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Abstract— Castellated Beam is also called as perforated web. Main objective of perforated web is to increase the depth of  section 

so that the moment of inertia parameter will be increase. Castellated beam have been used in many year. The castellated beam 

were firstly used in Europe in 1950s due cheap labor cost. Castellated beam is a name commonly used for type of expanded beam. 

The primary advantages of castellated beam is the improved strength due to increased depth of the section without any 

additional weight. This new type of beam showed a mechanical behavior similar to that of isolated rectangular openings mainly 

regarding theVierendeel bending. In castellated beam to avoid local failure of beam provision of plate below concentrated load. 
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I. INTRODUCTION 

The beam section obtained in such away can be even 

50% deeper than the original section by increasing the depth, 

the section modulus is increased by about 2.25 times the 

section modulus of original beam section. Thus load carrying 

capacity of the beam increased by considerably. A castellated 

beam has some limitations also viz. stress concentration occurs 

near the perforations and the shear carrying capacity is 

reduced. Stress concentration may be reduced by making 

perforations near the neutral axis where the stresses are small 

admitting the cut in zigzag way. The shear carrying capacity 

can be increased by stiffening the web at points of 

concentrated loads and reaction. 

 Castellated beam have been used in construction for 

many years. Today with the development of automated cutting 

and welding equipment. These beams are produced in an 

almost unlimited number of depths and spans. Suitable for 

both light and heavy loading conditions. In the past the cutting 

angle of castellated beams ranged from 45° to 70° but 

currently, 60° has become a fairly standard cutting angle. 

Although 45° sections are also available. It should be noted 

that these are approximate values. Actual angles will vary 

slightly from these to accommodate other geometrical 

requirements. As roof or floor beams joists or purlins, these 

sections may replace solid sections or truss members. Their 

aesthetic attributes produce an attractive architectural design 

feature for stores, Schools and service buildings. In structures 

with ceilings the web openings of these members provide a 

passage for easy routing and installation of utilities and air 

Conditioning ducts. Castellated beams refer to the type of 

beams which involve expanding a standard rolled steel section 

in such a way that a predetermined pattern is cut on section 

webs and the rolled section is cut into two halves. The two 

halves are joined together by welding and the high points of 

the web pattern are connected together to form a castellated 

beam. The castellated beams were commonly used in Europe 

in 1950s due to the limited ranges of the available steel rolled 

section and the cheap labor cost. In terms of structural 

performance, the operation of splitting and expanding the 

rolled steel sections helps to increase the section modulus of 

the beams. Castellated beam is a name commonly used for a 

type of expanded beam. It is made by expanding a standard 

rolled shape in a manner which creates a regular pattern of 

holes in the web. The name is derived from this pattern of web 

holes, because castellated means "built like a castle, having 

battlements, or regular holes in the walls, like a castle". Fig.1.1 

illustrates castellated beam. It is made by separating a standard 

rolled shape into two halves by cutting the web in a regular 

alternating pattern as shown. The halves are rejoined by 

welding, after offsetting one portion so that the high points of 

the web pattern come into contact. Some design conditions 

make it advantageous to increase the depth even more. [1]  

II. PROBLEM DEFINITION 

 

The primary advantage of castellated beams is the 

improved strength due to the increased depth of the section 

without any additional weight. However one consequence 

of the increased depth of the section is the development of 

stability problems during erection. To fully utilize the 

engineering advantage of castellated beams, erection 

stability must be considered. 

This is done by adding web plates between high 

points of the tee sections. These added plates are called 

"increment plates".  

Castellated beams have been used as structural 

members in the Europe and the United States since the early 

1900’s. The theory behind the castellated beam is to 

increase the beam’s depth and strength without adding 

additional material. Prior to automated cutting and welding 

technology, the manufacturing process used to make 

castellated beams was to cut the beam apart and weld them 

back together manually. The resistance of castellated beams 

is frequently controlled by shearing forces.  
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These forces may cause excessive stresses in the tee-

sections above and below the holes excessive stresses at 

mid-depth of the web-post between holes or web-buckling 

involving the web-post.[1,2,3&4] 

III. CASTELLATED BEAM 

A) Terminology 

Throughout this paper various terms will be used to discuss 

castellated beam components and testing results. This section 

introduces the reader to the definition of these terms and 

Figure 1.4 illustrates the terms. 

