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Introduction to Mechanics of Soilds 

Detailed Syllobus 
 
Simple Stress 

1. Normal stress 
2. Bearing Stress 
3. Shearing Stress 
4. Allowable Stresses and Factor of Safety 
5. Applications: 

(a) Design of Axially Loaded Members 
(b) Riveted And Bolted Connections 
(c) Thin-Walled Pressure Tubes and Vessels 

         
Simple Strain 

1. Strain Definiution 
2. Stress-Strain Diagram 
3. Hook's Law 
4. Defelection of Axially Loaded Members 
5. Generalized Hook's Law 
6. Statically Indeterminate Problems of Axially Loaded Members 
7. Thermal Stresses 

 
Torsion 

1. Application of Method of Sections 
2. Basic Assumptions 
3. Torsion Formula 
4. Design of Circular Members in Torsion 
5. Angle of Twist of Circular Members 
6. Statically Indeterminate Torsional Members 
7. Torsion of Solid Non-Circular Members 
8. Torsion of Thin-Walled Hollow Members 

 
Axial Force, Shear, and Bending Moment  

1. Sign Conension 
2. Axial Force, Shear, and Bending Moment Diagrams: Direct Approach 
3. Shear and Bending Moment Diagrams: Summation Approach 

 
Bending Stresses in Beams 

1. Limitations of Theory 
2. Basic Kinematic Assumptions 
3. Flexural Formula 
4. Economic Sections 
5. Beams of Two Materials 

 
Shearing Stresses in Beams 

1. Some Preliminaries 
2. Shear Flow 
3. The Shearing Stress Formula for Beams 
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4. Limitations of Shearing Stress Formula 

 
Deflection of Beams 
1. Strain-Curvature and Moment-Curvature Relations 
2. Direct Integration Method 
3. Moment-Area Method 

 
Compound Stresses 

1. Superposition and its Limitations 
2. Skew Bending 
3. Eccentrically Loaded Members 
4. Superposition of shearing Stresses 

 
Transformation of Stresses 

1. The Basic Problem 
2. Equations for the Transformation of Plane Stresses 
3. Principal Stresses 
4. Maximum Shearing Stresses 
5. Importance of Transformation of Stresses 
6. Mohr's Circle of Stresses 

 
Columns 

1. Buckling and Stability 
2. Columns with Pinned Ends 
3. Columns with Eccentric Axial Loads 
4. The Secant Formula for Columns 
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Text Book: 
    Introduction to Mechanics of Solids, 1979, by E. P. Popov 
  
References: 

1. Mechanics of Materials "2nd Edition", 1979, by E. P. Popov. 
2. Mechanics of Materials "7th Edition", 2009, by J. M. Gere. 
3. Strength of Materials "3rd Edition", 1980, by F. L. Singer. 
4. Elements of Strength of Materials "5th Edition", 1971, by S. Timoshenko and Yong. 

 
The following table contains the major subjects that will be given and their location in the text 

book. The mimum number of lectures required to cover each subject is also mentioned. The time of 
each lecture is 2hours. 

 
No. Subject Location No. of lectures 

1 Stress and Axial Loads Chapter3 6 
2 Strain, Constitutive Laws and Axial Deformation Chapter4 6 
3 Torsion Chapter5 6 
4 Axial Force, Shear and Bending Moments Chapter2 6 
5 Bending Stress in Beams Chapter6 8 
6 Shearing Stress in Beams Chapter7 8 
7 Deflection of  Beams Chapter11 6 
8 Compound Stresses Chapter8 4 
9 Transformation of Stress and Strain Chapter9 4 

10 Buckling of Columns Chapter14 4 
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1.1 Purpose and Scope 
The adequacy of structural member can be checked based on the following three criteria: 

1. Strength: see Fig.1 
 

 
 
 
 

Fig.1: Structural Members with Inedequate Strength 
 
2.  Deformation: see Fig.2 

 
 

 
 
 
 

 
 

 
Fig.2: Beam with Large Deformation (Inedequate Stiffness) 

 
3. Stability: see Fig.3 
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Fig.3: Unstable Column 
 

Based on above three criteria the more rigorous title of the subject is: "Mechanics of Soilds". 
Any structure is generally builted up from the following members: 

1. Members under axial forces such as truss members (see 
Fig.4). Strength of these members will be studied in 
Chapter 4. Stability of these members will be studied in 
Chapter 14. 

