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Abstract – Structural steel is an ideal material when it 

comes to the construction of bridges, buildings and other 

structures that are large structures. Today, most 

commercial and industrial buildings are constructed 

with the help of structural steel. This is a high quality 

metal which has many industrial uses too. The sectional 

properties of hot rolled parallel flange steel section 

includes Moment of Inertia, Radius of Gyration, Elastic 

Section Modulus and Plastic Section Modulus; each 

about the major and minor axes. These section 

properties are commonly required from design point of 

view. The additional sectional property includes the 

warping constant and the shape factor which is 

frequently required while designing by the limit state 

method. 
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INTRODUCTION 

Parallel flange sections (Figure 1) are hot rolled steel 

sections, with parallel flanges having square toes and 

curves at the root of flange and web. Parallel flange 

sections are more efficient than the conventional tapered 

flange sections in terms of strength, workability and 

economy. Connections are far simpler in parallel flange 

sections. 

 
Fig.1 Parallel Flange Beams 

 

 

The Narrow Parallel Flange Sections (NPB) are the type 

of Indian Standard Parallel Flange Sections in which the 

nominal flange widths are generally lower than the 

nominal depth. These sections are designated by nominal 

depth and nominal flange width and mass of the section 

in kg/m. For example, NPB 400 x 200 x 67.28 shows the 

nominal depth as 400 mm, nominal flange width as 200 

mm and the mass as 67.28 kg/m.  

The compression flange of an beam acts like a column 

and will buckle side-ways if the beam is not sufficiently 

stiff or the flange is not restrained laterally. The bending 

of a beam in the plane of its strong axis, and buckling 

about its weak axis and accompanied by twisting is 

characterized as lateral-torsion buckling and the flanges 

therefore wrap. The warping of beam-flanges is 

characterized by out-of-plane deformation due to 

rotation of the beam cross section about the longitudinal 

axis of the beam. The load at which such a beam buckles 

can be much less that that causing the full moment 

capacity to develop. From the elastic stability theory, the 

expression for the stability limit state, for a steel beam 

applied with uniform moment, the critical moment Mcr 

is given by:- 

     
 

 
√        

  

 
       

where, EIy = flexural rigidity (minor axis)  

            GIt = torsional rigidity 

            It, Iw = torsion constant and warping constant. 

 L = unbraced length of the beam subjected to  

constant moment in the plane. 
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The equation for calculating the elastic critical moment 

corresponding to lateral torsional buckling of a doubly 

symmetric torsionally restrained prismatic beam 

subjected to uniform moment in the unsupported length 

is given by equation :- 

     
     
     

 
 
  
  

 
        

 

     
     

where, Iy, Iw, It = moment of inertia about the minor 

axis, warping constant and torsional constant, 

respectively. 

G = modulus of rigidity 

LLT = effective length against lateral-torsional      

buckling 

 

For a ductile material like structural steel, a member 

reaching yield at the extreme fibers retain a reserve of 

strength that varies with the shape factor. Higher the 

shape factor, more ductile will be the section and will 

give greater deflection at collapse. This implies that such 

a section gives longer warning before collapse. In other 

words, shape factor gives an indication of reserve 

capacity of a section from onset of yielding at extreme 

fibers to full plastification. Shape factor may be defined 

as the ratio of the plastic moment and the yield moment 

of the section. It is a function of cross section form or 

shape. 

METHOLOGY 

Lateral torsional buckling is a potentially more 

significant design consideration for the beam section 

which is much less stiff laterally. The computation of 

these constants is often necessary for computing the 

elastic critical moment corresponding to lateral torsional 

buckling of a doubly symmetric prismatic beam 

subjected to uniform moment in the unsupported length 

and torsionally restraining lateral supports. This is given 

by the following expression in Draft IS 800 :- 

     
     
     

 
 
  
  

 
        

 

     
     

This expression for the elastic critical moment for the 

basic problem clearly demonstrates the influence of 

moment of inertia about the minor axis (Iy), torsional 

and warping constants (It and Iw respectively) of the 

cross section; it also demonstrates the importance of 

unsupported length of the beam. 

 

Warping constant is given as:- 

   
 

 
    

  

 

Fillets are generally neglected while computing the 

warping constant. This has a very little effect upon the 

values of warping constant. The above expression can 

be written as:- 

   
 

  
      

  (    )
 
 

where, tf = thickness of the flange. 

bf= width of the flange. 

