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. is studied u-ug the Witerick-ni11i y which

the nonlines?  husioiTon pecions P oEEatin o i shear

5 ﬂf?!aum -and rotary lnmil and 1i) axial !Htlc “loading | v
for the

sht'of the 1 mibers) are

e
mﬂdat-d in this geusy of: noplinear free vibrationyn forced
response to wave forces, The algorithn is also used for analysis
of offshore structuré by Modal Sypthesis. The problem of rigid
body modes in- the modal synthesis is handled by vertical sactioning.

The eigenvalue and eigenvectors obtained from using the algorithm
frondsinar frad vilicxtiio yalwes) dee med to dntarsine’ the Athear

toxcaa—r’pom- to ice forcess taking into e mn-pm-"

are Dh.ﬂil\ed by a ltup-hy—mp integration neu-od
The sembers are/ssumed to be rigldly comected and. the:
addod wator mass is assumed equai to the mass of the vates dls-
placed. Te strictural modelling is buad ona :«o—dmﬁou1 "
of the fhal tower .nmng a constant

dimension equal o the base length perpendicular to the plane.:

The distributed nasses of the members in the plane of'the frame

-, fire computed by summing up the structural mass, ‘tlie misi of the

water. contained in the tubd and the mass of the water displaced.

n’u member masses 4n the plane pezpemumlz to the frame are
nnm-d to'be’ lupad at the horizontal ml-bzacc lavals.
ithe results of thd study Lndicfn tiat «mua the unc

two frequencies cbtained from the. ilt&ickf“llllnl algorithm

iv

puxumug.ey ‘of the dmping. mateix and the responss q'ulnt.ldul ¢




stady of the offahore structure.  Neglect of ‘the off-tlagomal,
g -nb- h\ the non-proportional a-p;ng matrix does not affect

and iinear’ 4z elmyf the affeSt of

ﬂumlﬂ-hdﬂillmt-m higher !rquncl. Modal

wwxunmuwmc-mu-w

.nurd-u’—_u-. £uxtitiontng and partial modsl coupling. The

% >
resulks also highlight the significant effects of the axial static

" force in' the dynaaic n.-c-wm.nuumupm

the. dyn-la response values. rlelds for tuzmz xnma- inc

r i
1) soil-~structure intersction studlen for gravity offshore

Ve
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2.1 sumtolmmxg . e “F .
The puzpose of this uu.ug.uu. is to lpply the 'Lttzick ’

‘ and 'L'I.H- llgutiﬂll for; free lnd forced v!.hntion lnllyul of

otrmn lu'\n:tml. effects of axial -uuu.lm, lhanJ

Mtotmltd.cn lntl rotary 'inertia are studied. | m vuzk lllu anlmial

Chapter II reviews the nu.nt\n'a on free u-s !on:oﬂ
pibration of offshore t:-a structures, “miide up bf sembeif

| gass lnd vlﬂ:- o exact: =

“using the wictrick and vuu._ uguxm- that take into -mo\mz .

! the etect of dicla)-static 10sd; sheat a-zoquucn am m.zy
nertia. . v SR e T : 15

- Chapter’ T11 presents e -;uay “of the mnu.uu digenvalue.
problen. e -ppueaum of the Wittrick and Williams .xqoxmn

+ for mdbh vith infitte degrees of freedom 15’ described for'the &

1nc1\|d£ng tha n!lqutl of lxlll utlﬁc luld.

.'ahd rotary. tmrztiu.

chnput w

u-p.xuon of n- xenm with' thosé ta- a ourm nl.uu,nn. v
Chapter V m--ny- the study of the frame xalponu analysis.

g




thﬁ effe'ct! 01 ’ axinl static load, shear dtfomtion,

: rotary imx:ia aud viicmxl :fmpmg.

The. aetac: of mh panlutez

 Chapter VI presents. the ﬂ:udy 0

£ mn-pmpqr:som rlulnping
','muix for, elflhoze’ ltru:tuxelr I:ha affect of mloedng off-'~

dlagonal terms fuz a.l. matrix by dnqm.m.um is lnva!tiqntgﬂ

for ‘rbsponse to z-nd-u ice exciueion. tit

*and f.he exact !o].m:ions. In uﬂditi.on, tha raaultn obtained Sor

'f:ae and “forced ‘ibration, neguannq aer:nnﬂnry affects (sheax

du!omt.lon and xntary ipertia and uiu st-uc lond)

re compared

with those in vhich these. effects are included. The co‘{w:n-xoxia

# And Bevenl zecdnmendnti.onl !or furf.het research are px'esented—

at -the end of ‘tffe chapter.. :° - “‘ s




CHAPTER'IT “- g e "

¥ & LITERATURE REVIEW ‘o "

ﬂnita przopertial ‘ubing the’ m.::zxfx and wunam nlgor&thmv

-including the effeetu of uiul static 1nnﬂ, nhalr deformation

and zotury Lnaztu. ;othax .!uhjel:ts covered are the nodai uynthenis

hnique wave. théory, Morison's equatlon,“ arag dnd inertin ‘force: *

costficients, measurepents of ice forces; and nonlinear damping.
B W o C e 22 v
2.2 NOWINEAR m;zw;’\mz PROBLEM

2 2 1 The 'Infinite' Models 8 e k)
‘an infinite maei 45 one in which some, or au of the mdai
point:u. ate’ Gofsected not by massléss sprtigs am Yir'the Gasa'of

. ﬂnicu mdal but by centh\unna ung-di.mnnsioml 'menbers rwhlch

may bé: rded as' line ai Ao of ‘ask and

The I:e.rm ’an i 1t ﬂoes riot nece A1y u—.pxy that me .

line is !tlaight, bu! metaly k’_hat thg diffe!entiul aq\lat:hm ¥
governing Lis Vibratioh involves oniy one inﬂependent apatial
vaziahle. nmaly aistance meagured along’ the 1ins. \The, et

peners may, represent straight or cuived’ ‘eans ‘with up to six dlffexent

stiifnenses 1nc1ude‘fd as reguirud némely ‘two. flexural and. tio

ol

sh:ax plis 4 and tor LigE
S Enes =

3.




", and'Williams and Witerick (4).

3 _p.neu it 1

-“are

‘analyaeﬂ in a sinilar vay by Azmstronq (5.

ucungum ‘plates ccmvectad together along, lonqi.tvdinal edgess . .

a hali-wavo-lanqﬂl el to n Lnttqrul fraction of the 1anth.

Plane grillages have been
The distributed
mass nnd snffnen ‘concept is alsg suLtAble !ox analysing the.

tarnonal 4aciuauons of shaft s]{ltams and - ilyuheeh. It's rm

¢ quite so obvious thlt such a modelling caf account. for cemin

nriu of

types of p;imdc struttures vhich consist of

»..\..»

hnve been by Williams. and. wleuxak

(5), and Wittrick and Cu!wn (7). 'ma l'.nlct\lres h\emda. lo!

emple i

Q:ln opmsnctiombumﬂ, thin tubes of polygonxl uctlen,

which a:e thin-\'&llnd,

1 thu ands of snch stryctures

i

and cumqnbed-cam ‘sandwich pnnclu.

a1 modes af ave displa:a-

1 1y in bha wich

Mnta which vury

Wx.tc:ick and Williams (8) havn shown * (‘:hat t‘.he stiifnss! :

‘‘matrix may becoe infinite at certain frequencies, which will'be,

" and its rverse

v aystm is eDnet:alned such ‘that ‘X-= O “the, na:uxll trequqm:i.en i

“infinité*in nuiber.

This,can be-seen from:the equation:

BESIR S I I P

e (x]%(x)'l.u:i o

vhera X is t_hu dynamic stif!nesa matrix of me Lnfinite modul

‘cnnasponaing to-the iinl.ts st of dlsplncmn:a X I the. - B,




"~ w_ofthe constrained structure are such that

vhick in turn implies: that det (K] =

y, Ref: B shows . - =

that the eigenvalue problem, [K] [X]'= 0, may in exceptional

ciicumstances have solutiong for X = 0 bt not for det[k} 0.
¥ _The fnly way of computing the riatural frequencies'of an infinite
system ‘has been to vary the frequency u in small steps, calculating

the deterninant of K.at each step, and to seek the values which.

. make the deeamuint zero, In'Ref. 8, the. numerous diuﬂvunugal X

. and plt“lla cf the l.bow procedure hlv. b'ln dllcri.b.d 'l'hﬂ

ngnziﬂ'm, aumb-c mq‘u. this chaptea¥ Yompletely, avarm-

b)lue d.ngazl and difficulties. 7

7

2 Rlxleigh' Theorem «

The algorithn’ depénds for its valigity upon a’theoren
¢ Raylaigh. (9). wilch may be.stated’ss foliows: % s

TUOREM 1.+ If one constraint is isposed vpon a’linearly > . -
elastic structure, whose natural fraguencies oMntAen arranged

<" {n ascending order of magnitude are i, the natfral frequencies

=123 - B -

e

rnmx.-ﬁn 2.°1¢ ond.constzatat. 15 removed trom & structure,

the numbl.r of. nlturll fnq'uohcies which lle halan some erd

< chibsen Erequency efther remains unchanged;or ihcreases by one.

2.2.3 A Basic Th.om-.ud!m g Hatrices

nx::.dck and williams (10) a-fin‘d the vi.qn count of any

matrix S(K) as 'the, number of negative eléments on the diagonal -
o8 g R




“This a-taﬁson. based on. the t.b.ozu §iveh by Wilkinson a3

" .is stated as foumu PN o

vll\n A%y 1- vq'ull to f.hl number of rava!ull of sign bctvnn-

con: tive lﬂu’l of LhI sequence det (ll =2*q1), vhnx. H g

hmlmmﬂt“ﬁxnlé&x!oll "J-o" 1,

2w .n-ndd.c(u -A'x)-uuya.tmem A,

! - trick and Wt11isms Agoritim R

Sl i Talt Wittrick and Willians (8, ~30) extended u- ) ‘stiirn,_Sequence
’ "-procedure and applied it'to the nonlinear ,1gmvnug problem.

y The l,&::t&r“g péx'ne of the ‘dqu‘wnlu_l» problen ig ;

g 5 T e ST S UL : ‘

S =0 RN

“wiere. [K) is a (N.x ) symmetrical mabeix and [x) is (N x 1)

e vector of all the dis of nodes.. y En. 2.3
SN leads to e e 3 = y %t
®i 1o o | %
. > (2.4)
2 K, K X 4
1o Koo 4

of the' mb—uvxu:t\ve, and' Ix is'd x 1) vector of atsplacenents

was used to

) | of thé other nodes. _c..u-,un 1

the above matrix: M-cnqmemu\muﬁmﬁu:um-'
2 o S p - |

L vhan X x- a m-n) x1 vector of the internal node d:-puumn« £




L
Ko 11&41 symmetri

s given as

]
x
The trisngulation is.continued until the matiix reaches the forn

Tl

In this case, ‘the sign ‘cbunt of the' above matrix ls: - -

s(rb = S(K ) +s(x)
f

pmhle.m be rmssned\hy x (x)x = n}, whgxe ‘,

cal ‘tn x n)’ matrix’ ef muaz ‘naz f_n.n 3 ml i %

e 2 x u the dymmic ha:'rlx' £ mmg

'x . Lt J().') ‘be. tm nunb-x ol eiqenvduas of the !tnwt\u:a 1y1nq

3 be:ween ppm ‘some apecified valna i for 1 m;gmuu that
Then ollovs that




“ o mtuzlll. fx:quancieﬁ balw nny 'chosen Ereq\mncy, \d.thout

o npecxiyinq their lctull valllel.‘ “Thi's krwwl!ﬂge lvss all tha .

