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Terminology 
 

STRESS- Stress is the force that an object pushes back with when it is being deformed. 

 

 

COMPRESSIVE STRESS – It is the stress on materials that leads to a smaller 

volume. Compressive stress to bars, columns etc. leads to shortening. 

 

 

TENSILE STRESS-  Tensile stress is the stress state leading to expansion that is, the 

length of a material tends to increase in the tensile direction.  

 

 FAILURE- Structural failure refers to loss of the load-carrying capacity of a component 

or member within a structure or of the structure itself thus causing fracture or 

excessive deformations  

 

 



Equillibrium 
1.Stable equilibrium: A stable equilibrium is one in  

which a body in static equilibrium on being  

displaced slightly, returns to its original position  

and continues to remain in equilibrium. 

 

2.Neutral equilibrium: A neutral equilibrium is one in  

which a body in equilibrium, on being displaced  

does not returns to its original position,  

but its motion stops and resumes  

its equilibrium state in its new position. 

 

3.Unstable equilibrium: An unstable equilibrium  

is one in which a body in equilibrium on being 

 slightly disturbed, moves away from its  

equilibrium position and loses its state of equilibrium. 

 



A strut is a structural component designed to resist 

longitudinal compression. Struts provide outwards-facing 

support in their lengthwise direction, which can be used to 

keep two other components separate, performing the 

opposite function of a tie . They are commonly used in 

architecture and engineering.  

A strut is a structural member which is subjected to an axial 

compressive force. A strut may be horizontal, vertical or 

inclined with any end fixity condition, e.g., connecting rods, 

piston rods, etc. 

 

STRUTS 



 

1.In Automobile Industry 

  MacPherson strut-  

As components of an automobile chassis, they can be passive braces to reinforce the chassis and/or 

body, or active components of the suspension. An automotive suspension strut combines the 

primary function of a shock absorber (as a damper), with the ability to support sideways loads not 

along its axis of compression, somewhat similar to a sliding pillar suspension, thus eliminating the 

need for an upper suspension arm.  

 

 

http://en.wikipedia.org/wiki/Chassis
http://en.wikipedia.org/wiki/Suspension_(vehicle)
http://en.wikipedia.org/wiki/Shock_absorber
http://en.wikipedia.org/wiki/Damping
http://en.wikipedia.org/wiki/Sliding_pillar
http://en.wikipedia.org/wiki/Double_wishbone
http://en.wikipedia.org/wiki/Chassis
http://en.wikipedia.org/wiki/Suspension_(vehicle)
http://en.wikipedia.org/wiki/Shock_absorber
http://en.wikipedia.org/wiki/Damping
http://en.wikipedia.org/wiki/Sliding_pillar
http://en.wikipedia.org/wiki/Double_wishbone


 

 

 

2.In Architecture and construction 
Strut Channel made from Steel Aluminum or Fibre-reinforced plastic is used heavily in the building industry and is 

often used in the support of CableTraysand other forms of Cable Management, and pipes support systems. It is 

used for supporting wiring, plumbing, or mechanical components such as air-conditioning or ventilation systems. 

The main advantage of strut channel in construction is that there are many options available for rapidly and easily 

connecting lengths together and other items to the strut channel, using various specialized strut-specific fasteners 

and bolts 

http://en.wikipedia.org/wiki/Strut_channel
http://en.wikipedia.org/wiki/Strut_channel


 

3.In aircraft 
Lift struts were commonly used in early aircraft to support wings, stabilizers, control frames in gliders and hang 

gliders, and in landing gear. Since the 1930s they were mostly replaced with cantilever constructions, and became 

rare except in light aircraft. These structural members are frequently loaded in tension, but may vary between 

tension and compression as the aircraft maneuvers. 

Struts are still widely used to attach the landing gear, particularly in retractable-gear aircraft, and provide 

damping during the takeoff and landing roll; here they are often called oleo struts 

http://en.wikipedia.org/wiki/Lift_strut
http://en.wikipedia.org/wiki/Oleo_strut_(aircraft_suspension)
http://en.wikipedia.org/wiki/Lift_strut
http://en.wikipedia.org/wiki/Oleo_strut_(aircraft_suspension)


Column or pillar in architecture and structural engineering is a structural element 

that transmits, through compression the weight of the structure above to other 

structural elements below, in other words a column is a compression member. 

