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Simple Stress and Strain 

1.1 Load 

In any engineering structure or mechanism, the individual components will be 

subjected to external forces arising from the service conditions or environment in 

which the component works.  

 

1.2 Type of  Load 

 (a) Static or dead load, generally caused by gravity effects.  

 (b) Live load, produced by cars crossing a bridge.  

 (c) Impact or Shock loads, caused by sudden blows.  

 (d) Fatigue, fluctuating or alternating loads, the magnitude and sign of 

 the load changing with time.  

 
 

1.3 Direct or Normal Stress (σ)  
 

Is the normal force applied to the cross-sectional area.  

 

Stress (σ) = 
    

     
 = 

 

 
 

 
 

Fig. 1.1 Types of direct stress. 
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1.4 Direct Strain (Є) 

If a bar is subjected to a direct load, and hence stress, the bar will change in length. 

If the bar has an original length L and changes in length by an amount   , the 

strain produced is defined as follows. 

Strain (ϵ) = 
                

               
 = 

  

 
 

 

Fig. 1.2 Deformation of the material. 

 

1.5 Elastic materials-Hooke's law  
 

A material is said to be elastic if it returns to its original dimensions when the load 

is removed. Since loads are proportional to the stresses they produce, and the 

deformations are proportional to the strains, stress is proportional to strain. Hooke's 

law, in its simplest form:  

 

Stress (σ) ∝ Strain (Є) 
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1.6 Modulus of Elasticity-Young’s modulus  
 

 

Within the elastic limits of materials, the limits in which Hooke's law applies it has 

a constant, this constant is termed by the symbol E and called the modulus of 

elasticity or Young's modulus. 

 

  
      

      
 
     

   
 

 

 

 

 

 

1.7 Examples 

 

1. A prismatic bar with a circular cross section with diameter d= 50mm 

and axial tensile load P = 10 kN. Find the normal stress.  

Solution:  

  
 

 
 

 

    ⁄
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2. Prismatic bar has length L= 2.0 m. A tensile load is applied which 

causes the bar to extend by δ=1.4 mm.  Find the normal strain. 

Solution: 

  
  

 
 
        

 
 
 

 
        

Units: none, although sometime quoted as    (micro strain         or 

  strain. 

                                            

         

                      

 

3. A Steel rod (E=200 GPa) has a circular cross section and is 10m 

long. Determine the minimum diameter if the rod must hold a 30 kN 

tensile force without deforming more than 5mm. Assume the steel 

stays in the elastic region. Note, 1 GPa =     Pa. 

Solution: 

               ,       ,          ,             

  
  

 
 
      

  
        

                              ⁄  

  
 

 
 
      

       
                 

  
   

 
 

  √
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4. A bar of varying square cross-section is loaded symmetrically as 

shown in the figure. Loads shown are placed on one of the axes of 

symmetry of cross-section. Ignoring self-weight, the maximum 

tensile stress in N/mm² anywhere is 

 

 

  

 

 

 

 

Solution: 

  
 

 
 

           

                        

                  

                     

   
  
  

 
      

    
        ⁄  

   
  

  
 

       

     
        ⁄ ,,         

Maximum tensile stress=           ⁄  

 

100 mm 

50 mm 

100 KN 100 KN 

50 KN 

2)  

1) 
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5. A bar having a cross sectional area of (2500    ) is subjected to 

axial loads at the position indicated. Determine the value of stress in 

the segment AB, BC, CD, and total stress? 

 

 
 

  

 

Solution: 

 

 

 

 

    
   

 
 

       

    
   

 

   
      (tensile) 

    
   

 
 

      

    
    

 

   
       (tensile) 

    
   

 
 

      

    
   

 

   
       (compression) 

                              

               
 

   
 

 

 

 

 

 

110 KN 
60 KN 75 KN 

25 KN 

A B C D 

110 KN 110 KN 

50 KN 50 KN 

25 KN 
25 KN 
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6. Determine the stress in each section of the bar shown in Figure when 

subjected to an axial tensile load of 20 kN. The central section is 30 

mm square cross-section; the other portions are of circular section, 

their diameters being indicated. What will be the total extension of 

the bar? For the bar material E = 210 GN/  . 

 

Solution: 
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7. A 25 mm diameter bar is subjected to an axial tensile load of 100 kN. 