£ the mt\lrul

The “algorithn vas applied tn Ref. & o tromifiiensional
i i B framed ntructuxau similar to he frame dhc\uaed in detail i

Ref. 2. .-In this ayplication. one half of bhe frame vith 12 ¥

3 \;gies of freedom was uséd to Lmeutignf.e antismmm:xicnl
rations. fime 12, D—D—F npnnnc 8 jai;:; rotations’ lnd
sidasway di.splacements. Skatching af the vaziadu;n of ithe,

datunninant of ‘the 12 'x 12 dymic stiffness matrlx K‘u(u)

nssocilteﬂ vith these, 12 duqresa of £raedon qives a mmphte
[ i

.mnsng anociamd witn 1'.ha de:em;nme of the u::ctnul mlt.rii'

e lpp!ulc'hinq infl.hity. Ref. 4 91Ve§;t1'n rules " for fuding all

g ' the required aatical Eredianaias OF an Sxiie’ with masbavs riqidly

juinted at’ bothi ends (3, ). peabirs ghsiched exasueauy o

R foundazionl (J ), and t.ha mllbat of inq\mncina of ‘sub- ﬂfxuctu!en.

1 g In aﬂditlon, a“sinple and eEEectS.va et convnx'g!.ng onia




Apother lppllcltion of 'the algorithm is givan in'ret, i

Lol fie the hatural frequsit £ 5n of” u‘mim ’

dolphin. n.mccure yd.zh an xnnnma mmex of degreeu of Eueaom

_This. is to the one by ‘sa n  and.

King (12), Whieh vag Sonstructed i deop water at the Tmingham

041 Terminal_ in Englana und sufferé evers vibrations durlnq %

o.ebb txdu to vortex nhedd(-nq z‘rom t:he puea. ’min‘appli.cudvn

is concerned with tvo £irst, the caloulatd "ot"'tha‘"

nntux !quumdlea o{ vﬂ::ud.on of a dnlphin nE a qim daiiqn,

lnd. lecnnd, the pmblsm of dallgninq thu pilea to ensure thnﬁ .

me 1 of B excesds & spctﬂfied vuua

Swasineli (13) uppned ‘the’ algorithn to solve plana frme stmtuxau.

Y Effects on the Lateral vibration ' | .

1'he lffachl ef BheAx defomt.lan and rotary lne!‘tia. nxinl

- static ionding and. vicoun danping are studied in some text books:

Ti.mashmkc Yorg wad Nenvar (u), clough (as)y Kolousek (15) and |

" Thomson (17) gqffe the effect of each pazmtcr on’ the dateral

. vibration of mtinu: n- !ﬂutlon of tha Aif!erdntill equation

of lateral vib ofa beam g the above

" vas solved by swa’mmu Qs ;

‘and the resultq are ptess.ntqd in

Appendlx T '.h:-!nba!g (19) dasdti.be the effects oE the ﬂ.bave
puamtan on a ai.nqla bay poml frm L

33 mdu §xnthésin -néc‘nnigga *

l'he ¢ concepts of ‘Hodal uynhhesis were. inhmduecd by Hutty in”,

aserion of papers. (20,217 22, 23); the fixst .pp-mng 1a 1960




normal modes, constiaint modes;and rigld béay modes.’ Por each

Burtj's ¢ d

‘pargsy the wnstraints at-fhe inteffaces’are et for edch part,

and the mbdal’jestors are. conputed. Thesh inéladéd the elastic

| part, the generalized mazs, stiffnsss, damping and forde nltx‘icea

“avoives pirleal coupling for crmputinq rodal. data of a space

t
are computed and the' equutlons Bf notion set . The t¢ansformation

matiix [B). is. formed £0f modal coupling by restoritly yecmetric

compatibility at the interfaces.and uded to.establish the relation,

‘mc&-m the’ ident and the * nence,

t:hq nynthasimd ‘total system equatlcms are devalnped uIi.nq the

ttuns!amation nateix (8] f : ot &

The technique, aav'-mpaa by Bajan, smgjm Jaszlics vm),_'
involves nndal coupling’ and odal ‘substitution. The former
wuplaa the subsysten siodes, to obtain the total’systen iodés; while
the' 1atter provides an iteration scheis for inproviy acmacy-\ y

through error.analysis. Goldnun (25,26) used rigrid icdy ‘modes’

and free-free elastlc lmdea uf the pazts for nyn:hh;is.‘ Modal

s ngupung'xs egtecmd by elimina.th:xg‘the internal foice terms'at.

£rom of motion: through' the

11t : The

by Gen (27) -

velidcle made vp.of 4 mun structure and savgtal beanch. strustuges.

2.4 éav'e‘ YurE Andixsls :

241 mwameeg' g a2 ,' p
A vave nheozy' uppxepriate o the vave conaitions der

ctmsidetation must be ‘selected so-that wave nrbir. velocities
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ana -ceex.nunm can be 'nlu:d. Several such theorles have

L beén “developed for various wave cmd.ldnnl In relatively deep':

water, Stokes! Pifth order. Theory described by skjelbreia and
" Hendriékson: (28) q ommonty used o describe steep non-lineer
waves. Hogben, Milier, Searle and Ward (29) have shown that the

of particl tiés and

are not very . £rom 'thos hy the relativel

simple Abry: Linear hoory uorzeeponauu;xy, it has been found

m-t tn aup nn-z, pzuucumu of 1n-aan u‘i.ng Ary leux o
'Bun:yvb\lt vun Anc.quum \ni the forces up to the actuall w-t-k

N lmtaeg,qlv‘u'uln which b rot @iffer greatly from ptbdicdon.

bazed on Stokes ‘Pifen order meon. * %

2.4.2 Morison Bquatien
e Morison equation (30) is adequate for -v-:mum oz ma

- wave m'ﬂx [
Q) - The dh-m of the' concerned structurdl member is
-n.l.l in relation to thé mll‘ngth to justify the asswmption

of uniform-ambient: -calbnts.on,ané there is no wave scattering

due €o the local i of ; .. For

/) <0.2 18

\dver‘vhich uhiforn dcceloration can be adsiméd by refexence -,
& the ‘cérzepntiog: xange of wittormity of vave suzfacs alipe.’

'(2) The wnn-um n! the inertia forcd ux-:.n:h- lbxhen

[

d . e . i




shape of 3 iponent ‘and the

of |¢he ascereration vector.. ‘Mass costficients for various

simple geomtzi_cal snupu' are given by Myers et .al (33).

2:4.3 Draq l.nd Trertia l“orca’ Coefficients

'K‘hu draq Ecrxce coe!ficimt (C ) was fuunrl equal to-0,60

hy nvam\(w and Hudspeth as) fpz data from:the’ Gulf of
Mexico. | Rance; (36) \u:ed c 0.6 for high Reynclds ntinbers and

‘a hJ.qh Kaulegm - cupenm: number in his pu!.utinq watar chn.nml ”

u% the cyundez is qusi— B

stae-dy at high nuxsqm - nimbers with. posf 4tical

Reymldl n\mbezs’dxnw coefﬂc.lenbs can ‘be expel:ted to, be close
to those of l!epd}' ﬂ.ou, which a:a in the nnqe of 0. 60-0 .70.
A consfant valup of C;'= 0. 6 is cn rofore auggema for-this

tagina The. h\u't:iu fbxce ‘coeffictent value !lx)qeul:ad j1.5,3s .

based on values.given in Rete. 34 ana 35. { 3 ™
For an tnglined uuc\nu cylinder, Chakeabartd ot al (37)
gested thiat ‘the oross £low'prihoiple should be nusumsd i

:ra. nommal pressurs force i assuned to bed.ndepmdent rf

tangeptial v-hcity) - and the Morison equation used with the. .

'mmpoxlanc of flaiq veloaity. moimal t5 the axds of. the cyllndax.

This is thn only infomtlun lvni).lhln on inclined cylinders .

in vayes, no wave tu:cc -:aumcsenu viére suggested because

of thg ‘wide !cattex‘ in che dativod values of the coefficients,

2.5 - Ice Force A'nllzuiu i ©

ouinand Hiehal (40}
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carried out analytical, experimental and field stidies on the
determination of static ice pressure on structures, primarily
due to temperature fluctuations within the ice sheets.” Korshavin's
compebensive stolies £rom 1933-1962 onthe. determination of

ice pressures have been summarized b}; Michel (41). Blenkarn

and kiapp' (42) have ibed the i i c  and |

maximum ica forces in the ‘Grand Banks: efE ‘the const 'of llewfoundland.

! Kapuiqatodski et al: (43) mﬂe mdel studies on h:e sheets w
deternine the mean ice prou\:zw ana vmm.on of the values
‘around the méan. It'Wag conoloded that sheetl with small h/d
(i.e. T.hicknesi to indentor width) ratios fail hy instability
whils shear failure occurs for sheets. with large A sition. ©
Hirayama' et al (44, 45) suggested an empirical formyla.for ice
pressures which takes into 'eenésaencim the fngentor shape i
and adameter, ' ice thldmaia and the z?ntive velocuy between

_ice and the structure. s e
v Afanas'ev (46) developed 3n empirical equation for loading

1 SNy
on vertical ‘surfaces based on ‘eiperimental.and theoretical: studies.

The Amexioan n s (aPI) '(47) indicats
ice crushing strengths of 200 - 500 psi for the deteimination of Y

ice forces.

c Ice Puzcgl on_Structure

Blusiberg lnd Strtder (48) annly:ed an bf!shore monopod
at Cook anet, Mueku, Iubjacf.eﬂ to tilial ﬂtrent-dzivsn ice

loads for dynamic responsé. Assuning. the primary structural

respor ice floe excitat e its ental mode of




vibration, Matlock, Dawkins and Panak (49) analyzed a cantilever

pier, idealized as a damped single-degree-of-freedom system and

) ) cted to ype 5tic loading.
et ‘ The uienlltld response showed good agreement with. earlier field

measurements of vatnn (50). S\lndlnnjm and ﬁdﬂy (Sl) used’

i A i the Matlock et al modsl 0 cuﬂym-cochuuczupumos. 3 e

. unqu-a.qz..-%ﬂ-tzudu (smr) mdu by the: spectral: tachnique.

e 'records used were the £e1d Redsurenents of Bnn)uzn (52)

N ety at Cook inlat. Maska. < Ref. 5q clm:lndad ‘from Fleld mv.ummne-

1oF the responses of a pile lubjo:ud €' the actign of undformly

4 L. -f-hir)t ice lhnL tbl! thl forcc ouillldbﬂl are. m‘.ﬂmhunt

mm;uqeeflm. v - .

