
University of Anbar 

College of Engineering 

Civil Engineering Department 

===========================================================

Strength of Materials I, Semester 1, 2022                         Dr. Dhafer K. Jadaan 

  

Syllabus  

1. Equilibrium 

2. Stresses 

3. Strains 

4. Mechanical Properties 

5. Axial Load 

6. Torsion 

7. Shear and Bending diagrams 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Introduction 

International System of Units 

 

Example: 

 

 

 

Dimensional Homogeneity         
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Chapter One 

Equilibrium 

Support Reactions 

 

Examples 

Determine the reactions of the simply supported beam. 

 

 

 

 

 

 

 

 



 

Solution 

 

 

 

Σ𝐹𝑥 = 0 → 𝑁 = 0 

Σ𝑀𝑅2 = 0 → 𝑅1 ∗ 4 − 5 ∗ 4 ∗ 4/2 = 0 → 𝑅1 = 10 𝑘𝑁 

Σ𝐹𝑦 = 0 → 𝑅1 + 𝑅2 − 5 ∗ 4 = 0 → 𝑅2 = 10 𝑘𝑁 

 

 

 

 

 

Solution 

Free-body diagram. From table 1-4, fixed support has three reactions 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



Chapter 2-- Stresses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Examples 

 

 

 

 

 

 

 

– 

 

 

 

 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



Examples 

 

 

 

 

 

 



 

 



Show that the average normal and shear stresses on the shade section in the figure 

below are given as  

 

 

 

 

 

 

 

 

The exercise below is on the normal stress (DIY) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 3 

Strains 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Units: In SI units: m/m or cm/cm or mm/mm or 
𝜇𝑚

𝑚
= 10−6𝑚/𝑚 and in Inch-

pound in/in. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Examples: 

Elongation in rod 𝐿𝐵𝐷 

Δ𝐿𝐵𝐷 = sin(0.05) ∗ 400𝑚𝑚 = 0.3491 𝑚𝑚 

 

 

 

 

 

 

 

 

 

 

Strain in rod 𝐿𝐵𝐷 is 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter 4 

Mechanical properties 

The Stress–Strain Diagram 

 

 

 

 

 

 

 

 

 

 

Elastic behavior 

If the load is removed, the specimen will return back to its original shape. 

proportional limit 

The stress-strain relationship up to this point is linear elastic. 

Elastic limit  

After this point the stress-strain curve is not linear but still elastic. 

Yielding 

 A slight increase in stress above the elastic limit will result in a breakdown of the 

material and cause it to deform permanently and becomes plastic. 

Strain hardening  

Increase in the stress after yielding until it reaches maximum stress 𝜎𝑢. 



Necking 

When the  

Figure: Stress strain curve for steel. 

Necking 

A “neck” tends to form due to the elongation in the specimen and finally the 

specimen fails at the fracture stress 𝜎𝑓. 

 



True Stress–Strain Diagram. 

In reality, due to the elongation of the specimen, the cross-sectional area decreases 

and the length increases. As a result, the true stress-strain curve is obtained by 

using the real area A then 𝜎 =
𝑃

𝐴
 and the true strain is obtained bu using the true 

length L then 𝜖 =
𝛿𝐿

𝐿
. 

 

Ductile Materials. Any material that can be subjected to large strains before it 

fractures is called a ductile material (an example is steel). 

 

Example of stress-strain curve for steel. 

From the above figure we see: 

Proportional limit stress is 𝜎𝑝𝑙 = 35 𝑘𝑠𝑖. 

Yield stress is 𝜎𝑌 = 36 𝑘𝑠𝑖 



Ultimate stress is 𝜎𝑌 = 63 𝑘𝑠𝑖 

Failure stress is 𝜎𝑓 = 47 𝑘𝑠𝑖 

Proportional limit strain  𝜖𝑝𝑙 = 0.0012 

Yield strain  𝜖𝑌 = 0.03 

Failure strain  𝜖𝑓 = 0.38 

Brittle Materials. Materials that exhibit little or no yielding before failure are 

referred to as brittle materials (an example is concrete). 

