
 

 

 

2019  

ENGINEERING MECHANICS - 

STATICS                                            

CHAPTER-3 

[Equilibrium] 

 يرجى عدم اعادة نشر أو طبع أو أستنساخ هذه الملازم بدون موافقة الناشر 
 

EDITED BY: 
LECTURER ENGINEER: ALI KHALID ALDULAIMY 
eng_ali_khalid@tu.edu.iq 
MECHANICAL ENGINEERING DEPARTMENT 
UNIVERSITY OF TIKRIT 
 



ENGINEERING MECHANICS - STATICS                                            CHAPTER-3 

 

1 
 

 

3/1 INTRODUCTION 

Statics deals primarily with the description of the force conditions necessary and 

sufficient to maintain the equilibrium of engineering structures. We will use the 

concepts of developed in Chapter 2 involving forces, moments, couples, and resultants 

as we apply the principles of equilibrium.  

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   M = M = 0    (3/1) 

All physical bodies are three-dimensional, but we can treat many of them as two-

dimensional. 

3/2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM 

A mechanical system is defined as a body or group of bodies which can be conceptually 

isolated from all other bodies. The bodies may be rigid or nonrigid. In statics we study 

primarily forces which act on rigid bodies at rest, although we also study forces acting 

on fluids in equilibrium. 

To analyze forces acting on a body, it is essential that we isolate the body in question 

from all other bodies so that a complete and accurate account of all forces acting on this 

body can be taken. This isolation should exist mentally and should be represented on 

paper. The diagram of such an isolated body with the representation of all external 

forces acting on it is called a free-body diagram. 

 

Construction of Free-Body Diagrams 

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. 

Step 4. Show the choice of coordinate axes directly on the diagram. Pertinent 

dimensions may also be represented for convenience. 
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Modeling the Action of Forces 
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Examples of Free-Body Diagrams 
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FREE-BODY DIAGRAM EXERCISES 

3/A In each of the five following examples, the body to be isolated is shown in the left-

hand diagram, and an incomplete free-body diagram (FBD) of the isolated body is 

shown on the right. Add whatever forces are necessary in each case to form a complete 

free-body diagram. The weights of the bodies are negligible unless otherwise indicated. 

Dimensions and numerical values are omitted for simplicity. 
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3/B In each of the five following examples, the body to be isolated is shown in the left-

hand diagram, and either a wrong or an incomplete free-body diagram (FBD) is shown 

on the right. Make whatever changes or additions are necessary in each case to form a 

correct and complete free-body diagram. The weights of the bodies are negligible unless 

otherwise indicated. Dimensions and numerical values are omitted for simplicity. 
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3/C Draw a complete and correct free-body diagram of each of the bodies designated 

in the statements. The weights of the bodies are significant only if the mass is stated. 

All forces, known and unknown, should be labeled. (Note: The sense of some reaction 

components cannot always be determined without numerical calculation.). 
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3/3 EQUILIBRIUM CONDITIONS 

Fx =0   Fy = 0   MO = 0 
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Sample Problem 3/1 
Determine the magnitudes of the forces C and T, which, along 

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

Solution. The given sketch constitutes the free-body diagram 

of the isolated section of the joint in question and shows the five 

forces which are in equilibrium. 

Solution I (scalar algebra). For the x-y axes as shown we 

have 

[Fx =0] 8 + T cos 40o + C sin 20 o - 16 = 0    (a) 

0.766T + 0.342C = 8 

 [Fy = 0]     T sin 40 o - C cos 20 o - 3 = 0   (b)  

   0.643T - 0.940C = 3 

Simultaneous solution of Eqs. (a) and (b) produces 

T = 9.09 kN   C = 3.03 kN    Ans. 

Solution II (scalar algebra). To avoid a simultaneous solution, 

we may use axes 

x'-y' with the first summation in the y'-direction to eliminate 

reference to T. Thus, 

[Fy' =0]  -C cos 20 o - 3 cos 40 o - 8 sin 40 o + 16 sin 40 o = 0  

C = 3.03 kN    Ans. 

[Fx' = 0] T + 8 cos 40 o - 16 cos 40 o - 3 sin 40 o - 3.03 sin 20 o = 0 

T = 9.09 kN  Ans. 