Of Fixed Offshore Structures to Ice Force

Anal:

Reddy and Cheema {53)° mmmrpecauaemuyuﬂnd

for the. n£ of an offshore ;
lnden.d as -nxcs-a.gxuwi-imedm (upoR) -lumped mass -ynn
The 108 force - heozd. used were those of Bl-nhrv ta2), , determined

E;u-mmu\-nm-mmld'ﬂbn--mm!lned T
%S nnpzupzxmummmmumugme:nmupmm i
' u_an 1t undltluldultbmm I

‘the xalcdorn at the uppcz hi.nqe. Mﬂy, Cluln lnd Swmid«u




displaced as suggested by King (55) . -The ice-force records
were digitised tsing the Myguist Criterion, and the n’uummy .
of the cmuen ice-force records-was veriﬂ.sd by using the

numqo:ov-smnwv exiterion. The.vork included\an extensive

1 'u_‘m. - " ntera 'mdy,cnem,suamau‘

q‘mgngxpmiq}. swmidau ana Redﬂy s, mlyse:l 45 offahare B

‘monopod " tower cong by lce=s X ot bvthe

Einte slanent ,uzhea.’ Initead of assming the iaaed watex mass & % 2
‘to be ‘equal to the disph ed water mass, the Zrequency dependence . - ok
of the added. wa\:er mass was taken im;o nccoum: based " éh ﬁhE

substruc:u:a ‘cancept of um-sv! a programe for ‘Raﬁpcnue “of.
v
,mer 4 by Water (s8). The' .
s el

Thyarodynantc xmm.::sen tomms “in the sodal. emuons o

motions: of the i are d a8 of the

'bo\mdnty valge Srovléns for tha fluid domatn: . Tee forca
records: vers-generated utiﬂ.ciuly following 2 method
sugqear.ad by swammn, x«uy and- m-:eu (59) based' on'the o B,

si.mﬂar:.ty between- r_he flnct.uat;inq pan,u of tmﬂmly vnxymg

Lcawinrca xecmrdn md selmic xecnrds. The, vnrk. 1n91uded~ the

yoft}w"‘ of soil properties on.thé des

a.ndmspouns, : ool " 7, e

2.6 e foport: 1nmp1nguauu o .
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=qu,=1 to zero, Héwever, this simple diagonalization pEocedure
my Jlld tO lignitlclnt exrrors. -This p:fuaauze IIM'! the errors

" . due toit have hean stulied tn some detail. T'hmann.\ Colkins

lnd Cnx-vani (50) detemi.nnd the ﬂ:ndy-lute relponue “of a,

thze; daqzee—of—freedm systen wsz)y and ‘vithout ‘the a;-yxoximm:a "

axagon.iu tion prncaduxe. Their plﬂtt’.ed rasponn curves
\

. After aiucuuinq

" indicated; no errora in r_hequicmant zuspou

¥he giagona Lot e nopropddicl sl Amsitng Hatels;

lmnin(sx) intteducsd Strection terms -(a) to improve th

‘accurdcy. Ilcn-clnllical\tnping'is used: by ‘settisg

! 5
-hera cNisa diaqnml mt:rix m a= ‘L]Iing Ccronin's’

cox:sction rerms ‘causes - uiqnlficnnt deczeuas in

“ased on sol. sxaction analyses,

approximate dlagonal damping matrix has:been inunaucéd.

Beredugo (62). studied the cowpled rocking.=

tapslation motion of & passive  foundation. anhedded in an
“elastic naff-space. RAdllel.nn'dmpinq caiges mpung of the ‘

in the

ltuady ‘state responle ‘of :he loundltlon ‘to. hnmnnic Eoz::e

Bezedugo shoied that ne§lent of ‘the off: diagonul terms. has

s 1itele effect on tre amplit

8 the usu:m' for'a :oé:ing reatiiny on ‘ths surface of “the soil

anda similer one ﬁmhedd.d in tha goLli It is pparent:from |

t.h: form' of. the :elpunse cutves that the mbedmam: Lnnnnaes

oi response. - The’ paper pzasenu‘
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: | :

©of the approxinate diagonalization procedure on amplitudes is

.+ 7" acceptably.-smll, it is proportionately greater: for the embédded

footing. Sl e 7 Pon

. b ;& . H 3 5,
Bhlak (63) the coupled s ofa- conventior

mlumny nheu muasng ‘with & Fowdatich matinq ona

| 'with. the:

1 Hixed is orthoge mm e

: S 2 . the £ixed-bals structue! Hovevex,. S cmlplad v!.brm:iunl TR T

inmznnl ampmg of 'the zockxng and mumnm r_unmum.u e

maaL of the foundation on tha hnlf--paca, is not orthogonal
|

a\u'!ace amlamtmn w.s. &3 nmwed that neglect of the ‘off- o

“dlagonal cezum in thc mn—ploportionll Qanping matrix,. has

& small effe:t upon rlupoh.!e mlituda m responss of- these .

i ut.ructuxsl tu antt_hqunkes teq'llires the use of the l’ut E‘onxiu

X 7
: hu.mnic repponse, bécause of the Exequsn-:y dzprndant damping ; i ’ : # 3
. toms. fhus 1€ 4s° cunclvd-d that if the hamonic mpoma is :
not signmemuy atnma by the npproximce p:ol:eduze of ,f Fygr e
';‘ : v111 h.va parsble . >
g s
2 5 B ﬂ" ‘*““"‘N g o8 - 7. L s
‘A.qm caitéed by an’ eaxthqulke. uiing: the', Ll :

o cmiu—ssction. A standlzd value







3.1 . Introduction

c st An 'infinite model’  is'one in which sose, or all of the

components of the resl structure are idealised as sembers vhich

have

of stiffness and mass.. Thus the e

. model has an infinits number of degress of freedom; and conse-

*quently an infinite number of eigenvalues. Under these G %ok

=& the problen for a s
. Y = - \ -
oo o from' partitioned sub-structures with'n and cosponents, can
= He représented.as 3 ot 27 3 ¢ e -

vk S B T e el dal

A e e e RS, 2
| .- where v; is.n'x 1 vector of elnsp_ucnimn of junctions, between'
7 L the continuous membeis of the sub-strictures, Vyis a (N-h) .

% ©. U %L vector of Mlsplacenents of the internal nodas of the pub-




’l'he mtrix K {w) LL a !ynnstrical (nx n) matﬂx, called the *

"20

= |

dynumic unqent stiffness muu, corresponding to/ st of

displacements V . ’l’he elelnen 5 ef ‘the dynamic tanqen: ltiffnesl

. matrix ca,n be ohtsined b solving: the diiierentinl eguation: | s

the' ﬂynamiu atumsa m_:xx o€ the" mengr Telating forces "

atxueture is mdﬂlled as & plane frame with t.he contri.b\ltiofn ftorm

,sr.rucmxa. ol f X 7 i L i

the of  Gontdnumus mbez. In general, '

'chu aexunnn w.tu be’ in-terms ok transcandanul E\mctiuna nnd

nppu.ea -: ea Sube wm have ulnscendental depandence on @,

] mis 135' z-flected 4n the dymmxa stifenss matcix® of the sysum.
. The plott!.nq ‘of the debaminn.nt X (mu aqasnnc tha nquare of the
 pertiurbing " frequency Wi’ e discontinuous: (Fig. 3.1). ma i

‘vnlues a: ‘the d].scohtinuity polm:u appmch : infinity.

In Lhe ana»mg‘nzanmenc, a umee-wumamioml ﬁxed afmmu »

the thizd dixection Lusiped at the fodes. The nnnlinau- Leigmwalue

aol\l\:&on LB £iTst obulned nsqlel: ng thﬂ e!hccs o! lhea! de!umtion )

‘. and rotary insxtin, axlnl stati¢ load n.nd the mumn of tm lumped

. ‘masa: n. the follovtng treatment, each one of the factors 1s cms_ldozed

. upa:ately and uaed in the ronlinear 'agiqenvalue probles, The

- zesults are theh eompaud to obtal paranetic evnunions oE the

‘1nd1vidunl effects on the fiml Bcl.u lnn.

D as hr ‘as the. a\lth'r s kmwledge goes, thiu is Ehe first .

appli.cltion of Lha anlinan 1lgenva1u| probhn to an offslwu




Ln any two-dimensional fzmrk, ’me en{‘forceljnd moments

v' v sinusoidally with tine and the asplitutés of the forces

iind usplacmnu are !s! and” [v] xeupecdvély.

718 of the: fum-

S -’;v".v i O Vo

"The rsluuuxh[hip

(3:3)
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where ¥ is. the mpu:uég‘of v‘j.h:af_lon,'a function of‘pamlon',
u 4 the frequenicy in radians/sec, and o 'is a' tern alloing for
non-zexo, displacelnam‘. at’ ﬁm e n T el BF

‘piréct uubstitutinn .{nu: qul 3,3 givos ‘thie. o:din]nry

'di.ftexentinl equation SRS

and: the constants’of

cnnditiunu (ua nq. 3% 2),

oYy

ok

‘av/ax = 0.1 x = L, dv/dx =

i




Euz‘cel nml (a). It ‘then mu- pcs-s.bxa

N
).15400

1y’

Lk
5= dH/dx = EI(! B, Co8\ x. = ALBz;"“_Al

TxEoEE s ix

)
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'f\mutim\s An Appendll I..

in; ug. 3 4 mud so ba cogaaidared. Againy cluuuk:ul eneory qivas -

La ths ‘atererential eq\ludnn qov!xnim; the ukl. motion”as

< qluii by
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2 (e
| e 3 " !
.- stiffness matrix [k(u)] which is aummarised in Appendix I. i .
; b - N H
" - The Dotermination Of ithe Natural Frequencies
5 " ‘The mtun]. fréquancy of tha mnanal: e!.gmvalua prohlam

o of frame structure 13 déterniried from

ST e, ,‘,, (wn‘m-‘o

=0 15 not” neces suzny a t:ivinl. set .

to £rane odé oh pes
e m'vﬁ e nodés co:resgond 5 thie nodes of v.n frane.

m.v.czick

4 z che ahunu o! \:he £zm in about to uanmn.
it: were" "mqu EoD®, iia, lk (u)]

If

»'s] with adﬂn:son_al

the 1 G2 |

of the fully

Bo\vuvut. it ds :




1,

ai '-zero. in the e g

3.4° Wittrick and Williams . i

Basic theorns relating to'the solution procedurs.for :ypea'

{a) ana (b) in the previdus section have been derivua ~and publ!lhad

by-Williams. ll\d lﬂ.ctrick (4) and Wi:t:ick}nﬂ um.- (8 a0).

