
Example: Portal frame with hinge

Objective: Analyze a statically determinate structure with more than three support reactions. 

Free body diagrams:

The figure above shows a total of six unknown forces. We can set up three equilibrium equations 
for each part of the structure, for a total of six equations. They are shown on the next page, for 
reference:
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Left part :

= Ex = F + Rax + N = 0

IFy
= Ray -V

=
0

ZMA = F . H + Vi - E + NiH = 0

Right part :

2 x = REx - Nc
= 0

2 Fy = Rey + V =
0

=> M = = Vi - E - Nc
. H = 0

on
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gquat's for that entire
t
structure :

& Fx = F + Rax + Rex
= 0

&

Fy = Ray + Ray
= 0



Solving the equations on the previous page simultaneously is a viable option. However, for hand 
calculations, we may want to observe horizontal and vertical equilibrium for the two parts first, 
without explicitly setting up the equations. Suppose we let the support reactions at E serve as the 
primary unknowns:

Two moment equilibrium equations:
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unknowns now !

① IMA = F . H-Rey . - RexH = 0

② IME = REx - H-Rey = 0

② REx= Riy : It

① Rey= - Rex=-* Ry



Put those values onto the previous figure:

Resulting bending moment diagram drawn on the tension side:

(Simply draw straight lines between the calculated values.)
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M = I . F . z = E . H similar here .

↳ Do farce
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