Under the action of this load, a 200 mm gauge length is found to 

extend 0.19×    mm. Determine the modulus of elasticity for the 

bar material. 

Solution : 
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1.8 Tensile Test 

In order to compare the strengths of various materials, it is necessary to carry out 

some standard forms of the test to establish their relative properties. One such test 

is the standard tensile test in which a circular bar of the uniform cross-section is 

subjected to a gradually increasing tensile load until failure occurs. Measurements 

of the change in length of a selected gauge length of the bar are recorded 

throughout the loading operation by means of extensometers and a graph of load 

against extension or stress against strain is produced, as shown in Fig. 1.3. This 

shows a typical result for a test on a mild (low carbon) steel bar. Other materials 

will exhibit different graphs but of a similar general form 



Ayat Abdulhussein Molaa   ……………………………  Engineering Mechanics 

 

11 
 

 

 

  For the first part of the test, it will be observed that Hooke's law is obeyed, i.e. the 

material behaves elastically and stress is proportional to strain, giving the straight-

line graph indicated. Some point A is eventually reached, however, when the linear 

nature of the graph ceases and this point is termed the limit of proportionality. 

   For a short period beyond this point the material may still be elastic in the sense 

that deformations are completely recovered when the load is removed (i.e. strain 

returns to zero) but Hooke's law does not apply. The limiting point B for this 

condition is termed the elastic limit. For most practical purposes, it can often be 

assumed that points A and B are coincident.  

Beyond the elastic limit, plastic deformation occurs and strains are not recoverable. 

There will thus be some permanent deformation or permanent set when the load is 

removed. After the point C termed the upper yield point and D the lower yield 

point.  

   For example, the certain materials of high carbon steels and non-ferrous metals, 

it is not possible to detect any difference between the upper and lower yield points 

and in some cases, no yield point exists at all. In such cases, proof stress is used to 

indicate the onset of plastic strain or as a comparison of the relative properties with 
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another similar material. This involves a measure of the permanent deformation 

produced by a loading cycle. For example, the 0.1 % proof stress is that stress 

which, when removed, produces a permanent strain or "set" of 0.1 % of the 

original gauge length, as shown in Fig. l.4. 

 

1.9 Ductile and Brittle Materials 

 
Ductility is the capacity of a material to allow large extensions or the ability to be 

drawn out plastically. While a brittle material is one which exhibits relatively small 

extensions to fracture so that the partially plastic region of the tensile test graph is 

much reduced.  
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1.10 Example for Tensile Test 

 
1. The following observations were made during the tensile test on a 25 mm 

diameter and 175 mm long metallic bar: Elastic elongation is 0.05 mm at a load 

of 65 KN, load at yield point is 140 KN, maximum load is 225 KN, length of 

specimen at fracture is 180 mm. Determine:  

1. Young's modulus    2. yield strength  3. ultimate tensile strength    4. Percent 

elongation.  

Solution:  

                                             

                       

  
   

 
 
       

 
           

  
  

 
 
    

   
            

   
  
 
 

  

      
        

  

   
 

1. At Elastic region: (Hook’s low) 

 

  
  
 
 

       

         
        

  

   
 

 

2. At yield point :      
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3. At maximum load : 

 

     
    

 
 

   

      
       

  

   
 

 

4. Percent elongation.  

            (
     

 
)       (

       

   
)              

 

 

1.11 Poisson's ratio  

 

Consider the rectangular bar as shown in Fig. 1.5 subjected to a tensile load. Under 

the action of this load, the bar will increase in length by an amount    giving a 

longitudinal strain in the bar of 
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The bar will also exhibit, a reduction in dimensions laterally, i.e. its breadth and 

depth will both reduce. The associated lateral strains will both be equal, will be of 

opposite sense to the longitudinal strain, and given by 

 

      
  

 
  

  

 
 

 

                    
              

                   
 
      ⁄

   ⁄
 

 

1.12 Example for Poisson's ratio  
1. For the two-dimensional stress case: 

 

The following strains will be produced  

(a) In the X direction resulting from          ⁄  . 

(b) In the Y direction resulting from           ⁄   .  

(c) In the X direction resulting from               ⁄  . 

(d) In the Y direction resulting from              ⁄  . 

