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Assumptions: 



 

3  

 
 
 

  
 

 
 

 
 

 

 
Answer: 

 

Given: 

 



 

4  

 
 
Solve (algebraic steps skipped for brevity) → result: 
I solved the equation numerically and obtain: 
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Data Given: 
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Interpretation / assumptions: 
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answer is the same as Q.14 
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Bending stress 

 Definition: Bending stress (normal stress) arises when a member is subjected to 
bending moment M. At a cross-section, the normal stress varies linearly with distance 
from the neutral axis: σ=My/I (where y is distance from neutral axis and III the second 
moment of area). 

 Nature: Tensile on one side of neutral axis and compressive on the other. 
 Units: N/mm² (MPa). 
 Where it appears: Beams, cantilevers, shafts under bending, brackets. 
 Failure mode: Material yields in tension/compression at extreme fibers if ∣σ∣|\sigma|∣σ∣ 

exceeds allowable tensile/compressive stress. 
Sketch to draw:  
 
Bearing (crushing) stress 

 Definition: Bearing stress (contact stress or crushing stress) is the compressive stress 
developed between two members pressed together over a projected contact area (e.g., 
pin on hole, cotter on strap). It is computed as σb=P/Ab where Ab is the projected 
bearing area (width × thickness). 

 Nature: Local compressive stress concentrated over contact area — not distributed 
through a whole cross section. 

 Where it appears: Pins in holes, cotter in slot, bolts against plate, keys in shaft 
keyways. 

 Failure mode: Local crushing or indentation of material where compressive strength 
(or bearing allowable) is exceeded. 

Sketch to draw:  
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1. Tensile stress 
 Definition: Normal stress produced by axial tensile force T distributed over cross 

sectional area A: σ=T/A 
 Sketch: A rod with arrows pulling outward at both ends; label T and show σ=T/A 
2. Compressive stress 
 Definition: Normal stress produced by axial compressive load C: σ=C/A (negative sign 

convention). 
 Sketch: A column with arrows pushing inward; label C and σ=C/A. 
3. Principal stress 
 Definition: Stresses acting on principal planes where shear stress = 0. For plane stress 

σx,σy,τxy, principal stresses are  . They are the 
maximum & minimum normal stresses at a point. 

 Sketch: Mohr’s circle showing σ1,σ2 on the σ-axis; or a stress element with σ1 and σ2 
and zero shear. 

4. Bearing pressure (bearing stress) 
 Definition: Local compressive stress at the contacting surfaces: 

σb=P/(projected contact area) 
 Sketch: Pin in plate hole as described in Q.18. 
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(a) Crushing (bearing) vs compressive stress 

 Crushing (bearing) stress: Local contact compressive stress on a small projected area 
due to contact of two members (pin/plate). Calculated as P/Acontact. Often leads to 
local indentation. 

 Compressive stress: Distributed normal stress over the whole cross-section produced 
by uniform compressive load; σ=P/Agross. It is a global stress state (e.g., in columns). 

 Key difference: crushing is local and depends on contact geometry; compressive is 
global across cross section. 

Sketch: 
 

(b) Torsional vs transverse shear stress 
 Torsional shear stress: Shear stress produced by torque T on circular shafts; varies 

linearly with radius: τt=Tr/J (where J polar moment of inertia). It acts on planes parallel 
to shaft axis (circumferential shear). 

 Transverse shear stress (beam shear): Shear due to transverse force V in beams; 
varies across cross-section (max typically at neutral axis) and computed using shear 
formula τ=VQ/Ib (where Q is first moment). Acts on planes normal to axis causing 
sliding of sections. 

 Key difference: torsional shear is due to twisting moment and is circumferential and 
zero at axis; transverse shear is due to transverse loads and acts on cross-sections 
causing shear deformation (vertical sliding). 

Sketches: 
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