The term column applies especially to a large round support with a capital and 

base and made of stone, or appearing to be so.. For the purpose of wind or 

earthquake engineering, columns may be designed to resist lateral forces. Other 

compression members are often termed "columns" because of the similar stress 

conditions. Columns are frequently used to support beams or arches on which the 

upper parts of walls or ceilings rest. In architecture "column" refers to such a 

structural element that also has certain proportional and decorative features. A 

column might also be a decorative or triumphant feature but need not be 

supporting any structure.  

Columns or struts 



Failure of column 
 The failure of a column takes place due to the anyone of 

the following stresses set up in the columns: 
 

    a) Direct compressive stresses. 
 

    b) Buckling stresses. 
 

    c) Combined of direct compressive and  buckling    
stresses.  
 

 The mode of failure of columns depends 
  upon their lengths and depending  
 on the mode of failure columns are classified as 

a. Short  columns          

b.  Long  columns 
 
 



FAILURE DUE TO DIRECT 

COMPRESSIVE STRESS OR   

CRUSHING LOADS 
 
1. SHORT COLUMNS 

When a column is subjected to loads and is increased, the column 

will reach a stage when it will be subjected to ultimate crushing 

stress. Beyond this stage, the column will fail by crushing. The load  

corresponding to the crushing stress is called crushing load. 

 

The load carrying capacity of a short column depends only on its 

cross sectional area (A) and the crushing stress of the material(ςcu). 

The crushing load Pcu for axially loaded short column is given by  

                              Pcu   = ςcu × A .  
The safe load on the column is obtained by dividing the crushing load 

by suitable factor of safety.  i.e 

                            Psafe =Pcu/ FS 

 

P 

P 



FAILURE OF A LONG COLUMN        BY 

BUCKLING 
Long columns, which are also  called slender columns, when subjected to 

compression, deflects or bends in a lateral direction as shown in the figure. The 

lateral deflection of the long column is called buckling. The long column fails when 

there is excessive buckling .ie when the load on the column exceeds critical load.  

 

Critical load denotes the maximum load carrying capacity of the long column.  

The load carrying capacity of long column depends upon several factors like the 

length of the column, M.I of its cross–section, Modulus of elasticity of the material, 

nature of its support, in addition to area of cross section and the crushing strength 

of the material. 

 



HE DID NOT CONSIDERED DIRECT STRESS 

Assumptions;- 
1.initially column is perfectly straight and load is axial. 

2.cross section is uniform throughout. 

3.column is perfectly elastic, homogenous and isotropic. 

4.length is very long as compared to cross section. 

5.failure of column occurs only due to buckling. 

Euler’s Theory for Columns 





BOTH  ENDS  HINGED- COLUMN  

  
   Consider an axially loaded long column AB of length L. Its both 

ends A and B are hinged. Due to axial compressive load P, let the 

deflection at distance x from A be y. 

d2y 

dx2 

   d2y 

   dx2  +

         

P y 

EI 
= 0 

     

     

    

       The bending moment at the section is given 

by 
   

EI 

= - P y 

    -ve sign on right hand side, since  as x 

increases curvature decreases 
    

L    

y     x 

    

P 

   P 
    

A 

   B 

   This is the linear differential equation, whose solution is 

    Y = c1.cos [x√P/(EI)] + c2.sin[x √P/(EI)] …(1) 



  
At x =0, y =0,we get c1=0      (from eq.1) 

Also at x=L, y =0 we get 

          c2 .sin [L√P/(EI)] =0 

If c2 = 0, then y at any section is zero, which means there is no lateral deflection which 

is not true 

Therefore  sin [L√P/(EI)] =0 

    Where c1 and c2 are the constants of integration. They can be found using the boundary 

conditions. 

   sin [L√P/(EI)] =0 

=> [L√P/(EI)] = 0, π 

    Taking  least non zero value we get 

            [L√P/(EI)] = π  

Squaring both sides and simplifying 

 
PE  = 

π2E I 

   L2 
    This load is called critical or 

buckling load or crippling load 



S. 

