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Abstract - In steel design, Indian standard code of practice 
defines a parameter i.e., non-dimensional slenderness ratio, 
which is defined as ratio of yield strength to the critical stress. 
When a member is subjected to compressive force then 
compressive strength is calculated by the column buckling 
curve and Euler’s buckling theory is an important 
consideration. In this, non-dimensional slenderness ratio is 
defined as the ratio of effective length to the corresponding 
radius of gyration. When a beam is subjected to shear force 
then the shear force is resisted by the web only. For this 
consideration, shear buckling of the web with or without 
intermediate stiffeners is considered in the design of the beam. 
Shear strength of beam is calculated by two methods - Simple 
Post Method and Tension Field Method. In the simple post 
method, the non-dimensionless slenderness ratio plays a major 
role. In the current study, I-sections with varying parameters 
i.e, length in x, y direction & c/d ratio were designed for 
Compression and Shear respectively. The design procedure 
was carried out in the Excel. The results were tabulated for the 
members designed for compression and shear. The graphs 
were also plotted for various parameters v/s Slenderness ratio. 
It is studied that if d/tw > 67ϵ then the web portion is neglected 
in the calculation of Moment of Inertia and shear buckling 
takes place. The results show that the slenderness ratio is 
indirectly proportional to the c/d ratio in shear members. 
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1. INTRODUCTION 

A structural member which is subjected to compressive 
forces along its axis is called a Compression member. Thus, 
compression members are subjected to loads that tend to 
decrease their lengths. Except in pin-jointed trusses, such 
members (in any plane or space structure), under external 
loads, experience bending moments and shear forces. If the 
net end moments are zero, the compression member is 
required to resist load acting concentric to the original 
longitudinal axis of the member and is termed as Axially 
loaded column, or simply column.  

Shear force generally exists with bending moments, the 
maximum shear stress in a beam is to be compared with the 
shear yield stress. Since the web of an I-beam is essentially a 

plate, it may buckle due to shearing stresses which are less 
than the shearing yield strength of steel. In a plate subjected 
to pure shear, the shear stresses are equivalent to principal 
stresses of the same magnitude, one tension and another 
compression, acting at 45 degrees to the shear stresses. 
Buckling takes place in the form of waves or wrinkles 
inclined at around 45 degrees. 

1.1 SLENDERNESS RATIO 

It is defined as the ratio of the effective length (Le) of a 
member to the radius of gyration (r) of the cross-section 
about the axis under consideration. It is represented as 

λ =  Le/r 

It also defines the failure mode of the column based on the 
effective length and the radius of gyration. It is a geometrical 
parameter, defined for a compression member (column). It is 
also a measure of the structural vulnerability to the failure of 
the structure.  

1.2 EFFECTIVE LENGTH 

The effective length (Le) is the length between the point of 
zero moment or successive inflection points. Zero moments 
is the point at which the moment becomes zero. It is also 
referred to as the Inflection point. In other words, the 
effective length of a column in a given plane may be defined 
as the distance between the points of inflection (zero 
moment) in the buckled configuration of the column in that 
plane as shown in below figure. The effect of end restraints 
on column strength is usually incorporated in the design by 
the concept of effective length. 

1.3 RADIUS OF GYRATION 

Radius of gyration or gyradius of a body about the axis of 
rotation is defined as the radial distance to a point which 
would have a moment of inertia the same as the body's 
actual distribution of mass, if the total mass of the body were 
concentrated there. The distance from an axis at which the 
mass of a body may be assumed to be concentrated and at 
which the moment of inertia will be equal to the moment of 
inertia of the actual mass about the axis, equal to the square 
root of the quotient of the moment of inertia and the mass. 
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2. METHODOLOGY 

The entire work is divided into two parts i.e., Design of 
Compression members and Design of Shear members. The 
design templates were formulated in Excel software. The 
design procedure in both the cases is done as per Indian 
Standard code of IS 800:2007. From the obtained design 
results, draw the buckling curve, various relationship curves 
i.e, v/s  , v/s c/d etc. 

