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Office Hours

→ Office Hours

→ Day: Fridays, 12:00 PM - 1:00 PM

→ Location Options:

- In-person meetings: [2223B]

- Virtual meetings via Zoom

Please make sure to sign up at least 24 hours in advance to allow for proper scheduling via this link:

https://docs.google.com/forms/d/e/1FAIpQLSdOb4gAc6SoCdsMAZP4zKrn3ecPyGt6dwVahVcOD3EqXGG-oA/viewform?usp=dialog

If the slots are fully booked or if you have a time conflict, please email me directly to find an alternative time (arfazel@umich.edu)
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https://docs.google.com/forms/d/e/1FAIpQLSdOb4gAc6SoCdsMAZP4zKrn3ecPyGt6dwVahVcOD3EqXGG-oA/viewform?usp=dialog
mailto:arfazel@umich.edu


Contents

→ Summary 

→ Steel beam analysis 

→ Steel beam design 

→ Problem Set 

→ Problem set 04 (Steel beam analysis )

→ Lab 

→ Steel beams

→ Tower project 

→ Prelim tower report  

(T he  d e a d l i ne  ha s  b e e n p o st p o ne d to  S unday,  Fe bruary 1 6 th. )

3



Steel Beam Analysis
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Steel Beam Analysis
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Steel Beam Design
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Flitched Beams
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Problem Set 04
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Problem Set 04
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#Q1: The plastic modulus of 
the section, Zx

𝒁𝑿 = 102 𝐼𝑁3

According to the table, for W14×61:



Problem Set 04
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#Q2: The nominal bending moment, Mn

𝑴𝒏 = 𝑭𝒚𝒁 = 50 𝐾𝑆𝐼 × 102 𝐼𝑁3

= 𝟓𝟏𝟎𝟎 𝑲 − 𝑰𝑵

#Q3: The factored bending resistance, phi Mn

𝝋𝑴𝒏 = 𝟎. 𝟗 𝑴𝒏 = 0.9 × 5100

= 𝟒𝟓𝟗𝟎 𝑲 − 𝑰𝑵
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#Q4: The factored design moment, Mu

𝑴𝒖 ≤ 𝝋𝑴𝒏 = 4590 𝐾 − 𝐼𝑁 ×
1 𝐹𝑇

12 𝐼𝑁

= 𝟑𝟖𝟐. 𝟓 𝑲 − 𝑭𝑻

28 𝐹𝑇

𝑤 (𝑃𝐿𝐹)

𝑤

28𝐹𝑇𝑅1 𝑅2

#Q5: The total factored design load, wu

𝑴𝒖 =
𝑾𝒖𝑳𝟐

𝟖
→ 𝑾𝒖 =

𝟖𝑴𝒖

𝑳𝟐 =
8(382.5)

28^2
= 𝟑. 𝟗 𝑲𝑳𝑭



Problem Set 04
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#Q6: The total unfactored dead load on the 
beam, w_DL

𝒘𝑫𝑳 = 𝑩𝒆𝒂𝒎 𝑺𝒆𝒍𝒇 𝒍𝒐𝒂𝒅 + 𝑭𝒍𝒐𝒐𝒓 𝑫𝑳

= 295 𝑃𝐿𝐹 = 𝟎. 𝟐𝟗𝟓 𝑲𝑳𝑭

𝒘𝑫𝑳 = 61 𝑃𝐿𝐹 + 18(
13

2
+

13

2
) 𝑃𝐿𝐹
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#Q6: The total unfactored dead load on the 
beam, w_DL

𝒘𝑫𝑳 = 𝑩𝒆𝒂𝒎 𝑺𝒆𝒍𝒇 𝒍𝒐𝒂𝒅 + 𝑭𝒍𝒐𝒐𝒓 𝑫𝑳

= 295 𝑃𝐿𝐹 = 𝟎. 𝟐𝟗𝟓 𝑲𝑳𝑭

= 61 𝑃𝐿𝐹 + 18(
13

2
+

13

2
) 𝑃𝐿𝐹

#Q7: The total factored dead load on the 
beam, wu_DL

𝒘𝒖_𝑫𝑳 = 𝟏. 𝟐 𝑾𝑫𝒍 = 1.2 (0.295 )