An infallible search algorithm ts ailabi

nimber. of natural freqmanuug éf the lrule, eithar cf type . (A)A

Dor o, m.cr. are Joss. (1. o n.v. Tesser frequincy lluel) thain

m e basi thsohn aze proven -

any glvm pe:minq lraqunmr{

. in qenenl terns and'the llgcrithm ,xu easily states for the pralqnt

purposes. The algorith provides a powerful method {fox. /seleng
the strucutres with infinite dugzaes of s,uedon. o )

A the basic form, the algorith states that:

LI, ' Fiw = 3t * slewP L @as .
G i . L e

where

No. of natural frequencies Ldésiin valie
than the perturbing frequency, u, of the :
varying

smm) = uo. 6f the negative slmmiscon 1léading”
adagonal of. tk (1% fc(w)14g upper
‘triangular matrix cbtained by applying ‘the”
usual form, of: Gauss alimi.lutlon o K (a',

» Tola) & m: oF sclamped ahd' natural !rqqmcl

K f 17dividual mesbers sumed over allthe

i membcrn of ‘the, frame; which.are less in
value thanthe freguency

i

: ints doss ot ecs 1y

;:m;pan cngn
mka .1 (u) zero lincz 1: eomspunda o chmplnq the joi.nercl !)p

‘plane of the frame, and the exact nmbar squntions (-ses nppenaix
e S ol e




& trequency ot bne u.mz of th

1) still allow each member an infinite number of degrees-of-freedom

between j‘ointa. 'X'hu!.» " 5 . T
. DLg = I3 ) o (3.18)

wherL Ty {w) h tha number of eiqenvlluei bemcn =0 lmi A= AI

for a. component, mﬂa: vith tts énds, cluw-d, while. the smuon

ex:anda -over -11 mmxn et the frame. i

| The plane frams umbar e\zultinnl can i B wzitten as: ol

k v1+knvz‘-uz i

where v, 'and s, (‘4 =1, 2) ‘are the element displacement and force

Veotors at end i of a member (ampli of ities with

time depéndence in vibration pzob{uns), whils kyg (=1, 203
=1, 2) are (3%3) X'~ depend trices. - Appendix’ T

gives formula for. the elements of Ky and défines thé elements of -

md‘sl

The usual dmcc a-dpmly pmdm enables k(w) to be aue.mbie&

from the ku (w) of thn‘ membe:l, whez

kR 15)

and T 15 the transformation matrix of- Appendix E () ﬂ'um
follows :zum Bgm . 3 15 and 3. ).s,and t.he formulas - for J Ln i
Appendix I. :

Consniu ‘the plots of [k, (6){ / ng. 3. s, r_h.: can be chtained .

from: my suned ‘strudtire suppo-e nat Ay ds hé firs puxturbinq

‘ame if that, munber were cl.allp.d. -




Evaluations of 3(u) at: thé value A just less than A will give
(@) =5 with s[c(w)] = 5 and J (&) = 0. ‘This is self-evident
because there are ‘five critical perturbing #raqiencles corres~
ponding o |k»<\ulr= 0, ess.in magnitude thai Ay, and, we have
mt reacl(ed ). f.hm have. as yut, been ‘no V-!lua! Of X Hhich have

as Great as the Lmst =1ma—=ma ‘pérkurbing !reguency of -!ny i

m:aﬁzrm"_. e v 2 o

Suppo:a now wa uvulunte J(ln) ata valie, us )- juat ‘greater .
than Ay Suppose: am, siratly, that one pu:tir:ular frame’ aces
“not exnifie revo atiftiens When'A = A This.can be deternined
“from the algorithn by mémg that' 3 (d) n—ins aqm o5, hnlan‘ :

composed of slk{u)], = 4 and J (@) = 1. In othér words, a noqatlvu

element vil1’ 'aisappear! frok éne léading diagond to”'comprs

for the increase. 1.3 (600 714 3.500)) i
DEIIPWIB )’IWIV&Z. laccnd:l.y, that 0115 tzma doei axhihit zam

utifﬁwus VMI! A= A m‘ﬂ vauld be obtained from: t.he nlquriﬂim

" by noting. that' o), has 1nc=euned to 6 in crosaing Ay being .

composed of slk(nn = 5'and 35 (wt = Olwiaully, the’ compuitér
ptagrma must: be writeen to 1n=l.u§e tents whﬂ.nh wiu &dencuy
the. 'cuuu' nf r.he increais of (1) as'beingan hmxanuu in 35 (m)

without a mrxuspéndinq dm:'zunse in Alk(m)l: nnd ﬂut gwnusq‘\mntly

& mll mode oéeurs (ses Fige 3.5(0))% o

“mme uguzmm 15 therefore very elegine. A ue\us'y ot 'the
‘uuunqs ind ghinqu' of miull mqud.w elements’ on. ‘the, lanrl!.hq
" atagonal 6¢ [k, (@))% 15 In usgu! a’ fagcinating mental exercige.
[ The poa&tiur\s of e neg-uva ‘lements on'the lesding d!.lqonnl

L&
‘are imx‘tlnt in’ funiue.tng the mmdm of the ai.guumdz




A e e e

. u.n». di.sphcemnt, and’ t:anzfer the zema!.nlnq st of uimultanenu

. To cal it 18 necessary to set one of the

displscamnt vuhhlu to unity, “strike out the. 25w tn [k&(m)l ‘which

fias; the .same zow mmbox a5 the Golumn n\mber cexxu-ponding o the

i mng.

ma prurhne dbcisl.nn s ﬁmu«: the i pincmnc vatiable, that.

ode’ Vi tue .{s truly. zers’ and

in f!nﬂh\q the felative magnitides of other modal displacements.
Swanne1l " (18) auqqaated a p:i:u\i\\xa to-6vercorme this in",

which the

to the pcur.ion of the -lulel\\t on _the laadlnq Lilqonal of (K (m)l
which changel £rom positive to naganvru he particular. asgm alue.

is ‘crcuszd' iR the- sea::ch.

mc nmrical emmplas aré: deacrj.bed to’ apply’ the Wittrick

and Williams nlgoxi.uhm to oifnhore‘atrrctu(es.

'l'he ;:znc:u:e Snvestiqntsd Ls a uel.dud ‘tibular”steel Erum-,

similar-to that mlyned by camus Martin (68) for respor

- to zpndon wave fozces in & seaium vateridebths Genetnllyt the

stryctuze shoild be, treated-as a concimmns Bysten ‘and the height

of the - struetire will bs 1ut eqifil to v.he sum of the' watex depth

ate! dxspuceaent setito.unity is e e coxzaupondﬁg .

I




and uae hasgh: uhovq the Jwatex sm:f;ce. In this ~uxnp1e, a totnl

halqht of 360 £t is’ unlmsd 50 ft above ‘the still water li.na.

A tvo-dimensional taprelqntat.im oF the. tower with' fixed ‘end bases -
and sectional 'p:opa'm.u oF the'menbera’ shown xn' Fig. 3.6 are

qi’ven in Table 3.1.: The -mcmu nenbeze are ‘assused: to be-

rlq!dly cennectrﬂ. -3 constant ds.menuon edual’to the base lenqth

of tha planar’ frnnw uaimd 4n thu th!.!d dlz-ctlun.

the: framebiara computed by u\ming p: :h. stiuctural ‘nads, tha

,n'u of the vlter ccnt‘innd 1n \‘.he tuhe, an Lhe mass. o!‘ nu\:et

to tha plm are ll!ururl to be lulnpld lt hnthental umnl baie 16vel

'j,aintu And are una-m m Fig. 3. s. Tha fnme hn 51 D—O-Plnith two

czanslnr_lenl And one rotation at elch Joint.

-ruble 3.2 given # co son between t.hz of d'm i

“frame uhtuined by the prograime; given by, Svannell (66) ang the'

2 zauults obtained by Ret. 54. Table 3.3 gives the eiqenmda shapes”

far the ﬂ.rst thiree ftequencies of some nodn.\ pninta. Th! first.

frequency which tn'p:elentu the cxmped end ‘solution’{s 2,781 i-u.

- 'rable 3.4 ptelentu a.study. of the eftects of 1m:luding the

axill 1oaa nhm detamticn and xrnazy in.ttia for ‘the nxsz 5

.nuu. f:equem:sea. " g 1,

»_b_ﬂylu Iy ']L‘

B t_he v.hix‘d dimnlion. Thz str cture is n velded tubular, Btee

ma mu- per. unie .'Lanqth a£ u-e mmbers in- the:plané :of 0

dsspmaa.  The ' masses of the membiers in the directicn perpemucux.z ;

N




1

A cwo-dlmnlianll representation of . the' tover

height of 365 £

With a zixgd-eiui base 1s shown in Fi.q. a 7 and. the ucu.pnn

px‘openleu of ‘the ‘members ‘are. qiven in 'llhle 3. B ThA, members.

re nsaumd “to' be ziqidly mmcf_ed_ A comc-nt 1m equal”

to the basé. length’ cf “th punu s:me 15 agsumed. iri “the'third v

aLrection.

‘l'na mcdelling h ai.mi.lar m Y_hut 1n Lhe pzavionl e}mnmle.

of 72 D-0-Ffor 'the f:m

e T ale ale adves the o on Between’

thg ftlme obtdined by tha yrogzama glva.n. by Rc{. 66 and t.he

(ea). ' '_‘, .

o The first fzequency, which 3 e !enj! the clnmpad ‘end

snl\‘ltinh is 3‘.716 Ha,.

. (67).". The total height’ is 120" £t:fen the water m\»




¥, zzequmcxau« [u ). ana’ mode .h.pu 1

. | CHAPTER-TV
8 THE MODAL ‘SYNTHESIS “TECHNIQUE
. ; e 5

4.1- Int!oductiun

e es of St

‘.,.1.” o

i mmvea a8 posanue.

e main admuqe £ the modal lynthaaiu is’ r_han the computer

: cnpa.buxty can be extandad to:large syn:enn by réducing. the size- a! ,

matrices though puﬁtioninq and p-xthl modal; écupunq.