NO 

END 

CONDITION 

RELATION 

BETWEEN 

EFFECTIVE 

AND ACTUAL 

LENGTH 

CRIPPLING 

LOAD(P) 

1 Both sides 

hinged 
    Le=L PE= (π 2E I) / Le

2 

 

2 One fixed 

and other 

free 

    Le=2L PE= (π 2EI) / 4Le
2 

 

3 both fixed 

 

    Le=L/2 

 

PE= 4(π 2 EI) / Le
2 

 

4 

 

One fixed 

and other 

hinged 

    Le=L/√2 

 

PE= 2(π 2EI) / Le
2 

 



 

 PE= (π 2E I) / Le
2  

we know that buckling of column will take  

 

place at axis of least resistance. Therefore substituting 

 I=Ak2(a=area and k=radius of gyration) 

                            PE= (π 2E Ak2) / Le
2  

                             = (π 2E A) 

                                 (Le/k)2 

here (Le/k)2 is slenderness ratio 
 

Based on slenderness ratio ,columns are   

classified as short ,long and intermediate. 

   Generally the  slenderness ratio  of  

short column is less than 32 ,  

long column is greater than 120,  

Intermediate columns greater than 32  

and less than 120. 

 



   

 

 

    Pcr
= (π 2 EI) / Le

 2 

   But I =Ak2 

   ∴  Pcr/A= π 2E/(Le/K)2 
  

 

 

   σcr = π2E/(Le/K)2 

   Where  σcr is crippling stress or critical stress or stress at failure 

    The validity of Euler’s theory is subjected to condition that 

failure is due to buckling. The Euler’s formula for crippling is  

    The term Le/K is called slenderness ratio. As slenderness ratio 

increases critical load/stress reduces. The variation of critical stress 

with respect to slenderness ratio is shown in figure 1. As Le/K 

approaches to zero the critical stress tends to infinity. But this 

cannot happen. Before this stage the material will get crushed. 

LIMITATIONS OF EULERS THEORY  



 

∴  σc = π 2E/(Le/K)2 

   Le/K= √ (π2E / σc) 

   For steel σc = 320N/mm2   

and E =2 x 105 N/mm2 

   Limiting value (Le/K) is given by 

  (Le/K)lim =√ (π2E / σc) =   √ π2 ×  2 × 105/320)     =  

78.54 

    Hence, the limiting value of crippling stress is the crushing 

stress. The corresponding slenderness ratio may be found by the 

relation 

    σcr = σc 

Hence if  Le /k < (Le /k)lim Euler's formula will not  be valid. 



   

   

 

  PR = crippling load by  Rankine’s formula 

  Pc = crushing load = σc .A 

    PE = buckling load= PE= (π 2 EI) / Le 
2

 

   We know that, Euler’s formula for calculating crippling load is valid 

only for long columns. 

   But the real problem arises for intermediate columns which fails 

due to the combination of buckling and direct stress. 

    The Rankine suggested an empirical formula which is valid for all    

types of columns. The Rankine’s formula is given by, 

1/ PR= 1/ Pc + 1/ PE 



   

   

 

 For short columns: The effective length will be small and hence 

the value of  PE =(π 
2 

 EI) / Le
2    will be very large. 

 Hence 1/ PE   is very small and can be neglected. 

therefore       1/ PR= 1/ Pc        or        PR =Pc 

For long column: we  neglect the effect direct compression or 

crushing and hence the term  1/ Pc can be neglected. 

therefore       1/ PR= 1/ PE        or        PR =PE 

Hence Rankines formula, 

   1/ PR= 1/ Pc + 1/ PE  is satisfactory for all types of 

columns 
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where  a = Rankine’s constant =σc  / π 2EI 

and      λ = slenderness ratio = L
e
/ k 

PR = σcA / (1+a.λ2 )  



 

 

Conclusion 
 

Columns and struts:  

Structural members subjected to compression and which are 
relatively long compared to their lateral dimensions are called 
columns or Struts. Generally, the term column is used to denote 
vertical members and the term strut denotes inclined members 
 

 Short  columns fails by crushing or yielding of the material  
under the load . 
 

 Long column fails by buckling at a substantially smaller load  
 

 The buckling load is less than the crushing load for a long 
column 

 
 The value of buckling load for long column is low  whereas for 

short column the value of buckling load is relatively high. 
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