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Introduction : Practical application

o Consider a problem in structural engineering

e Find the forces and reactions associated with a
statically determinant truss
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Node 1 F

F
> "F, =0=—F cos30° + F,cos60° + F,_,
> K, =0=—Fsin30° — F,sin60° + F,,,

—F, cos30° + F, cos60° =0
_F,sin30° — F, 5in 60° — —1000



Node 2

H,

Y F,=0=H,+F,+Fcos30°
Y R, =0=V,+Fsin30°



» F, =0=—F,c0s60° — F,
» K, =0=F,;sin60° +V,



- K, cos30" + F,cos60° =0

- F,sin30° - F;sin60° =-1000

H,+F, +F cos30" =0

V, +Fsin30° =0 SIX Equations

- F;c0s60" - F, =0 SIX Unknowns
F,sin60" +V, =0



Do some book keeping

F F, Fs H, V, Vs,
-cos30 O cos60 0 0 0
-sin30 0 -sin60 0O 0 0
cos30 1 0 1 0 0
sin30 0 0 0 1 0
0 -1 -cos60 O 0 0
0 0 sin60 0 0 1

-1000



This is the basis for your matrices and the equation

[A){}=(b}

086 0 05 0 0 0 F] [ o0
05 0 086 0 0 0 |[F| |-1000
08 1 0 1 0 0 ||[F| | 0
05 0 0 0o 1 o0 ||H[] o
0 -1 05 0 0 0 V| | o0
0 0 086 0 0 1 ||V |0




System of Linear Equations

o Now we will deal with the case of determining the
values of X, X,, .....X, that simultaneously satisfy a set

of equations
_aIIXI + aIZXZ +000000 aIan —bI
_aZIXI + a22X2 +000000 aann =b2

_aHIXI + an2X2 +000000 anan =bn
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Cramer’s Rule

o Linear System of Equations

11y apars

(T 373

(p127

ALy = Ii[3'1
Aap Ly = '-F]E
Ayl = IE]';rr.

Example, n=2

Cramer’s Rule, n=2

D = apaxp — anap
Dl — 516522—52(112
Dy = byay; — byasg

-Dl 516122 - 52012

D 110992 — 210412

D;z bzzau - 51621

D apap — azap

Cramer’s rule inconvenient for n>3

0.01 —1.0 | 1.0
1.0 0.01 Ta 1.0
_ 1.0:0.01—1.0-(—1.0)
T 0.01-0.01—1.0-—1.0) 1.0099
Ty = 1.0-0.01—=1.0-1.0 — —().9899

0.01-0.01—-1.0-| —1.0)
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Solution Techniques

e Direct solution methods

— Finds a solution in a finite number of operations by
transforming the system into an equivalent system that is
‘easier’ to solve.

— Diagonal, upper or lower triangular systems are easier to
solve

— Number of operations is a function of system size n.

e Iterative solution methods

— Computes succesive approximations of the solution
vector for a given A and b, starting from an initial point x,,

— Total number of operations is uncertain, may not
converge.
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e Direct solution methods
— Gauss elimination
— Gauss-Jordan Method (variation of Gauss elimination)

— LU Decomposition

e Iterative solution methods
— Jacobi Method
— Gauss-Seidel Method

— Successive Over Relaxation (SOR)
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