Hm (59) the ‘techniq the niudql’
as fnllows- i : : -
S snhnxn-. mlxniu 7 ;
3 \ayuwn i1 ana “the ‘free.

* - analysis ‘of ‘the m-y-em

: ¥, eisg Svnnmll's ()

pquame‘ “Tne pm of 18] at the xnmt.

.:mud ok ‘obtain the naml

.!011.‘

mpuu,x\ands vmichhnven ndnnmodon

alL md! -h.;m are normalized u: unu qaneniuea mss.

. ror cl-rity of expl‘nlf_lan, suppoat a system is partitioned tnto-

t.n bet.h'




part A, the equation of motion ds: | | ’ "y
(x}+!m](x}= unf”(n

Fa mh by A ’(vn)-[u{x‘}' : S uz)
Let: {ym} be the part of (y }'on the connaction s.nmhc., ‘ind’ the
remataing part ). Eqn 4.2 can b plx't:h:iengd as




@.n

!Oul (x ] = "Bcl (xn) ¥ . ne2

i Latting ny > n [#] can'be -zuuom a8’

bl = u‘

. ,mm(oulx--.mnmutm-&mwmmx

'doqmlo!tzcdu.td;numnndmhtnfmuﬂl"lemm
” the remainders. Thus, Zqh. 4.8 ylelds 2

=1 0gly oL (10 ¥ .
§ % S E o g o ™ ¥
% > . 15
N . 2
) == g (x;) + " u'el (x.) (a1
“amts ‘qives dn owulio]\ for (n,‘-e u.B) q.n-nuua r mm..-, s ¥ 4




. si.m:e th! ‘ternm on:the riqht hand s

36
. R R an AR NV
. . x5 .
R FapaEL
B U R R

. the lity

: gh meonng symetry gives - . .

['tl (q} * [T

to zero,

this' gms ty + ..! - n) coupuu systen equm:ions as

l (q;.‘«, iad = o) o S e




.Cantilever (PP2C) Pplatform ccnlh‘kteﬂ by Ha.ncﬂck and Peavey (70) s

ebtuined En:m the. direct !ulutlomr of r_he total iy!tan ll pulonh.d

4.3 The' Analysed Structurs. .
The platforn’ mnlvud is umnax o dm E‘our-Pil.e tx:andad

AFPEC placfrom 1- =urx-an\:1y behlq ﬂesiqnnd for xnutuhﬂon e

' Weit. Camerén Bleck 505, ozishora Duuilhxm The wul-z dapth at
the, lnca(:lon L! EOD ft. X h:aceu are uueﬁ to Eﬂffen the Jacket

‘and the deck usctim 1noo:potntsn l:wo lmlu each mensux‘inq 73

x 104 z:. The. leg aplclng VA1, be a5 x 6oft, " thus a'h!bnnhlnq- a

45 £t spacinq between 'skid henms- The mamhera are ussmd o be, :
rigtar

cormeoted, and thu udded vater m.la ls assumed equll to

the mass uf ‘the Hatex‘ displ

'mdem.nq is the same a5’ that’ daaezibed 14 Cnprar 32700 £

gl Sl

The dj.men!i:ons of the plntfan rare given in Piq. 4.1 ana r_ha

»mexpmpexms anh g e e 5

44 mucnix__xag'e_ - i ¥ 4 w s

syntheuis L ::)miq\m R compnuon us iynéhesized xeuutu viﬂ: these |

.\ o cémpiits the: dynami.c pmpaxms :fuuuqh modil iynthenln, .

W o identical parts by a verticdl section, -

Fig. 4.2, e reason fomm.ng a eru:d!'s‘ectim is thnt tha il

conpmx' proqxnme given hy Raf. 66, can’ handle only ltnhlé -




. which cannot ba cqnsmaxea An' the sw-nnen  prigeasms. B o

The, fteq'nanciau and ‘the mode shapes are. ﬂatenined for sach
¢ parte con-sa-xs.ng 15 mode’ shapes, ot each sart, the (order of ‘the
16,0 and ‘T4, 1 1s:(12 x'i5) Because the. ‘number of dogrun

matfic

u.e number- 6f moqe .,n.p.s 15

Tty

'111a (3% « 18) u'nnifomntton uatx'ix [Th for! the. ,punu ooupllng

", ‘can e computed by Eqn 4 15 The cmpuud (18 x la) psa’udn-mnls %

. and ;leudo stiffness m.m.c.n, sm Eaqn. 4 17, e

‘b m 18'x:30

)io'dil ﬁlyaln ':o: this'

‘as Lndicatsd in Eqn. :4.18::

£y "
" table 4. z gives a cpmpusson of ‘the suquencua between the

'l\"‘],'fm 18 x 30 m(sox;e)' % i e I




- annlyserl in m-nple Iof Ehnpter xn, u com;iﬂaxpﬂ “for’ chla -nuyns

- "' FORCED RESPONSE ANALYSIS

5.1 Antrosuotio ER & . =

Fotu e wieh cont ais

the g

t(nm of mtian. The, formal

st treat the! infinite numbe of ¢ mxmmea s independent '
A ! !

I umpeex 111, the exact uoi\n’.ion of the yutial dlf!crancial‘

equation of Eree’ vibration was cenatdered without taking’ into -

account. r.haweuece ‘of ‘axial force, shear, aa:omu'eh and rotary

1nezt1a mat viacmls dmpinq.’ Inthis :hlptut, am same :gtructure-

The ion:of partial nti eq\utinn of mtion vhich

1nr:1udsa chg ‘affects of n.u]. fm‘ce. shear - da!emndun ana- mtuy

tnerda end phe vicous dlmpinq has been pre!anted in Refs®.18

and’ls. f i -

Whenéver o bean 15 subjgcted to (time tnvariant ) axial force -

N, the dynamic shear orce- and bendirig. moment. ’Eing on its ends’ -

'qassu from those of ‘a Bean not. msnmmlaun a .ones ma

*irpxlal fokce pzoducn yet annthar ‘gEfect, nmaly a phnnge of the : .

dff e vibie “when it s ssiv the

exact solution can be ohtainnd for’ uu Jnveman partial aiffe ential.




LA diminishes: and whep it is tensile it increases.
o T consideq the differential element of a member vibrating under

thé gotion:de nxm. force () 'shown in Fig. 5.1, The cohditions ¥

of equilibthm ot Eozdea acting ‘on- the elenant give:’ -

Lgiee vhnm i the mlla/hngth os the ‘meibér. From Bgs. 5.1am 5.2,

" the ﬂ.m equation of motien iulﬂﬁlng’tha affaat of axial force,

(5.3)

examle, cores *mo siay i uJ.Jmu mémbEH L5 wRLER, fortunately,
" one’can quect thereffects. of. shear dsfamclen and rotary inertia.

Irertis ‘ania m.—.i

other fmtor uhlch has m e!feck on' t\’l! !a!\ll\:!

the mnry inaxﬂl. This, affoce is dlu o

g (5.2) "
4 )
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causes the cross-section to execute a rotary motion about its

~horizontal axis.
Consider the equilibrium of the'differentisl element shown<
in Fig. 5.2, 1 s FE-.. . it duiring vibration a typical

alument Of & 'beasi.pezforms Tot only's txaslatory. sotion ‘but nln

zvtatn about an axu n\zon.qh its. ceritre nrrﬂ perpanﬂt:ulu to ‘the

*-y plané. The. angleof rotation, which is  equal to'the

of deflection’ 18 e:wrexseﬂ by 3y/d%i ‘and the corzaupandi.ng .

“angular velop: angular acéeleration ,-:- -~ given by

“odyaxat and - alyaxat? o
- o S

Therefore, the inertial mement ‘of ‘thé element per unit length .
@) about ‘an axis through its centre of the mass and perpendicular

to :nd?y Shasie wiIE
: Ty = o1 a%y/exae?

where p is-the mass per-uit volie (b =R/A), and.I is the'

. moment. ¢ inertia about this uin, vhich is perpendicular to the

uwus-lecdlm at the cantxe) t:huu

'ﬁx, = 'ﬁi i/ z.y/axac v-n__\'2 2%yyaxae? (5.0

in which %= 1/A is the radivs of gyration of the cross section,
e m‘)nnt—oquillbtﬁ.\m relationship of the Eaxees acting on

‘the dit!a:lntil‘almnt shnwn in Hg 5.2a, nga-

. au/ax- LR ) y/axat (5.5




", . a2

The force equilibrium in the y-direction gives

. ; 2s/ax=p -8 a’wae’ ) . (5.6)

5ub tieutinq the ‘shearing force 5 zm Ban. 5.5 dnto Ean. 5.6

leads to

a/9x }éﬁ/ax X -‘r" *a’y/axae’

o Eeem elémentary ﬂs)mxu theoky, el morent-curva
' : nlauonsup ta
K . i Sy
e ' M= Er Py/nd
" Using this above. expression in Ean.
: G | ;

7; gives { %

This is the cuf:uan:i.) equation tex the “transverse v!.brltion

of prismatic hauml, 1A which the’ third tern on f.hg right side -

!epnltntl thls nltuut of

rc uz-y Anertia.
A -uu more. accurate diffctanunl -qu.ﬂ.on is obumna i€

ig also ukcn tito -ceuunt 'l'he slops of e ﬂafl.put-lon curve

- depends not dnly on m muum{ ©of ‘orosa. swr_&o s.0f the membexr
" but,alsoon ‘the shear aasomum Tet' 8y/dx denote the slope
of thia aéfiection Gusve whan the ah:lxing foreé: is neqlgct.d‘

and 8'the-ariglé of shear &t e, neutral axis 1 the same” cross.

_ section; The total ulpg'of the element is

o= oy/exe B

EL afy/ax‘ =P -ﬁa’-y/au’w ? i‘y/axzi?tz o (59
Y g




a3

From elementary flexure theory, the bending moment and shear force

are given by the following equatiohs s N

§'= KGR = KAG (o = %y/dx), e (5.11)

and ; i y e

M ='EL an/Bx.

“of nqmuy. mtemncuum; Eqi.. s 11 and’ substituting into the

vea;lcal—uqnili.bxium relationship B:[n 5.6 leads to

oo
xaG (6/3x = s/ = B - naly/aed

(5.13)
Differentiating Eqn. 5:1%/ and 1t together with the
‘shear-distortion oxpresﬁion into Eqa. 5.5 gives N

gx k) u/Ix: KAG (- — Ey/ax) onr 2 u/ac (5.14)

Finally, the mudon a can he evﬂluated from Eqn. 5¢13 and
Substituited into Bn. 5 14, Lea'dnq the thansveiae displaceiisnt
'y as'the only depandanc vuzlablq. Th' érder to stopiify the

tesultinq amreuuh)n, 1e i 1 now be anmd that the p‘hyuicnl

ptvpe:d.e! of . the: bean. do #ot. ary along fts hngtfs ‘m this

case, wlvinq Edn. 5,13 for day0x leads to

/%59 y/a;éf

Diifatentilﬂng Eq;\ S.14'with xelpoct to.x, and, B\lhstituti.ng

ois12)

CRERS




. v ¥ “
5.15 leads finally to 5

2 o%y/ad - @-ad 2y/ie2 ) a2 g y/a;‘;’a:’

f EI/KAG: (B - ® azy/atz) ~BE2/G 3/3¢% . (5.16)

u/nn ¥ax? (e <m a?y/ac?) el T

and- .

a2 /106 2/3¢? u> - 9% /a: = comkined snesc aistortior
i ) rotar} inertia

In the z orm b the & of otion " of

bem—typ‘é mesbers, tio consideratio vals. given o is ‘which' -

*absoxs enexgy £rom the structure aictivg 164 yrianis response.

