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A B S T R A C T 

Hot-rolled steel angle sections are usually used in many of the structural applications, for example industrial plants, lattice power 
transmission towers, where they are used as supporting structures to pipes and elevators, roof trusses, shelves, overhead tanks, chimneys, 
bunkers, silos and storage pallet racks etc. They are also frequently used in both roof braces and lateral braces of industrial structures.  
          In the previous decades many analytical and experimental research has been developed to the performance assessment of angle 
members subjected to compression. Although angle members are seems to be simple structural shapes used in a variety of applications, 
their design is difficult to understand and has to be examine thoroughly from the designer’s point of view. This is because of the lack 
ofsufficient experimental data for angles in comparison with the other standard structural shapes, e.g. channel sections. 
          This paper is concerned with the ultimate load capacity of non-perforated and perforated equal-angle hot rolled steel columns. An 
experimental study and finite element analysis has been undertaken to investigate the behaviour of such members and column specimens 
were tested to failure under axial loading. The software used for finite element analysis in this project is ABAQUS. 
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1.0 Introduction  

1.1General 

Hot-rolled steel angle sections are usually used in many of the 
structural applications, for example industrial plants, lattice 
power transmission towers, where they are used as supporting 
structures to pipes and elevators, roof trusses, shelves, overhead 
tanks, chimneys, bunkers, silos and storage pallet racks etc. 
They are also frequently used in both roof braces and lateral 
braces of industrial structures. In the previous decades many 
analytical and experimental research has been developed to the 
performance assessment of angle members subjected to 
compression.Many of the structural members are in 
compression. Compression members in buildings are called 
columns, stanchions or posts. Compression member in truss is 
called as strut. The jib of crane is known as boom which takes 
compression. 

1.2 Advantages of Steel 
The advantages of steel sections are as follows: 
 High strength to unit weight particularly when compared 

to concrete. This can decrease the size of the elements and 
increase the living space in the structure. 

 Steel has assured quality and high durability. 
 Speed of construction is one more significant advantage 

of steel structure. Since standard sections of steel are 
available they can be prefabricated in the workshop/site, 
and can be kept ready by the time the site is ready and the 
structure erected as soon as the site is ready. Hence there 
is lot of saving in construction time. 

 Steel structures are capable of strengthened at any later 
time, if necessary. It just needs welding additional 
sections. 

 By using bolted connections, steel structures can be easily 
dismantled and transported to other site quickly. 

 It is faster to build a steel structure than a concrete 
structure due to its lightness when compared to concrete, 
it requires no curing time, so that the members are easily 
connected (bolted, welded, and riveted). 

 Material is reusable. 
 

1.3Disadvantages of Steel 
The disadvantages of hot rolled steel sections are as follows: 
 It is likely to corrosion. 
 Maintenance cost is high, since it needs painting to avoid 

corrosion. 
 Steel members are costly. 
 One of the major drawbacks for steel is fatigue. Fatigue 

involves decrease in the   strength when steel undergoes 
to large number of stress reversals and also due to large 
number of variations of tensile stress.  
 

1.4 Objective of the Project 
The foremost objective of this project is 

 To build up a finite element (FE) model for assessing 
the axial behaviour of steel angle members with 
perforations in various patterns such as staggered 
pattern, uniform pattern, perforations in loaded leg 
and perforations in unloaded leg steel members. 

 The software used for analysing is ‘ABAQUS’ 
 Comparing the experimental and analytical results. 

1.5 Scope of the Project 
The scope of this project lies in understanding the behaviour of 
the perforated steel angle members in consideration by 
performing experiment and analysis on the members. They are 
mentioned below 

 Study is limited to staggered pattern perforations, 
uniform pattern perforations, loaded leg with 
perforations and unloaded leg with perforations. 

 Only axial behaviour will be studied under static 
loading 

 Study is limited to angle sections. 
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Design of compression members is carried according to IS 800: 
2007. 

2.0 Methodology 

The software used for analyzing the compression members 
is ‘ABAQUS’. 

