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structural steel

round HSS

𝑟𝑜𝑢𝑡 = 88.9 𝑚𝑚

𝑠 = 6.35 𝑚𝑚

ℎ1 = 2.93 𝑚

ℎ2 = 4.40 𝑚

𝑦 = −0.07(𝑥 − 7.96)2 + 4.4

148.87 𝑘𝑁

655.0 𝑘𝑁 ∙ 𝑚

137.30 𝑘𝑁

𝐼 = 1.41 × 106 𝑚𝑚4

high strength steel

round

𝑑 = 20.1 𝑚𝑚

𝑇𝑚𝑎𝑥 = 73.96 𝑘𝑁



structural steel

wide flange

𝑤 = 102 𝑚𝑚

ℎ = 206 𝑚𝑚

𝑠 = 6.2 𝑚𝑚

𝛿𝑐 = 6.69 𝑚𝑚

𝜃 = 0.38°

† 𝜎𝐵 = 131.06 𝑀𝑃𝑎 

𝜏𝑥𝑦 = 𝜏𝑥𝑧 = 𝜏𝑧𝑦 = 0 

𝜎𝑦 = 𝜎𝑧 = 0 

𝜎𝑥 = 131.06 𝑀𝑃𝑎

𝜎1 = 131.06 𝑀𝑃𝑎 

𝜎2 = 0

𝜏𝑖𝑛 = 65.53 𝑀𝑃𝑎

𝜏𝑜𝑢𝑡 = −65.53 𝑀𝑃𝑎

concrete

square

𝑤𝑎𝑟𝑚𝑠 = 132.7 𝑚𝑚

𝑤𝑏𝑎𝑠𝑒 = 143.5 𝑚𝑚

𝑃𝑎𝑟𝑚𝑠 = 638.6 𝑘𝑁 

𝑃𝑏𝑎𝑠𝑒 = 1030.0 𝑘𝑁

† 



 

 

 



 



 

 

10.2 𝑘𝑃𝑎 ×
4.40 𝑚

2
= 10.2 𝑘𝑃𝑎 × 2.2𝑚 = 22.44

𝑘𝑁

𝑚
 

 



⟲+    ∑𝑀𝐴 = 0 = (𝐵𝑦 × 3.06𝑚) + (−22.44
𝑘𝑁

𝑚
× 3.06𝑚 ×

3.06𝑚

2
) 

𝐵𝑦 = 34.33 𝑘𝑁 ↑

↑+    ∑𝐹𝑦 = 0 = (−19.8
𝑘𝑁

𝑚
× 3.06𝑚) + (𝐴𝑦) + (15.147𝑘𝑁) 

𝐴𝑦 = 34.33 𝑘𝑁 ↑

 

𝐶𝑦 = 2 × 34.33 𝑘𝑁 = 68.66 𝑘𝑁

 





→+    ∑𝐹𝑥 = 𝑇𝑥 + (−𝑇𝑥) = 0 

↑+    ∑𝐹𝑦 = 𝑇𝑦 = 68.66 𝑘𝑁

 

𝑥2 = (4.40)2 + (15.3)2 

𝑥 = √19.36 + 234.09 

𝑥 = 15.92 𝑚

∴ 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
15.92

5
= 3.18 𝑚



 





↑+    ∑𝐹𝑦 = 0 

𝐴𝑦 = 𝐵𝑦 =
4 × 68.66 𝑘𝑁

2
= 137.32 𝑘𝑁 ↑

𝑉1 = 137.32 𝑘𝑁     𝑉2 = 68.66 𝑘𝑁     𝑉3 = 0     𝑉4 = −68.66 𝑘𝑁     𝑉5 = 137.32 𝑘𝑁

𝑀1 = 137.32 𝑘𝑁 × 3.18𝑚 = 436.67 𝑘𝑁 ∙ 𝑚 

𝑀2 = 68.66 𝑘𝑁 × 3.18𝑚 + 436.67 𝑘𝑁 ∙ 𝑚 = 655.01 𝑘𝑁 ∙ 𝑚 

𝑀 = 𝐻 ∙ ℎ𝑧 (A.1) 