. viscous ra “to lblnlutu ]1. e h’v'c(x}

Two types’ of Viscous (valmity - anyenﬂant) damplng 4=+.n b,
‘Into the # latio: m-.hduc aifﬂcnuy, These

types, lhum\ 1n rxq. 5.3, incluﬂa a’ viscoua zesiumce to uhsoluté

n'veloeity. u the

velocity, and vuoou. resistance to it

the corresponding - damping- forcsb. s £, (x): e (x) 3y/3E. : From

the equilibriin of the forces,in the vertical direction.’

as/ax= b - B a%pe? sctn ag/or L L (s.an




5.5 _wave Force cucuuunng ; R :

. In this oqultion

stitfarly, £ the u;% strain velocity is represented
by o, the daiping stress 1s o = c_ ¢/3t Where € 1s, the 1ocal

normal stiain. Assuming that the straihs vary linearly over the

seétion (Navier's hypothesis), it is easy to show that a damping

moment ‘48 givenby i S o oo v T

?y/ax’ae B R

LR

/ uD(xi = Jdyan

1nuorponung this dmknq ‘moment. into ehe mn: aq\nlh:zhm

rélatipnship ° Bq)l 5.18,.2nd suh:ue.uf.i.nq 1nm Bam. 5. 17, 1éadé o

the diftmnthl equation of ‘mation mluaan damping:

a7 (=13 Zyront +.c.1 3 y/mkaxd) +m 0y 0
+ c(io GY/M =P .

For any 108 of strusture) thel vavs “forcs can be caleitatea
wtng m Morison eqiation  (30) given b : p=

aan oy A | + pv.:“' av/ae (5.20) i

és. ’u-uud that the fluid !oxeel"on a, fixed

body' in an Btudy ﬂw are glven by the Linedr” supermsitlan of
LK dxay force ‘with, drag coﬂtticinnt, o dnpﬂndent nn t:he square

-of um velocl:y, ﬂ and a ting on the projected ixanul ea

. And an- inertia forée with mzu- eoazr‘m.n:, w .dup-nd-nt

ami the™ wlumatric d.hpheawt, V.

on t_ha uccnlaxuﬂon do/at,
In this chapter, it is unma that ‘the wave fofces'sre
horl:anul Jand the memberi on hich t:hey dot aie circular

cyn.nd-u. For, exm ca: e,Bqn 5. 20 takes the oxlqlnnl form .




stggested by Ref. 30. 8 |

I
- . 2
F =1/2 pc) D ojd.+ a: o°/4 ¢, W/3t (5.2
vhere F 1s'the forca per tnit leagth on & cylinder of diamster D,

# ' and'a L the horizontsl. compment of the wlle velocity, ‘he | . . Trasi

 ‘values of the \n—.q forca coatticient, o, and'the tnertia force [ .

eo.!ﬂ.l:mt. e.‘. are calculated using the. uu from f.hu Gulf of.

| “Mexico qlvun b' Ref. 3. The vave o i uq. 5.4 bas & height,
B, 6f 60.£t and the tise of duration, 'r, of 12 sec..

mnnmﬁa;mnqmemm—i-nnmu“mdu'

N concentrated loads at the horiZdntal cross base level Joints on < ]
one 5ide of the Adealized planar” frame in Pig. 55, . g :
§ i YR e
5.5 soquance of om ations £ o ; i

¢ The lnq'umce of np-x-ntlon- sequized for ‘Fawjorse ; evﬁhuum
. is listed belaw: - ' . - 2

(68} !llm mill of th. idealized tihltl* lemented S.tructure.

) smuuz_uuxmm»,mnumoe—b.ri(-o. N
“musber Of jolnts (), musber Of bises (18), musber of additionally
constrained joints (NKCJ), #nd the number of differént sesbar
ssctions used to ake up the assesbly (EC).

$ "o .p) seint co-orainstes.

c) -Section

‘0, Which s the parameter of the effest of

Ehe neutral axi:

.~ shesr aistortion, width of the'section at the neutral'axis; s,

mass per wit lensth, M, Young's Medulus of Elssticity, E, and -
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the noauius .of Mgidity, G. . |

4 Hambe: Duu for 'a.wh member fnur data itvml are required,

describing member comllct.lv!.ty and anl

sestion” type, and

& . -tntéc axdal lou (m.v

Y EEE Hnlle ara delcrl.bgd b'y“qiving t.h. 10&“‘.& number at’

“poments of imrﬂ.- S 8 M .

£ nuL Mumbers indicate’ the, fixed position jnlnts of the mm

9)_Additionally Jolnta : H oy

(2). . Fom thé dynlmic ungsnt -stif fness matrix .. B

13). set.uwp the +q'uat10n of nctim :

ke I : . ;u)' Solve, to uval\mte Hodal polnr. duplaccmnnr.a»

Numerici le et vy 8

s examp!.a ﬂalmn!rxates show . to ohtaAn ﬂm :or-xd zespanse

o dlu 1aeamnts from ™ the exact: solut:l.on of th:e p:z‘thl diffarlncial

Aq\lacianu GF motion of structure havinq lniinitu ccntinuoualy

dueruaulud Properties, The. fnme  considered 15 the same Yhar

mllys«d in’ Chaptar 5354 mmpla I. mu eq\mtio{xs nf mr_{:m of this ~

v structire dre . ; J i

o m>1 3} lr-'(é)x R )

vhere T (6) ‘g the ‘dynanlc tanqsnt: mnn. ‘mmztx (ql.van in

Appnndix II)y which tnko _into ocount the emcta of zuuu fnrcs, ;

. shear dn!ormcim ana temry in tlp.md th( viscous dupi.ng,i,_

]
Gt \m ig m vector of ‘the finite set of amplitites of Hodal: poxm;

dinplqcl:mnu, ana- u(g): s ch- vuuitnr of the’ dymmh: w? forces,,,
5 X & : " '




"
The éoliition involvés first btaining the eigenvalues and
eigenvectors given by’
Tk W)] = 0 ; (5.23)

''bqn.-'5.32. 48 then ixm;uiuf wing -thewraighted podel mateix m

for’ the first thrée-elgenmodes.

e nlnm\ between u(e modal

ly! . md :h-

el u

m - 1) m (s.20)"

": the Ayn,‘u‘\‘tc-egmt{uﬁf are solved for the First thres moda’

shapes . by.the siperposttion method to,obtain the mdal displacesents.
‘The nodal di.plnc‘a’mn; ©of the structure .aré then obtained \lﬂin;’
msu." . = “e, =

9 obtain'the stfect of dml\pinq o 405 zesuxu Of the Aynuuc

respon two values of t:he aanging paz‘mtez. Syt 0.15 and .0 7

‘are s this- uxmyus. The individunl effects of the axial

. 1oad, the' shest defornation iner Totary inertta on the zalponse\

‘e effects of all these r

-above-nenticned Factors: are coupared by Blotting them on the tine-

history q:aph (l’l.g. 5.6, to 5.14) « . The mximum hoxlzonnl lnd

-15.and 19, obuined from tha

Yertioal ax-pzicemm'u for node

history graph; are given in Tablel /5.1, “The maximum axial.’

lu:ce, shear force, lna hend!.hq moment: for’ mambcx 1 a\:/nude 1,

obtained ; £xon the. £1ns hhmry, are given'in Iahle 5.2, ‘e

mxim\lm vnluu of ithie horizontal dilpllcalunts b nodes ie -rul Aa
19 for dif{!tlﬂ( values ‘of dnnpinq are qi'm in le].c 5, 3. 3 &4 ,
L 2 . A




E . g S

s THE NON~PROPORTIONAL DAMPING, MATRIX . i
e e

For any Btruc:ure, lf cl\qr ' i 0o raaeonlble degree of . i

- ¥omogénielty in'thé enarqy lon machnnims of thu different °,

parts of the's 8 :h'e‘ a ¥ in the rates ° e

for each plxt llLll make r_ha rliatri.buti\m u! dlmping iax'cea mite

'ditt’arent Eg@’hu distr!.b\ltiunl 'uf elutic and i.nuzdal fntn:eu

‘durlng ftou wvibrations. " A dlwplng mch‘nim of th s type,

called *Hon-proportional D-nph‘a' induces coupung between' che
- _modal ~coordinates. L F g S

This cmpm considers the deternination.of  the dynanic Py

zﬂ'pdnse of oiiuho!e platforms to Yantom ice forces using tha
non-proportional damping matrix.. The equations of motion are i i

cowpled and the dynamic response s computed for the model by

‘these  siniy s itions ;| mhmcs, obtained

, £rom -the solution of e cnnp,].ed equations, are ccmpnxed with the

(7 :resultsof decoupled squations of:‘ths same m_dal i which the

dlagonalization vas considered for damping matrix.” ', %, {\ .
6.2 Basic i i and ] k e I

“For'a system Of n degrees of freedom; the. equations of motien’

" " in matrix fors ares
S0 e o R KD = DY (6.1)




- f
‘1
50 {
t
from-the undaped equation, i
t
LIk @] =0 (6.2). " '
umg a m-puur prng—a qxun ‘by Ref. 66.. A 5 E
Ean. 6. normalized u.li.nq m niqnud mdn matrix [01.
m-nnttmbom-nuumau nate: (X}nndthc b ')
Y 00
2 coerdinna- (x) is s et A V
; SR Tty T e
meutiplyinq by ", ql.vu s ¥ -
_m" M1 191 0+ Tt (v} ¢ 1T T (e
s (6.4)
~ TmigT mc))
L!n-trien l’i M) 4] = m2ana 91T 1 10 = ln] are - i
alagonal: in general (417 fe1. A9 '1v1nm:u.u-qonu
_-ELI Mlﬂh’;lclwbem-dinmdmslmhr - =
rewritten as. g 2
n° (@) + @ B+ % @ ) e
‘li.lmlt'angéu.l xnem.'e.ton is usea fo get the solution for Ean. 6.5, .

