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Abstract – Generally all the structural steel products are 

essential for construction purposes, as they help in 

designing and building industrial and warehouse spaces. 

Structural steel is known for its shear strength, hardness, 

durability and more. In addition, this metal can easily 

absorb shocks, due to which most residential, industrial, 

and commercial buildings are constructed with 

structural steel. The sectional properties of hot rolled 

parallel flange steel sections listed in IS 12778:2004 for 

PBP sections include Moment of Inertia, Radius of 

Gyration, Elastic Section Modulus and Plastic Section 

Modulus; each about the major and minor axes which is 

generally required from design point of view. Few other 

properties which are frequently required while designing 

by limit state method and can be added in IS 12778:2004 

are the local buckling ratio and the torsional constant. 

INTRODUCTION 

According to the IS 12778:2004, covering the nominal 

dimensions, mass and sectional properties of hot rolled 

parallel flange beams, columns and bearing piles, the 

pile sections are classified as parallel flange bearing 

piles. These parallel flange bearing piles, generally 

known as PBP, is the type of IS Parallel Flange Sections, 

in which flanges and webs are of same thickness and 

nominal depth and nominal flange width are also same. 

Accordingly, PBP sections are designated by nominal 

depth and mass of the section in kg/m. For example, a 

section PBP 300 x 150.00 would mean that the bearing 

pile section having nominal depth of 300 mm, nominal 

flange width of 300 mm and a mass of 150.00 kg/m. 

They are doubly symmetric wide flange shapes and are 

generally used as bearing piles. The bearing piles are 

used for compression members. The load carrying 

capacities of parallel flange sections under direct 

 

compressions are much higher than that of sections 

available today. Also the connections to the flanges are 

easier and simpler since no tapered washers, etc. are 

required.  

Fig.1 Parallel Bearing Piles 

 

METHOLOGY 

The shear center is the point through which the applied 

loads must pass to produce bending without twisting. If a 

shape has a line of symmetry, the shear center will 

always lie on that line; for cross-sections with two lines 

of symmetry, the shear center is at the intersection of 

those lines (as is the centroid). The torsional constant, 

also known as the St. Venants torsional constant, occurs 

due to the torsional restraint in which the cross-section is 

prevented from rotation about the shear centre. 

The stability of a flexural member is very often a 

function of its torsional stiffness. One of the assumption 

made in the theory of torsion is that a plane section 

remain plane after twisting, which is true for round 

shapes only. It is because no warping exists on a circular 

cross-section and the entire torque is transferred entirely 

by the shear. However, the steel beam sections are 
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normally open non circular thin walled sections. For 

such sections torsional rigidity is much less than flexural 

rigidity. 

The nature of buckling process for an ideal beam is same 

as that of an ideal column. This implies that the beam is 

stable with no tendency of lateral-torsional buckling 

until the bending moments reaches a certain critical 

magnitude Mcr, whereupon the beam becomes unstable 

and undergoes rotations and deflections of any 

magnitude, leading to collapse. The torsional behavior of 

the structural steel shapes is different and is described by 

two phenomena:- St.Venant torsion and warping torsion. 

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:- 
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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. 

The above 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 

can be simplified and given as :- 

     
     
     

 
 
  
  

 
        

 

     
     

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 

 

The Torsional constant is given by :- 
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Most of the structural members are made economical by 

placing most of it away from the centroidal axis and by 

making the elements thin. But such members may buckle 

locally out of their original plane under compression. 

Local buckling adversely affects the load carrying 

capacity of columns and beams due to reduced stiffness 

and strength of the locally buckled plate elements of the 

section.  

For an I-Section beam, the compression flange 

undergoes local buckling, whereas web being partially in 

compression and partially in tension, buckles as a plate 

subjected to in-plane bending. The local buckling 

generally may occur in the region of maximum bending 

moment only. The local buckling can be prevented by 

controlling the width-to-thickness ratio or by adopting 

higher thickness of the elements.  

Depending on the cross section elements such as b, d, D, 

tw and tf, the local buckling can be found by using the 

formulas :- 

For flange:- 

                              
 

  
 

    

  
 

 

For web:- 

                           
 

  
 

 

where,                         

            bf = width of the flange. 

            tf = thickness of the flange. 

            tw = thickness of the web. 

 

The Local buckling ratio is generally used to classify the 

section under 4 categories as:-  

 Plastic (Class 1) if the section satisfies the condition 

(
 

  
          

 

  
       . 

 Compact (Class 2) if the section satisfies the 

condition (
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 Semi-compact (Class 3) if the section satisfies the 

condition  
 

  
        

 Slender (Class 4) if the section satisfies the condition 

(
 

  
        

Depending upon the cross-section of different PBP 

sections falling under different classes, the section can be 

governed as the most critical section. 

 

CONCLUSION 

These sections are more efficient in terms of strength, 

workability and economy. Uses of such sections are 

increasing in India, nowadays, mostly because they have 

a greater resistance against pure bending. 

Addition of properties such as warping constant and 

local buckling ratio for flange and web is suggested 

either in IS 12778:2004 or elsewhere for ready reference 

because these properties are frequently required while 

designing by limit state method and are presented here. 

Addition of these properties will make it easier and 

simpler for the practicing designers and budding 

engineers as these will be readily available for them for 

designing. 

A majority of PBP sections are classified as Class 2 

Compact or better when in pure bending. They can 

therefore attain their full plastic moment capacity. Also, 

a majority of sections are classified as Class 3 Semi-

Compact or better when loaded upto its maximum 

capacity. The whole cross-section of these sections is 

therefore effective. The remaining sections may behave 

as Class 3 Semi-Compact, if subjected to relatively 

smaller axial loads instead of loading them to their 

maximum capacity. No PBP section, except PBP 360 x 

83.44, is classified as Class 4 Slender under pure 

bending.  

REFERENCES 

[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 
 

60 
 

Table 1: Additional Sectional Properties of Parallel Flange Bearing Piles (PBP) Sections 
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Table 1 (Contd.) : Additional Sectional Properties of Parallel Flange Bearing Piles (PBP) Sections 

 


