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Architecture 544
Wood Structures

Wood Beam Analysis 
and Design

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

Allowable Stresses

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

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
CF Size Factor

University of Michigan, TCAUP                                                                    Arch 544                    Slide  9 of 99

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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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
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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

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 (Fb = Reaction/Abearing )
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from NDS 2012



Analysis Example 

Given:

Req’d: pass or fail for floor joist
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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 (joist)

1. Find Max Shear & Moment on Joist

By equations:

Shear:  

= 
.  

= 485.848 lbs

Moment:

        = 
.  

= 1336.08 ft-lbs
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Analysis Example

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

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

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

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

Cr Repetitive Member Factor

16” o.c. : Cr = 1.15
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Analysis Example

CL Repetitive Member Factor

2x10 w/ flooring: 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

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

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

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

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

5. Check deflection 
• 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)
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Analysis Example

6. Check bearing : Fc┴ 
<  P/Ab

Fc┴ 
= 425 psi

P = R = 485.8 lbs
Ab = 1.5” (1”) = 1.5 in2 

fb = 
.

.
= 323.8 psi   <  425 psi   ok 
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Design Procedure – Joist or Rafter

Given: loading criteria, wood, span, size
Req’d: controlling load, o.c. spacing

1. Determine each load
• check applicable load cases
• determine loads
• choose controlling load case

2. Find Max Shear & Moment
• assume o.c. spacing = 12”

3. Calculate actual stresses

4. Calculate allowable stresses
• find applicable factors

5. Choose spacing
• determine utilization ratio: fb/Fb
• divide o.c. spacing by the ratio
• round down to modular spacing (12, 16 or 24)

6. Check shear stress

7. Check deflection 

8. Check bearing
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Design Example 

Given: 2x10 Hem Fir No. 2 rafter

Req’d: rafter spacing
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1. Determine Loads:
Dead: ASCE-7 Tab. C3.1-1a → 7 PSF (12” o.c.)
Roof Live: ASCE-7 4.8.2 → 20 PSF
Snow: ASCE-7 Fig. 7.2-1: pg = 50 PSF

ASCE-7 2.4.1   ASD load combinations:  
D CD = 0.9
D + Lr CD = 1.25
D + S CD = 1.15

Analysis Example (rafter)
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Roof Live Load
• Minimum Lr between 12 PSF and 20 PSF

• Lr = 20 R1 R2

• See 4.9.1

1                            for At ≤ 200 ft2(18.58 m2)

R1 =  1.2 − 0.001At for 200 ft2 < At < 600 ft2

0.6                         for At ≥ 600 ft2(55.74 m2)

where At = tributary area in ft2 (m2) supported by 
any structural member and

1                          for F ≤ 4

R2 =   1.2 − 0.05 F         for 4 < F < 12

0.6                       for F ≥ 12

where, for a pitched roof, F = number of inches of 
rise per ft.

for an arch or dome, F = rise-to-span ratio multiplied 
by 32.



Design Example (rafter)
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pf - flat roof snow load = 50 psf

pf = 0.7 Ce Ct Is pg
• Eq. 7.3-1

Low Slope Roofs
• Monoslope, hip or gable < 15°

• 4/12 = 18.4°

Minimum for Low Slope Roofs
• Minimum where pg  20 = Is pg PSF

• Minimum where pg > 20 = Is 20 PSF

Design Example (rafter)
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Ce – Exposure Factor
• Table 7-2

• Terrain Category C

• Roof Exposure “Partially Exposed”

• Ce = 1.0



Design Example (rafter)
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Ct – Thermal Factor
• Table 7.3-2

• given = 1.0

Is – Importance Factor
• Table 1.5-2

• given category II :  Is = 1.0

Design Example (rafter)
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pf - flat roof snow load

pf = 0.7 Ce Ct Is pg
0.7  1.0 1.0  1.0  50 = 35 psf

ps – sloped roof snow load

ps = Cs pf
• Eq. 7.4-1

Cs – Roof Slope Factor
• Figure  7-2

• C1 = Ct
• Equations given in commentary C7.4

• given roof surface “not slippery”

• Cs = 1.0

ps
ps = Cs pf = 1.0  35psf = 35 psf



Design Example (rafter)
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Balanced
• ps = 35 psf

Unbalanced
For W ≤ 20FT

• Is x pg = 1.0  50 = 50 psf

For W > 20FT

• See Fig. 7.6-2

Unbalanced Gable Roof Loads
• Not for F > 7 on 12 (30.2°)

• Not for F < ½  on 12 (2.38°)

Analysis Example (rafter)

Controlling (greatest) load
• D = 7 psf (on surface)
• S = 50 psf (projected)
• D + S = 57.38 psf (projected)

2. Find Max Shear & Moment

By equations (projected):

Shear:  

= 
.  

= 430.3 lbs

Moment:

        = 
.  

= 1614 ft-lbs
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Analysis Example

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

4. Determine allowable stresses – NDS Supplement
• Fb = 850 psi
• Fv = 150 psi
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Analysis Example

4. 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

CD Load duration factor

Snow Load (2 months) = 1.15

CF Size factor

2 x 10
use 1.1
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Analysis Example

Cr Repetitive Member Factor

12” o.c. : Cr = 1.15
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Analysis Example

CL Repetitive Member Factor

2x10 w/ flooring: 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



Analysis Example

4. Determine allowable stresses
• Fb’ = Fb (CD)(CL)(CF)(Cr) 
• Fb’ = 850 (1.15) (1.0) (1.1) (1.0) (1.15) = 1236 psi

• Fv’  = Fv (CD) 
• Fv’  = 150 (1.15) = 172.5 psi

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

6. Utilization Ratio
• 905.4/1236 = 0.732
• 12” o.c. / 0.732 = 16.38
• try 2x10 at 16” o.c.
• fb at 16” o.c.= 905.4 (16/12) = 1207 psi

7. Check deflection 
8. Check bearing (Fcp = 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 forces to find loads
• Back calculate a load from forces
• Assume 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.
load duration = 10 min.

