
 

 

 

 

 

Yield Line Mechanism (Deformation from Virtual Rotation) Yield Line Mechanism 

Section Cut (At Lower Bolts) 

Section Cut (Side) 



 

 
Yield Line Analysis 
 
Internal Work = External Work 
 
External Work 
 
Internal Work 
 
 
 
Determine Angles of Yield Line 
Mechanism 
 
 
 
 
 
 
 
 

 
 
 

∑𝑊 = ∑𝑊 
 

∑𝑊 = 𝑀𝜃 
 

∑𝑊 = ∑(𝑚𝑙𝜃) 
 
 
 

𝜃 =
𝛿

ℎ
=

𝛿ଵ

ℎଵ
 

 
∴ 𝛿 = 𝜃ℎ 𝛿ଵ = 𝜃ℎଵ 

 
 

𝛿

𝑝,
=

ℎ

𝑝,
𝜃

𝛿ଵ

𝑝,
=

ℎଵ

𝑝,
𝜃 

𝛿ଵ

𝑠
=

ℎଵ

𝑠
𝜃

𝛿ଵ

𝑔
2

=
2ℎଵ

𝑔
𝜃 

 



 
Area ❶ 
 
 
 
 
 
 
 
 
 
 
 
 
 
Factor out 𝑚𝜃 
 
Grouping 

ଶ
 terms 

Grouping 
ଶ

 terms 
 
 
 
 
 
Area ❷ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Factor out 𝑚𝜃 
 
 
 
 
 
Grouping ଶ


 terms 

 
 
 
 
 

 

Segment ①: 𝑊① = 𝑚 ቀ


ଶ
ቁ ቀ

ఋభ

௦
ቁ = 𝑚 ቀ



ଶ
ቁ ቀ

భ

௦
ቁ 𝜃   

 
Segment ②: 𝑊② = 𝑚 ቀ



ଶ
−



ଶ
ቁ ቀ

ఋభ

௦
ቁ = 𝑚 ቀ



ଶ
−



ଶ
ቁ ቀ

భ

௦
ቁ 𝜃 

 

Segment ③: 𝑊③ = 𝑚 ቀ


ଶ
ቁ ቀ

ఋభ

௦
ቁ = 𝑚 ቀ



ଶ
ቁ ቀ

భ

௦
ቁ 𝜃 

 
 

∑𝑊❶ = 𝑊① + 𝑊② + 𝑊③ 
 

∑𝑊❶ = 𝑚 ൬
𝑏

2
൰ ൬

ℎଵ

𝑠
൰ 𝜃 + 𝑚 ൬

𝑏

2
−

𝑔

2
൰ ൬

ℎଵ

𝑠
൰ 𝜃 + 𝑚 ቀ

𝑔

2
ቁ ൬

ℎଵ

𝑠
൰ 𝜃 

 

∑𝑊❶ = 𝑚𝜃 ൬
𝑏

2
൰ ൬

ℎଵ

𝑠
൰ + ൬

𝑏

2
−

𝑔

2
൰ ൬

ℎଵ

𝑠
൰ + ቀ

𝑔

2
ቁ ൬

ℎଵ

𝑠
൰൨ 

 

∑𝑊❶ = 𝑚𝜃 ൬
𝑏

2
൰ ൬

ℎଵ

𝑠
+

ℎଵ

𝑠
൰ + ቀ

𝑔

2
ቁ ൬

ℎଵ

𝑠
−

ℎଵ

𝑠
൰൨ 

 

∑𝑊❶ = 𝑚𝜃 ൬
𝑏

2
൰ ൬

2ℎଵ

𝑠
൰൨ 

 
 

 

Segment ③: 𝑊③ = 𝑚(𝑠) ൬
ఋభ


మ

൰ = 𝑚(𝑠) ቀ
ଶభ


ቁ 𝜃 

 

Segment ④: 𝑊④ = 𝑚൫𝑠 + 𝑝,൯ ൬
ఋభ


మ

൰ = 𝑚൫𝑠 + 𝑝,൯ ቀ
ଶభ


ቁ 𝜃 

 

Segment ⑤: 𝑊⑤ = 𝑚൫𝑝,൯ ൬
ఋభ


మ

൰ = 𝑚൫𝑝,൯ ቀ
ଶభ


ቁ 𝜃 

 
 

∑𝑊❷ = 𝑊③ + 𝑊④ + 𝑊⑤ 
 

∑𝑊❷ = 𝑚(𝑠) ൬
2ℎଵ

𝑔
൰ 𝜃 + 𝑚൫𝑠 + 𝑝,൯ ൬

2ℎଵ

𝑔
൰ 𝜃 + 𝑚൫𝑝,൯ ൬

2ℎଵ

𝑔
൰ 𝜃 

 

∑𝑊❷ = 𝑚𝜃 (𝑠) ൬
2ℎଵ

𝑔
൰ + ൫𝑠 + 𝑝,൯ ൬

2ℎଵ

𝑔
൰ + ൫𝑝,൯ ൬

2ℎଵ

𝑔
൰൨ 

 