  

Fig 1 Methodology Flow Chart 
This flow chart represents the various steps involved in this 
project is summarized as shown in the figure 1. 
The main aim of this project is to calculate and compare the 
capacity and deflection values for both experimentally and 
analytically. A steel framed structural element is modelled using 
a Finite Element Analysis (FEA) Software i.e. ABAQUS 
software. The compressive load is considered in this project by 
calculating as per IS: 800-2007. The loads calculated are applied 
to the angle members using ABAQUS and the deflection values 
obtained are noted and tabulated.  
The needed steps after the modelling until the loading step in 
Abaqus software is carried out. The load given to the angle 
members is in terms of displacement instead of loads such as 
point load or uniformly distributed load or uniformly varying 
load. The objective is to study the case ofbehaviourperforated 
angle members under axially loading condition. 
In order to proceed to the experiment, specimens with 
perforations & specimen without perforation are considered. 
Perforated angle members are subjected to axial compression is 
considered initially. The obtained capacity of members and 
deflection values are compared with the non-perforated angle 
specimen. Further angle members with and without perforations 
are carried out for the analytically in ABAQUS and capacity of 
the members and deflection values are tabulated and compared. 
The capacity and deflection values obtained in ABAQUS from 
both the non-perforated and perforated members will be 
compared with the values obtained from the experiment and the 
differences will be studied.  
From the above methodology flow chart, the first step involves 
collection of various literatures related to the present study. The 
further step is to collect experimental results from the collected 
literatures and studying their results. This can be obtained by 
using Limit State Design in accordance with IS: 800-2007. ISA 
100 x 100 x 6 sections are considered for the analysis. 

3.0 Fem Analysis Procedure 

3.1 Buckling Analysis  

 The buckling analysis is carried to predict the 
buckling load and the corresponding buckling shape. These are 
used as  parameter in determining the post buckling strength and 
have additional application for incorporating the input values of 
the geometric imperfection using first buckling mode shape 
values.  
 
3.2Procedure for Buckling Analysis in ABAQUS 

1. Initially angles are assigned material and cross 
sectional member properties and meshed.  

2. An additional step is created in ABAQUS. For 
buckling analysis; all boundary condition from initial 
step is propagated to this newly created step.  

3. For buckling analysis to take place an initial 
displacement of 1mm is applied at the required 
location on the section.  

4. The above created model is analyzed using Lanczos 
Eigen Solver requesting an Eigen value of fifty (50) 
to obtain overall mode of buckling.  

5. From the obtained results of buckling analysis; over-
all buckling is selected for incorporating the 
imperfection modelling.  

 
3.3 Procedure for Incorporating Overall 

BucklingDisplacement into ABAQUS 
1. Input file from ABAQUS (.inp) is extracted from 

temp folder.  
2. Displacement corresponding to over-all buckling is 

added to get total displacement.  
3. Total displacement is added to the input co-ordinates 

of ABAQUS input (.inp) file.  
4. After incorporating the displacement, the file is 

opened and saved with other name to avoid 
overwriting of the previous buckling analysis file. 

5. The newly opened file now has the imperfection 
incorporated in it, over-all buckling.  

6. Imperfection incorporated file is analyzed for “Static 
General Analysis” to attain maximum ultimate load.  
 

 
Fig 2Incorporating Imperfection in MS-Excel 

  
                The following figure shows clearly the model before 
incorporating imperfection and after incorporating 
imperfection. The figure 3 (a) and (b) shows the front view of 
model without and with incorporating imperfection in 
ABAQUS respectively into the software from MS-Excel. These 
are used as parameter in determining the post buckling strength 
and have additional application for incorporating the input 
values of the geometric imperfection using first buckling mode 
shape values. The buckling solution can be obtained by Finite 
Element Method. 
 