- Web Post: The cross-section of the castellated beam where 

the section is assumed to be a solid cross-section. 

- Castellation: The area of the castellated beam where the web 

has been expanded (hole). 

- Throat Width: The length of the horizontal cut on the root 

beam. The length of the portion of the web that is included 

with the flanges. 

- Throat Depth: The height of the portion of the web that 

connects to the flanges to form the tee section. 

      - Expansion Percentage: The percentage change in depth of 

the section from the root (original) beam to the fabricated 

castellated section. 

 

 
Figure 1. Terminology 

B) Design criteria: 

1. The angle of cut is selected to be 45 . For a good design the 

depth of stem of the t-section at the minimum beam cross-

section should not be less than by 4 of the original beam 

section. 

2. The load over the section from the roof are a curtained and 

the maximum bending moments are computed. 

3. The cross sectional area of the t-section at the open throat is 

calculated. Neutral axis of the section is determined and 

moment of inertia  about the neutral axis is calculated. 

4. The moment of resistance of the castellated beam which is 

the product of the resultant tensile or compressive force and 

the distance between the centroid of T-section is calculated. 

                                     M.R.= A×σat ×d    

Where  A = area of the T section at open throat  

             D = distance between the centroid of T section  

   The moment of resistance of the castellated beam should be 

more the maximum moment. 

5. The spacing of castellated beam should not exceed the 

spacing determined by following equation 

                          S = P/ W× l   

Where    

 S= c/c distance between the castellated beam in 

meter. 

             P = net load carrying capacity in N  

             W = design load in N / m
2  

             l = span of the in meter   

6.  Stiffeners are designed at the supports and below the 

concentrated loads. 

7. The beam is checked in shear. The average shear at ends is 

calculated from following equation  

τva   = R/d’× t 

       < 0.4 fy 

Where R = end reaction in N 

             d’ = depth of the stem of  T  section  

              t = thickness of stem  

8. The maximum combined local bending stress and direct 

stress in T Segments is also workout and should be less than 

the permissible bending stress.  

9. The maximum deflection of T Segment is calculated. This 

occurs at the mid span is due to the net load carrying capacity 

load capacity. 

Let, δ1 = deflection due to net load carrying capacity 

       δ 2 = deflection due to local effects 

        I = average moment of inertia of the section 

        IT = moment of inertia of T section  

         P = number of perforation panels in half span 

     δ1 =    5   WL3    

             384   EI 

 

   δ2 = VavgP (m+n) 3 

              24EIT 

δ= δ1 +δ2   < L/325 

 
Fig 2. SFD and BMD of beam with two point load and simply supported 

condition. 
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C) Fabrication: 

 Fabrication of castellated beams is a comparatively 

simple series of operations when adequate handling and 

controlling equipment is used. Structural Steel by burning two 

or more at. a time, depending upon their depth. Splitting is 

performed by using a component of the oxy-acetylene gas 

cutter equipment shown in fig.5.1 This is an electrically 

propelled buggy which runs on a fixed track. The buggy has 

building  burning patterns that can be adjusted to any one of 

live standard longitudinal "module" dimensions and to any 

hall-opening height.  

 Castellated steel beams fabricated from standard hot-

rolled I-sections have many advantages including greater 

bending rigidity, larger section modulus, optimum self-

weight–depth ratio, economic construction, ease of services 

through the web openings and aesthetic architectural 

appearance. However, the castellation of the beams results in 

distinctive failure modes depending on geometry of the beams, 

size of web openings, web slenderness, type of loading, 

quality of welding and lateral restraint conditions. The failure 

modes comprise shear, flexural, lateral torsional buckling, 

rupture of welded joints and web postbuckling failure modes. 

Investigation of these failure modes was previously detailed 

by Kerdal and Nethercot. Also detailed review of the 

experimental and theoretical investigations on the failure 

modes of castellated beams. Extensive experimental and 

numerical investigations were found in the literature 

highlighting the distortional buckling behaviour of doubly 

symmetric steel I-sections mainly by Bradford, Vrcelj and 

Bradford and Zirakian . However, very few tests were found in 

the literature on the distortional buckling behaviour of 

castellated beams. These tests were carried out by Zirakian 

and Showkati and provided useful information in the form of 

failure loads, failure modes, load–lateral deflection curves and 

load–strain curves that could be used in developing finite 

element models. Finite element modelling could provide better 

understanding for interaction of lateral torsional and 

distortional buckling behaviour of castellated beams and 

compensate the lack in the tests on this form of construction. 

