
Structure II Recitation 2/9
Steel Beam Analysis



Before we start …

Today’s Tasks

1. Homework Example (Steel Beam Analysis) (17 Questions)
2. Lab (Steel Beams)

Reminder

1. Don’t forget to start your report!
2. Scale besides Peter’s office if needed.  



Go to Structure Website >> Tower 1
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1. Find out LL, 2. Compare Shear, 3. Compare Deflection







Q1: Plastic Modulus of the Section (Zx)
Check AISC 14, Table 1-1, for me p.8(PDF):
For W12 x 45, Zx = 64.2 in3

Q2: Nominal Bending Moment (Mn)
Since its full bracing (Zone 1):
Mn = (Zx) x (Fy) = 64.2 x 50 = 3210 k-in

AISC 14, Table 1-1

Given from Question



Q3: The Factored Bending Resistance (Φ Mn)  
Φ = 0.9
Φ Mn = Mn x 0.9 = 3210 x 0.9 = 2889 k-in

Q4: The Factored Design Moment (Mu)
We assume Mu = Φ Mn in order to find our LL:
Mu = (Φ Mn) = 2889 / 12 = 240.75 k-ft

Q5: The Total Factored Design Load (wu)
Moment for uniformly distributed load = (w x L2 / 8) 
wu = Mu x 8 / L2 = 240.75 x 8 / 252 = 3.0816 klf

Given from Question

Convert Unit 



Q6: The Total Unfactored Dead Load (w_DL)  
Consider: Beam Self Weight + Dead Load
For Beam Self Weight:
Check AISC 14, Table 1-1 for Nominal Weight,
For my situation,  self weight = 45 lb/ft

For Dead Load:
Floor DL x Tributary Area / Beam Length (Span A)
= Floor DL x Span B = 18 x 12 = 216 lb/ft

Total: 
(45 + 216) / 1000 = 0.261 klf

Q7: The Total Factored Dead Load (wu_DL)
wu_DL = w_DL x 1.2 = 0.261 x 1.2 = 0.3132 klf  

Given from Question

Convert Unit (pounds to kips)

Span B



Q8: The Factored Live Load (wu_LL)
wu_LL = wu - wu_DL =  3.0816 - 0.03132 = 2.7684 klf

Q9: The Actual Beam Live Load (w_LL)
w_LL = wu_LL / 1.6 = 2.7684 / 1.6 = 1.73025 klf

Q10: The Actual Floor Live Load (LL)
LL = w_LL / Span B 
= (1.73025 / 12) x 1000 = 144.1875 psf 

Given from Question

Convert Unit (kips to pounds)

wu_DL wu_LL

From Q5 From Q7 



Still Alive?



Q11: The Maximum Factored Design Beam Shear Force (Vu_max):

Vu_max = wu x L (Span A) /2 = 3.0816 x 25 /2 = 38.52 k

Q12: The Web Area (Aw):

Formula: Aw = d x tw 

Check AISC 14, Table 1-1 for d & tw:

Aw = 12.1 x 0.335 = 4.0535 in2

 

From Q5 



Q13: The Factored Shear Resistance (phi Vn)
Check my h/tw ,  
Since my h/tw = 29.6 < 59,
phi Vn = 0.6 x Fy x Aw = 0.6 x 50 x 4.0535 = 121.605 k

Q14: Is the section safe for shear?

Check if (phi Vn) > (Vu_max),

If yes = Pass,
If no = Fail,

For my situation:
121.605 (phi Vn) > 38.52 (Vu_max), It’s a Pass! 
 

 

Given from Question

From Q11From Q13

From Q12
AISC 14, Table 1-1

Course Slides p.5 



Q15: The Actual (Unfactored) Deflection Due to Total DL+LL
Deflection = (5 x w x L4) / (384 x E x I)
(E = 29000 ksi) 
(I: Check AISC 14, Table 1-1, I = 348) 
(L: Given from question (Span A))
(w = w_LL +w_ DL = 1.73025 + 0.261 = 1.991)

Actual Deflection
= (5 x 1.991 x 254) / (384 x 29000 x 348) x (12)3

=1.734 in

Q16: The Deflection Limit (L/180)
L/180 = 25(Span A) x 12 /180 = 1.667 in 

Q17: Maximum Allowable Axial Load Capacity (Pmax)
Check if the actual deflection (Q15) is smaller than the deflection limit (Q16),
If yes = Pass, If no = Fail,
For my situation: 1.734 > 1.667, It’s a Fail!

Convert Unit

Convert Unit

Unfactored Loads (Q9+Q6)

AISC 14, Table 1-1

AISC 9, Beam Equations, p.2 (PDF)



Questions?



Lab Session:

Goals:
Compare the load capacity of a free edge member in 
different orientations.
 
Steps:
1. Record the total number of washers each orientation 
holds when it fails. 

2. Compare which one carries more load.
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2.