∑𝑊❷ = 𝑚𝜃 (𝑠) ൬
2ℎଵ

𝑔
൰ + ൫𝑠 + 𝑝,൯ ൬

2ℎଵ

𝑔
൰ + ൫𝑝,൯ ൬

2ℎଵ

𝑔
൰൨ 

 

∑𝑊❷ = 𝑚𝜃 ൬
2

𝑔
൰ (ℎଵ)൫𝑠 + 𝑠 + 𝑝, + 𝑝,൯൨ 

 

∑𝑊❷ = 𝑚𝜃 ൬
2

𝑔
൰ (ℎଵ)൫2𝑠 + 2𝑝,൯൨ 

 



 
 
Area ❸ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Factor out 𝑚𝜃 
 
 
Grouping 

ଶ
 terms 

Grouping 
ଶ

 terms 
 
 
 
 
 
Area ❹ 
 
 
 
 
 
 
 
 
 
 
 
Factor out 𝑚𝜃 
 
 
 
Grouping 𝑏 terms 
 
 
 
 
 
 
 
 

 
 

Segment ②: 𝑊② = 𝑚 ቀ


ଶ
−



ଶ
ቁ ൬

ఋభ

,
൰ = 𝑚 ቀ



ଶ
−



ଶ
ቁ ൬

భ

,
൰ 𝜃 

 

Segment ⑤: 𝑊⑤ = 𝑚 ቀ


ଶ
ቁ ൬

ఋభ

,
൰ = 𝑚 ቀ



ଶ
ቁ ൬

భ

,
൰ 𝜃 

 

Segment ⑥: 𝑊⑥ = 𝑚 ቀ


ଶ
ቁ ൬

ఋభ

,
൰ = 𝑚 ቀ



ଶ
ቁ ൬

భ

,
൰ 𝜃 

 
 

∑𝑊❸ = 𝑊② + 𝑊⑤ + 𝑊⑥ 
 

∑𝑊❸ = 𝑚 ൬
𝑏

2
−

𝑔

2
൰ ቆ

ℎଵ

𝑝,
ቇ 𝜃 + 𝑚 ቀ

𝑔

2
ቁ ቆ

ℎଵ

𝑝,
ቇ 𝜃 + 𝑚 ൬

𝑏

2
൰ ቆ

ℎଵ

𝑝,
ቇ 𝜃 

 

∑𝑊❸ = 𝑚𝜃 ቈ൬
𝑏

2
−

𝑔

2
൰ ቆ

ℎଵ

𝑝,
ቇ + ቀ

𝑔

2
ቁ ቆ

ℎଵ

𝑝,
ቇ + ൬

𝑏

2
൰ ቆ

ℎଵ

𝑝,
ቇ 

 

∑𝑊❸ = 𝑚𝜃 ቈ൬
𝑏

2
൰ ቆ

ℎଵ

𝑝,
+

ℎଵ

𝑝,
ቇ + ቀ

𝑔

2
ቁ ቆ

ℎଵ

𝑝,
−

ℎଵ

𝑝,
ቇ 

 

∑𝑊❸ = 𝑚𝜃 ቈ൬
𝑏

2
൰ ቆ

2ℎଵ

𝑝,
ቇ 

 
 

Segment ⑦: 𝑊⑦ = 𝑚(𝑏) ൬
ఋబ

,
൰ = 𝑚(𝑏) ൬

బ

,
൰ 𝜃 

 

Segment ⑧: 𝑊⑧ = 𝑚(𝑏) ൬
ఋబ

,
− 𝜃൰ = 𝑚(𝑏) ൬

బ

,
− 1൰ 𝜃 

 
 

∑𝑊❹ = 𝑊⑦ + 𝑊⑧ 
 

∑𝑊❹ = 𝑚(𝑏) ቆ
ℎ

𝑝,
ቇ 𝜃 + 𝑚(𝑏) ቆ

ℎ

𝑝,
− 1ቇ 𝜃 

 

∑𝑊❹ = 𝑚𝜃 ቈ(𝑏) ቆ
ℎ

𝑝,
ቇ + (𝑏) ቆ

ℎ

𝑝,
− 1ቇ 

 

∑𝑊❹ = 𝑚𝜃 ቈ(𝑏) ቆ
ℎ

𝑝,
+

ℎ

𝑝,
− 1ቇ 

 

∑𝑊❹ = 𝑚𝜃 ቈ(𝑏) ቆ
2ℎ

𝑝,
− 1ቇ 

 
 
 
 



 
Sum of Internal Work 
 
 
 
 
Factor out 2𝑚𝜃 
 
Grouping 

ଶ
 terms 

Grouping ଶ


 terms 

 
 
 
 
 
Equate External Work to 
Internal Work 
 
 
 
 
 
 
 
 
 