Req’d: Max. Safe Load (capacity)

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

Determine allowable stresses – NDS Supplement
• Adjustment Factors

Determine factors:

CD = ?
CM = 1
Ct = 1
CL = 1
CF = ?
Cfu = 1
Ci = 1
Cr = 1
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Analysis Example

2. Solve stress equation for moment
• M = F’b Sx (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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Question …

For the No.2  S-P-F 2x4 section 
determine the safe center point load 
capacity with the member flatwise.

Fb’ = Fb (CD CM Ct CL CF Cfu Ci Cr )

Fv’ = Fv (CD CM Ct Ci )

M = F’b Sy P = M 4 / L

Check that fv < F’v
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Analysis Example 3
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Analysis Example 3
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Analysis Example 3

University of Michigan, TCAUP                                                                    Arch 544                    Slide  52 of 99

Add this example
but first get numbers that match drawing



Analysis Example 3

ASCE 7  2.4
ASD Load Combinations

To find the controlling case :

Sum moments / CD

the largest controls
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Analysis Example 3

Other stress adjustment factors:

CF Cr

for 16” o.c.
Cr = 1.15

CF Size factor

2 x 10
use 1.1
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Analysis Example 3

Tabulated allowable stress:

Fb = 700 psi
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Analysis Example 3

allowable stress:

Fb = 700 psi

F’b = Fb (CD CM Ct CL CF Cfu Ci Cr) 
F’b = 700 psi (1.6  1.1  1.15) = 1416.8 psi

University of Michigan, TCAUP                                                                    Arch 544                    Slide  56 of 99



Analysis Example 3

actual stress:

fb = M / Sx

fb = 1158.15 ft.-lbs. (12) / 21.39 in3

fb = 649.7 psi

F’b = 1416.8 psi > 649 psi   … OK

try 24” o.c.  ?

check shear

University of Michigan, TCAUP                                                                    Arch 544                    Slide  57 of 99

Analysis Example

Given: loading, member size, material and span.

Req’d: LL capacity in psf
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Analysis Example

Find Fb, Fv and Emin for Douglas Fir – South  No2.
• (from NDS Supplement)
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Analysis Example

Section Properties:

2 x 10 (3.5” x 11.25”)

Area = 13.88 in2

Sx = 21.39 in3
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Design Example

2x10 Doug Fir S  No2  M.C.<19%

Determine Adjustment Factors

Cr = 1.15
CF = 1.1
CM = 1.0
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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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lu = 5’ = 60“
d =  9.25”

lu / d = 6.48 < 7

le = 2.06 lu = 123.6



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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Analysis Example

Determine the Factored Allowable Stress

F’b = Fb (adjustment factors)
CD = 1.0 
Cr = 1.15
CF = 1.1
CM = 1.0 
CL = 0.8029 

F’b = 850(1.15 x 1.1 x 0.8029) = 863.3 psi

F’v = 180(CD CM Ct Ci ) = 180 psi
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Analysis Example
Allowable Stresses Determine LL capacity

F’b = 863.3 psi M = F’b Sx
F’v = 180 psi
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Analysis Example

Given: loading, member size, material and span.

Req’d: Safe or Unsafe
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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

Section Properties:

4 x 12 (3.5” x 11.25”)

Area = 39.38 in2

Sx = 73.83 in3
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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

To include M.C. use NDS formula.

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

University of Michigan, TCAUP                                                                    Arch 544                    Slide  69 of 99

Analysis Example

Determine Beam Forces
by superposition equations
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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)
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Analysis Example

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

Determine factors:

CD = 1.0 (LL)
CM = 1.0 (15%)
Ct = 1.0
CL = 1.0 (4.4.1)
CF = 
Cfu = 1.0
Ci = 1.0
Cr = 1.0
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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

Determine allowable stresses
4 x 12
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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. Estimate 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 (joist)

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

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

• Complex case - diagrams
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Design Example

2. Estimate 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’
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Design Example

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 (joist)

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 IBC code limit of L/360
For short term load there is no creep factor Kcr
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International Building Code (IBC)



Timber Beam Design

Given: load, wood, span
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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Timber Beam Design

Trial 1:
choose Sx and size

Sx = M / Fb
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Timber Beam Design
Trial 1:  12 x 24     m.c. < 19%      not flat use
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Timber Beam Design

Trial 1:  12 x 24

Adjustment Factors:

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 1:  12 x 24   Sx = 1058 in3 A = 270 in2

1159.4 > 1058  so 12 x 24 is too small

University of Michigan, TCAUP                                                                    Arch 544                    Slide  97 of 99

Timber Beam Design
Trial 2:   Sx req’d = 1159 in3

try  14 x 24   Sx = 1243 in3
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Timber Beam Design

Trial 2:  14 x 24   (13 ½ x 23 ½)    Sx = 1243 in3

revise adjustment factors:
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Timber Beam Design

Trial 2:  14 x 24   A = 317.3 in2 Sx = 1243 in3

check stresses:

w = 66.1 PLF
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Timber Beam Design

Trial 2:  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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