M
H
hz 

∙

𝐻 =
𝑀

ℎ
=

655.01

4.40
= 148.87 𝑘𝑁

ℎ1 =
𝑀

𝐻
=

436.67

148.87
= 2.93 𝑚

ℎ2 = 4.40 𝑚



 

tan 𝜃 =
ℎ1

3.18 𝑚
=

2.93 𝑚

3.18 𝑚
= 0.9214 

𝜃 = tan−1 0.9214 = 42.66°

𝑇𝑓 =
𝐻

cos 42.66°
=

148.87

cos 42.66°
= 202.44 𝑘𝑁

 

𝑦 = 𝑎(𝑥 − ℎ)2 + 𝑘 (A.2) 

𝑦 = 𝑎(𝑥 − 7.96)2 + 4.4 

𝑦(0) = 0 = 𝑎(−7.96)2 + 4.4 

𝑎 = −
4.4

(−7.96)2
 

𝑎 = 0.070

𝑦 = −0.07(𝑥 − 7.96)2 + 4.4



 

𝑃𝑐𝑟 =
𝜋2𝐸𝐼

(𝑘𝐿)2
(A.3) 

Pcr

E
I 
k
L 



𝑇𝑓 = 202.44 𝑘𝑁

𝑃𝑐𝑟 = 𝑇𝑓 × 𝐹. 𝑆. 

= 202.44 × 1.5 

𝑃𝑐𝑟 = 303.66 𝑘𝑁

𝐿 = √(3.18)2 + (2.93)2 

𝐿 = 4.324 𝑚

𝑘 = 0.7

𝐸 = 200 𝐺𝑃𝑎 

𝑃𝑐𝑟 =
𝜋2𝐸𝐼

(𝑘𝐿)2
 

303.66 𝑘𝑁 =
𝜋2(200 𝐺𝑃𝑎)𝐼

(0.7 × 4.324𝑚)2
 

𝐼 = 1.4094 × 106 𝑚𝑚4



 

𝜎𝑦 =
𝑃

𝐴
 

350 𝑀𝑃𝑎 =
𝑃

1645.16 𝑚𝑚2
 

𝑃 = 575.8 𝑘𝑁

 

𝑤𝑒𝑖𝑔ℎ𝑡 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
𝐴ℎ𝑜𝑙𝑙𝑜𝑤

𝐴𝑠𝑜𝑙𝑖𝑑
× 100% =

1645.16

4208.41
× 100% = 39%

 



 

𝑥1

6.12 𝑚
=

4.40 𝑚

15.3 𝑚
 

𝑥1 = 1.76 𝑚 

𝑥2

3.06 𝑚
=

4.40 𝑚

15.3 𝑚
 

𝑥2 = 0.88 𝑚



𝐿1 = √4.42 + 1.762 
𝐿1 = 4.739 𝑚

𝐿2 = √4.44 + 0.882 
𝐿2 = 4.487 𝑚

𝑇1

68.66 𝑘𝑁
=

4.739 𝑚

4.40 𝑚
 

𝑇1 = 73.95 𝑘𝑁

𝑇2

68.66 𝑘𝑁
=

4.487 𝑚

4.40 𝑚
 

𝑇1 = 70.02 𝑘𝑁



 

𝑇2 > 𝑇1 

∴ 𝑇𝑚𝑎𝑥 = 𝑇2 = 73.95 𝑘𝑁

𝑃 = 𝑇𝑚𝑎𝑥 × 𝐹. 𝑆. = 73.95 𝑘𝑁 × 1.5 
𝑃 = 110.925 𝑘𝑁

𝜎𝑌 =
𝑃

𝐴
 

600 𝑀𝑃𝑎 =
110.925 𝑘𝑁

𝐴
 

𝐴 = 184.875 𝑚𝑚2

𝐴 = 184.875 𝑚𝑚2 =
𝜋𝑑2

4
 

𝑑 = 15.3 𝑚𝑚

 



 

 



 



⟲+    ∑𝑀𝑐𝑢𝑡 = 0 = −0.5(𝑥) + 𝑀𝑄(𝑥) 

