length parallel to grain

Wood Design: Bearing

AWC NDS, 2018

Bearing area factor, Cb (NDS Section 3.10.4):



Loading:

» Loads:

» Live load = 50 psf

» Dead load = 30 psf

» Total Load = 50 + 30 = 80 psf

Framing:

» (3) 2x12 beam

» 6x6 column

» Douglas-Fir Larch #2

Design Example: Bearing

Bearing to Design

Tributary Region



Design Example: Bearing

» Bearing area:

» Bearing length = length along column = 5.5 inches

» Bearing width = minimum of:

» 𝐴𝑏𝑟𝑔 = 5.5 𝑖𝑛 ∗ 4.5 𝑖𝑛 = 24.75 𝑖𝑛2

» Bearing stress:

» 𝑓𝑐,𝑏𝑟𝑔 = 𝑓𝑐,𝑏𝑟𝑔 =
3,840 𝑙𝑏

24.75𝑖𝑛2 = 155 𝑝𝑠𝑖

» Column width = 5.5 inches

» Beam width = (3) * 1.5 inches = 4.5 inches



Design Example: Bearing

Douglas-Fir Larch #2 capacity: 

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

» Column 𝐹𝑐 = 700 𝑝𝑠𝑖 (NDS Supplement, Table 4D)

AWC NDS Supplement, Table 4A

AWC NDS Supplement, 2018



Design Example: Bearing

Bearing area factor: 

» 𝐶𝑏 =
𝑙𝑏+0.375

𝑙𝑏
 =

5.5+0.375

5.5
= 1.068

Bearing capacity: 
» 𝐹′𝑐  = 𝐹𝑐  ∗ 𝐶𝑀 ∗  𝐶𝑡 ∗ 𝐶𝑖 ∗ 𝐶𝑏

» 𝐶𝑀 = 𝐶𝑡 = 𝐶𝑖 = 1.0

» 𝐹′𝑐 = 625 𝑝𝑠𝑖 ∗  1.068 = 668 𝑝𝑠𝑖



Design Example: Bearing

Design Check: 

» Demand: 𝑓𝑐 = 155 𝑝𝑠𝑖

» Capacity: 𝐹′𝑐 = 668 𝑝𝑠𝑖

» 𝑓𝑐,𝑏𝑟𝑔 < 𝐹′𝑐 → OK for bearing
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Wood Design: Other Axial

Tension (NDS Section 3.8)

» Tension design check:

» 𝑓𝑡 ≤ 𝐹′𝑡 

» Actual tension stress:

» 𝑓𝑡 =
𝑃

𝐴

Adjusted Capacity

Demand



Wood Design: Combined Bending + Axial

Combined Bending and Axial (NDS Section 3.9)

» Bending + Tension design checks:

»
𝑓𝑡

𝐹𝑡
′ +

𝑓𝑏

𝐹𝑏
∗ ≤ 1.0 (NDS Equation 3.9-1)

»
𝑓𝑏−𝑓𝑡

𝐹𝑏
∗∗ ≤ 1.0 (NDS Equation 3.9-2)

» Bending + Compression design checks:

» [
𝑓𝑐

𝐹𝑐
′]

2+
𝑓𝑏1

𝐹𝑏1
′ ∗[1− 𝑓𝑐/𝐹𝑐𝐸1 ]

+
𝑓𝑏2

𝐹𝑏2
′ ∗[1− 𝑓𝑐/𝐹𝑐𝐸2 − 𝑓𝑏1/𝐹𝑏𝐸

2]
≤ 1.0

      (NDS Equation 3.9-3)

»
𝑓𝑐

𝐹𝑐𝐸2
+ (

𝑓𝑏1

𝐹𝑏𝐸
)2< 1.0 (NDS Equation 3.9-4)
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Wood Design: Connections

Mechanical connections (NDS Chapter 11)

» Dowel-type fasteners

» Bolts

» Lag screws

» Wood screws

» Nails

» Spikes

» Drift bolts

» Drift pins

» Other dowel-type fasteners

» Connectors:

» Split ring connectors

» Shear plate connectors

» Timber rivets

» Spike grids

» Other fasteners

iStock, ozgurdonmaz, 174679319



Dowel-type fasteners (NDS Chapter 12):

» Withdrawal / Pull-through (NDS Section 12.2)

» Lateral (NDS Section 12.3)

Wood Design: Connections
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Withdrawal design values:

Wood Design: Connections

AWC NDS, 2018

Fastener Size

Wood
Specific 
Gravity



Withdrawal design values:

Wood Design: Connections

AWC NDS, 2018



Lateral design values:

Wood Design: Connections

AWC NDS, 2018



Lateral design values:

Wood Design: Connections

AWC NDS, 2018
AWC TR12, Figure 2-1



Lateral design values:

Wood Design: Connections
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Lateral design values:

Wood Design: Connections
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Wood Design: Connections
Adjustment Factors:

AWC NDS, 2018



Wood Design: Connections
Adjustment Factors:

AWC NDS, 2018



Wood Design: Connections

Prefabricated Hardware

» Capacity based on testing

» See manufacturer literature
Simpson LUS Hanger

Simpson BA Hanger

MiTek FSC Framing Clip
MiTek JUS 

Joist Hanger



» Design Basis & Notation

» Bending Design

» Shear Design

» Deflection

» Compression

» Bearing

» Other Axial

» Connections

Outline



QUESTIONS?
This concludes The American 

Institute of Architects Continuing 

Education Systems Course

Speaker name

Speaker organization

Speaker email address

Anthony Harvey, PE

WoodWorks

anthony.harvey@woodworks.org

Erin Kinder, PE, SE, LEED AP

WoodWorks

erin.kinder@woodworks.org



This presentation is protected by US 
and International Copyright laws. 

Reproduction, distribution, display and use of 
the presentation without written permission 

of the speaker is prohibited.

© The Wood Products Council 2025

Disclaimer: The information in this presentation, including, without limitation, references to information contained in other 
publications or made available by other sources (collectively “information”) should not be used or relied upon for any 

application without competent professional examination and verification of its accuracy, suitability, code compliance and 
applicability by a licensed engineer, architect or other professional. Neither the Wood Products Council nor its employees, 

consultants, nor any other individuals or entities who contributed to the information make any warranty, representative or 
guarantee, expressed or implied, that the information is suitable for any general or particular use, that it is compliant with 

applicable law, codes or ordinances, or that it is free from infringement of any patent(s), nor do they assume any legal liability 
or responsibility for the use, application of and/or reference to the information. Anyone making use of the information in any 

manner assumes all liability arising from such use.

Copyright Materials

Funding provided in part by the Softwood Lumber Board


	Introduction and Design Basis

