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Worked Example 1
Truss Pin-Jointed Structure (From 1617 Exam Paper)



Labelling the Structure & Force Calculation
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Section BD has been removed from the 
diagram as there is no force in this member. 

Forces are in equilibrium; therefore, force polygons can be used. Drawing a force polygon for the force applied at C:
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From geometry, it can be seen that this is an equilateral triangle.
Therefore,

𝑎 = 𝐹
and resolving onto CD:

cos 45 =
𝐹
𝑏

∴ 𝑏 =
𝐹

cos 45 = 2𝐹



Critical Loads
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Using the results from the force polygon to draw a free body diagram at joint C:
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Critical load in member AC: 𝑃!"# =
𝜋$𝐸𝐼
𝐿"#$

= 𝐹 ∴ 𝐹 =
𝜋$𝐸𝐼
𝐿"#$

=
𝜋$𝐸𝐼

2
$ =

𝝅𝟐𝑬𝑰
𝟐

Critical load in member CD: 𝑃!#& =
𝜋$𝐸𝐼
𝐿#&$

= 2𝐹 ∴ 𝐹 =
𝜋$𝐸𝐼

2𝐿#&
$ =

𝜋$𝐸𝐼
2×2$

=
𝝅𝟐𝑬𝑰
𝟒 𝟐



Critical Loads

A B

C

1

1 1

D
!

Free body diagram at joint A:
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Vertical equilibrium gives: 𝐹𝑠𝑖𝑛 45 = 𝑃"&𝑠𝑖𝑛 45

∴ 𝑃"& = 𝐹

Horizontal equilibrium gives: 𝑃"' = 𝐹𝑐𝑜𝑠 45 + 𝑃"&𝑐𝑜𝑠 45

∴ 𝑃"' = 𝐹𝑐𝑜𝑠 45 + 𝐹𝑐𝑜𝑠 45 ∴ 𝑃"' = 2𝐹

The FBD can therefore be redrawn as:
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Critical load in member AB: 𝑃!"' =
𝜋$𝐸𝐼
𝐿"'$

= 2𝐹 ∴ 𝐹 =
𝜋$𝐸𝐼

2𝐿"'
$ =

𝜋$𝐸𝐼
2×1$

=
𝝅𝟐𝑬𝑰
𝟐

Critical load in member AD: 𝑃!"& =
𝜋$𝐸𝐼
𝐿"&$

= 𝐹 ∴ 𝐹 =
𝜋$𝐸𝐼
𝐿"&$

=
𝜋$𝐸𝐼

2
$ =

𝝅𝟐𝑬𝑰
𝟐



Critical Member
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! Critical load in member AB: 𝐹 =

𝜋$𝐸𝐼
2

Critical load in member AC:

Critical load in member AD:

Critical load in member CD:

𝐹 =
𝜋$𝐸𝐼
2

𝐹 =
𝜋$𝐸𝐼
2

𝐹 =
𝜋$𝐸𝐼
4 2

Therefore, since members AB and AC are in tension, these will not fail due to buckling. Of the other two members, which
are both under compression and therefore potentially subject to buckling, member CD requires the smallest force to
cause buckling and so is the most critical member due to buckling.


