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4 By the end of the notes:

The students are expected:

* To formulate the element stiffness matrix for a 1-D bar element using the
potential energy approach
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Potential Energy Approach: H — U 4 Q

N

Strain Energy Work Potential
A

A
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Stiffness Matrix, k

For non-

uniform bar: H=%{GTeAdx—{quAdx—{uTde—Euipi

l
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e | Stiffness Matrix, k

Potential Energy Approach: H — U 4 Q

For the bar discretised into finite elements:

H=E%faTgAdx—EfquAdx—EfuTde—EQZ.PZ.
=EU€ —EfquAdx—EfuTde—EQiPi

Where:

1
U, = EfaTgAdx Element Internal Strain Energy
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e | Stiffness Matrix, k

Potential Energy Approach: U e = % f [E {B }{q }A . dx

Element Internal Strain Energy:

U, = % f o' eAdx
e={B}H{4}
0 =E{B}{4;
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e | Stiffness Matrix, k

Potential Energy Approach:

.= Mal [ty 85 )aeia)

E{BY [BlA, (g]{q}

Element Internal Strain Energy:

1 o - _Lypar
U == (o eAdx = {4}
e 2f 2

e~ {B}a)

o =EB}4f 1
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e | Stiffness Matrix, k

Potential Energy Approach:

Element Internal Strain Energy:

U, = % f o eAdx
e={BHd}
0 =E{B}{4}




Potential Energy Approach:

Element Internal Strain Energy:

U, = % f o' eAdx
e={B}H{4}
0 =E{B}{4;
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Stiffness Matrix, k

1 T I 1 -1
U =— EFA —
=\ I\ -1 1 ){Q}
Lyyr .
-{a} k{a}
e EA([ 1 - )
L\ -1 1

E — Modulus of elasticity
A, — Cross sectional area
| —Element length
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Traction Force, T

f u'T dx
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Element Force Terms

f u' T dx




[u' tadx=[[{N}{a}] fads

e
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Element Force Terms

e

Try to derive it yourself !!!
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Assembly of Global
Stiffness Matrix and Load
Vector
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From element to global

1
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Element Connectivity Table H=1QTKQ_QTF
Nodes 2
1 ) For an FE model with 4 elements:
* 5 nodes
* 5x5 Global Stiffness Matrix, K
2 3
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- | Global Stiffness Matrix, K

Element Connectivity Table H=1QTKQ_QTF
NN\ || lilili 2

1

What is the stiffness matrix for element
1?7?

2 3

Element Stiffness Vector (Element 1)
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Global Stiffness Matrix, K

Element Connectivity Table M- lQTKQ _O'F
AR 2
1
@ K @ What is the stiffness matrix for element
3¢
3 4 I -1 0 0 O
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- | Global Stiffness Matrix, K

Element Connectivity Table H=%QTKQ_QTF

DN O 1 Nodes

1
@ ) ® 5 ? What is the stiffness matrix for element
277
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" Global Stiffness Matrix, K
Element Connectivity Table M- lQTKQ _O'F
AR Nodes 2
(D -
> @ What is the stiffness matrix for element
377
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- Global Stiffness Matrix, K
Element Connectivity Table M- lQTKQ _O'F
AR Nodes 2
onanls
> @ What is the stiffness matrix for element
477
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K=k +k,+k, +k,

(1 -1 0 0
11 0 0
_EAL G 0 0 0
b1 0 0 0 0
0 0 00
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Global Stiffness Matrix, K

0 0 0 00
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- Global Stiffness Matrix, K
[ EA E A \
1771 _ 177 0 0 0
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% | Global Load Vector

Element Connectivity Table H=%QTKQ_QTF

DN O 1 Nodes

@ L T |1 ) For an FE model with 4 elements:
* 5nodes

 5x1 Global Load Vector

4
(7 )
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Global Load Vector

Element Connectivity Table H=%QTKQ_QTF

AR Nodes
LT R
2 * What is the traction force vector for
@ T, 2 element 1,2,3,4?7?
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% | Global Load Vector

Element Connectivity Table

DN IO | Nodes
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% | Global Load Vector

Element Connectivity Table

DN O 1 Nodes
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4 Global Load Vector
Element Connectivity Table H=1QTKQ_QTF
DN O 1 Nodes 2
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What is the point force
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F=Ff+FT+P=

At
2

Al AL

2 2
A1l + Asfil;

2 2
Asfil + ALy

2 2

As fsls
2
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Global Load Vector
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4 By the end of the notes:

You are expected to be able:

* To formulate the element stiffness matrix for a 1-D bar element using the
potential energy approach
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