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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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→ No Lab for today! :)
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Tower project

Analysis (Determine the cross-sectional area of each member)

𝑺𝒕𝒆𝒑 𝟏: 𝒇𝒊𝒏𝒅𝒊𝒏𝒈 𝒍𝒆

𝑇ℎ𝑖𝑠 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑑𝑒𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 𝑦𝑜𝑢𝑟 𝑑𝑒𝑠𝑖𝑔𝑛, 𝑖𝑓 𝑤𝑒
𝑑𝑒𝑣𝑖𝑑𝑒 𝑡ℎ𝑒 𝑡𝑜𝑤𝑒𝑟 ℎ𝑒𝑖𝑔ℎ𝑡 𝑖𝑛𝑡𝑜 10 𝑒𝑞𝑢𝑎𝑙 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑠,
𝑤𝑒 ℎ𝑎𝑣𝑒:

𝒍𝒆 =
𝟒𝟖

𝟏𝟎
= 𝟒. 𝟖 𝑰𝑵

𝑺𝒕𝒆𝒑 𝟐: 𝒂𝒔𝒔𝒖𝒎𝒊𝒏𝒈 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝒘𝒆𝒊𝒈𝒉𝒕

𝑇ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑠 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑 50 𝐿𝐵𝑆. 𝑆𝑜, 𝑦𝑜𝑢 𝑐𝑎𝑛
𝑐ℎ𝑜𝑜𝑠𝑒 𝑎𝑛𝑦 𝑛𝑢𝑚𝑏𝑒𝑟 ℎ𝑖𝑔ℎ𝑒𝑟 𝑡ℎ𝑎𝑛 𝑡ℎ𝑖𝑠, 𝑓𝑜𝑟 𝑛𝑜𝑤 𝑤𝑒 𝑎𝑠𝑠𝑢𝑚𝑒
100𝐿𝐵𝑆, 𝑎𝑛𝑑 𝑖𝑓 𝑤𝑒 ℎ𝑎𝑣𝑒 𝑎 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑡𝑜𝑤𝑒𝑟, 𝑒𝑎𝑐ℎ 𝑐𝑜𝑙𝑢𝑚𝑛

𝑠ℎ𝑜𝑢𝑙𝑑 𝑐𝑎𝑟𝑟𝑦
1

4
𝑜𝑓 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑.

𝑷 =
𝟏𝟎𝟎

𝟒
= 𝟐𝟓 𝑳𝑩𝑺
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Tower project

𝑺𝒕𝒆𝒑 𝟑: 𝒇𝒊𝒏𝒅𝒊𝒏𝒈 𝒕𝒉𝒆 𝒓𝒂𝒅𝒊𝒐𝒖𝒔 𝒐𝒇 𝒈𝒚𝒓𝒂𝒕𝒊𝒐𝒏

𝑛𝑜𝑤, 𝑢𝑠𝑖𝑛𝑔 𝐸𝑢𝑙𝑒𝑟 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛, 𝑤𝑒 𝑐𝑎𝑛 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒 𝑡ℎ𝑒 𝑑𝑒𝑠𝑖𝑔𝑛𝑒𝑑
𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑔𝑦𝑟𝑎𝑡𝑖𝑜𝑛, 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑒𝑥𝑎𝑚𝑝𝑙𝑒, 𝑤𝑒 𝑎𝑠𝑠𝑢𝑚𝑒 𝑤𝑒 𝑎𝑟𝑒 𝑢𝑠𝑖𝑛𝑔

1/4" 𝑏𝑎𝑠𝑠𝑤𝑜𝑜𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑐𝑜𝑙𝑢𝑚𝑛𝑠.

