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1.2 Generalized Procedure 

▶ General steps to solve problems in applied mechanics 

i) Select system of interest 

ii) Postulate characteristics of system. This usually involves idealization and simplification of the real situation 

iii) Apply principles of mechanics to the idealized model. Deduce the consequences 

iv) Compare these predictions with the behavior of the actual system. This usually involves recourse to tests, 
experiments, and validation 

v) If satisfactory agreement is not achieved, the foregoing steps must be reconsidered. Very often progress is made 
by altering the assumptions regarding characteristics of the system, i.e., by constructing a different idealized 
model of system 

 In this book, steps i), ii), iii) are mainly treated 

cf. In chapter 1, we apply the principles of mechanics to rigid body 

 

1.3 Fundamental Principles of Mechanics 

▶ Two different types of movement which are important in the mechanics of solids 

i) Gross overall changes in position with time = motion 

ii) Local distortions of shapes = deformation 

 In solid mechanics, we shall consider situations in which there is deformation 

▶ Analysis of a mechanical system 

i) Study of forces applied to a system 

 Focused on the equilibrium of a system 

ii) Study of motions and deformation in a system 

 Focused on the local deformation and global motion 

iii) Application of laws relating the forces to the motion and deformation 
 

1.4 Concept of Force 

▶ Concept 

i) Newton, in his third law, postulated equal and opposite effectiveness of force on the two interacting systems 

Force interactions have two principal effects  
1) Alter the motion of the systems 
2) Deform or distort the shape of the systems 

ii) A very important property of force is that the superposition of forces satisfies the laws of vector addition 
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iii) Force is a vector interaction which can be characterized by a pair of equal and opposite vectors having the 
same line of action 

iv) The magnitude of a force can be established in terms of a standardized experiment. 

v) When two or more forces act simultaneously, at one point, the effect is the same as if a single force equal to 
the vector sum of the individual forces were acting. 

 

▶ Units of forces 

i) SI-unit ~ 1 Newton = 1 kg·m/sଶ 

ii) United States unit ~ 1 lb·ft/sଶ      1 slug= 32.174 lbm = 
ଵ ୪ୠ୤

ଵ ୤୲/ୱమ
 

 

 

1.5 Moment of a force 

▶ Definition 

 The moment or torque of F about the point O is defined as the vector cross product 

𝐌 = 𝐫 × 𝐅 
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▶ Magnitude of the ‘M’ 

|𝐌| = |𝐫 × 𝐅| = 𝐹 𝑟𝑠𝑖𝑛𝜙 

       = ℎ|𝐅| = ℎ𝐹 
 |M|is independent of the position of P along AB; 

 

▶ Other expression of the moment (consider two-dimensional structure shown in Fig. 1.7) 

𝐌 = 𝐫 × 𝐅 = ℎ|𝐅|𝐤 

     = (𝑥 𝐢 + 𝑦 𝐣)  × ൫𝐹௫ 𝐢 + 𝐹௬ 𝐣൯ = ൫𝑥𝐹௬ − 𝑦𝐹௫൯ 𝐤 

 

 

 

▶ The magnitude of the moment of ‘F’ about OQ-axis 

( 𝐫 × 𝐅 ) · 𝐞 = |𝐫 × 𝐅| cos 𝛼 = ℎ |𝐅| 𝑐𝑜𝑠 𝛼 
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▶ Units of the moment 

      [m·N] or [ft·lbf] 

 

▶ Examples 1.1 Determine the moment M about the shaft axis OO' due to the force P applied 

Sol)  

𝐫 = 50 𝐢 − 200 𝐤  

𝐏 = 𝑃(𝑐𝑜𝑠50° 𝑐𝑜𝑠45° 𝐢 + 𝑐𝑜𝑠50° 𝑠𝑖𝑛45° 𝐣

+ 𝑠𝑖𝑛50° 𝐤 )  