𝑀𝑄(𝑥) = 0.5𝑥

⟲+    ∑𝑀𝑐𝑢𝑡 = 0 = −0.5(𝑥) + 𝑀𝑄(𝑥) + 1(𝑥 − 1.53) 

𝑀𝑄(𝑥) = 0.5𝑥



⟲+    ∑𝑀𝑐𝑢𝑡 = 0 = (22.44
𝑘𝑁

𝑚
∙ 𝑥 ∙

𝑥

2
) + (−34.33 𝑘𝑁 ∙ 𝑥) + 𝑀𝑃(𝑥) 

𝑀𝑃(𝑥) = 34.33𝑥 − 11.22𝑥2

⟲+    ∑𝑀𝑐𝑢𝑡 = 0 = (22.44
𝑘𝑁

𝑚
∙ 𝑥 ∙

𝑥

2
) + (−34.33 𝑘𝑁 ∙ 𝑥) + 𝑀𝑃(𝑥) 

𝑀𝑃(𝑥) = 34.33𝑥 − 11.22𝑥2

𝑄 ∙ 𝛿C =  ∑ ∫
𝑀𝑄 ∙ 𝑀𝑃

𝐸𝐼

𝐿

0

𝑑𝑥 

𝑄 ∙ 𝛿𝐶 =  ∫
(0.5𝑥)(34.333𝑥 − 11.22𝑥2)

𝐸𝐼
𝑑𝑥

1.53

0

+ ∫
(1.53 − 0.5𝑥)(34.333𝑥 − 11.22𝑥2)

𝐸𝐼
𝑑𝑥

3.06

1.53



𝑄 ∙ 𝛿𝐶 =  
1

𝐸𝐼
[∫ 17.167𝑥2 − 5.61𝑥3 𝑑𝑥

1.53

0

]

+
1

𝐸𝐼
[ ∫ 52.529𝑥 − 17.167𝑥2 − 17.167𝑥2 + 5.61𝑥3 𝑑𝑥

3.06

1.53

] 

𝑄 ∙ 𝛿𝐶 =  
1

𝐸𝐼
[5.722𝑥3 − 1.403𝑥4]0

1.53 +
1

𝐸𝐼
[26.265𝑥2 − 11.444𝑥3 + 1.403𝑥4]1.53

3.06

𝑄 ∙ 𝛿𝐶 =  
1

𝐸𝐼
[12.809]

+
1

𝐸𝐼
[(245.93 − 327.90) + 122.967) − (61.483 − 40.988 + 7.685)] 

(1) ∙ 𝛿𝐶 =  
1

𝐸𝐼
[12.809] +

1

𝐸𝐼
[12.817] 

𝛿𝐶 =  
25.626 𝑘𝑁 ∙ 𝑚3

𝐸𝐼𝑏𝑒𝑎𝑚

𝛿𝐶 =  
𝑠𝑝𝑎𝑛

300
 

𝛿𝐶 =  
3060𝑚𝑚

300
= 10.2𝑚𝑚

(10.2𝑚𝑚) =  
25.626 𝑘𝑁 ∙ 𝑚3

(200,000 
𝑁

𝑚𝑚2)(𝐼𝑏𝑒𝑎𝑚)

𝐼𝑏𝑒𝑎𝑚 =  
2.5626𝑥1013 𝑁 ∙ 𝑚𝑚3

(200,000 
𝑁

𝑚𝑚2)(10.2𝑚𝑚)

𝐼𝑏𝑒𝑎𝑚 =  1.256𝑥107𝑚𝑚4 

𝐼𝑏𝑒𝑎𝑚 =  1884 𝑐𝑚4 



 

⟲+    ∑𝑀𝐴 = 0 = 1 𝑘𝑁 ∙ 𝑚 + (𝐵𝑦 × 3.06 𝑚) 

𝐵𝑦 = −0.327 𝑘𝑁 = 0.327 𝑘𝑁 ↓

↑+    ∑𝐹𝑦 = 0 = −0.327 𝑘𝑁 + 𝐴𝑦

𝐴𝑦 = 0.327 𝑘𝑁 ↑



⟲+    ∑𝑀𝑐𝑢𝑡 = 0 = 1 𝑘𝑁 ∙ 𝑚 − 𝑀𝑄(𝑥) + (−0.327𝑥) 