Conclusion

Parametric Studies

Modelling in Abaqus

Collection of Experimental Results

Liteature Survey
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Fig 3(a) Without Imperfection 

 

 
(b) With Imperfection 

 
Fig 3(b) Incorporating Imperfection in 

ABAQUS 
 
3.4 Procedure for Modelling Angle Members 
 The angle specimens were taken for modelling are 
ISA 100 x 100 x 6 mm section. The models are created with a 
part tree in Abaqus software. The model tree was provided with 
material property with 7.85 kg/mm3 density, elastic property of 
2x105 N/mm2 and yield stress and strain taken from the 
experiment. The section is assigned to obtain the given property 
onto the model. Now the assembly of model tree had been done 
so as to provide uniform mesh and hence we create datum 
coordinates and create partition. The partition is created for the 
pitch distance for the bolts obtained in the calculation. In the 
step module the step is given as linear perturbation and the 
number of Eigen values required is given as 50. The models 
were meshed using Part Instance and seeded later. The angle 
specimens are provided with its loads, using fixed end condition 
at the bolted area on one side and free at the another side and the 
gusseted surface of the specimen is arrested in vertical direction 
as the axial load was given as displacement on the third bolt at 
the one end along the length of the member. The analyses were 
resulted with the job done and monitor the obtained results. 
 The total length of the member is 1500 mm. The 
gusseted length on both sides of the member is 275 mm; 
therefore the remaining length of member is 950 mm which is 
area remaining for perforations.  

4.0 Design of Compression Members 

4.1 General 
A structural member which is loaded axially in 

compression is known as a compression member. Compression 
members in structural buildings are known as columns, 
stanchions or posts. Compression members in roof trusses are 
known as struts and in a crane are known as a boom. Short 
columns are those subjected to crushing and behave like 
members under pure compression. The long columns are likely 
to buckle out of the plane of the load axis. 
 
4.2 Design of Compression Member Loaded Through One 

Leg 
When angles are loaded through their centroid in 

compression, they can be designed as procedure given below. 
Although angles are loaded eccentrically by connecting one of 
its legs either to a gusset plate or to neighbouring member. Such 
angles will buckle in flexural torsion in which there will be 
considerable twisting of the member. Such twisting may be 
easier by the flexibility of the gusset plate and the other 
members connected to it. To simplify, the code considers only 
two cases one is gusset fixed and other is gusset hinged. The 
other parameter which influences the strength of the angle strut 
is its width to thickness ratio of either leg. 

Thus, due to reduction in strength because of flexural 
torsion mode, the code gives an equivalent slenderness ratio. It 
is a function of overall slenderness ratio and the width thickness 
ratio. In general, the equivalent slenderness ratio is less than or 
equal to the slenderness ratio of the flexural buckling λvv. 
The flexural torsional buckling strength of single angle loaded 
compression member through one of its legs may be calculated 
using equivalent slenderness ratio as given below  
λe  =  √(k1+k2 x λvv

2+k3 x λØ
2) 

Where K1, K2, K3 are constants which depends on the end 
conditions 
λvv=   (l/rvv)/(ε x √((π2E)/250) and        
λØ =  ((A+B)/2t)/(ε x √((π2E)/250) 
Where  
l = unsupported length of the member 
rvv = least radius of gyration  
A & B = width of two legs of the angle member 
t = thickness of the leg 

ε= yield stress ratio =�250/�� 

Constants K1, K2, K3  

Sl. 
no 

No. of 
bolts at 

each end 
connection 

Gusset / 
connecting 

member 
fixity 

k1 k2 k3 

1 >= 2 
Fixed 0.20 0.35 20 

Hinged 0.70 0.60 5 

2 1 
Fixed 0.75 0.35 20 

Hinged 1.25 0.50 60 

 
Ø   =  0.5 x (1+α(λ - 0.2)+λ2) 
Whereα= Imperfection Factor values are given in the following  
table 
 
 

Buckling 
Class 

A B C D 

α 0.21 0.34 0.49 0.76 

Stress Reduction Factor       Χ       =  1/ (Ø+ (Ø2-λ2)0.5) 
Design Compressive Stress    fcd= (fy/γmo)/ (Ø+(Ø2-λ2)0.5) 
 =    Χ (fy/γmo)≤(fy/γmo) 
The design Compressive Strength     Pd = Aexfcd 
Where Ae = effective sectional area 
fcd = design compressive stress 
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5.0 Results and Discussion 

5.1   General 
 The results obtained after conducting experiment and 
performing FEM analysis for staggered pattern, uniform pattern, 
loaded leg with perforations, unloaded leg with perforations and 
non-perforated angle members are listed below. 
 