(nppmdxx 1)t ch 1o 8 uaupzoe equation. The full ampan mtxix v b

€] of Eq'n 6.5 4- then replaced: by, aumlx matrix (17, and; y % o

‘the set.of mouplld .qu.uunn 41 written‘ds -

. WP+ @ @ L J" a(m R
miol\rtimo! Ban. 6 s ua--s.qn-wl Qt). and that of Eqn. 6.6
by (1) : . < S




4 o 6:3 Evalustion of Darping Mabrix

)tnw Qamping ‘can be expressed in terms OF an
= mudtc,mu.umotutmmwn-pmlm-l
' ‘dsmping. matiix must'be d-nlopd nguanu of wnich amlyatit: . -

S . 2 Procedure is used. hyldgﬁ aqmq 4o given by a Limear

mxmchm of the mes wd stiffieas nme- s G W R

ity e o R ;xcr-.am)nlm ’, f._-'(s.v)“' R RN

« thiu mc.rlx atisfies the
 Qamping can be np.un.a -oau damping nuu . The ru..enmshxp
“between, the. p:opnruannny constants, a, and a; ,and the anoi.ng L

ra 'oosmu?u:na.’u %

(6.8)

: where m’.‘;la"th- sofal . frequency Thus, these u‘m-u.u can'Be 1 L
- . tatormtned by spect £y1ng-damping ratics for tio modes in temma™ L
N B - of corresponding sodel fréquescies, _and theh solving the to
n-lltanwu cquldn 5 6f Edn. 6.8. Generally, the tvo R

25 “¥. in‘this evilaatien should be.the Lowesti the other iportast

modes will then ngve ressonable vz{lu--. T the dasping vilues

are. duhnnt for the’ virious puta of the -tmtm, thq 3

cuu-mnm, a ‘and a hm: boaaeanmnd ‘for'éach part, n.u.q ; (T

Appmp:hh @anping ratios ,ma !olving Iifm@unao\uly the ¢ e

b3l rosuleing patx chtained: mm san. 6.4, The fraquencies’ to be

ulod in thug lq\llt.lunl are: the urui.qxd !mu-neiu ol the =

" tn?-h.'e mtun




When the constants a, .and'a; have been d.,m.-d for each .

aitferent part of the struckuzs, the dalping matrix for each pa: : :

by-an, squti-on oqulnlant to B, 6. & 2 m-n the a-pan- -grsx ke
-bu.ng natrices

“for the u-glnte structure is oitained by

Lv\lhld\ r.h e nodn. potne.- !ur u-—bly are Luuted At ‘the,.
ends, there are ‘three: dégrees. ,t freddon at -each node, *uz .;d.-l .

lnrl transverse plln‘ dupln:n-ne-.

* The mu&y doflectsd shapes Aus to'unit as-pxmn-nn ot e

oach Eypo at the left end of the element,: satistyling e nodsl .

lity and. conting m.mmu

:mald.nw\ync-hl.l\mi:hmyb-axp ssed as - < oy <
Sy | : g el wE

- J(x/2)2 - zr;/z)“

-x/l (/- '«-,




L
R ~

FoAET 5 v - fxff? v 0 v gt vw ‘0{(1),

accchrpt.ionl dwuap:a uovu; u- hneth can be ertm as e
e - - 3

which can be cbuma £rianm. 6.0, Proa ' Alabert's prinaip

the iner€ia zo;icg i given by

r
Far ) v(:é) ax
"ol % ‘7 ) ?



.Thd mass inflience cosfficidit, m,,, of an Arbitrary basm semént

“t5 give

. 54
vhere &v, --mt&c?. virtual displacement, o/
Y ; i
P, = éxternal fodal force; .
£(x) = distributed inertial forces-. )
The internal virtual ments, 6v(x); are in terms

‘of the interpolation function; and substituted into Eqn: 6.13

.can’ therefore be written as - . . . v

" m) ¥ ) ¥y x) ax T (s.26)

Wiich, constifute the elements of the consistent-mass matrix.

POr a beam with ' mass; the c

matrix is




|
= mt/420

inertia ‘force :

Swamidas and Reddy’ (59).: :'generated artificial dceforce
time histories modifying the uvaq.-ble nqa xuvcrda qsven
.« by B} arn: (52).° "

] k . L 5
< similarity between the’ fluctuating parts of randomly vugging

m'e-fo:ee records and seismic records, ‘uses a nonstationary Yy T

rnnrlm proueu Bhfainaﬂ from luuunq .’-nm». noise mnm;h a

ucond order filter.’ The structural respanse can' be studied

ing: any ‘approps “hist of. 1ounnq obtained”
fz% edther sctuntios couputed ucurds. In this investigation,
N ’cm' \ \ of et Loial Técords is used to bvercome i
i the. _” 1 des aue ‘to’ the 55 of -v-u.bxg f£leld :eeozds, 1‘
1 and to Sbtati] mor xnliid.c estinates of the loading sinetioh, L
- o Both.dde and ah:hquake 1oadings wili induce sanxuch i i)

cynlh: stresses ﬂna utninn in the sou. “There ‘are some Amportant. . P




_the framed umx shiown in’ uq. 6.2."

TR —— vith the periods ranging from 0.1 to 2 sec,
mu.mauaumezxumw-yemaeqw-_.érm" .
days,.with periods ranging from 0.5 to 2 sec. Hence, the n\-b-x:’
a!mﬂlmtw&umnmhmtmmmf&%'
umqnlkuinm-t cases, which zay have an impirtant effect
m--iumnwmzamwwmw-nm s_ Ee

of the l.hhndl, which were uziginl}ly dav!lap.d for luﬂ rolpon“l

| for nrthq\nk- locdlnq by Seed and Idhn (), are, oppued to

“The formula‘developed by Afmn‘-v “146) 18 uud for 't!.lutinq

t'.he mean’ of mulv fce-force records.” The n-me- Lm force developed.

when an iue—mu is'cut r.hzmqh by ﬂle vertical eel\nn of the

tower is given by e s

P- mibo, ) < Ctean
. where m = ships -Cosf 1B et "egal t.0:90 for a sémi, circular‘one
y r e v
x-(smou‘” fo::'-/his . i (6.18)

[forl/h>6dwvllm mdﬁh&mﬂﬁo‘thngxlph lnlhfr‘lﬂ
B= \ddr.P of the rnhunq nzuctun, -
b = thicknoss of the 166 shast, 3
a -msm.n compressive -mrmh of dos- T LA i AR

< The !ypiu!. total (mean’ and ll\u:t\l-lt.l-nq) force nuurd for

T8 me. partq(tha(oxc:‘ SRS

‘on tne framed i, 1a nesisiod +o'b’ produced By the impact of 2\

a moving dce fioe of conatant’ thickness of 1.5 £t and the random -




part is q'nant-d'l’xtulc‘lly as described in Ref: 59.
I T &
Numerical Example i o .
" The structure analyzed in Chipters IIT and IV is also, used

1 0 demcnst e, fon of the n copo; 1 damping matrix

‘for, an oﬁ!lhnx. mn (uq, 6. 3). B

"1 The first stage i the laluthm hvulwu the teml-uon o: g

‘model, “wna evnl\utian of, 1¢s inass ‘and o

.Js fness 'muxe lnd the -effeotiy

"ice ‘foree vector in the:

o " atser uua uoozain-u-. The ' total mas

trix [M] for the
lr.nwtute is i

: : g

ey = B+ Doy 619

where [l is the lusped mass matrix of the planar frame, and
(41, is the consistent mass matriz for, ihe alstributed sass of ©  *
he -bu-._ The elgenvalues and eigenvectors of r.h-‘ system are
[/ sotersinea ﬁam.ma-p.a:mvmnewuu
o' unlutn the' non-pEoportional damping matrix hz the firet
" tiee -au, digterent values of damping ratios are u-u—a tor
each grow of pekibers with ldentical properties. ' Constant damping

ratios to lcw\mt for the members pnrg'nﬂlmllu to th planar frame

. are’ assused at fthe luiped mass ucm.Jn

The values of the damping ..

‘cbtained by mqr.nuon in‘Eqn. €.7. The u-uumm a-pu.g

v v i P




f Sﬂ‘

matrix [C), is then obtairied by assembling the damping matrices

offithe  individual Hembers; ' In’order o obtatn the tbtal non<

proportional matrix for the ‘ne.ruccuxe; (€1, the aman matrices,
|

€1, for uch lunped mass are ‘firat c-lr:ulwed as - ‘

'!i:ml

vhere. T = the s.mang nu.e nf cha l\mpld mass whinh vag auma
'

conttant! for al t.hs ‘mﬂdua. -nd 4= the lowest nnt

Frequency .

-[cl is, obuhnd a8

of. the atruct\xu-

lC] * [C) ) (6;21)

where [C] -is- the ‘diagonal d‘mping mfxix for’ all’ Lha 1u|np¢d masses.
" The equations | of motion in mmx !ex:m for u.a ‘frame structure -

S wden 51’ D-O-F ‘are

foi - e

qlhaze the ol.‘der of . the mass, damping and !dfﬁe!u mtxice& is

[CH n"q + m, &1+ ) (s._zzf

4 Bl 50 B | [ -

The quhua nodal’ mu:x [4] is formed using ‘the’ £irst
" three modes!of-the elgenvector; this|matrix-is then used to
" normalize ‘Eqni 6,22. The results of this'nommalization gives

the equation of motion for thé model m;u‘ceun“.m. 6.5..

[+ For thie aamping ratios ‘given in Table 6

+ the. normalized

Ron-proportional- damping matrix ‘of the medel is deterviined as

40322,

2o Faloses ~.007
R 0322 +i562
-.007 ‘718627 3402
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This .1.u used fa Eqn. 6.5 to obﬂin the modal’ Tegponse - (coupled)

¥} by ulmulmeonl uuguuon. The full damping matrix is then

‘diagonalized by 1qn¢:xng its off-dhgomu' terns,

, i 1.0564
kE]” LT s
g e E 2,402,
m- utxax [c] 4n n;n e 5 is uun x-pnmd by. muix ld] set”

the mdal response vamx 13

. n:order ‘to obtdin’ the displacement re for the

the modal cootﬂ.inutes {¥)-and nr} are mulupuad hy tite ueiqhtad i

modal m.mx m. The aisplacements cbtained are gnated tx},
and. [X] respectivu;y These results are. chan co-plrdd by plotting
them on thé time history graph. (Figs. 6.4 and' 6. 5).