𝑀𝑄(𝑥) = 1 − 0.327𝑥

⟲+    ∑𝑀𝑐𝑢𝑡 = 0 = 1 𝑘𝑁 ∙ 𝑚 − 𝑀𝑄(𝑥) + (−0.327𝑥) 

𝑀𝑄(𝑥) = 1 − 0.327𝑥

⟲+    ∑𝑀𝑐𝑢𝑡 = 0 = (−22.44
𝑘𝑁

𝑚
∙ 𝑥 ∙

𝑥

2
) + (34.33 𝑘𝑁 ∙ 𝑥) − 𝑀𝑃(𝑥) 

𝑀𝑃(𝑥) = 34.33𝑥 − 11.22𝑥2



⟲+    ∑𝑀𝑐𝑢𝑡 = 0 = (−22.44
𝑘𝑁

𝑚
∙ 𝑥 ∙

𝑥

2
) + (34.33 𝑘𝑁 ∙ 𝑥) − 𝑀𝑃(𝑥) 

𝑀𝑃(𝑥) = 34.33𝑥 − 11.22𝑥2

𝑄 ∙ P =  ∑ ∫
𝑀𝑄 ∙ 𝑀𝑃

𝐸𝐼

𝐿

0

𝑑𝑥

𝑄 ∙ P =  ∫
(1 − 0.3268𝑥)(34.333𝑥 − 11.22𝑥2)

𝐸𝐼
𝑑𝑥

1.53

0

+ ∫
(1 − 0.3268𝑥)(34.333𝑥 − 11.22𝑥2)

𝐸𝐼
𝑑𝑥

3.06

1.53

𝑄 ∙ P =  
1

𝐸𝐼
[∫ 34.333𝑥 − 11.22𝑥2 − 11.22𝑥2 + 3.667𝑥3 𝑑𝑥

1.53

0

]

+
1

𝐸𝐼
[ ∫ 34.333𝑥 − 11.22𝑥2 − 11.22𝑥2 + 3.667𝑥3 𝑑𝑥

3.06

1.53

]

𝑄 ∙ P =  
1

𝐸𝐼
[17.167𝑥2 − 7.48𝑥3 + 0.917𝑥4]0

1.53

+
1

𝐸𝐼
[17.167𝑥2 − 7.48𝑥3 + 0.917𝑥4]1.53

3.06

𝑄 ∙ P =  
1

𝐸𝐼
[18.418] +

1

𝐸𝐼
[26.801 − 18.418]

(1 𝐾𝑁) ∙ P =  
26.800 𝐾𝑁2 ∙ 𝑚3

(200 
𝑘𝑁

𝑚𝑚2)(2.004𝑥107𝑚𝑚4)
∙

1000

(1𝑥109)(1𝑥10−3)4

P =  6.687𝑥10−3 𝑟𝑎𝑑

 



Mmid ∙

Vmid

c

E



𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑡𝑟𝑒𝑠𝑠 =
𝑀𝑐

𝐼

𝐵 =
(26264700 𝑁𝑚𝑚)(100𝑚𝑚)

2.004𝑥107𝑚𝑚4

𝐵 = 131.06 𝑀𝑃𝑎

𝑆ℎ𝑒𝑎𝑟 𝑆𝑡𝑟𝑒𝑠𝑠 =
𝑉𝑄

𝐼𝑡

𝜏𝑥𝑦 = 0 𝑘𝑁

𝜏𝑥𝑦 = 𝜏𝑥𝑧 = 𝜏𝑧𝑦 = 0 𝑘𝑁

𝑦 = 𝑧 = 0 𝑘𝑁

𝑥 = 131.06 𝑀𝑃𝑎

1 =
𝑥 + 𝑦

2
+ √(

𝑥 − 𝑦

2
)

2

+ 𝜏𝑥𝑦
2

1 =
(131.06) + (0)

2
+ √(

131.06 − 0

2
)