5.2   Analytical Results   
 The angle members with staggered perforations, 
uniform perforations, loaded leg having perforations without 
perforations in unloaded leg, unloaded leg having perforations 
without loaded leg perforations and without perforations are 
modelled for length of 1500 mm, and 6mm thickness. 
 
5.2.1 ISA 100 x 100 x 6 mm of Length 1500 mm 
 
5.2.1.1 Deflection of the member without perforations 
before implementing material imperfection 
 Buckling analysis is initially carried out for the 
member by requesting for Eigen value using which the 
imperfection is implemented into the Abaqus file. Figure 4 
shows the buckling mode of the non-perforated member before 
implementing the imperfection in ABAQUS. 
 

 
Fig 4   Buckling of the Angle Member without Perforations 

before implementing material imperfection 
 
5.2.1.2 Deflection of the member without perforations after 
implementing material imperfection 
 Buckling analysis of the member after imperfection is 
implemented into the Abaqus file. Figure 5 shows the buckling 
mode of the non-perforated member after implementing the 
imperfection in ABAQUS. 

Fig 5 Buckling of the Angle Member without 
Perforations after implementing the imperfections 

 
5.2.1.3 Deflection of the member with staggered perforations 
before implementing material imperfection 
Buckling analysis is initially carried out for the member by 
requesting for Eigen value using which the imperfection is 
implemented into the Abaqus file. Figure 6 shows the buckling 
mode of the perforated member before implementing the 
imperfection in ABAQUS.  

 

 
Fig 6   Buckling of the staggered pattern perforated angle 

member before implementing material imperfection 
 
5.2.1.4 Deflection of the member with staggered 
perforations after implementing material imperfection 
Buckling analysis of the member after imperfection is 
implemented into the Abaqus file. Figure 7 shows the buckling 
mode of the perforated member after implementing the 
imperfection in ABAQUS.  
 

 
Fig 7 Buckling of the Angle Member with staggered 
perforations after implementing the imperfections 

 
5.2.1.5 Deflection of the member with uniform perforations 
before implementing material imperfection 
Buckling analysis is initially carried out for the member by 
requesting for Eigen value using which the imperfection is 
implemented into the Abaqus file. Figure 8 shows the buckling 
mode of the perforated member before implementing the 
imperfection in ABAQUS.  

 
Fig 8 Buckling of the Angle Member with uniform 

Perforations before implementing the imperfections 
 
5.2.1.6 Deflection of the member with uniform perforations 
after implementing material imperfection 
Buckling analysis of the member after imperfection is 
implemented into the Abaqus file. Figure 9 shows the buckling 
mode of the perforated member after implementing the 
imperfection in ABAQUS.  
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Fig 9 Buckling of the Angle Member with uniform 
Perforations after implementing the imperfections 

 
5.2.1.7Deflection of the member with loaded leg perforations 
before implementing material imperfection 
Buckling analysis is initially carried out for the member by 
requesting for Eigen value using which the imperfection is 
implemented into the Abaqus file. Figure 10 shows the buckling 
mode of the perforated member before implementing the 
imperfection in ABAQUS.  
 

 
Fig 10 Buckling of the Angle Member with loaded leg 
perforations before implementing the imperfections 

 
5.2.1.8Deflection of the member with loaded leg perforations 
after implementing material imperfection 
Buckling analysis of the member after imperfection is 
implemented into the Abaqus file. Figure 11 shows the buckling 
mode of the perforated member after implementing the 
imperfection in ABAQUS.  

