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Conjugate Beam Method 

Theorem I: The Rotation in Beam is Equal to The Shear in Conjugate Beam. 

θReal Beam =  V Conjugate Beam 

Theorem I: The Deflection in Real Beam is The Moment in Conjugate Beam. 

ΔReal Beam =  M Conjugate Beam 

 

  



Structural Analysis: by Dr. Salam Salman Chiad, Asst. Prof. Feras Saiid                                                                  2024 

 

2024                                               Structural Analysis: by Dr. Salam Salman Chiad, Asst. Prof. Feras Saiid  

 

 

 

 

 

 

 

 

 

 

 

 

  



Structural Analysis: by Dr. Salam Salman Chiad, Asst. Prof. Feras Saiid                                                                  2024 

 

2024                                               Structural Analysis: by Dr. Salam Salman Chiad, Asst. Prof. Feras Saiid  

 

A1 X1 A2 X2 

𝑏 ℎ
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𝑏 

𝑛 + 2
 

𝑛 𝑏 ℎ

𝑛 + 1
 (

𝑛+3

2
) . X1 

 

n = Equation Degree 

If Applied Load is: 

1. Concentrated, the Equation Degree for Moment , n =1 

2. Distributed Load, the Equation Degree for Moment ,  n=2 

3. Triangle Load, the Equation Degree for Moment , n=3 
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Example: Find the Rotation and Deflection at point B in Cantilever Beam Below 

by Using the Conjugate Beam Method. 

Solution:  

o ∑ Fy = 0 ↑  

Ay - 3 = 0  

Ay  = 3 kN ↑ 

 

o ∑ MA = 0  ⟳ 

3 * 3 – MA  = 0  

MA = 9 kN.m ⟲ 

 

Finding VB & MB 

o ∑ Fy = 0 ↑  

1

2 
 * 3 * 

9

𝐸 𝐼
 - VB = 0 

VB = 
13.5

𝐸 𝐼
 

θB = 
13.5

𝐸 𝐼
 

o ∑ MB = 0  ⟳ 

( 
1

2 
 * 3 * 

9

𝐸 𝐼
 ) *( 

2

3 
 * 3) - MB = 0  

MB = 
27

𝐸 𝐼
 

Δ B = 
27

𝐸 𝐼
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Example: Find the Rotation at supports, and  Deflection at C in Simply supported 

Beam Below by Using the Conjugate Beam Method. 

Solution : 

o ∑ MB = 0  ⟳ 

Ay * 10 – 24 * 5 = 0 

Ay = 12 kN ↑ 

o ∑ Fy = 0 ↑  

12 – 24 + By = 0 

By = 12 kN ↑ 

 
Finding VA & VB 

o ∑ MB = 0  ⟳ 

VA * 10 -  ( 
1

2 
 * 5 * 

60

𝐸 𝐼
 ) * ( 5 + 

1

3 
 * 5 ) – 

( 
1

2 
 * 5 * 

60

𝐸 𝐼
 ) * (  

2

3 
 * 5 ) = 0 

VA  = 
150

𝐸 𝐼
  

θA  = 
150

𝐸 𝐼
 

 
o ∑ Fy = 0 ↑  
150

𝐸 𝐼
 - ( 

1

2 
 * 5 * 

60

𝐸 𝐼
 ) - ( 

1

2 
 * 5 * 

60

𝐸 𝐼
 ) + VB = 0 

VB = 
150

𝐸 𝐼
 

θB  = 
150

𝐸 𝐼
  

 
o ∑ MC = 0  ⟳ 

150

𝐸 𝐼
 * 5 - ( 

1

2 
 * 5 * 

60

𝐸 𝐼
 ) * ( 

1

3 
 * 5) - MC = 0  

MC = 
500

𝐸 𝐼
 

Δ C = -  
500

𝐸 𝐼
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  Example: Find the Maximum Deflection at Beam AB Below by Using the 

Conjugate Beam Method. 