Strains (c) and (d) being the so-called Poisson’s ratio strain, opposite in sign to the 

applied strains, i.e. compressive.  
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The total strain in the X direction will therefore be given by: 

     
  
 
  

  

 
 
 

 
         

 
and the total strain in the Y direction will be: 

     
  

 
  

  

 
 

 

 
           

 

2. Consider a steel bar of 100 mm length and 50 mm width. If after the application 

of 50N, steel bar length increases to 102 mm. What will be the change in 

width?., Note that                  is 0.3.  

Solution : 

                                                   

   
  

 
 
                                   

               
 
    
  

 
       

   
      

                    
    
  

 
   ⁄

   ⁄
 

    
    ⁄

    
               

 

3. When a brass rod of diameter 6 mm is subjected to a tension of 5 ×     N, the 

diameter changes by 3.6 x      cm. Calculate the longitudinal strain and 

Poisson's ratio for brass given that E for the brass is 9 x      N/m². 

Solution : 

Given: Diameter of rod = d = 6 mm , Load P = 5 ×     N,    = 3.6 ×      cm = 

3.6 x      m, E =9 x      N/m². 
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 >    

 

 
 

           

      
                      

     
  

 
 
          

      
        

  
    
  

 
      

         
           

 

1.13 Shear stress 

Shear stress always tangential to the area on which it acts, and the direct stresses 

are always normal to the area on which they act. 

                 
          

                    
 
 

 
 

 

Fig. 1.7 Shear force and resulting shear stress system showing a typical form of 

failure by relative sliding of planes. 

 Single shear stress 

   

         

𝑸 

𝐏 𝐏 

  

𝐶 

𝝉  
𝑸

𝑨
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 Double shear stress 

 

 

 

 

1.14 Shear strain 

The angle of deformation γ is the shear strain. Shear strain is dimensionless; it has 

no units and is measured in radians.  

 
Fig. 1.8 Deformation (shear strain) produced by shear stresses. 

 

For materials within the elastic range, the shear strain is proportional to the shear 

stress producing it,  
 

             

            
 
 

 
            

 

The constant G is termed the modulus of rigidity or shear modulus and is directly 

comparable to the modulus of elasticity used in the direct stress application. 

 

 

 

𝑸 

𝑸 

𝑸 

 

 

 
𝑸 

𝑷 
𝑷 

𝑪 

𝝉  
𝑸

𝟐𝑨
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1.15 Example for shear stress    

1. The coupling shown in figure (1.9 )is constructed from steel of rectangular 

cross-section and is designed to transmit a tensile force of (50 kN). If the bolt is 

(15 mm) diameter calculate:  

a) The shear stress in the bolt.  

b) The direct stress in the plate.  

c) The direct stress in the forked end of the coupling. 

 

Fig 1.9 Steel rectangular coupling. 

Solution : 

(a) The bolt is subjected to double shear, tending to shear. There is thus twice the 

area of the bolt resisting the shear.  
 

                         
 

  
 

     
 

  
          

 

           

 

(b) The plate will be subjected to a direct tensile stress given by.  
 

                   
 

 
 

     
 

         
           

 
 

(c) The force in the coupling is shared by the forked end pieces, each being 

subjected to direct stress.  

                  
 

 
 

     
 

         
          

 

50 KN 
50 KN 
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2. Find the smallest diameter bolt that can be used in the clevis shown in Fig(1.10) 

if P =400 kN. The shearing strength of the bolt is 300 MPa. 

 
Fig 1.10 

Solution : 

  
 

  
    

 

  
 
       

     
        

  
   

 
    √

  

 
 √

        

 
          

 

3. What force is required to punch a 20-mm-diameter hole in a plate that is 25 mm 

thick? The shear strength is 350 MN/m2. 

 
 

                                                                                                    Fig 1.11   

 

 

 

 

20 mm 

25 mm 

puncher 

 P 

𝜏  
𝑄

𝐴
  𝑄  𝐴𝜏   𝜋𝐷𝑡 𝜏 

𝑄  𝜋                   𝑁 

𝑄        𝐾𝑁 

Solution :  
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4. As in Figure (1.12) hole is to be punched out of a plate having a shearing 

strength of 40ksi. The compressive stress in the punch is limited to 50 ksi. (a) 

Compute the maximum thickness of plate in which a hole 2.5 inches in diameter 

can be punched. (b) If the plate is 0.25 inch thick, determine the diameter of the 

smallest hole that can be punched. 