2

+ (0)2

1 = 131.06 𝑀𝑃𝑎

2 =
𝑥 + 𝑦

2
− √(

𝑥 − 𝑦

2
)

2

+ 𝜏𝑥𝑦
2

2 =
(131.06) + (0)

2
+ √(

131.06 − 0

2
)

2

+ (0)2

2 = 0 𝑀𝑃𝑎



 

𝜏𝑚𝑎𝑥 𝑖𝑛−𝑝𝑙𝑎𝑛𝑒 = √(
𝑥 − 𝑦

2
)

2

+ 𝜏𝑥𝑦
2

𝜏𝑚𝑎𝑥 𝑖𝑛−𝑝𝑙𝑎𝑛𝑒 = √(
131.06 − 0

2
)

2

+ (0)2

𝜏𝑚𝑎𝑥 𝑖𝑛−𝑝𝑙𝑎𝑛𝑒 = 65.53 𝑀𝑃𝑎

𝜏𝑚𝑎𝑥 𝑜𝑢𝑡−𝑝𝑙𝑎𝑛𝑒 = −65.53 𝑀𝑃𝑎

 

𝑦
2 ≥ 1

2 + 2
2 − 12

1 = 131.06 𝑀𝑃𝑎

2 = 0 𝑀𝑃𝑎

𝑦 = 350 𝑀𝑃𝑎

(350)2 ≥ (131.06)2 + (0)2 − (131.06)(0)

122500 𝑀𝑃𝑎2 ≥ 17176.72 𝑀𝑃𝑎2

 



 

 

 

 

 







 

𝐿 =  √32 + 2.22

𝐿 =  3.720𝑚



𝜃 = tan−1
3

2.2
𝜃 = 53.75°

𝐹𝐴𝑥𝑖𝑎𝑙 = 𝐹 =
𝐹𝑦

cos(90° − 𝜃)
=

343.33 𝑘𝑁

cos 36.25
= 425.733 𝑘𝑁

𝐹𝑥 = 𝐹 cos 𝜃 = (580.626 𝑘𝑁) cos 53.75° = 251.740 𝑘𝑁

𝑃𝑐𝑟 = 𝐹 × 𝐹. 𝑆.

𝑃𝑐𝑟 = 425.733 × 1.5

𝑃𝑐𝑟 = 638.599 𝑘𝑁

𝑃𝑐𝑟 =
𝜋2𝐸𝐼

(𝑘𝐿)2

(638 599 𝑁) =
𝜋2(17 000 𝑀𝑃𝑎)(𝐼)

(0.7  3720𝑚𝑚)2

𝐼 = 2.581 × 107𝑚𝑚4



 

𝐺 = 343.33 × 2

𝐺 = 686.66 𝑘𝑁

𝑃𝑐𝑟 = 𝐺 × 𝐹. 𝑆.

𝑃𝑐𝑟 = 686.66 𝑘𝑁 × 1.5

𝑃𝑐𝑟 = 1029.99 𝑘𝑁

𝑃𝑐𝑟 =
𝜋2𝐸𝐼

(𝑘𝐿)2 

(1 029 990 𝑁) =
𝜋2(17 000 𝑀𝑃𝑎)(𝐼)

(0.5 × 2800𝑚𝑚)2  

𝐼 = 1.203 × 107𝑚𝑚4



 

𝐼 =
𝑤𝑎

4

12

(2.581 × 107) =
𝑤𝑎

4

12
𝑤𝑎 = 132.7 𝑚𝑚

𝐼 =
𝑤𝑏

4

12

(1.203 × 107) =
𝑤𝑎

4

12
𝑤𝑏 = 109.6 𝑚𝑚

𝑓𝑐
′ =

𝑃𝑐𝑟

𝐴

50 𝑀𝑃𝑎 =
638.599 𝑘𝑁

𝑤𝑎
2

𝑤𝑎 = 113.0 𝑚𝑚

𝑓𝑐
′ =

𝑃𝑐𝑟

𝐴

50 𝑀𝑃𝑎 =
1029.99 𝑘𝑁

𝑤𝑏
2

𝑤𝑏 = 143.5 𝑚𝑚

 





 



 




