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                Simple Bending in Beams 

 

if a length of a beam is subjected to a constant bending moment and no 

shear force, then the stresses will be set up in that length of the beam due 

to bending moment. The stresses set up in that length of beam are 

known as bending stresses. 

Beam bending stress equation (flexure formula) is developed under the 

following assumptions: 

- The beam is straight, long and having a constant cross-section with 

an axis of symmetry in the plane of bending. 

- The material is isotropic, homogeneous, and linearly elastic. 

- The beam is subjected to pure bending moment (no axial force, 

shear or torsion). 

The bending stress in beams subjected to bending moment is found as 
 
 

Where, y: is the height from the neutral axis (centroidal axis) 

             𝐼: is the moment of inertia about the z axis. 
M: is the bending moment 

 

 

  
 

 

 
Bending Stresses in symmetrical Section 

The neutral axis (N.A.) of a symmetrical section (circular, rectangular or square) lies 

at a distance of (d/2) from the outermost layer of the section, where (d) is the diameter 

for a circular section or depth for rectangular or a square section. There is no stress 

at the neutral axis. The maximum stress takes place at the outermost layer. 
 



The maximum tensile and compressive stresses are at the top and bottom surfaces. 

- The maximum bending stress in the beam is usually found using: 
 

 

Section modulus is defined as the ratio of moment of inertia of a section about the 

neutral axis to the distance of the outermost layer from the neutral axis. 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Example: A cantilever of length 2 meter fails when a load of 2 kN is applied at the free 

end. If the section of the beam is 40 mm * 60 mm, find the stress at the failure. 

 

 
 

 

Solution 

Given: 

Length, L = 2 m Load, W = 2 kN = 2000 N section of beam (40*60) mm 

Width of beam, b = 40 mm Depth of beam, d = 60 mm 

section modulus of a rectangular section is given by 
 

  

 

 
Maximum bending moment for a cantilever is at the fixed end. 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

 

Example: A roller steel joist of I section has dimensions as shown in figure. If the 

maximum bending moment on the section is 5*108 N.mm, calculate the maximum 

stress produced due to bending. 

 
 

Solution 
 

 



Bending Stress in Unsymmetrical Section 

In case of symmetrical section, the neutral axis passes through the geometrical center 

of the section. But in case of unsymmetrical section such as L, T sections, the neutral 

axis does not pass through the geometrical center of the section. Hence the value of 

y for the topmost layer or bottom layer of the section from neutral axis will not be 

same. For finding bending stress in the beam, the bigger value of y is used. Hence 

in unsymmetrical sections, first the center of gravity is calculated. 

 

 
Example: A cast iron bracket subjected to bending has the cross-section of I- form 

with unequal flanges. The dimensions of the section are shown in figure. Find the 

position of the neutral axis and moment of inertia of the section about the neutral 

axis. If the maximum bending moment on the section is 40 MN.mm, determine the 

maximum bending stress. 

 
Solution 

 

 

 

 

 
 

 
 



 

 
 

 

 
 

 
 



Stress Concentration Factor 

The presence of discontinuities (such as a hole in a plate) alters the stress distribution 

causing higher stress near the discontinuity. Any type of discontinuity (hole, 

shoulder, notch, inclusion) serve as a stress raiser where it increases the stress in the 

vicinity of the discontinuity. 
Stress concentration occurs at the region in which stress raisers are present, and a 
stress concentration factor (𝐾� or Kts) is used to relate the actual maximum stress 
at the discontinuity to the nominal stress without the discontinuity. 

 

 

   
 

 

 
 

 
 

 

 

where Kt is used for normal stresses and Kts for shear stresses. 

 

Stress concentration factors are independent of the material properties (as long as 

the material is in the linear elastic region). They depend only on the type of 

discontinuity and the geometry. 

 

 

Tables A-15 & A-16 in the text give the stress concentration factors for some 

geometric and loading configurations. 

 
 



Example: Find the maximum stress induced in the following case taking stress 

concentration into account: 

A rectangular plate (60 × 10) mm with a hole 12 mm diameter as shown in fig. and 

subjected to a tensile load of 12 kN. 
 

 
 

 

 
 

 

 
 

 
 
 

 

 

 

 

 

 

 
 

From table A 15 

 
 



 

Bending Stress in Curved Beams 

 

We have seen in the previous article that for the straight beams, the neutral 

axis of the section coincides with its centroidal axis and the stress distribution 

in the beam is linear. But in case of curved beams, the neutral axis of the cross-

section is shifted towards the center of curvature of the beam causing a non-

linear (hyperbolic) distribution of stress, as shown in Fig. 5.8. It may be noted 

that the neutral axis lies between the centroidal axis and the centre of curvature 

and always occurs within the curved beams. The application of curved beam 

principle is used in crane hooks, chain links and etc. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Consider a curved beam subjected to a bending moment M, as shown in Fig. In 

finding the bending stress in curved beams, the same assumptions are used as 

for straight beams. The general expression for the bending stress (σb) in a 

curved beam at any fiber at a distance y from the neutral axis, is given by 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example. The crane hook carries a load of 20 kN as shown in Fig. The section at X-X is 

rectangular whose horizontal side is 100 mm. Find the stresses in the inner and outer 

fibers at the given section. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 