 
 

                                                                                                              Fig 1.12 

 

 

 

 

 

 

 

 

 

 

 

P 

𝑃  𝜎𝐴     
𝜋      

 
        𝜋 𝐾𝑖𝑝𝑠 

𝑄  𝜏𝐴 

      𝜋     𝜋      𝑡   

𝑡        𝑖𝑛𝑐  

𝑃  𝜎𝐴  𝜎 
𝜋𝑑 

 
  

𝑃     
𝜋𝑑 

 
   𝑃      𝜋𝑑  

𝑄  𝜏𝐴 

    𝜋𝑑     𝜋𝑑        

𝑑      𝑖𝑛𝑐   

Solution :  

a) Maximum thicknesses of plate. 

Based on puncher strength:  

Based on shear strength: 

b)Diameter of smallest hole  

Based on compression of puncher : 

Based on shearing of plate: 
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1.1 
 

Hydrostatic Pressure  ًامثلح عل 

 

Example/  Calculate the total force acting on the surface of a tank with 

dimensions (000cm length, 250cm width, and 450cm height) if it is filled with 

water with a density of (1000     ⁄  . Also calculate the pressure at a point 

of the base. 

Solution/ 

      

          

            

                        

             

 الضغط المؤثر علً القاعدج...

  
 

 
 

        

     
       

 

  
 

 او تطريقح اخري  
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Example/ Two points A and B are at a depth of 300m and 200m on the sea 

floor. Find the difference in pressure between the two points if you know 

that the density of sea water is 1023    ⁄  

Solution/  

 (A)مه معادلح الضغط الهيدروستاتيكي وحسة الضغط عىد الىقطح 

          

                            ⁄  

 (B)مه معادلح الضغط الهيدروستاتيكي وحسة الضغط عىد الىقطح 

          

                            ⁄  

 ثم وحسة الفرق في الضغط تيه الىقطتيه 

                                 

يمكه حساب الضغط الهيدروستاتيكي مثاشرج مه القاوىن  /ملاحظح  

          

                                  

 

 

 

 

 

 

 



9 cm 

15 cm 

Pa 

P1 1 2 

U-tube manometer امثلة على 

 

Example 1/  A simple manometer is used to measure the pressure of oil S.G. 0.8 flowing in a 

pipeline shown in Figure (1). Its right limb is open to atmosphere and the left limb is 

connected to the pipe. The center of the pipe is 9.0 cm below the level of the mercury in the 

right limb. If the difference of the mercury level in the two limbs is 15 cm, determine the 

absolute and the gauge pressures of the oil in the pipe.  

 

 

 

 

 

 

 

 

 

 

solution/  

ρoil = 0.8 (1000) = 800    3⁄ , 

                     
3⁄   

P1= Pa  + Poil  

P2 = Po + Pm 

P1 = P2  

Pa  + Poil = Po + Pm 

Pa  = Po + Pm – Poil ……. (1) 

Pa =  1.0325 x 10
5  

+13600 ×9.81 × 0.15 – [800 ×9.81 × (0.15 –0.0 9)] 

 Pa =122791.5 Pa

P2 

𝑃° 

S G          Mercury 

   Oil 

Figure (1) 
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Example 2/  The following Figure (2) shows a manometer connected to the pipeline 

containing oil of S.G= 0.8. Determine the absolute pressure of the oil in the pipe, and the 

gauge  pressure. 

 

 

 

 

 

 

 

 

 

 

Solution/  

ρa = 0.8 (1000) = 800 kg/m
3 

                     
3⁄  

P1 = P2 

P1 = Pa – Poil 

P2 = Po + Pm 

⇒ Pa = Po + hm ρm g + hoil ρoil g 

= 1.0325 x 10
5
 + (0.25) m (13600 kg/m

3
) 9.81 m/s

2
 + (0.75) m (800 kg/m

3
) 9.81 m/s

2
 

= 1.40565 x 10
5
 Pa 

 

 

 

hoil  75 𝑐𝑚 

hm  25 𝑐𝑚 

S G          Mercury 

P1 P2 

2 1 

Pa 
ρa 

Figure (2) 

𝑃° 
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Example 3/  A manometer containing oil (   5     3⁄  ) is attached to a tank filled with 

air, as shown in Figure (3). If the oil-level difference between the two columns is (1.5  ) and 

the atmospheric pressure is (98  P ) , determine the absolute pressure of the air in the tank. 