D = overall depth of the section 

 

As the shape factor varies with the reserved strength of 

the structural steel giving an idea of the ductility of the 

section, it can be given by :- 

Shape Factor (S) = 
  

  
 

    

    
 

  

  
 

The Elastic section modulus Ze is defined as the first 

moment of area and is expressed as I/y, where I is the 

moment of inertia of the section and y is the distance of 

the extreme fibre distance from the neutral axis whereas 

plastic section modulus is the combined statical moment 

of the cross-sectional area above and below the equal 

area axis of a completely yielded section. 

CONCLUSION 

These sections are economical and more efficient as 

compared to conventional tapered sections. The uses of 

NPB sections were not very common in India, until few 

years before, due to non-availability of the same in 

medium in large sizes. Such sections are now being 

produced in India and are expected that use of such 

sections will increase in few years ahead. 

The addition of such sectional properties of the NPB 

sections helps to reduce the work time and its addition in 

the IS code will make it more easier for the practicing 

designers and budding engineers for designing purposes 

as the values will be readily available for them. 

The shape factor of all the NPB sections generally lies in 

the range of 1.0 to 1.25. This means that even when the 

extreme fibers has yielded, it can take up to 25% more 

moment than the applied one before it gives up for good.    

REFERENCES 



Impact Factor Value 4.046                  e-ISSN: 2456-3463 

International Journal of Innovations in Engineering and Science, Vol 4, No.9, 2019 

www.ijies.net 
 

64 
 

[1] Draft IS 800, “Code of Practice for General Construction in 
Steel (Third Revision)”, Bureau of Indian Standards, New Delhi, 

India, October 2004. 

[2] N. Subramanium, “Design of Steel Structures – Limit State 

Method”, ”Oxford publication”,2018 

[3] IS 12778 : 2004, “Hot Rolled Parallel flange Steel sections for 

Beams, Columns, and Bearing Piles – Dimensions and Section 
Properties (First revision)”, Bureau of Indian Standards, New 

Delhi, September 2004. 

[4] S.S. Bhavikatti, “Design of Steel Structure”, by Limit State 

Method as per IS 800:2007, Fifth Edition, September 2017.  

[5] IS 2062 : 1999, “Steel for General Structural Purposes”, Bureau 

of Indian Standards, New Delhi, India. 

[6] IS 800 : 1984, “Code of Practice for General Construction in 
Steel (Second Revision)”, Bureau of Indian Standards, New 

Delhi, India. 

[7] IS 8500 : 1991, “Structural Steel – Micro alloyed (Medium and 
High Strength Qualities)”, Bureau of Indian Standards, New 

Delhi, India. 

[8] S.K. Duggal, “Limit State Design of Steel Structures”, Second 

Edition, Tata McGraw Hill Publication, 2014. 

[9] Seaburg, P.A., and Carter, C. J., “Torsional Analysis of 
Structural Steel Members”, Steel Design Guide Series No. 9, 

Second Printing, American Institute of Steel Construction, 

Chicago, Illinois, October 2003. 

[10] SteelUK - Dimensions and Properties of UK structural Steel 

shapes, Techno Consultants Ltd., Manchester, England, 
November 2000. 

[11] Himanshu Gaur, “Optimization of Sectional Dimensions of I-
Section Flange Beams and Recommendations for IS 808: 1989”,  

Kota, India, 31st March 2016. 

[12] Keith M. Mueller, “Torsional Analysis of Steel Sections”, 

American Institute of Steel Construction, Chicago, 2002. 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 



Impact Factor Value 4.046                  e-ISSN: 2456-3463 

International Journal of Innovations in Engineering and Science, Vol 4, No.9, 2019 

www.ijies.net 
 

65 
 

 



Impact Factor Value 4.046                  e-ISSN: 2456-3463 

International Journal of Innovations in Engineering and Science, Vol 4, No.9, 2019 

www.ijies.net 
 

66 
 

Table 1: Additional Sectional Properties of Narrow Parallel Flange (NPB) Sections 
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Table 1 (Continued): Additional Sectional Properties of Narrow Parallel Flange (NPB) Sections 

 

 



Impact Factor Value 4.046                  e-ISSN: 2456-3463 

International Journal of Innovations in Engineering and Science, Vol 4, No.9, 2019 

www.ijies.net 
 

68 
 

Table 1 (Continued) : Additional Sectional Properties of Narrow Parallel Flange (NPB) Sections 
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Table 1 (Continued) : Additional Sectional Properties of Narrow Parallel Flange (NPB) Sections 

 