= 𝟎. 𝟑𝟓𝟒 𝑲𝑳𝑭



Problem Set 04
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#Q8: The factored live load on the beam, wu_LL

𝒘𝒖𝑳𝑳
= 𝑾𝒖 − 𝒘𝒖

𝑫𝑳
= 3.9 − 0.354

= 𝟑. 𝟓𝟒𝟔 𝑲𝑳𝑭

#Q9: The actual beam live load (capacity), w_LL

𝒘𝒖𝑳𝑳
= 𝟏. 𝟔 𝑾𝑳𝑳

→ 𝑾𝑳𝑳 =
3.546

1.6
= 𝟐. 𝟐𝟏𝟔 𝑲𝑳𝑭

#Q10 : The actual floor live load (floor capacity), LL

𝑳𝑳 =
𝑾𝑳𝑳

𝑺𝒑𝒂𝒏𝑩
=

2.216

13
= 0.17048 𝐾𝑆𝐹 = 170.48 𝑃𝑆𝐹



Problem Set 04
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#Q11: The maximum factored design beam shear force, Vu_max

𝑽𝒖𝒎𝒂𝒙 =
𝑾𝒖𝑳

𝟐
=

3.9 (28)

2
= 𝟓𝟒. 𝟔 𝑲 < 𝝋𝑽𝒏(𝑝𝑎𝑠𝑠)

#Q12: The web area, Aw

𝑨𝒘 = 𝒅. 𝒕𝒘 = 𝟏𝟑. 𝟗(𝟎. 𝟑𝟕𝟓)

= 13.9 0.375 = 𝟓. 𝟐𝟏𝟐 𝑰𝑵𝟐

#Q13: The factored shear resistance, phi Vn

𝝋𝑽𝒏 = 𝟎. 𝟔 𝑭𝒚𝑨𝒘 = 0.6(50)(5.212)

= 𝟏𝟓𝟔. 𝟑𝟕𝟓 𝑲

#Q14: Is the section safe for shear? (1=yes, 0=no)



Problem Set 04
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#Q15: The actual (unfactored) deflection due to total DL + LL

∆ =
𝟓 𝒘𝑳𝟒

𝟑𝟖𝟒 𝑬𝑰
=

5 2.511 28 4 (1728)

384(29000)(640)
= 𝟏. 𝟕𝟖 𝑰𝑵

#Q16: The deflection limit L/180

#Q17 : s the actual deflection less than the limit L/180?

𝒘 = 𝒘𝑫𝑳 + 𝒘𝑳𝑳 = 𝟎. 𝟐𝟗𝟓 + 𝟐. 𝟐𝟏𝟔 = 𝟐. 𝟓𝟏𝟏 𝑲𝑳𝑭

∆𝑳𝒊𝒎𝒊𝒕 =
𝑳

𝟏𝟖𝟎
=

28 ∗ 12

180
= 1.86 𝐼𝑁

∆ < ∆𝑳𝒊𝒎𝒊𝒕 → 𝒑𝒂𝒔𝒔



Lab 03
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Lab03
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→ Group work instructions

Please form groups of 2 to 4 students.

Please do not forget to write all group members' names on both sheets.

Return the completed sheets to me at the end of the session.

Please ensure that you attend the recitation sessions. 

If you are unable to attend a session, send me an email so that we can discuss how to proceed. Email: arfazel@umich.edu
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Tower project
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Tower project

Prelim Tower Report 

T he  d e a d l i ne  ha s  b e e n p o st p o ne d  to  S unday,  February 1 6 t h .
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