Al structures vibrate. If you
Imo\?ine s‘tﬁking A 'tuninsf Por*k,
it vibrates at a par’ticular
Pr‘e_que_nct/. Bui dings are the
Same. A“ s‘tf‘uc‘tur‘es have
some. natura ‘Pr‘e,que,nde,;s.

4
A ‘typicod Eu?[ding 'Pr‘ame, ...wi“ loe_g‘m tTo shake
mode of steel beowms... under excitation...

If o Bu?ld?nﬁ 3e't$ some ex’ter‘ncxl
Por‘ce a\cting at one of its V\a\‘tur‘a\l
frequencies, the building will begin to

resonate. This means the bui dinﬁ

vibrates wore and wmore until it
shakes I‘tsel‘P O\Pa\r't.l

..and This can
lead to co“apse,!

..and po‘te_n‘tia\“tf Be_g]n
to resonate...

Mode_“?ng Vibrations and Acceleration

We have the ma‘thematical tools that
let us wmodel how structures wove.

The system in equilibrium,

Hooke's Low
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The system in motion. Lets us QO‘[CUIO‘te— The Force on  pocg of Acceleration
Distance < N\ Porce From the spring object  hieet of object
XA from rest XB
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Comer‘essecl spring pushing  Stretched spring pul‘!‘ms, A to the &
A to the right, The force right. The forece is k Mul‘t}P‘Reo‘ by
will be the stiffness k the femgf't-h change, which is Xp adlel

mu|‘tiple,d bk/ the |en3'th minus X, as X,is measuring in the
change, which is -y opposite direction.

F = kx, F = k(- )

Lets us P‘;?ure_ out
L whot the fForce does

Then we can divide the force
from the Springs By the mass
_+ to Pind out the acceleration
of the ob;\ec'ts. From this we
con predic‘t how 'l move.

The total force on 4 will therefore be the sum of FI ondl F;l:
Fi= “kx + kG -x) = -2k + ki

And likewise we can do the same For the Force on B:

R= kOa-x)+-kx=  kx, - 2kxg

Eigensdve_rs 'Por‘ S’truc‘tural Analysis

Real structures have So we have These prololems are often
millions of variables. huge matrices. too Ia\r‘ge to solve exac'tlt/.

Sparse Symme‘tr‘uc Generalised
Eigenwx[ue_ Problem
% & Find the useful eigenpairs of:
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Instead, we use iterative solxﬁ_s. These go ‘throus,h the problem oand
(orocluce estimates Ffor the eigenpairs. They repeal over and over again,
improving the estimates with each pass, until ‘thet/'re SU'P'P?deV\‘tIL/
accurate, when we say they're converged.

Our New Solver: MASIL

We have de,veloped a new pre-processing step for an eigensolve_r

~

Correct \'thod: gives us an idea where the useful eigenpairs are.
(Qonvergeci)
ejgenVa[ue_S

-

Not con d yet. \ \
converged ye A-Pte_p seve_ral T e,r‘od:uons, sSome

/ /_\4_ =r== *=‘=‘=.9=% eigenpodrs have conveﬁged, ond

The rest are 3e‘t‘t?n3 there.

We discovered o way To estimate
mass participation accurately with |
unconve_rged e‘uﬁen\/cxlues. 200 4

Then we tell our eisfens.olver
to onll{ search these areas.

This means we can search over
much smaller areas until we Find
‘the V\eQGSSO\F(/ eis,eanlues.

more e‘PPiQIeV\‘t omd mo(re O\QCuro\'te.’
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Structural Mode,“?ng ot Scale

Structures need to be
mode,“e_d ond $imulax‘tecl
to pr‘e,dict their behaviour.

& N

Can the
‘ouilding Suppor‘t
its own wej?h‘t?

These simulations use
9 Finite Element Methods (FEM),

Arup clevelops FEM )

SO‘ptWO\f‘e for e,n::,?neers
to use to model and

Simula’te designs.
(Vc the core of these tests

are com lex Ma'thematICal sdvers
P

How do vibrations
move ‘through the
structure?

Moctr'ice,s ond Eige_n\/alue,s

We can rewrite systems of equations as structures called Motrices.

-g\k;(/i - xXp = FA -2k k KA _ FA _]-(- - 1 XA _ 9
kx, - Aexg= F k -2k || Xg F ml 1 -2 | X3 rL
Acceleration J

Resonance s when the d?splacement 'S pf‘opor“tional to the acceleration.

DisPlacemen‘t J\ L— Force

So[u’tions To This equation are
called the eiﬁeneairs of the matrix.

US?V\g Iterative Eigey\Solvej‘S

Most terative eiﬂensdvefs find the eigenpairs closest o given value.
However the engineers don't necessary want this. They are look“un3 for
tThe eigenpairs with the higlne,s‘t mass participation.

This is o measure of how the mass of l ( Notional Standards ‘te,“ us we
tThe Euilding moves when it vibrates. This need to omalyse, the Bui[ding 4

is eritical to anall/sis of earthquakes. such a way that we Qap‘tur‘e 0%
of the total mass Par’tic_ipa’tion.

EIggnSo[ver

Ask‘ma for Ou‘tPu‘t ;I
e]gen\/alues
closest to O &l{ 0 0—0-0-0- “
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Eige_nv:xlue, with low He-r\e we Coan ?e't QO‘% MASS

mass pacticipation
participation with the solver
"'"""‘"""’}% output, but we would also
o) 300 3@‘6 T with just the green
Fr‘e_quenct/ (Hz) Prequencies.

100 20
Eigen\/o\lue_ with high
mass participation

Current e3gen$olver“$ waste resources on the unimportant eigenpairs.

If we can avoid this, the solver will run RPaster, use less memory
ond sﬁve, A Mmore meamingpul re,s.ul'l: to the engineer‘.’

From Ide_o\ to Impleme_n‘tox't?on

: Aru(o and the Univer“s‘t‘ty
I of Manchester discuss a
: new algof‘i‘thw\ that will

| Bind eigenpairs with high

; I of Manchester to S‘tudy This
: eroblem, MASIL is discovered.

I mass par“ticipo(t?on.
|

:Knowledge, Tronfer Po\r‘bne,rship undertaken with Ar‘up, the

I University of Manchester and InnovateUK to imlole,me,n‘t the :
:MASIL agoﬁ‘thm " Aru(o's FEM software. Further impr‘ovemen‘tS|
1To MASIL are Jeveloped ond it is successPu“y tested and :

;_de,ployed mto commercial software to be used lot/ engineers.
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