 
Fig 11 Buckling of the Angle Member with loaded leg 

perforations after implementing the imperfections 
 
5.2.1.9 Deflection of the member with unloaded leg 
perforations before implementing material imperfection 
Buckling analysis is initially carried out for the member by 
requesting for Eigen value using which the imperfection is 
implemented into the Abacus file. Figure 12 shows the buckling 
mode of the perforated member before implementing the 
imperfection in ABAQUS.  
 

 
Fig 12 Buckling of the Angle Member with unloaded leg 

perforations before implementing the imperfections 
 
5.2.1.10 Deflection of the member with unloaded leg 
perforations after implementing material imperfection 
Buckling analysis of the member after imperfection is 
implemented into the Abaqus file. Figure 13 shows the buckling 
mode of the perforated member after implementing the 
imperfection in ABAQUS.  
 

 
Fig 13 Buckling of the Angle Member with unloaded leg 

perforations after implementing the imperfections 
 
5.2.1.11 Load vs. deflection graph for Angle Member without 
Perforations 
 The following figure 14 shows the capacity for angle 
member of 1.5m length. 
The maximum load carrying capacity of angle member ISA 100 
x 100 x 6 mm is approximately 175 KN. After that load carrying 
capacity of angle member is gradually decreased as shown in fig 
14.  
 

 
Fig 14 Load vs. Deflection graph for angle member 

without perforations 
 
5.2.1.12 Load vs. deflection graph for Angle Member with 
Staggered Perforations 
 The following figure 15 shows the capacity of 
staggered pattern perforated angle member. The maximum load 
carrying capacity of staggered pattern perforated angle member 
ISA 100 x 100 x 6 mm is approximately 145 KN. After that the 
load carrying capacity of angle member is gradually decreased 
as shown in fig 15. 
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Fig 15 Load vs. Deflection graph for staggered 

perforated angle member 
 
5.2.1.13 Load vs. deflection graph for Angle Member with 
Uniform Perforations 
The following figure 16 shows the capacity of uniform pattern 
perforated angle member. The maximum load carrying capacity 
of uniform pattern perforated angle member ISA 100 x 100 x 6 
mm is approximately 130 KN. After that the load carrying 
capacity of angle member is gradually decreased as shown in fig 
16. 
 

 
Fig 16 Load vs. Deflection graph for uniform perforated 

angle member 
5.2.1.14 Load vs. deflection graph for Angle Member with 
loaded leg perforations 
The following figure 17 shows the capacity of the angle member 
with perforations in loaded leg. The maximum load carrying 
capacity of perforated angle member ISA 100 x 100 x 6 mm is 
approximately 150 KN. After that the load carrying capacity of 
angle member is gradually decreased as shown in fig 17. 
 

 
Fig 17 Load vs. Deflection graph for loaded leg with 

perforated angle member 
 
5.2.1.15 Load vs. deflection graph for Angle Member with 
Unloaded leg Perforations 
The following figure 18 shows the capacity of the angle member 

with perforations in unloaded leg. The maximum load carrying 
capacity of perforated angle member ISA 100 x 100 x 6 mm is 
approximately 165 KN. After that the load carrying capacity of 
angle member is gradually decreased as shown in fig 18 
 

Fig 18 Load vs. Deflection graph for unloaded leg with 
perforated angle member 

 
5.2.1.16 Load vs. deflection graph Comparison of both Angle 
Members with staggered and without Perforations  
The fig 19 represents a comparison of angle members with 
staggered pattern perforations and without perforations.  

1. From the following figure we can see that loads 
carrying capacity of staggered pattern perforated 
angle member is less than that of angel member 
without perforations. 

2.  After the peak load we can see that for angle member 
without perforations, even for small increase in load 
there is more deformation. 

3. But for staggered pattern perforated angle member 
after the peak load, further increase in load there is 
less deformation when compared to the angle member 
without perforations.  

