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Architecture 324
Structures II

Wood Beam Analysis 
and Design

• ASD approach 
• NDS criteria 
• Wood Beam Analysis
• Wood Beam Design

Allowable Stress Design

Allowable Stress ≥ Actual Stress

Fb  from the NDS Supplement
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Actual Flexure Stress fb

fb = Mc/I = M/S

S = I/c = bd2/6
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Allowable Flexure Stress Fb’

Fb  from NDS Supplement tables determined 
by species and grade

Fb’ = Fb (usage factors)

usage factors for flexure:
CD Load Duration Factor
CM Moisture Factor
Ct Temperature Factor
CL Beam Stability Factor
CF Size Factor
Cfu Flat Use
Ci Incising Factor
Cr Repetitive Member Factor

Allowable Stress Design by NDS
Flexure

Actual Shear Stress fv

fv = VQ / I b = 1.5 V/A

Can use V at d from support as 
maximum
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Allowable Shear Stress Fv’

Fv from tables determined by species 
and grade

Fv’ = Fv (usage factors)

usage factors for shear:
CD Load Duration Factor
CM Moisture Factor
Ct Temperature Factor
Ci Incising Factor

Allowable Stress Design by NDS
Shear



Actual Compression Stress fc

fc = P/A 
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Allowable Compression Stress Fc’

Fc  from NDS Supplement tables determined 
by species and grade

Fc’ = Fc (usage factors)

usage factors for flexure:

CD Load Duration Factor

CM Moisture Factor

Ct Temperature Factor

CF Size Factor

Ci Incising Factor

CP Column Stability Factor

Allowable Stress Design by NDS
Compression

Sawn Lumber - 4

Adjustment Factors
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Adjustment Factors

Allowable Flexure Stress Fb’

Fb  from tables determined by species and grade

Fb’ = Fb (CD CM Ct CL CF Cfu Ci Cr )

Usage factors for flexure:
CD Load Duration Factor
Ct Temperature Factor
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2018 NDS

Adjustment Factors

Allowable Flexure Stress Fb’

Fb  from NDS tables

Fb’ = Fb (CD CM Ct CL CF Cfu Ci Cr )

Usage factors for flexure:
CM Moisture Factor
CF Size Factor
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Adjustment Factors

Allowable Flexure Stress Fb’

Fb  from NDS tables

Fb’ = Fb (CD CM Ct CL CF Cfu Ci Cr )

Usage factors for flexure:
Cfu Flat Use
Cr  Repetitive Member Factor
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Adjustment Factors

Allowable Flexure Stress Fb’

Fb  from tables determined by species and grade

Fb’ = Fb (CD CM Ct CL CF Cfu Ci Cr )

Usage factors for flexure:
Ci Incising Factor
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Adjustment Factors

Allowable Flexure Stress Fb’

Fb  from tables determined by species and grade

Fb’ = Fb (CD CM Ct CL CF Cfu Ci Cr )

Usage factors for flexure:
CL Beam Stability Factor
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2012 NDS

CL

CL  = 1.0
for depth/width ratio in 

4.4.1 CL = 1.0

Otherwise

CL  < 1.0
calculate factor using 

section 3.3.3
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2x6
2x8

2x10

2x12 

2x14



CL Beam Stability Factor

In the case bracing provisions of 4.4.1 cannot be met, 
CL is calculated using equation 3.3-6

The maximum allowable slenderness, RB is 50
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Adjustment Factors for Shear

Allowable Flexure Stress Fv’

Fv from tables determined by species and grade

Fv’ = Fv (usage factors)

Usage factors for shear:
CD     Load Duration Factor
CM     Moisture Factor
Ct       Temperature Factor
Ci       Incising Factor
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Analysis Procedure

Given: loading, member size, material and span.

Req’d: Safe or Unsafe (Pass/Fail)

1. Find Max Shear & Moment
• Simple case – equations
• Complex case - diagrams 

2. Determine actual stresses
• fb = M/S
• fv = 1.5 V/A

3. Determine allowable stresses
• Fb and Fv (from NDS)
• Fb’ = Fb (usage factors)
• Fv’ = Fv (usage factors)

4. Check that actual ≤ allowable
• fb ≤  F’b
• fv ≤  F’v

5. Check deflection 
6. Check bearing (Fc┴

≥ Reaction/Abearing )
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from NDS 2012

Analysis Example 
Example – Pass / Fail

Given: loading, member size, material 
and span.

Req’d: Safe or Unsafe?

University of Michigan, TCAUP                                                                    Structures II               Slide  16 of 51



Analysis Example

1. Find Max Shear & Moment
• Simple cases – equations
• Complex cases - diagrams 

By equations:
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By Diagrams:

Analysis Example

2. Determine actual stresses
• fb = M/S
• fv = 1.5 V/A
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Species and Grade

S-P-F    No.2

Fb = 875 psi
Fv = 135 psi
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Analysis Example

3. Determine allowable stresses
• Fb = 875 psi
• Fv = 135 psi

Determine factors:

CD = ?
CM = 1
Ct = 1
CL = 1
CF = ?
Cfu = 1
Ci = 1
Cr = 1
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Adjustment Factors

Allowable Flexure Stress Fb’

Fb  from tables determined by species and grade

Fb’ = Fb (CD CM Ct CL CF Cfu Ci Cr )

Usage factors for flexure:
CL Beam Stability Factor
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2012 NDS

Analysis Example

CD Load duration factor

Use 1.6 (10 minutes)

CF Size factor

2 x 4
use 1.5
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Analysis Example

