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Architecture 324
Structures II

Wood Beam Design

• Wood Beam Capacity Analysis
• Wood Beam Design

Analysis Procedure (capacity)

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

1. Determine Fb and F’b

2. Assume fb = F’b
• Maximum actual = allowable stress

3. Solve stress equations for force
• M = fb S
• V = 0.66 fv A

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

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

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

shear.

6. Check deflection 

7. Check bearing
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from NDS 2012



Analysis Example (capacity)

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

using SPF No.2  and  10 min load

1. Determine Fb and F’b

2. Assume fb = F’b
• Maximum actual = allowable stress

3. Solve stress equations for force
• M = fb S (i.e. moment capacity)
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NDS Table 4A

NDS Sup. Table 1B

Analysis Example (capacity)

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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Design Procedure
Given: load, wood and grade, span, 

other usage conditions
Req’d: member size

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

• Complex case - diagrams

2. Determine allowable stresses, Fb

• Apply usage factors to get F’b

3. Solve S = M/Fb’ 

4. Choose a section from Table 1B
• Revise DL and Fb’
• Check step 3 and revise.

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 and grade, span, 
other usage conditions (F’b)

Req’d: member size

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

• Complex case - diagrams
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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

University of Michigan, TCAUP                                                                    Structures II               Slide  7 of 21

Timber Beam Design

Given: load, wood and grade, span, other usage conditions (F’b)
Req’d: member size (in this example both b and d)
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Timber Beam Design

Find applied load and force
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Timber Beam Design

Find allowable stress

From NDS Supplement:
Coast Sitka Spruce  No2
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m.c = 15%   G = 0.43   
density = 31 pcf use 30



Timber Beam Design

Trial 1:
choose Sx and size

Sx = M / F’b
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Timber Beam Design

Trial 2:  12 x 24     LL + DL     m.c. < 19%      not flat use
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Timber Beam Design

Trial 2:  12 x 24     LL + DL     m.c. < 19%      not flat use

Timber Beam Design    Trial 2:  12 x 24

CL

Table 3.3.3
“Concentrated load at center
with lateral support at center”

le = 1.11 lu
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Timber Beam Design

Trial 2:  12 x 24   Sx = 1058 in3 A = 270 in2

1159.4 > 1058  so 12 x 24 is too small
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Timber Beam Design
Trial 3:   Sx req’d = 1159 in3

try  14 x 24   Sx = 1243 in3
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Timber Beam Design

Trial 3:  14 x 24   (13 ½ x 23 ½)    Sx = 1243 in3

revise adjustment factors:

University of Michigan, TCAUP                                                                    Structures II               Slide  17 of 21

Timber Beam Design

Trial 3:  14 x 24   A = 317.3 in2 Sx = 1243 in3 wDL = 66.1 PLF

check stresses:
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Timber Beam Design

Trial 3:  14 x 24   Ix = 14600 in4          

check deflection:  assume 30% of LL is sustained

see NDS 3.5   Kcr = 1.5 “seasoned lumber”
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Timber Beam Design

Trial 3:  14 x 24   Ix = 14600 in4

check deflection:
assume 30% of LL is sustained

see NDS 3.5
Kcr = 1.5 “seasoned lumber”

L/240 = 19(12)/240 = 0.95”
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Timber Beam Design    Trial 2:  14 x 24   b = 13.5”

check support bearing:
Cb = 1.0 (end support)
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