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DISPLACEMENT FUNCTION:
For ID linear bar element UNIT 11- ONE DIMENSIONAL PROBLEMS
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For ID quadratic element
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quadratic bar element

u=N,u, + N,u, + N,u,

_3X_|_2X2 X 2%

N, Shape Function at node 1, U, Displacement at node 1, N, Shape Function at

node 2, U, Displacement at node 2 , N, Shape Function at node 3, U, Displacement at
node 3

STIFFNESS MATRIX:

A-Area of the element mm?
K AE| 1
For 1D linear bar element [ ] =

L |-1 1 E-Young's Modulus of the element N / mm?
71 -8 L-length of the element
AE
For 1D quadratic element [K]=/—] 1 7 -8
-8 -8 16
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UNIT I1- ONE DIMENSIONAL PROBLEMS
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GENERAL FORCE EQUATION:

{ F } = [k] {U} {F}-Global Force vector , [k]-Global stiffness matrix,

{u}-Global Displacement matrix

REACTION FORCE:
{R} = [k]{u} _{F} {R}-Reaction force

IF THE BODY is SUBJECTED to SELF -WEIGHT:

pAL |1

For 1D linear bar element {F} = T{l
1
6
For ID quadratic element {F}=pAL %
2
3

p -Unit weight density of the element (N /mm?®), A-Area of the element (mm?*), L-Length of
the element (mm).

STRESS ON THE ELEMENT:
du
o=E&E.—
dx

o=EL2"%
If stress on element one should found then the formula will be '
E -Young's Modulus of the element N/mm? , L - Length of the element one mm , u,

Displacement at nodal point 1 mm, u, Displacement at nodal point 2
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UNIT Il- ONE DIMENSIONAL PROBLEMS

FOR TAPER PLATE:
W 1
B WA DA o Y
2
3
For rectangular cross section Area= Width* Thickness
X
At any point of x A<:A1_(A1_A3)T
Area at node 1: A& =W1 Xt
A =W, xt,

Area at node 2(Applicable only for mid - point):

A, :(Wl +W, jxtz
2
Area at node 3: As’ :W3 x '[3
Average area of element 1: A' = A ; A
Average area of element 2: A% = A, JZF A

T (2
For circular cross section Area = Z d
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16ME401 Finite Element Analysis
UNIT Il- ONE DIMENSIONAL PROBLEMS
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TEMPERATURE EFFECTS ON STRUCTURAL PROBLEM:

L|-1 1

A-Area of the element (mm?), E-Young's Modulus of the element(N / mm?), L-Length of
the element(mm)

1 -1
STIFFNESS MATRIX: [k]:ﬁ{ }

-1
THERMAL LOAD: {F} = EAaAT{ L }

A-Area of the element (mm?), E-Young's Modulus of the element(N / mm?),
a - Coefficient of thermal expansion (/°C), AT - Temperature difference

THERMAL STRESS:
du .
{o}= E&— EaAT Ea@AT - Thermal Strain
u,—u
For element 1 {0} =E,+—L-EaAT
REACTION FORCE: (R} =[k]{u}—{F}

{R}-Reaction force , {F}-Force vector (Global), [k]-Global stiffness matrix,
{u}-Global Displacement matrix

1 -1
SPRINGS: STIFFNESS MATRIX [k]=k{ ) J k® - Stiffness of the spring( N / mm)
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UNIT I1- ONE DIMENSIONAL PROBLEMS \;
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TRUSSES:
(x2¥2)

m

(x1v1) [

STIFFNESS MATRIX:
12 Im -1 —Im

EA| Im m? —-Im -m

L e BT,

“Im -m?* Im m

A -Area of the element (mm?), E, - Young's Modulus of the element (N / mm?),
|, - Length of the element (mm)

2

l, :\/(Xz _)(1)2 +(Y, _Y1)2
X mzyz_Y1

Length of the element 1 | = XZI; I
1 1

STRESS:

E
op=—L -m L m];

Stress of element 1 I,

u matrix varies according the element
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UNIT I1- ONE DIMENSIONAL PROBLEMS
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BEAMS: DISPLACEMENT FUNCTION:

u = N,u, + N,u, + Nyu; + N,u,

1
N, = F(2X3 —-3x°L+L%) N, :%(XSL—ZXZLZ +xL%)
_ 1 3 2 1,3 212
Ns—F(—ZX +3X L) N4=F(X L—X L)

N1 Shape Function at node 1,U; Displacement at node 1 , N> Shape Function at node 2 , U>
Displacement at node 2 ,N3 Shape Function at node 3 , Us Displacement at node 3 , N4
Shape Function at node 4 , U4 Displacement at node 4

STIFFNESS MATRIX: ) )
12 6L -12 6L

_E 6L 41> -6L 212
13| -12 6L 12 -6L
6L 212 -6L 4L° |

I-Moment of Inertia (mm®), E- Young's Modulus(N/mm?), L-Length of the beam(mm)
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