
Unit Load Method
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Proof of Unit Load Method
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Application of Unit Load Method to Beam Deflection

Aerospace Structures7



Aerospace Structures8



Aerospace Structures9



Aerospace Structures10



Aerospace Structures11



Deflection by Unit Load 
Method
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Deflection by Unit Load Method

⚫This method is applicable to beam and rigid frame 

where only flexural effect is considered.

⚫In the analysis, the effect of axial force and shear forces 

are neglected.

⚫The deflection at any point can be find out by:

∆

Where, M = Bending moment at the section due to the external forces

m = Bending moment at the section due to unit loading

E = Modulus of Elasticity

I = Moment of Inertia of the section
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Q1. Determine the deflection at the free end of the over hanging beam shown 

in Figure by unit load method.

Figure 1: Beam with unit load at ‘C’
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⚫ Find out the reactions due to external forces, taking moment about A

⚫ Find out the reactions, when unit load acting at ‘C’

⚫Taking sagging moment as positive and hogging moment as
negative, find out the expressions for moments in various
portions of the beam due to external loading and unit force
where the deflection is to be determined in a Tabular form.
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Q2. Determine the deflection and rotation at the free end of the cantilever

beam shown in Figure by unit load method. Given E = 200000 N/mm2 and

I = 12 × 106 mm4

⚫ Find out the deflection and rotation at the free end of the cantilever beam,

apply unit load for deflection and unit moment for rotation at the free end of

the beam as shown in Figure.

Figure 1: Beam with unit vertical load at ‘C’
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Figure 2: Beam with unit moment at ‘C’

⚫ The bending moment expressions can be calculated by

⚫ M for external given load, m1 for unit vertical load at ‘C’ and m2 for unit 

moment at ‘C’ for various portion of cantilever beam and tabulated below.
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Vertical deflection at ‘C’ =
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Rotation at ‘C’ =
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Q3. Determine the vertical and horizontal

deflection at the free end of the bent

shown in Figure by unit load method.

Assume uniform flexural rigidity EI

throughout.

Figure 1: Frame with unit vertical load at ‘E’

Figure 2: Frame with unit horizontal load at ‘E’GCEK, Bhawanipatna10 Aerospace Structures76



⚫ Find out the expressions in Tabular form for moment ‘M’ due to

external loads, m1 due to the unit vertical load present at the free

end (Figure 1) and m2 due to the unit horizontal load present at the

free end (Figure 2) of the bent.

Note: Moment carrying tension on dotted side is taken as positive
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Vertical deflection at ‘E’ = ∆EV
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Horizontal Deflection at ‘E’ = ∆EH
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Q4. Determine the vertical

deflections at A and C in the frame

shown in Figure by unit load

method. Take E = 200 GPa, I =

150 × 104 mm4.

Figure 1: Frame with unit vertical lod at ‘A’

Figure 2: Frame with unit vertical load at ‘C’GCEK, Bhawanipatna14 Aerospace Structures80



⚫ The bending moment expressions for ‘M’ due to given load, m1 due to unit 

vertical load at A and m2 due to unit vertical load at C are Tabulated below.

Vertical deflection at A = ∆A
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