‘The uhovu pmcaduxe in nquin :pplied uuing di_ffa:ant
dlmping ratio values for the nambatl, whna xuping the dmpinq

ratios for ‘the’ lumped uasea Lacntionn cunaunc. “The dampinq

ratios used a.te G.l ’-na.n.ns, and- the’ va.lua: qiven in mla 5 ¥3
ll\d 6.3 tanpqctivaly. 'l'i.ma—hiltoria! are Allo obulned for the

‘dltlarent vllual of. the d.inwi.ng zltinl for.the m.lblx‘ (F}ql. 6.6

&0 6 9. 'l’lhle 5 4 qlvl: t:hn mxlmum hntiwnul dhpluumant!

for noau 14 and 29, £rom the tine-history graph znz

dif!ei_e\:n: values of :damping, *




CHAPTER VIT
DISCUSSION AND CONCLUSIONS =

7.1 nrxoduntion

The nunln fnr free and’ fn:ced vi.b:utian of plane }ume
mdelu with' ﬂuudhueua mass hnve been puunud euki.ng :l.ntn

account the, sffects of axial uu.e dad, -heu a-femum ana

roblx‘y i.nnn:h, mas: mmnt of imrtil, Ind v:l.lmus dnnpi.ng %

'The compariaon hemm e !:equanciaa obtained by Dirsct.

solutian and’ the' Kodal 1qu8 18 also.
'ﬂie ltEﬂy Lﬂcl\xd‘! the !f!ﬂ:t cf mgloaunq ﬂlﬂ olf-dilqonnl

terns ‘from the non-proportional Samping matrix on the saximm

horizontal resporise dimplacemant.

b 1 szu-nuils
While the first two lraquuncias obtainad from ‘the. oxact

" solution by eoiﬁudazxng the dlt‘ianndnl ,equation of the lnunl

“vibration o planl f.rm model” with': !.n!lnim gropertl

to 'thiose obtained by approxi : G, the

J.s rot good for higher £reqyén The,

are about one and half :Lmu the exact values. This-is.seen
“£rom tha Tesults in 'l‘lblll 32 and 34 6. ﬂm ltoq\lnnciel Of the

:mm do not d'mnqe by lnchuien of ‘the at:.&cs of - the nass’

mne of dnireia and Viscous ‘danping. Hnwavat.' the mquneseu

dacru!l hy 2,088 wh-n the. -ttaou of pheu' dafomtion u-d rotary -

Lnerdu are mclhdld. . Innlulion of- the “axial -uth: leuding




changes the frequencies by 30% to.508. This can be easily seen
:m:u:-nnmmnu. From Table 4.2, it is observed
tht the Erequencies cbtained ‘trom the modal synthesis techfique

are clou to those’ obtained by direct !olutlon.

The lxill Intlc Jload has a major lnﬂ\nnc. on l\'.tll:tul,ll

g i rnponn to lorun, MM to-the uzq. dwrun in the zma.mnlf, -

oy ‘ a5 well an the'higher !rununoial, Fzon Table3.1, 4t 4a.
obl;mrl thlt !:h- maximum hﬁtllmﬂl and” v-xt.lu-l .displacements
: | st dack level ars tiice’those whan the ‘axial-load is excluted;
-including q. atfect of sheiz “defornatich and rotary tnertia_ '
s 'anx;en'iaa these displacements by 108 and 20% respectively.’
; . 16 16 aleo seen fron the dyasmie response th 1cs force losding -
4 that the llﬂ— horizontal dil'phm! at the deck 1.‘1
&huhwd £rom the solution oz the copled equations a!ioth:n .
is vIry Sl & that cbtatned tiom the|-decoupled equations y
cansidering the disgonalization of the non-proportional damping |

matrix.

14 e - the’ shear force' by’ m\, lxxd the bsnd:l.nq moment: by :%‘.

’Iha el!eet of q.l! \laig!lt (axial u.r-c!ion) ptod\lnll

llgnn.lunt chmau in [the rupann of the -w, the niu

!o.n:. 1l increased-by. 104, -the shear force by “250% and the




+

The toixwl'ng ocriglusions m drawn from this study:

z (1), The #ifet two furdamental frequéncies of the frame-

4 Y ~ r
obtained by the exact :solution of lateral vibration of the frame

. model with infinite properties are very e},au o the frequencies
e, = SR

from

(2) 'mé :nqumz.- ‘of u.ﬁuqhaz m. are 1n!lunced RN

significantly when: u.- oot sclution of ‘the diﬂer!ntj.u
_equation of Mt-rll vibration is wn-idlnd. iy
(3) The nndll synthesis tachnlqun emndl the :a-puur
capability m lqu. systems by reducing the size Of matrices: -
| through ‘partitioning and|partial modal coupling: This technique
* is alsg useful if a'design change in one part of the structure
x;gc.um.cu ‘the modification of the:modal data of the changed
part. m.mgdmxaummuwwwmzm;
; -undumd parts. e
‘ : (4) The effect of static axial loading on frée and forced'
. vibration analyses is most pfonounced for slénder.members of the
" Erame soaals. in hich fortuag ‘.“‘ Abe effscte of shear deformation
Fana rotary tnertis can:be n-qu-a Sl
(5; For mn-oxqum 1'0x mn-clhncu aupa.nq cases, the

u m@ nun-&.gmn ~um in :hn nen—propeninnu damping matrix;

are equated to' zero. Hmnvlr, this lhnpl.l dhgouuuunn
prooniis mag Tasd tharsorsy A stoly,of thees srioes; fidliatis’
55 W o
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that the ' will not cause

serious errors in major response quantities.

7.4 contributions .

1. Exact :olnum for free lateral u_an'ubn of a three-
disensional’ fixed-offshore tower modelled as a plane frems
-1;:: infinite degrees of freedom.

Mot solution for. the forend mponl. n! an o{llh@nv

owir: wbjectha to vave term. e

3. Investigation of the u.unu.c. of varicus effacts. such
as -xill static ‘loading, “shéar d-ton-um and zeuzy 1n-l>u-
h £ree vibration behavicur, and adso m aynanic response of
an offshore. tower nnbjnet.d to wave loading, N

4. hppllcldnn of the Modal Synthalll Technique to offshore '

. towers, -

S, ‘Study of the éffect of néslecting the off-alagonal. terms
mmmmmaqmnuummmmcm
dhphe-at of an offshore tower supjected to ice loading.

.7:5_ Recommendations for Further Ressarch

= u.) Ihnl"i!lﬁ-‘m @8 exact:soliityons for fres and forced

vihrlden to other kinds of o(!ll'n!- lu'\lﬂeum, eg, gravity

; pllt!cnl ana plpdhnl. 2

@ N:pl!.ulum of ‘the exact solution of lx'- and forced

g Vlbrltlnn th other. Idwdl of l‘n'i.!ﬂnllnul loading, .q. x'lnda

ice’ foréen, : S ; i

(3)  Davelopmant. of ‘exact solutions 66r fres and forced vib- .




i .

ration of the soil r by ng the model.

of the soil as a. -prl.wm‘
. Bedy: n- xnnumsa of shear dafamtion, rotary inertia

and axial static 1056 h\ tho structural members.on the, -tzuu-

J.nt,h-lcnamiulconthe fient .eum :

“(5) Applﬂcm.on of the, odal \yl\theai! techniq\w ta e

tructuxu 1nteraction. X B -

1(6) . Study of ‘the eonc a: mqllctlnq nff-dllqnnll tam . .

" from: ﬂm mn proportionnl dnmpi.nq rutxix c! ‘a lo l-stz\mture Y

mdal, wi.:h .the uou dmpan :nti.o dilferem: fmn that for the .. R

structure .

(7) ' Frequency dmin anllyula for aarr.hqunka response of i K

offsho:e 4 ing 04

e oA e
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S ... Table 3:3 mm.pu for Offshore - MR sy
& Tower ‘shoyn in Fig: 3.6. c
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Table 4.1

Groups for the. Tower shown'in Fig. 4.1

Section Properties of the Two Member

=

Member Cm;fsectm* | Homent of Inertia |.ass/Length

R TS T R ) (slug/et)
NEEE L - il
1658 20126 56.4
Comng n ;;4' oo L oloeta
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i 5 ¥ Table 511 ‘Maximum Valuss fof Horizcatal and
18 * vuucdnupue-nnhaouu
Asand 19 :

‘Displ. at Joint 19
(e




‘Tabie’si2 Waselmu Values o Axtal Load, Sh
g g ~mdhmhwmnt!c:mmzlatml‘

G

r Force

I Bendlnq Kom-nt B
(xips£t) e
2 T
i =199.0 -216.0 -.24.1‘ 3.0
Ineluding =-30.1 3.0
Q -
-710+

" po= axdal’ static, load effect
o . T o

= shear Aistortion effect




_ 'Displacements
ey

T
Joint 14,

S
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©.7able 6.4 Maxinim. Vi
Z Eor ‘Diffexem: Dumpin | val,

for! umzonul pupmamenu -

B
Daspling Valves | . Time - T lootnt e,
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Colwlad“ Decoupled




% “Fig. 3.1 Reloﬂonshlp Between Dynomu: Sfi ffness and Evgenvolues
|n the Nonhneuv Formulation
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(206 K'slug eqch) -
(‘l.‘l25'K‘ shug each)

i A2:101 K slug eu;:h)

Lo

" (2:52) Kslug each) .~
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i O ) 2 :
(S L - :
4 N an 36 Modellmq of Framid Offshors
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8 11816 Kslug bock). -
¥ S
3 :

(5.04 Kslug.each)

>

(7.17 K slug. each)

(7.17 Kslugoeach) |
o) -

AT I_‘OJIqu euc}\)-
{

e (7.17"K slug- each)-. -~ (‘

(717 Kslug eochv) -

~(10.75 K slug each)

. Fig. 3.7 Modeliing of Framed: Structure -
It T 5 System,

B
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: 147Kslug: v T
Legenﬂ':-' it Pl
Thé'Lumped Mosses Represent -
s :~Masses of Mémbers inthe Direction .
Sl | . .7 Perpendicular to the Plariar Frames . :

SO L ey

41 Offshore:Platform: TwoDimensiondl Frame .
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Fig.42 Sub—ﬁtructu‘r‘e‘s of thg' Offshore Platform
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'Fug 5.1 Beom with Static Axial Foxce and Dynamic - Lulerul Load a) Beam
Deflachon onflle b) Forces on. Differential Elemem

h. A
s ¢ r
| 2 5
-
: \ o é
i e
y i)
5 B so(a_s/ax)qx
3 1

Fig-5.2 Effects of Shear Distortion”and Rotary nertia-a) Deflection
Profile  b) Deformations of Differentiol Elemem c) Forcs on,
lefevanhnl Element’ v
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! i T ._ sol'uks.k velocity (gx!év;nui), dum‘binq'»

g
% Csar -

isirlbufég dh”fnb(nﬁ force: -

: ¥ 2 v{hereycsur;n\i_n/ velocitydinternal) dthing .
R
.5:3 Viscous” D'arrjp q Mechanisms in a Beam v

\
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