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UPPER AND LOWER BOUND THEOREMS 

Different types of plastic theorems  

 The various type of plastic theorems, depending on which, the plastic analysis 

has been developed are, 

i. Lower bound theorem 

ii. Upper bound theorem 

iii. Uniqueness theorem  

Lower bound theorem  

  This theorem is also known as "statically theorem" or "safe theorem”. It is 

the maximum principle which demonstrates that of all the equilibrium states which are 

satisfying the conditions. The plastic moment does not exceed and gives a load, which 

is less than or equal to the collapse load. Hence the value of loads which are obtained 

are always less than or equal to collapse load which is expressed as  

     Wc  

 Where  

  W - set of loads  

  Wc - collapse load  

Upper bound theorem  

  This theorem is also known as "kinematic theorem" which states that a 

given structure, which is subjected to a set of loads (W) and the value of "W", 

corresponding to any mechanism must be greater than or equal to the collapse load. 

Which is expressed as  

     Wc 

 where ,  

  W - set of loads  
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  Wc - collapse load 

 According to kinematic theorem, the correct collapse mechanism requires the 

minimum load among all the mechanism formed by assuming hinge positions . Thus, 

the collapse load can be estimated from any of the hinge positions, which is greater than 

or equal to correct one. 

Uniqueness Theorem  

  The uniqueness theorem is formed by combining the static and kinematic 

theorems which gives a unique value for collapse load. Hence by static theorem which 

gives a unique value for collapse load. Hence, by static theorem. It is not possible to 

figure out a bending moment which is not possible to establish any mechanism for 

which  the corresponding loads is less than Wc. When these two theorems are combined 

they form a unique value of load which is equal to Wc. According to the uniqueness 

theorem, the bending moment distribution which, satisfies the following conditions are 

unique. 

a. A mechanism is produced, when the plastic hinge are formed at an 

adequate number of points 

b. The bending moments are supposed to be in balance with the applied load 

c. The allowable plastic moment must not exceed at any point in the 

structure. 