𝑷𝒄𝒓 =
𝝅𝟐𝑨𝑬

𝑲𝑳
𝒓

𝟐
⇒

𝑲𝑳

𝒓
=

𝝅𝟐𝑨𝑬

𝑷𝒄𝒓

𝐸𝑚𝑖𝑛 = 1,650,000 𝑝𝑠𝑖

𝐴 = 0.25 2 = 0.0625 𝐼𝑁2

𝐾 = 1

⇒
𝑳

𝒓
=

𝜋2 0.0625 1650000

25
= 𝟐𝟎𝟏. 𝟕𝟕

⇒ 𝒓 =
𝐿

201.77
=

4.8

201.77
= 𝟎. 𝟎𝟐𝟑𝟕𝟖

𝒓 =
𝒅

𝟏𝟐
⇒ 𝑑 = 𝑟 12 → 𝒅 = 0.02378 12 = 𝟎. 𝟎𝟖𝟐𝟒 𝑰𝑵

Analysis (Determine the cross-sectional area of each member)
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Tower project

𝑺𝒕𝒆𝒑 𝟒: 𝒄𝒐𝒎𝒑𝒂𝒓𝒊𝒏𝒈 𝒓𝒂𝒅𝒊𝒖𝒔 𝒐𝒇 𝒈𝒚𝒓𝒂𝒕𝒊𝒐𝒏 𝒓, (𝒐𝒓 𝒅)

𝑛𝑜𝑤, 𝑤ℎ𝑖𝑡ℎ 𝑡ℎ𝑒 𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛, 𝑤𝑒 𝑓𝑜𝑢𝑛𝑑
𝑟 𝑎𝑛𝑑 , 𝑠𝑜 𝑤𝑒 𝑐𝑎𝑛 𝑐𝑜𝑚𝑝𝑎𝑟𝑒 𝑡ℎ𝑒𝑚 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑎𝑐𝑡𝑢𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠

𝑑𝑐 = 0.0824 𝐼𝑁 ∶ 𝑤ℎ𝑎𝑡 𝑤𝑒 𝑓𝑜𝑢𝑛𝑑 𝑢𝑛𝑑𝑒𝑟 25 𝐿𝐵𝑆 𝑙𝑜𝑎𝑑

𝑑𝑑 = 0.25 𝐼𝑁 ∶ 𝑤ℎ𝑎𝑡 𝑤𝑒 𝑠𝑒𝑙𝑒𝑐𝑡𝑒𝑑

𝒅𝒅 > 𝒅𝒄 → 𝑷𝒂𝒔𝒔

Analysis (Determine the cross-sectional area of each member)
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Tower project

𝑺𝒕𝒆𝒑 𝟓: 𝒄𝒐𝒎𝒑𝒂𝒓𝒊𝒏𝒈 𝒄𝒓𝒖𝒔𝒉𝒊𝒏𝒈

𝑛𝑜𝑤, 𝑤ℎ𝑖𝑡ℎ 𝑡ℎ𝑒 𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛, 𝑤𝑒 𝑓𝑜𝑢𝑛𝑑
𝑟 𝑎𝑛𝑑 , 𝑠𝑜 𝑤𝑒 𝑐𝑎𝑛 𝑐𝑜𝑚𝑝𝑎𝑟𝑒 𝑡ℎ𝑒𝑚 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑎𝑐𝑡𝑢𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠

𝑓𝑐 = 4745 𝑝𝑠𝑖

𝒇𝒄 =
𝑷

𝑨
→ 𝑷 = 𝒇𝒄𝑨 = 4745 0.0625 = 296.5625 𝐿𝐵𝑆

𝑇ℎ𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑐𝑟𝑢𝑠ℎ𝑖𝑛𝑔 𝑙𝑜𝑎𝑑 𝑖𝑠 296.56 𝐿𝐵𝑆, 𝑎𝑛𝑑 𝑤𝑒 𝑎𝑟𝑒
𝑎𝑝𝑝𝑙𝑦𝑖𝑛𝑔 25 𝐿𝐵𝑆, 𝑠𝑜 → 𝒑𝒂𝒔𝒔

Analysis (Determine the cross-sectional area of each member)
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Tower project

𝑻𝒐𝒕𝒂𝒍 𝒘𝒆𝒊𝒈𝒉𝒕 =  𝑉𝑖 × 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 + 𝑊𝐺𝑙𝑢𝑒

Analysis (Predict the total weight of the tower)

𝑵𝒐𝒕𝒆: 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑖𝑠 𝑔𝑒𝑣𝑒𝑛 𝑖𝑛 𝑃𝐶𝐹 𝑎𝑛𝑑 𝑦𝑜𝑢 𝑛𝑒𝑒𝑑 𝑡𝑜 𝑐𝑜𝑛𝑣𝑒𝑟𝑡 𝑖𝑡 𝑡𝑜 𝑜𝑧./𝐼𝑁3

Density (oz/in³)=Density (pcf)×0.009259 oz/in³
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Tower project

Analysis (Predict Capacity.)

