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Mechanics 

• The solid mechanics as a subject may be defined as a branch of applied 
mechanics that deals with behaviors of solid bodies subjected to various 
types of loadings.

1. Mechanics of  rigid bodies

2. Mechanics of  deformable solids/Mechanics of  solids

3. Fluid Mechanics
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Unit I Simple stresses and strains

• CO1. DEFINE various types of  stresses and strain developed on determinate and 
indeterminate members. 

Simple Stress & Strain: Introduction to types of  loads (Static, Dynamic & Impact Loading) 
and various types of  stresses with applications, Hooke’s law, Poisson’s ratio, Modulus of  
Elasticity, Modulus of  Rigidity, Bulk Modulus. Interrelation between elastic constants, Stress-
strain diagram for ductile and brittle materials, factor of  safety, Stresses and strains in 
determinate and indeterminate beam, homogeneous and composite bars under concentrated 
loads and self-weight, Thermal stresses in plain and composite members 
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Static / Dynamic

• Static: remains constant over the period

• External force will form equilibrium  internal restoring force

• Deformation or Stresses depend on external force and stiffness

• A good example of  a static load is the weight of  a building acting on the ground. Another example is a 
car parked at a car park.

• Dynamic: varies with respect to time

• External force will form equilibrium  Inertia force, damping force and internal restoring force

• Deformation or Stresses depend on external force and stiffness, mass and forcing frequency 

• A good example of  a dynamic load is the weight of  a moving car on the road.
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Types of  Load and effect of  load on Solid
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Internal Resistance
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Stress
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Stress
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GAJ and GAJGamini

• GAJ : 5400/4 = 1350 Kg per leg

• Paw dia 50 CM  Area=1962 cm2

• Stress = 1350/1962 = 0.69 Kg/Cm^2

• Gajgamini weight 60 kg  half  30kg 
(two legs) half  15kg (only on hills)

• Hill Tip area=0.785cm^2

• Stress=15/0.785=19Kg/Cm^2

• About 20 times Higher than Gaj
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Direct Stress
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Shear Stress 
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Strain
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Direct Strain
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Shear Strain
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Stress-Strain Diagram
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Structural Properties

• Elasticity: Property by virtue of  which a deformed body under the action of  

loads regains its original shape once the loads are removed.

• Homogeneity: Same composition throughout body; Elastic properties are 

same at every point in the body; Elastic properties need not be same in all 

directions

• Isotropy: Elastic properties are same in all directions

• Anisotropy: Elastic properties different in various directions
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Linear / Non-Linear
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Stiffness / Strength

• Stiffness is resistance to deform

• Strength is Resistance to failure 

Government college of Engineering and Research Awasari(kh), Pune 18



Hooke’s Law

• Stress and strain are related by 

a constitutive law,

• The linear, elastic relationship 

between stress and strain is known 

as Hooke's Law. 
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Poisson's ratio

• First things first, even just pulling (or pushing) on most 

materials in one direction actually causes deformation 

in all three orthogonal directions. Let's go back to that 

first illustration of  strain. This time, we will account for 

the fact that pulling on an object axially causes it to 

compress laterally in the transverse directions:

• Poisson's ratio is a material property. 

• For most engineering materials, for example steel or 

aluminum have a Poisson's ratio around 0.3, and rubbers 

have a Poisson's ratio around 0.5,
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Principal of  Superposition

• In physics and systems theory, 

the superposition principle, for all linear 

systems, the net response at a given place and 

time caused by two or more stimuli is the sum 

of  the responses that would have been caused 

by each stimulus individually. So that if  

input A produces response X and 

input B produces response Y then input 

(A + B) produces response (X + Y).
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Determinate and Indeterminate beam
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Stress-Strain Diagram and Modulus of  Elasticity and

Modulus of  Rigidity, Bulk Modulus. Interrelation between 

elastic constants,
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Volumetric Strain
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Stress-Strain Relation
Generalized Hooke's Law
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Bulk Modulus

A very common type of stress that causes dilation is 

known as hydrostatic stress. This is just simply 

a pressure that acts equally on the entire material. Since it 
is acting equally, that means:
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Interrelation between elastic constants
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Axial Deformation along with Self  weight

• A steel rod having a 
cross-sectional area of  
300 mm2 and a length of  
150 m is suspended 
vertically from one end. 
It supports a tensile load 
of  20 kN at the lower 
end. If  the unit mass of  
steel is 7850 kg/m3 and 
E = 200 × 103 MN/m2, 
find the total elongation 
of  the rod.