 
 
                                                                                                                 
                                                                                                      Fig.4:Members under axial forces 
 

2. Members under torque(see Fig.5). Strength and 
deformation of these members will be studied in 
Chapter 5. 

 
 

 
                                                                                                        Fig.5:Members under Torque 

 
3. Members under bending moment (see Fig.6). Strength 

of these members will be studied in Chapters 6&7. 
Deformation will be studied in Chapter 11. 

                                                                                            Fig.6:Members under Bending Moment 
 

4. Members under compound stresses. Strength of these members will be studied in Chapter 8. 
 
 
 
 
 
 
 
Review of Reactions: 
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 Consider a body of any shape acted upon by the forces in the figure below: 
 
 
 
 
 
 
 

In engineering mechanics, it would be started by determining reactions based on the 
equations of equilibrium. It was showed that the equations of equilibrium of coplaner force system 
can take any one of the following three equivalent forms: 

1st Set : Fx = 0, Fy = 0, Fz = 0. 
2nd Set: Fx = 0, MO = 0, MA = 0, where the line OA must not be along x-axis. 
3rd Set: MO = 0, MA = 0, FB = 0, where thepoints O, A and B must not be on the same 

line. 
H.W. Problems: 2.1 and 2.2 (Popov). 
 
Internal Forces: 
 In mechanics of materials an additional investigation is necessary for the internal 
distribution of forces.  
 This is done by passing an imajinary section through the body. One will find generally a 
force and acouple as shown below: 
 

 
 
 
 
 
 
 
 

Force P and couple M are necessary to maintain equilibrium of free body diagram of eiter segment. 
For convienance, the internal force and couple can be analyzed into their rectangular components 
 
 
 
 
 
 
    Mz 
 
 
 
 
 
  

For plane problems, any imaginary section will contain a force and a couple (Coplaner): 
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F2 
 
 
 
 
  

 
 
The force P on any side of section can be resolved into two rectangular components, one is 

normal to the section (Normal force) and the other is parallel to the section (Shear force) 
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Chapter Three 
Simple Stress and Axial Force 
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Alloable Stresses; Factor of Safety: 
 In laboratory, specimens of known material are carefully prepared to desire 
dimensions. Then these specimens are subjected to successively increasing known forces. 
The force necessary to cause rupture is called the ultimate load. By dividing this ultimate 
load by the original cross-sectional area of the specimen, the ultimate strength (stress) of the 
material is obtained. 
 For design of members, the stress level called alloable stress is set considerably 
lower than the ultimate strength. The necessity is for the following reasons: 

1. the exact magnitudes of the forces that may act upon the structure are selodom 
accurately known. 

2. Materials are not uniform. 
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Chapter Four 
Simple Strain 
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Solved Problems (Popov) 
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Chapter Five 
Torsion 

 
Syllabus:  
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5.1 Application of Method of Sections 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.2  Basic Assumptions 
I. Equilibrium: 

(a) The shaft is in equilibrium. 
(b)  The resultant is a couple, the vector representation of which is parallel to the 

axis of the shaft is:                    (+ve)  and                 (-ve). 
II. Geometry: 

(a) The axis of the shaft is straight. 
(b) The shaft is circular in cross-section. 
(c) Plane section perpendicular to axis before twisting remains plane after twisting 

(No warping). 
(d) Shearing strain vary linearly from the central axis. 

 
 
 
III. Properties of the Material: 

(a) The material is homogenious and isotropic. 
(b) Hook's law is applied. 
   

5.3 The Torsion Formula 
          = shearing strain. 
          = Angle of twist 
          maxL = c 

      












c
G

G

c
c

L
c

max

max

max

max









                                                                                

max 

A 

A' max  

d 

max 

 
c 
  

L 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 53 





 cmaxc   

Or maxc



   

J
c

dA
c

dAT

max

A maxA







 
. 

J
c

T max
  

Where, J = Polar moment of inertia = A
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a. Solid Circular Section  
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b.  Hollow circular section 
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Chapter Two 
Axial, Shear Force and Bending Moment Diagrams 
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Chapter Six 
Bending Stresses in Beams 

 
6.1 Derivation of Flextural Formula 

As Shown previously in "Chapter 2", in any section of beam shown in Fig.(6-1) there 
is: 
 
 
 
 
 
 
 
 

 
Figure(6-1) 

1. Normal (or axial), N force (as considered in Chapters 3&4) 
2. Torque, T (as considered in Chapter 5) 
3. Bending moment. M (as will be as considered in this chapter) 
4. Shear force, V (as will be as considered in Chapter 7) 

 
The Basic Kinematic Assumptions and Flextural Formula 

1. Equations of Compatibility 
2. Constitutive relation (Hook's Law) 
3. Equilibrium Equations 

1. Basic Assumption: 
 Plane section perpendicular to its axis before bending remains plane after bending. 
This assumption is true for shallow (or thin) beams and it is not for deep beams. See 
Figure(6-2). 
 