Solution III (vector algebra). With unit vectors i and j in the x- 

and y-directions, the zero summation of forces for equilibrium 

yields the vector equation 

 

[F=0]          8i + (T cos 40 o)i + (T sin 40 o)j - 3j + (C sin 20 o)i- (C cos 20 o)j - 16i = 0 

 

Equating the coefficients of the i- and j-terms to zero gives  

8 + T cos 40o + C sin 20 o - 16 = 0   

T sin 40 o - 3 - C cos 20 o = 0 

 

which are the same, of course, as Eqs. (a) and (b), which we 

solved above. 

Solution IV (geometric). The polygon representing the 

zero vector sum of the five forces is shown. Equations (a) and 

(b) are seen immediately to give the projections of the vectors 

onto the x- and y-directions. Similarly, projections onto the x'- 

and y'-directions give the alternative equations in Solution II. 

A graphical solution is easily obtained. The known vectors are 

laid and C are then drawn to close the polygon. The resulting intersection at point P 

completes the solution, thus enabling us to measure the magnitudes of T and C directly 

from the drawing to whatever degree of accuracy we incorporate in the construction. 

 

 

 

 

 

Helpful Hints 

1-Since this is a problem of 

concurrent forces, no moment 

equation is necessary. 

2- The selection of reference 

axes to facilitate computation 

is always an important 

consideration. Alternatively in 

this example we could take a 

set of axes along and normal to 

the direction of C and employ a 

force summation normal to C 

to eliminate it. 

3-The known vectors may be 

added in any order desired, but 

they must be added before the 

unknown vectors. 
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Sample Problem 3/2 
Calculate the tension T in the cable which supports the 500-

kg mass with the pulley arrangement shown. Each pulley is free to 

rotate about its bearing, and the weights of all parts are small 

compared with the load. Find the magnitude of the total force on the 

bearing of pulley C. 

Solution. The free-body diagram of each pulley is drawn in its 

relative position to the others. We begin with pulley A, which 

includes the only known force. 

With the unspecified pulley radius designated by r, the equilibrium 

of moments about its center O and the equilibrium of forces in the 

vertical direction require 

[ΣMO = 0]   T1r - T2r = 0   T1 = T2 

[ΣFy = 0]     T1 + T2 - 500(9.81) = 0   

2T1 = 500(9.81)    T1= T2 =  2450 N 

 

From the example of pulley A we may write the equilibrium of forces 

on pulley B by inspection as  

T3 = T4 = T2/2 = 1226 N 

 

For pulley C the angle  = 30o in no way affects the moment of T 

about the center of the pulley, so that moment equilibrium requires 

T = T3  or   T = 1226 N   Ans. 

Equilibrium of the pulley in the x- and y-directions requires 

[ΣFx = 0]  1226 cos 30 - Fx = 0    Fx = 1062 N   

[ΣFy = 0]  Fy + 1226 sin 30o - 1226 = 0   Fy = 613 N 

[F = √Fx2 + Fy2]      𝐹 = √(1062)2 + (613)2    = 1226 N   Ans. 

 
 
Sample Problem 3/3 

The uniform 100-kg I-beam is supported initially by its end rollers on 

the horizontal surface at A and B. By means of the cable at C it is 

desired to elevate end B to a position 3 m above end A. Determine the 

required tension P, the reaction at A, and the angle _ made by the beam 

with the horizontal in the elevated position. 

Solution. In constructing the free-body diagram, we note that the 

reaction on the roller at A and the weight are vertical forces. 

Consequently, in the absence of other horizontal forces, P must also 

be vertical. From Sample Problem 3/2 we see immediately that the 

tension P in the cable equals the tension P applied to the beam at C. 

Moment equilibrium about A eliminates force R and gives 

[ΣMA = 0]  P(6 cos ) - 981(4 cos ) = 0   P = 654 N    Ans. 

Equilibrium of vertical forces requires 

[ΣFy = 0]  654 + R _ 981 = 0   R = 327 N      

 Ans. 

The angle  depends only on the specified geometry and is 

   Sin =  =  

Helpful Hint 
1- Clearly the equilibrium of this 

parallel force system is independent 

of  . 
 

 

Helpful Hint 
1- Clearly the radius r does not 

influence the results. Once we have 

analyzed a simple pulley, the results 

should be perfectly clear by 

inspection. 

 

 