For a given welded I section with the following data, 
calculate its compression carrying capacity 

Overall depth of the beam = 800 mm 

Thickness of web = 6 mm 

Width of flange = 200 mm 

Thickness of flange = 10 mm 

Length in X & Y direction is 500, 600, 700, 800, 900, 1000, 
1400, 1800, 2200, 2600, 3000, 3500 & 4000 mm 

 

Fig -1: Welded I-section to find out the compression and 
shear capacity 

For a given I section with the following data, calculate its 
shear capacity 

Depth of the beam = 1200 mm 

Thickness of web = 10 mm 

Width of flange = 275 mm 

Thickness of flange = 12 mm 

c/d ratio is 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.25, 2.50, 
2.75 & 3.00 

3. RESULTS & DISCUSSIONS 

The design process was formulated in Excel for compression 
and shear. The design process was carried out for each trail 
in all the design procedures. The results thus obtained are 
tabulated as below. Also, the graphs were plotted for various 
parameters to study the relationship of non-dimensional 
slenderness ratio with the other parameters. 

3.1 COMPRESSION CAPACITY 

The obtained compression capacity designed results were 
as shown in the tables below. 

Table -1: Compression capacity calculations-1 
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Table -2: Compression capacity calculations-2 

 

Table -3: Compression capacity calculations-3 

 

GRAPH:- 

 

Chart -1: Buckling curve 

From the graph as shown in Chart-1, we can see that the 
curve resembles the Buckling curve c. The buckling class 
about y-y  axis is c and hence it resembles that curve. As the 
fcd/fy increases, non-dimensional slenderness ratio is 
decreasing. It can be seen that both the factors are indirectly 
proportional to each other. It is due to the lot of 
imperfections. 

3.2 SHEAR CAPACITY 

The obtained shear capacity designed results were as 
shown in the tables below. 

Table -4: Shear capacity calculations-1 
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Table -5: Shear capacity calculations-2 

 

GRAPHS:- 

 

Chart -2: Design shear force (Vd) v/s c/d ratio 

We can observe that the design shear force is inversely 
proportional to the c/d ratio as shown in the Chart-2. 

 

Chart -3: Shear buckling constant (Kv) v/s c/d ratio 

From the graph as shown in Chart-3, as the c/d ratio 
increases, shear buckling constant is decreasing. 

  

Chart -4: Elastic critical shear stress of the web (τcr,e) v/s 
Non-dimensional web slenderness ratio for shear buckling 

stress (λw) 

From When slenderness ratio goes on increasing the other 
parameter elastic critical shear stress of the web is 
decreasing as shown in Chart-4. 

4. CONCLUSIONS 

 Based on the research and discussions, the following 
conclusions were drawn. According to Indian Standard steel 
code IS 800:2007, when a member is designed for shear and 
compression then the non-dimensional slenderness ratio λw 
and λ is defined in each case respectively. 

COMPRESSION:- 

 In compression point of view, there are only semi-
compact and slender sections. 

 If > 42ꞓ then the given section is slender section. 

 If the section is slender then we consider the 

effective area, Ae i.e., Ae = Ag -  

 For the considered design problem, the flange is 
semi-compact and the web is slender section. 
Hence, the overall section which is considered is 
slender section. 

 Least KL/r value gives the maximum design 
compressive force and the highest KL/r value gives 
the minimum design compressive force. 

 If the non-dimensional effective slenderness ratio is 
more then we get the minimum design compressive 
force. 
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 The least design compressive force which is 
obtained in the compression design calculation in 
both Y & Z directions is considered as its design 
compressive force. 

 The buckling class about the y-y axis is c. 

 The obtained curve resembles the buckling curve c 
as shown in Fig. 8 in IS 800:2007. 

SHEAR:- 

 If  < 67ꞓ then no shear buckling takes place. 

 If  > 67ꞓ then shear buckling takes place. 

 If shear buckling takes place use simple post critical 
method or tension field method. 

 In case of shear, when λw < 0.8, 0.8 < λw < 1.2, λw > 
1.2 then the shear strength is calculated by different 
formulae according to IS 800:2007 

 For the considered design problem, the flange is 
semi-compact and the web is slender section. 
Hence, the overall section which is considered is 
slender section. 

 Shear strength is inversely proportional to c/d ratio. 

 Slenderness ratio is inversely proportional to elastic 
critical shear stress. 

Based on all the above results and conclusions, we can 
understand that the slenderness ratio plays an important 
role in design the members subjected to compression and 
shear as per IS 800:2007 
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