 

 

 

 

 

Solution/  

P1  Pai  

P2  Po  Poil 

P1  P2 

Pai  Po   oil   hoil 

Pai       
3  ( 5         5) 

Pai     5 7 75    

 

 

 
 
 

   Oil 

2 1 

Figure (3) 

Po 
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Example 4/  The water in a tank is pressurized by air, and the pressure is measured by a 

multifluid manometer as shown in Figure (4). The tank is located on a mountain at an altitude 

of 1400m where the atmospheric pressure is 85.6 kPa. Determine the air pressure in the tank 

if (h1        h2    2       h3     5   ).Take the densities of water, oil, and mercury 

to be 1000    3⁄ , 850    3⁄ , and 13,600    3⁄ , respectively. 

 

 

 

Solution/  

Pai  P a    Poil  Pm       Po    

Pai  Po  Pm       P a    Poil 

Pai  Po   m        3    a     1   oil  2 

Pai   5      
3  (              5)  (             )  ( 5         2) 

Pai          P  

 

 

 

Po 

Figure (4) 
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Example 5/  The gage pressure of the air in the tank shown in Figure (5) is measured to be 

65 kPa. Determine the differential height h of the mercury column. 

 

 

 
Solution/  

  S G    2  

 oil    72       72     
3⁄  

 m                          
3⁄   

 1   Pai  P a    

 2  Po  Poil  Pm       

P1  P2 

 Pai  P a    Po  Poil  Pm       

Pm        Pai  P a    Po  Poil 

Pm        Pai  Po    a        oil  oil 

Pm        5    
3  (             )  (72         75) 

Pm        2  5                

⇒   
        

   
 

62645 6

136      1
    7   

Po 

Figure (5) 

2 1 



Fluid Mechanics                                                                                                                         Ayat A. Molaa 
 

 

6 
 
 

Example 6/  A differential manometer is connected to two pipes as shown in Figure(6). The 

pipe A is containing carbon tetrachloride S.G. = 1.594 and the pipe B is contain an oil of 

S.G. = 0.8. Find the difference of mercury level if the pressure difference in the two pipes be 

7       4    . Note;  m                 
3⁄   

 

Solution/  

 

 

 

 

 

 

 

 

  S G    2  

     5         5      
3⁄  

 oil                  
3⁄  

 1   P  Poil  

 2   P  P  Pm 

P1  P2 

 P  Poil   P  P  Pm  

P  P  P  Pm  Poil 

P  P   oil               m     

7       4  [ 5          5]  [            ]  [         (   )] 

h  25        

𝑃𝐴 
𝜌𝐴 

𝜌𝐵 

𝑃𝐵 
2 5 𝑚 

  𝑚 

h 

1 2 

mercury 

carbon 

tetrachlori

de
Oil  𝑐  2 5      5 𝑚 

 𝑚    

 𝑜𝑖𝑙      

 :ملاحظة

Figure (6)  
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S.G = 0.8 

15 cm 

 

B 

Oil 1 

A 

Water S.G= 0.9 

Example 7/ An inverted manometer, when connected to two pipes A and B, gives the 

readings as shown in Figure (7). Determine the pressure in tube B, if the pressure in pipe A 

       4   . 

 

 
 

 

 

 

 

 

 

 

Solution/ 

  S G    2  

 oil 1                  
3⁄  

 oil 2                  
3⁄  

 1   P  P   

 2   P  Poil 1  Poil 2 

P1  P2 

 P  P   P  Poil 1  Poil 2  

P    P  P  Poil 1  Poil 2 

P   P          oil 1       1   oil 2       2 

P         
4  (             )  (           5)  (            5) 

P          P  

 

80 cm 

 50 cm 

 

Figure (7)  

 

 

Oil 2 
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Problems: 

 A Micro manometer, having ratio of basin to limb areas as 40, was used to determine 1.

the pressure in a pipe containing water. Determine the pressure in the pipe for the 

manometer 

reading shown in Figure (8). Ans:        5 7    
5 P  

 

 

 

 

 

 

 

 

 

 A differential manometer is connected to two pipes as shown in Figure (9). At B the 2.

air pressure is        4    , find the absolute pressure at A.  

