
Structure II Recitation 2/16
Steel Beam Design



Before we start …

Today’s Tasks

1. Homework Example (Steel Beam Analysis) (14 Questions)
2. Tower Project Explanation (A little bit Dr. Frame)
3. Lab (Steel Column)

Reminder

1. Submit the report no later than next Friday.
2. Submit the report on canvas.
3. Scale beside Peter’s office if needed.  





Steps:　
Calculate wu, Mu, Mn (Neglect Self Weight) → Get estimated Zx → Find actual Zx 

→ Recalculate wu, Mu, Mn (Consider Self Weight)





Q1: The Unfactored Floor Dead Load on the Beam 
(Neglecting Self Weight) (w_DL*)
w_DL* 
= Floor DL x Tributary Area / Span A
= Floor DL x Span B 
= 24 x 16 = 384 plf

Q2: The Unfactored Floor Live Load on the Beam (w_LL)
w_LL 
= Floor LL x Tributary Area / Span A
= Floor LL x Span B 
= 95 x 16 = 1520 plf

Q3: The Total Factored Design Load on the Beam 
(Neglecting Self Weight) (LL*)
wu* = 1.2 x (w_DL*) + 1.6 x (w_LL) 
= (1.2 x 384 + 1.6 x 1520) / 1000
= 2.8928 klf

Span B

Given from Question

Convert Unit (Pounds to Kips)



Q4: The Factored Design Moment (Neglecting Self Weight) (Mu*)  
Mu* = wu* x L2 / 8 =  2.8928 x 272 / 8 = 263.6064 k-ft

Q5: The Nominal Bending Moment (Neglecting Self Weight) (Mn*)
We assume Mu* = Φ Mn in order to find Mn,
Since Φ = 0.9,
Mn* = Mu* / 0.9 = 263.6064 / 0.9 x 12 = 3514.752 k-in

Q6: The Plastic Modulus of the Section (Neglecting Self Weight) (Zx*)
Since the beam is fully braced (Lb < Lp): Zone 1,
We can use the formula: Mn = Fy x Zx*

Zx* = Mn / Fy = 3514.752 / 50 = 70.295 in3

Given from Question

Convert Unit from Q4 

from Q3



Q7: The Nominal Depth of the Lightest 
Passing W-Section from the Zx table (Include 
Self Weight)
Check AISC 14, Table 3-2, for me: p.5 (PDF),
Find the smallest Zx that is bigger than the Zx* we 
calculated previously (Look at the ones with bold 
stroke and ignore the ones with a strikethrough)

For my situation: W18x40

Nominal Depth = 18in

Q8: The Weight of the Lightest Passing 
W-Section from Zx table (Include Self Weight)

Weight = 40 plf

Q9: The Weight of the Lightest Passing 
W-Section from Zx table (Include Self Weight)

Zx = 78.4 in3



Q10: The Revised Unfactored 
Dead Load on the Beam (Including Self Weight) (w_DL)

w_DL = Dead Load + Self Weight = 384 + 40 =  424 plf

Q11: The Total Factored Design Load on the Beam 
(Including Self Weight) (wu)

wu = 1.2 x (w_DL) + 1.6 x (w_LL) 
= (1.2 x 424 + 1.6 x 1520) / 1000 = 2.9408 klf 

Q12: The Factored Design Moment (Including Self 
Weight) (Mu) (in k-ft)

Mu = wu x L2 / 8 =  2.9408 x 272 / 8 = 267.9804 k-ft

Given from Question

From Q8From Q1

From Q10 From Q2



Q13: The Factored Design Moment (Including Self Weight) 
(Mu) (in k-in)
Mu (k-in) = Mu(k-ft) x 12 = 267.9804 x 12 = 3215.7648 k-in

Q14: The Nominal Factored Bending Moment for the chosen 
section (Φ Mn)

Φ Mn = 0.9 x Fy x Zx  = 0.9 x 50 x 78.4 = 3528 k-in

 

 

From Q12

From Q9

Given from Question





Use the Pin-Ended Member Tool

Click Modeling – 2nd Order Analysis

Change Units

Change Grid Lengths



Section Type: Custom
Section Subtype: Rectangular

Material Properties:
Change E, Fy, Density based on 
the values on the brief



Options – Force & Moment Display – Show Force Value

Options – Member Display – Show Axial Force Value

Options – Member Display – Tension/Compression Coloring



Tower Preliminary Report



Determine the cross sectional area of each member

Method 1: Use predicted forces to find the cross sectional areas 

1. Use Dr. Frame to find the predicted Ps (Axial Force) for each member.

2. Calculate Allowable Stress Fc’ using Fc’ = Fc (Given) x Cp (Calculated). 

3. Use A = P / Fc’ to find the estimated A.

4. Pick the dimension for your material that has the cross sectional area 
bigger than the estimated A.

5. Recalculate the capacities for each members (Buckling + Crushing)
(for deciding the critical member, look at the vertical member) 

Fc* =  Fc (Given)
Since all the factors except Cp = 1

Le = K x L
Since K = 1 (Pin-Pin),

so Le = L

Allowable Stress:

Buckling Load: 

Crushing Load:



Method 2: Decide cross-sectional area first to calculate the maximum Ps, 
then compare the values with the predicted forces to make sure the 
decision

1. First design the cross sectional areas of your material. 

2. Calculate maximum P using P = Fc’ x A for each member. 

2. Use Dr. Frame to find the predicted Ps (Axial Force) for each member.

4. Compare the predicted forces with calculated maximum Ps, make sure the 
predicted forces are not bigger than the calculated Ps.

5. If pass, calculate the buckling & crushing capacities to decide which one is 
the critical load.



Calculate the buckling capacity of the tower as a whole
1. After deciding the dimensions, look at the cross-section of 
your tower, calculate the moment of inertia.

2. Use the Euler Buckling Equation to calculate the buckling 
capacity of the whole tower.
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Predict the total weight of the tower

Limit = 4 oz !!!!!!!!!!

Member Weight = Volume x Density = Cross Sectional Area x Length x Density 

Reminders:

1. Include the estimated glue weight in your predicted weight
2. Make a table that includes member weight, area, and length (label all the members)

Design Design Given





Lab Session: Steel Columns

Goal: Find the load capacity 

Steps:

1. Measure the dimensions of the column (d, bf, tf)

2. Use the dimensions to find the size (First Chart)

3. Use the size and length to find the capacity
 (Second Chart) (Assume K = 1)

 

 



Assume picking W8X67