∴ 𝑀୓୓ᇲ = 𝐢 ∙ [𝐫 × 𝐏] = 200𝑃𝑐𝑜𝑠50°𝑠𝑖𝑛45°  

 

 

 

 

 

 

 

▶ Couple 

 Two equal and parallel forces which have 
opposite sense 

 

𝐌 = 𝐫𝟏 × 𝐅𝟏 + 𝐫𝟐 × 𝐅𝟐

         = (𝐫𝟐 + 𝐚) × 𝐅𝟏 + 𝐫𝟐 × 𝐅𝟐

         = 𝐫𝟐 × (𝐅𝟏 + 𝐅𝟐) + 𝐚 × 𝐅𝟏

          = 𝐚 × 𝐅𝟏

  

 

∴ It is independent of the location of O 

 The moment of a couple is the same about all points in space 

 

▷Magnitude of the couple 

|𝐌| = ℎ|𝐅| 
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1.6 Conditions for equilibrium 

▶ Equilibrium of a particle 

 According to Newton’s law of motion, a particle has no acceleration if the resultant force 
acting on it is zero. We say that such a particle is in equilibrium. 

Necessary and sufficient condition for the equilibrium 

𝐅𝟏 + 𝐅𝟐 + ··· +𝐅𝐧 =  ෍ 𝐅𝐣

𝐣

= 𝟎 

▶ Equilibrium of particles 

 

1) For rigid body ~ A necessary and sufficient condition for a perfectly rigid body to be in 
equilibrium is that the vector sum of all the external forces should be zero and that the 
sum of the moments of all the external forces about an arbitrary point (together with any 
external applied moments) should be zero. 

 

𝐅𝟏 + 𝐅𝟐 + ··· +𝐅𝐧 =  ∑ 𝐅𝐣𝐣 = 𝟎  (1.5) 

𝐫𝟏 × 𝐅𝟏 + 𝐫𝟐 × 𝐅𝟐 + ··· +𝐫𝐧 × 𝐅𝐧 =  ∑ 𝐫𝐣 × 𝐅𝐣𝐣 = 𝟎  (1.6) 

 

2) For deformable system ~ A necessary and sufficient condition for the equilibrium of a 
deformable system is that the sets of external forces which act on the system and on every 
possible subsystem isolated out of the original system should all be sets of forces which 
satisfy both (1.5) and (1.6). 

 

 

External 

Internal 
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▷Two-force member 

 The line of action of 𝐅𝐁 must pass through A and the line of action of 𝐅𝐀 must pass 
through B.  

 𝐅𝐀 = −𝐅𝐁 

 

▷Three-force member 

 The three forces must all lie in the plane ABC and must all intersect in a common point O 

∴ The total moment about the intersection of any two of the lines of action should be zero 

 

▷General two-dimensional equilibrium 

∑ 𝐹௝௫ = 𝟎𝒋

∑ 𝐹௝௬ = 𝟎𝒋
  (1.7) 

∑ 𝐫𝒋 × 𝐅𝒋 = 𝟎𝒋   (1.8) 

 

1.7 Engineering Applications (Free-body diagram; Principles of 
mechanics; Statically (in)determinate system) 

▶ The general method of analysis that is followed throughout this book 

i) Selection of system 

ii) Idealization of system characteristics 
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iii) These are followed by an analysis based on the principles of mechanics including the 
following steps: 

iii-1) Study of forces and equilibrium requirements  Static conditions (Ch. 3) 

iii-2) Study of deformation and conditions of geometric fit 

iii-3) Applications of force-deformation relations 
 

cf. Statically determinate system:  Possible to determine all the forces involved by using only 
the equilibrium requirements without regard to the 
deformations ↔ Statically Indeterminate system 

 

1.8 Friction 

▶ Given pair of surfaces the forces 𝐹௦, 𝐹௞ are proportional to the normal force N 

Table 1.2 Force-transmitting properties of some idealized mechanical elements 

 
 A frictionless surface 

 
 A frictional surface 

 
 A frictionless bearing 

 
 A frictionless pinned joint 

 
 The direction of the force is altered but its magnitude 

remains constant 

 
 An Ideal clamped support 
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𝐹௦ = 𝑓௦𝑁
𝐹௞ = 𝑓௞𝑁

 

where 𝑓௦: static coefficient of friction 𝑓௞: kinetic coefficient of friction. 

