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Lab – Steel Beams
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Happy Lunar Dragon Year!



HW - Steel Beam Analysis 
Given:
beam size (yield stress)
bracing type
load

Goal:
load capacity?

1. Determine the unbraced length of the 
compression flange (Lb). 

2. Find the Lp and Lr values from the AISC 
properties table 3-6

3. Compare Lb to Lp and Lr and determine 
which equation for Mn or Mcr to be used.

4. Determine the beam load equation for 
maximum moment in the beam. Solve for 
Mn.

5. Calculate load based on maximum 
moment. Mu =     Mn

Given:
Lb < Lp

Plastic Behavior  (zone 1)

Maximum Moment:
Mn = Mp = Fy Zx

Find the Plastic Modulus (Zx) for 
the given section from the AISC 
table 1-1

Safety Factor



1. The plastic modulus of the section, Zx = 36.6 in³

AISC table 1-1



2. The nominal bending moment,Mn

Mn = Fy*Zx = 50*36.6 = 1830 k-in

3. The factored bending resistance, phi Mn

ɸ *Mn = 0.9*1830 = 1647 k-in

4. The factored design moment, Mu

Mu = ɸ *Mn = 1647/12 = 137.25 k-ft

5. The total factored design load, wu

Mu = wu*SpanA² /8 = 137.25 k-ft

wu= 8 * Mu / SpanA²
= 8*137.25/18²
= 3.39 klf



6. The total unfactored dead load on the beam, w_DL

w_DL= w_Floor DL + w_Beam DL = (168 +30)/1000 = 0.198 klf

w_Floor DL = Tributary area * Floor DL = SpanB * Floor DL
= 12*14 =  168 plf

w_Beam DL = 30 plf

7. The total factored dead load on the beam, wu_DL

wu_DL = 1.2 * w_DL = 1.2*0.198 = 0.2376 klf

8. The factored beam live load, wu_LL
wu_DL + wu_LL = wu
wu_LL= wu–wu_DL = 3.39-0.2376 = 3.1524 klf

9. The actual beam live load(capacity),w_LL

wu_LL = w_LL * 1.6
w_LL = wu_LL /1.6 = 3.1524/1.6 = 1.97 klf

10. The actual floor live load(floor capacity), LL

LL= w_LL/ SpanB = (1.97/12)*1000 = 164.17 psf



Vu_max= wu* SpanA/2 
= 3.39*18/2
= 30.51 kip

11. The maximum factored design beam shear force, Vu_max

Aw = d * tw = 10.5*0.3 = 3.15 in²

12. The Web Area, Aw

Check the shear force Vu<=øVn



h / tw = 29.5 < 59

So Zone 1
Vn = 0.6 * Fy* Aw 

= 0.6*50*3.15 = 94.5 kip 

13. The factored shear resistance, phi Vn

Check the shear force Vu<=øVn

ɸ *Vn = 1*94.5 = 94.5 kip
Vu_max = 30.51
Vu_max < ɸ *Vn Safe!

14. Is the section safe for shear?(1 = yes, 0 = no)



Deflection = 5 * (w_DL+ w_LL) * SpanA4 / (384 * E’* I)
= 5 * [(0.198+1.97) *1000 * 1

12
]* (18*12)4 / (384 * 29000000 * 170 ) 

= 1.03868 in

15. The actual(unfactored) deflection due to total DL+LL

E_steel=29000 ksi
Ix = 170 in4 (AISCtable1-1)

16. The deflection limit L/180
SpanA /180 = 18*12/180 = 1.2 in

17. Is the deflection less than the Limit L/180?(1=yes,0=no)
1.03868 in <1.2 in , Pass! = 1



Tower Project

Timeline
Sign up team
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Resources



Tower Project

Dr. Frame



Tower Projec

Resources

Pcr_members

Pcr_tower

P_compression max



LAB - Steel Beams

Description 

This project uses observation to understand 
how unbraced compression edges and 
lateral torsional buckling reduce the 
ultimate load capacity of steel beams. 

Goals 

To observe the behavior of unbraced section 
edges in compression vs tension. 

To measure capacity loss due to lateral 
torsional buckling. 

compression

tension



Any Questions?

yifanma@umich.edu

Thank You！
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