 

Hook’s law (Hook 1676) 

 

 

From the above stress-strain curve of the steel 

 

 

 



And E is Young’s modulus of elasticity (Young 1807) 

 

Strain Energy density 

Energy is work= Force*distance and strain energy 

is work due to deformations. 

For the specimen in tension in this figure, assume 

the elongation is 𝛿𝐿 and the cross-sectional area is 

A, then 

Strain energy density is the strain energy divided 

by the volume 

𝑆𝑡𝑟𝑎𝑖𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =

1
2

𝐹 ∗ 𝛿𝐿

𝛥𝑉
 

=
1

2𝛥𝑉
(𝜎 ∗ 𝐴) ∗ (𝜖 ∗ Δ𝑧) =

1

2𝛥𝑉
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1

2𝛥𝑉
(𝜎𝜖) ∗ (𝛥𝑉) 

𝑆𝑡𝑟𝑎𝑖𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
1
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1

2
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2𝐸
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We notice that strain energy density and modulus of resilience are the area under 

the stress-strain curve. 



 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 



Examples 

 

Solution  

 

 



 

Example  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



Example 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

The total elongation of the rod is the elongation in AB (which is elastic) and the 

elongation in BC (which is plastic) as follow 

 

 

 

 

 

 

 

 بقية هذا الفصل ياخذها الطالب من محاضرات د. شامل 

 

 

 

 

 



 

Chapter 5 

Axial Loading 

 

 

 

 

 

 

 

 

 

IF the P, E and A are constants then 

 

 

 

If many members have same P, E and A then 



Examples 

 

 

 

 

 

 

Positive displacements mean elongation. 

 

 

 



Statically Indeterminate Axially Loaded Member 
If the equilibrium equations are not enough to solve the problem, use the compatibility 
equations with the equilibrium equations to solve the problem. 

 

 

Let’s check if the load is enough to cause the end B to contact the wall. 

𝛿𝐵 =
20000∗400

𝐴𝐸
= 0.509 𝑚𝑚 > 0.2𝑚𝑚 then B will contact the wall. 

 

 Equilibrium 

Two unknown and one equation then indeterminate. 

Compatibility 

 

 

 

 

 

 

 

 

 

 



Another solution (Called flexibility or force method) 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 6 

Torsion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝛾𝑑𝑥 = 𝑑𝜙𝜌 → 𝛾 = 𝜌
𝑑𝜙

𝑑𝑥
 

Since 𝑑𝑥 𝑎𝑛𝑑 𝑑𝜙 is the same for all elements located at points on the cross section 

at x, then 
𝑑𝑥

𝑑𝜙
 is constant over the cross section, 𝛾 increases linearly with distance 

from the center of the axis of the shaft, 

𝛾 =
𝜌

𝑐
𝛾𝑚𝑎𝑥  

 

 

 



 

 

 

 

 

 

 

 

 

Combing above equations,  

 

Tabular shafts 

 

 

 

 

 

 

 



Angle of twist 

 

 

 

 

 

 

 

 

 

 

 

Multiple torques 

 



Example 

 

 

 

 

 

 

 

 

Example 

 

 

 

 

 

 

 

 

 

 

 

 



Example 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 7 

Shear and Bending diagrams 

Members that are slender and support loadings that are applied perpendicular to 

their longitudinal axis are called beams and classified as how they are supported as 

shown below. 
 

To design beams, we need to know the shear and 

bending moment diagrams and find the maximum 

values. 

 

Because shear and moment are discontinuous 

functions, we divide their diagrams into regions as 

shown below. 

 

  

 

 

 

 

 

 

 

 

Consider the origin to the left. Then x1 will be used for region AB, x2 for region 

BC and x3 for region CD. 

 

 

Beams sign convention 

 

It is arbitrary but the one often used in engineering practice is as shown below. 

 

OR, 

 

When starting from left side of the 

beam, upward forces cause positive  

shear and bending moment and 

downward forces cause negative shear  

and bending moment. 

 



 

 

 

 



 

 

 

 

 



  

 
 
 
 



 Graphical Method for Constructing Shear and Moment Diagrams 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

Integrating equations 6-1 and 6-2, 

 

 


