Nelmt31 – Nonlinear Elasto-Plastic Spring Element

started 10 December 2008

Nelmt31 is to a spring element with the following feactures:

1) It is attached to any node and degree of freedom.  The degree of freedom number on which it acts is specified as one of the element properties.

2) It represents an elasto-plasic spring with a Needleman force-displacement relation, and isotropic hardening, as defined below.

3) The forces and stiffness of the spring are multiplied by a tributary length given by

Ltributary =  (X(1,inode+nninc) – X(1,inode-nninc))/2

where 

inode = node number to which element is attached
nninc = user specified input (element property)

If a zero value is input for nninc  Ltributary = 1 is used.

Definition of the Force Displacement Relation

This is defined in terms of a backbone curve is defined for positive values of the displacement u only as follows:

sbb(u)  
=  k u

for u (  sy / k

= sy [ n( k u / sy - 1) + 1 ]1/n
where sy, k, and n element properties.  

The updating algorithm is as follows:

1) Start with the force and displacement at the start of the step s0 and u0.

2) Calculate the elastic predictor force from

se = s0 + ke ( u – u0)

where ke ( k is another property of the spring (element property input), and u is the displacement at the end of the step.

3) Calculate the backbone stress sbb0 = sbb(ubb0)  where ubb is a history parameter that starts with zero value, and the addidional subscript “0” implies the value at the beginning of the increment.

4) If |se | ( sbb  no yielding occurs; the new stress is given by s = se .

5) If  se > sbb have yielding in tension, 

a) Calculate displacement at which yielding starts from

uys = u0 + (sbb0 – s0)/ke
b) and new ubb is calculated from

ubb =  ubb,0 +  u – uys 

c) calculate force from

s = sbb( ubb )

6) If  se < -sbb have yielding in compression, 

a) Calculate displacement at which yielding starts from

uys = u0 + (–sbb0 – s0)/ke
b) and new ubb is calculated from

ubb =  ubb,0 –  ( u – uys )

c) calculate force from

s = –sbb( ubb )
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