\ T4

2007 liB 4D6 Dr S P G Madabhushi
mspgl@eng.cam.ac.uk

[000 hy
_5} —p U, Mz:pooOb
L\L: 3,\,\ _
| 000}q M, ;)000,5
- —-———'?U\' _
)’w,i 4 ET = 3690 \K/\//vfz
-5 7’%—
K, = 2x3EL _ 2x3 x 8640 _ 310 kN,
h? 4 | N
KZ = 2 x I2ET - 2xlzx 3640 — 7630 ,?N/m
' hz'.'s 33
— —e U4,
/

}v\ "\di;v"\ %’5"’\- X
M, 0 {‘)(' + K, + K, —/K?_ Y, _ |0
o "M, Y -k, 4, o
1000 o 3490 -—75%0 o _ |0
o zooo - 7480 76%0 MZ e



TN

~
<« .

L

3490 -
?630

w?.-

~7€30
%20 ~—W*

\\\\

]

oLl

(2470"(ﬂ;>(7630 ~wt) = 7630" = 0

For

w¥ — 161 70w+ 6220%00 =0

= ZCH} 3 -/

19.86 - nd/s
- 3.1 6—»)—[3

0957 v,

~72857F 0,

~ 1285 %

|SF+5.F

. 1256 md/s

— 7630 0,

- 7680

=0

Uz o

Qél'fo + 1/16)702 - ‘}x6220900> 2

_(mfe)"

,(i{i_:"/,Of



.

=
Mo SL.»T,@)
' Uy

0 - ; o
T,= 03165 f “hest

€. 3 ! 2 |
Mey: 000 + ‘IOOOx(O.%ﬂ) =190 ks M*yz = 00O +

oo | +‘]0(A)0x(l,05‘i

E . ] ‘
Ay et | =211 by

t(s)

0 00175 0015

For W, —Qo[ :0‘02-5 = 0.09 - DAF = 0.2
T 0318 : |

F> w4l o045 _ .- . pAF=.173

— = 0:5
T 0.05

)

\

“

A
Ky ] .
°3 ] _
—> e
Koy = 1040999 + 7630x(1-0949)" = 7495 FV/m

Kay, = BlOX (~1.0549) + 7¢80(1-1 os%)i = 33301 kN/m



&
[ = MU +M, V. 1000x 0949 + 1000%

—

—1 -2 190
Mm Ut M, T, |

\

1.025

y’;’ Z 100D ¥ =) OST + 00D/
21

- — 00256

Fegy = = T/MeyV = —1.025 <190/ x 10 = -j9485 N

e——

Fopo = 1] My, vV z 00156% 21l xjo = 540%N

Dyrerec Lgplacsnact

Mede | Odgn = DAF, xleL_ — 02x —]9435S
ey, ) - 7.5 x/o?
= 'S.ZX 10~3M
Mede 2

Sidgn = 13X 5907

- 0.021 %10 3.,
33301 x)0°

Co’wal Vg)a SRsSS retined (e, 5;‘[/5,66’?1“{' éaolgu,z HO""W
dopde He high DAF - 415 paied o lesdirg Mede
7 9 ven w%kb emcited 19) jrm»‘dﬁ{ Metion  ond ‘ﬂ—eve/f-v%
the  rapr b ArranmsXel b Mode /.



(""'2'(*& mathod  pavelv e s &Lwl&’&y

and ?c-bw&J ety g te

W\L }ﬁCv\etg Wg«a
vgb«oi(utg W\ a gven mode SWFQ—- %.J _21 woing frw KE o~d s
e nofimad WM? ,Jg e Atmdtine G be o btauad .
Loverol Mode Me& . o o eoch 3«'\14@ o éwsgo{»&j
n ol k&c}/wwﬁ Ta lowest ¢ e enbomated nalined Ww AU
e ek WEA @(/‘M\L & d\?ut,ojtu Wronn Tlhe WWAWWM@ c& tta
The @NOCO,M wvel\ILS Mﬁ)wﬁ'v\f e t"W“L M"""M'Msd’aﬂ%‘i &M:’
o mods shoge - Fer a Al vk MoV %vt'wf\) fre mode shape v }M
MW‘“}‘ ok M.Q;v«wM o ond WM‘L laloeh 22
L
L -
< ’ A «
Then wWw = % > W, Y Mwb(r\s lf)ww\u(ob_
- - - |- 7 _
2b) (onsidon fadd” Mot G = - B, 7 n=
Zjowm ET BN N on = 300 B4 /n
Ge b B
- w2 =
H\.ei: S m (\’Cﬂbﬁ M .
0
L 2
-—:,mS [ aw%t/?-éa’)’%lé“’ : ]
] L e I,} i CJ’{L’L ‘)M
et TR RS A !
b
™M 2 -410\2 .7,‘2,67 ™ML
{2 s\= e