 These coefficients are intrinsic properties of the interface between the materials A and B, 
being determined by the materials A and B and by the state of lubrication or 
contamination at the interface 

 

 

 

 

▶ Properties of the coefficients of friction 

i) Both coefficients of friction are nearly independent of the area of the interface. In particular, 
if body A in Fig. 1.18 were tipped up so that only an edge or a corner was in contact with B, 
we should still find approximately the same coefficients of friction. Note that under these 
circumstances the tangential and normal directions are determined only by the surface of B. 

ii) Both coefficients are nearly independent of the roughness of the two surfaces, although this 
is a conclusion which many people find hard to accept. 

iii) The static coefficient 𝑓௦ is nearly independent of the time of contact of the surfaces at rest. 
Similarly, the kinetic coefficient 𝑓௞ is nearly independent of the relative velocity of the two 
surfaces. Figure 1.19 shows a schematic representation of typical static-friction-time and 
kinetic-friction-velocity plots. 
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1.10 Hooke’s Joint (Reading homework) 

 
 

A Comparison an incorrect conclusion of the over-idealized model with a correct solution. 

 

▶ Incorrect solution. 

Considering the conditions of force balance from Fig.1.33a 

BA

BA

VV

0HH




 

From Fig. 1.33c 

BA MM   (a) 

Alternatively, if we proceed directly with moment equilibrium about the point O, we have 

0V)sincos(LVL)sincos(MM AABA  jkijikii   

Working out the cross products, 




cosMsinLVM

sinM)cos1(LV

BAA

AA




 

The result as above is 

.solutionIncorrect
cos1

sinM
LV A

A 







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Suppose we were to continue our analysis further by considering the shaft B separately as in Fig. 1.34. 

The system of Fig. 1.34. can’t possibly be in equilibrium because there is nothing to balance BV in the vertical 

direction. 

 

 

 

 

 

 

 

 

 

 

 

▶ Correct solution. 
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To provide for the double-contact type of reaction shown in Fig. 1.35, we have four components  

4321 Aand,A,A,A  at bearing A and the four components 4321 Band,B,B,B  at bearing B. 

- From fig. 1-36(b)~ 

The statements of force and moment balance for the cross (Fig. 1.36b) are 

0)aDaC()aFaE()aFaEaDaC(

0)DC()FE()FEDC(

xxxxyyzz

zzyyxxxx








kjiM

kjiF

0

  (b) 

Setting each component separately equal to zero, 

yyzz

xxxx

FEDC

FEDC




 (c) 

- From fig. 1-36 (a) ~ 

In Fig. 1.36a, equilibrium of forces parallel to x yields 0Fx  and equilibrium of moments about the x axis 

yields Ay MaF2  . 

a2

M
FEDC

0FEDC

A
yyzz

xxxx




  (d) 

For completeness, considering the other equilibrium conditions in Fig 1.36a 

0AAA,A 4321 
 

- From fig. 1-36 (c)~ 

Using values (d) in Fig. 1.36c 




cosMM

0cosaCcosaDM

AB

zzB




 (e) 

For completeness, considering the other equilibrium conditions in Fig 1.36c 

sin
b

M
BB

0BB

A
24

31




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To aid visualization the complete solution is shown in Fig. 1.37. 

 

It is important to emphasize that our solution (e) is for the configuration shown if Fig. 1.32. 

An exact solution for arbitrary angle of orientation  of shaft A measured from EF in the direction of twist of AM (Fig. 

1.32) can be found. The result is 

A

222

B M
cos

coscossin
M


 

  (f) 

When  =0, the result (f) reduces to (e). 

 