Elongation due 
to its own 
weight:

δ1=PL/ AE

δ1=3465.3825(75

000)300(200000)
δ1=4.33 mm

Elongation due to 
applied load:
δ2=PL/AE

Thus,
δ2=20000(150000)/300 

(200000)

δ2=50 mm

Total elongation:
δ=δ1+δ2

δ=4.33+50=54.33 mm
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Composite Sections

•

Government college of Engineering and Research Awasari(kh), Pune 64



Bars in Series

• A bronze bar is fastened between a steel bar and an aluminum bar as shown in Fig. p-211. 
Axial loads are applied at the positions indicated. Find the largest value of  P that will not 
exceed an overall deformation of  3.0 mm, or the following stresses: 140 MPa in the steel, 
120 MPa in the bronze, and 80 MPa in the aluminum. Assume that the assembly is suitably 
braced to prevent buckling. Use Est = 200 GPa, Eal = 70 GPa, and Ebr = 83 GPa.

Use the smallest value of P, P = 12.8 kN
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Composite Bar (Bars in Parallel)

• A steel bar 50 mm in diameter and 2 m long is 

surrounded by a shell of  a cast iron 5 mm thick. 

Compute the load that will compress the 

combined bar a total of  0.8 mm in the length of  

2 m. For steel, E = 200 GPa, and for cast iron, E 

= 100 GPa.

P=191.64kNP=191.64kN
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Composite Bar (Bars in Parallel)

A reinforced concrete column 200 mm in diameter is 

designed to carry an axial compressive load of  300 kN.

Determine the required area of  the reinforcing steel if  

the allowable stresses are 6 MPa and 120 MPa for the 

concrete and steel, respectively. Use Eco = 14 GPa and 

Est = 200 GPa.
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Bars in Parallel

• A rigid block of  mass M is supported by 

three symmetrically spaced rods as shown in 

Fig. P-236. Each copper rod has an area of  

900 mm2; E = 120 GPa; and the allowable 

stress is 70 MPa. The steel rod has an area 

of  1200 mm2; E = 200 GPa; and the 

allowable stress is 140 MPa. Determine the 

largest mass M which can be supported.

M=22358.4 kg
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Bars in parallel inclined

• As shown in Fig. P-254, a rigid bar 

with negligible mass is pinned at O and 

attached to two vertical rods. Assuming 

that the rods were initially stress-free, 

what maximum load P can be applied 

without exceeding stresses of  150 MPa 

in the steel rod and 70 MPa in the 

bronze rod.
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Bars in Parallel

The rigid bar AB, attached to 
two vertical rods as shown in 
Fig. P-213, is horizontal 
before the load P is applied. 
Determine the vertical 
movement of P if its 
magnitude is 50 kN.
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Bars in parallel

• The rigid bars AB and CD 
shown in Fig. P-214 are 
supported by pins at A and C 
and the two rods. Determine 
the maximum force P that can 
be applied as shown if  its 
vertical movement is limited to 
5 mm. Neglect the weights of  
all members.
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Thermal Stress

Temperature changes cause the body to expand or contract

If temperature deformation is permitted to occur freely, no load or stress 
will be induced in the structure. 
In some cases where temperature deformation is not permitted, an 
internal stress is created. The internal stress created is termed as thermal 

stress.
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Thermal Stresses in Single Material

• Steel railroad reels 10 m long are laid with a 

clearance of  3 mm at a temperature of  15°C. 

At what temperature will the rails just touch? 

What stress would be induced in the rails at 

that temperature if  there were no initial 

clearance? Assume α = 11.7 µm/(m·°C) and E 

= 200 GPa.
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