™m [L’Q;l\' + %ﬂ -
M- b.216Tx3 w10 = 6¥0 2% G-



L Vo
K= |87 &) &
o

— 2
U - -T2 &0 :E‘. b T
= ol e
K ‘1 Lo
- 4
'Y €1 (X J to B2 dre
0
L
- 7‘ »® l 1l)k ’ -
- e1 (3" ) INCE-22D .
>,
T
(t F 32 L2 3270

. - | B 3y.23%
- m»\!» = | 24352 (492 2ed
\ | Wy, | tw it 1 /S

%I = O‘E___f‘l- :

ovidon, PMwoder U= 17 BT |~ o2 T2 - o 8

20 IS

Hg_’l),: SLM Q' Ca"f%)LM = mSOLC‘r “’”‘7"12} _Zmzt%\)d/ﬂ»

(]

. L L1
-M[L-z!:swz&ﬂ pow | R A
- ) [ P A -

L
- L L fomnr x) YoM
- w™m +W\E307_€ L*B

—m Ly AL~ - Wzﬂ/’tlb - 3
2 2N [N

W\

L ———

- 2=\ - ~ lo T A0, . T fo TN
= A |- o == v T 2]
) jo EL &A:: m Ys - T o 22

4 &L' 1 " L
Ke¥ = Bz T (o 2% dt - = ELR (2 DI
N & - If\ [ES} = P
L
= E_T;E_\L\*ﬁ\: “< EI“L‘* __\T S\Mu_‘,’k] - FIT\“
L.“ Z- f 2™ L > - '/
e ;LLB

. K,LQZ = %m@ ® f\(‘ -
2t



G2 [ 3B A g ques sadf

va; HZ% th
o= o 4683 K »
i Lo O-3 K2
e pist £ 2 mede yadnnl Jugpantss
" p & (o]
0. bE3 Kz N2 vedy |

2 e) TFuz (37 node Khape o ool — vt - e Mlaned wile
| orkon k™ A (,LUL\AL (. ol Q&%{L‘V‘- . Use

L;”“WQQN yo\J MW\,LWQ fo chban CW\QJ e do %XAH«U .
Mode Shapes

2 _____ e .
ol [—e—tstmae] T
. ---m--- 2nd mode
1 e .
0.5 e - /
I no o y_/""b—/"y/
()} TSP 4 . ’ '

0 1 2 3 4 5 6 7 8 . o

Length (m)

- AS flore are w\.hwkw\:) mode m“f*”' bt i nake cmg;_suji‘( [20\/']
'u,;%we qu o HRe k\u_wo( 4#&19&»“

S0 Vilpabie v
9*d> De(ﬁmvu; i) NBSpIn &2 d% the beawma bohan Tt | &j“w y (7
130 meds omd 24 moda :Fl»tb—»\ abrue %m oy g TN e

) sy M hasgpantR
o b Yo lad  invoWes M(f&f"(‘:‘& - :\.YG&«\ e
oo wodis Kamwn alosut Trae P 9

e

’WW@WU\@

W“RWK& Con pose TR Twe Watewes 4 e hesganie =

: [on €

eothnande — Za‘?ra but o ok
- 2n b%e- MMMW\ M%M\w W\:Ma Mt_oc &t m e
H> 2 f @ﬁ, (b asAN oKl oy MO oy N gt

G 4 Squents g mox
— .) SCZ.;S Mﬂ;\o(k~ SW A.K)Ot d& I A}/\.Q 1 ngMA . MOOLQ
” A sves 3«90& negwlts ELOML (as,u\) rados. Bub /W‘L
s e A B S
g i on 2igen 0 '
Ao Wiy Wy el Ve



5 ) QMHAW ho o st %{iev’t\’w o :&xﬁ/ﬁwa
e octnd Gme Wx%&k3 N adeel ’93 on octelare l/t\-*yw«h
hishenc WWW Snchh o gl @"\b\ab‘g:\/\ iy
e vk 5 sk e g B T
CAN 0L k \
" hasgente d 59 B | et e
TS | wﬂv\»&h W\()ui wisllan . e MTM hy
TN plobwintd o Y &a, by ke —
UN\_WW,L-&M/L MQ{)”OV‘Q’Q Spe W

A Mbrvx SWL - v ﬁ EQMT“:I
P ¢ m ‘,;\ W AQS A . U )

@M‘\mw» g g W«»‘O Comforr eV~ - M&xw%ﬂ




5 o e ety Bt {5,
oA Yy kw3

ot
) &Dymw%jcm@HM’

'19.( = %o M/j 2

(=8 = ¥ = y
, oo %um WMQ (jm het3 §t‘;ﬂ
ool s ¢t oS y e=o
Ko = Kb [é*@/m) 4-2.-‘13
Ty N
, \/10'3 «b«%

47.q52 H&\

2k =% J L= 3" y g =o
)9:)‘3/ L/b.: -

-~ 'L\ 2 5%
o ppaser S < [EFTF 3
Rin= @ nad
Knx }5

— o™ . = My -

2w 20 -
24650 Ly

_ b
- L_:),S O{AQ{ 7((0 M/M .