𝑡ℎ𝑖𝑠 𝑖𝑠 𝑠𝑖𝑚𝑖𝑙𝑎𝑟 𝑡𝑜 𝑤ℎ𝑎𝑡 𝑤𝑒 𝑑𝑖𝑑 𝑖𝑛 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑖𝑛𝑔 𝑡ℎ𝑒 𝑐𝑟𝑜𝑠𝑠-𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑚𝑒𝑚𝑏𝑒𝑟, you should create a table in excel with appropriate
labeling format and predict the maximumcapacity
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Tower project

Analysis (Calculate the buckling capacity of the tower as a whole.)

𝑰𝒙 = න 𝒚𝟐𝒅𝑨 = න

−
ℎ
2

ℎ/2

𝑦2𝑑𝐴 = න

−
ℎ
2

ℎ/2

𝑏𝑦2𝑑𝑦

= 𝑏
𝑦3

3

ℎ/2

−ℎ/2

=
𝑏

3

ℎ3

8
− (−

ℎ3

8
) =

𝑏

3
(
2ℎ3

8
)

𝑰𝒙 =
𝒃𝒉𝟑

𝟏𝟐
𝑰𝒚 =

𝒉𝒃𝟑

𝟏𝟐

𝒅𝒚

Find Moment of Inertia
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Tower project

Analysis (Calculate the buckling capacity of the tower as a whole.)

𝑰𝒙 =  𝑰𝒙𝒄
+  𝑨. 𝒚𝟐 = 11.67 + 75 = 𝟖𝟔. 𝟔𝟕 𝑰𝑵𝟒

Determine the moment of inertia Ix  about the centroidal x axis.

𝒚 𝒊𝒏 𝑨𝒚𝟐 (𝒊𝒏𝟒)

Example
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Tower project

Analysis (Calculate the buckling capacity of the tower as a whole.)

𝒃

𝒉

𝑻𝒐𝒕𝒂𝒍 𝑰 =  𝐼𝑡𝑜𝑡𝑎𝑙 − 𝐼𝑉𝑜𝑖𝑑

𝑺𝒕𝒆𝒑 𝟏: 𝒇𝒊𝒏𝒅𝒊𝒏𝒈 𝑰 𝒇𝒐𝒓 𝒕𝒉𝒆 𝒘𝒉𝒐𝒍𝒆 𝒄𝒐𝒍𝒖𝒎𝒏
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Tower project

Analysis (Calculate the buckling capacity of the tower as a whole.)

𝑺𝒕𝒆𝒑 𝟐: 𝒖𝒔𝒊𝒏𝒈 𝒕𝒉𝒆 𝑬𝒖𝒍𝒆𝒓 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏, 𝒚𝒐𝒖 𝒄𝒂𝒏 𝒄𝒂𝒍𝒄𝒖𝒍𝒂𝒕𝒆 𝒕𝒉𝒆
𝒃𝒖𝒄𝒌𝒍𝒊𝒏𝒈 𝒍𝒐𝒂𝒅 𝒂𝒏𝒅 𝒄𝒐𝒎𝒑𝒂𝒓𝒆 𝒕𝒐 𝒘𝒉𝒂𝒕 𝒚𝒐𝒖 𝒅𝒆𝒔𝒊𝒈𝒏𝒆𝒅

𝑷𝒄𝒓 𝒘𝒉𝒐𝒍𝒆 𝒄𝒐𝒍𝒖𝒎𝒏 > 𝑷𝒄𝒓 𝒅𝒆𝒔𝒊𝒈𝒏 → 𝑷𝒂𝒔𝒔

𝑰𝒇:

𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆:

→ 𝑭𝒂𝒊𝒍
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Tower project
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Tower project



28

Tower project
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Tower project
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Tower project
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Tower project
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Tower project
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