 
Fig 19 Load vs. Deflection graph for staggered 

perforated angle member and non- perforated angle 
member 

 
5.2.1.17Load vs. deflection graph Comparison of both Angle 
Members with uniform perforations and without Perforations  
The fig 20 represents a comparison of angle members with 
uniform perforations and without perforations.  

1. From the following figure the load carrying capacity 
of uniform perforated angle member is less than that 
of angel member without perforations. 

2.  After the peak load we can see that for angle member 
without perforations, even for small increase in load 
there is more deformation. 

3. But for uniform perforated angle member after the 
peak load, further increase in load there is less 
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deformation when compared to the angle member 
without perforations.  
 

Fig 20 Load vs. Deflection graph for uniform perforated 
angle member and non- perforated angle member 

 
5.2.1.18 Load vs. deflection graph Comparison of both Angle 
Members with loaded leg perforations and without 
Perforations  
The fig 21 represents a comparison of angle members with 
loaded leg perforations and without perforations.  

1. From the following figures we can see that load 
carrying capacity of loaded leg perforated angle 
member is less than that of angel member without 
perforations. 

2.  After the peak load we can see that for angle member 
with loaded leg perforations and without perforations, 
there is almost same deformation. 

Fig 21 Load vs. Deflection graph for loaded leg 
perforated angle member and non- perforated angle 

member 
 
5.2.1.19 Load vs. deflection graph Comparison of both Angle 
Members with Unloaded leg with perforations and without 
Perforations  
The fig 22 represents a comparison of angle members with and 
without perforations.  

1. From the following figure we can see that loads 
carrying capacity of unloaded leg perforated angle 
member is almost equal to that of angel member 
without perforations. 

2.  After the peak load we can see that for angle member 
without perforations, even for small increase in load 
there is more deformation. 

3. But for perforated angle member after the peak load, 
further increase in load there is less deformation when 
compared to the angle member without perforations.  
 

Fig 22 Load vs. Deflection graph for unloaded leg 
perforated angle member and non- perforated angle 

member 
 
5.3 Experimental Results 
Both perforated and non-perforated specimens of angle sections 
are tested. The deflected shapes of those specimens are shown 
in the following sections. 
 
5.3.1 Angle Sections (ISA 100 x 100 x 6 mm) with staggered 
pattern perforations 
 The perforated angle sections have been subjected to 
compression load and the deflected shapes are shown in the 
figures 23 (a) and (b) respectively. 
 

Fig 23 (a) Deflected shape 
for staggered pattern 
perforated member 

Fig 23 (b) Deflected shape 
for staggered pattern 
perforated member 

 
5.3.2 Angle Sections (ISA 100 x 100 x 6 mm) with uniform 
pattern perforations 
 The uniform pattern perforated angle section is 
subjected to compression load and deflected shape is shown in 
the figure 24. 

 
Fig 24 Deflected shape for uniform pattern perforated 

member 
 
5.3.3 Angle Sections (ISA 100 x 100 x 6 mm) with loaded leg 
perforations 
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 The Loaded leg perforated angle section is subjected 
to compression load and the deflected shapes are shown in the 
figures 25. 

 
Fig 25 Deflected shape for loaded 

leg perforated member 

5.3.4 Angle Sections (ISA 100 x 100 x 6 mm) without 
perforations 
 The Non- perforated angle section is subjected to 
compression load and the deflected shapes are shown in the 
figures 26 (a) and (b) respectively. 
 