Set 𝑀 = 𝑀 
 

Set 𝑚 =
௧మி

ସ
 

 
Set 𝑏 = 𝑏 
 
 
 
 
Rearranging terms 
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4.2. Equation (for Four-Bolt 
Extended Unstiffened 
Moment End-Plate) 
 
 

 
∑𝑊 = 2𝑊❶ + 2𝑊❷ + 2𝑊❸ + 𝑊❹ 

 

∑𝑊 = 2𝑚𝜃 ൬
𝑏

2
൰ ൬

2ℎଵ

𝑠
൰൨ + 2𝑚𝜃 ൬

2

𝑔
൰ (ℎଵ)൫2𝑠 + 2𝑝,൯൨ + 2𝑚𝜃 ቈ൬

𝑏

2
൰ ቆ

2ℎଵ

𝑝,
ቇ + 𝑚𝜃 ቈ(𝑏) ቆ

2ℎ

𝑝,
− 1ቇ 

 

∑𝑊 = 2𝑚𝜃 ቈ൬
𝑏

2
൰ ൬

2ℎଵ

𝑠
൰ + ൬

2

𝑔
൰ (ℎଵ)൫2𝑠 + 2𝑝,൯ + ൬

𝑏

2
൰ ቆ

2ℎଵ

𝑝,
ቇ + ൬

𝑏

2
൰ ቆ

2ℎ

𝑝,
− 1ቇ 

 

∑𝑊 = 2𝑚𝜃 ቈ൬
𝑏

2
൰ ቆ

2ℎଵ

𝑠
+

2ℎଵ

𝑝,
+

2ℎ

𝑝,
− 1ቇ + ൬

2

𝑔
൰ (ℎଵ)൫2𝑠 + 2𝑝,൯ 

 

∑𝑊 = 2𝑚𝜃 ቈ൬
𝑏

2
൰ ቆ2ℎଵ ቆ

1

𝑠
+

1

𝑝,
ቇ + 2ℎ ቆ

1

𝑝,
ቇ − 1ቇ + ൬

2

𝑔
൰ (2ℎଵ)൫𝑠 + 𝑝,൯ 

 
 

 
 

∑𝑊 = ∑𝑊  
 

𝑀𝜃 = 2𝑚𝜃 ቈ൬
𝑏

2
൰ ቆ2ℎଵ ቆ

1

𝑠
+

1

𝑝,

ቇ + 2ℎ ቆ
1

𝑝,

ቇ − 1ቇ + ൬
2

𝑔
൰ (2ℎଵ)൫𝑠 + 𝑝,൯ 

 

𝑀 = 2𝑚 ቈ൬
𝑏

2
൰ ቆ2ℎଵ ቆ

1

𝑠
+

1

𝑝,

ቇ + 2ℎ ቆ
1

𝑝,

ቇ − 1ቇ + ൬
2

𝑔
൰ (2ℎଵ)൫𝑠 + 𝑝,൯ 

 
 
 

𝑀 = 2 ቆ
𝑡ଶ𝐹௬

4
ቇ ቈ൬

𝑏

2
൰ ቆ2ℎଵ ቆ

1

𝑠
+

1

𝑝,

ቇ + 2ℎ ቆ
1

𝑝,

ቇ − 1ቇ + ൬
2

𝑔
൰ (2ℎଵ)൫𝑠 + 𝑝,൯ 

 

𝑀 = ቆ
𝑡ଶ𝐹௬

2
ቇ ቈ൬

𝑏

2
൰ ቆ2ℎଵ ቆ

1

𝑠
+

1

𝑝,

ቇ + 2ℎ ቆ
1

𝑝,

ቇ − 1ቇ + ൬
2

𝑔
൰ (2ℎଵ)൫𝑠 + 𝑝,൯ 

 

𝑀 = ൫𝑡ଶ𝐹௬൯ ቈ൬
𝑏

2
൰ ቆℎଵ ቆ

1

𝑠
+

1

𝑝,

ቇ + ℎ ቆ
1

𝑝,

ቇ −
1

2
ቇ + ൬

2

𝑔
൰ (ℎଵ)൫𝑠 + 𝑝,൯ 

 

𝑀 = ൫𝑡ଶ𝐹௬൯ ቈ൬
𝑏

2
൰ ቆℎଵ ቆ

1

𝑝,

+
1

𝑠
ቇ + ℎ ቆ

1

𝑝,

ቇ −
1

2
ቇ + ൬

2

𝑔
൰ (ℎଵ)൫𝑝, + 𝑠൯ 

 

 
 

𝜙𝑀 = 𝜙𝐹௬ 𝑡
ଶ𝑌 

 

𝑌 =
𝑏

2
ቈℎଵ ቆ

1

𝑝,
+

1

𝑠
ቇ + ℎ ቆ

1

𝑝,
ቇ −

1

2
 +

2

𝑔
ൣℎଵ൫𝑝, + 𝑠൯൧ 

 

𝑠 =
1

2
ට𝑏 𝑔 

 
 


