
Structure II Recitation 1/26
Wood Beam Design



Before We Start..

1. Homework (Due Sunday)
2. Weekly quiz (Due Sunday)
3. Lab sheet (Due Friday during recitation)
4. Notes will be uploaded on the structure website on Friday (Check the “Recitation” tab) 
5. Remember to do the on topic quiz on canvas if you miss the lectures 
6. My email: tyling@umich.edu







Q1: Tabulated Allowable Bending Stress (Fb)
Q2: Tabulated Allowable Shear Stress (Fv)
Q3: Tabulated Modulus of Elasticity (E)

NDS Supplement, Table 4A, P.41~(PDF)

Check Table 4A:
Fb = 1250 psi, Fv = 170 psi, E = 12000000 psi

Given from Question



Q4: Total Applied Floor Load (DL+LL)

Calculation:
(DL + LL) = 40 + 6 = 46 PSF

Q5: Load on Joist (w)
The unit of our answer is PLF

Calculation:
w 
= (Total Applied Floor Load) x (Tributary Area) / (Span) 
= 46 x (19.2 x 16) / 16 x (1/12)
= 46 x 19.2 /12
= 73.6 PLF 

Given from Question

from Q4

Convert Unit

19.2”

19.2”



Q6: Actual Beam Bending Moment (M)
Look for the maximum moment, use the equation method:
For uniformly distributed load on a simple beam, 
the maximum moment M = w x L2/8 

M = w x L2/8 = 73.6 x 162/8 = 2355.2 FT*LB

Q7: Actual Maximum Shear Force (At Reaction) (V)
Since the system is symmetrical, the two reaction forces are the same
For uniformly distributed load on a simple beam, 
the maximum shear force V = R

∑Fy = 0:
w x L = R＋R
R = w x L / 2 = 588.8
V = R = 588.8 LBS

from Q5
R R

w

L



Q8: Nominal Depth of the Final Joist Use (2 x ?)
Step 1: Estimate Allowable Stresses:
Given from Question: 
CL=Cfu=Ct = Ci = 1

Cr: Look at slide 12 (Q10)
CM: Look at slide 13 (Q11&12)
CD: Look at Table 2.3.2, CD = 1 (for Occupancy Live Load)

Since we are not able know CF  yet, we estimate CF= 1

F’b = Fb x (CD x CM x Ct x CL x CF x Cfu x Ci x Cr )
       = Fb x (CD x CM x CF x Cr)
       = 1250 x (1 x 0.85 x 1 x 1.15)
       = 1221.875 psi

F’v =  Fv x (CD x CM x Ct x Ci )
       = 170 x (1 x 0.97 x 1 x 1)
       = 164.9 psi



Step 2: Search for the possible answers with Sx

Assume the estimated F’b (allowable) = fb (actual)
Use F’b = M/Sx to find Sx

For my situation:
Sx = M/F’b = 2355.2 / 1221.875 x 12 = 23.136

Look at Table 1B, find the sizes that have the Sx closest to 23.126,
for me will be 2 x 10 and 2 x 12

NDS Supplement, Table 1B, P.22 (PDF)
from Q6 Convert Unit



Step 3: Check if allowable stresses are bigger than actual stresses for the chosen sizes:
First Test 2 x 10 (the smaller one):

Bending Stress:
F’b =  Fb x (CD x CM x CF x Cr) = 1250 x (1 x 0.85 x 1.1 x 1.15) = 1344.063 psi
fb = M/S = 2355.2 / 21.39 x 12 = 1321.29 psi

F’b (allowable) > fb (actual), It’s a pass!

Shear Stress:
F’v =  Fv x (CD x CM x Ct x Ci ) = 170 x (1 x 0.97 x 1 x 1) = 164.9 psi
fv = 1.5V/A = 1.5 x 588.8/13.88  = 63.6 psi

F’v (allowable) > fv (actual), It’s another pass!
Nominal Depth = 10in

Q13  

Q14  

Q15  

Q16 

from Q6

from Q7

NDS Supplement, Table 1B, P.22 (PDF)

Convert Unit

Check Slide 11



NDS Supplement, Table 4A, P.40 (PDF)

Q9: Size Factor (CF)  
Look at Table 4A
CF= 1.1

from Q8  

Given from Question



Q10: Repetitive Factor (Cr)

Check if your spacing bigger than 24 in
If bigger, Cr= 1
If smaller or equal, Cr=1.15

Since my spacing = 19.2in < 24 in
Cr= 1.15
  

Given from Question

NDS Supplement, Table 4A, P.41~(PDF)



NDS Supplement, Table 4A, P.40 (PDF)

Q11. Wet Service Factor for Fb (CM_b): 
1. Check if Moisture Content < 19%
If bigger, go to next step
If smaller,  CM_b= 1

2. Check if Fb x CF < 1150 
If bigger, CM_b= 0.85
If smaller, CM_b= 1

(We don’t know CF yet, but in my case Fb is 
bigger than 1150, so we estimate CM_b= 0.85)
After knowing my CF= 1.1, CM_b= 0.85

Q12. Wet Service Factor for Fv (CM_v):
1. Check if Moisture Content < 19%
If bigger, CM_v = 0.97
If smaller,  CM_v= 1

For my case 25%>19%, CM_v = 0.97

Given from Question



Q17. Factored Allowable Modulus of Elasticity (E’)

Formula: 
E’ = E x (CM x Ct x Ci ) (E from Q3)

Given from Question: 
Ct = Ci = 1

For CM, Check if M.C. > 19%
If yes, CM = 0.9 
If not, CM = 1
Since my M.C. = 25% > 19%, CM_E = 0.9

Calculation:
E’ = E x CM_E = 1200000 x 0.9 = 1080000 psi

 

NDS Supplement, Table 4A, P.40 (PDF)

Given from Question



NDS Supplement, Table 1B, P.22 (PDF)

Q18. Short Term Deflection for 100% LL
Formula: 
Deflection = (5 x w x L4) / (384 x E x I)  
(E: Use E’ from Q17)
(I: Look at Table 1B) 
(L: Given from question)

Since we are looking at 100% LL,
We need to recalculate w with only LL 

w = 40 x 19.2 / 12 = 64 PLF

Calculation:
Deflection
= (5 x 64 x164) / (384 x 1080000 x 98.93) x (12)3

= 0.883 in

 

Convert Unit



Q19. Short Term Deflection Limit for L/360

Calculation:
L / 360 = 16 / 360 x 12 = 0.533 in

 Q20. Deflection Passing

Check if Deflection (Q18) < Deflection Limit (Q19)
If bigger, the answer is “Fail”
If smaller, the answer is “Pass”

For my situation:
Since 0.883 > 0.533, the answer is Fail

Convert Unit