  

Fig 26 (a) Deflected 
Shape for Non-

Perforated ISA 100 x 100 
x 6 mm 

Fig 26 (b) Deflected Shape 
for Non-Perforated ISA 

100 x 100 x 6 mm 

 
5.4    Graph Plotted From Experiment 
5.4.1 Angle Section without Perforations ISA 100x100x6 mm 

 
Fig 27 Load vs. Deflection graph of non-perforated angle 

member 
From the above graph the load carrying capacity of non -
perforated angle member is 300 KN and  deflection of the loaded 
leg and unloaded leg is 8 mm and -8 mm ( - indicates other 
direction) and deflection is axial direction is approximately 

20mm.  
5.4.2 Angle Section with Staggered Perforations ISA 
100x100x6 mm 

 
Fig 28 Load vs. Deflection graph of staggered pattern 

perforated angle member 
From the above graph the load carrying capacity of staggered 
pattern perforated angle member is 180 KN approximately and 
the deflection of loaded leg and unloaded leg is -4 mm and 8 
mm (- indicates other direction) and deflection is axial direction 
is approximately 20 mm.  
 
5.4.3 Angle Section with Uniform Perforations ISA 
100x100x6 mm 
 

Fig 29 Load vs. Deflection graph of uniform pattern 
perforated angle member 

From the above graph load carrying capacity of uniform pattern 
perforated angle member is 200 KN approximately. The 
deflection of loaded leg and unloaded leg is 9 mm and 7 mm and 
deflection in axial direction is approximately 8 mm. 
5.4.4 Angle Section with Loaded leg Perforations ISA 
100x100x6 mm 

Fig 30 Load vs. Deflection graph of Loaded leg 
perforated angle member 

 
From the above graph the load carrying capacity of uniform 
pattern perforated angle member is 200 KN approximately. The 
deflection of loaded leg and unloaded leg is 5 mm and 8 mm and 
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deflection in axial direction is approximately 12 mm. 
5.5 Comparison of Behaviour of Perforated and Non-
Perforated Angle Members ISA 100 x 100 x 6 mm 
 

Sl.No Pattern of 
Perforation
s 

Abaqus Experimental 

Capac
ity  

(KN) 

Deflecti
on 
(mm) 

Capaci
ty 

(KN) 

Deflecti
on 

(mm) 
1. Staggered 

Pattern 
145 2 180 4 

2. Uniform 
Pattern 

130 3 200 9 

3. Loaded 
Legwith 

Perforations 

150 2 200 5 

4. Without 
Perforations 

175 3 300 9 

 
6.0 Conclusion 
 In the present study comprehensive analysis on angle 
elements with perforations and without perforations are carried 
out. The influence of the perforation on the capacity of the 
member and effect on behaviour of buckling and resistance are 
investigated. In the study perforation pattern is applied, that is 
staggered, uniform, loaded and unloaded legs. The results of the 
analysis are evaluated in terms of the parameters. On the basis 
of the results the following conclusions can be done 

 Geometrical non-linear buckling analysis (GNB) is 
carried out on the angle elements. The typical 
buckling modes are determined (overall buckling).  

 Geometrically and material non-linear analysis 
(GMNI) are carried out using the first buckling mode 
as initial geometric imperfection. The ultimate 
behaviour modes are determined, characterized and 
classified. It is can be seen that overall buckling 
occurs after yield mechanism is developed.  

 Strength of staggered pattern perforated member is 
decreased by 40% when compare with non-perforated 
angle member. 

 Strength of uniform pattern perforated member is 
decreased by 33.33% when compare with non-
perforated angle member. 

 Strength of loaded leg perforated member is 
decreased by 33.33% when compare with non-
perforated angle member. 

 Even for small load after they reach their capacity, 
deflection is more for non-perforated angle member 
when compared to perforated angle member. 

 Not just the capacity, but stiffness of the member is 
reduced due to perforations. 

 
 
 
 

 

 

 

 

6.1 Scope for Future Study 
In this project the buckling resistance of a staggered pattern 
perforated, uniform pattern, loaded leg perforated and unloaded 
leg perforated angle members is determined. In future the 

following possibilities can be done. 
 Determination of buckling resistance of perforated 

channel member. 
 Determination of buckling resistance of perforated I – 

Section. 
 Determination of buckling resistance of perforated 

unequal angle member. 
 Determination of buckling resistance of perforated 

angle member with  
 More number of perforations with different 

patterns, 
 Changing the sizes of Perforations, 
 Shapes of perforations. 
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