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Objectives 

• To Derive Stiffness matrix for beam element

• To apply beam analysis using direct stiffness method



Beam





Displacement Function

Boundary conditions



Solving Equation 1 &2



Sign Convention





Stiffness Matrix for the beam element

• K=
𝐸𝐼

𝐿3

12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

−12 −6𝑙
6𝑙 2𝑙2

12 −6𝑙
−6𝑙 4𝑙2



Derived Force ,stiffness and Displacement 
matrix of beam 



Example 

• A beam fixed at one end and supported by a roller at the other end, 
has 20 KN concentrated load applied at the center of the span, as 
shown in the figure determine deflection under the load.



Element 1

• K=
𝐸𝐼

𝐿3

12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

−12 −6𝑙
6𝑙 2𝑙2

12 −6𝑙
−6𝑙 4𝑙2



Element 2

• K=
𝐸𝐼

𝐿3

12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

−12 −6𝑙
6𝑙 2𝑙2

12 −6𝑙
−6𝑙 4𝑙2



Global stiffness matrix





Boundary (Condition and force)

• Boundary condition                                  Boundary force 

• V1=𝜃1 = 0 𝑛𝑜𝑑𝑒 1

• V2 , 𝜃2 =? Node2                                 F=-20 M2=0 

• V3=0                                                             M3=0







k1=
𝐸𝐼

𝑙3

12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

−12 −6𝑙
6𝑙 2𝑙2

12 −6𝑙
−6𝑙 4𝑙2

k2=
𝐸𝐼

𝑙3

12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

−12 −6𝑙
6𝑙 2𝑙2

12 −6𝑙
−6𝑙 4𝑙2



Global Force displacement matrix



Boundary Condition

v1





Local force 



Next Lecture 

• Distributed load beam analysis