Solution : 

o ∑ MA = 0  ⟳ 

8 * 9 – By * 12 = 0 

By = 6 kN ↑ 

o ∑ Fy = 0 ↑  

Ay - 8 + 6 = 0  

Ay = 2 kN ↑ 

 

P1 = 
1

2 
 * 9 * 

18

𝐸 𝐼
 

P1 =  
81

𝐸 𝐼
 

P2 = 
1

2 
 * 3 * 

18

𝐸 𝐼
 

P2 = 
27

𝐸 𝐼
 

 

o ∑ MA = 0  ⟳ 
81

𝐸 𝐼
 * 6 + 

27

𝐸 𝐼
 * ( 6 + 3 + 1) – VB * 12 = 0 

VB = 
63

𝐸 𝐼
 

θB = 
63

𝐸 𝐼
 

 

o ∑ Fy = 0 ↑  

VA - 
81

𝐸 𝐼
 - 

27

𝐸 𝐼
 + 

63

𝐸 𝐼
 = 0 

 VA = 
45

𝐸 𝐼
 

θA = 
45

𝐸 𝐼
 

𝑤

𝑥
 = 

18

𝐸 𝐼

9
 

w = 
2 𝑥 

𝐸 𝐼
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P 3 = 
1

2 
 * x * w 

P 3 = 
1

2 
 * x * 

2 𝑥 

𝐸 𝐼
 

P 3 =  
 𝑥2 

𝐸 𝐼
 

 

∵  x @  Maximum Deflection , 

∴ θx = 0 , VX = 0 

o ∑ Fy = 0 ↑  

VA - 
 𝑥2 

𝐸 𝐼
 - VX = 0 

45

𝐸 𝐼
 - 

 𝑥2 

𝐸 𝐼
 - 0 = 0  

x = 6.71 m ,  0 ≤ 𝑥 ≤ 9 ,  O.K 

 

∵ Δ max  = MX 

o ∑ Mx = 0  ⟳ 

45

𝐸 𝐼
 * x  - 

 𝑥2 

𝐸 𝐼
 * ( 

1

3
 * x ) - MX = 0 

45

𝐸 𝐼
 * 6.71   - 

 6.71 2 

𝐸 𝐼
 * ( 

1

3
 * 6.71  ) - MX = 0 

MX = 
201.2

𝐸 𝐼
 

Δ max  = -  
201.2

𝐸 𝐼
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4 kN

S.F.D

B.M.D

12 kN.m

C.B.

 12 
EI

A CB

3 m3 m

 12 
EI

A B

3 m

M B

VB

Example: By using Conjugate Beam for AC beam Determine  

1. Deflection and Slope at B 

2. Maximum Deflection  

3. Slope at C. 

 

 

 

Solution 

o ∑ Fy = 0 ↑ 

Ay = 4 kN ↑ 

 

o ∑ MA = 0  ⟳ 

4 * 3 - MA = 0 

MA = 12 kN.m ↺ 

 

 

 

 

1. 

✓ θB 

o ∑ Fy = 0 ↑ 

 
1

2
 * 3 * 

 12 

𝐸 𝐼
 - VB = 0  

VB = 
 18 

𝐸 𝐼
  

θB = 
 18 

𝐸 𝐼
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C.B.

 12 
EI

M c

VC

A CB

3 m3 m

C.B.

 12 
EI

M c

VC

A CB

3 m3 m

 12 
EI

A B

3 m

M B

VB

✓ ΔB 

o ∑ MB = 0  ⟳ 

1

2
 * 3 * 

 12 

𝐸 𝐼
 * ( 

2

3
 *3 ) – MB = 0  

MB = 
 36 

𝐸 𝐼
 

ΔB = 
 36 

𝐸 𝐼
 

 

 

 

2.ΔMAX 

✓ ∑ MC = 0  ⟳ 

1

2
 * 3 * 

 12 

𝐸 𝐼
 * ( 

2

3
 *3 + 3)  - MC = 0  

MC = 
90  

𝐸 𝐼
 

ΔMAX = 
90  

𝐸 𝐼
 

  

3.θC 

✓ ∑ Fy = 0 ↑ 

 
1

2
 * 3 * 

 12 

𝐸 𝐼
 – VC = 0  

VC = 
 18 

𝐸 𝐼
  

θC = 
 18 

𝐸 𝐼
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A B C

20 kN 10 kN

3 m 3 m 3 m

  2 E I   E I

S.F.D

B.M.D

C B

15 kN

30 kN

15
E I

30
E I

7.5
E I

A B C

3 m 3 m 3 m

5 kN
10 kN

Example : Determine the Deflection and Rotation at C for Beam Below : 

