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In many applications of mechanics, the sum of the forces acting on a body is zero, and 

a state of equilibrium exists. This apparatus is designed to hold a car body in 

equilibrium for a wide range of orientations during vehicle production. 
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 Statics deals primarily with the description of the force conditions 

necessary and sufficient to maintain the equilibrium of engineering 

structures. 

 

 When a body is in equilibrium, the resultant of all forces acting on it is 

zero. Thus, the resultant force R and the resultant couple M are both 

zero, and we have the equilibrium equations. 

 

 𝑹 =  𝑭 = 𝟎,             𝑴𝟎 =  𝑭 ∗ 𝒅 = 𝟎 

 

 

3/1 Introduction 

•Resolving each force and moment into its rectangular components leads to 

6 scalar equations which also express the conditions for static equilibrium, 
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 The free-body diagram is the most important single step in the solution 

of problems in mechanics. 

 

 Newton’s third law, which notes the existence of an equal and opposite 

reaction to every action, must be carefully observed. 

 Reactions at Supports and Connections for a Two-

Dimensional Structure 

important 
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important 

important 

important 
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important 

important 
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 Construction of Free-Body Diagrams 

The full procedure for drawing a free-body diagram which isolates a 

body or system consists of the following steps. 

 

 

Step 1. Decide which system to isolate. The system chosen should usually 

involve one or more of the desired unknown quantities. 

 

Step 2. Next isolate the chosen system by drawing a diagram which 

represents its complete external boundary. 

 

Step 3. Identify all forces which act on the isolated system as applied by the 

removed contacting and attracting bodies, and represent them in their proper 

positions on the diagram of the isolated system. 
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First step in the static equilibrium analysis of a 

rigid body is identification of all forces acting on 

the body with a free-body diagram. 

• Select the extent of the free-body and detach it 

from the ground and all other bodies. 

• Include the dimensions necessary to compute 

the moments of the forces. 

• Indicate point of application and assumed 

direction of unknown applied forces.  These 

usually consist of reactions through which the 

ground and other bodies oppose the possible 

motion of the rigid body. 

• Indicate point of application, magnitude, and 

direction of external forces, including the rigid 

body weight. 
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• For all forces and moments acting 

on a two-dimensional structure, 

Ozyxz MMMMF  00

• Equations of equilibrium become 

    000 Ayx MFF

 where A is any point in the plane 

of the structure. 

• The 3 equations can be solved for 

no more than 3 unknowns. 

• The 3 equations can not be augmented 

with additional equations, but they can 

be replaced 

    000 BAx MMF
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• More unknowns than 

equations 

• Fewer unknowns than 

equations, partially 

constrained 

• Equal number unknowns 

and equations but 

improperly constrained 



E
n
g
in

ee
ri

n
g
 M

ec
h
an

ic
s 

I 
(S

ta
ti

cs
)

 

1/22/2017 Sultan Noori AL-Gaisi 

13 

Examples of  

       Free-Body Diagrams 

Free Body Diagrams 
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Ex:- Determine the magnitudes of the forces C and T, which, along with the 

other three forces shown, act on the bridge-truss joint. 

Solution. 

  

 𝑭𝒙 = 0 ,    8 + T 𝐜𝐨𝐬𝟒𝟎  +  C  𝐬𝐢𝐧𝟐𝟎 – 16 = 0 

  

                   0.766 T   +  0.342 C = 8  ……… 𝟏  

  

 𝑭𝒚 = 0   ,   T sin 40 – C 𝐜𝐨𝐬𝟐𝟎 -30 = 0 

 

                     0.643T  –  0.940C = 3  ………. 𝟐  

  

  

Simultaneous solution of Eqs. (1) and (2) produces 

  

           T = 9.09 kN.   ,  C = 3.03 kN. 
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Ex:- Determine the magnitude T of the tension in the supporting cable and the 

magnitude of the force on the pin at A for the jib crane shown. The beam AB is a 

standard 0.5-m I-beam with a mass of 95 kg per meter of length. 
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Ex:- The member shown in Fig. 5–14a is pin-connected at A and rests against a 

smooth support at B. Determine the horizontal and vertical components of reaction at 

the pin A. 
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H.w. 

Q1\ A fixed crane has a mass of 1000 kg 

and is used to lift a 2400 kg crate.  It is 

held in place by a pin at A and a rocker at 

B.  The center of gravity of the crane is 

located at G.  Determine the components 

of the reactions at A and B 

Q2\ Determine the force P required to 

maintain the 200-kg engine in the position 

for which   30. The diameter of the pulley 

at B is negligible. 