Ans:      = 9.54513 x104 Pa 
 

 

 

 

 

 

 

 

 

 

 

Po 

Ac 

A 
Aw h2=8cm 

h1=5cm 
Basin (well) 

2 1 

BAir 
Water 

50cm 

Oil 
A 10cm 

5cm 

S G      � mercury 

Figure (8)  

 

Figure (9)  

 

S.G =0.9  

 

S G      � mercury 
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 The pressure difference between an oil pipe and water pipe is measured by a double-3.

fluid manometer, as shown in Figure (10). For the given fluid heights and specific 

gravities, calculate the pressure difference         . Ans:    = 27.6 KPa 

 

 
 

 

 The air pressure in a circular duct is to be measured using a manometer whose open 4.

arm is inclined 25° from the horizontal, as shown in Figure (11). The density of the 

liquid in the manometer is 0.81 kg/L, and the vertical distance between the fluid levels 

in the two arms of the manometer is 8 cm. Determine the gage pressure of air in the 

duct and the length of the fluid column in the inclined arm above the fluid level in the 

vertical arm.  

Ans: P a                     

 

 

 

 

Figure(11)  

 

Figure(10)  
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 A gasoline line is connected to a pressure gage through a double-U manometer, as 5.

shown in Figure (12). If the reading of the pressure gage is 260 kPa, determine the 

gage pressure of the gasoline line. Ans: P a olin    2 5  P  

 
 

 

 A water pipe is connected to a double-U manometer as shown in Figure (13), at a 6.

location where the local atmospheric pressure is 14.2 psia. Determine the absolute 

pressure at the center of the pipe. Ans: P a    pip    22        

 
 

 

Figure (12)  

 

Figure (13)  

 



Example for Bernoulli Equation 

 

Water flows steadily through the pipe as shown below, such that the pressure at 

section (1) and at section (2) are (300 kPa and 100 kPa) respectively. Determine the 

diameter of the pipe at section (2), if the velocity at section (1) is (20 m/sec) and 

viscous effects are negligible. 

 

Solution: 

𝑃1 = 300 𝐾𝑃𝑎 , 𝐷1 = 0.1 𝑚,  𝑉1 = 20 𝑚/𝑠, 𝑍1 = 50 𝑚 

𝑃2 = 100 𝐾𝑃𝑎 , 𝐷2 =? ,  𝑉2 =? , 𝑍2 = 0 𝑚 

 

𝑃1

𝛾
+

𝑣1
2

2𝑔
+ 𝑍1 =

𝑃2

𝛾
+

𝑣2
2

2𝑔
+ 𝑍2 + ℎ𝑓 

300 × 103

1000 × 9.81
+

202

2 × 9.81
+ 50 =

100 × 103

1000 × 9.81
+

𝑣2
2

2 × 9.81
+ 0 

30.612 + 20.387 + 50 = 10.204 +
𝑣2

2

19.62
 

100.999 = 10.204 +
𝑣2

2

19.62
→    𝑣2

2 = √90.795 × 19.62   

𝑣2
2 = 42.21 𝑚/𝑠 

 

𝑉 ∙
1 = 𝑉 ∙

2 

 

𝐴1 =
𝜋 ⅆ1

2

4
=

𝜋 × 0.12

4
= 0.008 𝑚2 



 

𝐴1𝑣1 = 𝐴2𝑣2 

0.008 × 20 = 𝐴2 × 42.21 

𝐴2 = 0.004 𝑚2 

𝐴2 =
𝜋 ⅆ2

2

4
 

ⅆ2 = √
4𝐴2

𝜋
= √

4 × 0.004

𝜋
= 0.071 𝑚 

 

H.w/  

Water flows in a rectangular channel that is (0.5 m) wide as shown. The upstream 

depth is (70 mm). The water surface rises (40 mm) as it passes over a portion where 

the channel bottom rises (10 mm). If viscous effects are negligible. What is the flow 

rate? 

 

 


