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Chapter # 1 

Load and Stress Analysis 

Concept of stress: 

The main objective of this course (Mechanics of Materials) is to provide the future 

engineer with the means of analyzing and designing various machines and load 

structures. 

Normal Stress: Axial Loading 

The resultant of the internal forces for an axially loaded member is normal to a 

section cut perpendicular to a section axis. 

The force intensity on that section defined as the normal stress 

✓ Direct Tension Normal Stress 

𝜎𝑎𝑣𝑒 =
𝑃

𝐴
 

✓ Axial Deformation 

𝛿 =
𝑃𝐿

𝐸𝐴
 

where: 

E, Modulus of Elasticity 

A, Cross-Sectional 

L, Length of structural component 

Shearing Stress 

✓ Direct Shear Stress 

   𝜏𝑎𝑣𝑒 =
𝑃

𝐴
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Shearing Stress Examples: 

The forces F and 𝐹′ are applied transversely to the member AB. Corresponding 

internal forces act on the plane of section C and are called Shearing forces and the 

corresponding average shear stress is 

   𝜏𝑎𝑣𝑒 =
𝑃

𝐴
 

 

 

Physical Constants of Materials: 
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Example 1-1: 

For the loading on the slider-crank mechanism shown, determine the stress at the 

section indicated? 

The piston weighs 0.5 lb 

 

Example 1-2: 

For the slider-crank mechanism 

previously discussed, determine 

the shear stress on the wrist pin. 
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Example 1-3:
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Example 1-4: 

 

Example 1-5: 

A hollow steel tube with an inside diameter of 100 mm must 

carry a tensile load of 400 kN. Determine the outside diameter 

of the tube if the stress is limited to 120 MN/m2. 
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Bearing Stress in Connections: 

 

 

• Bolts, pins, and rivets create stresses in the members they connect along the 

bearing surface or surface of contact. 

• The resultant of the force distribution on the surface is equal and opposite to 

the force excreted on the pin 

• Corresponding average force intensity is called the bearing stress  

𝜎𝑏 =
𝑃

𝐴
=

𝑃

𝑡 𝑑
 

Example 1-6: 

Each of the four vertical links has an 

8*36-mm uniform rectangular cross 

section, and each of the four pins has 

a 16-mm diameter. 

Determine (a) the average shearing 

stress at point C, (b) bearing stress 

in link CE at point C, (c) bearing 

stress in link ABC at point C, (d) the 

maximum value of the average 

normal stress in the links connecting points B and D  
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Torsional Loading 

✓ Torsional Stress 

𝜏 =
𝑇𝑟

𝐽
 

✓ Torsional Deformation 

𝜃 =
𝑇𝐿

𝐺𝐽
 

where 

• r, radius to point of analysis (usually on the outer surface) 

• J, polar moment of inertia (Charted for different shapes) 

• G, Shear Modulus 

Section Properties 
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Bending Loads 

✓ Bending Normal Stress 

𝜎 =
𝑀𝑐

𝐼
 

Where 

• c, distance from neutral axis to point of analysis, usually on the outer 

surface. 

• I, area moment of inertia (charted for different shapes) 

 

✓ Flexural Deformation 

𝛿 = ∬
𝑀

𝐸𝐼
𝑑𝑙         (charted for different supports and load cases) 
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Example 1-7: 

For the slider-crank mechanism previously discussed and shown below, determine 

the torsional shear stress on the motor shaft. 
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Example 1-8: 

Calculate the stress components at point A of the shaft shown. 

 

Supporters and Reactions: 
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Converting Distributed Loads to Concentric Loads: 
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Shear Forces and Bending Moments diagrams: 

Example 1-9: 

Skitch the shear force and bending moment diagrams for the following problem? 

 

Example 1-10: 

 

For the slider crank mechanism 

drive shaft shown, determine 

the bending stress at the 

indicated section? 
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Example 1-11: 
 

Draw shear and moment diagrams, specifying values at all change of loading positions and at 

points of zero shear. Neglect the mass of the beam in each problem. 

 

 

 

Example 1-12: 

Two solid cylindrical rods AB and BC are welded together at B and loaded as shown. 

Knowing that d1 30 mm and d2 50 mm, find the average normal stress at the 

midsection of (a) rod AB, (b) rod BC. 
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Extra Exercises: 
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Combined Stresses: The Stress Element 

Consider a point on a part that is under stress, and assign a coordinate system used 

to denote the stress values 
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Biaxial Stress 

Consider the common case when one plane is unstressed. 

 

The remaining components are shown on a square stress element.  
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Example 2.6: 

The shaft shown is mounted between self-aligning bearings A and B. The shaft can 

be modeled as a simply supported beam. Belt forces are applied to a sheave as 

shown. The left end of the shaft is connected to a motor by means of a flexible 

coupling. Nothing is attached to the right end. Elements T (top) and S (side) are 

located adjacent to the sheave. Determine (a) the torque applied on the shaft, (b) the 

maximum bending moment, (c) the maximum bending stress at the elements S and 

T, and (d) the maximum torsion stress on the elements S and T. 
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State of Stress 

• By rotating the reference frame, the individual stress values change. 

• The “state of stress” remains the same. 

 

Principal Stresses 

• Reference coordinates that yield extreme values of normal stress are of 

special interest. 

• This is similar to determining the resultant of a force 

• The maximum and minimum normal stresses are obtained through the 

conventional method to find extrema of a function. That is, determine θ such 

that 

 

• The angle, which produces the extreme values of normal stress, is 
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• The corresponding x’ stress is called the maximum principle stress, 𝜎1 

 

• The corresponding y’ stress is called the minimum principle stress, 𝜎2 

 

• The corresponding shear stress 𝜏𝑥′𝑦′  is zero. 

• After transformation to the maximum normal stress orientation, the stress 

element appears as 

 

Example 2.7: 

Calculate the principal normal stresses at point A of the shaft shown. 
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Principle Shear Stress 
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Example 2.8: 

Calculate the principal shear stress at point A of the shaft shown? 

 

Example 2.9 

For the 1.0 in. diameter shaft shown. Determine the maximum principal shear stress 

at the elements S and T. 



25/09/2026  هندسة ميكانيكية   حليل اجهاداتت  

 

 

Mohr’s Circle 

 

3. Create a straight line between the two points. 

4. Construct a circle (Mohr’s Circle) using the line as the as the diameter. 
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5. The key transformations can be visualized from Mohr’s Circle 
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Example 2.10: 

Construct Mohr’s Circle for point A of the shaft shown? 

 

Example 2-11: 

Construct Mohr’s circle for element T? 

 

 

 


