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Objectives 

 The objectives of this chapter are to introduce the concepts of one
dimensional elements and shape functions and their properties. The idea
of local and nature coordinate systems will also be presented.



Temperature distribution for a fin of uniform 
cross section

The temperature distribution along
the element may be interpolated
or approximated using a linear
function us depected in the figure.
The linear temperature distribution 
for a typical element may be
expressed as:
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Linear approximation of temperature 
distribution for an element.
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Solving for the unknowns and     

The element`s temperature
distribution in terms of its nodal 
values is:
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 Grouping the Ti terms together and Tj terms together, we obtain:

 We now define the shape function Si and Sj according to equations :

 L is the length of the element so: 



 for a structural example
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Properties of shape functions

 The shape functions possess unique properties that are important for us understand
because they simplify the evaluation of certain integrals when we are deriving the 
conductance or stiffness matrices. One of the inherent properties of a shape function
is that it has  a value of unity at its corresponding node and has a value of zero at the 
other adjacent node. 

 Demonstration

 Also evaluating
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 Where ui and uj represent the deflections of nodes i and j of an arbitrary
element (e) it should be clear by now that we can represent the spatial 
variation of any unknown variable over a given element by using shape
functions and the corresponding nodal values. Thus, in general, we can
write:   

 Where represent the nodal values of the unknown variable, such

the temperature, or deflection, or velocity, ..
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 It can also be readily shown that for linear shape functions, the sum of the 
derivatives with respect to X is zero. That is,
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Linear shape functions.



Example1 :The nodal temperatures and their 

corresponding positions along the fin in example 5.1.

We have used linear one dimensional elements to approximate the temperature
distribution along a fin. the nodal temperatures and their corresponding positions are 
shown in the figure Bellow. What is the temperature of the fin at X=4cm and X=8cm. 





Example2



Figure 5.1 Deflection of a steel column 

subject to floor loading.







Quadratic approximation of the temperature 

distribution for an element.





5.3 CUBIC ELEMENTS

The quadratic interpolation functions offer good results in finite
element formulations . However, if additional accuracy is
needed, we can resort to even higher order interpolation
functions, such as third order polynomials. Thus, we can use
cubic functions to represent the spatial variation of a given
variable. Utilizing a cubic function instead of a quadratic
function requires that we use four nodes to define an element.
We need four nodes to define an element because in order to
fit a third order polynomial, we need four points. The element is
divided into three equal lengths. The placement of the four
nodes is depicted in the figure.
Referring to the previous example of a fin, using cubic
approximation, the temperature distribution for a typical
element can be represented by:
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The relationship between a global coordinate X
and a local coordinate x.





Figure 5.8 The relationship between the local 

coordinate x and the natural coordinate ξ.











Table 5.1 One-dimensional shape 

functions (1 of 2).


