However, accurate finite element modelling of the buckling 

behaviour of castellated steel beams is quite complicated due 

to the presence of the initial geometric imperfections, web 

openings, lateral buckling restraints and loading conditions. 

Hence, to date, there is no detailed finite element model in the 

literature highlighting the interaction of buckling modes in 

castellated beams, which is addressed in this study. 

 
Figure 3. Sectional arrangement 

D) Advantages: 

1. It is light weight Structure. 

2. It is ecofriendly & user-friendly. 

3. Simple in design & easy troubleshooting. 

 

 

E) Application: 

1. Castellated beams have been used in a wide variety of 

applications, such as roof beams and rafters in both simple 

span and cantilever construction, floor beams and girders for 

heavy as well as light floor loads, tier buildings, rafter portions 

of rigid frames, pipe bridges, girts and other special 

applications.  

2 .These uses take advantage of the increased strength and the 

economy of castellated beams. 

3. They also demonstrate the interesting appearance and the 

functional use of the web holes. Even the increased depth is at 

times advantageous as in the case of spandrels or other special 

architectural features. 

4. The economy of castellated beams is one of their most 

important advantages. The savings effected depend on such 

factors as span, loading and depth requirements, so no single 

flat percent of savings can be stated. Shows some cost 

comparisons of castellated beams with solid beams. 

5. Even though the castellated beam is an ideal choice for 

many situations, it would be wrong to contend that it is the 

best solution in every case.  

6. There are some instances in which loads are too small, the 

spans too short, or the depth limitations too restrictive, to bring 

out the economy of castellated beams.  

7. The efficiency and economy of castellated beams has been 

well established and, for beams on most spans carrying 

medium to heavy loads, their use merits consideration. 

8. Although there are numerous different applications for 

which a Smart Beam can be economically used, they all have 

common characteristics .These include composite application 

and longer than traditionally used spans.  

9. The Smart Beam has better long span capacities and 

vibration characteristics than other structural floor framing 

materials. 

V .     CONCLUSION 

 

The depth is the most important parameter which governs the 

sectional property of the section. For the serviceability 

moment of inertia plays very important role and moment of 

inertia of I-section is directly proportional to the third power 

of the depth.  

Research on cellular beams with circular web 

openings is very limited and is less developed than castellated 

beams which may be attributed to the fact that cellular beams 

are more complicated to analyze due to their continuously 

changing section properties around the cell.  

                                     
VI.     REFERENCES 

 
[1] Amir Hossein Gandomi, Seyed Morteza Tabatabaei, 

Mohammad Hossein, Moradia,Ata Radfar Amir Hossein 

Alavi Journal of Constructional Steel Research 67 (2011) 

1096–1105. 

[2] George xanthakis, lambrini panagopoulou; an economic 

proposal in the design of the one Storey  level steel 

structure. The use of castellated and sinusoidal steel 

sections, journal of Constructional steel research, vol. 23, 

1992, pp. 205-210. 

[3] Miss Komal S. Bedi, Mr. P.D.Pachpor, Moment and Shear 

Analysis of Beam with Different Web Openings, 

http://www.ijrmee.org/


International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE)                                  ISSN: 2349-7947 
Volume: 2 Issue: 6                                                                                                                                                                            081 – 084 

_______________________________________________________________________________________________ 

84 
IJRMEE | June 2015, Available @ http://www.ijrmee.org                                                                 

_______________________________________________________________________________________ 

International Journal of Engineering Research and 

Applications (IJERA), Vol. 1, Issue 4, pp.1917-1921 

[4] H. R. Kazemi Nia Korrani1, M. Z. Kabir2, S. Molanaei, 

Lateral-Torsional Buckling of Castellated Beams under End 

Moments, International J. of Recent Trends in Engineering 

and Technology, Vol. 3, No. 5, May 2010 

[5] Sevak Demirdjian, stability of castellated beam webs, 

March 1999. 

[6] D.A. Nethercot, D. Kerdal , “Lateral–torsional buckling of 

castellated beams”, Structural Eng, Lond, 60B (3), 53–

61,1982. 

 

http://www.ijrmee.org/