3. Determine allowable stresses
• Fb’ = Fb (CD)(CF) 
• Fb’ = 875 (1.6)(1.5) = 2100 psi

• Fv’  = Fv (CD) 
• Fv’  = 135 (1.6) = 216 psi

4. Check that actual ≤ allowable
• fb < F’b
• fv < F’v

5. Check deflection 
6. Check bearing (Fc┴

≥ R/Ab )
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Analysis Procedure

Given: member size, material and span.
Req’d: Max. Safe Load (capacity)

1. Assume f = F
• Maximum actual = allowable stress

2. Solve stress equations for force
• M = Fb S
• V = 0.66 Fv A

3. Use maximum moment to find loads
• Back calculate a load from moment
• Assumes moment controls

4. Check Shear
• Use load found is step 3 to check 

shear stress.
• If it fails (fv > F’v), then find load based 

on shear.

5. Check deflection 
6. Check bearing
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from NDS 2012



Analysis Example

Given: member size, material and span.
Req’d: Max. Safe Load (capacity)

1. Assume f = F’
• Maximum actual = allowable stress

2. Solve stress equation for moment
• M = F’b S  (i.e. moment capacity)
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Analysis Example (cont.)

3. Use maximum forces to find loads
• Back calculate a maximum load from 

moment capacity

4. Check shear 
• Check shear for load capacity from 

step 3.
• Use P from moment to find Vmax
• Check that fv < Fv’

4. Check deflection (serviceability)
5. Check bearing (serviceability)
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Analysis Example

Given: loading, member size, material and span.

Req’d: Safe or Unsafe
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Analysis Example

Find Specific Gravity for Hem-Fir
• (from NDS)
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Analysis Example

Section Properties:

4 x 12 (3.5” x 11.25”)

Area = 39.38 in2

Sx = 73.83 in3
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Analysis Example

Determine Loading
• Find Tributary area, AT

6’ x 8’ = 48 SF

• Determine member selfweight (w)
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Analysis Example

Selfweight of member:

Density at 0 m.c. = 62.4 x G (dry)
62.4 x 0.43 = 26.8 PCF

m.c. = 15% (given)

To include m.c. use NDS formula.

w (PLF) = D (PCF) x Area (IN2)/144
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Analysis Example

Determine Beam Forces

by superposition equations
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or               by diagrams



Analysis Example

Determine actual stresses
• fb = M/S
• fv = 1.5 V/A
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Analysis Example

Determine allowable stresses
• Fb and Fv (from NDS)

University of Michigan, TCAUP                                                                    Structures II               Slide  34 of 51



Analysis Example

3. Determine allowable stresses
• Fb = 1400 psi
• Fv = 150 psi

Determine factors:

CD = 
CM = 
Ct = 
CL = 
CF = 
Cfu = 
Ci = 
Cr = 
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Analysis Example

Determine allowable stresses
M.C. = 15%       size: 4x12
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Adjustment Factors

Allowable Flexure Stress Fb’

Fb  from tables determined by species and grade

Fb’ = Fb (CD CM Ct CL CF Cfu Ci Cr )

b/d = 3.5 / 11.25 = 3.11   (case b)

Assuming ends are braced, CL = 1.0
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2012 NDS

Analysis Example

3. Determine allowable stresses
• Fb’ = Fb (usage factors)
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Analysis Example

3. Determine allowable stresses
• Fv’ = Fv (usage factors)
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Analysis Example

Check that actual ≤ allowable
• fb ≤  F’b
• fv ≤  F’v

Check deflection 
Check bearing (Fc┴

≥ Reaction/Abearing )
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Design Procedure

Given: load, wood, span
Req’d: member size

1. Find Max Shear & Moment
• Simple case – equations

• Complex case - diagrams

2. Determine allowable stresses

3. Solve S=M/Fb’ 

4. Choose a section from Table 1B
• Revise DL and Fb’

5. Check shear stress
• First for V max (easier)
• If that fails try V at d distance

from support.
• If the section still fails, choose a new 

section with  A=1.5V/Fv’

6. Check deflection 

7. Check bearing
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Design Example

Given: load, wood, span
Req’d: member size

1. Find Max Shear & Moment
• Simple case – equations

• Complex case - diagrams

University of Michigan, TCAUP                                                                    Structures II               Slide  42 of 51



Design Example

2. Determine allowable stresses
(given in this example)
F’b = 1000 psi
F’v = 100 psi

3. Solve S=M/Fb’ 

4. Choose a section from S table
• Revise DL and Fb’

5. Check shear stress
• First for V max (easier)
• If that fails try V at d distance

(remove load d from support)
• If the section still fails, choose a 

new section with  A=1.5V/Fv’

6. Check deflection 
7. Check bearing
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Design Example

Given: load, wood, span
Req’d: member size
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Design Example

Determine allowable stresses
• Fb and Fv (from NDS)
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Design Example

Determine allowable stresses
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Design Example

Determine allowable stresses.

Since the size is not known you have to 
skip CF (or make a guess).
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Design Example

Determine Moment from Loading

First find the uniform beam load, w, 
from the floor loading.

With the beam loading, calculate 
the maximum moment.
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Design Example

Estimate the Required Section Modulus.

Compare this required Sx to the actual Sx
of available sections in NDS Table 1B.
Remember CF will be multiplied which 
may make some pass which at first fail.
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Design Example

Choose a section and test it (by analysis 
with all factors including CF)
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Design Example

Check Deflection

In this case LL only against code limit of L/360
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