C K o 31220
-, Mhnx = @)’L- “"CT_L@/’{\){

anln o>+ ST (i
_ bt R A ‘M‘llg _ Jgés0 ’8
S Lo | :f TALE Lo00 =

r M 9 usdar) {}Qk/‘l

Twis vnclandans b
st
animﬁ\“) 3k

7/*“‘&‘ M;J@v\ dusprot & S

rod [¢

(¢

24 Dusig

R T T

- 27\7&\/’/ e n
Z?\{v\ -

y o
A K - Qo“l\ o
ka - iD’T\ ' :—> e — T\’L
Hwx _ 2LbSdx00¥
ka

- é N/VV\ ’

= Q328 °



. NA K(L 2% xlo
| 5 ¢ 243
i o N
’bd> " R,Q,cb'\ B%q‘Z§

08 N fun -
q272 %
264

K

203
K - q'57§ 7
Sl A ’::T«M s ﬁw ol
ogo WP T and
LQ,ML:) H'(‘* .—G/Wg W cj:m/\ '
2¢) C (Mk% ( V‘V””V
o



O Mac spm s Sk N e

e 24 m unte 28 au# BBty e

Chece iy ahuss o repromahles ~ -
o »7 2950 bylm?_for st N\

e et e e . weerer o 24

e — 21 s 48T ame. Max Pm&ar o

.c"\

e s g - g -ﬁh P e e
S Loz BB 10 - P B uemt )
SR J s x o - = —

i o which 5 lon fhar may, {zml‘fﬁ -

o Estumek nchuea frenuency - — _“m
in e Dok G T Y

o e—spar oDt
RV 7T

- V) w P" o VL‘ = b w LY\ L
) [t N

e A = [ ez (w "Y e
— W w= s flie i
f AW o)

s
L4

e e S”C{"\} i / . } s{e

P S bty B0 ST
4 L -

+/ R e e

e = 17_"‘ g | .qy.w.w.m..:.c‘;._,,ﬂ.ﬂ,,:g}m &F
e LY o8 A 2P
S » NS | b W7 1 012 code [s2e . S
e gyt | Threm d

Y R T Y Y% N S - - T 1/ xfm‘» .
‘ LR f




e nchuds ook "“Ff‘“ .WJ by wam egws o
LS \r - 108 026 vbfee

. N JJ%
Ko 7?:( | T=amg -

mx = E_: -Mjha E‘(x.

A [P o) = 03 cabfe

/ b»ﬂ/ﬂ\ Q 9‘7;,44(( percJ\w e‘_ y%ﬁ,.wm“
M_ e e .t N Q{' fﬁc; ~ Z"’f z. Q: 040 Ha ; W fywd = Zaz,“m.,___m_,.w -

14

,é/pyic}{‘ = //LS)_(sol (o 59)(2 9)

Ckal defdbi. = 5wl wl¥ -
o ’ 734 €T
i B e BT 5 (2633) [1500)

3% (4 xJo™) ==

J]

m,,._,“ladm aJ’ ne SA‘D#'/ '(72 /%Ao(wlww t#uj; o~ ww\‘im: ~~

od_om* .

e e om " o-ot34 -
,,,,, i . I ) ]
B #«J«/M ek "%Jf-nq .




I A gg/ e yng, dee !,!.Juxm oA
R - e T -
o T :

7

P ;Dﬁv'}‘%- /ﬁ"' Y,(,,n A thg_L -

N ws? o

,m//‘uw

] (HSumbrion)
S R < ? 9Um e
“ e 5Lw, Ry M;;./rz.\ S “M:Z—‘ —
1</
(u.rvau‘u-& u(’ c«JD. = zz /2,91)
e e e Lt I
) - f(o# 4 s’ﬁa.. 'L\?aek o e

BTG 2% YO PPN - x“&,&EZ.; 22T (1) (2oxe?) MP
R T _(ise0)*

B T VP PR —

Jov - — o .- R AR i i . et
J— R et " R e
R - et ravenn. -
— e i - N S -
et e - . - N —




