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Architecture 324
Structures II

Wood Beam Analysis 

• ASD approach 
• NDS criteria 
• Wood Beam Analysis
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Modes of Failure

Strength
• Flexure (tension or compression)
• Shear (horizontal splitting)
• Tension (tearing of grain)
• Compression (crushing)

Stability
• Beam lateral torsional buckling
• Column buckling

Serviceability
• Beam deflection (bounce)
• Crushing (bearing)



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

NDS Table 4.3.1

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

NDS Table 4.3.1



Allowable Stresses

From the NDS Supplement
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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
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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:
Ct Temperature 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:
CM Moisture Factor (Supplement)
CF Size Factor (Supplement)
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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 (Supplement)
Cr  Repetitive Member Factor (Supplement)
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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
when bracing meets 4.4.1 
for the depth/width ratio

Otherwise

CL  < 1.0
calculate factor using
section 3.3.3

University of Michigan, TCAUP                                                                    Structures II               Slide  13 of 30

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

University of Michigan, TCAUP                                                                    Structures II               Slide  15 of 30

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 ≤ factored allowable
• fb ≤  F’b
• fv ≤  F’v

5. Check deflection < building code max.
6. Check bearing (Fc┴ ≥ Reaction/Abearing )
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from NDS 2012



Analysis Example (pass/fail) 

Given:

Req’d: pass or fail for floor joist
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ASCE-7 Table 4.3-1
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Concentrated
• 200 to 8000 LBS by occupancy 

over 2.5 FT x 2.5 FT area
• Handrail 200 LBS

Floor
• By occupancy
• Reduction with area > 400 SF
• Table 4.3-1



Analysis Example (pass/fail) 

Given:
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ASCE-7 Table 4.3-1: Live Load = 60 PSF
ASCE-7 2.4.1   ASD load case:  D + L 
2x10 Joist + floor load:

Analysis Example (pass/fail)

1. Find Max Shear & Moment on Joist

By equations:

Shear:  

= .  
= 485.848 lbs

Moment:        = .  
= 1336.08 ft-lbs
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Analysis Example (pass/fail)

2. Determine actual stresses in joists
• fb = M/S
• fv = 1.5 V/A
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Analysis Example (pass/fail)

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

Species and Grade
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Analysis Example (pass/fail)

3. Determine allowable stresses – NDS Supplement
• Adjustment Factors

Determine factors:

CD = ?
CM = 1
Ct = 1
CL = ?
CF = ?
Cfu = 1
Ci = 1
Cr = ?
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Analysis Example (pass/fail)

CD Load duration factor

Occupancy LL (10 years) = 1.0

CF Size factor

2 x 10
use 1.1
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Analysis Example (pass/fail)

Cr Repetitive Member Factor

16” o.c. therefore, Cr = 1.15
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Analysis Example (pass/fail)

CL Beam Stability Factor

2x10 w/ flooring and ends blocked
CL = 1.0

CL  = 1.0
if depth/width ratio meets criteria
in 4.4.1 CL = 1.0

Otherwise:

CL  < 1.0
calculate factor using section 3.3.3
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Analysis Example (pass/fail)

3. Determine factored allowable stresses
• Fb’ = Fb (CD)(CL)(CF)(Cr) 
• Fb’ = 875 (1.0) (1.0) (1.1) (1.15) = 1107 psi

• Fv’  = Fv (CD) 
• Fv’  = 135 (1.0) = 135 psi

4. Check that actual ≤ factored allowable
• fb < F’b 749.5 < 1107   OK
• fv < F’v 52.5 < 135    OK

5. Check deflection 
6. Check bearing (Fcp = R/Ab )
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Analysis Example (pass/fail)

5. Check deflection < Code limits
• NDS 3.5
• ΔLT - Long term 
• ΔST - Short term
• Kcr – creep factor

ΔT = KcrΔLT + ΔST (NDS 3.5-1)

Kcr
• 1.5  dry, seasoned lumber
• 2.0  wet service conditions
• 2.0  wood panels
• 2.0  CLT (dry) IBC Chap.16



Analysis Example (pass/fail)

Check Bearing Stress
Determine allowable stresses – NDS Supplement

• Fb ┴ = 875 psi

Species and Grade
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Analysis Example (pass/fail)

6. Check bearing : Fc┴ <  P/Ab

Fc┴ = 425 psi

P = R = 485.8 lbs

lb = 1”
Ab = 1.5” (1”) = 1.5 in2 

fb = P/A = .. = 323.8 psi  < 425 psi   ok 
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