 
 
 
 
 

 
 

Figure(6-2) 
 

In Fig.(6-3): 

,
dx
du

x  du : vary linearly  

                     dx ; constant 
 x : vary linearly or directly as its distance from the neuteral surface (axis). 

 T  

V 

M 

N 

l 

d 

Shallow  beam 
d/l        small value 

l 

d 

Deep  beam 
d/l        small value 
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Figure(6-3) 

 
 ))36.(( dFigSeebyx   
           Where, b = constant 
2. Hook's Law: 
According to Hook's Law:  
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3. EquilibriumEquations 
In Fig.(6-4): 
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Where, y = is the distance from N.A. to the centroid of the area. 
 y = 0 , i.e. the N.A. must pass through the centroid of the cross-sectional area of the beam. 


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I
MyBorBIM z   

 
 
 
Where, M = internal resisting moment 
              y = the distance from the neuteral axis (N.A.) of the beam to the point on the 

section where the normal stress (x) is wanted. 
              I  =  moment of inertia. 
 
 
 
 
Where, c = ymax 

Or 
cI

M
x max)  

I/c : are constant for a given section of beam. 
I/c = S = elastic section modulus. 
 
 
 
 
 
 
 
 
Examples: 
Example(1): Problem(6-1), Popov (Analysis Problem) 

According to the National Lumber Manufacturers Association the desired size of a 6-
in.-by-10-in. timber is 5.5 in. by 9.5 in. If the allowable stress for a certain grade of wood is 
1200 psi, determine the capacity in bending. 
Solution: 

 
I

Mc
x max)  

I
My

x   

I
Mc

x  max)  

S
M

x  max)  

 9.5 in.   

5.5 in.  
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12
5.55.9

2
5.9

1200 3 




M
 

Mall = 99200 in.-lb 
 
           = 8.27 ft-kip      (ans.) 
 
 
 
Example(2): Problem(6-2), Popov (Analysis Problem) 

Consider the lightest member listed in Table 4 of the Appendix, which is 8WF17, 
and verfy the moment of inertia around the x-axis and the y-axis for it. If the allowable 
stress is 24 ksi, find the flextural capacity of this member around each of the two axes. 
Solution: 

4
33

4
33

.5.7
12

)308.028()23.025.5(
12

825.5

.6.55
12

)23.025.5()308.028(
12

25.58

inI

inI

y

x
















 

I
Mc

x max)  

c
IM all 

  

kftkinM

kftkinM

y

x











71.8.6.68
4

6.5524

28.330
4

6.5524

 

 
 
 
 
 
 
Example(3): Problem(6-9), Popov (Design Problem) 

Select a standard steel I beam based on the the maximum bending moment. Assume 
allow = 24 ksi and neglegt the weight of the beam. 
 
Solution: 
From B.M.D:  
Mmax = 47 ft-k 

S
M

I
cM

all 
.

  

S
124724 

  

S = 23.5 in3 

5.25 in 

8 in 
0.23 in  

0.308 in 

x x 

y 

y 

4k 4k8k

2'' 8''2'4''

S.F.D+ve

10.5

-ve

6.5

1.5

V 
(k)

10.5k  5.5k  
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From Table(3): Try I 10×4
8
5  

 
S = 24.4 in3 
O.K. 
 
 
 
 
 
 
 
 
 
 
 

10 in

4 5/8 in
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Chapter Seven 
Shearing Stresses in Beams 
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Chapter Eleven 
Deflection of Beams 
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Chapter Eight 
Compound Stresses 

 
Introduction: 

The following table contains a summary of strsses and deformatios that have 
been studied in the pervious chapters:   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 154 

 

 
 
 
 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 155 

 

 
 
 
 
 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 156 

 
 

 
 
 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 157 

.

 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 158 

 
 

 
 
 
 
 
 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 159 

 
 
 

 
 
 
 
 
 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 160 

 
 

 
 
 
 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 161 

 

 
 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 162 

 
 

 
 
 
 
 

 
 
 



Baghdad University                                                  Lectures in:                       
College of Engineering                        Introduction to Mechanics of Soilds                     
Civil Engineering Department                              (Second Stage)                                                       

Dr. Ala'a Hussein Alwan Al-Zuhairi                                                                  Email: alaalwn @ yahoo.com 163 

 
Chapter Nine 

Stress and Strain Transformation 
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Chapter Fourteen 

Buckling of Columns 
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