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Modes of Failure By elastic deflection, general 
yielding & fracture



 A static load is defined as a force, which is gradually applied 
to a mechanical component and which does not change its 
magnitude or direction with respect to time. Engineering 
materials are classified into two groups—ductile and brittle 
materials. A ductile material is one which has a relatively 
large tensile strain before fracture takes place. On the other 
hand, a brittle material has a relatively small tensile strain 
before fracture. A tensile strain of 5% is considered to be the 
dividing line between brittle and ductile materials. Structural 
steels and aluminium are ductile materials, while cast iron is 
an example of a brittle material. 



 A mechanical component may fail, that is, may be 
unable to perform its function satisfactorily, as a 
result of any one of the following three modes of 
failure1: 

(i) failure by elastic deflection; 
(ii) failure by general yielding; and 
(iii) failure by fracture. 



 In applications like transmission shaft supporting gears, the 
maximum force acting on the shaft, without affecting its 
performance, is limited by the permissible elastic deflection. 
Lateral or torsional rigidity is considered as the criterion of 
design in such cases. Sometimes, the elastic deflection 
results in unstable conditions, such as buckling of columns 
or vibrations. The design of the mechanical component, in all 
these cases, is based on the permissible lateral or torsional 
deflection. The stresses induced in the component are not 
significant and the properties of the material, such as yield 
strength or ultimate tensile strength, are not of primary 
importance. The modules of elasticity and rigidity are the 
important properties and the dimensions of the component 
are determined by the load-deflection equations.



 A mechanical component made of ductile material loses its 
engineering usefulness due to a large amount of plastic 
deformation after the yield point  stress is  reached. 
Considerable portion of the component is subjected to plastic 
deformation, called general yielding. There is a basic 
difference between general yielding and localized yielding. 
The localized yielding in the region of stress concentration is 
restricted to a very small portion of the component and is not 
considered significant. The yield strength of a material is an 
important property when a component is designed against  
failure due to general yielding. 



 Components made of brittle material cease to function 
satisfactorily because of the sudden fracture without any 
plastic deformation. The failure in this case is sudden and 
total. In such cases, ultimate tensile strength of the material 
is an important property to determine the dimensions of these 
components. The failure by elastic deflection is separately 
considered in the chapter on transmission shafting. The 
discussion in this chapter is restricted to the design of 
components on the strength basis.



 In applications like transmission shaft, which is used to support gears, the 
maximum force acting on the shaft is limited by the permissible deflection. 
When this deflection exceeds a particular value (usually, 0.001 to 0.003 
times of span length between two bearings), the meshing between teeth of 
gears is affected and the shaft cannot perform its function properly. In this 
case, the shaft is said to have ‘failed’ due to elastic deflection. Components 
made of ductile materials like steel lose their engineering usefulness due to 
large amount of plastic deformation. This type of failure is called failure by 
yielding. Components made of brittle materials like cast iron fail because of 
sudden fracture without any plastic deformation. There are two basic modes 
of gear-tooth failure— breakage of tooth due to static and dynamic load and 
surface pitting. The surface of the gear tooth is covered with small ‘pits’ 
resulting in rapid wear. Pitting is a surface fatigue failure. The components 
of ball bearings such as rolling elements, inner and outer races fail due to 
fatigue cracks after certain number of revolutions. Sliding contact bearings 
fail due to corrosion and abrasive wear by foreign particles.



Working stress
 When designing machine parts, it is desirable to keep the 

stress lower than the maximum or ultimate stress at which 
failure of the material takes place. This stress is known as the 
working stress or design stress. It is also known as safe or 
allowable stress. 

 Note : By failure it is not meant actual breaking of the 
material. Some machine parts are said to fail when they have 
plastic deformation set in them, and they no more perform 
their function satisfactory



 It is defined, in general, as the ratio of the maximum stress to the 
working stress. Mathematically,

 Factor of safety=maximum stress/working stress
In case of ductile materials e.g. mild steel, where the yield point is 

clearly defined, the factor of safety is based upon the yield point 
stress. In such cases, 

 Factor of safety = Yield point stress /Working or design stress
 In case of brittle materials e.g. cast iron, the yield point is not well 

defined as for ductile materials. Therefore, the factor of safety for 
brittle materials is based on ultimate stress. 

    Factor of safety = Ultimate stress /Working or design stress 



(i) Effect of Failure
(ii) Type of Load 
(iii) Degree of Accuracy in Force Analysis 
(iv) Material of Component 
(v) Reliability of Component 
(vi) Cost of Component 
(vii) Testing of Machine Element 
(viii) Service Conditions 
(ix) Quality of Manufacture 



 Ultimate  tensile stress  (UTS):  I t  is  defined  as the 
maximum stress that a material can withstand when a force 
is applied. When the materials are pushed beyond UTS they 
experience the cracking.

           ultimate stress=ultimate load/initial cross sectional area
v     working stress<ultimate stress



 In designing a machine component, there is no rigid rule. The problem 
may be attempted in several ways. However, the general procedure to 
solve a design problem is as follows : 

1. Recognition of need. First of all, make a complete statement of the 
problem, indicating the need, aim or purpose for which the machine is to 
be designed. 

2. Synthesis (Mechanisms). Select the possible mechanism or group of 
mechanisms which will give the desired motion. 

3. Analysis of forces. Find the forces acting on each member of the machine 
and the energy transmitted by each member. 

4. Material selection. Select the material best suited for each member of the 
machine. 

5. Design of elements (Size and Stresses). Find the size of each member of 
the machine by considering the force acting on the member and the 
permissible stresses for the material used. It should be kept in mind that 
each member should not deflect or deform than the permissible limit.



6. Modification. Modify the size of the member to agree with the past 
experience and judgment to facilitate manufacture. The modification may 
also be necessary by consideration of manufacturing to reduce overall 
cost. 

7. Detailed drawing. Draw the detailed drawing of each component and the 
assembly of the machine with complete specif icat ion for the 
manufacturing processes suggested. 

8. Production. The component, as per the drawing, is manufactured in the 
workshop.



The flow chart for the general procedure in machine design is shown in Fig. 1.1



1. Type of load and stresses caused by the load.
 2. Motion of the parts or kinematics of the machine.
 3. Selection of materials. 
4. Form and size of the parts.
 5. Frictional resistance and lubrication. 
6. Convenient and economical features. 
7. Use of standard parts. 
8. Safety of operation. 
9. Workshop facilities. 
10. Number of machines to be manufactured.
 11. Cost of construction.
 12. Assembling. 