Solution 

 

 

 

 

 

 

∑ MA = 0  ⟳ 

20*3 – By*6 + 10*9=0 

By  = 25 kN ↑ 

 

∑ Fy = 0 ↑ 

25 + Ay – 20 -10 = 0  

Ay = 5 kN ↑ 
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30
E I

B C

3 m

M c

C y

B y

15
E I

7.5
E I

A B

3 m 3 m

ByAy

Member AB 

o ∑ MA = 0  ⟳ 

{0.5 * 3 *  
 7.5 

𝐸 𝐼
 }* 2 + { 0.5 * 1 *  

 7.5 

𝐸 𝐼
 } * ( 3 +  

 1 

3
 * 1) - 0.5 * 2 * 

 15 

𝐸 𝐼
 * ( 4 + 

 2 

3
 * 

2 ) + By * 6 = 0  

By = 
 7.5 

𝐸 𝐼
 kN ↓ 

 

 

 

 

 

 

 

Member BC 

 

o ∑ Fy = 0 ↑ 

 7.5 

𝐸 𝐼
 + { 0.5 * 3 *  

 30 

𝐸 𝐼
 } - Cy = 0 

Cy = 
 52.5 

𝐸 𝐼
 

θc = 
 52.5 

𝐸 𝐼
 

 

o ∑ MC = 0  ⟳ 
 7.5 

𝐸 𝐼
 * 3 + { 0.5 * 3 *  

 30 

𝐸 𝐼
 } * 2 - MC = 0 

MC = 
 112.5 

𝐸 𝐼
 

Δ C = 
 112.5 

𝐸 𝐼
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A BC

30 kN

4 m 2 m

  2 E I   2 E I

2 m

A

BC

30 kN

4 m

2 m

  2 E I

  2 E I
2 m

By = 15 kNCy = 15 kN

Ay = 15 kN

MA

15 kN

 Example : Determine the Deflection and Rotation at C for Beam Below by using 

Conjugate Beam: 

Solution 
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A BC

30 kN

4 m 2 m

  2 E I   2 E I

2 m

15 kN

15 kN

60 kN

30 kN

BCA

30 
E I

15
E I

S.F.D

B.M.D

C B

ByC y

4 m 2 m 2 m

 

 

 

 

 

 

 

 

 

 

 

 

 

o ∑ MC = 0  ⟳ 

1

2
 * 4 * 

 30 

𝐸 𝐼
 * ( 

2

3
  * 4 )  +  

 ( 
1

2
 * 4 * 

 15 

𝐸 𝐼
 * ( 2 )) - By (4) = 0 

By = 
 55 

𝐸 𝐼
 

θB = 
 55

𝐸 𝐼
  

 

 

 

 

 

o ∑ Fy = 0 ↑ 

- Cy + 
 55

𝐸 𝐼
 + ( 

1

2
 * 4 * 

 30 

𝐸 𝐼
 ) -  ( 

1

2
 * 4 * 

 15 

𝐸 𝐼
 ) = 0 

Cy =   
 85

𝐸 𝐼
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4 m

30 
E I

M c

V c

4 m

30 
E I

M c

V c

Cy = 85
E I

 

Member AC (Before Support  C ) 

 

o ∑ MC = 0  ⟳ 

{ 
1

2
 * 4 * 

 30 

𝐸 𝐼
 } * ( 

2

3
  * 4 )  - MC  = 0 

MC   = 
 160 

𝐸 𝐼
 

ΔC  = 
 160 

𝐸 𝐼
 

 

o ∑ Fy = 0 ↑ 

1

2
 * 4 * 

 30 

𝐸 𝐼
 - VC = 0 

VC = 
 60 

𝐸 𝐼
  

θC ) L = 
 60 

𝐸 𝐼
 

 

Member ACB (After Support  C ) 

o ∑ Fy = 0 ↑ 

1

2
 * 4 * 

 30 

𝐸 𝐼
 - 

 85 

𝐸 𝐼
 - VC = 0 

VC = - 
 25

𝐸 𝐼
  

VC =   
 25

𝐸 𝐼
 ↑ 

θC ) R = 
 25 

𝐸 𝐼
 

 

  


